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CHAPTER 1 

I NTRO DU CTl ON 

1 . l  BACKGROUND 

Military weapons e f f e c t s  t e s t s  in the past have been conducted e i ther  in  conjunction with 
t h r  Aloniic Energy Commission (AECI development t e s t s  o r  for  the purpose 01 studying cer ta in  
basic  phenomena. The AEC development t e s t s  a r e  frequently unsuitable for  effects s tud ies  be- 
cause oi the experimental  nature  of the devices  being tes ied.  T h e r e  have been two ef fec ts  
phenomena t e s t s ,  the s u r l a c e  and the underground detonations (Operation JANGLE) in the fall 
01 1951. a n d  the a i r -bu r s t  detonations (Operat ion TUMBLER) in the spr ing  of 1952. Operation 
JANGLE was not ent i re ly  sui table  for  general  air blast  effects  s tud ies  because of the s m a l l  
s ize  of the weapons and the  pecul iar  na ture  of the detonations. Operation TUMBLER w a s  con- 
ceived and executed i n  a period of l e s s  than six months in o r d e r  to provide height-oi-burst  
blast data which were urgently required for  operational planning. This  precluded the inclusion 
of weapons e f lec ts  s tud ies  other  than those direct ly  re la ted t o  the basic  oblective 01 the les t .  

to the Chiefs of the s e r v i c e s  that a l a r g e - s c a l e  m i l i t a r y  weapons e f fec ts  tes t  be held in  the 
spr ing of 1953 at the Nevada Proving Grounds (NE). The objective of s u c h  a tes t  was  to pro-  
vide the s e r v i c e s  w i t h  an opportunity to  obtain genera l  effects  information, Although a con- 
s iderable  amount 01 effects  data was obtained ai Operation GREENHOUSE, it was fell that a 
la rge-sca le  les t  for  the so l e  purpose of w e a w n s  ef iec ts  s tud ies  was required in o r d e r  l o  ex-  
tend the GREENHOUSE r e s u l t s .  which indicated s e r i o u s  gaps  in the  over-al l  knowledge of 
weapons effects .  The logistical problems inherent i n  an oversea6 operation plus the proved 
ieasibllity of continental a tomic t e s t s  resu l ted  in the  decision to  recommend a tes t  at the N P G .  
Specilically i t  was hoped that th i s  tes t  would permi t  the  exposure of many cr i t ica l  i t e m s  01 
mil i ta ry  equipment as well as idealized s t r u c t u r e s  and o ther  t a rge t s  of mil i tary s ign i f icmce .  
In reconimending the  t e s t  it was pointed out that the majori ty  of the mil i tary requi rements  for 
ef lects  informaiion could probably be met by utilizing one nominalsyield a i r -burs t  weapon, 
detonated at an operat ional  height, but that  additional weapons, not to exceed the total of th ree ,  
might be required.  In December 1951, the  Joint Chiefs of Staff (JCS) approved the r ecommen-  
dations ol the Chief, AFSWP, subject lo a fu r the r  recommendation at a l a t e r  date as to  the 
exact nature  and number 01 the weapons to  be f i r ed .  T h e  code name KNOTHOLE w a s  assigned 
to the operal ion.  

which they fe l t  should be conducted, and in addition sol ic i ted recommendations as to the type Of 
burst  o r  b u r s t s  which they considered n e c e s s a r y .  Repl ies  for  the most par t  indicated a d e s i r e  
for an a i r - b u r s t  weapon of approximately 30 KT at a height of approximately 2000 It. The sub-  
)ect of another underground burs t ,  utilizing a much l a r g e r  weapon than was used i n  Operation 
JAXCLE, was discussed.  However, it was finally agreed that, due to the uncertaint ies  concerning 

In October 1951, the  Chief. Armed F o r c e s  Special Weapons Pro jec t  (AFSWP), recommended 

On receipt  of JCS approval ,  the  AFSWP queried the services as to the specific t ~ s t  p ro jec ts  
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the s ignif icanl  e f fec ts  p a r a m e t e r s  of an underground ehol. no fur ther  conaideralion ehould be 
given to  scheduling a second underground shot i n  the spr ing of 1953. 

w e r e  scheduled  for t h e  spr ing  01 1953. T h e r e l o r e  it  was tentatively planned to conduct the op- 
erat ion i n  a s u i t a b l e  a r e a  ni Yucca F!at where cer ta in  fixed faci l i t ies  w ~ r e  available. The t a r -  
~ t - 1  d.i!r. Y'?.: 1 , s  I,,. I A p : ! I  I P S ?  In /,;.r~l I!::: :. :crl.8:', rmf TL1h:BLER k::< i u n d c c t e d  en t h t  
a i )  ihhc i n  Frtnchn:&l# FI-I. An emL-nsIve instrunient l ine consisting of gage towers  and in -  
s t rument  s h e l l r r s  was constructed f o r  t h i s  operation. In addition, l iming lines and power were 
installed in the a r e a .  T h e r e f o r e ,  when it was amounced that t he re  would be a s e r i e s  of develop- 
ment t e s t s  (UPSHOT) beginning approximately 1 March 1953 in the Yucca Flat a r e a ,  a n  a g r e e -  
ment u'as reached with the A E C  lo  conduct the KNOTHOLE tests in the Frenchman Flat a r e a  
where l e s l  construction could proceed without interruption during the period of the development 
shots  i n  Yucca Flat. To  avoid a n y  possible  in te r fe rence  and lo meet  Construction and project  
par t ic ipat ion schedules ,  the ta rge t  date f o r  KNOTHOLE was delayed to 1 May 1953. 

At the  t u n e  that the mil i tary e f l ec t s  tes t  was Iirst recommended, no AEC development t e s t s  

1 . 2  TECHNICAL PROGRAhl 

Recommended lesl projects  were received by the Chiel, AFSWP, f r o m  the s e r v i c e s  during 
April 1952. These  projects  were carefu l ly  reviewed i n  an effort lo el iminate  duplications and 
to e n s u r e  that all proposals  were technically sound and capable of accomplishment.  After nu- 
m e r o u s  conlerences  and discussions with the se rv ices ,  an integrated tes t  p rog ram w a s  for -  
mulated.  This  program was submit ted t o  the Research  and Development Board (RDB) in  May 
1952, where i t  was reviewed by an ad hoc panel. Exlensive modificalions t o  the program were  
recommended in o r d e r  to reduce t h e  total  R e s e a r c h  and Development (R&D) cost, and a f t e r  
fu r the r  rev iew by the AFSWP and the se rv ices ,  the program received f inal  approval in Sep- 
t e m b e r  1952. Because 01 the budgetary l imitat ions which were imposed by the RDB, it  was 
n e c e s s a r y  for  the Technical Di rec tor  to review i n  detail each experimental  project with a view 
toward reducing the  cos ts  to the  absolute  mininiuni consislent wi th  the approved experimental  
oblect ives .  This  review was completed i n  November 1952, and all  project agencies  were  i n -  
formed of the lunds which would be avai lable  fo r  their  prolects .  In the meant ime.  however,  
fund advances had been made by t h e  Chief ,  AFSWP, to those agencies  whose tasks  required ea r ly  
procurement  of cr i t ical  i t ems  of equipment as well as the letting 01 cont rac ts  for pre l iminary  
design work.  Fixed-cost cont rac ts  for  construct ion of experimental  s t r u c l u r e s  in Frenchman 
Flat were let by the Santa Fe Operat ions Off ice .  AEC, during ear ly  December 1952, and actual 
construct ion work commenced immediately thereaf te r .  

be extended t o  the Federal  Civil Defense Administration (FCDA) to  par t ic ipate  i n  the t e s t  under 
conditions t o  be specified by the  Department  of Defense (DOD). These  conditions precluded the 
completely "open" shot des i red  by the  FCDA. However, i t  was possible to include in  lhe tech-  
nical p rog ram an extensive project designed by the FCDA t o  d e t e i m i n e  the  reaction of var ious  
types of ex te r io r  wall panels to  air b las t .  

In approving the conduct of a mi l i ta ry  e f f e c t s  tes t ,  the JCS had d i rec ted  that an invitation 

-. 
1.3 TEST O F  THE 280-MM GUX 

In December 1952, the JCS d i rec ted  the  Chief ,  AFSWP. to include in the plans for Operation 
UPSHOT-KNOTHOLE a ful l -scale  tes t  f i r ing  of the 280-mm gun employing the Mk-Sgro jec -  
t i le and to  incorporate  i n  t h i s  l es t  those  mi l i ta ry  effects  experiments  which could be adapted 
to  t h i s  type of detonation. Because 01 the  requirement  fo r  making a c c u r a t e  diagnostic m e a s -  
urements  in connection with the f i r i ng  01 the Mu-9 weapon, it was n e c e s s a r y  10 fix the helght 
of burs1 at 500 ft with Ground Z e r o  the s a m e  as for  the a i r - d r o p  detonation. A careiul review 
was made of all mil i tary effects  exper iments  i n  o r d e r  to ensure  that l e s t  t a rge t s  were localed 
f o r  maximum advantage on S.iots 9 and 10. In addition. the scope of each of the h a w  meae -  
urement  p rograms-b la s t ,  thermal ,  and nuclear-was extended to cover  the Mk-br 6hOl. 
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I .4 ORGANIZATION 

Eilvr t l \ i .  I August 1 9 5 2 ,  the Chief.  AFSUP,  assigned to  the Commanding Genera l ,  Field 
Ctinin,nr,d,  AFS\\'P. lhr r e s l , ! ? r # ~ i t , > l ~ t !  fur  thr  detailed p lsming  and irripiementalron of iip[,rciCd 
I , I , , ,  ~ . r ! c , L i ,  :, :,!: , , : I , , L ,  t l L !  :I, , t 1 z  8 . 1  ~ : I , ,  b.1,. c u ~ ~ ! ~ ~ ~ c : , l . ~ !  i C,:I>IC t r b l  o p r h t i o i i ~  Tilc  Gun,. 
r ~ $ . ~ ~ ! d . 5 ~ g  t ier,?,  .A,, F l e l d  C < m r ~ ~ ~ : a r , d ,  esta1llisht.d U i l h i n  h i s  headquar te rs  the Directorate  of wrap-  
otic. Eflec15 T e s t s  (DU'ET) a s  the staIf agency to c a r r y  out th i s  responsibi l i ty .  which included 
terhnical  dii-ection of the rni l i t i ry  effects  exper iments .  Within the DWET, the Oflice of the 
Techni ra l  Di rec tor  was responsible  lor implementing the di rec t ive  Of the  Chief,  AFSWP. 
The  Tc.chniral D ~ r e c t o r  u a s  alJpuinlrd i n  Augusi 1952.  His olf ice  functioned under the @WET 
u n t i l  1 hlarch 1 9 5 3 .  At thal l inie operal ions commenced at the N E ,  and a join1 A E C - W D  o r -  
gan!zatton becan,?  e l fec t lve .  Within this  )oint organizat ion,  the Oif ice  of the Technical  Director 
becanic lhe M i l i i a r y  E f f e c t s  Group in  l h e  joint AEC-DOD organization. The  Technical  Director  
became i h r  Di rec lur  of [he Military Effects Croup,  report ing direct ly  to t h e  Test Direc tor .  
Figure 1.1 shoub the org;~nrzat ion during lhe planning phase. and Fip.  1.2'shou-s lhe organt- 
z: i l iu i i  A I  I ~ , L  NPG dcrii ig l l i e  ulwrai!onzl phase. 

1 . 5  SHOT SCHEDL'LE 

Original p1ar.s for UPSHO'T-KNOTHOLE included a total of  10 bhDtS, the firs1 eight t u  be de-  
velopnienlal and fLred in Yucca Flat, and the las t  two for mi l i ta ry  e f f e c t s .  f i red i n  Frenchman 
Flat. T o u a r d  Ihe end 01 the u p ~ r a l i o n  another development shot was added l o  the le51 s e r i e s .  
A coniplele l ist ing of all  shots in the  UPSHOT-KNOTHOLE s e r i e s  I S  shown In Table  1.1 
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CHAPTER 2 

B L A S T  M E A S U R E M E N T S  

2.1 I i iTRODUCTIOii  

Severa l  agencies  par t ic ipated i n  the s t u d y  of basic  blast phenomena during UPSHOT- 
KNOTHOLE. The objectives were twofold. (11 to collect re le rence  blast data  i n  support  OJ the 
major  concurrent  p rogram studying the e l lec t s  of blast  on s t ruc tu res ,  and (2)  to  study fu r the r  
the fundamental  cha rac t e r i s t i c s  of  the blast phenomena 01 a i r -bu r s t  nuclear  weapons,  

p rog ram was highly successful .  Many  successful  measu remen t s  were made for  the second ob- 
ject ,ve.  However, the program s e r v e d  principally to define m o r e  c lear ly  the a r e a s  of uncer-  
tainty i n  basic  blast  phenoniena. In  par t icu lar ,  much valuable information was obtained on the 
pecul ia r  efJects 01 thermal  radiation on blast, but it was clear that major  fu ture  t e s t s  would be 
requi red  to obtain a sa t i s fac tory  understanding 01 th i s  most diflicult and perplexing charac-  
t e r i s t i c  of a i r -burs t  nuclear weapons. The test r e su l t s  were invaluable as a n  aid in the design 
of fu tu re  p r e c i s e  laboratory and ful l -scale  exper iments  directed toward an adequate under -  
standing of  t h t  complex thermal  and su r face  effects  of blast to meet  mil i tary requi rements .  

In t h i s  s.ummary repor t  t he  pertinent r e su l t s  of the var ious pro lec ts  a r e  col lected,  c o r -  
r e l a t ed ,  and presented.  Where appropriate  and useful  the results a r e  compared to  those of 
e a r l i e r  nuclear  t e s t s .  Indit'idual project oblectives and r e su l t s  a r e  summar ized  i n  Append- E. 
T h e  interested r e a d e r  is r e l e r r e d  to the individual prolect r e p o r t s  for  a full presentat ion of the 
r e s u l t s  sumniar ized  h e r e  and for  much additional inforniation which is not presented  here .  

Measuremen t s  were made on seven tes t  shots  of the  s e r i e s .  For the f i r s t  oblective the 

2.2 SCALE FACTORS 

F o r  many t r e a t m e n t s  it is des i rbble  to  compare the  blast data obtained f rom di l lerent  nu- 
c l e a r  weapons at t'arious burst  a l t i tudes.  For such t rea tments  the  data are normalized to a 
conimon base.  The t e r m  "A-scaled ' '  is delined a s  "reduced to a s tandard-atmosphere at s e a  
level  for 1 KT of radiocheniical  (RC) '  yield " Conventional cube root yield scal ing is used in 
conjunction r i t h  the  Sachs'  cor rec t jon  f ac to r s  for burst-height  a tmospher ic  p r e s s u r e s  and 
t e m p e r a t u r e s .  The following A-scal ing fac tors  apply: 

'In soni r  c a s e s  other  iechniques.  such as f i rebal l  analysis or the analylic solution. a r e  
used t o  de te rmine  the  hydrodynamic yield of a nuclear detonation. 
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1 4 . 7  P r e s s u r e  S p  = - 
PC 

I? 11 

u h e r e  P, and T, a r e  the ambient p r e s s u r e  and t e m p e r a t u r e  at the  l e s t  b u r s t  height in pounds 
pcr  s q u a r e  inch and degrees  cent igrade,  and W is the finally determined radiochemical tes t  
yield. The Sschs '  burst-height correct ion f ac to r s  have been specif ied fo r  use by all  l es t  groups 
to permit  direct comparison of the tes t  r e su l t s  with those  f r o m  previous tes t  s e r i e s  which  have 
t e e n  nornial izrd !n t h i s  nianner. 

T A B L E  2.1 --UPSHOT-KNOTHOLE Shot Summary and Scaling Factors 

Shof 1 Shot 4 

112.5 2371.5 
1.1704 1.4774 
0.3750 0.3946 
0.3672 0.3807 
0.4?9H 0.5624 

- 
Shof 9 

Air  
26.0 
2423 
764.0 
1.22b 
0.3153 

0.3792 
0.308a 

- 
Shot 10 

Air  
14.4 
521 
203.6 
1.146 
0.3885 
0.3839 
0.4399 

Shot 11 

A i r  
60.6 
1334 
316.6 
1.2301 
0.2373 
0.2341 
0.2880 

If has  been suggested thaf the Sxchs'  Conversion f a c t o r s  corresponding to gage height con- 
ditiuns o r  the  m o r e  complex Fuchs '  fac tors  would aflord be t te r  accuracy in conversion to s e a  
l e r t l .  It i s  probable that niure  rea l i s l ic  conversion is accomplished by one of these var ta t lons,  
but the e r r o r s  introduced by the more  s iniple  conversion factor  a r e  general ly  unlmportant for 
t h r  l es t  conditions encountered t o  date .  

Table  2.1 p r r a m l s  the pertinent normalizing l a c t o r s  for  the UPSHOT-KNOTHOLE shots  Of 
in le res l .  A-scaled data reported herein have been obtained by applying these  f a c t o r s  10 the 
measu red   result^. 

2.3 FREE AIR BLAST 

2.3.1 O v e r p r e s s u r e  

niethud. using shock l r m t  photography against  a ver t ica l ,  rocket la id ,  smoke- t ra i l  background. 
Useful data lor o v e r p r e s s u r e s  g r e a t e r  than 10 ps i  were  obtained on Shots 4 ,  9, 10, and 11. The 
f r e e  a i r  time-of-arrival da ta  l r o m  these  shots  were  normalized to s tandard  1 K T  a! sea level 
and conibined w i t h  s in i i la r  normalized da ta  f r o m  TUMBLER Shots 1, 2,  3, and 4 and the I\ry 
King shot  to give the ear ly  portion o f t h e  resul tant  composi te  a r r iva l  t i m e  curve 01 Fig. 2.1. 
The balance 01 the composite l ime-of -ar r iva l  curve  mcludes sur face  and a i rborne  measure-  
ments .  These  data  were then used to  calculate  a s ingle  peak o v e r p r e s s u r e  v s  dis tance curve 
applicable to  lhe region where the p e a  o v e r p r e s s u r e s  were  g r e a t e r  than 10 psi. F igure  2.2 
p r e s e n t s  t h i s  composite f r ee  a i r  o v e r p r e s s u r e  curve  in  t h i s  region. 

p r e s s u r e  v s  t ime gages mounted near  the ground su r ldce ,  but above the t r ip le  poini, and by 

T h e  p r i m a r y  I r r e  air peak o v e r p r e s s u r e  measu remen t s  were  made by the shock VelOcilY 

Below 10 psi I r ee  a i r  o v e r p r e s s u r e  m e a s u r e m e n t s  were  made by the use of Wiancko over-  
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parachute-borne  g a g e s  at re la t ively high al t i tudes above the t r ip le  point. Measurements below 
1 0  psi were obtained on Shots 4 and 9 of UPSHOT-KNOTHOLE and w e r e  combined with s i m i l a r  
d;Lta f roni  T U M B L E R  lo ot'tain the cumposi te  curve  s h o u n  in Fig. 2.2 f o r  o v e r p r e s s u r e s  le65 
t h s n  10 psi .  

I t ' , ,  I ,  t ~ < i r , ~ :  I!! r.,: ~ : r : ~ r > t ~ ~ > l : :  <:::d : . v z , l ~ t ~ I < ~  I , ,  ~ 3 1 ~ .  Thi y i e l d 2  u e d  rar.grd f roni  1 l o  5DO hT, 
and 11 i b  believed thal the curve is applicable up t o  yields of s e v e r a l  megatons. Far ddieren t  
y i c : d s  a n d  ~ n i t ~ i e n t  p r e s s u r e .  t h e  prapohed s t a l d a r d  curve  ran b t  used  by applying the appro-  
pr ia te  scal ing f a c t o r s .  To i l lus t ra te  the effect  of burst  altitude (ambient  p r e s s u r e )  using s imple  
S x t , ~ '  scal i r ig .  t h e  cEri'es cl  Fig.  2.3 a r e  included. These  c u r v e s ,  which a r e  useful in con- 
s ider ing ant ia i rcraf t  appl i ia t iona,  a r e  applicable only in the horizontal  b u r s t  plane because of 
the nununif3rm charac te r i s l ic  of the a tmosphere .  This  res t r ic t ion  i s  s ignif icant  f o r  la rge  yield 
weapons. However. it should be mentioned thal experience on Shot 4 indicates  thal  i t  may be 
reasonable  to conclude thal energy parti t ion c h a r a c t e r i s t i c s  do  not v a r y  significantly for  b u r s t s  
up to an alt i tude of 10,000 It MSL. 

Fi;ilrc ?.? p r e s e n l s  a propdsei? s!andard irrr a i r  1,eak o v e r p r e s s u r e  curve  for  1 KT at s e a  

2 . 3 . 2  Dynamic P r e s s u r e  

In sonje  c a s e s  dynamic p r e s s u r e ,  o r  q. is the f r e e  a i r  blast  p a r a m e t e r  of principal i m -  
portance.  The  peak f r e e  a i r  dynaniic p r e s s u r e  may  be calculated direct ly  f r o m  the peak o v e r -  
p r e s s u r e .  F igure  2 . 3  gix'es peait f r e e  a i r  dynamic p r e s s u r e  for  two widely d i f fe ren t  ambient 
p r e s s u r e s .  It is worth noting that the dynamic p r e s s u r e  15 nearly independent of the burs1 
al t i tude.  Once again,  the nonuniform c h a r a c t e r i s t i c  of the a tmosphere  IimilS d i rec t  application 
to the horizontal  burs t  plane,  but for  dynamic p r e s s u r e  the res t r ic t ion  1s not as s e v e r e  as for  
o v e r p r e s s u r e .  T h i s  p a r a m e t e r ,  f r e e  a i r  dynamic p r e s s u r e ,  i s  of impor tance  in  the 051 loading 
on a i r c r a f t  in  flight a n d  is frequenlly a useful damage p d r a m e t e r  when considering nuclear  
weapons for an t ia i rc raf t  purposes .  

2 . 3 . 3  Durat ior .  

The  f r e e  a i r  o v e r p r e s s u r e  positir'e phase durat ions for 1 KT at s e a  level a r e  presented in  
T h e s e  data were obtained from IBhl calculat ions, '  and they have been checked by Fig.  2 . 4  

l imited exper imenta l  measurements .  Since the par t ic le  velocity does  not fall to z e r o  until af ter  
z e r o  overprehhure  is reached,  the posit ive phase durat ions for  dynamic p r e s s u r e  a r e  someuhat  
l a r g e r  than shoun  in Fig. 2 . 4 .  

2 . 3 . 4  ThT Eff ic ienry  

yield c a n  be defined in t e r m s  of the amount of T N T  required to produce an equal blast  e f fec t  at 
the s a m e  dis tance using applicable scal ing techniques.  With peak free a i r  o v e r p r e s s u r e  chosen 
as the p a r a m e t e r  for  comparison,  the TNT efficiency is a function of the o v e r p r e s s u r e  level. 
Usrng the  proposed nuclear  f r e e  a i r  o v e r p r e s s u r e  curve  of Fig. 2.2 and the Kirkwood-Brmkley 
da ta  for  TNT,' t h e  TNT eff ic iency h a s  been calculated as a function of peak f r e e  a i r  overpres-  
s u r e  as shown i n  F q .  2 . 5 .  Oxer  the wide p r e s s u r e  range  of 1 lo 3 5 0  p s i ,  which covers  the re- 
gion 01 p r m r i p a l  i n t e r e s t ,  the TNT efficiency r a n g e s  Irom 40 t o  53 p e r  cent .  Over  this  P r e s s u r e  
range  an average  TNT efficiency of 4 6 . 5  p e r  cent resu l t s .  

The  TKT efficiency of a nuclear  explosion e x p r e s s e d  i n  percentage of the radiochemical  

2 .4  AIR BLAST PHENOMENA 

Except where thermal  and or s u r f a c e  effects  were  important ,  the  blast  measu remen t s  of 
UPSHOT-KNOTHOLE were  consistent with predict ions based on the r e s u l t s  of previous full-  
s c a l t  le515 and w i t h  analytical  studkrs and laboratory and high-explosive t e s t s .  In fact ,  the 
UPSHOT-KNOTHOLE blast  resu l t s  a r e  noteworthy principally because they c lear ly  delineated 
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s o m e  of the unusual sur face  and/or t h e r m a l  e f lec ls  with a s imultaneous demonstration of the 
damage e l f r c t s  of blast u a v e s  produced under such inlluences. On the  bas i s  of the UPSHOT- 
KNOTHOLE re su l t s ,  i t  is not possible  to establ ish the behavior charac te r i s t ics  where t h r r m a l  
a n d  o r  s u r f a c e  e l f e c l s  a r e  importanl .  The purpose of this  sect ion i s  to descr ibe ,  i n  general  
icrn.85. t h r  b last  phenomena i n v e s l i ~ a l e d  on UPSHOT-KNOTHOLE. T h e  l a t e r  sect ions,  which 
~ U ? I : T . L F ~ ~ V  :tic bidst  r r su l tb .  wi l l  shuw t i ir  incurAclusivr nalure  01 the resul t6  and w i l l  support  
a conclusion that e x t ~ n s i ’ e  additional laboratory and fu l l - sca le  experiments  a r e  required to 
p t  rruit a c lear  understanding of the mil i tary importance of t h e r m a l  and/or surface ef iects  on 
the hir blast phenomena of a i r -bu r s t  nuclear  weapons. 

2 . 4 . 1  Damage P a r a m e t e r s  

The d d n : q e  effectiveness of a blast  wave can be descr ibed by two parameters :  s ta t ic  o v e r -  
pi’r>su!-e ( p )  and dynsni ic  o v e r p r e s s u r e  ( q ) ,  both a s  lunclions of t ime.  In most c a s e s  r i s e  t ime ,  
durat ion.  and impulse a r e  important in determining the effects of these  two parameters ,  but 
bun)? t x r g c 1 ~  a r c  predominalely sensi t ive to the pexk values of o v e r p r e s s u r e  or dynamic p r e s -  

There  have been a number of at lenipts  lo  c lass i fy  mil i tary blast  t a rge ts  as “ p r e s s u r e -  
sensili!,e” o r  “drag-sens i t ive ,”  dependent upon whether they have principal Sensitivity to 
o v e r p r e s s u r e  or dgnaniic p r e s s u r e ,  respect ively.  Except for e x t r e m e  cases ,  such at tempts  
a r e  unsuccessful because most individual t a rge t s  have appreciable  sensitivity to  both damage 
p x a n i e l e r s .  Target  e lements  which have a rapid response  lo the relatively short duration 
re f lec ted  o v e r p r e s s u r e s  which a r e  cha rac t e r i s t i c  of a z e r o  r i s e  t i m e  ideal shock, such a6 
window p a n r s  a n d  still or br i t t le  walls and roo f s ,  are pressure-sens i t ive .  Likewise,  t a rge t s  
which a r e  sens i t ive  l o  a sustained crushing effect. likened to a sudden increase  of the ambient 
p r r b s u r e  b y  the o a e r p r e s s u r c ,  without venting, a r e  pressure-sens i t ive .  Targe ts ,  such as poles 
and t r ees .  which have a relat ively slow response  and which a re  insensi t ive to crushing ef fec ts ,  
a r e  nearly conipletely drag-sens i t ive .  A l a rge  s tee l  f r a m e  s t ruc tu re ,  which is well vented or 
uhich has  been s t r ipped 01 siding and or  roof panels by initial o v e r p r e s s u r e  action, is pr in-  
cipally drag-sens i t ive .  Many mi l i ta ry  t a rge t s ,  such as vehicles ,  tanks. ar t i l l e ry  pieces ,  and 
t roups .  m a y  su l le r  their  principal damage  by being hurled through the  a i r  o r  tumbled along 
t h t  pround. w t h  subsequent impacts  with the ground or other  obstacles .  These ta rge ts  are 
principally d r a g - s e n s i t i w  In genera l .  where total t ranslat ional  f o r c e s  are important and 
U’hrrt the short  durat ions of the ref lected o v e r p r e s s u r e s  a r e  substant ia l ly  l e s s  than the  r e -  
s p u n s t  t ime of the ta rge t .  t h e  f o r c e s  produced by dynamic p r e s s u r e  are  of grea tes t  importance.  
Must mili tary target  complexes a r e  apt t o  contain a var ie ty  of individual target  types,  and any 
attempt l o  descr ibe  the whole as dynamic pressure-sens i t ive  o r  as overpressure  sensi t ive 
could be troublesonie. In some  c a s e s  the  difference i n  the blast wave duration between kiloton 
and megalon weapons is important ,  and such t a rge t s  can general ly  be descr ibed as dynamic- 
pressure- impulse  sensi t ive.  

In genera l ,  both o v e r p r e s s u r e  and dynamic p r e s s u r e  are important  with the relat ive im- 
portance being determined by the  ta rge t  type under cons idera t ionand by the relation between 
the two damage p a r a m e t e r s .  The o v e r p r e s s u r e  cha rac t e r i s t i c s  of a nuclear  explosion are 
fair ly  well known, whereas  the dynamic p r e s s u r e  cha rac t e r i s t i c s  have been l e s s  c lear ly  de- 
lined because of the  lack 01 suff ic ient  applicable experimental  data. The r e su l t r  of UPSHOT- 
KNOTHOLE c lear ly  demonstrated s o m e  of the  damage ef fec t iveness  of dynamic p r e s s u r e  with 
f t u  supporting basic  measurements .  Where possible ,  th i s  repor t  will t r ea t  both the overpres-  
s u r e  and the dynamic p r e s s u r e  proper t ies  of a i r -burs t  nuclear  explosions. 

s u r e .  

2 . 4 . 2  Ideal P a r a m e t e r s  

An ideal blasl wave may be defined as a shock wave where the  c lass ica l  Rankine-Hugoniot 
re la t ions apply at the shock front .  Such a shock wave is charac te r ized  by m instantaneous rise 
of  p r e s s u r e ,  density. t e m p e r a t u r e ,  and par t ic le  velocity. Assuming the  ambient air to be at 
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r e s t  w i t h  a p r e s s u r e  of P, tl!e re lat ion between peak o v e r p r e s s u r e  (p) and peak dynamic p r e s -  
s u r e  l q l  is: 

U h v ~  e + '  = density of mrdbux Letlind shuck Iront  and I? = par l lc le  velocity o! medium behind 
sIi~?ck I r u n t .  This rc!arLun is i l lustrated ~n Fig. 2.6 ior different burst  heights o r  ambient 
p r e s s u r e s .  

be descr ibed  a s  ldc3!. This  dr-finitlor, of the ideal c a s e  is valuable for  comparison to prac t ica l  
nuclear burs t  c a s e s ,  part!cu!arly where the t h e r m a l  and/or sur face  effects cause marked de-  
pai~tur t .5  f ront  ideal behavior.  The ideal case  is charac te r ized  by two principal reg ions ,  the 
r e g u l a r  rellection region and the Mach region (see Fig. 2.7). The ground dis tance at which 
t rans i t ion  Ironi r e y l a r  re f lec t ion  t u  Mach ref lect ion takes  pldce is not unly depeident upon 
the height of burst but upon the height above the ground at which the observations a r e  made,  
Thus  the ground distance at which a s u r l a c e  ta rge t  is completely in the Mach region is depend- 
ent u l~on the height of that t a rge t ,  becoming g r e a t e r  a s  the ta rge t  height is increased.  

Fo r  the Mach s tem i n  the Mach region,  i t  may be a s sumed  that the expanding shock front 
is perpendicular  to the s u r l a c e  w i t h  the f low o r  par t ic le  velocity paral le l  to  the s u r f a c e  and 
wi th  the shock front moving into uniform s t i l l  a i r .  In the Mach region the above ideal p-q r e -  
lation appl ies .  u7here q is def ined to be horizontal or para l le l  to the sur face ,  and the ideal  peak 
dynamic p r e s s u r e s  may be calculated direct ly  f r o m  peak o v e r p r e s s u r e  values. 

In the region of regular  re f lec t ion  the situation i s  m o r e  conlplex. At the ref lect ing s u r f a c e  
the ideal reflected shock coniplelely cancels  the ver t ical  Component of mater ia l  velocity behind 
the mcident shock and the f low is paral le l  to  the sur face .  However,  for  a target  near  the su r -  
race the  principal o r  effective q component is paral le l  to the sur face  but not perpendicular  to 
the re f lec ted  shock since the ref lected shock makes an acute  angle with the su r face .  In addition, 
the ref lected shoch !s moving into ambient a i r  which is nei ther  at r e s t  nor at preshock ambient 
p r e s s u r e  because of the pr ior  passage  01 the incident shock. Consequently it is c l ea r  that the 
dynamic p r e s s u r e  q (horizontal i  cannot be calculated by the above ideal p-q reintion. Direct ly  
under t h r  burst  (Ground Zero)  t h e r e  is no a i r  flow paral le l  t o  the sur face  and the dynamic p r e s -  
s u r e  (l,pu'J is zero.  A s  the ground range is increased the  dynamic p r e s s u r e  i n c r e a s e s  despi te  
a d e c r e a s e  in  o v e r p r e s s u r e .  Dynamic p r e s s u r e  is not descr ibed  by the above ideal p-q relat ion 
u n t i l  the  onset of Mach reflection. For n e a r - s u r f a c e  ta rge ts  in the ideal ca se ,  only the hor i -  
zontal f l u u  i s  considered important  s ince  any  ver t ical  flow i s  quickly canceled a f te r  the arrival 
of the re f lec ted  shock. In  gene ra l ,  dynamic p r e s s u r e  may be considered a vector  quantity with 
a directioii paral le l  to the reflecting surface i n  the region of in te res t  l o r  n e a r - s u r f a c e  t a rge t s  
behind the reflect-ed shock in the regular  reflection region or.behind the Mach stem in the Mach 
region.  Throughout this  r epor t ,  when dealing with near -sur face  blast phenomena, dynamic 
p r e s s u r e  (q l  information w i l l  r e f e r  t o  the horizontal component only. 

Us ing  the composite A-scaled f r e e  air peak o v e r p r e s s u r e  curve of Fig. 2.2, i t  is possible  
IO calculate  :he A-scaled surface level  peak o v e r p r e s s u r e  height-of-burst  char t  01 Fig. 2.E for  
the Ideal ca se .  In the region of r e g u l a r  ref lect ion and for z e r o  burst height, conventional shock 
ref lect ion theory was used assuming a perfect re l iecl ive surface.  In the Mach region the form 
01 the c u r v e s  was derived from high-explosive experiments .  The ideal A-scaled peak dynamic 

I f  a naclear  wrapmi 1s burs t  i n  the a i r  over an ideal sur face , '  the resul tant  blast  wave may 

*An ideal sur lace  u,ill be def ined a s  one having per lect  mechanical o r  shock ref lect ion,  no 
dust or  o ther  mater ia l  which can be picked up by the blast wave, and proper t ies  (perfect ly  re- 
llectingl such that the associated t h e r m a l  radiation has no e f fec t  on the sur face  or on the  air 
above the  su r face .  Ice 1s perhaps  the closest  pract ical  example.  Except l o r  the possibility of 
the blast H'dve picking up  u'ater drople t s .  water might be a reasonably close pract ical  example.  
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r i ressur r  t ieighl-of-burst  c h a r t  ot  Fig. 2.9  can be der ived f r o m  Fig. 2.8: 

r c t c r  IO t h r  values  of peak o v e r p r e s s u r e  and peak dynamic p r e s s u r e  calculated t rom Figs .  
2 P, m d  2 9 !ur 1111 p 2 ~ t i c u l a r  se t  o! t e b t  condiiioias involved, ahsunling a per fec t  shock re t lec l -  
I%’ bu: [ “ce  u,itll nu other  s u r l x c e  du:i, o r  thermal  e f l e r t s .  Substantial departurea f r o m  id t ; l  
b t  tm . t j  1 ~ 8 1  I,.,:L bcLi i  aiiributed IU s u r l a c c ,  ous t .  and thermal  e t tec t s  on blast .  Under such per -  
iu rha t io ins  the r i s e  tinie is genera l ly  s l o w  and t h r  t imr-wave  fo rm i s  substantially di t lerent  
t i o n  I f l c a l .  Surlnce,  d u s t ,  and t h e r m a l  e l tec t s  on blast a r e  most  pronounced tor relatively low 
L , a r > t s  w h e r e  1111. p n n c i l m n l  interest  I S  in t h e  hlnch region. For  such b u r s t s  care tu l  studies a r e  
i l L i  ‘ * X I  I~-J!#IP: m i t . <  r c g u l ~ r  r t f l e c t ~ u n  rcg lur ,  b e r a u s r  t t i t  very intense blast  condllions t h e r e  
ai i b i y o n d  t h r  range of n>05f  mi l i ta ry  ta rge ts  of in te res t .  

Substaniial d r p a r t u r e s  f r o m  ideal behavior were  obtained on the relatively IOU’ shots  0 1  
1lPSHOT-KNOTHOLE ( 1 ,  IU, and 11). with only minor  depar tures  on the relatively high Shot 9.  
I n  all r a s t s  lhe blast  wave behaylor u’as essent la l ly  ideal except tor the regions where the s u r -  
f31e l e v e l  measured  peal. o v e r p r e s s u r e s  were  g r e a t e r  than about 6 psi  (corresponding to about 
7 li51 31 s e a  IeveI, A-scdledl .  Where  the measured  peak o v e r p r e s s u r e s  were g r e a t e r  than  6 p s i ,  
Ih,’ d c p a r t u r r  t r o m  I d e a l  var ied  grea t ly ,  depending on yield,  height of burst ,  o v e r p r e s s u r e  level 
0 1  gruund range.  and the blast  p a r a m e t e r  considered.  

Thrwghcwt this  reporl  r e t e r e n c e s  l o  ideal blast  behawor  will be made.  Such r e f e r e n c e s  

2 4 3 Sui l a r r  and T h r r n i a l  Eilect, 

2 4 3 1 History __ 
Thr niosi  significant bias1 r e s u l t s  of UPSHOT-KNOTHOLE were  obtained where  behavior  

d L p r t r d  from ideal.  Such d e p a r r u r e s  have been at t r ibuted to  sur face  and /or t h e r m a l  e t tects  
un Lil. i i l  S ince i t  has  nut h e n  possible  to study the blast  c h a r a c ~ e r i s ~ i c s  of nuclear  explosions 
uithout the effects of the companion t h e r m a l  radiation on the s u r f a c e , t  t h e r e  have been no 
nilalis  tor experin;erilally separa t ing  the s u r f a c e  a n d  thermal  e t tects  on blast .  High-explosive 
t e > l b .  u h i i  h h a v r  neyligiblr  conipmion thernial  radiat ion,  have shown ra ther  minor blast  e t -  
teci ,  duv t o  d i t t t r e n c e s  i n  s u r t a c e  n;echanical re t lect ion p r o p e r t i e s  and surtace dus l .  Sur face  
n u i  !ear ehplusion5. wherc. t h r  t h i r n , a l  radiation incident on the blast sur tace  i s  minimized,  
p i i r  s in j i la r  rrsulls In any event.  the e x t r e m e  blast  deviations Iron1 ideal which have been 
u l i bv i  i v d  UII be\i ‘ irt l  l u u  burst  nuclear  detonations a r e  f a r  g r e a t e r  than the pertubalions ob- 
se rved  t o r  scaled TKT t e s t s  o r  tor s u r f a c e  nuclear  t e s t s  over  the s a m e  kinds of s u r l a c e s .  It 
a p p e a r s  s a l e  t u  a s sume  that the thern ia l  radiat ion is the principal cause of the blast  d e p a r t u r e s  
tl-onl ideal.  01 courbe ,  the s u r t a c e  proper t ies ,  including dus t ,  can have a protound intluence 
u p 7 1 ~  t h e  degree  l o  which the t h e r m a l  radiation a f tec ts  blast .  

Annun1aIuus blast  behaviur was observed on niosl nuclear  tes t  s e r i e s  i ~ r i o r  to  UPSHOT- 
KKOTHOLE. The ro le  of t h e r m a l  e t fec ls  on blast  was  f i r s t  c lear ly  delineated on TUMBLER- 
SKAPPER,  where the p r e c u r s o r  phenomenon was  identified. Subsequent reexaminat ion of 
BUSTER and GREENHOUSE blas l  measu remen t s  confirmed the precursor  exis tence and showed 
s inr i la r  thermal  per turbat ions on blast .  It remained  tor  the UPSHOT-KNOTHOLE s e r i e s  t o  in- 
vestigate the e l fec ts  of such  nonideal blast  waves on t a r g e t s  and l o  study fur ther  t h e  associated 
bas ic  blast  phenomena. The  e f fec ts  on t a r g e t s  are descr ibed  e l sewhere  in  chis repor t .  The rma l  
e l lcc t s  per turbat ions on blast  w e r e  observed in sonie  detail  on Shots 1, 9, 10, and 11 01 UPSHOT- 
KNOTHOLE, covering a var ie ty  of yields  and burs t  heights.  Much additional valuable intorma- 

‘ F .  H .  Shelton 0 1  the Sandia Corporat ion prepared  these  t igures  express ly  for  th i s  reporl .  

TProlect  8.4-2.  the black s m o k e  experiment  ol UPSHOT-KNOTHOLE Shot 10, was a l imited 
R e f e r e n c t  I S  n;adr 10 Reporl LA-1665, where  s i m i l a r  c u r v e s  were developed by P o r z e l .  

and somewhat inconclusive effort  i n  th i s  direct ion.  Had Pro lec l  8.4-1. the  white smoke  experi-  
nltiit of UPSHOT-KNOTHOLE Shot 9, not been canceled because of unfavorable weather ,  ad- 
dii tonal usetu l  inlormation might have been obtained. 
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l i o n  u a 5  obtained, but i t  r emains  for future t e s t s  of a more special ized na ture  to  es tabl ish a 
q'~ . in l i ta: ive  undcrstandLng of the nonidesl blast  wave a l o q  wi th  an understanding of the p a r a m e -  
t e r s  r e s p o n s i b l e  for  t h e  gene ra t ion  of such b las t  u'aves. This  LS p a r t ~ c u l a r l y  important lo aid 
i r i  tile p r d i c t i u n  of the blast betia\,ior of nuclear  wrapuns at low burst  heights  over  Surfaces  
c8rhi r t t , ~ r .  !has(. character  !st:: i,: d c i i r r  a I i 3 :  

2 . 4  3 2 T h e r m a l  BL)undarb 

Tlir blah1 p r r t u r D d t i u n ~  <) t )wr r , cd  on previous tes t  ber ies  m d  on Sliots I ,  9 ,  IO, and 11 of 
UPSHOT-KKOTHOLE can tme erplaincd i n  pa r t ,  qualitativcly. by the hypothesis that the thermal  
radiation c r e a t e s  a w a r m  layer  01 a i r  adjacent to  the ground su r face  pr ior  to  shock arrival at 
the location o b s e r \  ed. Anal>'lical considerat ions and some  supporting shock-tube experiment5 
indicate that a conventional shock wave is markedly influenced by passage  into a region having 
a nonunilurm t e m p e r a t u r e  o r ,  more  par t icu lar ly ,  a nonuniform sonic velocity. It appears  al- 
niost  cer ta in  that the principal fac tors  01 t h e  nonideal blast behavior can be ascr ibed  to the  
ex is tenc t  of such a thermal  layer  adiacent to the ground sur face .  

To  date there  ha5 been no adequate descr ip t ion  of the effective mechanism responsible  for 
the generation of the assumed thermal  layer .  Experimental  measu remen t s  on previous nuclear 
t e s t s  and additional measu remen t s  on UPSHOT-KNOTHOLE have investigated the proper t ies  
01 t h i s  thermal  layer  p r io r  to shock a r r i r , a l .  Such measu remen t s  have been only moderately 
success fu l .  Attempts have been made to  m e a s u r e  the a i r  t empera ture  d i rec t ly  by the use of 
thermocouples  and s i m i l a r  devices .  Attempts have a l so  been made to  m e a s u r e  the velocity of 
sound m e r  a re la t ively short  length of a i r  near  the ground surface p r io r  t o  shock ar r iva l .  
These  measu remen t s  have shown conclusively that a warm a i r  layer  was developed following 
the detonation but p r io r  to  shock arr1L.a) at the location used lor  measurement .  General  in-  

s t rumentat ion problems p lus  turbulence and a tmospher ic  instability e f l ec t s  inherent to the 
heated region being investigated ha\,e reduced the value of these  m e a s u r e m e n t s  i l l  a quantita- 
t i \ 'e  s e n s e .  Hou'ever. such measu remen t s  on Shot 4 of TUMBLER and Shots 9 and 10 of UP- 
SHOT-KKOTHOLE have conclusively pro\,ed the existence of a preshock t h e r m a l  layer  adlacent 
t o  the ground su r face .  Details concerning t e m p e r a t u r e s ,  t empera ture  g rad ien t s ,  and height at 
shock a r r iva l  ha1.e been inconclusivt .  T h t  l imited UPSHOT-KNOTHOLE r e s u l t s  a r e  reported 
i n  a la te r  sect ion ol th i s  repor t .  

The ex;icl mechanism of heat t r ans fe r  u,hich p e r m i t s  the generation 01 the warm air layer  
ha5 not been establ ished.  A number of explanations have been offered. A commonly accepted 
qualitative explanation presupposes  the exis tence of "popcorning." Above a normal  incident 
t h e r m a l  radiation threshold of 10 to  30 cat cm', many su r faces  have been shown lo expel s o m e  
par t iculate  nial ier  into the surrounding a i r .  The d e s e r t  s u r f a c e s  used for  the  nuclear  t e s t s  a r e  
par t icular ly  subject to  th i s  effect. Figure 2.10 i l l u s t r a t e s  the popcorning observed on a nuclear  
tes t  p r ior  to shock arri:ral. The popcorned pa r t i c l e s  reach a dis tance of s e v e r a l  feet above the 
ground sur face  by the i r  own momentum. It is possible  that th'ese suspended par t ic les ,  which 
a r e  m motion, can a b s o r b  thermal  radiat ion d i rec t ly  and then t r a n s f e r  the  heat t o  the surround-  
ing air. The resul tant  convection and turbulence could lead t o  the establ ishment  01 a lhermal  
layer  s e v e r a l  fee t  thick. Another explanation d o e s  not require  the exis tence of popcorning or 
its equivalent. I t  may be supposed that the  ground sur face  is heated to  a relat ively high lem-  
pera ture  w h i c h .  i n  t u rn ,  can heat the boundary a i r  su r l ace ,  set t ing up convection and turbulence 
to  ultimately develop a thermal  l aye r  se'ieral feet  high. Several  var ia t ions and combmations 
of these hypotheses  have been presented .  

heat t r a n s f e r  into the boundary air l aye r .  U n t i l  an adequate underslanding of the  charac te r -  
istics 01 t h i s  phenomenon has been obtained, it is unlikely that quantitative e s t i m a t e s  can be 
niade of the cha rac t e r i s t i c s  of the t h e r m a l  l a y e r ,  which a r e  undoubtedly requi red  before  a 
quantitative es t imate  can be made 01 the effects  on the blast wave. 

thermal  radiation mcident upon organic  s u r i a c e s ,  such as leaves and other  vegetation, produces 
a violent expulsion of hot g a s e s  froni the s u r f a c e s .  Here a hea t - t ransfer  mechanism can be 

UPSHOT-KNOTHOLE added no significant experimental  data t o  identify the m e c h a n i m  of 

Liniiled exper iments ,  both on UPSHOT-KNOTHOLE and i n  the labora tory ,  have shown that 
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r a t h e r  c lear ly  es tabl ished.  and it is conceivable that a nuclear  detonation over  a la rge  s u r f a c e  
of  such mater ia l  could produce a warm boundary layer  resul tant  f rom the mvring of the high- 
tempera ture  expel led m a t e r i a l s  with the surrounding a i r .  Chemical ly ,  the resul tant  gas would 
prnI~3!~!y  I,? s o n i r u h a t  d:f!erent f r o m  a i r .  with a difleren! ra t lo  of specif ic  heats  and a d i f -  
feren! velocily c ~ l  sound for  a civen tempera ture .  Such a boundary layer  would have a sub-  
: t . ~ !~ t : . . l  e l l t ~ l  i:, 3 ?,las! WL:'L i f  generated prlcr- lo  shock hr r lva l .  

n : i r i : i  concernitjL t h c  n a t u r e  of the thermal  boundary layer  or  the s u r f a c e  proper t ies  respon-  
sitili 131 115 g e w r a t l u n .  It can be c lear ly  s la ted that such a boundary d o e s  exist  and that the 
i t i : t t r t I t  ~ . i l i c t ,  uf t h e  iiound.iry layer  a r e  influenced by the proper t ies  of the sur face  %,hen sub-  
jecled Lu the intense t h e r m a l  r a d ~ a l i o n  charac te r i s t ic  of a nuclear  detonation. Consequently, 
11 can be expected that t h e  blast  e f fec ts  of d i f fe ren t  s u r f a c e s  will be a function of the i r  behavior 
under intense t h e r m a l  radiation. Sur faces  with good thermal  reflecting proper t ies ,  such as 
u'ater md ice,  w i l l  probably produce l i t t le or no t h e r m a l  layer ,  with l i t t le or no associated - 
t h t r m a l  blast e f f e c t s .  Deser t  s u r f a c e s  a r e  k n o w  t o  have pronounced thermal  e i iects ,  and other 
prar l ica l  s u r f a c e s  U I I I  probably lie somewhere  between. 

2 .4 .3 .3  Thermal  Effects  

On l h r  bas is  of UPSHOT-KNOTHOLE r e s u l t s ,  it  is not possible  to make  quantitative s ta te -  

I n  d quali tative s e n s e  the e f f e c t s  of the postulated warm boundary layer  oi a i r  a r e  i l lus-  
t r a r r d  i n  Fig. 2 .11.  I1 must  be emphasized that  this  f igure is for i l lustrat ion purposes  only 
and does not purport  to detail  the complex ef fec ts  of the thermal  layer  on blast .  Specifically,  
all re f lec ted  shocks ,  both f r o m  the t h e r m a l  layer  and f rom the ground Surface,  have been 
eliniinated. A m o r e  p r e c i s e  and complex t rea tment  will be d iscussed ,  lo a l imited extent,  l a te r  
:n th is  r e p o r t ,  and for  a complete  t rea tment  the interested r e a d e r  i s  r e f e r r e d  to  the pertinent 
individual projecl  Figure 2.11 i s  i l lus t ra t ive ,  in a general  s e n s e ,  of the combined 
condiiions existing on UPSHOT-KNOTHOLE Shots 1 ,  10, and 11 and TUMBLER Shot 4 .  In Region 
A ,  close to  Ground Z e r o ,  t h e  smal l  incident angle of the blast  wave, t h e  high shock s t rength with 
1he resultant high shock veloci ty .  and the relat ively short  t i m e  interval  between detonation and 
shock a r r i v a l  a t  t h e  t h e r m a l  layer ,  which l ini i ts  the boundary layer  tempera ture  r ibe  pr ior  l o  
shock a i r i v a l .  give a horizontal  component of shock velocity g r e a t e r  than sonic  velocity in the 
boundary layer .  T h i s  eflect produces a niinor per turbat ion On the shock wave, which somewhat  
niodifies the wai'e f u r m  but d o e s  not markedly change the resul tant  b las t  wave irom the ideal 
case.  I n  Region B the increased  incidenl angle ,  t h e  lower shock s t rength ,  and the possibly 
higher boundary layer  t e m p e r a t u r e ,  because of the g r e a t e r  l i m e  interval  between detonation 
and shock a r r i v a l .  lead to a condition where the sonic  velocity in the boundary layer  is g r e a t e r  
than the horizontal  component of the shock velocity in the undisturbed a i r  above the boundary 
Idyer.  To p r e a e r v e  continuity as the shock wave p r o g r e s s e s  out 10 g r e a t e r  dis tances ,  the .hock 
ware  d isappears  in t h e  boundary layer ,  leading to the generation of a p r e c u r s o r  p r e s s u r e  wave. 
The  p r e c u r s o r  wave develops when a significant amaunt of energy f r o m  the main blast  wave is 
channeled into a t h e r m a l  l a y e r  n e a r  the ground sur face .  In Region C t h e  conditions are s i m i l a r  
except that th i s  is the reg ion  of Mach ref lect ion,  where  the t r iple  point h a s  r i s e n  well above the 
boundary l a y e r ,  and consequently the shock above the boundary layer  h a s  a horizontal  compo- 
nen1 equal to the shock velocity into the undisturbed air. H e r e ,  again,  the requirement  of con- 
tinuity of lhe  blast  wave as it p r o g r e s s e s  to g r e a t e r  d i s tances  leads t o  the generat ion of a pre-  
c u r s o r  p r e s s u r e  wave. a s  i l lustrated.  The  p r e c u r s o r  is not confined to t h e  relat ively thin 
thermal  layer  but can extend t o  considerable  heights into the unhealed a i r .  Region D o c c u r s  a t  
g r e a t e r  d i s tances ,  where t h e  t e m p e r a t u r e s  of the t h e r m a l  layer  a r e  lower,  giving a sonic ve- 
lociiy l e s s  than the shock propagation velocity in the undisturbed a i r .  In t h i s  region lhe ther -  
ma l  eilect  produces a minor  per turbat ion on the shock wave, which modifies the  wave iorm 
slightly without markedly changing t h e  resul tant  blast  wave f rom the ideal  case .  As the blast  
u a v e  p r o g r e s s e s  to s t i l l  g r e a t e r  d i s lances ,  the effect  of the thermal  l a y e r  becomes negligible 
and the genera l  blast  wave c h a r a c t e r i s t i c s  approach the ideal case. In a pract ical  s e n s e  the 
thermal  layer  cannot be descr ibed  in s iniple  te rn is .  T h e r e  is undoubtedly s o m e  ver t ica l  t em-  
perature  Kradient lo  provide t ransi t ion into the undisturbed region. F u r t h e r m o r e ,  the preshock 
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t h e r m a l  e t tec t s  will induce some  turbulence.  The  horizontal t e m p e r a t u r e  gradient  is  by no 
mcans  uni forn . ,  and consequently a f u l l  t reatment  uf the problem is v e r y  complex indeed. Until 
l l i c  spec i f ic  p r o p e r t i r s  o! the t l iermal  layer  a r e  more  clear ly  understood,  i t  is not likely that a 
r o r n ) ~ l ? l r ! !  :id?qu:+lc- :1n.i!!lical t r r a t n i e n t  c a n  bi m a d t .  Nei,er theless ,  the genera l  quali tative 
d r : c r i ) > l i < i n  sbrivc shruld ] w i n ~ I  an undtrstandinE of the general  c h a r a c t e r i s t i c s  of the e l lec t s  

A: the burs! he!rhl  is i n c r e a s e d ,  the inridrni thermal  radiation is d e c r e a s e d  and a s i tua-  
IIO;, C A I N  

r l b c  1 0  r e s u l t  ir. I ! i i  g?ner.ilion o f  a ] ~ , r e c o r s u r .  UPSHOT-KNOTHOLE Shot 9 u'as representa-  
I:,? v i  l i t 1 5  c 3 c c  
1r.g 11s >ncidr ' i l l  ariclr U i l P .  thc gi uund dnd leading l o  the ear ly  Onset of Mach rel lect lon at the 
g i l i uud  s u r f a c e  
hlarh rel lect iun br~1nn,ng at much s h o r t e r  d i s tances  than would have been expected without the 
thern is l  e!frci In 11111 ~ h e r i n a i - h l a c h  region the Mach stern height was approximately the s a m e  
3, ihe e,tinialed thcrn-31 iioilndar)' l ayer  height. Beyond the niinimuni dis tance at which no rma l  
h l a l t ,  rrfircticNn uould ha\< t e e n  expected on this  shot ,  the genera l  Mach behavior appeared t o  
b c  nui.i>,.%l. 

11 h.ib been custoniar)  to  use the t e r m  p r e c u r s o r  a s  a descr ipt ion of t h e  blast  conditions 
repi e > c n ! 3 t i v ~  o! I G H  burs:, u h t r e  the thermal  e t tects  on blast  a r e  01 major  significance.  I t  
n i l i s i  bc noted t h t  Ihe thei nlal e f f e c t s  on blast  can be significant without the actual generat ion 
v i  2 p r r c u r 5 u r .  or oLtside tht .  r ange  of the p r e c u r s o r .  The p r e c u r s o r  is perhaps  the m o i l  
s ra r t l inc  phenonlenon associated with this  general  behavior.  and the t e r m  p r e c u r s o r  is used 
frequent ly  i n  a general  senhe to  d e s c r i b e  the uhole  region where  the t h e r m a l  e f tec ts  on blast  
cause s igr i i icant  departure5 froni the ideal case .  In some c i rcumstances  the t e r m  nonideal is 
used t o  d e s c r i b e  t h i s  behavior 

The  blast  nieasurenients  on UPSHOT-KNOTHOLE do not permi t  a detailed descr ipt ion of 
th? c h a r a c t e r i s t i c s  in  the nonideal region.  In genera l ,  where the behavior is nonideal, the  peak 
o v e r p r e s k u r c s  a r e  s u l ~ s t ~ ~ ~ i ~ a l l ~  le55 than would be expected in the ideal c a s e .  T h i s  s u p p r e s -  
s ion  of o v e r b r e > s u r e  exist ,  uut to ground ranges  corresponding to peak o v e r p r e s s u r e s  of about 
6 psi  ( a s  nleasured .  '7 p s i  uhen A-scaled to s e a  level) .  This  genera l  conclusion applies to Shots 
1 ,  10. 3rd 11, where the thr rn ia l  effects  were  very pronounced but where the A-scaled burst  
heights covered the range  113 t o  317 tt. The relat ive reduction i n  measu red  peak o v e r p r e s s u r e  
due to  th r rn ia l  e f f e c t s  was greatest  i n  the region of 9 tu 40 p s i ,  although the e l tec t s  were noticed 
up to thc highest p r e s s u r e s  re l iably m e a s u r e d ,  about 150 psi .  The  s u p p r e s s e d  o v e r p r e s s u r e  ef- 
tect appeared  to be grea tes t  at the ground sur face ,  with an i n c r e a s e  ot peak o v e r p r e s s u r e  as the 
gage height above the ground was increased .  For purr  pressure-sens i t ive  t a r g e t s  ( tor instance 
i( buried s t r u c t u r e  with a plane top  ground sur tace) .  the thermal  ef lects  could grea t ly  reduce  
the damaging ef tects  of Iow-burst nuc lear  weapons. However, th i s  conclusion is applicable only 
Io pressure ,  g r e a t e r  than I ps i ,  with principal importance for p r e s s u r e s  g r e a t e r  than about 11 
psi .  In genera l .  p r e s s u r e  r i s e  t ime was  r a t h e r  s low In the region 10 to 30 ps i ,  and the e t f e c -  
t iveness  of rel lected p r e s s u r e s  in de te rmining  target  loading would consequently be reduced.  
This  again would reduce  l h e  effect iveness  ot nonideal low b u r s t s  against  pure p r e s s u r e - s e n s i -  
t i v e  ra rge ts  in this  p r e s s u r e  region.  

T h e  rebulth on dynamic p r e s s u r e  measu remen t s  were not v e r y  extensive.  Dynamic p r e s -  
s u r r  is defined i n  t e r m s  of par t ic le  velocity,  o r  wind behind the blast  wave, and lhe  densi ty  of 
the moving mater ia l  behind the blast  wave. All dynamic p r e s s u r e s  d iscussed  i n  th i s  r e p o r t  
r e t e r  t o  t h e  horizontal  component para l le l  to the ground sur face .  The  p r e c u r s o r  p r e s s u r e  wave 
a p j i ~ a r s  to be strongly turbulent ,  with an initial ver t ical  component of llow which is probably 
follou,ed by a flow pattern effect ive in the litting of s u r t a c r  m a t e r i a l .  The  d e s e r t  s u r f a c e s  used 
lor  the UPSHOT-KNOTHOLE t e s t s  were  very  dusty.  It a p p e a r s  that the p r e c u r s o r  p r e s s u r e  
w a i r  h a s  t h e  effect  ot scouring up a la rge  quantity 01 sur lace  dust whlch 1.5 then suspended i n  
t h r  m o r ~ n g  a i r  through which the main  blast  wave la te r  t rave ls .  No speci l ic  measu remen t s  
have been m a d e ,  bul 11 is l ikely that the net density ot the moi'ing m a s s  of mater ia l  behind the 
main blast  wave could be substant ia l ly  increased  by the amount of suspended par l iculate  m a t t e r  

,l! !I41 !'I%'! , ! . d l  l.l)v-l VI. t l . ? > t  

wt le rc  a I t a t r n 8 a l  boundary l a y r r  1s genrra l rd  without a sufficient l e m p e r a t u r e  

Tt ,?  incident i h o c t .  w:is r c l r a c t e d .  ab indicated ifi Region  A 01 Fig. 2 . 1 1 .  chang 

The r e ~ u i t w ~ t  " thernial-Mach" phenomenon on Shot 9 produced an effect ive 
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contained there in .  Consequently. there  ex is t s  an uncertainty rn t h e  definit ion of the dynamic 
l i r r > s u r r .  or  q .  111 s u c h  a b l m  u 'aw because 01 the uncertainty of the associated density t e r m .  
Thi-. u n c r r t a i n t y  1s increased  s t i l l  fur ther  because it  is impossible  that the moving a i r  m a s s  

h . - v i  3 d l i f c i  cn i  e l f r c l  cmn a target  ttiar. t h e  n-~oaing d u s t  par t ic les .  For a given target  or  
t '  '!(.men1 the. C r q  r r , c f f j c l c r t : ,  f u r  c i r i n  a i r  and " I G V I ~ F  d u s t  par t ic les  can be d i f fc r rn t .  

I '  1, b ~ i i e v c d  ll~iii til(. d y , a w ! <  p r r , b u r e  1nSirUmenlb used for the measu remen t  01 q on UPSHOT- 
b:NOTIlOLE ink-lbdrd the e f f e c t s  of the associated rnoving dus t ,  but the dust  contribution to the 
n,ci iul-rd Q m a )  b t  di f fe ren t  thhn its conti ikution to the delermmation of d r a g  f o r c e s  on t a r g e t s .  
TI.? eh;<ct correid1iu:i ctf i l i r b t  q rneasilrements witr the eflect5 on t a r g e t s  of in te res t  was not 
t?hi.ib!i>tted becsubt. i,i tlir I ~ n ~ l t c d  ndture of s u c h  q nieasurenients .  All q measurenien ts  ob- 
l a i n r d  on UPSHOT-KNOTHOLE gave peak values at least  equal to or g r e a t e r  than the expected 
lie&> under ideal conditions.  In other  words.  the nieasured values  of q in the region of non- 
i d ~ : ~ I  blast  behavior u 'ere  equal t o  or g r e a t e r  than the expected value5 in the ideal case.  This  

i n  d i r tc :  c u n t i a s t  t o  Itit. much more  rel iable  nieasured values  of p e d  o v e r p r e s s u r e .  No 
~ r f i e r a l i z a t i o n s  can be niadr  at t h i s  t ime s ince  f e u  rel iable  q nieasuremelVs were obtained in 
t k c  j l recursor  region and since there  ha5 been no adequate analytical  t reatment  presented to 
s u p p u r l  a conclusion that the q in the nonideal c a s e  should be about the s a m e  or g r e a t e r  than 
t h ?  q i n  the  ideal c a s e .  T h e r e  i s  a temptation t o  conclude thal for  the nonideal c a s e  the q of 
thi  a i r  alone wi l l  be the s a m e  a s  lor  the ideal c a s e  and t h e  effective q i n  the  nonideal c a s e  will 
be substaniiall) .  increased  over  that f o r  the  ideal c a s c  because of the much g r e a l e r  amount of 
d u s t  cuntained i n  t h e  bias1 wave due t o  the pr ior  agitation by the p r e c u r s o r  p r e s s u r e  wave. 
H o w w e r ,  such a conclusion is not warranted froni the blast  measu remen t s  01 UPSHOT- 
KNOTHOLE. 

T h e r e  ( 5  very l i t t le lest  information I n  the ideal o r  c lean Mach region fo r  nuclear  weapon 
blasi  u a v e s  having ~ n l e n s ~ t i e s  corresponding to  those observed  on UPSHOT-KNOTHOLE in the 
nunideal cabe.  A s u r f a c e  burs t  o r  a IOU. a i r  burst  o\ 'er  an ideal s u r l a c e  would probably provide 
s u c h  test  information.  Such d i rec t  t a rge t  e f lec ts  a s  were  observed on isolated p ieces  of mil i -  
t z ry  equipnient on the 1 .2-KT s u r f a c e  burst  01 JANGLE, when compared t o  t e s t s  on s i m i l a r  
equipnient on UPSHOT-KNOTHOLE. indicate that the damage sustained by these  predominantly 
d r q - s e n s i t i v e  t a r p e l s  on the IOU. burst  Shot 1 0  of UPSHOT-KNOTHOLE was equal t o  or g r e a t e r  
t h 1 :  wuuld have beer) expecled at the Sanie d is tances  f rom a yield comparable  t o  Shot 10 deto- 
natrd ai the s u r f a c e  or  over  an ideal s u r f a c e  (snow or water).  F u r t h e r m o r e ,  for t a r g e t s  of con- 
[ e r n  w h i c h  a r e  exposed t o  the re lal ively high intensity blast  prevalent lhroughout the ma jo r  
portion of the nonideal region of the UPSHOT-KNOTHOLE low b u r s t s .  i t  i s  likely that the drag-  
sensi t ive c h a r a c t e r i s t i c s  a r e  of major  importance. With the establlsherl  suppress ion  of over -  
p r e s s u r e  in th i s  r e p o n ,  il the dynamic p r e s s u r e s  a r e  not correspondingly s u p p r e s s e d ,  the d r a g  
sensit i \ ' i ty  of most t a r g e t s  of mi l i ta ry  interest  will become m o r e  predominant in determining 
t h t  damaging effect iveness  of low b u r s t s  in the nonideal region,  even for  many t a r g e t s  s o m e -  
t i m e s  classi l ied as principally pressure-sens i t ive .  . 

UPSHOT-KNOTHOLE c lear ly  demonstrated the elfect iveness  of nonideal low b u i s t s  in 
producing damage on drag-sens i t ive  mi l i ta ry  t a r g e t s  in  the  n o n ~ d e a l  region.  T h e r e  i s  no con- 
c lusive evidence that the damage  produced was g r e a t e r  than would have been obtained f o r  s i m i -  
l a r  b u r s t s  i n  the  ideal c a s e .  T h e r e  i s  a possibil i ty that  th i s  conclusion IS p s t i f i e d  due to the 
uncertain e l f e c t s  of the g r e a t e r  amount of dust contained in the blast  wave in the nonideal case.  
It is p re sumed  that nonideal low b u r s t s  a r e  l e s s  effectwe against  p ressure-sens i t ive  t a r g e t s  
than ideal IOU, b u r s t s .  However. th i s  was not conclusively demonst ra ted  i n  UPSHOT-KNOTHOLE 
because such  t a r g e t s  were  not included in the nonideal region.  

2 . 4 . 3 . 4  Surface Mechanical Reflection Effects 

S u r f a c e  mechanical reflection e f f e c t s  have been observed  on high-explosive tes ts . '  The  
d e s e r t  s u r f a c e s  used for  UPSHOT-KNOTHOLE undoubtedly have lower shock reflection coel-  
f ic ients  than an ideal r igid s u r f a c e .  However, based on high-explosive t e s t s .  the  e f f e c t s  01 the 
nlrchdnical ref leci ion coefficient a r e  re la t ively smal l  compared  to the  m a j o r  per turbat ions 
observed due t o  t h e r m a l  e f lec ts  It i s  probably sale to  a s s u m e  that the UPSHOT-KNOTHOLE 
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blast  r n e a ~ u r e m e n t s  u e r e  not grea t ly  influenced by the s u r f a c e  mechanical  reflection c h a r a r -  
t e r i s t i c s  a n d  t ha t  the general  s u r f a c e  elfects  noted can be ascr ibed  completely to t h e r m a l  
e l f e c t i .  

2 . 4 . 3 . 5  Surface Dust  Ef l rc t s  

l i . g : i - t ~ p ; u & : v v  t r s t s  o v r r  dusty s u r f a c e s  hd\,r drmunstratrd s m a l l  blast perturbat ions due 
t o  the d u s t .  H u u r v e r .  these  per turbat ions a r e  m u c h  less than the  g r o s s  blast  per turbat ions ob- 
s e i v e d  ~n t h ?  nonidcal region on UPSHOT-KNOTHOLE. Once again i t  s e e m s  safe  t o  a s sume  
t h a i  i t 1 (  b u i  Id:? d u s t  effccts G C  UPSHOT-KNOTHOLE u e r e  pr iniar i ly  a result of the associated 
t h ? r i i i > l  c l l v c i s : .  As  d lsccssed  a h ' ? ? ,  ttir accompanyinfi duhl niay have a v e r y  pronounced i n -  
f luence on t h e  effects of ihe blast u a v ?  i n  t hc  nomdeal region. However, i t  i s  believed tha! such 
dust effects  f i r s t  r e q u i r e  the general ion ol the p r e c u r s o r  p r e s s u r e  wave which is produced by 
lher ins l  effects  An attempt t u  s r p a r a t e  d u s t  e f fec ts  f roni  thermal  effects  is probably academic 
lor l~mw b u r s t s  s ince  any prac t i ra l  dusty s u r f a c e  u'ill ha\,e t h e r m a l  p r o p e r t i e s  leading lo pro-  
nounced 1herni;il effects.  For relat ively high b u r s t s .  such  a s  UPSHOT-KNOTHOLE Shot 9,  over  
3 dust). region the rf le i lb  ol  dust loading i n  the  a i r  behind the blast  wave appear  l o  be negligible. 
I n  the c a s e  of a sur ldce  burst  OL'er a dusty region it  is hypothesized that no p r e c u r s o r  p r e s s u r e  
wave wi l l  be formed.  Likewise.  the dust e f fec ts  a r e  expected to be much l e s s  pronounced than 
those f r u m  a I O U  burs1 u i th  assuc ia ted  p r e c u r s o r  e f f e c t s .  It is believed that s u r f a c e  dust could 
possibl)  hrrvc a significant influence on thc blast  p a r a m e t e r s  01 niil i tary importance.  naniely,  
a f fec t ing  damage  a t  a g r e a t e r  radial  dis tance than the s a m e  yield burs t  o v e r  a dus t - f ree  ( ideal)  
sui-face u,ould producc.  Thl- s u r f a c e  de1on;llion of JANGLE did not provide conrlusir 'e evidence 
i n  th is  r e g a r d .  Consequently. one niust await future  t e s t s  to establ ish the re la l ivr  effect iveness  
of a I O U  a i r  burst  J'S a s u r f a c e  burs t  over  different reflecting surfaces . '  

2 . 4 . 3 . 6  I d r a l .  D e s e r t .  and Organic S u r f a c e s  

F o r  ana lys i s  purposes .  t h r e e  r e p r r s e n l a t i v r  sur face  conditions have been postulated for 
a i r - b u r s i  nuclear  weapons. These  conditions a r r  identified a s  ideal.  d e s e r t ,  and organic .  They 
may be roughly descr ibed  a s  fo l lous.  

1 .  Ideal:  See SEC. 2 . 4 . 2 .  
2 .  D e s e r t :  Represented  by Frenchman Flat  and Yucca Flat of the NPG, over which r a t h e r  

considernble  blast  infurmation h a s  been obtained. 
3 .  Organic :  T h i s  sur face  is postulated t o  be one which has  a pronounced thermal  e f fec t  to 

pernii t  the  generat ion 01 a warm boundary layer  of air with the resultant p r e c u r s o r  for cer ta in  
burst  conditions but without any loose dust o r  other  particulate niat ter  avai lable  a t  the s u r l a c e .  
I n  Other words .  th i s  s u r f a r e  would permi t  the generat ion 01 a dus t - f ree  p r e c u r s o r  for a low- 
burs1 ueaj)uii. 
I n  practice, it i s  unlikely that any one of these  t h r e e  idealized s u r f a c e s  will b e  encountered in 
region, of mil i ta ry  in te res t .  Howel'er, s u r f a c e s  which can be represenled  by one of these  t h r e e  
ideal izat ions might be encountered.  or s u r f a c e s  combining the i r  c h a r a c t e r i s t i c s  might be of 
i n t e r e s t .  T h e  UPSHOT-KNOTHOLE tes t  r e s u l t s  were oblained exclusive!y over  d e s e r t  s u r f a c e s .  
However ,  s o m e  of the o v e r s e a s  l e s t  r e s u l t s  have been obtained over  water  sur faces .  which 
might be reasonably representa t ive  of t h e  ideal c a s e ,  with the possible  exception of the water  
loadinc which could develup behind the blast  wave. No t e s t s  have been conducted over  organic  
s u r f a c e s ,  but such an idealization could be representa t ive  of many target  a r e a s  of mil i tary in -  

t e r e s t  which contain a substant ia l  percentage of vegetation areas or  of paved regions having 
a d v e r s e  therntal  p roper t ies  without a sur face  layer  of loose dust .  

over r a c h  of the t h r e e  idealized s u r f a c e s .  F o r  re la t ively high b u r s t s .  say A-scaled heights of 
Table  2.2 h a s  been prepared  to descr ibe  the possible  c h a r a c t e r i s t i c s  of nuclear  detonations 

'This  repor t  wab writleii f l r iur  t o  the TEAPOT test  s e r i e s  at the NPG. The  blast  portion 
of the Mil i tary E f l e r t s  T e s t  p rog ram ol TEAPOT was designed t o  atlenilit a resolution of Sonif 

of the qucsl ions r a i s r d  h e r e  and in the follouring section of th i s  re1)orl 
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T A B L E  2 . 2 - C h a r a c i r r ~ s i i c s  uf Nuclear Deionatzons at Inlermed~ate 
Height over Various Surfaces 

Ideal 

,a = S " l ~ f . I i . C  I T \ C i  uvurpressvrr  
FYi, ~ C l ~ ~ s i c n l  Ranlune-liugon~ot relation between p and q. See Sec. 2.4.2 

600 it o r  m o r e ,  i i  is likely that the blasl conditions will no1 be grea t ly  dilferent over the three  
idealized su r l aces .  For  very  low or  surface bu r s t s ,  it is a l so  likely that lhe blast c h a r a c t e r -  
isiics wi l l  not be great ly  di i lerent  over the lh ree  idealized su r faces ,  wilh some  uncertainty 
concerning the e f f ec t s  01 dust loading and water  loading. Considerable uncertainty exisls for 
the inter im region oi A-scaled burst  heights which, based upon Nevada experience,  have been 
identified as "precursor  lorming low burs t s . "  The s ta tements  concerning p. or o v e r p r e s s u r e ,  
can be made w i t h  s o m e  confidence. The applicability is, however,  r a l h e r  uncertain s ince ii is 
unlikely that very niany t a rge l s  of rea l  mil i tary in te res t  can be identilied as only p r e s s u r e -  
sensitioe i n  the nonideal region,  where di i lerent  behavior o c c u r s  lo r  the three  su r l aces .  In this  
table q is used 10 d e s c r i b e  the  e f f ec t s  of dynamic p r e s s u r e .  This  is determined i n  par t  by d i rec t  
q mea5wen ien l s  and in  pa r i  by direct  observat ion 01 damage ef fec ls  on ta rge ts  presumed to be 
principally drag-sens i t ive .  In lhe region of g rea t e s t  uncertainty, the p r e c u r s o r  region, i t  is un- 
l i k e l y  that there  a r e  man? t a rge t s  of niilitary in te res t  which do not have a r a l h e r  subslant ia l  
effeciirr drag  sensi t ivi ty .  This  is of course  par l icular ly  t rue  Since i n  ( h i s  reg ion ,  for  the non- 
ideal case .  the re la t ive  effect oi  q i s  considerably increased  because of the c lear ly  established 
o v e r p r e s s u r e  suppression.  

2 . 5  AIR OVERPRESSURE 

2.5.1 Ground Level 

2.5.1.1 General  - 
Surface- leve l  a i r  o v e r p r e s s u r e  v s  l ime measu remen t s  were  rpade on Shots 1, 3,  4 ,  9,  10, 

and 11 of UPSHOT-KNOTHOLE. Siniilar measu remen t s  have been made on a number 01 pre- 
vious nuclear  test s e r i e s .  O v e r p r e s s u r t  m e a s u r e m e n t s  at the ground sur face  have been more  
dekendable than aboveground measurenien ts  for a number 01 r e a s o n s ,  including: gage mount 
stability: gage orientation e r r o r s ;  and elfect 01 sca led  gage height. Consequently,  i t  has  been 
the pract ice  to d e s c r i b e  nuclear  weapon blast o v e r p r e s s u r e  phenomena in  t e r m s  of s u r l a c e  
n ieasurements .  Wi th  l ew exceptions,  no complete  documentation 01 aboveground o v e r p r e s s u r e s  
has  been made on nuclear  bu r s t s .  The r e su l t s  of TUMBLER-SNAPPER and UPSHOT-KNOT- 
HOLE have indicated lhal Sometimes there  is a r a t h e r  pronounced o v e r p r e s s u r e  variation wi th  
height near  the su r l ace ,  par t icular ly  in the nonideal region when thermal  e i l ec t s  ex is t .  Because 
of the lack of suificienl abo\,eground o v e r p r e s s u r e  da ta ,  s u r l a c e  measu remen l s  a r e  slill  utilized 
exiensively. In using such data  i t  should be recognized that the thermal  e f lec ts  on peak over -  
p r e s s u r e  a r e  general ly  most pronounced at the  su r face .  
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2 5 1 2 UPSHOT-KNOTHOLE H e b u l l s  

t L;L>I c . 5  ?.I? xiid 2 . 1 3  l i r ~ b v n i  t h ~  g r o u n d - l r  I peak uverpressu i .e  v s  ground range  lor  
SIMI\  !I .#md l G  x l%mc I t , ,  i i i a i i ~  I l l ac t  lirir. Ttiesv dat3 a r e  01 par t icu lar  iniportance fo r  use in 
, U , \ I L L \ I . I I ~  ut:!) ~ I i t ,  l:c~+!r p r q r ~ ~ ! ~  (o i l  b!xht v i i ~ i . t s  i l n  s i r u c ~ u r e s ,  sinre niost of  the test s t r u c -  
lilrl.- v8.1 I ,  I t s !  d l r d  r e ~ w n x b l !  c Iuac  t u  llii. i l i a in  lblast l i ne .  I n  lhe  c a s ?  of Shot 9 the p r e s s u r r  
I , .  , 1 1 1  t m , , , ~ ~ !  ; < a L , , d :  W C ; ~  nenii) CUII~CII ! I~I I . I~ LII f c l r r~ , .  Th? sn , i l l l  thermal  e f fec ts  had a 
II IIIV: ~ i i i l l r ~ ~ r i i  L o n  t h t  /I:.L t i n ) ? \  2 n d  udvi' i u r . i i i L  l u r  St,ot 9.  Soi i ie p r e s s u r e  m e a s u r e n i e n t ~  
r i m . l l l t  d ; ~ ~ ~ i i :  .I s ~ i i # d ~ i !  ~mI..>t ! ~ i i c  519~ t i r  i l l <  111;11!1 l i i i c  iiidicalt slightly high?' peak p r e s s u r e s  
t I~ . ,n  r i  C . . ~ S L ? I < ~  LW I t i t ,  r n ~ 1 1 1  l r l 2h t  I i r i t , .  Tli i  p - l  r c r o r d s  l o r  Shot 10 were completely unconven- 
t ~ ~ , ! # . ~ l  II, I!#C. I r g i u n  u i  It8c.t 11.31 e f ikL la ,  UUI t o  a grouiid r a i y c  oi about 3000 ft. Sample recurd,  
a i ?  518wu:i ili F i e  2.14; and 11 niay be 5 c r n  that ],e& o v e r p r e s s u r e  alone is hardly an adequate 
paranie le r .  The  p r e c u r s u r  eflet.1 is clear ly  shown. On Fig.  2 .13  the ideal curve  l u r  peak over-  
prc:surr,> f c ~ i  SIIUS 10 1, ci, l l * ~ / .  I: i d i l  be b r e i ,  t l ~ a :  i l t t  p r e ~ u r > v i  U I  l lwrnid: r f f l - c ~ s  c l e a i l y  
s a $ i > i  r s s . t d  tt,<- o ~ c i l i i  i , > u i i l a  i n  the nmideal  region lor u v e r i ~ r r s s u r e s  g r e a t c r  than 6 psz. 

Figi lrc  2 . 1 5  p r r s r n t ?  gruund-level prah o v e i p r e s s u r e 6  for Shots 1 arid 11 in  coriiparison lo 
ill? idr>.ii i ' u i  v v a .  T y p i ~ ' . ~ l  p-I r e c o r d s  art' bhuwn in Fig .  2 .16 for  these  tu'o shuts .  Once again 
i h r  p i i ~ i i o u i ~ c e i i  precurbui  and thermal  e l l r r t s  ran be s e e n ,  u'ith peak o v e r p r e s s u r e  being a 
reldl ivt ' l \  p ~ ~ j 1  d c . . s r  r ~ i m \ c  I ) d r ~ l l l < ' l ? l  , parl!rular lg  ~n the  Cabe of Shol 1. 

? 5 1 3 GPSHOT-KNOTHOLE Sh(,t 9 arid TUhlBLER Shot 1 Scaling 

UPSHOT->:NOTHOLE Shut 9 and TUhlBLER Shot 1 were I i red at t h e  s a m e  sca led  height 
o\ei  the slinie ground s u i f a c t  with 3 yield ra t io  of approxiniately 2 5 . 1 .  Thr pr incipal  scal ing 
ronipar : son  can b? made on the bas i s  of ground-level peak o v e r p r e s s u r e .  In Fig. 2.17 the A- 
5calrd UPSHOT-KNOTHOLE Shot 9 sur lace- level  peak o v e r p r e s s u r e s  art! shown ab compared  
I O  t h c  A - h v a l r d  b u r f a r ? - l e v e l  peak. overpre5sure  v s  distance c u r i e  reported for TUMBLER 
Shot 1. The  scaling is J'ery good. showing the onset 01 t r u e  Mach reflection at about 750 It and 
xoud ~ u l - r r s i ~ o n d e n c e  thruuchoul. Nrar  an A-scaled ground I-ange of about 1300 I t .  t h e r e  i s  a 
>licl i t  ~ n i l i ~ : ~ i i ~ i i i  01 s u j i p i e s w d  peak o v e r p e s s u r e h  on Shot 9, ptrhaji ,  d u t  t o  the g r e a t e r  thermal  
eller.1 t u  b r  rs l>ecled because of thr g i t 'h te r  yield of t h i s  shot .  

2 . 5 . 1 . 4  T o u e r  Sliol Sc;linc 

S u r i a r e - l e \ e l  o v e r p r e s s u r e  nwasurements  on the UPSHOT-KNOTHOLE Shot 1 tower shot 
h 2 v r  beeii r u i w p r e d  11, n ; e a ~ u r ~ n i e n t s  on the Dog and Easy  toue i  shots  01 GREENHOUSE. T e s t  
coiiditluns ai e given iii Table  2 . 3 .  

The  A - s t a l r d  o v e r p r e s s u r e  1's distdnce c u r v e s  a r e  shoun i n  Fig. 2 . 1 8 .  The two GREEN- 
HOUSE 3 h o l b  gaxe r s s r n t i a l l y  Identical curt 'eh.  The thernial  effects  on UPSHOT-KNOTHOLE 
Shut I were  niuch n lor r  pronuunred than f o r  the two GREENHOUSE shots  lor o \ ' e r p r e s s u r e  
g r e a t e r  than about 10 psi .  Several  possible explanations haye been olfered.  Althou, oh a l l  t h r e e  
shots  were  at t h t  san ie  height,  the l e s s e r  thermal  e l f ic iency.  g r e a l e r  obliquity of incidence a n d  
s1onL-r del ivery of thernial  radiation niay over r ide  the bonus anticipated fronl l a r g e r  yield 
wrapons .  In sl lort ,  the  e f l rc t ive  thernial  radiation was m o r e  intense on UPSHOT-KNOTHOLE 
Shot 1 .  Thls fact .  plus the lower "popcorning thresholds"  reported lor Nevada s o i l s  as com-  
pared  I O  Eniwetok sand ,  leads to the expectation of g r e a l e r  t h e r m a l  effects  on blast  lor UPSHOT- 
KNOTHOLE Shot 1. Heft rence  10 Fig.  2 . 1 6  shouls  the d~ff icu l ty  of present ing UPSHOT-KNOT- 
HOLE Shol 1 r e s u l t s  i n  t e r m s  of a s ingle  peak for o v e r p r e s s u r e .  In the nonideal region t h e  
pes1.s u i c u r  Sonirt inieb at different  relali1.e t i m e s ,  perhaps  betnF the resul t  01 diflerent phe- 
~ O ~ ~ I L I I > X  Flguj-t  2 - 1 9  Shuwh t y p i c a l  o v e r p r e s s u r e  v s  t i n i t  r e c o r d s  for the GREENHOUSE shots .  

'Ln genera l .  throughout th i s  repor t  only the e a r l y  portion of p - t  r e c o r d s  is shown. T h i s  
presentat tun $5 used to  expand t h e  detail  in th i s  more  inierest ing region s ince  the l a t e r  portions 
of itlr i e (o l -d> a l e  conventional iii u a i e  furni .  
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T A B L E  2.3-Bum1 Heights, UPSHOT-KNOTHOLE Shot 1, 
GREENHOUSE Dog and Easy 

It is c l e a r  that the s imple  comparison of Flg. 2.18 is r a t h e r  inadequate for wave form of such 
complexity and d i f f e rences .  The t h e r m a l  effects  on o v e r p r e s s u r e  were  much more  pronounced 
on UPSHOT-KNOTHOLE Shot 1 than for  GREENHOUSE Dog and Easy ,  possibly as a result of 
yield e f fec ts ,  scaled burst-height effects ,  and the d i f fe ren t  proper t ies  Of the two ground s u r i a c e s  
when subjected to  thermal  radiation. Because of the lack of GREENHOUSE data ,  no comparisons 
can be made for the m o r e  important dynamic p r e s s u r e  p a r a m e t e r .  

2 .5 .2  Aboveground 

Figure  2.20 presents  the peak aboveground o \ ' e r p r e s s u r e s  lor  Shot 9. wi th  the ground level 
curve of Fig 2.12  included for r e f e r e n c e .  The bombing e r r o r  on th i s  shot may have inlrcduced 
measu remen t  e r r o r s  due lo  the relat ively l a rge  incident angles  on the aboveground gage bal- 
f l e s .  However,  these  e r r o r s  should have been near ly  independent 01 gage height. If compar i -  
sons a r e  confined to the Mach region,  the o v e r p r e s s u r e s  at 10 11 were substantially hicher  than 
at ground leyel .  with the  ground Ieyel dala  agreeing with measu remen t s  made a t  higher e leva-  
t ions.  Other  considerations indicate the presence  of a mild thermal  l aye r  on th i s  re la t i r ,e ly  
hiph shot .  although no p r e c u r s o r  u a s  formed.  Perhaps  the anomalous IO-ft o v e r p r e s s u r e  b e  
havior can be ascr ibed to t h i s  t h e r m a l  effect ,  with a depress ion  of sur face- leve l  o v e r p r e s s u r e .  
The lower p r e s s u r e s  at the g r e a t e r  heights might be explained by the gradual  reduction of p r e s -  
s u r e  uith, height observed on TUMBLER Shot 1, which was a low-yield shot at the s a m e  scaled 
height. 

f r o m  the s t a t i c  p r e s s u r e  s ide por t s  of the  Pi tot-s ta t ic  gages used lor measur ing  dvnamic p r e s -  
su re .  It is to  be noted that these data  a g r e e  with the sur face- leve l  measu remen t s  and are con- 
s is tent ly  lower than the r e su l t s  of the  c i r cu la r  gage balfles used in  measu remen t s  by the 
Naval Ordnance Laboratory (NOL) and Stanford Research  Institute (SRII. The yau cor rec t ion  
because of the  bombing e r r o r  on Shot 9 would have the  effect of increasing the Sandia Corpora-  
tion values .  However. the application of a s imi la r  COrrection to  the NOL and SRI baffles would 
s t i l l  r e su l t  in  the  IO-ft values  being higher than those measu red  at g r e a t e r  elevarions. It is 
probably not pract icable  to  draw f i r m  conclusions concerning the aboveground o v e r p r e s s u r e  
m e a s u r e m e n t s  on Shot 9 due, i n  pa r t ,  to  the unusually la rge  bombing e r r o r .  which was trans- 
v e r s e  l o  the  principal blast  line. 

F w r e  2.21 p r e s e n t s  the pePk aboveground o v e r p r e s s u r e s  for  Shot 1 0 ,  a s  compared to the 
ground-level  curve  of Fig. 2 . 1 3 .  Aboveground measu remen t s  i n  the high-intensity p r e c u r s o r  
region of low b u r s t s  a r e  par t icu lar ly  difficult because of mechanical r e a s o n s .  However, these  
m e a s J r e m e n t s  indicate that the aboveground o v e r p r e s s u r e s  were substantially g r e a t e r  than 
those at s u r f a c e  level in  the p r e c u r s o r  region f r o m  8 to 20 psi .  Even though the aboveground 
o v e r p r e s s u r e s  were  still substantially below the ideal ca se ,  it a p p e a r s  evident that the thermal  
e f f ec t s  a r e  most pronounced on the  o v e r p r e s s u r e s  at the sur face .  or at leas1 less t han  10 h 
above the s u r f a c e .  Caution should be used !n using sur face- leve l  o v e r p r e s s u r e  measu remen t s  
t o  e s t i m a t e  damage to aboxeground t a rge t s  in the nonideal region of low burs t s  with significant 
thermal  e f f e c t s .  It is noted f r o m  Fig. 2.21 that below 8 psi f o r  Shot 10 the ground-level curve 

T h e  Sandia Corporation o v e r p r e s s u r e  measu remen t s  included in  Fig. 2.20 were obtained 
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F I V P ~  1iighC.r Iwesburrh than ih r .  abor rcround p r e s s u r e  curve .  which tndtcales  a decrease  tn 
pirssuig' . , l < x r q  i h v  h13(.11 s i~ '111 s l n l l ~ o r  i o  that observed lor Shot 9 and  TUMBLER 1. 

2 3 I ' , , - . ! > v * ,  Pt13s-Ii D u r - a l i u n  and I n . p u l s r  and Arriva! Time 

1 , 1 > !  1:i.._i1 p r , ~ j ~ ' c l  ~ i ' l * u : l :  p r c t , c . n l  de1hilr.d pos111\vi ptiasr darat iun r c s u l l s ,  with cunsidcra-  
A g r n v r d l i z e d  t ~ ~ e a t n , e r i l  is 01 some in te res t  lo r  genera l  use ,  however II,II: iil 1 1 1  I .<  ~ 1 %  

Firui  t '  2 2 2  prc  .C !,is Ihc r i i i i : p i i i r  A - > c . i l e d  ol 'rrpres5dre positive phase durat ion vs  peah 
U \ V I  1 1 ,  C ~ ~ S U Y C  i e b u l t s  Ii-oin all  nui l rar  alr  b u r s t s  1 0  date .  For  A-scaled b u r s t  heights l e s s  than 

r.f lrcla 

I l l U U  11. :(I> l ' l l i l i l l  l C . l l  rv la i , " , ,  

A t +  0.46 P;:." (set) [A-scaled)  (2.3) 

P,, = peah o v e r p i e ~ s u r e  i i ~ s i l  

The 3 1 5  per r r n l  l i i i i i l  I inr ,  include approximately 90 p e r  cent Of the data points. ii'.i! t x  used 
Thih 1-elallon is l e s s  r e l i a b l e  for peak o v e r p r e s s u r e  g r e a t e r  than 30 psi. 

~ 1 1 1  (.1>,1>1rii.al relation lor A-scaled burst  heights l e s s  than I000 It is 
Pusit ive phase o v e r p r e s s u r e  inipulsr h a s  been t rea ted  s imi la r ly  in Fig.  2.23. The  resu l t -  

1, = 0.18 P,!,,'* (ps i - sec)  (A-sca led)  

Tlit 1 1 5  pv! cent l in i i ib  s h u u  a somewhat g r e a t e r  s c a t t e r  lhan lor durat ion.  Again, this  re la t ion 
1.5 It,>> ~ p p l t c a b l e  lur  o v e r p r e s s u r e s  g r e a t e r  than 30 psi. 

FICUL c 2 2 4  preset i ts  i l i e  posuive phase dural lon and I i rs t  blast  a r r i v a l  l i m e  f o r  Shot 9. 
T I I ~  b i i i l j l s z  datz lor Slloi 10 a r e  shown i n  Fig.  2.25, where the p r e c u r s o r  effect  is evident. 
T1it.v f i ~ u r r b  a r e  presented because of lhe i r  genera l  interest  lo  the s t r u c t u r e s  program.  

(2.4) 

2 . 6  1)YEiAhllC PRESSL'RE 

2 G 1 l l l i l  i l l l , t - n l ~ t l o l l  ___ 
DI.II .IIIII(  111 t - ssure  nic.surenienis ah a function of t ime u 'ere  made using the Pitot-static 

i u b i .  dr.) ~ l ~ ~ ~ w i l  b! I tie Sand12 C u r v u r a i i u n .  T h i s  lnstrunient g ives  a re l iab le  measurement  01 
dyn.iniic I I I ' L . > ~ U I ~ .  i n  clr:iri a i r .  Howrvrr .  t h e  e l lect  01 air u'ith a l a r g e  amount 01 dust ,  such a s  
occurb  over d r s r r t  s u r f a c e s  in the p r e c u r s o r  region.  on the q measuremen t s  is somewhat un- 
c e r t a i n .  It has been eslsblihhed lhal the q- instrunieni  responds to  t h e  dust loading. However, 
11 h a s  not been estahl ished that the s t r u c t u r a l  d r a g  cuefficient to  be used with th i s  measured 
(1 value to dc iern . lne  loading f u r c t  is the s a m e  as  the  d r a g  cooificient in c lean air. The only q 
measuremen t s  r e p r t e d  lor UPSHOT-KNOTHOLE used these  Pi tol-s ta t ic  gages ,  which are 
known to respond t o  the  a i rborne  dust behind t h e  blast  wave. It i s  assumed  ai th i s  t ime that 
[he clean air  d r a g  coef f ic ien ts  tor  s t r u c t u r e s  will apply to  the measu red  va lues  01 q In  the 
dusiy a i r  of t h e  nunidel l  b h s l  region, 111 lieu of definit ive expertmental  data .  

t e n s e  b las t  region 01 nonideal behavior. i t  is niosl difficult to make dynamic p r e s s u r e  meas-  
u r e m e n t s  because 01 mechanical vibration and stabil i ty problems.  Most 01 lhe  UPSHOT-KNOT. 
HOLE q n ieasuremenls  in  the nonideal or p r e c u r s o r  region were e r r a t i c  and incomplete. How- 
e v e r ,  s o m e  useful results were obtained. 

2.E.2 Resul t s  

Dynaniic p r e s s u r e  nieasurenients  must  n e c e s s a r i l y  be made above lhe ground. In the in- 

__ 
Figure  2 . 2 6  p r e s e n t s  the peak dynamic p r e s s u r e s  1 s  obserr,ed on Shut 9. On lhls shot ,  

which had a re la t ively s m a l l  thermal  blast e l tec t ,  it can b e  seen  that t h r  measu red  values or q 
agreed  qultr well wlth the values calculated f r o m  the measured  o v e r p r e s s u r e s  and with the 
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idea! curve  except f o r  the uncer tam region of t rans i t ion  f rom regular  l o  Mach reflection: In 
this  c a s e ,  where no p r e c u r s o r  or other  s t rong t h e r m a l  effects  were  obtained, there  is no a p -  
p3rcnl elfecr O l  du5t loading, even though the measu remen t s  were made over  a very  dusty sur- 
f a c e .  

?llL.r!!. 1 c ' : ; ~ ~ ~ I I . '  LIP Shc8ls 1 ,  10, ~ 1 7 2  1 1  
urenirnlb is evidcnl.  Figure 2 .28  shows the peak q nieasurenients  as compared l o  the ideal 
values lor  thesf  f t j r r e  shots. T h r e f  data points  a r e  marked  to  show instrumentat ion saturat ion,  
u i t h  a s l rong Ik;rlihood that higher set r a n c e s  would show much g r e a t e r  peaks. The  meabured 
v a l u e s  of q in the s t rong  p r e c u r s o r  region a r e  g r e a t e r  than ideal and much g r e a t e r  than would 
be calculated Ironi the cuniphnion measured  o v e r p r e s s u r e s .  At the outer  l imit5 of the precursor  
o r  thermal  e f l c c t l  region,  the measured  values  a g r e e  with ideal and a r e  again substantially 
hicher  than would be calculated f r o m  the measu red  o v e r p r e s s u r e s .  In these  la t te r  c a s e s  i t  is 
likely that the e f l r r l  of dust  loading is s m a l l .  However, the depar ture  f r o m  the measured over-  
p r e s s u r e  is a l s a  re la twely  smal l  so no f i r m  concIubion can be drawn.  I n I h e  s t ronger  precursor  
regLon. where the measured  dynaniic pressures a r e  substant.ally g r e a t e r  than ideal,  l h e r e  i s  
no means  to est iniate  the quantitati\'e effect  of dust loading. It is not possible lo conclude that 
the measu red  dynamic p r e s s u r e s  would be ideal i n  the  c a s e  of a p r e c u r s o r  without dust  ("or- 
ganir") .  Suffice i t  to s a y  that it can be concluded that the Pt10t-static lube dynamic p r e s s u r e s  
can be established a s  equal to or g r e a t e r  than ideal in the p r e c u r s o r  region of I O U  b u r s t s  over  
dubiy d e s e r t  s u r l a r e s .  Mure lul l -scale  tes t  data  3re required l o  Juslify s ta t rnients  concerning 
the dynamic p r e s s u r e s  of low b u r s t s  in the s t r o n g  blast  region over other  s u r f a c e s .  

Flgurf  2 . 2 7  . C ~ U H . S  a typ;cal dynsmic pressurc-  nieaburemenl  in the p r e c u r s o r  or  lhermai  
The  t i  1 2 1 1 ~  and limited nature  of some  of l i l t  q n,eds-  

2 . 7  PRECURSOR 

2.1.1 General  - 
T h r e e  of the instrumented UPSHOT-KNOTHOLE detonations,  U - K  Shots 1. 10, and 1 1 ,  had 

pi.onouriced p r e c u r s o r s .  The  yields GI the I) recursor  shots  ranged f r o m  about 15 to 60 KT,  over 
a rangc  ol scaled heights of burst  f rom 112 t o  316 It. T h i s  region of yields  and burs t  heights 1s 

ver! lavorablf lo r  p r e c u r s o r  lormation.  and Iron,  a number of past  operat ions it is known (hat 
the p r e c u r s u r  region e x i s t s  over  a l a r g e r  range  of yields and burst  heights than was represented 
b) these  t h r e e  shots .  

T o  obtain a genera l  perspect ive of p r e c u r s o r  formation and propagation, the high-speed 
pho iq raphy  yielded an excellent sequence of the var ious  s t a g e s  of the p r e c u r s o r  shock waves, 
such an exaniple being Fig .  2.29 taken on U - K  Shot 1 1 .  The reflected shock wave is fully de- 
veloped be lore  t h e r e  is any indication of a new p r e s s u r e  wave ( p r e c u r s o r )  propagating outward 
along the ground ahead of the re f lec ted  u a v e .  The  delayed appearance of t h e  p r e c u r s o r  is dis-  
cussed i n  Sec 2.4  3 . 3 .  Other  excellenl examples  of the development and p r o g r e s s  of precursor  
u a v e s  were prepared  by NOL f r o m  shock photographs, such a s  Fig. 2.30 f U - K  Shot 1)  and Fig.  
2.31  (U-K Shot IO). The p r e c u r s o r  shock contours  lor U - K  Shot 10 and U-K Shot 1 appear  quite 
s in l i la r ,  although the p r e s s u r e - t i m e  r e c o r d s  a r e  distinctively different (see Figs .  2.14 and 2.16). 
Thus s i m i l a r  p r e c u r s o r  f r o n t s  c a n  have qui te  different conditions prevailing on their  Interior.  
The ver t ica l  extrnt  of the U-K Shot 1 p r e c u r s o r  shock is ra ther  Impress ive .  being aboul 200 f t  
h q h  at ground d is tances  of about 1500 f t .  The dust behind the p r e c u r s o r  on Ll-K Shot 10 attains 
a height of 100 It at 1300 It ground dis tance.  it is s e e n  that a p r e c u r s o r  would envelop com- 

'T t~c  q value5 calculated I ron)  nwasi i red ox 'erpressure i n  the r e g u l a r  reflection region Of 

Fig.  2 . 2 6  dilfer sl ightly f r o m  those given in Report  WT-7146 (Fig.  1.12 and Table  1.1Oj. The 
equalion Irozii which they were calculated,  Eq. 1 .3 ,  should-be cor rec ted  to read  
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plelely very  s izable  aboveground s t r u c t u r e s .  The  ul t imate  height and ground extent of the U-K 
Shut 11 dusi pedestal i s  s h o w  in Fig. 2 .32  and is seen  to be very  s izable .  It is cer tainly m o r e  
l h 3 n  cuiiicidencc lh31 the d u s t  pedestal  t e r m i n a t e s  at about the end of the p r e c u r s o r  region 
t r . ~ d ~ u S  54119 (0 .  T h e  I i k e l ) l i i x d  of &SI  c u v t r i h t i n g  t o  llie l oad inc  1 1 1  lhe precursor  r e g i o n  i s  
VLI I IUL~  11 unl such a f i c u r - c .  

2 '7.2 l 'tirrnial L.ayer 

A siz3lile f r a r t i o n  01 the 10131 energy re leased  froni a nuclear  detonation is emit ted in  the 
fur!!, i l l  l l i ( . r i i ~ i ~ l  rad ia i ion  L a r g r  amounts  of thernial  radlatron a r e  incident upon the ground 
LIEII8rr - h u c h  arr iv31;  t h u s  the existence of  a thermal  layer  near  the s u r l a c e  is a sound as- 
s u n i l u i i i n  E~i !er in ien ta l  resu l l s  a r e  only indicative 01 a general  high t e m p e r a t u r e  layer  of a i r  
exis i lnc p r i o r  lo shock ar r iva l .  The e a r l y  formation of a Mach s t e m  and the variation 01 peak 
pr? . -hui?  ui th  elevation a b m e  the  ground indicate some thermal  e l l e c t s  even  on relatively high- 
sczled tieighls 01 burs t ,  s u c h  a s  U - K  Shot 9. At lower heights of b u r s t ,  such  a s  U - K  Shots I ,  10, 
and I!. the tliernial e l fecis  arc? very  pronounced and resu l t  i n  the unconventional precursor  
p r e s 5 u r e  u a x e .  

Labora tory  ( N E L J  Gn l u u  TUMBLER and tu'o U - t i  shots .  Although the r e s u l t s  a r e  only f r a g -  
mentary .  such nieasurenienis indicate substant ia l  i n c r e a s e s  i n  preshock sonic  ~ e l o c i t i e b .  In 
addilion t o  ac tua l  nieasuremenls ,  i t  is possible  with some a s s ~ r n p l i o n s  lo  compute the preshock 
t r rnpera tures  using! (11 the SRI method of a r r i v a l  t i m e  of the shock wave propagating through 
the th?rnial  layer  vs ground dis tance and ( 2 )  the NOL photographic data  f o r  the angle of the 
p r r c u r s o i  f ront  above [he thermal  layer .  The  a r r iva l - t ime data a r e  used to determine shock 
vr lor i l?  i n  the  [hern ia l  layer .  which. by u s e  of known shock relations, leads  to tempera ture ,  
The  KOL nicthod 01 obtaining preshock ten ipera ture  is based on a re la t ion between sonic  ve-  
locity i n  the thermal  layer  and the angle of the p r e c u r s o r  front i n  t h e  ambient  air above the 
thern ia l  layer .  

r a n c r  [GI  U - K  Shoi IO. At ground ranges  l e s s  than I000 I t ,  t h e r e  is a signillcant difference i n  

t h r  t en ipera iures  coniputed by the 1v;'o methods.  however. the individual points a r e  probably 
s u ~ ] c c i  i o  e r r o r s  or a s  niuch ab 125 per  r e n t .  1 1  U d 5  possible 10 r n d r  s i m i l a r  shock ve1ocit)'- 
preshock len tpera ture  conipulation5 for U-K Shot 11 (A-scaled helghl of b u r s t .  316 I t ) ;  these  
results a r e  plotted i n  Fig. 2 . 3 4  along w i h  the experimental  and coniputed r e s u l t s  lo r  TUMBLER 
4 ( A - s c a l e d  height of burs t .  363 f t l .  The  r e s u l t s  f roni  the two t e s t s  a p p e a r  l o  compare  favorably,  
indicaiinp that average  tempera ture  \,slues (at sca led  ground ranges) may  be comparable  lor 
shots  delunated a1 about equal scaled burst  heights ;  i n  addition. the TUMBLER 4 experimental  
Curve INEL and Nnt,al R i d i u l o p r a l  Defcnht. Laboratory (NRDL)] a g r e e s  well with [he points 
roniputed by the shock velucily method (SRII.  

2 . 1 . 3  

Acical nieasurenients  of preshock sonic  velocit ies were obtained by the Navy Electronics  

Figure 2 . 3 3  presents  t l t ~  resu1t.i of thPse computations of preshock tempera lure  vs  ground 

P r e c u r s o r  OverpIe5sure  and Dynamic Pressure 

Figure  2.35 compares  U-K Shots 10 and 11 sca led  p r e s s u r e - l i m e  r e c o r d s  at comparable  
sca led  ground ranges .  Although the peak p r e s s u r e s  01 the p r e c u r s o r s  and the second p r e s s u r e  
peaks a r e  not equal.  t h e r e  i b  a s t r ik ing  s imi la r i ty  i n  the general  na ture  of the p r e s s u r e - t i m e  
r e c u r d > .  Shot 10 was detonated at 202 It (A-scaledl  and Shot 11 at 316 It (A-scaled) .  Fur ther .  
compar ison  01 U - K  Shot 11 a n d  TUMBLER 4 .  Fig. 2.36, which a r e  shots not too di l ferenl  in 
scaled burst heigh[s. r e s u l t s  i n  a lmost  identical  p r e s s u r e - t i m e  r e c o r d s  both as IO wave Iorms 
and a s  to values  01 p e d  p r e s s u r e .  To the extent that p r e s s u r e - t i m e  r e c o r d s  re la te  some  of the 
gerleral a t t r ibu tes  01 a precursor .  U-K Shot 11 and TUMBLER 4 a r e  near ly  identical at the 
san ie  sca led  ground dis tances .  I t  is to be noted that U-K Shot 11 and TUMBLER 4 were deto- 
nated u \ e r  thr  san ie  Yucca Flat t e r r a i n ,  whereas  U - K  Shot 10, which compares  poorly with 
E - K  Shot 11 ,  wa5 detonated over Frenchman Flat .  One cannot conclusively s a y  the differences 
i n  U - t i  5l l r~t  IC! and U - K  Shoi 11 peak o v e r p r e s s u r e s  at t he  bdme s r a l e d  d is tances  a r e  due to 
I i t . i ch ts  u l  L u r b i ,  t r ~ r a i i i .  o r  cunibinatiunb of both. 
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The p r e s s i r e - t i m e  r e c o r d s  for U-K Shot 1 (Fig. 2.16) a r e  quite different  f r o m  those  ob- 
tained on U-K Shots 10 and 11 i n  thai genera l ly  the U-K Shot 1 o v e r p r e s s u r e  in the f i r s t  peak 
is more nearly equal io  thzt of the second peak o v e r p r e s s u r e .  F u r t h e r ,  U-K Shot 1 h a s  a I i r s t  
peak pressurc h i g h e r  t h a n  t h e  second peak  when lhe p r e s s u r e  levels  are less than about 1 5  psi. 
Tt,is I S  i n  marked cont ras t  to t he  previous prCESure-t i ir ie  r e c o r d s  f o r  U-K shot6 10 and 11 a n d  
TUMBLER 4 .  Becaube U - K  Shoi 1 w a s  detonated oYer the s a m e  Yucca Flat  t e r r a in  as  U-K 
Shot I 1  and TUhlBLER 4 ,  t h c  onl) reasonable  explaiialion is thai the d i f fe rences  a r e  due tc the 
height cf burst. 

Dynamic p r e i s u r p  measu remen t s  i n  the precursor  regions of U-K Shot8 1, 10, and 11 a r e  
ra ther  f ragmentary  but unquestionably S ~ O W  that measu red  peak values a r e  not re la ted to the 
Rsnkinr-Hugoniul values of dynaniic u r e s s u r e  obtained Irom measured  Peak Overpressures .  
Comparisons a r e  given i n  Table 2 . 4  
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F i p x e  2.37 s h o x s  the dynaniic p r e s s u r e - t i m e  r e c o r d s  i n  the dusty p r e c u r s o r  region at-  
taining near ly  peak values at ear ly  t i m e s  when the o v e r p r e s s u r e s  a r e  slowly r is ing.  It is 
thought that the rapid r i s e  of dynamic p r e s s u r e  can be associated wi th  t he  a r r iva l  of the  dust 
at the staiion. Typical dynamic p r e s s u r e - t i m e  r e c o r d s ,  Fig. 2.27, obtained i n  the p r e c u r s o r  
rrglon show very rapid fluctuations in amplitude,  an at t r ibute  not present  at la te r  l i m e s  nor in 
the nonprecursor  records .  T h i s  sugges ts  a high d e g r e e  of turbulence in  the precursor  portion 
01 the p r e s s u r e  wave. The contribution of turbulence to damage could be important.  

It is well documented by photography that the p r e c u r s o r  f ront  has  an upward component of 
f l o u .  Indeed, dust originating n e a r  the surlsce ultiniately at ta ins  heights of 100 11 @r m o r e .  It 
is t h u s  concluded that an upward component p e r s i s t s  at aboveground s ta t ions lor a f in i te  t ime.  
No quantitative data  exist as to the actual durat ions of the upward component. An upward com- 
ponent of motion imparted to movable drag targets enhances the damage considerably because 
of  repeated impacts  with the ground. 

2 . 7 . 4  P r e c u r s o r  Predict ion Cr i t e r i a  

Subsequent to  TUMBLER. severa l  r e p o r t s  appeared i n  which at tempts  were made to set 
doun a number of idealized assumptions and f r o m  these  to obtain predlct ions as to what yields 
and  scaled burst heights would resul t  i n  a p r e c u r s o r .  Two s e t s  of c r i t e r i a  lhat d e s e r v e  at-  
ien:ion a r e  found In the TUMBLER Summary Report  WT-514' and a Sandia Corporation repor t  



by Shellon.' As will be s e e n  l a t e r .  these  two prediction c r i t e r i a  di l ier  28 to p r e c u r s o r  forma- 
t ion in severa l  regions.  The  v e r y  s t r o n g  p r e c u r s o r s  which o c c u r r e d  on U-K Shots l ,  10, and 11 
w u l d  have been predicted b y  e i ther  of t h e  above c r i t e r i i .  Operat ion UPSHOT-KNOTHOLE did 
nor j r o d u c r  m u c h  relc 'rsnl dxta f r o m  u,h>ch more  r ra l i6<ic  prediction c r i te r ia  could b e  de-  
velupsd. Xciuz l  ten;pvr.alure o r  s m i c  velocity measurenien ts  in the thermal  layer  are few, 
detai ls  of  a thermal  gradient u i t h  elcvatiur, h r e  larking,  and,  indeed, the  exact mechhnisnl  lo r  
Lorn>alion ol the l h r r m i l  l a y c r  15 not delined. 

i?! a y i ~ l d - t r u e  height-01-burst re l i t iun  iH'.'h'), and (3) the t i m e  required lor shock wave t o  
reach  Ground Zero .  Shelton's c r i t e r i a  a r e  based par t ia l ly  upon empir ica l  data  and par l ia l ly  
u p o n  theoret ical  analysis .  Two i n ~ p a r i a n t  assuniprions a r e  made that mer i t  review: It is a s -  
surnrd that velocity of svund in the thermal  layer  (at a par t icu lar  ground range) is a l inear  
function of lhe preshock nornial  component of the incident t h e r m a l  radiation; it i s  f u r t h e r  as- 
suni rd  ihai l h i s  relation is invarianl i r o m  one tes t  10 another  (TUMBLER-4 data are used for 
ail  cdIcuIaiions/ .  Til? f i r s t  assunipcjon above t a k e s  no account of the fact that porl ions of the 
thermal  layer  a r e  erpdnding and cooling cnntinuouslp. The  second assumption is adinit ledly 
d p ~ ~ r o x ~ i ~ i ~ l r .  U-K Slwia 10 a i d  1 1  data deviate i r o m  ihose of TUMBLER-4. 

figure the thick crosa-hatched c u r v e  is due to  Shellon and s e p a r a t e s  the "precursor"  and "no 
precursor ' '  regions.  A150 on the f igure a r e  found ihe l imi t  curves  f r o m  the TUMBLER analysis .  
In conip3ring these  tu" c r i t e r i a ,  the most interest ing dif ierence is revealed by the fact  that  the 
TUMBLER repurl  predicts  p r e c u r s o r  formation for low-yield weapons I1 10 2 KT) a t  A-scaled 
heights of burst  f r o m  50 10 400 I t ,  whereas  Shelton's curve  indicates  that no p r e c u r s o r  is 
iornied for  these weapons at any burs t  height. The  other  significant deviation between the two 
c r i t e r i a  is found i n  the region of 500- to 600-11 burs t  heights and yields l a r g e r  lhan about 30 
KT; ( h e r ?  a r e  no available da ta  for this region. 

11 is evident that future  tests a r e  required to  deiine m o r e  c lear ly  the c r i t e r i a  for p r e c u r s o r  
fornis t ion.  In l h i s  r egard  sonie  of the important def ic iencies  i n  th is  iield include a knowledge of 
preshock I rn ipcra tures  a s  a function of ground range  and helghi above the ground: t h e  eiiecrs of 
v a r i u u b  sur face  condiriuns upon t h t  fornlaiion oi [he t h e r m a l  l a y e r ;  a n d  the influence of blast  
gfiirnelr). (yield and height of burs t i  upon thc  shock wave i n  the  nonideal region. It is c l e a r  that 
such  iesis must be supported by a comprehensive analytical  p rogram 10 include s u c h  theore t i -  
c x i  a n d  Iaburatory investigation ab niay be necessary  to  apply ful l -scale  r e s u l t s  to real s u r f a c e 6  
of nii l i tary in te res t .  

The  TUMBLER c r i t r r i a ,  Lased uvon empir ical  da ta ,  set l i m i t s  on (1) sca led  height oi burs t ,  

A summary  of rhc tuu p r e c u r s o r  lormalion ana lyses  is presented in Fig. 2.38. In th i s  

2 . 1 . 5  Smoke Experiment  P r e c u r s o r  Eflecis  

A snioke experinieni u 'as conducied on U - K  Shot 10 10 study the manner in which a t h e r -  
mal ly  absorbing black smoke  layer  would modify the normally expected thermal  e i i e c t s  on blast .  
F igure  2.39 shous the p r e s s u r e - t i m e  r e c o r d s  obtained by the s u r f a c e  level gages along the 
main  blasl  line a d  the smoke  line. The  effect of the p r e c u r s o r  is to  dis tor t  Ihe shock wave by 
increasing its durat ion,  reducing the peak p r e s s u r e ,  and usually degrading the rapid r16e t i m e  
of the shock front 10 a s l u u  r a t e  01 r i s e .  In the p r e c u r s o r  regions the peak o v e r p r e s s u r e s  under  
the snioke w e r t  higher than on the main blast  l ine,  and the p r e s s u r e  rise l i m e s  on the smoke  
l ine were  much fas te r  than at corresponding ground d is tances  on the main blast l ine.  At 1832 It 
and beyond the shock wave under  t h e  black smoke  shows no p r e c u r s o r ,  whereas  on the main  
blast  line the precursor  e i fects  were  evident l o  about 2700 11. Peak p r e s s u r e  da ta  for t h e  smoke  
l ine a r e  plorted i n  Fig. 2.40 and compared  t o  the curve  establ ished for the main blast  line. The  
pe lh  p r e s s u r e s  on the smoke  line a r e  very  close to Lhose predicted over  an ideal s u r f a c e  a! a 
ground dis tance of about 1600 i t  and beyond, whereas  on the main blast  line peak p r e s s u r e 6  a r e  
reduced belou, ideal out t o  ground d i s t a i c e s  of about 3000 i t .  Coniparison o i  the p r e s s u r e - t i m e  
r e c o r d s  and values of  peak o v e r p r e s s u r e  at corresponding ground dis tances  leaves no doubt 
that the thernial lg  absorbing black smoke  signtlicanlly reduced the thermal  effects on t h e  blast  
u a r t  



T h e  gage towers  that Iailed or bent are examples  Of damage to drag-sensi t ive t a r g e t s .  
T h u s .  to  sonie  exlenl,  i t  is possible  to compare  damage under  the black smoke  and along the 
m a i n  blasr l i ne .  The l O - f r  gage towers  were  blown down along t h e  main  blast  h e  oul t o  2166 
it a n d  !srnt a t  ? E E C  11 a n 6  u f r k  und3magr.d beyond th:5 dis tance.  Along the smoke line s i m i l a r  
1 I I - i r  g ~ g r  t o u e r s  u e r t  b l o v n  d6un out to 1133 ir and bent a t  1632 It, beyond which the lower6 

l i l t  noi,idval r r g i v n i .  

scnled 11, Fig.  2 .11 .  11 L S  seen that  i n  the  precursor  region the p r e s s u r e  signal a r r i v e s  e a r l i e r  
along t h e  ninin bIa5l l ine.  T h i s  indicates  that the a i r  t en ipera lure  n e a r  lhe ground along the 
n i a i n  blssr l ine i s  significantly higher than along the black smoke blast  line. 

Suniinarizing. as  conipared to  a c l e a r  a r e a ,  the black smoke  a r e a  on U-K Shot 10, through 
t h c  mpchamsni  of thermal - rad ia t ion  absorpt ion,  great ly  reduced the a l r  t empera tures  near  the 
groJnd .  This ,  in t u r n ,  g rez t ly  reduced the thermal  effect  on b las t ,  maintained blast  p a r a m e t e r s  
n lu r -h  ni:>re neai-ly idral  U U I  10 about 1600 f t  Iron1 Ground Zero.  and eliniinated the precursor  un 
1 t l t  >n,uhr  line ent i re ly  beyond t h i s  ground dis tance.  Damage t o  drag-sens i t iv r  t a r g e l s  may be 
rrdurcd  under thr  black sn iokr  a s  indicated by the gage towers .  Finally.  a thernia!ly rellecting 
white smoke  would probably reduce  the p r e c u r s o r  effects  even m o r e  than the thermally absorb-  
1~ black sniokr .  

2.7.6 Therma l  Shock 

I ,  b d 3 ! ~ 1 z g c ~ d  11 u,uu!d . < > p ~ ' a ~  thsr g q t  t o w e r s  ut:? blu\;,n down or  bent out t u  edges of 

- 
Tlir  l inrt .  ui a r r i v a l  o f  the in1iizi d i s t u r b m c c  along ihe smoke  l ine and blast line is p r e -  

It h a s  beell speculated that t h e  p r e c u r s o r  shock was perhaps  generated by thermal  rad ia-  
t!on being absorbed at the ground s u r l a c e  and also in the popcorned dust near  the s u r f a c e .  Air 
suddenly heated to t e m p e r a t u r e s  of the o r d e r  of IOOO'C would b e  at p r e s s u r e s  in excess of 
anibient p r e s s u r e .  Thus a thern ia l  shock would propagate outward a s  the hot air m a s s  expanded 
io  anibient p r e s s u r e .  Because of the t i m e  dependence of thermal  radiat ion,  a thermal  shock 
p r r r u r s o r  should not forni rnimediately but niore nearly at t i m e s  a f t e r  the a r r i v a l  of the main 
shoch a1 Ground Zero .  

In  F:g. 2 42 photographs a r e  s h o x n  of laboratory exper imenis  on the response  01 t h r e e  
rives of  thermal  nihter ia ls  l o  a high-intensity thermal  pulse. Only one of the media, namely,  
I h r  Frenchman Flat  adobe s u r f a c e ,  underwent a popcorning lrans.l l ion,  whereas  the other  iwu 
did not. The  par t ic les  e jected froni  the adobe s u r f a c e  extended ou1 to  d i s tances  tu  the o r d e r  of 
6 t o  1 0  in.  for this  laboratory exper iment .  T h e s e  s tudies  were conducted by the Naval Mater ia l  
Laboratory ( N M L J  in cooperat ion with the Da\,id Taylor  Model Basin (DTMB). Ful l - sca le  t e s t s  
by mean5 of 10 f1 * 10 It panels  u e r e  conducted by DTMB on U - K  Shots 9 and 10. T h e r e  seemed 
tu  Lie a v e r y  reasonable  cor re la t ion  between the sur lace  conditions of the laboratory and field 
lrst n len ibers .  P i -essure  g a g e s  with high t ime-resolut ion c h a r a c t e r i s t i c s  were localed in the 
fieid panels which yielded r e c o r d s  indicating, in general ,  that signil icant p r e s s u r e  va lues  a r e  
no1 assoc ia led  with popcorning. A s  indicated by the pFeshock p r e s s u r e - t i m e  s ignals  of Fig.  
2 . 4 3  and a l s o  reviewing t h e  above DTMB experimental  resu l t s .  one may conclude that lo a 
reasonable  approximation t h e r e  a r e  no signilicant preshock p r e s s u r e s  associated with pop- 
cvrning ef fec ts  and subsequent t h e r m a l  radiat ion.  The  f u r t h e r  conclusion may be drawn that 
although thermal  shock may o c c u r  c lose to  Ground Zero.  i t  is not significant a5 a mecnanlsn? 
for p r e c u r s o r  generat ion.  inasmuch a s  i l  is only expected to occcr  under those conditions where 
the p r e c u r s o r  wil l  form a t  sl ightly g r e a t e r  ranges  according to the heated layer  concept.  

2 . 8  TRIPLE POIh'T (MACH STEM CONSIDERATIONSI 

2.6.1 Genera l  - 
Detailed data on the path of the Mach t r iple  point near  the ground were  obtained on Shot 9 

of UPSHOT-KNOTHOLE. In addition, the shock photography gave Mach s t e m  data  high above 
thc ground s u r l a c r  (up to  500 f1) for Shots 1 and 10 .  No data on t r iple  point path were obtained 
on Shor 1 1 .  Coniparisons will be made be tueen  the Shot 9 data  and s i m i l a r  measurements  on 
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TUMBLEH Shot I ,  a l so .  11 wil l  be valuable t o  show how these  nuclear  data  compare  w t h  Mach 
slrn, d213 obtained I r o n )  T N T  detonations.  

2 t: ? L l - K  S l ~ n t  9 a n d  The rma l  hlarh 

T h t ~ i , ! c l ~ c a l  cc ,ns idc ra t lons  01 s h o c k - a n v e  c d i g a r a t i o n  shuu lh31 the ground range at which 
2 h l a t t i  r c ~ l . v c i ! u t r  brgii is  i b  a functlon of t h e  shoch s t rength and the burs t  height. The  theory 
p r t - d i c i b  h l i i  I) r c l l e c t i u r .  s rdr t ing at a ground range  about equal lo the burs t  height. In the ab- 
h i i , L t  LSI L U I  f ~ c c  aiid vr l i , e r n i a l  e l iec t s ,  t h i s  prediction h a s  beer. substant ia ted by experin>ent .  

T ~ I c .  h1.ic.h > t v n i  d e i e l o p n ~ r n l .  a5  determined froni  the data shown i n  Fig. 2.44 ,  indicates the ex- 
isterir( (ii 2 hlacl l  s ten i  a b  cluse a s  800 fi f r o m  Ground Zero.  It is t o  be noted that a relatively 
s in i i la r  early developnaent of a Mach s t e m  was repor ted  lor the neares t  s c a l e  1.0 KT shot of 
1~1'hlLiLt.It 1. 11 ajipe2l.s plaublblv io ar t r ibute  th i s  formation charac te r i s t ic  to  the presence  of 

t h c i  11131 lnypr 51m1iar tu  the results of shock-tube expr  - .."I< o e r f o r m e d  a t  Pr inceton.  The 
t r ~ ~ ' > d c i i i  * - 1 \ ~ '  >mping$ni: u l w n  3 1hrrtii;ii l ayer  above the norniai 
f I t - c t i w >  si  h ~ i 1 1  t he  thernral  buund;rry and the ground.  If this is t h t  c a s e ,  t h e r e  will be a region 
u I i c r c j i I  2 hldc t g  u a v e  dewlops  i n  the thermal  layer  f r o m  the interaction 01 the t ransmi t ted  
shurh  u i i l i  t h r  r igid e a r t h  bodnddry. T h i s  is t e rmed  a "thermal Mach shock," s ince  it is pro- 
duced d >  II iehult  of the bending of thc incidc,nt shock due to the thermal  layer  and occurs  before 
thc >I:( ~ f l i ' n i  m q l e  of the incidrni shuch uave  is la rge  enough t o  form a Mach s t e m  in the ab-  
s e n c r  u l  a thernial  l a y e r .  

I ron.  arr l i .d l - t inie  data ,  assuniing a s tandard  Mach s t e m  configuration e x i s t s ,  namely,  an in- 
c idrnt .  r e l l c c t r d ,  and MaLh u a a e  n i e c t ~ ~ i g  31 a point. The  sensit ivity of t h i s  da ta  reduction 
nlr thud t u  arrival-time e r r o r s  i s  mdlcated in  Fig.  2 . 4 4  where l imit  b a r s  a r e  d r a u n  l r o m  each 
d312 w i t i t  C U I  iesponding t u  0 . 5  nibcr drv ls t ions  in A t l r .  The dashed l ines  in the f lgure  indicate 
thr' gi'ubh l imits  uithin whirh the Mach t r iple  point t ra jec tory  existed on U-K Shot 9. 

TI,, A->c. i led conlpar1soi1 01 thc Ala< h s ten1 h e ~ g h t  Y S  ground range  data  f roni  TUMBLER 
1 "  I '  sid  L - K  Shot L, is i ' r rsented 111 Fig. 2 . 4 5 .  Although the data f r o m  TUMBLER 1 a r e  m e a g e r ,  
the a g i  r f i i ~ e n t  I >  good and the f i g u r e  indicates that Mach triple point t r a ~ e c t o r y  does  s c a l e  i n  

€ o r  U - l i  S h G l  9 ,  t h r  hlach s teni  was expected lo originate a t  about 2400 It ground range.  

w n d  layer  u'ill undergo r e -  

11 1, t u  Le noted that t h r  data points 01 Fig. 2 . 4 4  a r e  based upon a s e r i e s  of extrapolations 

t h L  I d Y i !  k i d i t  for,,, I'egiur. 
Ficurc. 2 . 4 6  p r e s e n t s  the r r su l tb  of photographic data '  on Mach s t e m  height vs  ground range 

10) C - K  Shui:  1 and 10. The  U - l i  Shut 10 data  indicate that a thermal  Mach shock lormed at 
(.il,b.r-lll ground ranges  beiox- thr  ex l len ie  angle of regular  Mach reflection was real ized.  F o r  
Ll- t i  S i , d  I .  t h c  ddia do  not extend t i l  I O U  enuugh ground ranges lor any conclusions re1attr.e to  
t h l  fui  n i i l i un  ul the thern;al  Mach shock on th is shot.  

2 . 6 . 3  N u r l r r ~ ~  i ' s  T N T  

It is btllieved of vs lur  10 present  s o m e  summar iz ing  analysis  OJ Mach s t e m  r e s u l t s  t o  date  
u i l h  r e s p ~ r l  to nuclear  t e s t s .  The  b a s i s  for  the s u m m a r y  will be conipar isons of available nu- 
c l e a r  data i n  the ideal shock region with the t r ip le  point c u r v e s  lnornialized to l KT) f r o m  
Zi1.kind's recent repor t . ' '  T h e s e  c u r v e s .  s h o w  in Fig.  2 . 4 7 ,  were  obtained by taking the r e -  
s u l t b  of I ? (  v m  Balllsl8< H r s r a r c h  L s b u r a t o r i e s  IEHL) Mach s t e m  exper iments  with TNT 
charpp-  :i.\un:ing a T N T  bl;tst e f f i r i rnry  of 50 per  cenl f u r  nuclear c h a r g e s ,  and replott ing 
thc dai.1 f L , r  v;1rious A-scaled burst  heights.  Using the curves  of Fig.  2.47  a s  t h e  b a s i s  01 com- 
pa, ibiin ai  ronipl ishes  the purpose o l  rev ieu ing  the relat ion between nuclear  and TNT Mach 
~ - t . f ! ~ . c  i > , j ! ~  rhd i  ~ c ~ e r i s t ~ c s .  

TIi+ ; r g i r e n ~ e n t  between the c u r v e s  of Fig.  2 . 4 7  and the GREENHOUSE Easy ,  U-K Shot 1, 
And b-K Shot IO Mach s ten i  data  is good. However, as [he height o l  burs t  of the nuclear  charge 
15 i i icrrased.  the agreement  beconies progressi!,ely worse.  The  TUMBLER Shot 4 (A-scaled 
l ie iph l  ul burs1 = 363 11) data  give a curve  i n  the Ideal shock u a v e  reglon corresponding to ar 
A-scaled tIrjght of b u r s t  of about 4 0 0  I t ,  l o r  U-K Shot 9 and TUMBLER Shot 1 (A-scaled height 
01 burs1 ~ 750 f t ) ,  the  t r i p l e  point data a g r e e  with a T N T  equir'alent height of burst  in e x c e s s  of 
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900 f t ,  lor TUMBLER Shot5 2 and 3 (A-scaled height of burst  = 1000 It), the agreement  is poorer  
)'et. 

The FencraI conclusion f r o m  the loregoing is th31 for low A-scaled burs t  h e ~ g h l s  ( l e s s  than 
3Li i , u i  30(1 ! t i  t l i i  I I U C I F ~ T  hlach s iem data rornpzre lavarahly wi t i i  the c u r v e s  f r o m  TNT. Hc,w- 
r i i i ,  3s  t h y  A-scalcd burst  helghrs a r e  increased.  the nuclear r e s u l t s  correspond Io triple 
p . , : ~ # t  ' r a , * , , ~ t ~ # r i < s  1h.i: .*vu13 L'c p r r d l c i i d  lor TNT c h k r g r s  dr ionatrd a i  slgnil icanlly h ; g t l t r  
h i . t ; , t # t i  of h c ~  h i .  Ti?? iurega\nC p?r,rr&I ConCIusion 15 s u h ~ t a n l ~ a t e d  by the A i r  Force  Canlbrldgi- 
R t  > r J r c h  CYIIICI (AFCRCI r a n i s l t r  n!easurenlents. u i i i c h  determined some points on t h e  irkpie 
~muinl path hl \ 'cry high h l t i t u d e s .  

HEIGHT-OF -BURST CURVES 

2 . 9 . 1  Hi5IOr \ .  __ 
The or ipina:  concepi of t h r  heighi-of-burst c u r v e s  u'as I o  a s s i s t  mil i tary planr.ing groups 

I t ,  d t i r i  mining thr  most eflicient uti1ization of aturnic u'eapons f o r  operational situaiaons. ~n 
ear ly  requirenienr had been establ ished for inforniation relating the height of burst  to  blast  
e l i t - c t s  21 kar ious ground r a x e s  i n  o r d e r  l o  select  lhe  proper  yield and conditions 0 1  detonation 
f d i  atuiuii ueayoiis.  Peak o v e r p r e s s u r e  was selected a s  the most  representa t ive  blast  pa rame-  
tri 111 ~ t l d l i ~ ~ ,  t u  d . i n i x e  c r i t r r i a  based largely on Japanese experience. The  first se i  of heighl- 
a i -burs t  c u r \ e s  u e r r  those p iepared  in 1949 by means  01 an analytical  t reatnient  of conventional 
s h o d - u d v e  theor!.. s m d l l - s c a l e  HE and shock-tube experimental  resu l t s .  along wiih the nuclear 
a i r  blasl data f u r  Bikini Able measured  along the s u r l a c e .  These  c u r v e s  gave values  of peak 
o v f r p r e s s u r e  v s  ground range as a funclion of heiglit of burst  lor 1 KT (RC) .  The  norrnal cube 
rooi scaling l a u s  for blast  plienoniena w r e  assunied valid in applying these  c u r v e s  io other  
u?apoii !-ield>. III addiriun i o  operaiional planning, these  c u r v e s  were  a l so  used 10 provide c r i -  
te r ia  for weapon developmenl. 

CREEKHOUSE gave s o m t u h a t  lox,er \,slues than lhose predicted from the height-of-burst 
c u r ~ e 5 .  These  resul ts  did not appear  to have s e r i o u s  operational significance s ince  these  le515 
ii.iolvrd o n l y  t o u r r  Shots.  Houever ,  plans u 'ere  made to measure  a i r  blast  p r v s s u r e s  lur  I h t  
four a i r  burs t s  01 BUSTER. 

The  BL'STER results i n  the h igh-pressure  region were very  much lower than ihose p r e -  
dicted froni TM 2 3 - 2 0 0  ( 1  October 5 1 )  Consequently. Supplenient 1 to t h i s  publication was 
issued on 8 F e b r u a r y  52 Io provide the DOD with new height-ol-burst c u r v e s  on an in te r im 
bahis.  These  c u r v e s .  labeled good. lair, and poor ,  included p r e s s u r e  reduct ions based on lheo- 
re i ical  cunsidera( ion of both t h e r m a l  and mechanical  e l fects .  Simultaneously. planning pru-  
ceedvd for TUMBLER during which i i  was proposed that comprehensive m e a s u r t n i e n t s  of blast  
and thernial  radiation b e  made lollowing the detonation 01 different yield atomic weapons at 
var ious heights.  In par t icu lar ,  data  on peak o v e r p r e s s u r e  gathered by different  groups would 
be cor re la ted  t o  p r e p a r e  nex' height-of-burst curves .  The  experimental  p rogram was also de-  
signed to provide enough scient i l ic  information on the nature  o l t h e  blast  wave to  permit  the 
application of t h e  TUMBLER r e s u l t s  to  m o r e  rea l i s t ic  target  a r e a s .  

empir ical  set of height-01-bur51 c u r v e s  was p r e p a r e d .  based pr imar i ly  on ground-level p r e s -  
s u r e  measu remen t s  for the TUMBLER shots .  The  blast  data  Irom the TRINITY, SANDSTONE, 
and GREENHOUSE tower shots. as well as the JANGLE s u r l a c e  shot ,  were  used to obtain the 
z e r o  height in te rcepts  and the general  nature  0 1  the contours  lo r  low burst  heights.  In lhe r e c o n  
above a scaled height 01 1000 I t ,  where t h e r e  were  no fu l l - sca le  experirnenlal &la at thal I m e ,  
a theoret ical  t r e a t m r n l  of the TUMBLER Iree air  pressure-d is tance  relat ion wds used 10 COm- 
pleie the curves .  

due tu thermal  rf lrcts ,  which were  par t icular ly  evident on TUMBLER 4 where  a p r e c u r s o r  de- 
veloped. F o r  those weapon yields and heights 01 burst  lor which p r e c u r s o r  e l fecls  are s ignif i -  

It uas  noted in  1551 that a i r  blast p r e s s u r e  measurements  on both SANDSTONE and 

The  r e s u l t s  of TUMBLER are presented in Report WT-514. Final Summary  Report. '  An 

A shaded area u 'as  presented  i n  these curves  to  indicate the region of blast-wave distortion 
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cant .  i t  was recon~niended  that p r e s s u r e s  in the shaded area be reduced by '/, for c e r t a i n  un- 
favorable target  conditions.  such  as exLremely dusty a r e a s .  For those areas considered to 
r e p r e s e n t  fdvurablc  large1 conditions,  such a s  water  s u r f a c e s ,  p r e s s u r e s  in the shaded a r e a  
wiGt,l t i c ,  ~ n c r v d s c d  by 3 s  niurh as I:<. W i t h  t h e i e  r e ~ e r v a t i o n s ,  t h e  TUMBLER height-of-burst 
c u i . ? >  n e r e  included in Th.1 23-200 (1  October 1952)  l o r  use i n  operational planning. 

2.9 2 P t , > l o i o p h v  

T h i  p h i l u ~ o i ~ h y  of t h e  TUhlBLER helgl l l -of-burst  c u r v e s  was  lo u s e  peak p r e s s u r e  as an 
arbiti-ai'). s tandard of r e f e r e n c e  s ince  i t  was a physical effect easi ly  measured  and was con- 
s idered  to  be the single phenomenon of importance in determining the eflect  of loading on a 
131.cr Class of iniporlanl ta rge ts .  At that l inie i t  u a s  real ized (hat s e v e r a l  other  p a r a m e t e r s  
could j u s t  a s  eas i ly  be used for height-of-burst c u r v e s ,  such as dynamic p r e s s u r e ,  p a r t i c l e  
i elocil) , densi!!, o r  t e m p e r a l u r e ,  s ince  these arc interrelaled proper t ies  of conveniional p r e s -  
s u r e  uavrs.  Therefot-e  i t  u'as general ly  understood that inherent in the designation of the p r e s -  
s u r e  level was a l so  the specif icat ion of the relat ive \,slues of the other  zssociated physical ef- 
Iects  re la ted by c lass ica l  throretrcal  equaiions lor  ideal shock waves.  Consequently, it w a s  
inreiided that the height-of-burst c u r v e s  be used i n  conjunction with tabular  data cor re la t ing  
type of  s t r u c t u r e .  d e g r e e  of damage.  and corresponding peak p r e s s u r e  level in o r d e r  to specify 
d a n i q c  c r i t e r i a  for  2 variety of weapon s i z e s  and heights.  

DurinK TUMBLER. a icic dynaniic p r e 5 s u r e  measurenjents  were  made. However, t h e r e  
appezred to be no significant d e p a r t u r e s  i n  these measu remen t s  f r o m  what would be calculated 
I ron ,  n i r a s u r r d  o ~ e r p r c ~ s u r e s  s ince  values  of q were obtained for high burst  heights where  
ihernial  effect ,  on the blast  wave were  minimized. As a resu l t ,  the  significance oi  dynamic 
p r e s s u r e >  i n  the nonideal region for IOU' b u r s t s  was not recognized. It was believed that  the 
siKnifican1 reduction i n  peak p r e s s u r e  and the badly dis tor ted wave form might se r ious ly  r e -  
duce dumage  in the region near  Ground Zeru.  

basic  phenonicna in ordr i -  to  supplenient available full-scale data  and permit  a be t te r  under -  
stxnding oi the Iundanienta! b!ast e f fec ts  associated u i th  3 i r  b u r s t s  of nuclear weapons. In  
o r d e r  IO investigate niore  fully the nonideal region. P r o r r a m  1 included measu remen t s  of both 
o i ' e r p r r ~ s u r c  and dynaniic p r e s s u r e  for Shois 9 and 10, a s  well a s  preshock sound velocity o v e r  
v3rious s u r f a r e s .  A5 a resu l t  ol l h e s e  measurements .  it  was c lear ly  evident that t h e  c l a s s i c a l  
relation be tueen  p arid q ua5 no longer valid in the precursor  region lor l o w  burs t s .  The  meas -  
ured va lues  of q were  considerably higher than would have been calculated from measured  
values of p by use of the Rankine-Hugoniot equations.  It was subsequent ly  found that t h e  Pi tot-  
s ta t ic  tube was suscept ible  t o  the e f f e c t s  of dust;  thus the measu red  q values  include t h e  dust 
loading present  in the shock wave. T h i s  fact niust b e  considered in comparing measu red  q 
vulues to the ideal.  The  ideal height-of-burst curves  for peak o v e r p r e s s u r e  and dynamic p r e s -  
s u r e  shown i n  Figs. 2 . 8  and 2.9 a s s u m e  a perfect  reflecting surface with no per turbat ions to 
the blast  wave resul t ing l roni  dust  or thermai  e l fects .  The  deviation of the UPSHOT-KNOTHOLE 
experinientul  data f r o m  the ideal as a function of height of b u r s t  will b e  d iscussed  below. The  
sur face- leve l  p r e s s u r e  data IA-scaled)  lor Shots 1 .  3,  4 ,  0, 10, and 11 areirhown in Fig.  2.48. 

2.9.3 Air  O v e r p r e s s u r e  

As noted previously.  durrng UPSHOT-KNOTHOLE. s e v e r a l  agencies  par t ic ipated i n  studying 

Figure  2.49  p r e s e n t s  t h e  ideal peak a i r  o v e r p r e s s u r e  height-of-burst c u r v e s  (Flg.  2.8) with 
the U-K data  points included on the figure. A few pertinent genera l  comments  can be made  with 
r e f e r e n c e  to  this  I i g u r t .  

The  exyeriniental  values  of peak o v e r p r e s s u r e s  for Shot 9 appeared  lo agree well with the 
ideal c u r v e s  for \'slues of o v e r p r e s s u r e  equal to  6 ps i  and below. However, even f o r  t h i s  r e l a -  
t i v r l y  higt, height-of-burst shot ,  t h e r e  a r e  significant deviations f r o m  the ideal a t  higher  o v e r -  
p r e s s u r e s .  For U - K  Shot 1 (112 f t  A-scaled burst  height),  Shot 10 (202 ft A-scaled b u r s t  height),  
and Shot 11 1314 I t  A-scaled burst  height),  the data points for o v e r p r e s s u r e s  Of 8 psi a n d  Lower 
s e e n )  io a g r e e  quite well with lhe ideal curves .  However, in the s t r o n g e r  shock reg ions  (10 to 
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50 psil I l l ?  deviations f roni  ideal 3 r e  niarked. In par t icu lar ,  the points  f r o m  Shot 1 Correspond- 
i n g  i o  t h i s  s t ronj ier  shock region indicate a s e r i o u s  reduction in o v e r p r e s s u r e  for th i s  low 
hcight of burs t .  I f  one I S  to  re ta in  the z e r o  height-of-burst in te rcepts  as obtained f r o m  the 
J A N G L E  sur!3cc experinlcnt, l I i i i i  i t  15 cvident I t ra t  the hehght-of-burst c u b e s  near  100 It 
A-scaled height i i i u s t  exhibit a s h a r p  inllccllun UT "knee." 

'e . ! t #  IC id!:*~jr. t(8 t h e  n o ~ i d i ~ l  r r g h o n  <I: the he~gt#t-G!-bursl ohArt fo r  peak o v e r p r e s s u r e .  

2 9.4 Dl'narnic P r e s s u r e  

I! u,,ald a ] > p ~ ' t i  I r o n .  the UPSHOT-t;NOTHOLE rebullb thdt  t h e r e  s t i l l  remain uncertamtlrS 

The  dynamic p r e s s u r e  height-of-burst  curves  l o r  ideal conditions as presented  in Fig. 2.9 
u e r e  constructed using a peak a i r  o v e r p r e s s u r e  ideal height-of-burst  c h a r t  and the classical  
shuck-uave  relat ions.  I1 should be pointed out that there  is a n e c e s s a r y  ambiguity existing for 
dynxnlic p r e s s u r r  calculations near  t h e  region ol t ransi t ion between r e g u l a r  and Mach reflectlor.. 
I n  this t ransi t ion zone une may o b t a ~ n  a discontinuity i n  the dynamic p r e s s u r e  curves .  For  this  
r e a s o c  i t  was necessary  to fa i r  i n  the  curves  of Fig.  2 .9  near  th i s  t rans i t ion  region. I n  addition, 
by definition. t h r  dynamic p r e s s u r e  approaches the value z e r o  at Ground Z e r o ;  therefore  it was 
necessary  that these height-of-burst curves  agree  with th i s  res t r ic t ion .  

The  UPSHOT-KNOTHOLE experimental  dynamic p r e s s u r e  r e s u l t s  are indicated in Fig. 
2 .50  f o r  Shot 9.  The  agreement  umilh the ideal curves  is quite good, the resu l t  which niight be 
expected on the basis  of smal l  thernial  effects  experienced on th is  shot. It is evident that the 
peak dynamic p r e s s u r e 5  show significant s c a t t e r  ab compared to  s i m i l a r  data taken for peak 
o\'e r p r  e s s u r  e .  

s i m i l a r  r e s u l t s  For  dynamic p r e s s u r e s  less than about 3 ps i ,  the d a t a ,  although m e a g e r ,  a g r e e  
w e l l  u i l h  the ideal. However, for dynamic p r e s s u r e s  of 10 psi  and l a r g e r ,  the measurements  
indicate that the values  a r e  significantly higher than would cor respond to  ideal conditions, It 
should be noted tllai on Shot 10 t h r e e  gages f rom uhich dynamic p r e s s u r e s  were obtained i n -  
di la ted  that they were ot 'erranged.  In additton. the Pi tot-s ta t ic  tube is sensi t ive to dust; there-  
f o r e  q nie3hilreiiirntb i n  the nonideal region for Shot 10 a r e  necessar i ly  l imited i n  their  s ignif i -  
c a n l e .  F u r  Shut 11. a high-yield device at an A-scaled height of burst  of about 300 f l .  the  single 
Byr.an,ic p r r s s u r t  measurement  n e a r  6 psi a g r e e s  well wtth ideal .  

2 .5 .5  Sumniar )  

For the l o v e r  burst  height. Shots 1 and 1 0 ,  the conipar isons with the ideal curves  yield 

T h e  o v r r - a l l  s ignif icance of UPSHOT-KNOTHOLE was t o  point out that thermal  eIleCt5 upon 
the blast  u a v e  could d e p r e s s  peah o v e r p r e s ~ u r f s  quite severe ly  s o  that serious depar tures  f r o m  
t h f  ideal could be expected for low burst  heights depending on sur face  conditions. F u r t h e r m o r e ,  
i t  w 3 s  l earned  that height-oi-burst c u r v e s  f o r  peak o v e r p r e s s u r e s  do not uniquely define all 
blast  p a r a m e t e r s  i n  the nonideal region.  It is considered that UPSHOT-KNOTHOLE substan-  
t iated the thermal  layer  concept for p r e c u r s o r  gener i t ion .  It should be noted, however. that  
nothing f u r t h e r  was learned that would explain the r e s u l t s  of BUSTER i n  s o  fa r  a s  the extreii ie 
depress ions  of peak p r e s s u r e  f r o m  the ideal were observed for  var ious  burst  heights on that 
operat ion. 

It was a l s o  demonstrated in  the nonideal region that dynamic p r e s s u r e s  were not c o r r e -  
spondingly depressed  but could be l a r g e r  than those calculated f rom Ideal \,slues of peak o y e r -  
p r e s s u r e s .  It is considered that measu red  values of q as recorded  during this  operation in -  
cluded t h e  e f f e c t s  of dus t ;  however ,  the exact contribution of dust under  such c i rcumstances  has  
not been completely determined.  The  dust pedestal  actually extends to  approxiniately one shock 
u a v e  length beyond the range  at which the p r e c u r s o r  becomes  ext inct .  

10, and 1 1 ,  except that s o m e  deviations were noted oil Shot 1. Shot 1 exhibited a s teep  rise i n  
C O ~ I ~ X S I  to  a n m r e  i r regular  u'ave Iorni observed on Shots 10 and I 1  and on TUMBLER 4 .  Shot 
1 may b r  considered an anomaly ln s o  fa r  a s  more  s e v e r e  t h e r m a l  e f lec ts  were noted than on 
GREENHOUSE Dog and E a s y ,  although the delivery of thermal  radiat ion vs t i m e  was  s i m i l a r  in 

T h e  usual charac te r i s t ics  of p r e c u r s o r  forniation and propagation were  observed on Shots 1. 

43  

,',' 



all thrre c a s r s .  11 IS considered that very little experimental  data  were  obtained that would 
.1>1-.1 i n  d v v t ~ l o p i t i ~  cmtc'ria fo r  predicting p r e c u r s o r  formation and propagalran: However. 
UPSHOT-KNOTHOLE U J S  successful  i n  pointing out the need for  fu r the r  information on f low 
I I ~ I I < . ~ I I C  LkI i ind lh i .  s h u c k  Iron1 111 the nonidral region 

2 1 ~ 1 . 1  B.i \ i i  Corihidr ,  x i ~ o w b  

111 d?ic'> n i i n i n i :  d x n i : ~ ~ ?  c r i t e r i a  t(8 t;ircets of mil i tary i n te res t ,  the geometry 01 the burst is 
3 b jg i ! i f i c : i i l i  1 . 1 i . l c i r .  Ttic dil1r.i-rnce b v t u r ~ n  high and I O U  burst heights i s  pointed up by thermal  
~ . ~ ~ > , ~ i i i ~ ~ i  A U I ,  u1~1i.h aliect b l a s t - u a r  t p a r a n i e t e r s  f u r  low burs t s .  Such e f l ec t s  a r e  super im-  
p o ~ l  u p o n  nornial geometr ic  ronsiderat ions with regard  to the extent of the  regular  reflection 
i r ~ i o n  2nd i h  t r i p l ~  point Consequrntly,  the effect ive blast p a r a m e t e r s  used IO predict  damage 
3 1 %  i i i i l i ! i t  # i t ) .  r e l J t rd  t o  burs t  pubition and ueapon s ize .  H o u r a e r ,  the extent to whi,ch thermal  
i i i f l u ~ ~ r ~ ~ t ~ :  imii i h t .  b las t  U J Y C  a r e  significant i n  rea l i s t ic  situations has  not yet been completely 
dt.t<,irii.iiied A facto! uhich most probabi> contributed to the extensive damage on U - K  Shot 10 
ua- ( t i c  r i . l x ~ v e l y  high Ilat-top p r e s s u r e  uave  form i n  the p r e c u r s o r  region wi th  constant blast  
pt T?>,UI I .ubi C U I  1 rspondin6 dynanllr  p r e s s u r e  over  an extensive portion of the positive phase. 
I n  t l ir  L . I - ~  < , f  c t ~ a g - h c n s ~ r l v r  t a rge ts .  resu l t s  of U-K Shot 10 indicated that re la t ively low burst  
I i v ~ ~ l i : :  ~ i : . )  lir iiiosi f a lu rab le  foi oplii i iuni d a m q r  because of strong uind lozdings due to burst  
<?o i i i v t ry .  A , Iurst iun naturxli! a r i s e5  a s  10 the contribution of dust loading i n  the nonideal r e -  
< i r i r i  dtid 111, > i g i > i f i <  d i i c r  o l  t h v  f luu Iiattrrn under such c i rcunis tances .  

2.10.2 U W  of the Height-uI-bJrs l  Curve, 

Thv en i i re  philusop!iy 01 t h r  height-01-burst peak p r e s s u r e  curves  has  been rev ised  as a 
reaull uf the unrxpecledlv h i g h  dynaniir  p r e s s u r e  observed on Shots 10 and 11 in the  nonideal 
rqii11i 

I equii.rd l u r  $ 3 1  IUU' type, of s t r u c i u r r ~ .  The origirial intent of the height-ol-burst  curves  was 
nclt tu  I I I ' C ~ C I I I  1w.ik p !e="ure  \slue> t h d  u u u l d  cause danl,qe but ra ther  to indicate dis tance 
t i v > : ,  G J  o;i i i l  Xt 1 ,I 31 i i h d c l ,  p u t ~ c u l a r  dcgi re5  01 daniagc uccur .  The height-of-burst  curves  
ucr t -  1<8 tk u3t.d in conjunrt iun u ~ l h  an  auxiliary table present ing the types of s t r u c t u r e s  and the 
a u - ~ . 3 l ! c d  "1)ri.>.bure" level a1 u l i i ~ h  I i K t i i ,  moderate ,  o r  b r v e r r  damage may result. The com- 
bin3tiun ~81 thc tablr and set of hright-of-burst  curves wds intended to cor re l a t e  Ihe type of 
sti uciui.c And t h e  distance I ron ,  Ground Zero  at x,hich the specif ied damage is es t imated  to 
t a r  pldre.  Ttic actual  p r r s s u r t  values  u e r e  not intended to be Ihe so le  c r i t e r i a  of damage. It 
1 5  believed thai the UPSHOT-KNOTHOLE resu l t s  do  not significantly a l t e r  Ihe loregoing phi- 
losdpliy i n  t h r  c a s r  ul pr-essure-sensi t ive ta rge ts .  One main concIusion resul t ing from the 
UPSHOT-KNOTHOLE proCrani appears  to be that there  is a need f o r  an equivalent set of height- 
of -burs t  curve5 preseni ing dynamic p r e s s u r e s  r a the r  than s t a i c  o v e r p r e s s u r e  10 be applied in 
prublenis  iiivulving drag-sens i l ive  t a rge l s .  For example,  i n  the c a s e  01 mobile la,nks and t rucks ,  
t h r  ver t ical  coniponents of the p r e c u r s o r  p r e s s u r e  wave may tend l o  lilt the t a rge t s  off the 
ground and thereby convert them essent ia l ly  into n i i ss i les .  As a resul t  of severe impact forces 
experienced upon landing. these  m i s s i l e s  c a r  su f fe r  very  significant damage.  Dynamic p r e s -  
s u r e s  i n  the p r e c u r s o r  region appear  to  be the most signilicant contributing lac lor  to phenomena 
of ( h i s  type. Another area where drag  e f lec ts  are important i s  in  the  case 01 parked a i r c ra f t ,  
u h i r h  a r e  m o r e  sens i t ive  to gust loading than s t a t i c  overpressure .  

Tr.<. I . L . ~ u I I -  t j 3 v t  producrd r s s i n t l a l l )  a s h a r p  denat ion  i n  the nature  of damage c r i t e r i a  

'Folloutng UPSHOT-KNOTHOLE, a s e r i e s  of t e s t s  (CASTLE) was held in  the Paci l ic .  It is 
considered that llir r e s u l t s  of these t e s t s ,  for weapons ranging from 100 KT 10 15 MT b u r s t s  at 
the sui.faI-e ovzr an essent ia l ly  ideal reflecting plane, zave  r e su l t s  consistent with predict ions 
accurdiiig t u  ronvenlional scal ing of blast-wave p a r a m e t e r s .  N u  signilicanl thermal  effects on 
the blast  ua\'e uei ' e  observed during these tes t s ,  although nonideal w a \ e  f o r m s  were  observed 
2s  $ 6 1  I I  2- p u > > ~ L l ~ .  w3tc1' loading of t h ?  shuch u;ive. 
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Sinre measu red  p r e s s u r e  v a r i e s  with height above ground,  t h e  n a t u r e  of the height-of-burst 
c u r ~ w b  i s  governed by the choice of the data to be used.  On the b a s i s  of t h e  intended purpose of 
the height-of-burst c u r v e s ,  it a p p e a r s  sa t i s fac tory  to use surface- level  measurements ,  s ince 
t h j  h r i c h t - o f - b u r s t  C Y T I ' C S  a r e  u s e d  u n l y  a s  arr arbitrary ~ n t a r r n e d ~ a t e  f r a m e  of re fercnce  t o  
zjhL3t l a t e  s t i u < ' t u r e s  uit t l  a r c a s  i ' l  d:imag?. One iniportant iac tor  that  m u s t  be considered i n  

t l i c  u:.L' ( I f  burst  c u r t e s  1s t l ' i  n I  irrtatii8r) ol t h c  ~ ~ T U C I C T C  w:th respec t  lo the directiori 01 tlas: 
l < j . ~ d : r # ~  I t  i s  i;c,te [prob:iblc l h 3 1  a 1O-ps1 p r e s s u r e  wave s t r t k i n g  normally against  the side of 
3 . i i i a t l ~ r ~  w 1 1  r c i u l t  i n  s : ~ g ~ ~ ~ I i ~ a l l t l )  dlffrrent damage than a s i m i l a r  wave Implngmg on the 
roul  uf tlir saiiic' s t i -ucture .  T h i s  question can possibly be resolved by a sludy Of the charac-  
t r r i ~ t i v :  ol rrEponSe to blast loading for individual lypes of s t r u c t u r e s ,  and Some modifying 
p i i i n n ~ c t c i -  can be used i n  problenis  wtiei-e these s t r u c t u r e s  a r e  being considered.  It is be- 
1 i r . r . d  IhAI the  fund;rniental purpose 01 the height-of-burs1 c u r v e s  is to give design engineers 
some reasonable  es t iniates  of the na ture  of the blast  loads that will occur  in various a r e a s  due 
t u  II nurleai  b l a s t .  

2 1 1  RECOMMENDATIONS FOX FUTURE TESTS 

AS a result  of UPSHOT-KNOTHOLE, it  i s  now possible to define m o r e  clear ly  the a r e a s  of 
u n c c i - I 3 i n t !  i n  basic blast phenoniena 
the: s t n l r  of knuulr@c.r re la tes  to  the e l fec ts  of thermal  radiation on real s u r f a c e s  and formation 
of the  thermal  layer .  Inderd.  i h r  semiempir ica l  c r l t e r l a  for p r e c u r s o r  prediction apply largely 
Iu  le51 s x f d c r s  such  ab d e s e r t ,  sand ,  and cora l .  Even for these  s u r f a c e s ,  h o u r v e r ,  details  of 
lht .  preshock s o u n d  velucity o r  the mechanism of heat t r a n s f e r  n e c e s s a r y  for a thermal  gradient 
ha\ c nut  been establ ished.  Consequently, 11 is difficull to  extrapolate  ful l -scale  test  resu l t s  to  
reh l  s u r f a c e s  of mil i tary interest .  such a s  fores t ,  vegetated a r e a s ,  and c i t i e s ,  in o r d e r  to de-  
lei  i l l i n ?  t h r i i  re la t ive influence oii lhe blast  wave a s  a resu l t  of thermal  i r radiat ion.  Since it  is 
apparent that sur lace  dust effects on UPSHOT-KNOTHOLE were significant i n  s o f a r  as rneas- 
u r r d  1aIu1'5 uf d i l tan i l r  p r r s s u r r  a r e  conrr rned ,  an attempt should b e  made to investigate the 
p:c.( " 1  3ur i n  thr  absence  01 d u i i  to deterni ine [he var ious re la t ions  between the paranie te rs .  It 
I i h t . r c f o r t  recommended that a ful l -scale  tes i  be held at a low burst  height f o r  purposes  of 
I: r . r > u t  ing  thr i r r r  f ie ld  bldbt pdranle te rs  o1't.r the representa t ive  s u r f a c e s  discussed i n  Sec.  
2 . 4 . 3 . 6 ,  uhich x r r e  descr ibed  a s  ideal. d e > e r t ,  and organic .  In th i s  way depar tures  in blast  be- 
1 i . t ~  i ( i i  l ronl  the ideal cuuld IJV o l w r w d  l o r  both a dust and nondusly p r e c u r s o r .  T h e s e  meab- 
u ? ? n l r n l >  should include o v e r p r e s s u r e  and dynamic p r e s s u r e  v s  t i m e  as a function of ground 
r w g c  d n d  height a h o w  t h r  ground or. all  t h r e e  blast  l ines .  In addition, an attempt should be 
niadr  t o  nieasure such quantit ies a s  par i ic le  velucity.  a i r  and dust densi ty ,  direction of par t ic le  
mutioii. t r n i p e r a t u r r .  and preshock sound velocity a t  var ious  s ta t ions  lo cor re la te  with p and q 
nlt .aiurenient5.  

Anothei- unresolved question r e i a t e s  lo blast-wave c h a r a c t e r i s t i c s  and damage i n  the non- 
ideal region l o r  a IOU,  p recursor - lorn i ing  burs t ,  as c6mpared LO that  which would be obtained 
i n  the sanie  high-intensity blast  region for an ideal burs t .  It is therefore  recommended that a 
niediuni yield land s u r f a c e  burs t  be f i r e d ,  preferably over  a dusty region.  This  event would 
pro\'idr ~ n l o r m a t i o n  as to the re la t ive  contribution of dust to t h e  e f f e c t s  of blast  in  the s t rong 
shock region a 5  well a s  to  de te rmine  the significance of the additional dust  loading as the r e -  
bul i  ui the p r e c u r s o i .  Such a test  would also provide \,aluable data  on c ra te r ing  and g r o m d  
shoch a s  ue l l  as thermal  and nuclear  radiation. 

having an intensity corresponding to those observed on UPSHOT-KNOTHOLE i n  t h e  nonideal 
c a s e .  I1 is considered that a Lou a i r  burst  over  an ideal s u r f a c e  would provide such  inlormation. 
In o r d e r  1 0  avoid interaction of the f i reba l l  with the sur face ,  a t r u e  air b u r s t  should be em- 
pluyed with all A-scaled height of burs t  equal to or g r e a t e r  than 1.5 i i reba l l  radius .  It i s  there-  
fore rrcunimended that a high-yield a i r  burst  in the megaton range  be f i r e d  t o  provide basic 
a i r  blast  data i n  the ideal c a s e  for' low b u r s t s  as Well a s  to confirm sca l ing  under such blast  
conditioni.  

It is considered thdt one of the pr iniary deficiencies i n  

A b  nuted above t h e r e  is i 'ery l i t t le  test  information in the ideal region for  blast  waves 
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In o r d e r  lo  reso lve  present  dd ie rences  in prediction c r i t e r i a  f o r  p r e c u r s o r  formation,  it is 
reconiniended that blasl measurements  be made lor a 1 10 2 KT burs t  f i red  at an A-scaled 
height between 50 and 450 It. A development shot on a tower would be Sa t i s fac tory  lor such 
purposes: 
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CHAPTER 3 

THERMAL-RADIATION MEASUREMENTS 

3.1 BACKGROUND 

The p r i m a r y  ob~ec l ives  of the basic  thermal-radiat ion measu remen t s  p rogram were two- 
fold: (1)  to  provide documentation of the thermal  charac te r i s t ics  of Shots 9 and 10 for the mili- 
t a ry  effects  t e s t s  and (2 )  t o  obtain da ta  on the bas ic  thermal  phenomena of the s e r i e s  of t e s t  
detonations to supplement re la ted  information f r o m  previous tes t s .  An additional object ive of 
secondary in te res t  was to  obtain t h e r m a l  da ta  with the AFCRC vacuum capaci tor  microphone 
for evaluation of thal device as an instrunlent  for measur ing  thermal  phenomena. 

& C r i e r  (EG&C).  under the Weapons Development Group, and AFCRC and NRDL, under  the  
M.litary Eflects  Group. a l a rge  quantity of data  on thernial  phenomena was available f o r  c o r -  
re la t ion wi th  re la ted information f rom previous tes t s .  T h e  cor re la t ions  for the  phenomena of 
in te res t  a r e  presented and d iscussed  in th i s  chapter .  

Daia on thermal  yieids  and t i m e s  to  minimum and second maximum of the  radiant  pulse 
were  ~ v a i l a b l e  f rom NRL and AFCRC measuremen t s  on Shots 1 to 10. Data on t t m e s  to  the  
niininiuni were available f rom EC&C bhangmeter measu remen t s  on Shots 1 to  11 except for  
Shots 3 and 6. Data on thermal  yields ,  t i m e s  to  minimum and second maximum, and t h e r m a l  
energy v s  distance were available from NRDL measuremen t s  on Shots 4 ,  9, 10, and 11. In ad- 
dition the Los Alamos Scient i f ic  Laboratory ILASL), using NRL equipment,  de te rmined  the  
thermal  yield of Shot 11. 

Supplenienting the direct ly  measu red  quant i t ies  enumerated above was a considerable  
amount of  NRDL data  re la ted to  a tmospheric  and ground sca t t e r  and ground absorpt ion.  T h i s  
la t te r  category of data. although not u a l y z e d ,  a p p e a r s  potenlially a t t rac t ive  for Iur ther  study 
and correlat ion.  

Through the e f f o r t s  of the Naval R e s e a r c h  Laboratory (NRL) and Edgerton, Germeshausen  

3.2 INSTRUMEXTATION 

3.2.1 Total The rma l  Energy and F l u x V s  Distance 

1. .VRDL dzsr co lor imrf r r s .  These  ins t ruments  a r e  s imi la r  to  those  used in  TUMBLER- 
SNAPPER and a r e  considered to  be the basic  thermal  instrument  (See Project  8.10 Report  WT- 
7 7 3 1 .  

2. NRL fotul wief'xi' Ih#nnopIIi~s. These  inslrumenls  u'ere used i n  the AEC bas ic  m e a s -  
urements  p r o ~ r a m .  (Ser Project  19.1 Report NRL-4395, RD No. 420.1 

3 ,  S,.i orrdrrr-r I k i r t , , r i !  w ~ o . \ u i ~ i , t :  dcr,icrs. 
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(a) Naual Malerial Loboralory INML) cosine-law lhermal oflenwrting calorimelers, roM- 

(b) Armg Chemical Crnfer  (ACC) black ball calorimelers.  These  c a l o r i m e t e r s  are s i m i l a r  

dels .  (See P r o j e c t s  8.9 and 8.4-1 Repor ts  WT-772 and WT-768.) 

to  the ins t ruments  tes ted  by NRL at BUSTER-JANGLE and were used pr imar i ly  t o  m e a s u r e  in- 
cident energy over  4n geometry  under the smoke s c r e e n s  ( see  Pro jec t  8.4-1 repor t ) .  

t ime-intensi ty  c u r v e s  ( s e e  Pro jec t  8.2 Report WT-767). 

3.2.2 Time-Intensity Relat ions 

f c )  AFCRC i'acuum capacilor microphone. Total  energy was obtained by integration of 

1. NRDL foil radiomeler. These  instruments  a r e  s i m i l a r  to  those used in TUMBLER- 
SNAPPER. T i m e s  to  the  minimum and second maximum of thermal  radiation a r e  determined 
as well  as a complete intensi ty  v s  t ime curve ( s e e  P r o j e c t  8.10 Report WT-773). 

2 .  AFCRC I W C U I O N  rupacilor nricrophone. This  instrument ,  s t i l l  in the developmental  
s l a t e ,  yields both t ime intensi ty  and t i m e s  to minimum and second maximum ( s e e  Project  8.10 
Report  WT-773). 

3 .  N R D i  calorinielur C U ~ I T Y .  Differentiation of the  total energy c u r v e s  as obtained f r o m  
the d isc  ca lor in ie te rs  a r e  used as a secondary method of determining t ime-intensi ty  re la t ions  
( s e e  Prolect  8.10 Report WT-773). 

4 .  EC&C bh~i ipny le r s .  The bhangmeter.  which is used pr imar i ly  lor diagnost ic  purposes ,  

5 .  NRL s p ~ ~ c l r o g r u / ~ h s .  (See NRL Project  18.3 r epor t ,  when printed.) 

3.2.3 Spectral  C h a r a c t e r i s t i c s  

1. NRDL c a l o r i m e l ~ r .  T i m e  intensity and total  energy in broad spec t ra l  bands were  de- 

produces the t ime to  minimum of thermal  radiation with excellent resolution. 

termined from basic c a l o r i m e t e r s  exposed behind broad band p a s s  f i l t e r s  ( s ee  Pro jec t  8.10 
Report  WT-773). 

2. h',\lL ( O S ' I I I P  lou, a f l e ~ i w f i ~ ~ ~  calorimrlrrs. T h e s e  devices  were  exposed behind broad 
band p a s s  f i l t e rs  to  de te rmine  as a secondary method the total  energy del ivered i n  the s a m e  
Spectral region as those  s tudied by NRDL ( s e e  Project  8.9 report) .  

3 .  NRL spprcl~o~l-opka. (See Pro)ect  18.3 report . )  

3.2.4 Special Studies 

1. A I ]  scul lur .  T h e  contribution of  a i r  s c a t t e r  to  total  t h e r m a l  flux received was studied 
by NRDL using var ious  field of view adaptors  on s tandard  ca lor imeters .  In addition, s e v e r a l  
c a l o r i m e t e r s  were special ly  shielded l rom both t h e ~ f i r e b a l l  and the ground so that all  the  en- 
ergy  which reached the sens ing  element was that which w a s  sca t te red  into the field of view by 
the a i r  ( s e e  Project  8.10 r epor t ) .  

2. Crourid ret7ecfance. The contribution of ground ref lectance to total  t h e r m a l  flux r e -  
ceived by aircraf t  i n  flight i n  the vicinity ol an atomic-bomb detonation was de te rmined  f r o m  
standard ca lor in ie te rs  placed in  manned B- 5U a i r c ra f t  and Navy drones .  Specially shielded 
c a l o r i m e t e r s  along the ground,  which viewed only the ground,  were  used by NRDL to study 
ground reflection ( s e e  P r o j e c t s  5.1. WT-748; 3.2,  WT-749; and 8.10 repor t s ) .  

3.  ThFrff la/  insl iumenlol ion under smokc screens. 

fa) SHUL calorlnielers. These  instruments  were  or iented so Zs to  m e a s u r e  the goniome- 
t rv ,  or  spat ia l  dis t r ibut ion,  of thermal  radiation a r r iv ing  at a point within the s c r e e n  ( s e e  Proj- 
ec t s  8 .4-1,  8 . 4 - 2 .  and 8.10 r epor t s ) .  
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(a) NML cosine law thermal allmuating calorimelers. The roundels were  w e d  under the 
white smoke sc reen  t o  provide a statist ical  number of determinations of the spatial  distribution 
of thermal radiation for the construction of polar d i a g r a m  of sca t te r  within the smoke .screen  
(see  Pro lec ts  8.4-1 and 8.9 repor t s ) .  

(c) ACC black ball calorimelers. These ca lor imeters  were used to measu re  total inte- 

Isolated resu l t s  f r o m  thermal  measurements made under the smoke  sc reen  may be lound 
grated flux over 4n geometry (see Project 8.4-1 report) .  

i n  the repor t s  of Pro jec ts  8.4-1, 8.4-2. and 8.10. Analysis and discussion of r e su l t s  may be 
found i n  repor t s  of P r o ~ e c t s  8.4-1 and 8.4-2. 

3.3 RESULTS AND DISCUSSION 

3.3.1 General - 
The recenl publicalion oi AFSWP-503,’ which is a digest of all data accumulated on the 

basic charac te r i s t ics  of thermal  radiation from weapons tests through Operation IVY, provides 
a yardstick against which the thermal data from this operation may be compared. Except f o r  
l h e  time5 to mininum in the radjant pulse, the new thermal data f rom UPSHOT-KNOTHOLE 
agree with those scaled f rom AFSWP-503 within the l imits of accuracy of the data and the 
scalmg relations. Pending a thorough analysis of forthcoming TEAPOT thermal  data and the 
Gala from th is  operation and f rom prior tes t s ,  it i s  felt that the thermal  scaling relations in 
the AFSWP paper should be  continued in use. The various thermal phenomena from this opera- 
tion, therefore,  have been plotted on copies of the appropriate curves  from AFSWP-503. 

3 .3 .2  Total Energy Vs Ground Distance 

Figure 3.1 presents  the resu l t s  of total thermal flux vs ground distance as obtained by 
NRDL (Pro jec t  8.10) for Shots 4 ,  9, 10, and 11. The data represent thermal  energies incident 
on surfaces oriented normal to a line of sight t o  the fireball. The measuring instruments were 
mounted at heights above the sur face  sufficient to minimize the effect of obscuration by dust 
erupted f rom the surface during the thermal emission period. 

For  Shots 9 and 10, data a r e  available for total thermal fluxes obtained by Project 8.1 
measurenienls with NRDL type instruments mounted 5 f t  above the stabilized a r e a s  of thal 
prolect. The sca t t e r  of these data about the curves in Fig. 3.1 constructed l rom the NRDL data 
a r e  not considered significant. It is felt that the Project 8.1 resu l t s  lend credence to the pre-  
cision with which basic thermal data f rom air burs t s  may be applied to effects ta rge ts  not in- 
strumented with ca lor imeters ,  under the ideal conditions prevailing at the NPG, provtded the 
ta rge ts  a r e  placed over suitably stabilized areas. 

3.3.3 Thermal  Yields 

Table 3.1 summar izes  the data on thermal yields, i.e.. the  energy in kilotons emitted as 
lhermal radiation by the detonation of each weapon. For  each shot the air transmissivity in 
per cent per statute mi le ,  as obtained by NRL, is given. 

In the calculation of the thermal yield f rom measured values of the radiant energy, cor- 
rections must be made for  absorbed and sca t te red  radiation. In a recent paper by Drummeter,’ 
an approximate method is advanced for correcting observed thermal  energies back to those 
which would obtain in the absence of the atmosphere and the ground. Drummeter  has  applied 
his method fo r  calculating the NRL thermal  yields as given in Table 3.1. Thus the NRL data 
have been cor rec ted  lor  the effective lempera ture  of the source. field of view of the rece iver ,  
sca t te r  and absorption by the air and ground, and geometry of the ground with respect to the 
receiver.  On the  other hand, the NRDL thermal  yields have been cor rec ted  only fo r  the radia- 
tion scattered f rom the specular path between the source and rece iver  (i.e., cor rec ted  for air 
transmissivity).  Since the NRDL measurements were obtained largely at relatively short  
ranges ,  neglectire the other corrections introduces only amall differences.  less than 10 pe r  
cent. i n  the NRDL thermal  yields from yields otherwise calculated. The  AFCRC thermal  yields 
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TABLE 3.1-Total Thermal Energy and A i r  TransmiialYltv. All Shots 

9 .3  

15 

11 
10 
5.2 

- 

Shot 

10.1 
5.2 

1 
2 
3 
4 

5 
6 
I 

8 
9 
10 

J 1  - 

Total weapan 
yield KT) 

16.2 
24.5 

11.0 

23 

13.1 

27 
?G 
14.5 

0.20 

0.22 

60.8 

Total thermal enerzy, 

I 

0.028 0.020 

16.1.' I 20.3 

-. 

A F C R C t  

1.90 
8.11 
0.00161 
3.30 
5.oq 
8.90 
0.01511 
11.60 
16.18 
10.36 
10.4T 
6-56 
4.1g 

AFSWP-50 
tcalculaiec 

6.0 
8.9 

4.2 

8.3 

15.2 

9.1 
9.4 
5.5 

21 

A i r  trans- 
miaaivity; 

94 
94 
95 
95 

95 
96 
95 

93 
92 
91 

98" 

*Dain selected f rom N R L  Report No. 4395. RD No. 420. based upon convcrsatlon 

t S r c  text l o r  rxplanntion nl scatter and absorpiton corrections. 
INHL results on specular transmlssivity in  per Cent per Ptaiute mile for light of 

,550OA' n'avc lenglh. See NRL Report 4395, RD No. 420. 
0.4s measured  by AFCRC ai local siai1ons. 1 lo 2 miles irom IGZ. 
%As measured by AFCRC a1 remote StatlOnS. 6',j l o  14 miles irom ICZ. 

wilh Dr. L. F. Drummeter. Jr., I December 1954. 

. 'AS obtained with NRL equipment operated by Or. Herman Hoer l in  of LASL. The 
value lor a i r  transmissivity is doubtiul: Rayleigh scattering alone limits the trans- 
ml*siun IU :xbuul 96'? per cent pcr mrir. I1 should be noted thai the thermal ybuld. as 
uorrt.ctud f u r  s c m e r  and nbeorption. wll be lox  rl too high a value IS used for trans-, 
miS>1on. as was in Ihis  case. 

h a w  been corrected for  a i r  transmissivity and field of view of the rece iver .  Thus the thermal 
yields i n  Table 3.1 fo r  t h r  local AFCRC stations a r e  of the order  of 10 per  cent lower than 
w u \ d  be obtained iI lurther corrected f o r  absorption. Thermal yields calculated from the 
AFCRC data obtained at the niore distant remote  stations,  if further cor rec ted ,  would be ap- 
proximately 10 to 15 pe r  cent grea te r .  

( 'onsidered by NRDL and AFCRC is explained by a certain amount of confusion regarding the 
niethud for making the required corrections and a l so  by the relative importance attached by 
NRDL and AFCRC to each of the correction factors. It appears  that it would be of considerable 
interest to reanalyze lhe  available data on thermal  yields, incorporating into the analysis the 
Considerable quantity of data on sca t te r  and absorption obtained, but not analyzed, by NRDL 
Iron1 this  op?ration and at Operation TUMBLER-SNAPPER. O f t h e  calorimeter readings ob- 
tained at the two operations. between one-third and one-half of the readings were obtained with 
ca lor imeters  viewing the ground, with ca lor imeters  shielded f rom view of the fireball ,  or with 
ca lor imeters  having fields of view other than the standard 90 deg. Fur thermore ,  the sensing 
instruments used by NRL, NRDL, and AFCRC a r e  substantially different one from the other in 
spectral  ~ e n ~ i I i v i t y  and field of view to warrant examination and fu r the r  analysis of the data 
and performance of the instruments. The suggested analysis,  it is believed, would test  more 
rigorously Drumnie t r r ' s  method for correcttng lhermal measurements in Nevada and also 
niight help to clarify parameters  entering into the prediction of radiative t r ans fe r  through r ea l  
atniospheres. The eflort  for such an ana lys i s ,  however, is beyond the scope of this report. 

The data on thermal yields a r e  plotted in Fig. 3.2. The straight line log-log relation be- 
tween thermal yield and radiochemical yield is that published in  AFSWP-503, i.e., E = 0.44+.y. 

The [act that  all the elements entering into the calculation of thermal  yields have not been 
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It is seen h a !  the Scatter Of the NRDL data is leas t ,  whereas that of the AFCRC data i s  greatest .  
In most c a s e s ,  however, the agreement between thermal  yield6 a6 calculated from E = 0.44@.* 
is well within +15 per cent. 

3.3.4 Time Vs Inlensity 

The characterist ic variation of radiant intensity with t ime f rom the fireball provides two 
datum points of interest to effects studies,  i . e . ,  t ime of the minimum and t ime of the second 
maximum, the data for which a r e  given in Table 3.2 and plotted in Figs.  3.3 and 3.4. 

AFSU'P- 
5031 

10.9 
13.4 

1.2 
9 .0  
13.0 

1 .3  
17 .8  
14.1 
13.8 
10.5 
21.2 

TABLE 3.2-Times io Firsi Minimum and Second Maximum, All Shots 

I I (msecl 1 Time io second muimum (mscc) 

AFSWP- 
NHL. AFCHC USNRDL 5033 

180 122 129 
258 166  159 

8.5 14 
117 118 106 
162 154 175 

7.5 15 
225 196 211 
125 155 166 
265 151  119 163 

124 138 123 
257 250 

yield 

11.0 
1 5 . 5  

0.22  4.4 
43.4 25.5 
27 19 
26 

Time to minimi 

AFCHC 

14.3 
17 .5  

11.2 
16.2 

5.6 
19.6 
16.8 
16.8 
14 .0  

- 

- 

- 
EG&GI 

14.5 
l U . 5  

~ 

10.5 
17.75 

23.25 
19.2 
17.0 
14.9 
27.2 

~ 

.Dm extracied lrom NRL R e p n  4356, RD No. 393. Times to minimum are  indeterminate to 
2 or 3 msec; times to m w m u m  to about 25 msec. The times correspond to m!nima and maxxlma I n  

black body lcmperaiures of ihe fireball 
t E C d C  bhangmeter resulis. (See Src. 3.3.) .  
ICa icu la ied  lrom the scaling relations given i n  AFSWP-503. 

According to AFSWP-503, the t ime to the niinimum i n  radiant emission is related to the 
yield by the expression tdn = Z.IW'/l, where tmln is in milliseconds and W is in kilotons. EG&G 
bhangmeter t imes a re  related to  the yield by the expression' t,,l, = 3.25W ' ( same  units). It is 
apparent on inspection of Fig. 3.3 that the EC&G expression would be a considerably better f i t  
for the data than the AFSWP-503 expression. At t h i s  t ime, however, there  a r e  the following 
arguments for retaining the AFSWP-503 curve. The data used lo  derive the AFSWP-503 r e -  
latiun for yield and t ime to the minimum were based upon NRL bolonieter (black body rece iver  
with good time resolution) data from Operations GREENHOUSE, TUMBLER-SNAPPER, and 
IW. Pre l iminary  bolometer data f r o m  Operatioii CASTLE nave also confirmed the AFSWP 
curve.  When the spec t ra l  response of the instrument is limited,  significantly different t imes  
to  the mininium a r e  obserr,ed. 

1. The  EC&G times to the minimum correspond to nimimum eniission i n  the visible, which 
IS the sensit ive range for the bhangmeter. Although the difference between bhangmeter t imes  
to minimum and bolometer t imes  to the minimum should not be regarded as detracting f rom 
the  value 01 the bhangmeter data,  it does introduce a difficulty in  correlating l imes  t o  the niini- 
mum obtained u'ith instruments having diflerent or total spec t ra l  responses.  The effect  of 
spec t ra l  response was enden t  at CASTLE Shot 1 ,  where EC&G found a progressive increase  in 
t imes  t o  minimum wi th  f i l tered bhangmeters as the spectral  response approached the blue as 
follows 350 msec lor red  light, 450 nisec for yellow light, and 650 nisec for  blue light. The 
black body bolometer t ime to minimum obtained by NRL was ea r l i e r  even than that obtained 
with the red fi l tered bhangmeter, being 313 msec. It thus appears  that i n  stating t imes  to the 
niininium the instrunirnt used i n  its delermination must a l so  be specified. 

2 ,  The NRL time to the niinimum which was obtained spectrographically corresponds to 

V 
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the minimum i n  black body l e ~ l p e r a t u r e ,  which, if the en t i re  fireball  is in the field of view of 
the spectrograph. should correspond to the minimum in radiant intensity, Except for the t imes 
to the minimum for Shols 3 and 5 ,  where the spectrographs viewed only a few square  inches of 
the fireball sur face ,  the NRL spectrographs saw a substantial proportion of the fireball .  Thus 
the presence of spots ,  w'hich a r e  discernible i n  l ireball  photogriphs, probably was not a sig- 
ndicant factor i n  the NRL resu l t s .  Although a dead t ime of 2 to 3 msec i s  inherent in the NRL 
spectrographs due to ze ro  t ime uncertainty. the values observed, as shown in Table 3.2, exceed 
t h i s  deviation from AFSWP-503. This is not to be considered final due to the preliminary na- 
tu re  of the NRL analysis of the spectrographic records .  

3. The NRDL t imes  to the minimum were obtained with radiometers,  which have i n s u f -  
ficient t ime resolution for  the accuracy desired for study of weapons in the range of yields 
tested. 

a n  eflpct on the time to  the mininium, and since the AFCRC vacuum capacitor microphone i s  
encased i n  a glass envelope. which is transparent only in the visual range', it is not surpr i s ing  
that t h e  AFCRC l imes  to  minimum are different f r o m  those which would obtain with a bolometer. 
Howe\,er. as w t h  the bhangmeter, the microphone data are self-consistent, as may be seen in 
Fig 3.3. 

According to AFSWP-503, the t ime to the second maximum in radian1 emission i s  related 
to the yield by the expression l,,, = 32W':, where t,, is in milliseconds and W i s  in kiloton?. 
The data lor t imes to the second maximum a r e  given in  Table 3.2 and a r e  plotted in Fig. 3.4. 
11 IS  seen  that the AFCRC data sca t te r  randomly aboul the line representing the above expres- 
s i o n  and agree within 10 per cent of the accepted values. Although the NRDL limes fall within 
10 per cent of the expression for tmU. it should be noted that the tinies all are g rea t e r  than 
accepted values. the explanation for which l ies  in the lack 01 t ime response in the radiometers.  
A reason for the large sca t te r  in the  NRL data for t imes  to the second maximum is not apparent. 
It is possible that i n  !he more f u l l y  developed fireball which exisrs a t  the second maximum. dis- 
crepancies enter due to nonuniformity i n  shape of the source  and to departure of the source  from 
black body characterist ics.  Since fewer spectral  data were reduced lor t imes  after lOO.msec, 
due to the preliminary nature 01 the NRL analysis,  t he re  are uncertainties in the t ime of the 
Secund nm~iniumi of the order  of 125 msec. As wi l l  be seen froni Table 3.2, some of the NRL 
data deviate froni the AFSWP-503 curve by more than r 2 5  msec. 

3.3.5 Energy V s  Time 

4 .  Since i t  has been indicated above lhat the spec t ra l  response of a sensing instrument has 

NRDL data on the accumulated per cent of total thermal  energy delivered as a function of 
linie a r e  plolted i n  Figs. 3.5 and 3.6 for Shots 4 and 9 and 10 and 11, respectively. The curves 
In these figures a r e  useful i n  correlating the phenomena involved in the precursor.  Although 
the accumulated energy $98 t ime data have not been plotted for the other shots of th i s  operation, 
salisfactor) plots may be reconstructed through use of the generalized pulse in AFSWP-503. 

3 . 3 . 6  Energy Normal to the Ground 

In the siudy of precursor  eflects,  the component of radiant energy normal to the ground is 
of interest .  In Fig. 3.1 the data for the normal component of thermal  energy are plotted fo r  
Shots 9 ,  10, and 11 of this operation. for  the iour  shots of BUSTER, and for the f i r s t  four DhOtS 
of TUMBLER-SNAPPER. Using the curves  in Fig. 3.7, curves  of shock a r r iva l  l ime  v6 distance 
(such as Figs. 2.24. 2.25, and 2.41), and the curves  01 per  cent thermal energy delivered V B  time 
in  Figs. 3.5 and 3.6, the energy normal to the ground prior !o shock a r r iva l  may be calculated. 

3.3.1 Thermal Layer 

In a recent paper on the e f fec ts  of irradiated su r l aces  on the generation of 3 precursor ,  
Sauer' has analyzed air  temperature,  sound velocity, and'thermal data f roni  TUMBLER-SNAP- 
PER. Whereas previously i t  had been lhought tha! popcorning w a s  the principal mechanism for 
rrzns[er of t,eat to the a i r ,  Sauer's analysis indicates that the operation of conventional convec- 
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live p rocesses  will  probably sa t i s fac tor i ly  explain t r a n s f e r  l r o m  the  healed ground 01 most  of 
the requi red  energy into the a i r .  Sauer  a l so  s tudied the case 01 the  ve ry  high sound veloci t ies  
over  s u r f a c e s  of fir boughs observed by NEL under  P ro jec t  8.12a. Recent  laboratory r e s u l t s  
f rom joint s tudies  by NRDL and the Cal i fornia  Fores t  a n d  Range Experiment  Station (CFRES) 
had indicated that g a s e s  initially evolved on intense i r rad ia t ion  of organic  su r l aces  may con- 
lain e lementary  hydrogen. Since the observed NEL sound veloci t ies  were  considerably higher 
than could be accounted fo r  by any reasonable  f l ame  t empera tu re  and s ince  the velocity of 
sound in hydrogen is lour t imes  that in a i r ,  Sauer  has  proposed a combination of convective 
heat t r a n s f e r .  f laming,  and dilution with hydrogen g a s  as a qualitative e x p h m t i o n  of the f i r  
bough data .  

Shors 3 and 6 were  of par t lcular ly  low yield, approximately 0.2 K T ,  and the re  is cons idera-  
ble cur ren t  in te res t  i n  the capabi l l t ies  of weapons in this  yield range. The thermal  yield for an 
a i r -bu r s t  weapon of 0.2 K T  yieid extrapolated l rom cu rves  hased upon data  obtainetl in the rance  

, 
3 . 4  CONCLUSIONS 

Resul t s  of rhe basic  thermal  measurenien ts  of t ime  to  the second maximum and the rma l  
yields a r e  i n  good agreement  w i t h  those calculated f rom the cur ren t ly  used scal ing re la t ions  in 
AFSWP-503.  T i m e s  to minimuni in the thermal  pulse Were l a t e r  than those predicted by 
AFSWP-503 .  It u a s  concluded that th i s  was due to  the Ilmited and dif lerent  spec t r a l  response  
of  r h r  insrrunients  used,  t h u s  indicaring that when the tinie t o  the minimum is quoted the in- 
s t rument  niust be specif ied.  

i n  Nevada. there  is no fur ther  requi rement  for  basic  thermal  measu remen t s  01 weapons in the 
yield range 10 t o  100 KT detonated in the a i r  at lower altitudes. Fo r  air bu r s t s  of th i s  type,  
present ly  available thermal  scal ing re la t ions  are sufficiently accu ra t e  for thermal  effects  
s tudies  ui th  gruund t a r g e t s ,  under the ideal conditions prevailing at the NPG, provided the 
t a rge t s  a r e  located over  suitably s tabi l ized areas. 

s u r l a c e s  (both organic  and inorganic) a r e  of in te res t .  Such s tudies  are under  way in the l a b -  

Based upon r e su l t s  of the thermal  measurements  f rom th i s  operat ion and f rom pr ior  t e s t s  

Fu r the r  laboratory and fieid s tud ies  of thermal  l aye r s  es tabl ished over  var ious  types of 

! 

Neaadi  appears  t o  offer  an af t ract ive opportunity lor  evaluating the fac tors  enter ing into the 
t r ans fe r  01 rhdi3nr energy through t h e  quasi- ideai  a tmospheres  in Nevada and through ope ra -  
t i o n h ; l y  m o r t  re i1  a tmospheres .  
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3.5 RECOMMENDATIONS 

As a step toward relating the propagation of radiant energy through r ea l  atmospheres,  i t  
is recommended that all the thermal  data accumulated by the various agencies f rom tests in 
Nevada be correlated and analyzed. 

I n  order to exlend or modify, as required,  the present scaling relations for thermal phe- 
nomena i n  the yield range below 1 KT, it is recommended that means  be found to disassociate 
the mass  associated wi th  the detonation 01 devices with yields in th i s  range to the extent that 
the masses  approach those contemplated Lor the stockpile weapons. 
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TOTAL WEAPON YIELD ( K T )  

F1g 3 . i -T imr  o l  Second Maximum V b  To131 Weapon Yield.  
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Fig. 3.5-Percentage o i  Totnl Thermal Energy Va Time. Shots 4 and 9 
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CHAPTER 4 

NUCLEAR RADIATION MEASUREMENTS 

4 . 1  INITIAL GAMMA EXPOSURE 

Initial gamma-radiation exposure vs distance data were collected by the use  of National 
Bureau of Standards (NBS) type film dosimeters.  Data were obtained for all  shots in the test  
s e r i e s  except f o r  Shots 4 and 11. 

t imes  distance squared v s  distance. All data given have been normalized t o  an air density of 
1.0 x lO-'g,cni'. The f i lm emulsions employed were  calibrated against Co' sources  in the 
field and were recalibrated against the IO-Mev Naval Ordnance Laboratory betatron. The  data 
presented are based on the latter calibration. 

The  data f o r  Shot 10, test  of the ek-9  &n a s s e m i i y  device presented in Fig. 4.4, were 
arbitrari ly corrected for 3 substantial effect of neutrons on the fi lm emulsions. The effect of 
neutrons on gamma film dosimeter emulsions v s  neutron energy is being evaluated a t  t h e  
Brookhaven National Laboratory IBNL) under the direction of Dr. Fred Olsen. Completion of 
th i s  study should provide correction fac tors  for the neutron eflect which, in general. will be 
signiiicant Ior thin-skinned devices and high-altitude detonations as well as for gun-assembly 
devices. 

Yield data,  together with factors describing the gamma exposure distance data at distance, 
a r e  summarized I n  Table 4.1 for purposes of comparison. 

The e-fold distance A and the intercept and the zero  intercept of the extrapolated Rd VE 

D plot conveniently summar ize  the data. Variations in  the values of A and of roentgens per 
kiloton yield at 2000 yd a r e  a measure  of the influence of the nature of the nuclear device tested 

Figures 4 .1  to 4.4 present the total gamma-radiation exposure data i n  t e r m s  of roentgens 
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terval.  The data show variation in the low energy part of the spec t rum with detector head 
orientation resulting f rom s o m e  absorption of soft gamma radiation by the detector mounting. 

Figure 4.6 shows the a i r  dose r a t e  contribution pe r  unit energy  interval corresponding to 
the spec t rum of Fig. 4 . 5 .  The relative contribution of soft gamma radiation (below 100 kev) is 
quite small  for the radiation fields measured. The data show increased contribution of higher 
energy components at the la le r  t imes  of measurement;  however, s ince  the locations were not 
identical, it i s  not c lear  whether the difference reflects a change in radiation quality with t ime 
o r  wlth position. 

The resu l t s  obtained in this study do not necessarily invalidate the r e su l t s  and conclusions 
of Operation JANGLE Project 2.4c, Report WT-348, which indicated substantial soft gamma 
contribution, s ince  the nature and distribution of contamination as well as the relative position- 
ing of the measurement points may be quite dissimilar.  

Before one can reliably a s s e s s  the adequacy of present designs of gamma-radiation de- 
tection devices,  much more  information i s  required on the gamma spec t ra  for residual con- 
tamination fields. Instruments which can be employed in fields of higher intensity a r e  required.  
Future measurements 01 the field spec t ra  should be augmented with fallout sample collection 
and analysis so  that the spec t ra l  data can be evaluated i n  terms-of the nature and distribution 
of the contaminant. It is also suggested that consideration be given to measurement of the 
spec t ra  in shielded positions and she l te rs  where the radiation i s  predominantly highly sca t te red  
and thus predominantly of Lower energy than i s  efficiently recorded  by most gamma radiac de-  
vices. 

In addition to the need fo r  better information on the gamma energy distribution. more  must 
be known of the relative biological effectiveness of gamnia r a y s  v s  energy. Bolh a r e  necessary  
for the dependable evaluation of the adequacy 01 gamma detection devices. 

4.3 NEUTRON FLUX 

Data a r e  presented for thermal and fast neutron flux vs distance for Shots 8 ,  9 .  and 10. The 
data were obtained using gold and tantalum detectors for thermal  neutrons and su l fur  threshold 
detectors fo r  fast (3-Mev threshold) neulrons. 

For thermal neutrons the time-integrated flux t imes  the range is plotted against range in 
Figs. 4.1 to .4.9. For fast neutrons the time-integrated flux t imes  the square  of the range is 
plotted against range in  Fig. 4.10. Such plots yield straight l ines on semilog paper and represent  
the neutron f l u x  data at ranges  beyond about 600 yd lor the yields involved. 

The data a r e  summarized in Table 4.3 together with radiochemical yields and zero inter-  
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Xotc. UPSHOT-KNOTHOLE data not corrected t o  aianhnrd a tmosphere .  n v l I  D 16 ihe  ordinate lor 

ItwrmnI fluxes, n v ~  1 D' for  fast neutron f l u e s .  

t iun with disiance l r u n  t h t '  burs t  point. Both the r e s p o n s e  of g a m m a  film d o s i m e t e r 6  to neu 
t rons vs neutron energy  and the biological e f fec t iveness  of n e u t r o n s  v s  energy  a l s o  r e q u i r e  
iur ther  e v a l u a t i o n  

4 . 4  RADIOACTIVE PARTICLES INSIDE AIRCRAFT 

Projec t  2 .1  was c o n c r r n e d  w i t h  the m e a s u r e m e n t  01 the  s i z e  d is t r ibu t ion  and concentrat ion 
(3 :  a tumic-bomb c l o u d  p a n i c u l a t e s  en ter ing  a i r c r a f t  through the cabin pressurization s y s t e m .  
Sarripirs were  obtained u s i n g  c a s c a d e  impactor  equtpnient connected lo the intake manifold of 
1u.0 drone  F-80 a i r r r a l t  
t u  a 5 s e s s  biulog;i.al h a z z r d r  i n  a i r c r a f t .  

T h e  rebul t s  uiitained by p a r t i c l e  s t u d i e s  in  Pro jec t  2.1 suppor t  the conclusion of P r o j e c t  
4 . 1  that the p o 5 s ~ b l t  hazard  f rom inhalation inside a i r c r a f t  is of no consequence in  re la t ion  to 
thc e l f r c r s  01 externa l  g a m m a - r a d i a t i o n  e x p o s u r e  

T h e s e  a r e  the  s a m e  a i r c r a f t  ins t rumented  wi th  a n i m a l s  by Projec t  4.1 

4 . 5  RESIDUAL GAMMA-RADIATION DEPTH DOSE IN UNITY DENSITY MATEKLAL 

P e r s o n n e i  u t  [he Naval Medical R e s e a r c h  Inst i tute .  Bethesda ,  Maryland,  c a r r i e d  out g a m m a  
dr inh  dose  measurPni?nts  i n  a r e a s  of fallout following s e v e r a l  s h o t s .  T h r e e  types 01 phantoms 
or u n i t  densi ty  n ia l r r ia l  were  employed:  s e t s  of luci te  s p h e r e s  of varying wall th ickness ,  a 
l a r g e  niasoni i r  s p h e r e  ins t rumented  in depth,  and a s imula ted  man,  also of masoni ie .  Small  
Y i t i e r l  type 1oniz3tion chanlbers  were  used a s  d e t e c t o r s .  Cons iderable  da ta  were oliiatned 
nhir t i  shuu the ao5e distribulion i n  depth fo r  u n i t  densi ly  m a t e r i a l s  for  the s e v e r a l  g e o m e l r t e s  
u s r d .  
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CHAPTER 5 

EFFECTS ON STRUCTURES 

5.1  INTRODUCTION 

It is the intent of this chapter to d iscuss  generally lhe effects of atomic b las t s  on struc- 
lures and installations, u'ith reference primarily lo the results of Shots 9 and 10. Included 
herein a r e  elements or objects tested fo r  the purpose of determining data which can be applied 
to the prediction of s t ruc tura l  effects. These s t ruc tu ra l  effects a r e  related to the e f f ec t s  on 
equipment and objects of various kinds. Many of the general  comments made in  this chapter 
a l so  apply to mili tary targets.  

pear in  Appendix 8, Section 8 . 3 .  
Sunimaries of pro jec ts  pertinent to the effects on structures,  material ,  and equipment ap- 

5.2 EXPERIMENT DESIGN 

'The experiments described in  this chapter can be divided into lwo groups: one in which the 
pr imary  objective was lo determine loading or fo rces  on objects of a parlicular s i ze  and shape, 
and another i n  which the p r lmary  objective was to determine the response of a par t icu lar  kind 
of s t ruc tura l  element or complete structure.  However, many of the tes t s  designed lor deter-  
mination of loading permitted observations of s t ruc tura l  response, and conversely. If both the 
loading and the response a r e  measured, lhen there is a possibility of extending the test  obser- 
valions to s t ruc tures  or elements of different form and design. 

Information concerning both loading and response of s t ruc tures  may be available from 
sources  other than atomic field tests. The applicability of data obtained from such sources  can 
be verified by field tests.  

5.2.1 Loading Tes t s  

Although data on loading a r e  available from shock tube and wind tunnel tes t s ,  field tests 
a r e  required for the purpose of considering the effect of variables which cannot be readily r e -  
produced i n  l a b r a l o r y  tests. In this program,  measurements were attempted on rectangular 
and cylindrical objects in seve ra l  different positions and at  differen! p r e s s u r e  levels;  on bridges 
and elements of bridges; on atmveground s t ruc tu res  with and without earth cover; on roof and 
wall panels; and on beams covered with various depths of earlh. In some of these t e s t s  the 
loading %as determinable only f rom pressure-gage  readings on various faces of the objects 
tested; i n  other instances loading could be inferred f rom measured reactions o r  f rom structural  
responses.  The t e s t s  of wall and roof panels,  in  par t icu lar ,  were designed lo furnish inlorma- 
tiuii on the change i n  loading a s  a function of the panel response,  primarily in the range where 
break-up or fa i lure  of the panel occurred during the loading phase. 
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5.2 .2  Response Tes ts  

Observations were made of s t ruc tura l  response for roof and wall panels, for  she l l e r s  m d  
sheller components, f o r  buildings of various design and type 01 construction, and for  window 
glazing. 

also of the res i s tance  pa rame te r s  of the s t ruc ture .  If the loading is not available from theo- 
retical  studies or laboratory experiments,  i t  must be determined by measurements of pres -  
s u r e s  o r  net forces  if a correlation between prediction and observation is to be achieved. The 
loading, i n  magnitude and duration, and the res i s tance  of the s t ruc ture  or s t ruc tura l  element 
a r e  the most important variables affecting the s t ruc tura l  response. Some s t ruc tures  a r e  sim- 
ple enough that their dynamic resistance can be computed or  can be measured by means of 
laboratory tests. However, many other Structures a r e  s o  complicated that information is not 
available from laboratory tests o r  theoretical studies lo permit the assessment  of their dy- 
nzmic resistance. For  these s t ruc tures ,  some  les t s  must of necessity be made with lhe pur- 
pose of delerniining the performance of a particular s t ruc ture  subjected to P par t i tu la r  set  of 
phenoniena resulting from the detonation o i  a given bomb. Such tes t s  have limited applicability 
unless a theoretical explanation of the response is developed. 

Structural response to dynamic loading i s  in general a lunction not only of the loading but 

5.3 

5.3 .1  

COMMEKTS ON IKTERPRETATION O F  RESULTS 

Drag, Dilfraction, and P recu r so r  Phenomena 

In general, the loading on a Structure is a function of i t s  oulline and the s ize  of i ts  individ- 
ual elements,  a s  ue l l  as of the general conditions oi terrain and the variables pertaining to the 
height of burst and yield of the weapon. The la t te r  fac tors  determine the intensily of the blast 
waYr and its duration. These a r e  affected by the te r ra in  and parlicularly by the thermal inllu- 
ences resulting f rom the thermal radiation interacting with the terrain.  These influence both 
the overpressure ,  p. ana the dynamic p res su re ,  q, which determines the so-called drag p r e s -  
s u r r  resulling from lhe particle motion of the air .  A more  general treatment of blast param-  
e l e r s  is included in Chapter 2. 

s r ruc tur r  i n  sume cases  particularly susceptible to the loading f rom hffraction o r  i n  other 
cases  to the drag of lhe dynamic p res su res .  

eve r ,  the time i t  takes for the diflraction phase of the loading to c lear  i s  dependent on the size 
of the Structure or  the structural  elements.  Therefore,  a s t ruc ture  which is relatively very 
narrou i n  the dimension parallel to the blast front or  made up 01 par t s  which a r e  narrow and 
lhin is i n  general aifected primarily by drag. I t  is called a drag-type structure.  

On lhe other hand, a s t ruc ture  ahich is moderate or  large in size and has walls that do not 
fail quickly is affecled primarily by the diffraction fo rces  which a r e  considerably grea te r  i n  
magnitude than the drag forces.  11 i s  not always possible lo &fferentiate clearly between these 
two types; some s t ruc tures  a r e  01 intermediate s ize  where both diffraction and d rag  a r e  of 
nearly equal importance. Again, a s t ruc ture  nhich may be diffraction-type s t ruc ture  in the 
early s tages  of loading may become a drag-type s t ruc ture  in the la te r  s tages  il 11 has a cover- 
ing that fa i l s  a f t e r  transmitting s o m e  fo rce  lo the f r ame .  In addition, some s t ruc tures  may be 
aflecled primarily by the difierence of external and internal p re s su re  or by overall  crushing 
from the external pressure .  

Most 01 the s t ruc tures  i n  Shots 9 and 10 were clearly of one type o r  the other, ra ther  than 
a mixture of both types. In general ,  the bridges,  fores t  stands, lelephone poles, towers,  other 
lhin, tall ablecis,  and probably the vehicles of various types were primarily drag-type ta rge ts .  
The wall panels i n  the various s t ruc tures  in this program were primarily diffraction-type 
s t ruc tures .  The geometric shapes of Pro jec ts  3.1 and 3.3 u e r e  i n  general mixed-type s t ruc-  
tures 

The s ize  and makeup of the s t ruc ture  influence the loading transmitted to i t  by making the 

A l l  s t ruc tures  a r e  subjected lo influences f rom both phenomena, diflraction and drag. How- 
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The imporlance 01 l h i s  distinction Of s t ruc tura l  type l ies pr lmar l ly  In the difference be- 
tu'een the e f fec ts  of Shots 9 and 10 in their  overpressure  and dynamlc-pressure phenomena. 
Considerable attention i s  devoted to blast  phenomena In Chapter 2. Shot 9 ,  a relatively high 
burst  (2400 It), essentially represented the ideal case, uilh no pronounced surface o r  thermal 
e f f ec t s  on blast. In the Mach region lo r  ground ranges grea te r  than about 2500 11, the dynamic 
and s ta t ic  overpressures  followed the conventional Rankine-Hugonlot relationships at the shock 
front.  Consequently, when proper attention is paid lo the blast-wave duratlon, which I s  a func- 
ticin of lhe detonation yield. damage to both drag  and diffraclion t a rge t s  could be described in  
l e r m s  of either s ta t ic  o r  dynamic overpressure.  In the regular reflecllon region for ground 
ranges less than about 2500 It on Shot 9 ,  simple geometric relatlonshlps show thal dynamic 
p res su res  were substantially l e s s  lhan would be obtained by applying the conventional analyti- 
cal relationships to calculate them I rom the Static overpressures.  Hence, in this region the 
damage lo  drag and diffraction la rge ls  cannot be described in t e r m s  01 a single blast param- 
e te r  but must be related 10 the dynamic and static overpressures,  reSpeCliVely. Clearly, i n  the 
r e y i a r  reflection region, Shot 9 would be less damaging to drag-type ta rge ts  than would an 
equal-yield low burst over an ideal su r f ace  at locations having the s a m e  peak overpressures.  

Shot 10 u a s  a relatively low burs t  with pronounced Surface and thermal eflects on the blast 
uave. These blast-wave perturbation effects, characterist ic of a p recu r so r  region at the 
Nevada Proving Grounds, had the ellect of reducing the Static ove rp res su res  belou, those antici- 
pated in  the ideal case.  It u a s  c lear  that the effective dynamic p r e s s u r e s  were at least equal 
tcl or grea te r  lhan  those to  be expecled in the ideal case,  and the e f lec ls  of dust loading were 
not isolated. Consequently. i n  the p recu r so r  region (also the Mach reflection region for all lo- 
cations of in te res t )  on Shol 10 the effective dynamic overpressures  were subslantially grea te r  
ihan uould have been calculated f rom the measured static overpressures  by the application of 
conventional analyiical relationships. Hence, on Shot 10 i n  the p recu r so r  region the effects on 
drag-lypr targets could not be described i n  t e r m s  of the measured peak sialic overpresswes .  

11, t h r '  p recursor  reCiuii of Shot 10 cannol be compared on the basis of peak static overpressure 
but mus t  be compared on the bas i s  Qf ellective dynamic pressures .  Consequently, i n  spite of 
i h u  fact thal Shot 10 w a s  considerably lower in yield than  Shot 9, a t  ground ranges less  lhan 
aboui 2500 It Shot 10 u'as markedly more  damaKing IO drag-tlpe targets.  This result can 
clearly be ascribed to the e f f ec t s  of Mach rellection and the p recu r so r  region of Shot 10, even 
i lauu$l\ thv dust v f f v c t 3  VI,  Sh<,l 10 were not isulated. 

5 . 3 . ?  limit in^ conditions 

The effects of Shots 9 and 10 on drag-type targets at stalic overpressure  levels encountered 

Measurements 01 structural  respunse in a field test give, at most, only specilic resulls for 
t h ?  particular o b ~ e c t  tested and for the particular loading conditions applied to i t .  These data 
a r e  generally maximum transient deflection determined from appropriate instrumentation, max- 
imum permanent deflecliun. or  type oi  damage. From these data, inferences can be drau'n a s  
l u  the  conditions that would produce a given degree vf motion or  damage. However, s u c h  infer- 
ences can be draun  only i n  those cases  u h e r e  measuremenis a r e  available or where estimates 
can be made 01 both the loading and the s l ruc tura l - res i s tance  pa rame te r s .  Where such infor- 
mation is not available, inlerences a s  to limiting conditions fo r  failure can still be draun  if r e -  
sults on a number of i t ems ,  ranging from slight damage to failure,  a r e  available. For example, 
i i  objects  such as \,elilcles a r e  overturned up to Sume distance and then f r o m  this point on r e -  
maiii essentially unalfectrd by the blast. a Iairly good estimate 01 the limiting conhtion lo r  
owrlurninR of the objects can be made. It should be emphasized that these  limiting conditions 
nf p ressure  or  distance a re  t h t  most important data u,hich can be determined from structural-  
rrbpoiise tests.  

Uiduriunately, t h e  limiling condition for failure or  for a given degree  of damage is not al- 
M a y s  easily infer red  f rom field-tesi  data. For  s t ruc tures  which a r e  loaded into the plastic 
rangy a n d  fo r  loadings u,liich last f o r  even a moderate length of  time compared w i t h  the funda- 
menial period of the s l ruc lure  or  Structural elemenl, deilections of s t ruc tu res  o r  structural  
element> a r e  very sensitive to: minor variations i n  the magnitude of the peak loading. the 
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yield-point resistance level, the duration of the ent i re  kxxling, and particularly the t ime  of 
r i s e  f rom the beginning of loading to Lhe peak hading. In some cases ,  as the r i s e  time of the 
fo rce  on the s t ruc ture  inc reases ,  the response first decreases  and h e n  increases.  

The situation i s  entirely different l o r  high-explosive bombs. For such bombs, which pro- 
duce a relatively shor t  positive phase of p re s su re ,  the s t ruc ture  is subjected to essentially an 
impulsive loading, and the deflection is clearly determinable and reliable as a measu re  of the 
influence of the loading. However, where the loading is of relatively long duration, as i s  the 
case  for most of the s t ruc tures  in the UPSHOT-KNOTHOLE program, wide variations in de- 
flection a r e  produced by minor variations i n  overpressure  or dynamic-pressure level. Conse- 
quently, very good and consistent data can generally be obtained concerning the overpressure  
level o r  dynamic-pressure level which might produce failure, even though it may be impossible 
t o  predict the amount of deflection which might be produced under given conditlons. The p r e s -  
s u r e  level required for a given degree of damage or failure is the preferable measu re  of the 
resu l t s  of the test because i t  is l e s s  sensit ive than the degree of response. In addition, it is a 
more  realist ic value fo r  extrapolation to other cases ,  including other structural  types, other 
size5 of bombs, and especially large-yield weapons in the thermonuclear range. 

A s  an indication of the way i n  which the various pa rame te r s  affect the response,  the case  
of an object such as the Bailey bridge, which can move relatively freely except for the r e s i s t -  
ance of fe red  by friction, may be considered. Fo r  such a s t ruc ture ,  the amount of motion is 
roughly proportional to tne product of the following two quantities: the square of the difference 
between the peak dynamic fo rce  and the sliding resistance,  and the square of the effective dura- 
tion of the dynamic pressure .  If the peak dynamic fo rce  is smal le r  than the sliding res i s tance ,  
the ~ t r u c l u r e  does not move a t  all. However, when it is only slightly grea te r  than the sliding 
res i s tance ,  even a very smal l  change i n  the peak dynamic fo rce  can cause a tremendous change 
i n  the motion. A s imi la r  condition a p p l ~ e s  to other s t ruc tura l  types, although the relations a r e  
somewhat more complicated. These facts a r e  a good argument against zltempting to refine 
predictions of response to a g rea t  degree  f r o m  the measured input data in a field test, inasmuch 
a s  these input data can never be accurately known. 

Although there is a diflerence in the positive-phase durations (both lor s ta t ic  overpressure  
and dynamic pressure)  between Shots 9 and 10 becaufie of the difference in yield, corresponding 
durations a r e  of the same  general o rde r  of magnitude. Therefore  the limiting conditions in-  
fe r red  l rom these shots can generally be compared i n  t e rms  of measured static overpressure  
o r  dynamic p res su re  for diffraction or  ior drag-type targets respectively, owing to the smal l  
influence that the duration has on the limiting p res su re  for failure in either case.  If lhe dura- 
tions had been significanlly different, comparisons i n  these t e rms  would not have been valid fo r  
the d r a g - t p e  s t ruc tures .  

5.4 RESULTS 

5 . 4 . 1  General Description of Damage 

Summaries of the individual projects a r e  given in Appenbix B, Section B.3, and in the in -  
dividual project reports.  The purpose of t h i s  section is to give a brief qualitative description 
01 the damage observed i n  Shots 9 and 10 for those s t ruc tures  which, because of intent or 
otherwise,  were subjected to major deformations f rom the blast. 

The cubic i t s  of Project 3.1 and the cylinders of Project 3.3 were designed primarily to 
obtain ioadinb information and except for one concrete block suf fered  no major deformation. 
The t rus ses  of Project 3.4 were a l so  designed primarily to study Ioadmg, but i n  Shot 9 the truss 
bridge deformed slightly due pr imar i ly  to s l ip  of the cable clamps i n  the bracing. In Shot 10, 
the upper part  of lhe truss-bridge section failed completely and fell lo the ground, even though 
the cable-clamp detail was strengthened. This fa i lure  was at a lower overpressure  but prob- 
ably at a higher dynamic p res su re  than i n  Shot 9. 

In Shot 9 the wall panels of Project 3.5 failed, except f o r  some  of the brick panels,  
The railroad equipment of Pro jec t  3.6 was tested only on Shot'lO. Wooden boxcars,  empty 

or loaded, were severely damaged u'ithin 3000 ft. This damage u'as more seve re  than expected 
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M d  indicates, wlth other phenomena, a grea ter  dyNmlc  presntre In the prmumor r m o n  tb.n 
w u  expected. 

and ventllation devlces,  were  undamaged by Shot 0 h t  were deitroyed In Shot 10 where the 
p r e s s u r e s  were conalderably g rea t e r  than had been intended. 

The  burled s t ruc tu re  of Pro jec t  9.8 Indicated, for modera te  defleCUoM, U t  lltlle U my 
elfectlve attenuatlon w a s  experienced in the p reasu res  t r m u d t t e d  to 8 burled s t ruc ture  
through an ear th  cover. This concluslon, of course,  is l lmlted to 8 depth of ea r th  cover about 
equal to the 8-11 span of the structure.  Very little permanent deformauon of the clement. tn  
the s t ruc ture  w a s  experlenced. 

In the field fortlilcailons of Pro jec t  3 .0 ,  fallure began In the cover-supportlng t imbers  at 
moderate overpreasures ,  but no fa l lures  occurred In revetment.  except close i n  to the blast. 

In the Ilght-steel-frame s t ruc tu res  of Project 9.11, b m e g e  W U I  obtained only i n  Shot 9. 
There  was an indication lhat only minor damage occurred  at B 1-psi level in the unrehforced  
bul ldug;  considerable damage even In the reinforced bullding occurred at an overpreasure  
level 01 2.2 psi. In the brick wall bullding protected by p rec re t  r i b  panels on the s ides  and roof 
(Pro jec t  S . t Z ) ,  there  were lndicallons of d is t reas  In the wall panel. f rom Shot 0 and breakage 
of about 30 p e r  cent of the wood jolsls In the roof of the s t ruc ture  f rom the load t r m m l t l e d  
f r o m  the deflection of the concre te  roof covering. 

tural damage Y’a6 noted either In Shot 9 a1 about 10.7 ps i  wlth ea r th  cover, or In 6hol 10 wlth 
the ear th  cover removed. 

The precast  warehouse of Pro jec t  3.14 was not te r ted  In its completed condition In Shot 0. 
but the f r a m e  alone sutfered no damage. In Shot 10, the roof panel fa i lure  was fairly complete 
at an  overpressure  of a b u t  2.0 psi. 

The  Armco steel  magazine of Projec t  9.15, under earth cover,  showed no iignlftcant dam- 
age i n  ei ther #hot except for an entrance-door f r ame  fa i lure  in Shot 9. 

The glarlng and window c o n s t ~ c t l o n  ot Project 3.16 showed fallure In general at dlllerent 
p r e s s u r e s  for the dllferent types of glazing but Indicated that in most caies p r e s s u r e  levels 
g rea t e r  than 2 psi would break most gllss panels. 

The  forest  stand of Pro jec t  9.19 showed little attenuation of the statlc p re s su re  or of the 
d rag  p res su re ,  ht considerable miss i le  hazard due to flylng branches wan exper ienced  

The  communications sys t em of Projecl 3.20 showed little damage In Shot 9 but conslder- 
able damage in  Shot 10, indlcative of the grea te r  dynamlc pressures In that shot. A number ot 
poles were  broken I n  Shot 10 up to a l imli  for dynamic p r e s s u r e  correspondlng to about 5-psi 
overpressure .  

The  vehicles 01 Projec l  3.21 showed a range In r e su l t s  indlcatlng d i sp luemen l s  of the or- 
de r  of 6 11 f o r  ove rp res su res  of approldmately 8.6 ps i  In Shot D but considerably g rea t e r  ef- 
fec ts  in Shot 10, with vehicles hurled grea t  distances through the air and frequently broken In- 
to pleces.  

The  Bailey brldge of Pro jec t  9.22 slid about 4 ft o n  the s tee l  channel sills Pt an overpres-  
s u r e  of 8 psi  in Shot 0 and was moved over 17 It off the p i e r s  m d  wrecked In Shot 10. 

The  LVT’s of Project 3.24 showed very light damage In Shol D, In general requiring g rea t e r  
than 2 2  psi for fa i lure  in  that shot. These received seve re  damage i n  Shot 10. 

5.4.2 Discussion 

The  s t ruc tu res  of Pro jec t  5.7, wNch were intended (0 furnub 8 study of e n t r m c e  W f l e s  

In the precas t  gable a t ruc turea  of Project 9.13, only slight cracka and practically no s t ruc-  

Because of the grea te r  dynamic p res su re  for a given overpreosure in  Shot 10 compared 
with Shot 0, spectacular damage occurred  at overpressures  In Shot 10 ai which lllile or no dam- 
age occurred i n  Shot 0. Military equlpment wad broken up and atrewn over the landscape In 
Shot 10, whereas i n  Shot 0 I t  was only overturned and in some  cases  not moved at all .  Simllarly,  
the close-In instrument lowers on the blast line, undamaged by Shot 9, were thrown down or 
badly damaged by Shot 10. Slippage of the Crosby clamps used nn the p l d e  cables may have 
contributed to lhe failure of these towers, but there 1s evidence that the clamp detall was only 
slightly weaker than the  other connections and the cables themselves. Clearly the e f fec ts  of 
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Shots 9 and 10 should not be compared o r  judged on the basis of equal s ta t ic  overpressure  for 
targets in the p recu r so r  region of Shot 10 or in the regular reflection region of Shot 9. 

In general ,  the eIfect of Shot 10 was g rea t e r  than Shot 9 only for drag-type structures.  
Consequently, it  i s  clear that (he dynamic pressure must be the Sactor with which comparisons 
a r e  l o  be made f o r  damage to drag-type s t ruc tu res ,  whereas the s ia l ic  ove rp res su re  is the 
criterion for  diffraction-type s t ruc tures .  However, dynamic p res su res  were not measured ai  
each location. Consequently, i n  this chapter and in Appendix B, Section 8 . 3 ,  re ferences  are 
oilen made to  values of slatic ove rp res su re  a s  a measure of dynamic p res su re ,  wilh the under- 
standing that  the dynamic-pressure values a r e  approximately equal to the ideal values for the 
reported magnitudes of s ta t ic  overpressure .  

Simple analytical considerations indicate that the effects on diffraction-type targets i n  :he 
precursor  region characterist ic of Shot 10 might be l e s s  than for corresponding overprebsurr3 
i n  Shot 9. because of the slow r i s e  t ime of t h e  static overpressure  in the p recu r so r  region. 
Houevcr, there n'as insulficienl experimental evidence lo j u s t i f y  a n y  conclusion of the relative 
efJt,rts of Shots  9 and 10 on diffraction-type targets at corresponding overpressufes .  

The e f f ec t s  of dynamic loading and of vibrations a r e  important in blast resistance.  Details 
of connections requi re  special consideration in order  to resist. blast loading. 

Earth cover has  at least a bonus value i n  reducinl: radiation and miss i le  hazard. However, 
for  underground s t ruc tures  beneath a plane ground surface,  it  appears  lhat unless the deflec- 
tions a r e  la rge  there  is little effective attenuation offered by earth covcr of l e s s  depth Ihan the 
short  span. Under such conditions, the earth ac t s  as  an additional m a s s  and may reduce the r e -  
sponse of the s t ruc ture  to very short  duralion. or impulsive, loading. Fo r  long duralion loads, 
the effect of the earth mass  i s  negligible. 

the loading by changing the outline of the strucCure; and (2) to add m a s s  to Ihe s t ruc ture ,  which 
may increase  greatly i ts  resistance to short-duratiun loads. For long-duration lo lds ,  hou,ever, 
the increase  in s t r e n g h  is negligible. 

5 . 4  3 General Comments 

For  aboveground she l te rs  covered with earth,  lhe influence of the ea r th  is: (1) to change 

In atomic f le ld t es t s ,  whether for the purpose of determining loading o r  response,  careful 
planning of the test program is required.  Withcwl sufficient advance knowledge of the i u t u r t .  of 
the response of the s t ruc ture  and the pa rame te r s  governing i t s  response,  it  may be impossible 
10 place thl? s t ruc tur?  i n  a region where the magnitude u i  the deflections or deformatioiis n'ill 
be significant. Even in  the situation uhe re  only loading phenomena are lo be studied. unless 
some prediction a s  10 the magnitudes of the quantities to be measured a r e  available no absur -  
aiice is possible that the instrument readings n7ill be large enough lo provide useful result,, br- 
cause of the necessity fo r  setting the ranges of the instruments carefully. 

Because of the many malor uncrrtainties affecting luading and response,  i t  is desirable tu 
mxke such preliminary obser\.aliuns as are required t o  determine the properties of the object 
sublected lo t e s t  and to insure the proper interpretation of the teat records .  Furttiernivrc, r e -  
dundancy i n  the measurements should be provided I n  order that  reasonable resu l t s  can be ob- 
tained w i t h  lhe normally expected number of fa i lures  i n  the recording channels. 

studied 31 the s a m e  time 111 such 3 u'3y thdt some estimate of the loading can also be infer red  
from the response. In tests 01 this sort ,  [he various interrelationships among the data permit 
information to be obtained even under unfavorable conditions. 

pletion of each of a la rge  number of separa te  readings. Under such c i rcumstances  the failure 
of only one channel may iwal ida te  the n.ho:e test. 

Care  should be used in applying the resu l t s  of these tests,  i n  t e r m s  of specific values of 
overpressure  or  dynamic p res su re  required to produce damage to various targets, to conditions 
i n v u l r l n g  n'eapons of greatly different yields or  subst2ntially different heights of burst. 

ln general ,  the mos1 successful tesl  program is one i n  w h i c h  loading and response art .  

Finally, in no case  should the success  o r  failure of a project. hinge on the successful com- 
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CHAPTER 6 

EFFECTS ON AIRCRAFT STRIJCTURES 

6.1 INTRODUCTION 

Accur l c )  of bomb delivery is ordinarily a function of the closeness of approach of the de- 
livery a i rc raf t .  I n  the case  of aloniic-bomb delivery, the nearness  of approach ol the bomber 
t u  t h r  target is severe ly  limited by the effects of the bomb burst  upon the delivery a i rc raI t  
slructure.  Thus the elfectiveness of the atomic bomb i n  warfare  i s  cri t ically dependent upon 
acruratr knou,ledge of the reaction of the delivery a i rc raf t  Structure to the bomb's e f fec ts  and 
upon ability to predict the rnapnilude of the effects.  Resolution of these f ac to r s  naturally leads 
to improved design c r i t e r i a  lor future delivery aircraft .  In addition, from the standpoint of 
both offensive and defensive operations, the effects on a i rc raf t  on the ground must  be under- 
siood. 

6.1.1 Backgrouiid 

Extensive instruniented t e s t s  of aircraft  s t ruc tu res  i n  flight were first attempted at Opera- 
l i on  GREENHOUSE, although on previous t e s t s  limited qualitative data had been collected. The 
resu l t s  of GREENHOUSE provided considerable data which were used i n  the development of 
generalized analytical procedures lor  prediction of ef fec ts  on a i r c ra f l  i n  flight. However, in- 
5lrunientatioii failures and liniiiation i n  scope left certain gaps in effects information lor which 
lurther t e s t s  were required.  Likewise, extensive t e s t s  on parked a i rc raf t  were conducted on 
Oprrarion TUMBLER-SNAPPER. The resu l t s  of these t e s t s  indicated further experimental 
u o r k  nas required i n  protection problems for parked aircraft .  

6 . 1 . 2  Scope - 
During UPSHOT-KNOTHOLE lurther attempts were made to determine experimentally the 

e f fec ts  of atoniir u'eayons upon various a i rc raf t  s t ruc tures  in flight and on the ground. Three 
differeiit tyves of a i rc raf t  (Navy AD. Air Force 8-50 ,  and 8-36), thoroughly instrumented to 
nieabure hading  and response,  were flown at various distances f r o m  both tower and a i r -burs t  
deionations. Fighter and bomber type a i rc raf t  were exposed on the ground. I n  addition, various 
components and idealized s t ruc tures  were exposed on the.ground, some in specially constructed 
niounls designed t o  separa te  the blast and thermal magnitude 01 the loads imposed by these two 
e f f ec t s  separately and simultaneously. 

C.2 THERMAL EFFECTS 

01 the many effects observed during the t e s t s ,  the most spectacular were the thermal ef- 
k c l >  u~l i idi  i n  one case  led to the loss of a drone a i rc raf t  in  flight, apparently through weakening 
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of the s t ruc tu re  by heating. From th is  and other flight tests of thls se r l e s .  It appears  vel1 e s -  
tablished that In predictlng thermal  flu at a position in space ,  ground reflected radiation a6 
well as di rec t  radiatlon must be consldered. This i l  Of grea tes t  1 m p o N n c e  for burat6 occurring 
relatively near to the ground and/or over ground rur iaces  with a high renettion cocfficient. 

finish presently available for the reduction of thermal e f f ec t s  on alrcrrft nmclwes. The use 
of EuCh reflective sur face  flnlsh probably would have prevenled loss of the Ibove-mentloned 
drone. and it follows that reflective sur face  finishes would be advantageous for dellvery alr- 
c raf t  in so far an minimization of thermal  eiiects is concerned. 

It is noted that of two different types of whlte paint tested,  one char red  after M Input of 
about 2 5  ca lor ies ,  thereafter becoming a good absorber for remalning thermal  radiatlon, 
whereas the other, a silicone base heat-resistant paint, r e m a h e d  white a! hlgher temperatures 
and thus afforded much g rea t e r  protectlon at higher thermal Inputs. 

It is evident that in any study ol efiects on s t ruc tures  where both thermal  and blast effects 
a r e  appreciable, the modification to the s t ruc ture  resulting f rom the thermal inpuis may in- 
fluence the effects resulting from the blast inputs. From the ground experiments of ProJect 8.1, 
sufficient data were obtained to make possible a reas+nbly complete study of the blast and 
thermal  coupling effects and of thermoelabtic effects on c e n a l n  types of a i rc raf t  s t ruc tures .  

Considerable data were collected concerning thermal  e f fec ts  on various mtructural com- 
ponents including b m  beams; tension t ies ;  bonded metal waifle, hat, and honeycomb specimens; 
B-96 s tab i l izer  assemblies;  T-28 s tab i l izer  assemblies;  fabr ic  control curface covering; a d  
a i rc raf t  undercarriage components. Some noteworthy findmgs v e r e  that bonded metal waffle 
panels are l e s s  vulnerable to permanent skin buckling than bonded metal hat panels for tem- 
pe ra tu res  l e s s  than 950'F, that the  threshold of permanent sk ln  buckling lor bonded metal  f h e d  
edge hat panels is as little as about 50'F of temperature r i s e ,  and that the fnllure of the adhe- 
sive bond oi bonded metal honeycomb core  panels occurs  at t empera tures  as low as SOO'F. 11 
w s  found that foil covered f ab r l c  can withstand thermal  I n p a s  twice that of white painted fab- 
r i c s  before  cri t ical  damage is encountered. 

t e s t s .  Metallographic examination of skm specimens Indicated microscopically localized a r e a s  
of high tempera tures  fa r  in excess  of measured or  predicted temperatures.  Due to the localized 
charac te r  of the thermal  damage, It  is not considered signiflcant In aflectlng s t ruc tura l  strength. 
Similar damage did not occur in  equivalent specimens exposed on the ground. 

The  ground and air thermal  data ver i fy  theoretical procedures lor predlctlon of aerody- 
namic cooling of heated su r faces  as presented in reference 14 of the Project 5.1 report .  How- 
e v e r ,  exact thermal properties of the surface concerned must be known in o rde r  to obtain 
quantitative correlation. 

of cloth thermal  shields. Strong t i e  downs also were effectlve in reducing total damage lo 
fighter a i rc raf t  parked nose toward the blast for overpressure  levels below that where dis- 
integration of the a i rc raf t  takes place. D m a g e  to parked a l i c r l i t  In the p recu r so r  region i s  
considerably hlgher for  a given overpressure  level than It Is in the region where a clean shock 
is formed. Unprotected modern a i r c ra f t  probably would not surv ive  In the p recu r so r  region at 
overp res su res  above 10 psi .  

Some conclusions concerning the rma l  Instrumentation arc of Interest. Thermal  meas-  
urements  by means of tempera ture  senslt ive papers adhered to sur faces  generally gave poor 
accuracy and frequent failures.  Thermocouple measurements were rellable. The  lack of a 
high lernperature s t ra in  gage limited the value of the lest .  Glass panels gave excellent per- 
formance as blast shields for tes t  specimens. 

It also appears well establlshed that a whlte heat-recistant p a h t  1s by frr the best surface 

An interesting. though unexplained, phenomenon was  observed f rom the ProJec t  5.1 flighi 

The rma l  and overpressure  damage to parked a i rc raf t  was considerably reduced by the use  

6.3 BLAST EFFECTS 

Study of the biast input and loading data leads IO a generalized concluslon that center of 
gravity acce1eri:ron and s t ruc tura l  s t r e s s  can now be empirically predicted for the types of 
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a i r c ra f t  tested Mth reaBMable accuracy, but hvtber modKlcatIm of loadlng theory vil l  be 
requi red  to produce satisfactory car re la t ton  of theory vith cxprlmcnt. T ime  of ihock r r r ivp l  
and magnltude of overpressure  can be predicted wtth acccptrble accuracy  for a gtven field and 
a i rc raf t  position. However, acceleration predictlon b e d  OD a h u p  edged gust u a l y i l s  appeprs 
to provide agreement wtth a s u s t a h e d  acceleration which develops d t e r  h u t  10 maec. PepL 
s t ruc tu re  s t r e s s e s  occur time *e wtlh short  durntlon peak acceleratlon at h u t  5 miec  for  
smal le r  a i rc raf t  components (AD wings, B-50 tnll) and vith the N.ULDed aCCekrPtl0n after 
10 rnsec fo r  l a rge r  components (B-50 and B-36 wtngs and f u d P g e ) .  

a r e  not adversely affected by overpreasures  up to 2 ps i  in cOnjunCtlOn wtth thermal exposure 
up to  25 cal/cm'. The crit ical  s t ruc ture  In the B-50 type aircraft Ia lhe horizontal i t a b l l ~ e r  
which l imi t s  the a i rc raf t  to gust loads not greater thm thoee induced in 
relative wind of 6.2 deg a! nlrspeeds of 180 to 200 mph. The most crltical component tor B-36 
a i rc raf t  lo r  tail-on gust loading Is either the horizontal tall Or after f u e l a g e .  

l rom center of gravity acceleratlon; thus acceleration from a 8hWk londlng 96 read by a pilot 
at the nose of the aircraft  Is Kenerplly not of a t r u e t u r d  rigr.Ulcance. 

An important consideration for l u g e  delivery aircraft WaB n d e d  In the 8-56 when wing 
s t r e s s e s  for a second shock wave exceeded those of the first ihock. This  wa6 a result  of the 
reflected shock ar r iv ing  a! the a l r c ra l t  In resonance with the vibration6 produced by the first 
shock. The  possibility of such M occurrence  should be considered In the analysis of dellvery 
problems. 

Certain specific conclusion8 were reacbed C M C ~ I I , ~ ~ ~  the *craft tested. AD type alrcrph 

change In q l e  of 

It was noted thzt acceleratlons of the nose d la11 of a W C r a f t  a r e  sl6ntfiCantly dlfferent 

6.4 CONCLUSIONS 

The  data collected In these  t ea t s  wlll afford satisfactory conftrmltlon or correction of 
analytical prediction methods for a i rc raf t  types slmilar to those flight teated (8-36, B-50, AD) 
and wi l l  indicate desirable modifications to e x i s t h g  a i rc raf t  fo r  improvement of atomic de- 
livery capabilities. The data will be 01 continuing signiticance In appllcatlon to generalized 
analytical prediction methods and in the establishment of design crlterla Cor future rnllltary 
a i r c  rllt .  



CHAPTER 7 

THERMAL EFFECTS . 
1.1 GENERAL 

The  tu'o most important effects of thermal  radiation on ground ta rge ts  are injury (burns) 
to personnel and the initiation of fires in  the ta rge t  area.  Since many important thermal effects 
a r e  noticed beyond the range of severe  blast or nuclear effects,  the study of thermal  effects 
has played an important part in past mili tary t e s t s  with nuclear weapons. Several  modest ther -  
mal projects a r e  currently under way at government laboratories. The program of thermal  
e f fec ts  at UPSHOT-KNOTHOLE was conceived primarily to satisfy requirements for field 
checks 01 laboratory test  results.  

7.2 FIRE EFFECTS 

The problem of predicting the capability of nuclear weapons to se t  f i r e s  within urban a r e a s  
is complex., The severa l  important fac tors  involved in analyzing a target for f i r e  include p re -  
diction of (1) the incidence of kindling fuel ignitions, (2) the probability that such ignitions will 
initiate l i r e  in more  massive combustibles (i.e., buildings), (3) the probability that going fires 
will  nierge into a conflagration, and ( 4 )  the effects of meteorological conditions on each of the 
foregoing. Two groups from the Forest  Service conducted field checks of kindling fuel ignition 
energies with a number of different fuels, lhe r e su l t s  of which established the  validity of a 
l a rge r  quantity of laboratory data on ignition energies.  Many fuels commonly encountered in 
urban a r e a s ,  such a s  newspaper, dried g r a s s ,  and tufted cotton, were shown to sustain ignition 
through the shock wave a t  thermal  energ ies  as smal l  as 2.5 to 4 cal/cm'. Although the ignition 
energ ies  will be g rea t e r  for higher yield weapons, nevertheless the ranges for such ignitions 
a r e  quire signilicant. Based upon the UPSHOT-KNOTHOLE resu l t s  and upon past  work and 
future planned studies,  the development of methods for predicting the iw ldence  of kindling fuel 
ignitions in  urban ta rge t  a r e a s  appears  to he possible without further field t e s t  work in Nevada. 
Some limited checks of ignition energies for kindling fuels may be  required for la rge  yield 
detonations. Since kindling fuel ignitions. once established in a target area, may be simulated 
without employing a nuclear detonation, studies 01 fire build-up to conflagratioii s i ze  a r e  more 
economically conducted in the laboratory or a t  non-nuclear field tests.  

7.3 THERMAL BURNS BENEATH FABRICS 

Tx'o groups conducted projects lor the study of the protection afforded against thermal  
-burns by labrics.  The most significant development which came out of these field studies was 
10 focus attention on a number of pa rame te r s  to be considered i n  the design of military uni- 
lornis.  Wi th  the availability now i n  severa l  laboratories of equipment for duplicating the shape 
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of the radiant pulse f rom the bomb, studies w t h  fabr ics  may be pursued for some t ime  before  
fur ther  field t e s t s  become necessary.  

7.3.1 Clothed Pigs 

In the field tes t s  involving pigs clothed with a limited number of uniform combinations, the 
resu l t s  indicated that a lour-layer temperate uniform offered protection up to 83 cal/cm'. F i r e  
resistant treatnient of the outer layers  of uniform assembl ies  was shown to offer superior pro- 
ieclion, especially al lower radiant energy levels. Based upon the field and laboratory tes t  re- 
s u l t s ,  i t  is concluded that attention should be devoted 10 studies of spacing and f i t  of uniforms, 
the mechanisms of heat t ransfer  through fabr ics  lo the underlying skin, and to  the effects of 
1he shock wave in extinguishing glcw or in removing glowing outer layers.  

7 .3 .2  Fabrir  Damage and Mechanisms of Heat T rans fe r  Through Fabr ics  

A l a rg t  variety 01 l abr ics ,  backed with wood with paper thermonieteis attached, w a s  stud 
red. Although the r a k i n g  of fabric protection was found to be the same  as that uilh the a s sem-  
blies tested with the pigs, the use of backings oiher t h in  skin o r  a proven skin simulant to r d  
fabr ics  is thought not to yield valid results.  With this cautionary note i n  mind concerning the 
experimental technique. conibinations of serv ice  and developmental unilorms, shoes,  body 
ai-niors. fooiurar.  gas warfare  itenis, ponchos, and aluminized labrics were ranked as to pro- 
tection alforded against thermal burns.  In addition, fac tors  of reflectance,  spacing (I l l ) ,  flaming. 
and a rea  of exposed saniple were Studied. Considering the instrumentation used (paper ther- 
nionieters on wood backing) lor the studies,  a f i r m  conclusion can b2 made only for the a r e a  of 
exposure elfect. In t h i s  ca se  it i s  concluded that the a r e a  of exposure required for assuring 
absence 01 side effects is of the o rde r  of 1 to 2 in. in  diameter,  being closer to the latter for  
fabrics spaced froni skin or  lor multiple-layer combinations. 

T.3 3 Skin Siiniulnnl 

A requirement for a skin simulani fo r  use  in evaluating thermal protective qualities of 
lab, i c s  !>as existed for  some two years .  U i t h  the development of a sultable s i m u l a n t ,  i t  was 
eoyisiuned that a purely physical lesi  lechnique could replace the l e s s  economical technique 
I-cquiring u e  ill ariinials lor evaluation of uniforms. 

u i t t i  Eraphite at the surface of which u'as imbedded a thermocouple showed considerable prom- 
ise. T r a c e s  01 teinperature v s  t i m e  01 the irradiated block were lo be matched against standard 
laboratory t races  calibrated against pigs. Although i n  the beginning it  was recognized that the 
thermal constants of polyethylene did not match very closely those of skin, it was felt that the 
deliriencies were not significant. Hou,ever, fur ther  recent laboratory calibrations Of poly- 
Pthylrnc against pip experinients have shown the departures of the thermal constants for the 
siniulilnt l o  be significant. Consequently. further developmental work in  skin simulants IS being 
conducted by NML. one of which siniulants shows considerable promise.  

The time-temperature histories with fabr ics  over polyethylene were only in la i r  agreement 
wi lh  thobe obtained i n  the laboratory. It is concluded that the a rea  01 exposure should be g rea t e r  
lor fabrics spaced f rom the backing and for multiple-layer combinations. 

At the t ime of UPSHOT-KNOTHOLE, i t  was thought that a polyethylene block impregnated 

7 . 4  PROTECTNE ShlOKE 

There  is intfresi  i n  providing a means lor protection 01 troops in the open against thermal 
b u r n s .  Allei considering s e ~ e r a l  pcssibilities a radiation-scattering white oil-fog smoke was 
selected a s  oflering the greatest  promise lor the purpose. The tes t  of smoke at UPSHOT- 
KNOTHOLE u a 5  designed both lo demonstrate the capability of smoke and a l so  to provide con- 
Iirnintur)' daia lor extension 10 the field of theoretical and laboratory studies and  of field les t s  
uiih simulated sources .  Due t o  unfavorable sur lace  winds immediately prior lo Shot 9. the 
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smoke experiment was canceled. In place of the experiment planned for Shol Q, a drastically 
curtailed smoke test was incorporated into Shot 10. Based upon results from a single 1 N l t ~ -  
mented station, it was estimated that the smoke screen, as established, attenuated the thermal 
radiation by 85 to 90 per cent over that observed in the open. A test of white smoke similar 
to that planned for Shot 9 is planned lor  TEAPOT. 
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CHAPTER 8 

BIOMEDICAL EFFECTS 

8.1 ATOMIC CLOUD HAZARDS 

Data were obtained t o  define and evaluate the hazards one might encounter in  flying through 
the cloud resulting f rom an atomic detonation. Dose r a t e s  of from 10.6 to 2.1 r / s ec  were en- 
countered in  the clouds 2.7 to 5.2 min af le r  detonatiori. Applied to a practical  situation the data 
s h u u  that personnel in a pressur lzed  a i rc raf t ,  flyrng at 400 knots or more,  which passes  through 
the rluud of an atoniir bomb of 30 KT yield or l e s s  and at t imes  grea te r  than 4 min after deto- 
natidii. will receive an integrated external radiatlon dose  of l e s s  than 50 r. A radiation dose of 
this niagnitude is tliought to be an acceptable hazard in time of war inasmuch as it will not pro- 
duce any  immediate marked adve r se  physiological effect on the crew, and it is debatable if any 
ellecis ol such a dosr could be delected i n  man. However, this dose is in  the marginal region 
above which some physiological effects a r e  to be expected. Combining data from the UPSHOT- 
KNOTHOLE experinients u i t h  those f rom GREENHOUSE, an empirical  expression for average 
du5e raw as a Iunciion of t ime of passage through the cloud has  been deduced. F a r  the t ime 
interval of 2 . 7  to 2 5  m i n  after detonation, the data may be represented by D = 1.31 x loL x t-z.o', 
where D is the average dose r a t e  in roentgens per hour and t is minutes after detonation. Al- 
though D appears to be independent of yield. there  is a factor of 2 in the sca t te r  of data on each 
s i d c  o i  this enipirical expression. 

The  internal radiation dose resulting f rom inhalation of fission products by the c rew during 
a i r c ra f t  passage through an atomlc cloud is insignificant both in absolute magnitude and when 
compared wi th  the external radiation dose. This  fact appears  to he established so well that 
fur ther  field tests on this aspect of the hazard in the cloud would seem t o  be entirely unneces- 
sary Ironi the point of view Of military requirements.  Since the internal hazard is insignificant 
there  appears  lo be no reason  for expenditures 01 d o n e y  and t ime  in the design and develop- 
ment of f i l t e rs  or other equipment lor protection against an essentially nonexistent hazard. 

At t imes  l o w e r  than 4 niin a f te r  detonation, the 1eniperaturc.and turbulence in the cloud 
f rom a 30 KT bomb do not appear to be sufiiciently high to be an appreciable hazard to either 
the c reu  or the a i rc raf t .  Since it takes about 4 min for the cloud of a 30 KT weapan to reach  
30,000 It when detonation occur s  a t  or near s ea  level, any a i r c ra i t  flying above 30,000 It would 
not intercept the cloud of a 30 KT weapon until after these  hazards  had diminished to tolerable 
levels. 

6.2 BETA HAZARD 

P r i o r  to the UPSHOT-KNOTHOLE experience the possibility of a beta skin hazard in a r e a s  
contaminated by Ialloui remained unresolved. Inability to perfect feasible beta dos imet r ic  
equipnient for use in the fie!d, because of various theoretical and design considerations, Iorced 
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radiological safety control policies t o  depend SOklY on gamma dose measurements in C M -  

taminated fields.  The  possibility that the beta hazard was a t  a n e v l y  c r i t i ca l  level under the 
c r i t e r i a  s e t  for gamma dose hazard control remained untested. The  U P S H O T - ~ O T H O L E  ex- 
periment demonstrated quite conclusively that in deser t  areas contaminated by tallout beta 
and soft  gamma r a y s  present no unacceptable skin hazard to the normally clothed man in the 
field unless there is an excessive gamma hazard.  Thus it was concluded that present dosimet- 
r i c  techniques a r e  adequate f rom the point of view of radiological safety. This  conclusion IS 

valid for distances of 1 cm or more above the contaminated ground. If a man l ies  on the con- 
taminated ground, It may be that some sma l l  a r e a s  of the skin would receive high radialion 
doses from smal l  highly contaminated spots.  Since no measurement of distribution of the con- 
tamination on the ground was made, i t  r emains  lo  be established whether the above type of ex- 
posure presents  an u n u s u a l  hazard. In addition the resu l t s  do not perlain to the case  of direct  
s k i n  contact with contaminated objects removed f rom the contaminated field. nor lo the pos- 
sible beta hazard to the skin which might prevail i f  an individual were i n  the fallout a r ea  at 
lhe t ime of fallout and whose s k i n  and clothing were contaminated by the falloui material. 
The possibility also remains that fallout over certain types of clean hard sur faces ,  such a s  
s h i p  decks and clean s t r e e t s  or  sidewalks, might demonstrate a g rea t e r  beta and soft gamma 
hazard relative to measured gamma hazard than found in  the deser t ,  because the mixing of 
the discrete radioactive fallout particles with the  loose deser t  soil was felt to play an ini- 
portant role in reducing the beta to gamma dose ra t ios  to the levels found in UPSHOT-KNOT- 
HOLE. 

8.3 NEUTRON EFFECTS _- * 

standard 42-in. foxholes the attenuation of neutron biological effect was three  t imes  the surface 
dose. but further correction for the effect of the  protective lead hemispheres used suggested 
that the altenuarion probably was significvntly g rea t e r  than 3. This compares with a loxhole 
attenuation facior of 8 to 20 previously measured fo r  gammas at foxhole bottoms and is con- 
sonant wi th  physical theory, which predicts that neutrons in air should have a g rea t e r  ability 
to b c d i t e r  ihdn should signrficantiy hard ganiiiias. Hence i n  foxholes 
to bf the dominant biological hazard at all distances of biological interest  
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8.4 PRIMARY BLAST INJURY 

Results of studies on primary blast injury were inconclusive. Unfortunately, zero-point 
e r r o r s  and technical shortcomings of experimental equipment prevented successful bracketing 
of graded responses  to blast injury by the animal species exposed. Fur lhermore ,  few con- 
clusions could be drawn f rom the experiment about the mechanisms of p r imary  blast injury. 
It was suggested by the presence 01 typical lung injury in ra t s  exposed l o  nearly idealized shock 
waves of Shot 9 and the absence a1 a n y  blast injury in both r a t s  and dogs exposed to even higher 
peak overpressures  in the region ol slow r i s e  t imes  and precursor  phenomenology on Shot 10  
that abrupt static p re s su re  r i s e  t ime may be an important cri terion of di rec t  blast in ju ry .  It 
was unfortunate tha t  the theoretical possibility of the formation of SignifiCanl reflected pres- 
su re  spikes of high intensity and a few milliseconds duration within the animal exposure cyl- 
inders on Shot 9 could not be verified o r  denied because of the l o w  t ime resolution 01 the blast 
gages exposed with animals within the cylinders. Thus the possibility that the exposed 
animals experienced higher overpressures  on Shot 9 t h a n  on Shot 10 remains ,  preventing lull 
confidence i n  even the tentative conclusion previously drawn about r i s e - t ime  significance. 

be expected, f rom vastly supralethal radiation doses,  even in the face of experimentally de- 
signed shielding, suggests that in t e r m s  of the effects radii 01 other damaging nuclear phe- 
nomena pr imary  blast injury may not be ol important military consequence. 

The inability to protect animals,  exposed in the regions where P r imary  blast i n l u r y  might 

8.5 FLASH BLINDNESS 

Men looked at the initial flash of an atomic bomb with the dark-adapted eye for  the period 
of the blink reflex through red  lilters which screened  out most of the visible and infrared radia- 
t i on  except that between 600 and 900 m l .  A total of 5 5  exposures was made on live shots a t  
distances ranging f rom I to 14 miles. In all instances except one the men received no retinal 
burns f rom these exposures,  and the vision recovery t ime lor  reading red-lighted a i rc raf t  in -  
sirunients a l te r  the exposures averaged about 20  sec .  This vision recovery t ime is about 30 
per cent less than that which would have been required had exposure been made without fi l lers.  
Thus the f i l t e rs  o f f e r  considerable protection against retinal burns under the conditions of these 
experiments and reduced appreciably the t ime required to read a i rc raf t  instruments under 
standard conditions 01 illumination at night. This type of Iilter is considered uselul lo r  wear as 
protection for  the vision of a i rc raf t  crew members  in those situations where il may be ant ic i -  
pated that an atomic f lash  might be viewed at night at distances of a few miles. 

burns of the retina were obtained at distances f rom 2 to 42.5 miles. This does not mean that 
the retina of a man would necessarily be burned by the f l s h  at these distances.  However, re t i -  
nal burns have somet imes  occurred in man on unprotected ewosure  to the flash al 10 miles or 
less. and retinal burns at grea te r  distances a r e  considered to  be entirely possible. If retinal 
burns occur at g rea t e r  distances.  the burned a r e a  would undoubtedly be smal l  in keeping with 
the small  s ize  of the image of the Iireball and likely of limited consequence i n  so far as im- 
pairment of vis ion is concerned, except i n  the r a r e  instance where the burn might occur on the 
macula or a r e a  of central  photopic vision. 

One source of reas0nab.y good data on th i s  problem would seem to be the accidental visual 
exposures to the f lash  which take place occasionally on nearly every s e r i e s  of atomic-bomb 
tes t s .  This source  of information has s o  far been incompletely developed, but it is fe l t  to be  
entirely feasible to establish a procedure lor examination and recording ol each case  of ac- 
cidental human exposure to the flash so that eventually a reasonable s e r i e s  of cases  could be 
accuniulated froni x'hich some valuable conclusion might be drawn. 

In dark-xdapled rabbits,  unprotected by f i l t e rs ,  exposed 1 0  the Ilash of am atonitc bomb, 
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CHAPTER 9 

TECHNICAL PHOTOGRAPHY 

9.1 BACKGROUND 

Technical photwjraphy provided one of the niost generally useful tools in the Military EI- 
fecth Tes t  Program. In general .  P rogram 9 provided serv ices  to the technical projects i n  ac- 
cordance wi th  their stated needs. Two types of photographic se rv i ces  were rendered: 

shoia. recording construction p rogres s ,  and static test etfects. 

of zero tinie. using cameras  inslalled in the test  a r e a  and controlled by the sequence timing 
signals utilized l o  initiate the over-all  t es t  program. 

Motion picture photopralihy lor historical and documentary purposes was performed by 
t h @  L~bukout hluuntaln Labordtury. W A F ,  and was not a parr ot the technical program. 

1 .  Technical documentary photography; including before-and-after st i l l  and motion picture 

2. Ze ro  time technical motion picture photography; defined as a fi lm exposed i n  the vicinity 

9.2 PHOTOGRAPHY PLAN 

The  technical documentary photography was performed trom tinie to t ime throughout the 
duration of the test se r ieb ,  including the construclion period, in  accordance with the reques ts  
of the interested project officers. Over 10,000 It of motion picture fi lm and 10,000 sti l l  nega- 
tivt's were exposed. A total of 85.000 prints trom lhe still negatives was made for the projects. 
A l l  processing of these Iilnis was done at the lest  site. 

9 .  10. and 11. In addition, a variety ot motion picture cameras  were utilized for photographing 
the blast and thermal eflecls on test  t a rge ts  for Shots 9 and 10. These cameras  ranged in 
operatinp speed f rom two f r a m e s  pe r  minute to 2500 f r ames  pe r  second. The majority of the 
cameras  were simple Gun-Sight-Aiming Point (GSAP) units, utilizing a production a i r m a i l  gun 
sghl  camera  operating at a rate of approximately 64 f r a m e s  per second. Cameras  were  
niounted on special towers. ranging in height f rom 5 to 17 ft. A detailed photo plan was prepared 
following consultation with the inrerested project officers. This  plan included a total ot 193 mo- 
tion picture cameras  for Shol 9 and 94 motion picture cameras  tor Shot 10. One hundred camera  
towers were used on Shot 9 and 50 camera  towers were used on Shot 10. The principal footage 
utilized black and white f i lm,  although on some thermal  experiments color film was used. The  
detailed photography plan will be found in :he Project 9.1 Report WT-179. 

Blast and rocket trail technical motion picture photography w a s  pertormed on Shots 1, 4 ,  

9.3 STABILIZATION 

On previous test s e r i e s  the quality of the technical motion prcture photography was s e r i -  
ously reduced due to obscuration by dust. Even without the thermal output of an atomic u'eapon, 
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the blast wave would pick up sufficient dust from the ground su r face  to degrade the photography 
almost inimediatedly upon shock a r r iva l .  Intense thermal radiation has  been shown to induce 
a dust l ayer  by a Process somet imes  described as "popcorning" (see Fig. 2.42). This thermal  
dust somet imes  causes  photographic recording difficulty durinK the thermal phase p n a r  to 
shock ar r ivh l  and provides a very  good dust source for the blast wave when il does a r r ive .  In 
the past some inexpensive stabilization using various tar and asphalt compounds has been used 
i n  an attempt to niininlize the dust problem. Unfortunately, these  mater ia l s  smoked badly upon 
thermzl  irradiation and the photographic resu l t s  w2re not completely satislactory. 

P r i o r  to this tes t  s e r i e s ,  var ious  stabilizing techniques were tested on a laboratory sca l e  
tu find a suitable material  to reduce  the thermal popcorning and at the same  tinie to stabilize 
the test 2rea.  For t h i s  test s e r i e s  a low-grade sand cement 2 in. thick was adoplcd. At each 
camera  location t h e  Frenchman Flat lake bed was stabilized with lhi5 soil-cement mixture lor 
disiances to the front and r ea r  corresponding to the estimated positive and negati\'e phase 
pari;cle transport behind the shock iront.  The stabilization was designed to niininiize the ther- 
rial dust and to reduce the blast ua i ' e  dust during the imporIan1 par t  01 the blast wave i r a n s -  
nii>sion past each camera  and t o w t i .  

9.4  RESULTS 

AlnlOSt uithout exception the motion picture cameras  operated successlully. Very litile 
difficulty was experienced due to  radiation fogging, and in general  the diiiicult problem of ex- 
pOSUl-e uas satisfactorily solved. Satisfactory i i lms were obtained except in  the strong pre-  
c u r s o r  region of Shot 10, where the camera  towers were demolished upon shock ar r iva l .  These 
sanie caniera tou'ers successfully survived equivalent p re s su res  f rom the niore conventional 
bidst W ~ V E  of Shot 9. Examinatmn of Ihe technical niotion picture l i lms  indicated satislactory 
yerforniance. 

The stabilized sur faces  were reasonably successful. 
Many successful photographic r eco rds  were obtained throughout the thermal and blast 

phases where s imi la r  efforts had been unsuccessful i n  the past. Some excellent blast wave 
phutography was also obtained, particularly on Shot 11. On this shot the f i l n i s  show the prc- 
cursor  eiiect and have been judged to be by iar the most satislactory photographic records  of 
t n i a  phenonienon obtalned l o  date. 
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CHAPTER 10 

TESTS OF SERVICE EQUIPMENT AND TECHNIQUES. 

I O .  1 RADIAC EQUIPMSNT TESTS 

A considerable e f for t  u'as expended during UPSHOT-KNOTHOLE on the field testing of 
radiac equipment; this included r a t e  meters ,  both airborne and ground monitoring, and dosime- 
ieiE of both administrative and tactical  design. 

For  the past two yea r s  developnient in the field of radiac survey m e t e r s  has  been con- 
centrated on design of light-weight units with a range of 0 to 500 r. Two developmental models, 
the AN PDR-32 and the IM-11 *PD. designed 10 nieet service s ize ,  weight, and range require- 
nieiils. were field tested during UPSHOT-KNOTHOLE. Stringent field t e s t s  revealed cer ta in  
mechanical engineering design defects on both instruments such as poorly designed belt clips 
and control knobs and c a s e s  insufliciently rugged to withstand hard field usage. Defe'cts of this 
type can be easily rectified wi th  good preproduction engineering. In addition, cer ta in  opera- 
rional problems existed with each instrument which appear to be inherent i n  the basic deeign. 
For example,  the A N  PDR-32 gave unreliable readings at r a t e s  above 300 r/hr due to sporadic 
e f fe r t s .  and the Ihl-71 u.35 unreliable due to annoying calibration drift and the difficulty of re- 
set tin^ i t  in a high radiation field. The  project recommendations should be effected prior to 
the ayprm'al of either equipment for se rv ice  use. 

01 the nunierous dusiiiieters evaluated during UPSHOT-KNOTHOLE, it was determined 
th3t I U O  tactical dosinieters,  the DT-65 Polaroid film and the type E-1 chemical tactical  do- 
s ime te r .  niri serv ice  requirements wilhin their design limitations. No fur ther  development on 
these Iuo types is warranted w i t h  the exception of minor mechanical changes and posfiible con- 
tinued ~niprovenient of she l l  lile. Also, the E-1 will have to have modification of the s t ep  values 
IO meet niililary charac te r i s t ics  as well a s  a redesigning of the case  for better closure and 
dus t  proofing. The DT-60 administrative dosimeter,  previdusly tested a( BUSTER, proved r e -  
liable. However. t h e  Admiral electronic reader designed to read the DT-BO dos ime te r s  proved 
unrclinblr and u ~ l l  require additional design and development work. ThaIM-91, a d i rec t  read- 
ing 0 to 500 r tactical type quartz f iber  dosimeter,  was found to be suitable except for ,a slight 
ra te  dependence and a i r  sealing problem. If these two problems can be cor rec ted  in accordance 
wi th  prolect recommendations, i t  wi l l  readily meet Service requirements for a tactical  dosime- 
1er. 

It was delerniined that standard radiation r a t e  meters ,  ca r r i ed  in light a i rc raJ t ,  can be 
utzlized i n  ni&ing rapid aerial  surveys  of contaminated ground areas. Extrapolation of air 
reading5 to  the ground inlrodures many e r r o r s  and necessitates numerous assumptions. How- 
ever .  approximate but possibly tactically acceptable plots can be accomplished quickly and 
sinipl). .  Coniplicated se l f - record ing  radiac equipment installed in heavier type a i r c ra f t  and 
teated durinK UPSHOT-KNOTHOLE dld not improve the accuracy of aer ia l  surveys  enough to 
ua r ran t  consideration as tactical equipnient. Simple slep measuring devices such as droppable 
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f l a r e s  or flashing lights designed to indicate ground radiation intensity levels and patterns 
appear to be practical  for certain tactical situations. However, the devices of this type which 
were  tested during UPSHOT-KNOTHOLE were not reliable and will r equ i r e  considerable de- 
velopment and engineering before being subjected to additional field tests. 

10.2 TESTS A M )  DEVELOPMENT OF OPERATIONAL TECHNIQUES 

During UPSHOT-KNOTHOLE the Air Force continued the evaluation of equipment and 
techniques which would best meet the requirements of their  Indirect Bomb Damage Assessment 
(IBDA) program. Specifically. this requirement is for a system that will give a delivery air- 
c raf t  an all-weather capability for determining g r o s s  e r r o r s  in yield, Ground Zero, and height 
of burst .  This capability would eliminate the need for postshot reconnaissance. 

An interim IBDA sys tem was operationally evaluated by Strategic Air Command [SAC) 
conibat c rews  in fly-over a i rc raf t .  This technique utilized a combination of 4 - 2 4  r ada r ,  K 
system rada r ,  K-17C aer ia l  cameras ,  and bhangmeters. Results indicate that the K-17C cam- 
e r a  is suitable under visual conditions (day or night) f p r  providing adequate pictorial records  
to evaluate height of burs t  and Ground Zero. The 4-24 and K systeni r ada r s ,  when operated at 
the cri t ical  setting adjustments established in SAC operating procedures,  a r e  suitable fo r  de- 
termining Ground Zero  and height 01 burst  under a l l  weather conditions for weapons presently 
i n  stockpile provided (1) identifiable radar  r e tu rns  exisi  in the target a r e a  and (2) the height- 
of-burst yield combination gives Iairly severe  ove rp res su res  on the ground i n  o rde r  to gen- 
e r a t e  a detectable r a d a r  relurn. The gain, tilt ,  and brilliance sett ings of the radar are quite 
cri t ical  indicating the need for careful training and indoctrination. The bhangmeter was found 
to be sausfac lory  fo r  determination of yield under visual conditions. I ts  reliability for all- 
weather determination is not yet known, Studies a r e  in progress  utilizing all  available IBDA 
reco rds  to determine the feasibility and accuracy of determining yield from rada r  scope time- 
sequence records  of the r a t e  of growih 01 the shock wave andlor  lireball diameter.  

both new and modified radar equipment i n  an attempt to obtain niore detailed radar  scope pic- 
tu res  01 the fireball and cloud shadow phenomena. The ultimate aim is to utilize a simple 
bombing radar  systeni to niert the lBDA requirement.  Developmental niodels of fast and slow 
scan Ku-band r ada r ,  the APS-48 and APS-43. designed to meet this requirement.  were operated 
i n  fly-over a i rc raf t ,  The  APS-48 gave the advantage over the APS-43 of better tinie resolution 
of fireball and cloud shadow phencmena, but detail was lost due to power and antenna Iimiia- 
l ions.  In addition. a study of the application of a i rborne  moving target indicator equipment was 
conducted in a lly-over a i rc raf t .  but high interference levels prevented obtaining useful results.  
An attempt was made to record  the t ime difference between the reception of the  direct  and 
ground rellected low frequency electromagnetic wave generated by a nuclear detonation. thereby 
permitting calculation of height of burst from th i s  recorded t ime interval. The electromagnetic 
signals were much m o r e  complicated than  anticrpafed; as P result it was very difficult to dis- 
tinguish between d i rec t  and reflected signals and resulted in height-of-burst errors too gross  
to be of any  signilicant value to the height-of-burst determination problem. As a resu l t  of the 
refraction experiments conducted at the NPG, it  was concluded-that the refraction of the rPdar 
beam, which was in close proximity to the Iireball cloud, was too smal l  to be measured  in  the 
presence of other la rge-sca le  effects. Based on these  resu l t s  it can be said that refraction is 
negligible and can be ignored in IBDA data reduction procedures. Fireball re turn  phenomena, 
as recorded by the Navy developmental fast scan X-band radar ,  did not reveal any particular 
advantage to their  type of equipment other than the advantage of recording more  scans  per unit 
t ime than had previously been possible. Missile tracking of the 280-mm projecti le was not 
successful with th i s  radar  due to high ground clutter.  

yield was investigated utilizing standard sound ranging equipment, a modified flash ranging 
system. se i smic  measurements ,  and a bhangmeter. Flash ranging proved fa i r ly  accurate fo r  
burst positioning under line of sight conditions. Sound ranging appears to be satisfactory for  

I n  the IBDA equipment development phase, Wright Air Development Center (WADC) utilized 

The  Army Field Forces '  capability f o r  short  range determination of position of burst and 
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location of Ground Zero for non-line of sight up to distances of 60,000 meters. Seismic tech- 
niques for deierniinlng height of burst by recording blast induced and thermal  induced se i smic  
waves were Inconclusive. The  bhangmeler yields were accurate to 20 per  cent out to distances 
of 40 miles. 

A continuation oi the studies 01 electromagnetic radiation associated with nuclear detona- 
tiuiis ua5 conducted by Signal Corps  Engineering Laboratories (SCEL) as a r e s e a r c h  experi- 
iiieni to identify and cor re la te  these signals with type and yield of detonations. In the region 01 
0 to 20 nic. d31a on polarization. amplitude. and tlnle duration were recorded. The  r e su l t s  ob- 
lained show a variety oi pulse shapes with little indication of charac te r i s t ic  shape. Rough 
nieasurenients indicated no possibility of correlation in the frequency domain recorded; there- 
forr d r u i l e d  frequency analysis was not car r led  out. The resu l t s  [ail to shed any light on the 
n31urr of the basic phenomenon. 
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APPENDIX B 

PROJECT SUMMARIES 

B. 1 PROGRAM 1 -BLAST AND SHOCK MEASLIREMENTS 

Program Director:  W. L. Carlson, CDR, USN 

The broad objectives set  down for  Program 1 were  (1) to obtain data for other eflects 
programs defining the blast phenomena resulting f rom Shots 9 and 10 and (2 )  to add additional 
knowledge to blast phenomenology, particularly in the region of the precursor .  To accomplish 
the broad objectives, agencies of Program 1 participated in a total of seven shots ,  placing 
instruments on the ground surface, near the ground sur face ,  in f r e e  a i r ,  and underground. 

indicated in Fig. 8.1. L e s s  comprehensive instrumentation lines. Fig. 8.2, were installed for 
Shots 1. 3, 4 ,  I, and 11. In addition to the instrumentation placements shown in Figs. 8.1 
and 8.2, photography was used as blast instrunientation (both with and without the use of rocket 
t ra i l s ) ,  and parachute borne pressure- t ime gages were deployed in Cree a i r .  

Specific ob]ectives lor  each project and the resu l t s  obtained a r e  outlined i n  the prolect 
summar ies .  

B.l.1 Projects 1.la and 1.2: A i r  Blast Measurenienfs 

Instruments to measure  the various blast pa rame te r s  on Shots 9 and 10 were placed a s  

Agency: Naval Ordnance Laboralory 
Report Title:  
Prolect Officer: W. E. Morr i s  

A i r  Blast Measurements,  WT-710 

The Naval Ordnance LaSoralory (NOL) particip3ted in  UPSHOT-KNOTHOLE (U-K)  with 
the oblective of studying shock wave behavior in Iree air and along the ground under varied 
test  conditions. The bas is  fo r  this study was provided by a measurements program conducted 
by the NOL wherein the smoke rocket photography technique wasused  to obtain peak shock 
overpressures  as a Iunction of distance in f ree  a i r ;  the Wiancko gage FM tape-recorder in- 
strumentation system, along with a newly developed mechanical gage, was used lor  oblaining 
pressure- t ime (p-1) h i s tor ies  on three  blast l ines along the ground; peak p res su res  along the 
ground were measured by modified indenter gages; and direct  shock photography was used 
extensively for the first t ime to observe shock and dust contours along the ground. 

su l t s  of TUMBLER Shots 1,  2 ,  3, and 4, IVY Shot King, and UPSHOT-KNOTHOLE Shots 4, 9. 
10, and 11. This new curve ,  in t e r m s  of 1 KT (RC) a t  sea.level,  now is considered t o  be the 
standard pressure-distance curve down to the  10 psi pressure  level lo r  air-dropped weapons 
ranging from 1 to 500 KT. A TNT efficiency of 4 5  per  cent is assigned to the average of all 01 
these shots. The reason fo7 the departure of the f r ee -a i r  pressure-distance data lo r  the tower 
shot GREENHOUSE Easy from the previous and new composite curves  st i l l  is unexplained in 

A new pressure-distance curve for f r ee  air has been obtained, based on the composite r e -  
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t e r m s  of tower e f fec t .  U-K Shot 1, which was X I S O  a tower shot, departed only insignificantly 
f rom the composite curve.  On the basis Of the r e su l t s  obtained on the high altitude (6022 ft) 
shot of U - K  4 ,  Sachs' scaling laws for  p r e s s u r e  and distance a r e  considered to be valid up to 
3 he ich t  of burs1 01 at least 10,000 11 above sea level. 

ments along the blast line and in the r eco rds  of the direct  shock photography project. On U-K 
Shot 9. although no p recu r so r  was fo rmed ,  the thermal  intensity along the ground was suificienl 
t u  produce a noticeable distortion of the wave f o r m ,  resulting in lower pesk p res su res  al the 
ground t h a n  i n  the cooler a n  10 f t  above the ground. The shock photography gave evidences of 
the formation of a thermal  hlach shock in t h i s  thermally excited region. (This thermal Mach 
fo rms  well before the appearance of the t rue  Mach shock.) The U-K Shot 9 blast parameters  
along the ground sca le  uith those of TUMBLER Shot 1. 

than on Shot 9. a well-developed precursor  wave  was formed which radically changed the p- t  
history i n  t h i s  region. In general ,  in  th i s  precursor  region, the p re s su res  were lower. the 
posiiix't durations were longer. and the impulses were l a rge r  than i n  the ideal nonthermal, 
nunprecursor region a1 corresponding distances. On Shot 10, this ideal a r e a  was, for the most 
pari .  obtained along the smoke l ine  which had a dense black smoke overlay extending seve ra l  
hundred feet into the a i r .  The snioke effectively served  as a thermal shield to  the ground be- 
I u u ,  t h u s  niinim1:ing and eliminating thermal  elferrs along the ground. 

The theory uI p recursor  Iorniaiion was reviewed and related to  the resu l t s  obtained, and 
a theory of thermal Mach formation was proposed by project personnel. 

B.1.2 

The e i fec is  of a thermal  layer near the ground a r e  readily apparent in the p-t measure- 

On U - K  Shot 10, where considerably g rea t e r  thermal  energy was incident on the blast line 

Project ] , l a - 1 :  

Agency Naval Ordnance Laboratory 
Report Title: 

Prulect Officer.  W. E. Morr i s  

E1,aluation of Wiancko and Vibrotron Gages and Development of New 
Circuitry for Atoniic Blast Measurements 

Evaluation of Wiancko and Vibrotron Gages and Development of New 
Circuitry for Atomic Blast Measurements, WT-784 

A program to lest experimental instrumentation was undertaken by the NOL in an endeavor 
to iniprovr existing bl3st phenomena measuring equipment and techniques. Four experimental 
d e s i p a  u e r e  tested- 11 I 3 field u n i t  oscil lator-amplifier using l rans is tor  circuit elements,  ( 2 )  
ii subntinizture I U ' O - W I ~ ~  field unit. (3) a commercially developed Vibrotron gage and amplifier 
u n i t ,  2nd I 4 )  a frequenry deviation multlplier circuit f o r  obtaining increased signal-to-noise 
r ~ t ~ u , .  The oper3iion 31.5~ proviaed the opportunity to evaluate mure f u l l y  the p e r l o r m a c e  of 
Ihr- u l a n ~ k o  gage. 

I i  u a s  found that t rans is tor  circuitry is little. i f  at all.  affected by atomic blast phenomena 
and holds much promise for further development. The subminiature two-wire system was suc- 
cesbfu! and offers many advantages i n  economy and adaptability i n  field use over the present 
NOL 5ysieni. The deviation multiplier scheme was completely successful; however, i t s  coni- 
plexity n i u s i  br weighed against the lreedom from noise required on any parlicular operation. 
The  Vibrotron p q e  and oscillator was unstable. not rugged, and i n  general gave poor resu l t s ;  
i t  requires a good deal of redesign and development before i t  can be used in atomic effects 
nieasurlng programs,  The NOL modified Wiancko pressure  gage proved acceptable, giving 
resiulib superioi I O  those obtained on previous operations wi th  ocher inductance type gages. 
In certain applications the  acceleration sensitivity of the gage is excessive and c o d u s e s  the 
pressure- t ime record; a l so ,  the damping charac te r i s t ics  of the gage could be improved. 

B.1.3 Prolect l . l a - 2 :  Development 01 Mechanical Pressure-Time and Peak P r e s s u r e  
Recorders  for Atoniic Blast Measurement 

Development 01 Mechanical P res su re -T ime  and Peak P r e s s u r e  
Recorders  for  Atomic Blast Measurement, U'T-785 

Agency: Naval Ordnance Laboratory 
Report Title: 

Project Oflicer: W. E. Morris 
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Thls project evaluated two different mechanical rlr-bkat gages. Tbe f i r s t  portion em- 
cerned the modification, field use,  and evaluation of an indenter gage for the meanurement of 
peak pressure .  This gage i s  fully damped and  ha^ a response t ime  of from 3 to 5 msec  in the 
p res su re  range from 1 to 250 psi. The response t ime can be adjusted aa desired. The Indenter 
gage gives t rue  peak p r e s s u r e  for square  s tep  and slow rise time s h a k  waves. The  gage all 
not reg is te r  the m u i m u m  pres su re  of spike type shock waves which have a duration less 
the response t ime of the gage. Under appropriate shock condltions reliable Pressure  values 
accurate to within *5 per  cent were obtained under field conditions when acceleration effects 
were eliminated by proper  mounting. 

The second gage designed and evaluated under field conditions was a new self-contained 
pressure- t ime recorder .  The sensing element is a sylphon bellows, and the shock pressure  
is recorded on a smoked g lass  plate attached to a sliding table. A one hundred cycle timing 
signal, regulated by a s top  watch, i s  recorded. Six gages were constructed having response 
t imes  of 2 and 5 msec  and p res su re  ranges of 25 to 60 psi. When acceleration effects had been 
eliminated by firmly mounting the gage, good records  were obtained which were accurate to 
+0.25 psi. 

B.1.4 Project 1.1b: Bas ic  Air Blast Measurements 
Agency: Stanford Research Institute 
Report Title: 
Project Officer: L. M. Swift 

h r  P r e s s u r e  and Ground Shock Measurements. WT-711 

The specific objectives of Project 1 . lb  included the determination of pressure  v s  t ime 
variations with ground range, at and near the ground su r face ,  for five nuclear shots detonated 
at very high, intermediate, and relatively l o a  heights of burst ,  as well as a limited study of 
the near-surface underground accelerations produced by air-burst  explosions. Using these  
data,  the project evaluated present air blast scaling laws, Mach reflection (path of the tr iple 
point), p recursor  charac te r i s t ics .  the empirical  height-of-burst char t ,  and earth accelerations. 
Some experiments on instrumentation were conducted in  conjunction with the project. 

were broken when severa l  towers  blew down. 

For convenience, the statements a r e  ra ther  positive; the qualifications and assumptions which 
accompany them a r e  detailed in the project report .  

Instrumentation periormance was highly satisfactory except on Shot 10, during which cables 

In t e r m s  of fulfillment of the objectives of the t e s t s ,  the following statements may be made. 

1. On the basis of the comparisons of A-scaled maximum pres su res ,  phase durations. and 
impulses,  the total air blast phenomena of U - K  Shot 9 and TUMBLER Shot I scale very well. ,. 

t 2 6 . 1  and both were detonated over the s a m e  su r -  ~ 5 p 

a1 analysis of the Mach triple poinf tralectory near 
the ground sur face  is not applicable fo r  th i s  intermediate height of burst .  Thermal effects a r e  
such that Mach reflection appears  t o  begin at very:short ground ranges  and the r i s e  of the 
tr iple point shows two plateaus below the 10 ft level. 

3. The  precursor  p re s su re  waves observed on Shots 10 and 11 indicate that p recursor  ef- 
fec ts  a r e  increased when the A-scaled burst height is decreased from 300 t o  200 f t .  Previous 
observations of the depression of maximum measured surface air p re s su res  in  the precursor  
region were confirmed. 

heated-layer theory of p recu r so r  formation. 

scaled burs t  heights. Correspondence with previous data is good in the low pressure  region, 
but not so  good in the 10 to 50 psi  region. 

mal disturbance the Pitot-tube q-gage measures  a peak dynamic p res su re  which is signifi- 
cantly higher than the value one would compute using the measured side-on pressure  and the 
classical Rankine-Hugoniot relations. 

4. Precur so r  wave front orientations obtained from ar r iva l - t ime data seem to confirm the 

5. Additional data for a composite height-of-burst chart were obtained for a number of 

6.  A single measurement of dynamic p res su re  on Shot 11 indicates that in a region of ther- 
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7 .  The  ear th  acceleration data confirm re su l t s  OMnined on TUMELgR md field -me Ln- 
formation on the effect of gage depth upon observations. 

6.1.5 Project 1 . 1 ~ - 1 :  Air Shock P res su re -T ime  Vs Distance for  a Tower Shot 
Agency: Syldia Corporation 
Report Title:  Air Shock P res su re -T ime  Vs Distance for a Tower mot, WT-712 
Project Officer: J. Harding 

Overpressure  mevlurements  on UPSHOT-KNOTHOLE Shot 1 (16.2 KT, SDO-It tower) were 
made a:ong a blast line extending between 700 and 7800 ft from Ground Zero; 16 ground-bfle 
gages and 12 air-bailie gages 10 ft above ground were used. Full pressure-time h is tor ies  
were recorded f o r  all save  the six closest  air-baffle stations, which were destroyed by the 
blast. Wave form anomalies were contrasted with those f m d  on BUSTER Shot Char l ie  and 
TUMBLER Shot 4 ;  attenuation ra tes  of double peaks were opposite those usually manifested by 
precursor  wave f o r m s ,  a behavior that is attributed to the difference in shock interaction v i th  
a s t r o i g  tempera ture  gradient (Shot 1) and a bounded high-temperature layer (usual precursor ) .  

A detailed comparison ot overpressure-distance curves r.eveals that on Shot 1 measured  

augment comparison wlth 

uave r r iva l  wz.r&~comjuted. Calculations indicated considerably higher thermal  fluxes for 
Shot &&r e i ther  o f-mots Dog ~.EST Since the popcorn threshold for Nevada sand is 
only half that fo r  cora l  sand, the more  extreme blast-thermal interaction seen  on Shot 1 is not 
surprising. Even under these extreme circumstances,  positive- and negative-phase impulses 
seem to r e m u n  the same since the scaled impulse-distance curves  are reasonably equivalent. 

A second experiment was performed to check the expected asymmetry of blast effects on 
CPSHOT-mOTHOLE Shot 7 ;  th ree  agencies-the Ballistic Research  Laboratories.  vava l  
Ordnance Laboratory. and Sandia Corporation-participated. The  device detonated had a mas- 
sive shield against one face  which caused a la rge  fireball protuberance of l e s se r  temperature.  

___ :-_- 
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,Thermal radiation in  this direction was reduced considerablv 
in 1 b50 ft overpressure  on the unsnielded side was about 25 p 

blast asymmetry was marked. 
hereas  that on the shielded e sloe ishadowed r e g i o n i p s  50 psi .  ,dl seems  clear that symmetr ic  mass distribution i n  the 

de i ice  should be a prerequisite whbn fundamental blast effects studies a r e  to be made. 

8.1.6 Project 1 . 1 ~ - 2 :  Air Shock P res su res  A s  Affected by Hills and Dnles 
Agency: Sandia Corporation 
Report Title: Air Shock P r e s s u r e s  As Affected by Hills and Dnles. WT-719 
Prolect Officer. J .  Harding 

This project was a continuation ot the study of the effect of te r ra in  on the blast wave f rom 
atomic bombs. The project report d i scusses  the military significance of these effects: bow 
t e r ra in  affects target layout as well as blast wave propagation, how choice of the burst  point 
might be influenced by te r ra in .  and how damage susceptibility of various s t ruc tura l  elements 
wi l l  change uith changes i n  shock wave form. Te r ra in  effects a r e  more important for la rge  
bombs than ior smal l  ones because the la rger  c i rc le  of interest  will include more  t e r r a in  
features. 

ridge t o  the west of the shot pomt. the same  ridge that was instrumented on Shot 5 of TUM- 
BLER-SNAPPER. Special attention was paid to measuring pressure6  farther fore and aft of 
the ridge than beiore and increasing the number of gages near the c res t .  Prev ious  observa- 
tions u e r e  confirmed i n  that p re s su res  on the foresiope were higher (spiked wave fo rms)  and 
those on the back slope louer  [rounded wave fo rms)  than would have been predicted at the same 
disianres over flat t e r ra in .  EnouKh detail was obtained to s h o w  that these effects were caused 
by a compression saxe iron1 th t  in i t id :  upslopt of tne ridge and a rarefaction wave from the 
dounslope at  the rresl  01 the ridgf 

Measurements on UPSHOT-KNOTHOLE Shot 7 consisted of ground-level p re s su res  on a 
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8.1 .7  Project 1.ld:  Basic Air Blast Supporting Measurements 
Agency: Sandia Corporation 
Report Title: 

Project Officer: J. Harding 

Dynamic P r e s s u r e  Vs Time and Supporting Air  Blast Measurements, 
WT-714 

Prolect I . l d  measured dynamic p res su res  in the shock wave and preshock pressures .  It 
also conducted a feasibility study of new and modified gages to measu re  dynamic pressure ,  
density, t empera ture ,  and particle velocity. 

overpressures  using the Rankine-Hugoniot shock relations and regular reflection theory. When 
no precursor  is formed,  measured dynamic p res su res  a r e  in reasonable agreement with those 
calculated although some eflects of thermal  mechanical interaction are noted. Dynamic p res -  
su res  measured i n  the precursor  a r e  much higher t h a n  those calculated. Laboratory t e s t s  have 
indicated that the Pitot-static instrument used does respond to dust as well as to a i r ,  and the 
quantity measured by these gages is apparently (7' pu'),,, + (pu')dutr when dust is present i n  
the shock wave, as is t rue  i n  the precursor .  

Measurements have shown a few instances of rea l  but smal l  preshock increases  in air 
p re s su re ,  all apparently caused by thermal radiation alone. 

Results of the gage feasibility study indicate that the q-tube (dynamic pressure)  and the 
centripetal density gage a r e  suitable lor use on full-scale nuclear tes t s .  Bath the rnodilied 
sonic wind and sound speed indicator and the whistle temperature gage must be subjected to 
further modification before they are suitable for field use. 

8 . 1 . 8  Prolect 1.3. F ree  A n  Blast P res su re  Measurements 

Measured dynamic p res su res  can be compared with those calculated from the measured 

Agency Air Force Cambridge Research Center 
Repori Title:  Free Air Atomic Blast P r e s s u r e  Measurements,  WT-715 
Project Officer: Lt Col J. 0. Vann, USAF 

This  prolect was designed to (1) deterniine (he f r ee  air peak overpressure  vs distance 
curye for  a i r -burs t  atomic bombs ar overpressures  below those covered by existing data, (2) 
determine the path of the tr iple point at high altitudes Lor ai least one shot,  and (3) measure  
the relative strengths 01 the f ree  air and reflected shocks above the tr iple point and of the 
Mach shock be lax  the t r ip le  point. 

The  project participated in Shots 4 and 9 because the points of detonation were of Suffi- 
cient height above t e r r a in  to give a good separation of direct  and reflected shocks over a wide 
range of distances.  The operation was accomplished by deploying 14 parachute-borne canis te rs  
on Shot 4 and 20 canis te rs  on Shot 9. Two 8 - 2 9 ' s  were used in laying down each array. The  
preliminary positioning 01 the canis te rs  was determined so as to meet the objectives stated 
above, a n d  the positions and t imes  of canister release were adjusted to attain these positions 
ar shock ar r iva l  linie w i t h  allowanrr for wind drift during t ime of fall. 

Each canister contained an alt imeter transducer,  two dilierential p r e s s u r e  t ransducers ,  
and a radiotelemetry t ransmi t te r .  The telemetered p res su re  and alt imeter data were  recorded 
at a ground station. 

Coniplete data were received from all canisters in both tes t s .  In Shot 4 all can is te rs  were 
in the region of r e p l a r  reflection. In Shot 9. 14 canis te rs  were in the region of regular r e -  
flection and s i x  were in the Mach region. In addition to the main direct  and reflected shocks,  
a small  secondary shock and its ground reflection were received at nearly all can is te rs  on 
Shot 9. 

The  l ree  a i r  values were normalized to 1 KT in a homogeneous sea- leve l  atmosphere and 
used to extend the TUMBLER composite f r e e  a i r  curve down to overpressures  of about 0.07 
psi. A comparison of t h i s  curve with the resu l t s  of previous t e s t s  at low heights oi burs t  was 
made to determine the effective reflection factor lor these ea r l i e r  shots.  The path of the triple 
point w a s  determined fo r  Shot 9 over the range of altitudes between 6500 and 10,500 i t ,  and 
some tentative conclusions were reached on the distribution of peak overpressures  in the r e -  
flected and Mach shocks in  the neighborhood of the tr iple point. 
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B.1.9 Prolect 1.4: 
Agency: 
Report Title: 

Project Oflicer: 

Ear th  Measurements 
Sandia Corporation 
Free-field Measurements of Earth Siress, Strain,  and Ground Motion, 
WT-716 
J. Harding 

Part  l-Pro]ect 1.4a 

Earth cover provides protection to underground s t ruc tures  against the e f fec ts  of air shock 
loading. Part  01 t h i s  protection may resu l t  f rom attenuation of s t r e s s  with thickness Of the 
cover. Measurements of vertical  earth s t r e s s  at three depths and at five ground ranges were 
made during Shots 9 and 10 to detect and evaluate s t r e s s  attenuation wilh depth. Data flt equally 
well the empirical  equations 

P : P ,  ex)) - (d  - d,)  0.07 

and 

i n  Uhich P and P, w e  the s t r e s s e s  in psi at depths d and d, in ft, d,  being the shallower. P re -  
c s i o n  i n  each case  is better than +z5 per cent. 

Part  ll-Pro]ect 1.4b 

A practical  system for measuring free-field earth smesses  and s t r a ins  resulting f rom 
transient loads has been tested with sufficient thoroughness to establish i t s  feasibility. Ar rays  
of directionally sensit ive earth s t r e s s  and strain g y e s  and acce lerometers  were installed 
5 f l  deep l o  record these  pa rame te r s  during Shots 1, 9, and 10. Duplicate in$trumentation 
showed ihar s t r e s s  measurements were reproducible wilh average deviations of 16  per cenl 
and s t r a in  measurements with average deviations of 35 per cenl. This tes t  d i s regards  the 
presently unknown fac tors  related to perturbations oi the s t r e s s  field by gages. Stress-strain 
graphs demonstrate hysteresis.  Plastic deformation of the soil resulted in r a t e s  of energy dis- 
sipation as high as 300 p ft-lb’ft3. Data from Shot 10 deimed the s t r e s s  tensor  in t e r m s  of 
magnitudes and directions 01 the three principal s t r e s s e s  as a iunction of time. 

8.1.10 Project 1.5: Tes t  Procedures and Instrumentation for Pro jec ts  l . l c ,  l . l d ,  1.4a, 
and 1.4b 

Tes t  Procedures and Instrumentation for Pro lec ts  l . l c ,  l . l d ,  1.4a, 
and 1.4b. W T - I 8 7  

Agency, Sandia Corporation 
Report Title: 

Prolect Officer:  J. Harding 

Operationally. Sandia Corporation’s Blast Instrumentation P rogram consisted 01 shelter 
insiallalions. g e e  Installations, and the associated liaison and logistics for Pro lec ts  l . l c ,  
l . l d ,  1.43. and 1.4b. These projects were concerned with a i r  blast p re s su res ,  dynamic pres -  
s u r e s .  and supporting measurenients and with pressures .  s t r a ins ,  and accelerations in the 
earth.  

These  measurements were made in th ree  different a r e a s  at the NPC and covered four 
shots. A total of 273 electronic information channels were attempted. A tentative sco re  is as 
lollou~s: 

Shot 1: 65 rhannels attempled; 49 good. 1 2  partial ,  4 bad. 
Shot 7: 39 chamel s  allempled; 38 good, 1 bad. 
Shot 9: 90 channels attempted; 82 good, 3 partial ,  5 bad. 
Shut 10: 19  channels attempted; 57 good, 17 partial ,  5 bad. 
In hlniost every instance when only partial information was obtained, the gages fai!ed 
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because the tower on which they were mounted blew away. In many cases  when no information 
was obtained, experimental gages of unproved design were involved. 

B.2 PROGRAM 2-NUCLEAR MEASUREMENTS AND EFFECTS 
Program Director:  E. A. Marlel  

8.2.1 Project 2.1: Studies of Airborne Particulate Material 
Agency: Army Chemical Center 
Report Title: 
Project Officer: Maj I. M. Roady, USA 

Radioactive Particle Studies Inside an Aircra i t ,  WT-717 

This project usas conducted to study radioactive particles in the inhalation size range to 
which c rews  of pressur ized  a i rc ra l t  might be exposed as a result  of flying through an atomic 
cloud. The objective of the study was the evaluation 01 potential inhalation hazard relative to 
the associated external radiation exposure. The study was car r ied  out in associalion wi th  
biomedical investigation5 with the same objective conducted under Project 4.1. 

were flown through the cloud a short  t ime alter two air-burst  detonations. Samples of the con- 
taminated intake a i r  were collected on t h e  s l ides  of a five-stage cascade impactor,  which was 
backed by a millipore f i l l e r .  

Laboratory analysis of the samples is conipleie, but extensive revisions required on the 
P r q e c l  2.1 final report  have delayed its publication. The resu l t s  indicate, however, that lhe 
internal hazard associated with contaminated cockpit a i r  is negligible when compared to the 
accompanying whole body exlernal dose received during the penetration of the cloud. 

B.2.2 Project 2.2a: Measurement of Gamma Radialton ol Fission Products 

lnslrumentation was placed in two QF-80 drone a i rc ra l t  (operated under Prolect 4.1) which 

Agency: Signal Corps Engineering Laboratories 
Report Title. 
Project Officer: R. C. Bass 

Gamma-ray Spectrum of Residual Contamination, WT-I18 

The object of t h i s  prolecl was to determine the gamma-ray spec t ra l  distribution of the 
residual contamination resulting from tower and air detonations 01 severa l  nuclear devices. 
lnformation of th i s  nature is required to f u r n i s h  optimum design pa rame le r s  for various radia- 
tion detection devices as  well  as to determine the biological significance of the gamma radia- 
tion associated with the residual contamination. 

placed on the use  of a scintillation spectrometer.  The measurements consisted of a deternii- 
n3tion 01 Ihe spectral  distribution 01 t h e  secondary electrons produced by the incident photons 
i n  I H @  diflerent scintillating phosphors. The light pulses produced within the phosphors were 
detected with photomultiplier tubes, and t h e  count rate as a lunction 01 pulse height was r e -  
corded. This Has done using a preamplifier,  linear amplil ier,  pulse-heighl analyzer,  and 
sca le r .  These daia were than  analyzed to determine the spectral  distribution of the incident 
photons. The secondary method utilized live radiac instruments, one of which was air equiva- 
lent. The other four were modified by lining the lucile walls of the ionization chambers r e -  
spectively wilh aluniinuni. copper, t i n .  and lead. This method enabled only a determination of 
the approximate uercenlages OI the dose ra te  contributed by the portions 01 the gamma-ray 
spectruni below and above 200 kev and of lhe approximate spec t ra l  extent. 

Measurements were made a t  t imes  varying f rom 1 hi- to IO days lollowing detonation at 
positions near Ground Zero  fo r  a i r  burs t s  and at ranges f r o m  I000 yd to 3 miles from Ground 
Zero lor tou'er shots. The locations at which readings were taken were limited inasmuch as 
the techniques used were reliable only at ganinia-ray intensities 01 l e s s  than 500 m r  h r .  An 
analysis of the data obtained during UPSHOT-KNOTHOLE indicated that the major contribution 
10 the panirna radiatiun a5suciated wi th  the residual contaniination is from gamma rays of 
energv prea te r  than 200 ker' and that little radiation l ies above 2 Mev i n  energy. The results 
oi lhe two types ul  instrumentation used a r e  i n  good agreement both a s  to spec l ra l  quality and 

While data were obtained utilizing ~ W G  types of instrumentation, pr imary  enighasis was 
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approximate spectral  extent. and r e su l t s  attained with the lined chambers  appear to be i n  
agrri*nicnl with Ihow obllined during SNAPPER. Results obtained Irom the scintlllation spec- 
trometer nieasurenients a r e  presented i n  the form of plots of gamma photon flux and gamma- 
radiztion intensity in milliroentgens per hour as a function of energy between 40 kev and 3 Mev 
at d i l f e r ~ n t  l imes  a l le r  detonation lor various locations in the residual contamination field. 
Rrsu l ls  obtained from the lined ionization chambers and comparison of these  r e su l t s  with those 
d [lie scintillation spectrometer measurements are presented in tabular lo rm in the  project 
rPi101'1. 

II  1s felt fhat future e f for t s  should be directed toward an analysis of the gamma-ray r e -  
sldual spectral  distribution subsequent t o  a sur face  or underground detonation and that meas- 
uwriieiits include high-intensity a reas .  Indications a r e  that the associated spectral  quality is 
sullicienlly softer. war!-anting furlhei- e f fo r t s  in this direction. The present technique of in-  
strunientation and analysis  is considered adequate i n  conducting rapid measurements i n  the 
f i t , ld .  Thr-re lined chambers enable an alniost instantaneous determination 01 the approximate 
pi*rw!itaKrs of the dose contributed by the portlons of the gamma-ray  spectrum below and 
abovr 200 kcv fur the spectral  dlstributions for  which comparisons were made. For a more  
prec ise  deternilnation of the energy spec t rum,  the use of a total absorption spectrometer em-  
ployin&! a large Nal-TI c rys ta l  is recommended. 

8 . 2 . 3  Pi.n,vr.t 2.2b: Residual Gamma Depth Dose Measurenients i n  Unit Density Material 
A < , W ) :  N x v a l  hledicnl Hesearch Institute 
Rt. iw~rl  Title,: Residual Gnninia Depth Dose Measurements in Unit Density Material ,  

\IT-719 
P I Y I J V ? ~  Officer: CDR F. W. Chambers. USN 

C n i r i i i w  r a d w  LDII absorptioil measurements were niade, employing sma l l  energy-inde- 
p,cndt,lii i w i  chambers  111 brveral types OJ unit density phantonis, l o  study the charac te r i s t ics  of 
residu;il rrinlaiiiinalitrn radiation. Such nieasurenients a r e  of value in the interpretation of the 
i ) t t l l t j < : i <  .<I ~ ~ ~ n ~ f i r ; i n c c  various >.@&!ions of residual gamma energy distributions measured by 
P,W,<.<~I 2.2.1. 

Thrci .  tylx's u1 u n i l  densirv phantonis were employed. In addition to s e t s  of k i t e  sphe res  
01 v.i!'1~8a.. U ; I I I  tJi$c.knes-.~.h that  had beeii used in  the study of initial gamma radiation, a ma- 
%\ni l ( '  q8ti$;r<, and ;I ni i i so i i t t c  iii:i11 H'I'I'C used i n  this study. These  la l te r  type IJhantonis, with 
c i ~ ~ - i i i ~ ' i t ' ~ ' ~  disli ' i l iuird i l l  drlJlli and t l ~ r ~ ~ t ~ o i i ,  niort. nearly approxlniate the geomelry of the 
i i ~ d v  ~ u n r i ~ ~ r a ~ i o ~ l .  

: i b w r t m l  coiiipuncnt p~wst 'n t  in 1h(' r e s ~ d u i l  radiation that is not present in the inittal radiation 
and tliat Ih?  drlilh dosr  curve f i r1  the high-energy component in the case  of a lalloul a r ea  3 . 5  
t i i i l r ~  ri.oii; Ground Zcru I S  not very diflrrenl from that obtained from the initial radiation. 

E~n i i i i~ i a t i~ i i i  t i l  the rc .s idu I  radiat  Ion Iield data Ironi these measurements revea ls  a readily 

B . 2 . 4  Projcrt 2.3: Neutron Flux and Spectrum Vs Range 

Neutron Flux Muasurenienis. WT-720 
Agency : Naval Research Laboratory 
l3i.lJiJrl Title: 
Pl'ojert Ocficer: T .  D. Hansronie 

*,. 

Tiit. i i4e~isuwnie i i t  u l  neutriin f l u s  vs range at UPSHOT-KNOTHOLE was a continuation o l  
thv uurk doiie at SNAPPER, as f a r  as techniques are concerned. Most of the methods used in 
SNAPPER were used again i n  UPSHOT-KNOTHOLE. There  was no modification in lhe use 01 
I h r .  Ihcrtiinl 2nd threshold drlectors-gold. tantalum. and su l fur .  The  proton recoil  l i lms  were 
not used un t h i s  operation because of the shortage of personnel and the lack of facil i t ies l o r  
r c ; i d i i i ~  l l i r  1JIates. Additional emphasis u3s  given to  the use o l  fission threshold de tec tors  and 
nuclear t!.acl, eiiiulsioiis of appropriale sens l l rv i ty  to  record the lission Iragments. This method 
15 :I ti8idilii 'nliwi of 1);ist w u r k  in  ivhich t lw fission iragments were caught on aluminum foils and 
? < , U , > l < . d ~  
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T h e  r e s u l t s  of the prolect  may be s u m m a r i z e d  by givmg t h e  at tenuat ion fac tors  ( the  so- 
ca l led  e - f o l d  d is tance)  and range  = 0- in te rcepl  as m e a s u r e d  with e a c h  of the d e t e c t o r s .  

B.3 PROGRAM 3 -STRUCTURES, MATERIAL, AND EQUIPMENT 
P r o g r a m  D i r e c t o r :  CDR C. E. Langlois  

B.3.1 P r o j e c t  3 . 1 :  Tests on the Loading of Building and Equipment  Shapes 

Tests on the Loading of Building and Equipment  Shapes.  W T - 7 2 1  
Agency: Air  Mater ie l  Command 
R e p o r t  T i t ie :  
P r o j e c t  O f i i c r r :  B. J. O ' B r i e n  

The object ive of this  l e s t  was to d e t e r m i n e  hou' the loading on a r igid rectangular  block 1s 
I r r f luencr ,d  by chinC?s i r !  blssr p a r a r n e l e r s  and in s t r u c t u r a l  s i z e  and sh3pe.  S p c ~ c i f i c a l l ~ ,  the 
t i l c v i s  of the lu l lou ing  v a r i i b l e s  % e r e  d e s i r e d :  

I .  Effect of shock s t rength .  
2 .  Eif fc t  of rub-d imens iona l  c o m p a r e d  u i l h  th ree-d imens iona l  loading. 
3 .  Elfect  uf absolute  stzr of o b s t a c l e s  of s i m i l a r  shape .  
4 .  Eflec t  of orien'Laliun of o b s t a c l e s  of rhe s a m e  shape .  
5 .  Effrct  of varyinF absolurr  length of an obstacle  whose height a n d  uidui  d i rnrns ions  a r e  

6. Effect o f  m u i t i p l c  g r o u n d  re f lec t ions  as a function of d i s tance  from thc t m t i u m  of an e le-  

7 .  Effect of shielding a s  a iunclion o i  d i s tancr  between o b s t a c l e s .  
8 .  E f f e c t  of multiple re l lect ioi i  and c l e a r a n c e  caused by var ious  t p e s  of r e - e n t r a n t  c o r -  

5 .  A compar ison  betxerr :  loading i n  the Mach region and that in  t h e  regular  r e f i e c u u n  r e -  

kcpi  cons tan t .  

va t rd  s t r u c t u r e  to the gruund. 

n e r s  and cavi t ies .  

gion 

A s e r i e s  o i  1 7  re inforced-concre te  blocks was designed for e x p o s u r e  to Shors 5 and 10. 
TP,e s t r u c i u r z s  u e r r  anchored to the ground and were  expected t u  ui ths tand  the e f f e c t s  of the 
shock u a v f  u i thou t  permanenr  deformat ion .  Two o i  the s t r u c t u r e s  were  located in the e q e c t e d  
r e g u l a r  ref lect ion region of Shot 9 and the o t h e r s  in  the  e w e c t e d  Mach re f lec t ion  r e p o n  l o r  that 
st i i i t  

T h e  a r r a y  of s t r u c t ~ r e s  cuns is ted  of control  blocks 6 f t  high, 12 It wide, and 6 It deep i n  
rnr d ~ r e c t i o n  of the blast.  together  with o ther  blocks having propor t iuna l  d imens ions  and s p e c i -  
a:ly a t s i g n e a  s t r ~ c i u r r ~  to a r t a n  the o t h e r  object ives  of shielding,  or ien ta t ion ,  elevation abuve 
p r o u n d ,  F I C .  A view of S D ~ P  of  the blocks i s  shown i n  Fig. 9 . 3 .  A total of 214 channe l s  01 p r e s -  
5 u r ? - l l l T i P  i n ~ r r u m e n r 3 r i o n  % a 5  opera ted  for each shot .  T h e  soil was s tab i l ized  for  a s p a c e  of 
203  ir Ln fror.1 o! the a r r a y  ai 4 9 0 0  i t  to help i n  obrainlng a c lean shock wave. 

I n  Shot 10 two of  the s i r u c t u r e s  w e r e  located i n  the  p r e c u r s o r  regiun.  
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Success  i n  obtaining p res su re - t ime  records  on most gages pia6 achieved  Structure 9.16, 
located in the precursor  region of Shot 10, overturned and was thrown back about 20 ft. No 
olher s t ruc tures  suffered any permanent deformation or  displacement. 

The pressure-gage data provided sufficient information lo satisfy most of the test  objec- 
trves. Diffraction phenomena, in general ,  were consistent with pre tes t  expectations, h t  drag 
coefficients did not turn out to be constant as was expected. P re t e s t  diffraction-impulse p re -  
dictions were,  on the average, high. The largest  discrepancies i n  diffraction impulse between 
predictions and lesl resu l t s  appeared on one of the skew-oriented s t ruc tures  and on the s t ruc -  
tu res  elevaled abovr the ground. 

blast uave. The drag fo rces  observed Mere not in agreement u,ith the pretest  method 01 p re -  
a c t i o n ,  uhich u a s  based on simple one-amens iona l  wave theory. Uncertainties in instrumen- 
tation made the determination of d rag  forces  doubtful, and the possibility exists that the in- 
c reased  drag force observed was not a real  phenomenon. 

The les t  was designed primarily 10 study diffraction phenomena. A comparison between 
measured and predicted diffraction loads served  lo confirm certain aspects of the pre tes t  
methods and led t@ revisions of others.  In the remaining instances, t h e  form of the data was 
inadequate to either confirm or  rev ise  !he methods. This latter category includes those cases  
in which the tes! data u'ere clearly in disagreement with pretest  predictions. However, it  was 
not possible tu  revise the prediction scheme, and further study is recommended. 

The pretest  load-prediction methods were revised in three instances: (1) the value of the 
buildup coefficient. n ,  uas modified to yield a more- rap id  p re s su re  buildup on r ea r  sur faces ,  
( 2 )  a correction factor u a s  developed which effectively decreases  the predicted diffraction im-  
pulses on obliquely loaded su r faces ,  and 131 the method of loading on the underside of elevated 
s t ruc tu res  u a s  changed to F v e  loads uhich a r e  lower than previously predicted but still  some- 
what higher than f ree-s t ream.  

The pretest  predictions were confirmed with regard  to: (1) peak average p res su re  on s e m -  
frons oblique sur faces ,  12) loadings on the top and r e a r  of very wide (Le. nearly two-&men- 
sionali s!ructures, (31 time-scalinp on the top and r e a r  sur faces  of geometrically similar s t ruc-  
tures ,  (4 :  occurrence of a so-called peaked shock eflec: u,hlch leads to reduced p res su res  on 
the front of larpe s t ruc tures  (i.e. those which are la rge  i n  t e rms  of the ratio of s t ruc ture  height- 
to-blasl uavelenglh). and 151 diffraction impulse on sur faces  of irregularly shaped structures.  

of an analytical solution f o r  the f r e e - a i r  blast pa rame te r s ,  which resu l t s  in a dynamic p res -  
sure- t ime curve dsfer ing  f rom that obtained by one-dimensional wave theory. 

A method of predicting loadings on rectangular parallelepipeds in the precursor  region 
was developed f rom the p re s su re  data on Structure 3.11. This load-time variation consists of a 
linear r i se  of ne1 force on the s t ruc ture  10 a maximum value p v e n  bY the product of a drag  co- 
efficient and the peak ideal dynamic pressure  (1.e. the dynamic p res su re  over an ideal surface 
in b e  absence of a p recu r so r ) ,  followed by a l inear decay to ze ro  at the end of the posiuve 
phase. The time of r i s e  t o  maximum load is about 100 msec and i s  probably independenl of the 
bujldlnc eeometrv.  Inasmuch a6 this empirically determined loading i s  based on only one set of 
data. it may r'ary considerably fo r  other precursor  shot conditions and f o r  other bu i lang  
snapes 

The re  seems  to be a nearly linear decay in drag forces  during the posltive phase of the 

If the increased drag force is accepted as a r e a l  phenomenon, it can  be e q l a i n e d  in t e r m s  
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B.3.2 Project 3 . 1 ~ :  Shock Dilfraction Study 
Agency: 
Report Title:  
Project Officer: W. E. Morris 

U. S. Naval Ordnance Laboratory 
Shock Diffraction in  the Vicinity of a Gtructure, WT-?B6 

The objective 01 Project 3.lu was to determine the shock dilfraction in the vicinity of a 
s t ruc ture .  An a r r a y  01 14  pressure- t ime gages at ground level and at a height 01 5 It were 
located behind and to the  side of the 3.11 structure.  The instrumentation employed Wiancko 
inductance type p res su re  gages and the NOL FM t ransmiss ion  and magnetic tape recording 
system. 

On Shot 9. the 3 . l t  s t ruc ture  and the 3.lu diffraction melsurements  were in the region 
t raversed  by a conventional Mach shock wave. Dilfraction ellects were observed i n  the form 
of a SO-msec duration spike superlmposed on the lree-fleld side-on pressurer both bthlnd the 
s t ruc ture  and to the s ide  of the structure.  Directly behind the s t ruc ture  the magnitude 01 this 
spike was 40 per cent higher than the free-lield peak p res su re  at the ground level BPge closest 
to the structure ( 6  It). The 5-11 high gage showed less of an i nc reme  ( a b u t  15 per cent) in 
pressure  than the ground level gages.  The magnitudes and shapes of the presaure-time records  
of the gages located behind the s t ruc tures  were quite Stmilar to the pressure- t ime records  
f r o m  gages on the 3.11 s t ruc ture  located along the center  line and at corresponding heights on 
the back lace of the s t ruc ture .  The magnitude of the  p re s su re  spike to the slde 01 the 9.11 
s t ruc ture  was 20 per cent g rea t e r  than the f ree- f ie ld  peak p res su re  nt the closest station ( e  ft). 
Dillraction effects were observed 24 lt both to the s ide  and in back 01 the rtructure.  At 46 It any 
elfect had about dlsappeared. Since the largest  dimension (L)ol the 3.lt s t ruc ture  waa 12 It. dll- 
lracllon eflects appear to exist out to  about 4L. Therefore ,  if shleldlng eifecta a r e  to be avoided, 
a minimum distance 01 a t  least  4L should be malntained both to the side and behind a mtructure. 

fraction ellects should be expected in th i s  region where a slow rise-time p res su re  pulse was 
observed rather t h a n  a t r u e  shock wave. No diffraction effects were observed In the r eco rds  of 
the 3 . l u  a r r ay .  and the pressure- t ime record6 followed closely the lree-field pressures .  In 
contrast to the Shot B r e su l t s ,  the peak p res su res  of the gages closest  to the s t ruc ture  showed 
decreased p res su res  (35  pe r  cent i n  back and 15 pe r  cent t o  the side). The ie  decreased pres-  
su res  niay be ascribed t o  the effect 01 the influence of the drag  loading phose since they persisl  
over a large portion of the pressure- t tme history. 

8.3.3 ProJect 3.3: Tes t s  on Horizontal Cylindrical Shapes 

On Shot 10. the 3.11 s t ruc ture  was i n  the well-developed precursor  region. No strong d i f -  

Asency: Air Materlel Command 
Report Title: 
Project Olficer: B. J. O'Brien 

Tes t s  on the Loading of Horlzontal Cylindrlcal Shapes, WT-I22 

The oblectives of t h i s  experiment were to determine the blast loading on horizontal cylin- 
de r s .  u,ith particular re ference  to the eflects of shock strength, the eflectr 01 target s ize  on the 
net loads, and the ellect  of distance above ground.. 

Five steel  cylinders closed at both ends and supported at varying dlrtances above the 
eround were located a t  two station6 In both Shots 9 and 10. Four 01 the cylinders were E i t  In 
diameter and 20 lt long, and one was a t  one-quarter s ca l e  of these dlmensione. The helghtr, 
above eround varied l r o m  4 to 36 in. A typlcal cylinder 18 shown i n  Fig. B.4. 



The cyllndere were rtublecled to clean, well-defined blanl waves in  both shots g ond 10. 
The pressure-gage  data provlded the loadlng on a cylinder one radius above lhe ground. The re  
is some UncertPlnty as to the p re s su re  sca l e ,  but the bulldup and clearing t imes  were found l o  
be essentlally the anme a s  for a cylinder In  free space,  with the exceptlon of the clearing IIme 
on the f ront  face.  The predicted clearlng t lme on the front face of M lsolaled cylinder w a s  be- 
w e e n  4 and 5 r / U  t ime unlts ( r  = radlus of cyllnder, U = shock-front velocity); the test resu l l s  
lndlcate a clearing time of between 0 and 10 r/U time units. 

The remaining test  objectives could not be realized from the p r e s s u r e  records ,  since these 
data exhiblted a considerable and generally random spread  from whlch no trend8 could be e s -  
labllshed. In addltion, no quantitative Information was obtained f rom s t ra ln  records ,  because of 
inabtllty lo  Interpret  these data properly. The data-reductlon schemes ,  an applted, did not yield 
a satislactory interpretation of the data; however, computations were not car r led  to the point 
where deflnite coneluslons could be reached PE to the feaslbillty of the various methods em-  
ployed. 

No deflnlte conclusions have been reached for thls test, nlthough some  Informalion of value 
concerning the scaling of t ime detalls  and the loads on one cylinder conflguration w b  obtuned. 
The interpretallon 01 the struln data most probably would have been enhanced had the dynamlc 
charac te r l s t lcs  of the t o i l  items been determlned by independent means elther before or  after 
lhe I ~ s i s .  It Is also clear that much addltlonal work remains  to be done with respect to the de- 
s l F n  uf net-force-measuremenl sys tems and, i n  particular,  ansoclated problems of data lnter- 
pretntiun. 

R.3 .4  Project 3.4: Tes ts  of T r u s s  Systems Common to Open-Framed Structures 

Teats on the Loading of T r u s s  Syalems Common to Open-Framed 
Structures. WT-123 

Agency: Alr Materiel Command 
Report Tllle: 

Pro jec t  Offlcer: B. .I. O'Brien 

The objective of t h l s  project was to determine the drag  forces  applied to open fTame s i ruc-  
l u re s ,  such as brldgcs. Specifle objectlvee were 10 determine the relatlve amounts of dlffrac- 
lion and drag Impulses, to find the ellecte of drag loading due lo the shleldlng of component 
pa r t s .  and tu obtain ddla f o r  comparlson wlth w l n d  tunnel data obtained under steady-stale flow 
condltiuns. . 

The baslc s t ruc ture  u a s  a duplicate of the center sectlon of a through-type, open-deck, 
s ln~ lc . - l r ack ,  truss ra i luay  brldge. Duplicate sectlons of the top chord assembly, the bottom 
chord absembly, and a slngle beam f rom the bottom chord assembly were a l so  Included. The 
f l f l h  lest Item was a section of a through-type, upen-deck, plate-girder railroad brldge. Each of 
the sectlons except for the slnple beam was mounted upon simulated bridge p l e r s  of concrete 
about 15 It high, umllh the lest sections Iastened 10 steel  sensor bars  which were in turn welded 
to  base plates bolted lo the p ie rs .  A vlew of the plate-glrder section is shown i n  Fig. B.5. The 
deslgn of the reactlon structure was Intended to be such that forces  on the brldge elements 
could be determlned from straln-gage readings on the sensor 'bars.  

In the prototype brldge, lateral stablllty of the top chord was maintalned by a top lateral  
system extendlng to portal braclnl: a t  each end. Because thla sys tem was unavailable In the test 
speclnien. whlch consislad only of one panel 01 the bridge, a cable-braclng system was added to 
prevent lateral  deflecllon of the top chord. 

Al l  the objects tested xiere located i n  the range of 2200 to 2330 f t  f r o m  actual Ground Zero  
lor Shot 9 ,  and 1950 11 from actual Ground Zero  fo r  Shot 10. The peak side-on p res su re  Levels 
lor  these ranges were, respectively, about 11.5 ps1 for Shol 0, and B pal l o r  Shol 10. 

The effects of the blast In Shot 0 caused lillle damage to the test Items. The cracking of 
l u o  sensor  ba r s  a t  the weld of the plate-girder sectlon was observed. A smal l  permanent set 
01 approxlmately 3 in.  a[ the top of the t ru s s  section resulted from the guy cables belng loosened, 
apparently due to the slippage of the cable clamps. After the shot the cables were tlghlened and 
five clamps were Installed on each cable end, instead of three. 

Thc damage of the lest  i tems on Shot 10 was conslderably more  seve re  than had been ex- 
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pected. The upper pa r t  of the truss-bridge section failed completely and fell to the ground. n e  
cable clamps again slipped, h t  i t  is not known whether the forces  would have been sufficient to 
break the cable had the clamps held. A small permanent s e t  wp6 observed in  the top-chord 
component. The  bottom-chord component appeared to have sustained d a m g e  f rom flying de- 
bris. A vieu' of the s t ruc ture  after fa i lure  i s  shown in  Fig. B.6. 

Five s t r a in  records  on Shot 9 and all  eighteen records  on Shot 10 were cowldered  to be 
unusable. The Shot 10 records  consisted entirely of what might be te rmed high-frequency 
hash; many of these show predominant ze ro  shifts and off-scale readings. Even the Shot 9 
s t ra in  records  gave some indication of base-line shifts and calibration e r ro r s .  For the most 
par t  the s t ra in  data did not yield Interpretable resu l t s ,  and therefore none of the stated objec- 
t ives have been achieved. However, in view of the limited and uncertain nature of the experi- 
mental data obtained, i t  is very doubtful that all the tes t  objectives could have been realized 
anvu'ay. The data-reduction techniques employed were similar to those used i n  Project 3.3, 
and in  general the same  negative r e su l t s  were obtained. Perhaps  the most importanl resu l t s  of 
the test have come about through consideration of the damage sustained by the truss-bridge 
section. I t  w a s  found tha t  a simplified dynamic-response analysis, incorporating the pre tes t  
pre&cted loa&ng for the regular reflection region on-Shot 9 and a tentatwe l o a d - p r d c t i o n  
scheme applicable to the precursor  region on Shot 10, provided an adequate estimate of h e  
damage sustained by the bridge in these  two shots. While there is sufficient uncertainty in the 
assumptions of the response analysis to invalidate this agreement as a check on the essential  
accuracy of the load-prediction methods, confidence in the utilization of eus t ing  methods for 
damage-prediction estimates of open-frame s t ruc lures  i s  certainly increased as a result of 
this test. 

bar data as reported.  The best available data f 
bridge t rus s  members  i n d c a t e  a value of abou 

creased  p r e s s u r e  is sufficient lo account for the difference in  deformation observed i n  the 
bridge t r u s s  i n  the two tes t s .  It can be concluded that the deformations observed a r e  consistent 
with the forces .  

Sufficient redundancy should be provided in the planning of instrumentation for field experi-  
ments to permi t  the interpretation of data obtamed from the tests,  even when pa r l s  of the data 
a r e  missing. 

B.3.5 Project 3.5: Tests  of Wall  and Roof Panels 
Agencv: Air Materiel Command 
Report Title: 

Project Officer: B. J. O'Brien 

No conclusions regarding the principal objectives of the test  a r e  possible f rom the sensor -  

m o r  Shot 9. Even with the shor te r  duration i n  S ot 1 because of the smal le r  yield, the in- &'\ , 
namic p res su res  at the distances 

r Shot 10, compared with abou $ci;' &$, w 

Tests  on the Response of Wall and Roof Panels  and the Transmission 
of Load to Supporting Structure,  WT-724 

The general objective of this experiment w a s  I o  determine the load transmitted to building 
f r a m e s  through various common types of panel wall and roof construction. Other obiectives 
concerned the determination of modes of failure of common types of wall and rwf construction, 
and the changes i n  magnitude and type of loading on the various p a r t s  of a s t ruc ture  as affected 
by the fa i lure  sequence of p a r t s  of different strength. 

Reinforced-concrete test ce l l s  were built to support the wall and roof panels. A view of 
some typicar roof panels is shown in Fig. B.7. Each of 10 test  walls measured 8 ft. 9 in. high by 
13 f t ,  9 in.  wide and was supported in a channel f r ame  attached to sensor  bars to measure the 
load transmitted to the supports. Each of the seven test  roofs measured approxlmately 29 f l  
long by 14 f t  wide. The cells supporting the roofs  had openings in front and rear of about 16 
per cent of their  frontal  area.  A description of each of the types of wall and roof panels is con- 
tamed i n  Tables  B.1 and B.2. The 3 . 5 ~  wall panels a r e  shown in Fig. B.8. 

Instrumentation consisted of 21 pres su re  measurements primarily on inside surface Of 

roofs.  69 strain-gage channels to measure  loading transmitted by the roof and wall  panels to 
the supports, time-of-break gages on four roof panels, and motion-picture photograph?. 



Groups of test cells  were located at 6700 It, 4500 I:, and 2200 I t ,  t o  give data at three p r e s -  
s u r e  levels. Because nearly all i tems failed in Shot 9 ,  as intended. n o  instrumentation was pro- 
vidtd for  Shol 10. 

of the damage resulting from the test  a r e  summarized in Tables B. l  and B.2. 

orher s izes  of panel or type of supporling structure.  I n  par t icu lar ,  Vie brick w a l l s  acted more  
or  less  a s  a rches ,  and even alter initial failure occurred in the pane: they had a considerablr 
res i s tance .  Such a resistance might nor be mobilized i n  an actual bu i l lng .  

The description of the test  i t ems ,  the overpressure  levels recorded, and a brief summary  

The results of this t es t  should be viewed with caution as indicative of general t rends  for  
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Even though a wall fails structurally quite early In the lording period, tbe debrii m y  trLc 
a relatively long period of time to clear from the ope*. In such cases, the peak forces md 
their dynamic effects i n  the interior of the building are expected to be coneiderably lower than 
if the wall debris had cleared away more rapidly. The effect of wall debris may therefore be 
of considerably greater importance than had been previously anticipated i n  reducing the 1oadjj-g 
on interior equipment, downstream walls, columns, and trusswork. 

altered quickly from what would occur with no roof failure, at least for  the geometries con- 
sidered. In fact ,  for the six instrumented roof panels it appears that roofing wan  removed 
the blast too slowly to have a large effect at any time on the interior pressures. 

The effect of purlins on pressures  on the undersides of roofs a r e  probably confined to 
areas  closer lo the purlins than a b u t  one purlin height. The effects of ~ongitudinal trusswork 
on pressure a r e  also indicated to be small. In fact, the later (pseudo steady-state) pressures 
on the undersides of all roof shapes which were tested appear to be unaffected by the geometric 
differences between these roofs, including pitched and arched shapes. 

that the predictions a r e  fa i r  to good in  mO6t respects for the Mach reflection region but a t e  
poor i n  certain respects for  the regular reflection region. 

The masonry and reinforced-concrete panels appeared to fail a s  two-way slabs. The test 
results seem to support an arching-action theory. The lightweight wall and roof covering ap- 
peared l o  fail i n  bending a s  one-u'ay slabs. 

B.3.6 Project 3.6: Tests of Railroad Equipment 

Early structural failure of the roof does not necessarily imply that interior pressures a r e  

Comparison o i  measured pressures  with predicted loadings on the roofs tested indicates 

Agency: 
Report Title: 
Project Oflicer: Lt Col D. C. Dou,  TC, USA 

U. S. Army Transportation Corps- Air Materiel Command 
Tests on the Loading and Response of Railroad Equipment, WT-725 

The oblectire of this test was to study the vulnerability of the various types of railroad 
equipment tq the blast and thermal effects associated with an atomic explosion. The specific 
ob]ectives u e r e  concerned w i l h  general damage to railroad cars ,  b l h  loaded and empty; the 
bracketing of the shock overpressure causing damage; the gathering of data relating to blast 
loading, response. and dispersion criteria;  and correlation of response uith damage and thermal 
effects. 

Sixteen items of standard Transportation Corps equipment, consisting of several types of 
boxcars, tank cars ,  and one diesel locomotive, were included in Shot 10. The boxcars included 
five empty and five loaded uooden boxcars, on€ empty steel boxcar, and two empty plywood box- 
cars .  The tank cars  included one empty welded tank car and one empty riveted tank car .  Each 
piece of equipment u'as installed on a 126-it section of track. Loading consisted of sandbags 
stacked to a height of about 3 f t  above the floor. 

This equipment u'as located asiallpu,-' 
v- 

Item 
Distance from Peak Side-on 
Actual CZ (ft)  Pressure @si) 

Wooden boxcar (empty) 
Wooden boxcars (empty and loaded) 
Diesel locomotive 
Wooden boxcars (empty and loaded) 
Plywood boxcar (empty) 
Wooden boxcars (empty and loaded) 
Steel boxcar (empty) 
Wooden boxcars (empty and loaded) 
Plyu,ood boxcar (empty) 
Wooden boxcar (loaded) 
Steel tank cars  (riveted and welded) 

6600 
4400 
3400 
3400 
3400 
2820 
2820 
1870 
1870 
1520 
1520 

1.9 
4.0 
6.0 
6.0 
6.0 
1.5 
7.5 
9.3 
9.3 

1 3 . 3  
13.3 
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8.3.; P r o l e c t  3 . 7 :  E f f e c t i v e n e s s  of Blas t  Baf f les  at  Shel ter  E n t r a n c e s ,  Air  Intakes.  and 
Outlets 
Office of the Chief 01 Engineers ,  E. S. Army 
njl Blast  E f l e r t s  on E n t r a n c e s  and Air  Intakes of Enderground Inslal la-  
t i u n s .  W T - 7 2 6  

Aeenc!: 
Report  T i t l e :  

Project Of!icer: X. J.  M a l t h e u s  

Tne o b j r c t i r e s  of th!s project  u e r e  to obtain.  under lield conditions in an  a tomic  b las t ,  
daia on var ious  devices  sui table  f o r  u s e  a 3  a i r  intake a n d  ventilation ducts  and data on the 
b las t -a t tenuat inp  p e r f o r m a n c e  of en t ranceways  of t w o  s i m p l e  des igns .  

a s ingle  s t r u c t u r e ,  located about 2 11 under  the s u r f a c e  of the ground.  Tu.0 l a r g e  c e l l s  18 ft by 
8 l i  D! 7 11 high and s i x  independent plenum c h a m b e r s  of 3 It by 4 f t  by 7 ft height w e r e  pro- 
vided, to uhich vent i la t ing duc ts  of v a r i o u s  kinds led. Various ventilating duc ts  u 'e re  provided 
with p r o t e r t i v e  devices  at the i r  e n t r y  of the  lollowing types:  (1) s t r a i g h t  pipe with T-shaped  
e n t r i .  i 2 1  s t r a i g h t  pipe with lBO'-bend entry. (31 heavy-duty muff ler- type b las t  baf f le ,  (41 
S u e d i s h  rock  g r i l l e ,  ( 5 1  Chemica l  C o r p s  f i l t e r ,  and (6) Chemical  C o r p s  an t i -b las t  c l o s u r e  
ra:ve. Each large c h a m b e r  was equipped u i lh  2 vent i la t iw b l o u e r  pro tec ted  with a S u e d i s h  
rock  g r i l l e  in one chamber  and a 7 - s h a p e d  e n t r y  in the other .  The exhaust  vent i n  the  chamber  
U l t h  the  S u e d i s h  r o c k  gri l le  was a l s o  pro tec ted  with an an t i -b las t  valve. T h e  entryway to  one 
chamber  u a s  the T-sec t ion  type and on the o ther  the e n t r y u a ?  was protec ted  u i th  b l a s t - a r r e s t -  
ing deta i l s  i n  the  f o r m  of r iphr-angle  bends.  Thir ty-four  channels  oi air p r e s s u r e  m e a s u r e -  
m e n t ~  u e r e  provided for both Shots  9 and 10. T h e  l e s t  chamber  i n  p r o c e s s  01 construct ion i s  

s h o u n  in Fig.  B.9. 
T h e  ranee o! the structure f o r  Shot 9 was  963 i t ,  and t h e  roverpressure r e c o r d e d  uas ap-  

proxi-natrl! 20 p s i .  The ranee  f u r  Shot 10 was  765 i t  and t h ?  c v r r p r e s s u r e  r e c o r d e d  uas  cofi- 
s ~ d e r a b l v  i n  e x c e s s  of the expected va lue .  reaching appromimarely 110 ps i  o r  m c r e .  

A l l  of [he e l e m e n t s  tes ted  u e r e  contained in t u 0  independently re inforced-concre te  c e l l s  In 
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Complete records  were obtained on Shot 9 lor all of the vents and the entryways. In Shot 
10 only s ix  Pressure- t ime r eco rds  were obtained. The resu l t s  of Shot 10 were  01 particular in -  
t e r e s t  because of the lailure which occurred  i n  the roof of the s t ruc tu re  i n  one large cell. 01 the 
lest  she l le r .  This roof had been designed for a pressure  of 60 psi ,  with deslgn values (hat cor- 
responded to a factor of sa fe ty  01 slightly l e s s  than two. The conditlons of failure were some- 
u,hal unusual, i n  that only the roof over one cell  lailed, apparently p r imar i ly  in shear ,  and the 
other showed no important delormation. 

Practically all of lhe ventilating-duct devices lengthened the rlse t ime of the p re s su res  in 
their  plenum chambers and in some cases  reduced the peak p r e s s u r e s  greatly. In general, Ihe 
p re s su res  measured In the ducts were in agreement with analyses developed. 

Both entryu'ays showed indications of peak pressurss ,  reached ear ly  in the shot, 01 magru- 
tudes nearly twice Uie incident overpressure  level. After some  clearing t ime of approximately 1 
to 1.5 t imes  the period for lhe shock to travel through the entranceway to Ihe Iarlhesl point and 
back out again, the p re s su res  in the entranceway passages appeared 10 be Practically the s a m e  
a s  those outside the s t ruc ture  in  lhe general shock region. 

B.3.8 Project 3.8: Elfec ts  of Air Blast on Buried Structures 
Agency: 
Report Title: 
Pro jec t  Officer: W. J. Matthews 

Office of the Chief 01 Engineers, U. S. Army 
Air Blast Effects on Underground St ruc tures ,  WT-I21 

The general objective 01 this program was lo obtain some of the necessary  basic data f rom 
which 10 develop c r i t e r i a  for the economical and efficient design of underground protection 
f rom a i r  blast forces.  The specific objectives were: (1) to investigate the nature 01 the forces 
transmitted f rom an air  burst of an atomic bomb through the earth to underground s t ruc tures ;  
( 2 )  1 0  determine the variation of these Iorces  with the depth 01 transmission through lhe ear lh  
and with the flexibility 01 the s t ruc tu ra l  elements subjected lo the forces; and (3) to study the 
response 01 simple s t ruc tura l  elements 01 different st i l inesses subjected lo the transmitted 
dynamic forces.  

The s l ruc tures  subjected to test  were pr imar i ly  reinforced-concrete boxes having a la rge  
number of simply supported steel-beam s t r i p s  forming their roofs. Three  identical reinforced- 
cunci'cte cclls were designed lo support roof s t ruc tures  at three depths of burial: 1 It, 4 ft ,  and 
8 f1. 'Each of the structures had a number of individual beam s l r ip s ,  wi th  th ree  or  lour s t r ip s  
of each of three diflerent degrees  of Ilexibility. All 01 the beam s t r i p s  had a span 01 8 fl and 
werr composed of tu'o closely spaced I-beams welded to a common %-in. s tee l  coverplate. One 
se t  of beam s t r ips  lor each depth w a s  designed to develop plastic s t r a ins  even lor IOU, p r e s -  
s u r e s ;  another s e l  u'as intended to develop plastic strains al  relatively high overpressures ;  
and a third s e t  u'as designed to remain  in the elastic range even for very high overpressure?.. 

central  beam of each group. Air p re s su re  measurements were a l so  recorded both inside and 
outside the s t ruc ture .  A total 01 99 channels of inlormation were operated, Placing of earth 
cover and backlill was carefully controlled. Physical 'properties 01 the  t e s t  beam s l r i p s  were 
measured on control specimens and on duplicates 01 the s t r ips  tested in the laboratory. A view 
01 a test chamber and 01 individual beam s t r i p s  is pven  in  Fig. B.lO. 

The s t ruc tures  were located i n  a group at approximately 1425 It  f r o m  the actual Ground 
Z c r u  of Shol 9 (p re s su re  level, a h u t  15 ps i )  and at about 900 It  from the actual Ground Zero 
of Siiot 10 (pressure level, about 63 psi) .  

No damage o r  permanent deformation u'as expected in Shot 9 and none was observed. The 
p res su res  obtained i n  Uiis s h o t ,  because of lhe bombing e r r o r ,  were considerably sma l l e r  than 
expected and the records  obtained provided only qualitative inlormation i n  mosl cases. In Shot 
10, the p re s su res  were of abaut the order  01 magnitude expected in the design u,ith a definite 
p recu r so r  pulse. Only smal l  permanent dellections were obtained in the tes t ,  although the 
transient deflections were of an o rde r  of magnitude suflicient to give appreciable readings. 

of a p re s su re  pulse applied a t  the sur face  umilh depth through the subsoil under the fo!lowing 

The test beams were instrumenled with s t ra in ,  deflection, and ea r lh  p r e s s u r e  gages on the 

I n  well-compacted s i l t y  subsoil of the lype at the lest s i te ,  there i s  no eflective attenuation 
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conditions: (1) u'hen the p r e s s u r e  is transmitted lo a s t ruc ture  i n  the soil; (2) when the s t ruc-  
tu re  is buried a t  a depth not more  than the span of the s t ruc ture ,  and (3) if the deflections are 
l e s s  than 0.5 p e r  cent of the span. The transient,  a s  well as the permanent, strains and defor- 
mat ions  of the beam s t r ip s  were of about the same  o rde r  of magnitude a t  all  t h ree  depths of 
burial. Apparently the dynamic srching phenomenon is negligible unless the deflections a r e  
large or  the dcpth of cover is grea te r  than the span; the beneficial e f fec t  of added cover under 
ihese circumstances is pr imar i ly  due to the added m a s s  of such a cover. Although attenuation 
of p rc s su re  u i t h  depth was noted i n  f r e e  earth measurements in this project and in Project 1.4, 
there u a s  no indication on the s t ruc tures  of such attenuation, either f rom p r e s s u r e  measure- 
ments,  reactiun measurements ,  or deflections and s t ra ins .  

For undrrground s t ruc tu res  having a net density less than that of the displaced soil, the 
overall  accelerations of the s t ruc tu re  act to reduce the influence of the p re s su res  applied to the 
top. However, t h i s  inliuence is not large. 

The lateral  p re s su res  exerted on vertical faces of a buried s t ruc ture ,  compared with the 
p r e s s u r e s  applied a t  the top sur face .  a r e  quite smal l  i n  the subsoil at the Nevada Proving 
Gruunds. 

nearly of lhc same  magnitude as the downward p res su res  on the ground surface.  

8.3.9 Project 3.9: Design and Location of Field Fortifications 

Thr pres su res  exerted upward on the base and floor s lab  of buried s t ruc tu res  a r e  very 

Agency: 
Report Title: Field Fortifications, WT-728 
Pruject Officer: Cap1 V. S. Adkins, USA 

Engineer Research and Development Laboratory 

The test had four objective:;: (1) to obtain evidence supporting a detailed qualitative dis- 
C U S S I V I I  ul aiomic effects on field fortifications with overhead cover and revetment; (2) to make 
a i r - p r e s s u r e  n i rasuremenls  inside various fortifications and compare them with the air p r e s -  
s u r e s  i n  the open at ground level; (3) to make measurements of the reflected thermal radiation 
uithin open tuo-man foxholes and determine a method of scaling to a range of possible situa- 
tions; and ( 4 1  10 delernune the dtpendence of gamma radiation measurements upon the a n y i a r  
orientation of fi lm badges inside an open two-man foxhole. 

To sludy blast effects.  various types of covers,  revetments. and reinforcements were 
added to s l w d a r d  command posts,  two-man foxholes, and machine gun positions ( see  Fig. B.111, 
w h i r h  were situated at three different positions (500, 1500, and 4600 It from planned Ground 
Zcro). Indenter p re s su re  g i g e s  usere used to obtain p re s su re  measurements within Ihe em-  
placements. Presliol and poslshoi photography was a l so  employed. Results indicate that fail- 
ure Lwy.iii in tile rover-supporting t imbers  at 8 psi. Almost no ia i lures  occurred in revet- 
ments up  tu 20 psi .  Covers on emplacements must be well anchored and very strong, or 
flexible. to withstand p res su res  i n  the 20-psi reglon. Conventional sandbags are unsatisfar-  
lory for entrance revetments subjected to an atomic explosion, since they catch on f i r e  and 
spil l  t h e i r  contents before the blast a r r ives .  

For overpressure  multiplication, five two-man foxhole$, two at 4100 f t  and three  a t  7000 
It, were instrumented with Wiancko pressure- t ime gages, self-recording scratch-type p res -  
su re - t ime  gages, and indenter p re s su re  gages. The resu l t s  show that p re s su res  inside Iox- 
hoi rs  can reach values as high as lu'ice the peak p res su re  a t  ground level, and that the addi- 
tion oi covers  to emplacements can efiectively reduce p res su re  buildup inside foxholes to any  
des i red  extent. Results of Project 3.7 provide corollary idormal ion  on this subject. 

sheeting and oriented at various angles in the ground n'as exposed to Shots 9 and 10. The alu- 
niinuin shceung was deslbmed lo a r t  as a difiuse reilector ( see  Fig. B.12). Each faxhole was 
lined with an a r r ay  of passive indicators to measure  thermal energy f o r  each orientation and 
i n  \ . I L ~ I U U S  pusitlons within the foxholes. Calorinieters were employed a s  a check on the passive 
indir:itors. By representing passwe-indicator reaction energy as a fraction of d i r ec t  thermal 

heiRili ul b u r s i ,  distance iron] Ground Zero, and soil reflectance. For aluminum-lined fox- 

T o  determine thermal reflection, a s e r i e s  of 22 two-man foxholes lined with aluminum 

. rnergy, predictiuns may LE made a1 an? point i n  a foxhole for any condition of bomb yield, 
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holes, the r e su l t s  indicate that thermal energ ies  up to 40 per cent01 h e  incident energ ies  
may be present at 1 11 from the top of the foxhole, with a rapid dec rease  to 10 pe r  cent or l e s s  
as the depth is increased lo 3 It. Since reflectance of most  so i l s  is considerably less than that 
of aluminum, the percentage of the incident energies present in  the foxholes under actual con- 
ditions will be much l e s s  than  the above figures. Ccmparisons of aluminum and soil r e f l e c h c e  
a r e  presented in  the project report. 

caution should be used in applying the specific resu l t s  of these t e s t s  to situations involving sub- 
stantially diflerent yields or heights of burst. 

B.3.10 Pro lec t  3.11: 

In the absence of any theoretical basis for the performance of l ield lortifications, extreme 

Protective Measures for Existing Constructional Lighl Steel Frame 
Structures 
Bureau of Yards and Docks, USN Agency: 

Report Title: Navy Structures,  WT-129 
Pro lec t  Ofiicer: LTJG P. J. McEleney. USN 

The objectives of this experiment were to determine the blast res i s tance  inherent in  a 
standard s tee l - f rame warehouse of a type proposed lo r  Navy use and to determine (he practi-  
cability of obtaining a g rea t e r  blast res i s tance  through closer spacing of standard components. 

The overall  dimensions of the s t ruc lures  were 40 f l  by 100 f l  in plan, 14 f t  to the eave, and 
19 ft,  6 in.  lo the ridge. Two s t ruc tu res  were tesled, Oiie with twice as many framing members  
(bents, purlins,  and g i r t s )  as the other. The s t ronger  s t ruc ture ,  designated 3.11-a, was de- 
signed to r e s i s t  a 150-mph wind al an allowable s t r e s s  of 20,000 psi. The weaker (standard) 
s t ruc tu re ,  3.11-b, was designed for lhe combined effect of a IO-mph wind and 20-psf snow load. 
The weaker building was placed at a distance of 20,000 f t  f rom Ground Z e r o  aad  the stronger at 
12,000 f t ,  for both Shots 9 and 10. 

Struc ture  3.11-a was subjected to a peak ove rp res su re  of 2.2 ps i  f rom Shot 9, and was dis- 
placed 5 in. at the crown. The main f r ames  suf fered  light damage due to buckling of windward 
r a l t e r s .  The  sheeting was relatively undamaged except near the door, which was completely 
damaged. Window glass  breakage was complete. Pur l ins  and g i r t s  were  generally undamaged. 

in. at the 
crown, and the leeward r a f t e r s  were buckled. The door of this s t ruc lure  was only lightly dam- 
aged, and windou breakage was minor in  extent. The front-wall sheeting suf le r rd  up to 6 in. of 
permanent displacements. A postshot view of this s t ruc ture  is shown in Fit. 8.13. 

With a strengthened door and door-framing system and a l e u  minor modifications, Struc- 
t u re  3 . l i - a  could probably withstand p res su re  levels up to 2.2 psi with only light damage and 
be completely serviceable as a warehouse a f t e r  the blast with only minor repa i rs .  With simi- 
lar modilications, S t ruc ture  3.11-b could probably r e s i s t  a 1.0-psi overpressure  with only 
minor damage resulting. 

B.3.11 Project 3.12: Protective Measures lor  Existing Constructiun; Extcrnsl  Prolcctivc 

Structure 3.11-b received 1.0 psi  from Shot 9. The  f r a m e s  were displaced 

Measures 
Bureau of Yards and Docks, USN Agency: 

Report Title: Navy Slructures,  WT-I29 
Pro jec l  Officer: LTJG P. J. McEleney, USN 

The objective of this project was to test  the effectiveness of protecting a brick, bearing- 
u,all, timber-decked s t ruc ture  with precast  reinforced-concrete panels. A secondary objective 
was to test dynamically isolated panels mounted flush with the ground su r l ace  in specially con- 
s t ruc ted  foundations. 

The  brick s t ruc ture  to be protected w a s  44 It by 21 It,  4 in.  i n  plan and 11 It, 6 in.  high. 
The roof consisted of 3 by 12 joists at 16 in. on centers  spanning the sho r t  direction with I-in. 
diagonal t imber sheeting. The brick walls were 12 in. thick. The panels used to cover the roof 
uere  about 10 It, 8 in.  u,ide and spanned the short  direction. The panels consisted of a 2-111. 
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s lab  with 12- in .  edge beams and a 12-in. center beam with 6-in. sub-beams parallel  to the shor t  
side at 3 i t ,  4 in. on centers.  Wall panels had 8-in. edge beams with 6-in. sub-beams. All wall 
panels were 11 f t  i n  height and were of four different widths. The  panels were  comecled  to the 
roof-framing system and the brick walls by means of bolls, and were connected to each other 
and the curbing by welded splice plxtes. Structure 3.12 is shown in Fig. B.14. 

a l l  dimensions, and had 8-in. edge beams. These panels were mounted in pa i r s ,  one of each 
s ize ,  i n  foundalioiis designed to receive them flush w i t h  the ground surface.  The  panels were 
connected at the ends to the foundation by means of welded splice plates,  but were f r ee  to de- 
flect independently of each olher. 

Research and Evaluation Laboratory, P o r t  Hueneme, California. In t h s  test  the yield r e s i s -  
lai icc n i l s  about 1.5 ps i  a1 aboul 3-in deflectiun, and the ultimate strength was about 2.5 psi. 

01 4900 11 f r u m  2 r u o n d  Zcro. 

The secondary test panels (3.12-b and 3.12-c) were 5 i t  by 20 i t  and 10 i t  by 20 It i n  over- 

T u o  5-f l  by 20-11 panels (3,12-!J n 'ere tested statically a t  [he U. S. Navy Civil Engineering 

Thc: 3.12-2 ~ l r u c l u ~ ~  n a s  exposed tn  ail overprcssure  of 6.4  ps i  f rom Shot 9 $1 a distance 

Tlle psiiels of 3.12-b were subjected l o  an overpressure ol 3.4 ps i  f rom Shot 9, while the 
3.12-c panels received 2.5 psi from t h e  same shot. The 3.12-c panels were retested in Shot 10 
Ln llie p recu r so r  region at a range where the overpressure  was 8.1 psi. 

Tlir panels of 3.12-a n'ere slightly damaged, u,ilh a maximum permanent deflection of 0.14 
f i  111 t h e  rouf. Huuever.  the panel deflectlons were large enough l o  produce failure in about 30 
pcr c(.nt df the joists. The brick walls were relatively undamaged, with only minor cracking of 
ihc f r u n l  w311 resulting from the deflection of the front-wall panels. 

t i v v l y .  T h c  correspondiiig maxlmurn transient deflections were roughly 8 in.  and 6 in. The dam- 
a@ n.is  cunfiried to the edge beams, with niinor cracking in the sub-beams. 

lier 11mt the niain and sub-beams could not deflect. The edges were sealed with earth lo pre-  
vent p r e s s u r e  applicnliorl on the underside of the slab. These  panels were lifted bodily and 
transpurled 130 f t  and 25 i t .  r e s p e c t i v ~ l y ,  by the blast i n  the p recu r so r  region. 

TIIF precast  pancls ma). have performed the task assigned to them; viz., protection of the 
brick SIrurturc zg:iinsi blast c f fecb  zssucialed with a 6.4-psi overpressure .  Houwuer, i t  I S  not 
pus5il~le t u  d c i e r m i h  the efficiency of t h i s  method of protecting the given s t ruc ture  f rom this 
lesi  2 1 i b n ( ,  s incr  the unprolected stretigih of the s t ruc ture  i s  unknon'n. 

T h r  panels of 3.12-b and 3.12-c were deflected permanently about 5 in.  and 3 in . ,  r espec-  

The 3.12-r panels tested in Shot 10 were placed directly against the ground in such a man- 

8 . 3 . 1 2  Prulec i  3.133 and 3.13b: P recas t  Gable Shelters 
AKriicy: 
Rcpori Title: Navy Structures,  WT-729 
~':'uJect o f f i c e r :  

Bureau of Yards and Docks. USN 

LTJC P. J. McElency, USE 

Thc pr imary  ObJecll\,r of this experiment was to determine the s t ruc tura l  adequacy of a 
precnsl shcllc,r Intended for use zt Naval sho re  establlshrnenls. Secondary objectives were to 
tes t  tlir ~ ' l f e c t l w n e s s  of  a pressurization sys tem,  15 verify the validity of a method of dynamic 
s t ruc lura l  analysis developed by BuDocks, and l o  check the reduction of radiation intensity of- 
fered by these S ~ I ' U C ~ U ~ ~ S .  

These s l ruc tures  were personnel she l t e r s  designed to accommodate 100 persons.  Interior 
dimensions were 22 it  by 48 it  i n  plan and 13l.i It high. The buildmgs, one of which i s  shown in  
Fig. U.15. were divided intu tliree comparlnients by precast concrete partitions. 

Structure 3.13-a had 3 i t  of earth cover for Shot 9 and no cover i n  Shot 10. Entry w a s  pro- 
V i d E d  t h rough  a T-shaped tunnel lined nith a corrugated-metal p ~ :  ?. Structure 3.13-b was iden- 
1icaI urlh 3.13-a except no cover was provided, and the door was protected by a blast wall. 

prr5suril gages, earth-prcssure gages. and deflection gages 
V ~ r i o u s  rypes of instrumentation n e r e  provided t o  measure transient effects, such as a i r -  
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These s t ruc tures  were located as follows: 
- ~~ 

I Shol 9 I - -  Shot 10 

Distance f rom Peak  Side-on Distance f rom Peak Side-on 
Structure Actual GZ (to P r e s s u r e  (psi) Actual GZ (ft) P re s su re  (psi) ++- 3.13-b 4900 4900 

For  the s t ruc ture  with 3 i t  cl cover,  the natural frequency of vibration measured frum a 

The overpressure  level was 10.8 psi  a t  the location of Struc ture  3.13-a for Shol 9. The 

The air pres su re  measured a t  lhe s u 9 a c e  of the ear th  cover near the crown was approxi- 

vertical  pull test  was 12 cps. 

~ t r u c t l r r e  itself remained essentially elastic at this level of p res su re .  

malely 12 psi  on the wlnda,ard s ide  and approldmately 8 psi on the leeward side. Near the door 
in  the tunnel entrance, a p res su re  of about 8 ps i  was measured. 

sults. On the windward side of the building, the p re s su res  were  between 13 and 20 psi, except 
lor an unreasonably low value of 5 psi  recorded at the lop of the nearly vertical leg. On the 
leeward side of lhe building the p r e s s u r e s  ranged between 5 and 14 psi. 

moved oul when the dynamic load was applied. The airlock was destroyed by the blast, and the 
interior partition was slightly damaged. 

S t ruc ture  3.13-b was located in a 6.4-psi overpressure  range. The  f r ame  was essentially 
undamaged. Minor cracking was observed in the end panels, but the interior partitions were 
heavily damaged owing lo  the blast entering through the ventilation openings. 

For Shot 10, the uncovered Structure 3.13-a w a s  at the 8.2-psi range. Air pressure  meas- 
ured on the periphery of the s t ruc ture  varied between 5 and 7 ps i  except for a reading of 15 psi  
at about the mid-height on the windward side. The values obtained on the windward side near 
the toe and crown were unreasonably low. Damage inflicted on the s l ruc tu re  by lhe air blast 
was .unimportant. There u'as a slighl permanent deflection at the crown of 0.3 in. up and a gen- 
e r a l  leeward motion ot 0.2 in. The  c racks  i n  the panels and ribs w e r e  found widened. The 
s t ruc ture  was punctured by a miss i le  which resulted in a la rge  hole i n  a panel. 

It is concluded that this building is structurally safe for lhe overpressures  indicated, and 
that ear th  cover is valuable in  reducing missile damage and radiation on tliin-walled concrete 
buildings. Whether or not th i s  is a preferab le  type of she l te r  would depend on economics, 
p r ior i l ies ,  and logistics at the t ime 01 construclion. The  end walls a r e  relalively weaker than 
the s ides  and roof. This weakness would become even more  important i f  the end were oriented 
10 face  Ground Zero. The ventilating sys t em needs r,e-study. 

B.3.13 Projec t  3 . 1 3 ~ :  Model of Blasl-Resistant Panel 

, 

The ear th-pressure  gages placed a t  the structure-earth interface gave the [allowing r e -  

The  deflection gages indicated that the crown of the s t ruc ture  moved down and the haunches 

-, Agency: Bureau of Yards  and Docks, USN 
Report Title: Navy St ruc tures ,  WT-729 
Project Oflicer: LTJG P. J. McEleney, USN 

This project was designed to study the action of a panel designed as a torsion pendulum. It 
w a s  expected that the panel mounted in th i s  manner would provide l ime delay, as well as shock 
absorption and reduction i n  the load t ransfer red  lo the f rame.  

One panel, 3 by 6 by 7, It mounted in the front face  of a T-6 Pontoon, was tested in both 
Shots 9 and 10. The Pontoon was anchored to a 2- by 2- by 12-ft concrete slab. The panel 
framework w a s  welded to a 4.O-in.-OD, 3.563-in.-ID Steel torque tube positioned at the bottom 
edge of the panel. A concentric, inner torque tube u'as welded to the 4-in. lube a t  the mid- 
length. This inner torque tube was 3.5 in. OD and 2.25 in. ID for Shot 9, and 3.5 in. OD and 275 
in. ID fur Shot 10. 
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The measured ove rp res su res  during Shots 9 and 10 were 10.8 psi and 8.1 psi,  respectively. 
The  prrmanenl deflection f rom Shots 9 and 10 were lv8 in. and )', In., respectively. Because of 
instrumentation failure and lack of p res su re  measurements  on the panel, the reduction of load 
transmitted to the frame, as effected by the torque tubes, was not determined. 

0.3.14 Project 3.14: P r e c a s t  Warehouse 
Agency: 
Report Title: Navy Structures,  WT-729 
Project Ollicer: LTJG P. J. McEleney, USN 

l a r  lo those now being provided a t  Navy shore  establishments. 

warehouses which a r e  la rger .  Seven 2-span bents made up of hollow, precas t  columns and 
g i rde r s  u'ere spaced at 20 f t .  P recas t  concrete s t ru t s  were employed between bays at column 
locations. The roof consisted of precas t  panels approximately 10 f l  by 20 ft with 8-fn. edge 
beams and &in .  sub-beams at approximately 5 f t  on centers.  The front and rear wall panels 
were s imi la r  to the roof panels, except that the horizontal and ve i t ica l  sub-beams were 8 in. 
instead of 6 in. deep. The s ide  wall panels were similar to the front and r e s  wall panels, ex- 
cept Ihai the horizontal ribs were 6 in. deep. The foundation consisted of a continuous footing 
under- the wal l s  3 I t ,  2 in. wide by 1 It, 6 in. deep and 5- by 5- by 2-11 footings under each column 
tied 111 the t ransverse  direction with 1- by 1-11 s t ru ts .  

coniiectioiis to the slabs and reinforcing steel  of the bents were increased i n  strength above 
thal r rqui red  by the analysis for static loads, to provide for blast effects. 

Five pres su re  gages and three  displacemenl gages were installed to obtain dynamic meas- 
urements.  

For Sho? 9 the f r ame  u'as tested uncovered with the panels laid on the ground wfth the r i b s  
down (see  Fig. B.16). The coinplete s l ruc ture  was tested i n  Shot 10. The actual distance from 
Ground Z e r o  was 6500 i t  i n  each shor. The overpressure  levels w e r e  about 4.3 psi l o r  Shot 9 
and 1 .9  psi for Shot 10. 

ground w i t h  r ibs  down, were damaged by cracking of sub- r ibs  and dishing of s k i n  up to 1.5 in. 
Tlw nisin ribs werc uncracked. These  delornied panels were forced  inlo posilioii on the I r ames  
for Sliot 10, s u  that ;ne completed s t ruc ture  was initially s t r e s sed  an  unknown amount. 

For Shot 10 Ihe s t ruc ture  was exposed to an overpressure  of 1.9 psi. The f r ame  was again 
undamaged. The roof panels, however. were almost completely destroyed, with approximately 
50 per cent of them falling to the floor. The vertical  r i b s  of the  wall panels were heavily 
cracked: otherwise they were relatively intact. A postshot view is shown in Fig. 0.17. 

The total destruction of the roof panels was initiated by the failure of the end connections 
and consequent removal of ribd res t ra in t ,  followed by fa i lure  of the panels themselves near the 
location where reinforcing s tee l  was bent up. 

Because of the premature  fa i lure  of the roof panels, the s t ruc ture  probably did not receive 
the maximum load associated with a 1.9-psi overpressure.  Thus it is not Rossible to conclude 
that the s t ruc ture  is safe at that overpressure  when the roof panels do not fail. 

0.3.15 Project 3.15: Armco Steel Magazine 

Bureau of Yards and Docks, USN 

The objective of this experiment was to observe the behavior of a precas t  warehouse simi- 

Thc s t ruc ture  tested w a s  quite s imi la r  in the type and arrangement of the framing to actual 

The s t ruc ture  was designed for a roof live load of 40 psf and a 90-mph wind. However, the 

The skelelon s t ruc ture  exposed to Shot 9 was undamaged. The panels, left lying on the 

Agency: Bureau of Yards and Docks, USN 
Report Title: Navy Structures, WT-729 
Project Officer: LTJG P. J. McEleney, USN 

The objectives of Ihis experiment were to: (1) evaluate the effectiveness of ear th  cover 
againsl a i r  blast i n  protecting aboveground s t ruc tures  i n  general, and a cor ruga ted-s tee l -uch  
amnlunltion magazine in  particular;  ( 2 )  determine the adequacy of this s t ruc ture  for use as a 
personnel she l te r ;  (3) gain information leading toward optimum design of earth-covered s t ruc -  
t u re s ;  and ( 4 )  develop analytical methods for the prediction of response of earth-covered s l ruc-  
tures.  
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Two s t ruc tures  were  tested In th i s  project. The f i r s t ,  designated l l rmco II, was tealed 
statically a t  the U. S. Naval Civil Engineering Research and Evaluation h b o r a t o r y  a t  Po r t  
Hueneme. The second s t ruc tu re  was exposed to Shots 8 and 10 with 3 f t  of ear th  cover. 

Structure 3.15 was a fieml-circular, corrugated-steel u c h  (10 gage), 25 by 48 f t  In plan, 
manufactured by the Armco Drainage and Metal Products,  Inc. The semi-c i rcu lar  sections 
u'ere bolted at the edges to longitudinal base channels. The front and r e a r  walls were h i l t  up 
of corrugated panels (3 gage) bolted to curved channels which were attached t o  the I m e r  s u r -  
face  of the arch and lo base angles at the foundation. A T-shaped entry made of Armco multi- 
plate 84-in. pipe (10 gage) bolted to the front wall was provided (see Fig. B.18). Armco Il was 
essentially the same  as Structure 3.15. except that i2-gage steel  was used In the a rch  sections 
instead of 10-gage steel .  Structure 3.15 was located 2700 f t  from Ground Zero  for Shot 9 and 
2300 i t  f rom Ground Zero  f o r  Shot 10. 

Elaborate instrumentation w a s  provided to measu re  deflections (wilh respect to ground), 
s t ra in ,  and earth and air p re s su res .  

A s  for Structure 3.13-a, elaborate pull and drop tests were performed.on both of these 
s t ruc tures .  For Structure 3.15, the horizontal and vertical  pull t e s t s  were performed for no 
cover,  0, 1, 2, and 3 f t  of ea r th  over crown, and SO days'after the test, again f o r  the 3-it-cover 
case. At this time, the drop test  was conducted by dropping a 1500-lb clamshell on the crown. 
For  the case  of no cover,  the vertical pull t es t  Indicated that the natural frequency of the s t ruc-  
tu re  was about 6.7 cps. 

Similar tests were conducted on Armco II at Po r t  Hueneme. There,  earth cover over 
crown up to 5 It was used. For the case  of no cover, the natural frequency of the sys t em ob- 
tained by the vertical  pull t e s t  was ubout 6.25 cps. For the case  of 3 f t  of earth cover, the fre- 
quency was down slightly to 6.15 cps. The complete r e su l t s  of these tests a r e  reported in: 
J. R. Allgood, S m i c  and D y m m i c  S!udres of Three Personnel Shellers, NAVCERELAB Techni- 
ca l  Note N-159. 

Structure 3.15 w a s  exposed to an overpressure  of 10.8 pel in Shot 9. Air p r e s s u r e  m u -  
ured  on the windward incline was about 18 pel and about 12 psi at the crown. In the tunnel en- 
trance near the door, spikes in the p re s su re  record  of about 11 ps i  were measured. The  ear th  
p re s su res  were generally between 10 and 20 psi on the arch ,  with a low of 2 ps i  near  the lee- 
ward bottom edge. The maximum p r e s s u r e  was recorded near the crown on the leeward side. 
The leeward deflection of the a rch  1s assumed to be responsible for this high pressure .  

The malor structural  response f o r  this shot was essentially elastic. The door was ripped 
off and hurled about 30 f t  into the structure.  This might account for the relatively low pres -  
s u r e  i n  the entry. The entrance bulkhead was deformed and the bulkhead-to-tunnel connection 
failed. The re  is evldence that during the f i r s t  50 to 100 msec  the windward foundation sett led 
about  1.2 i n .  Some slippage along the laps of the corrugated sheet metal was noticed. 

For  Shot 10, the s t ruc ture  w a s  located in the 8.1-psi overpressure  range. The earth pres -  
s u r e  over the front half of the s t ruc ture  was approximately 8 psi. Records from the gages in  
the leeward side were lost. The air p re s su re  i n  the tunnel entrance near  the door w a s  only 4.5 
psi.  The door, whlch was redesigned a l te r  the fa i lure  that occurred in Shot 9, proved saus fac -  
tory. Unfortunately, deflection r eco rds  were not obtained for Shot 10. The s t ruc ture  remained 
essentially elastic. 

weakest component of the s t ruc ture .  

vided protection. 

B.3.i6 Project 3.16: T e s t s  of Glazing and Window Construction 

The end wall without entrance sustained ser ious  deflection and probably represents  the 

Except for the failure of the door in Shot 9, the s t ruc ture  remained operational and pro- 

Agency: 
Report Title: Navy Structures,  WT-729 
Project Officer: LTJG P. .I. McEleney, USN 

Bureau of Yards and Docks, USN 

The ob]eciives of this project were: to determine the comparative resistance to blast of 
different types of window design, glazing, s c reens ,  inside curtains, and outside shields; and to 
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develop a window design with improved res i s tance  or one that will swiiig open withoui damage 
when s t ruck  by blast. 

The tes t  i t ems  were located in w e e  identical wooden s t ruc tu res  at th ree  ranges  i n  Shot 9. 
The closest  building u'as reglazed and tested i n  Shot 10. Each buildlng contained a skylight and 
seven cubicles approdmalely 8 by 8 by 10 f t ,  three of which were partitioned to isolate par t i -  
a l ly  the r e a r  windows f rom the front windows. The buildings were anchored to deadmen by 
cables to provide res t ra in t  against blast  loading and were palnled with fire-retardant p d n l .  

strength wire g lass ,  and double glass;  $-in., viI-in., and %-in. plastic; and corrugated-wire 
glass. Windows were of double-hung, inswinging-casement, architectural-projected, pivoted, 
and inswinging hopper-vent types. Jalousies were inslalled on the exterior of some windows, 
while venetian blinds and curtains of different mater ia l s  were hung inside. Instrumenlation 
consisted of ordinary and high speed molion picture photography. 

Glazing included: tempered safety g lass ,  %-in. plate gla86, yiI-in. window glass ,  double- 

These s t ruc tures  n'ere located as follows: 

Structure 

3.16a 
3.16b 
3 . 1 6 ~  

I Shot 9 I Shot 10 

Disiance f rom Peak Side-on Distance f rom Peak Side-on 
Actual CZ (i t)  P r e s s u r e  (psi)  Actual GZ (il) P r e s s u r e  (psi) 

7,600 3.3 1600 1.5 
i2,500 1.5 
20,000 0.6 

The s t ruc tures  themselves were undamaged when subjected lo the blasl from Shots 9 and 
10, except lor some loosened cables and slight scorching (see  Fig. B.19). No convenient sum- 
mary of the damage to the glazing and other elements can be given he re  because of the very 
large number and difference in  charac te r  of the test  items. Detailed information regarding 
the per lormanre  01 the les i  i tems must be obtained f rom the prolecl report .  

as conclusions. 

sistance to blast when rnounled i n  fixed, unprotected sash. 

blast pas ses  through the slats and damages the uindow without permanently deforming lhe 
jalousie. 

flying g lass  fragments. Heavy curtains made of tough f ibers  like cotton or  wool may prove 
more effective in stopping fragments than fabr ics  made of g lass  f ibers .  

sash s e e m s  l o  prevent g lass  breakage under cerlain conditions. 

B.3.11 Project 3.18: Minefield Clearance 

The r e su l l s  uf vcry-broad comparisons and evaluation of the test  data a r e  presented below 

1. Of all glazing mater ia l s  tested, ",-in. plastic and tempered g lass  offer the grea tes t  r e -  

2. Jalousies mounted on lhe oulside of windows give some prolection, although some of the 

3. The ':,-in. w r r  mesh (hardware cloth) offered the best interior prolection f o r  Stopping 

4. The advantages of inswinging sash  were  not definitely determined, although this type Of 

Agency: Engineer Research and Development Laboratory 
Report Title: Minefield Clearance, WT-730 
Project Oflicer: Cap1 V. S. Adkms, USA 

The general objective of this project was to study the detonalion of pressure-activated land 
mines caused by the blast Irom atomic weapons. Specific objectives were: (1) to determine the 
applicability of the standard Universal indicator-mine probability conslants to live rmnes; (2) 
to s t u d y  lhe effect  of sympathelic detonation of live mines; (3) to supplement the present Knowl- 
edge of the e f fec t  of depth of burial on detonation; and (4) l o  corre la te  the actual rnine-detona- 
tion patterns u,ith Ihe basic blast parameters .  

antitank, and the Ml4-antipersonnel mines) were  exposed to Shot 10 in various special patterns 
Two thousand Universal indicator mines and 1200 live mines (the M6-antitank, the Mi5- 

112 



extending out to 2100 I t  f r o m  the intended Ground Zero. The anatank and indicator mines were 
buried a t  the following depths: 0, 1, 3, 6, 9, and 15 in. The antipersonnel mines were placed 
f l u s h  with the ground surface.  The tes t  area consisted of a s t r ip  620 It wide and 2100 f t  long 
extending radially 600 f t  f rom the intended Ground Zero. The indlcator n i n e s  were placed in 
panels along the en t i re  length of the field beside the  live mine panels so that the indicator-mine 
readings and live-mine detonations could be correlated.  To study the e f fec t  Of sympathetic det- 
onation, M6 mines were placed at a conventional spacing of 18 It and a depth of burial of 1 in. 
in  a belt extending almost the entire length of the field. To study the effect Of the superposition 
of the p res su re  waves due to the long-duration air blast and the detonation of the mines, severa l  
rosette patterns consisting of single M6 mines surrounded by indicator mines at various radii 
were also tested. 

It irom actual Ground Zero. At roughly 1540 It, all antitank mines buried a t  depths up to 6 in. 
detonated, while 40 to 80 pe r  cent of the mines at the 9-in. depth and only 20 to 60 pe r  cent of 
the mines a t  the 15-in. depth detonated a t  this range. At the next range, rdughly 1790 It, 20 p e r  
cent of t r e  M6 mines at the 15-in.  depth detonated, while none of the other M6 mines exploded. 
On the other hand, about half of the M i 5  mlnes  at 0-in. and  i-in. depths detonated, with all 
o thers  unexploded. No detonations occurred i n  the next panels a t  2030 It and the subsequent 
panels. One hundred pe r  cent of the antipersonnel mines detonated out io 1645 i t ,  but a t  the 
next panel at 1900 f l ,  only 3 pe r  cent of the mines detonated. 

basis 01 calibration constants obtained f rom high-explosive (HE) tests.  For example, for  the M6 
mines at 1-in. depths, the indicator mine r e su l t s  using HE-calibration constanis would pre&ct  
100 per cent detonations a t  about 1100 ft,  while the  actual distance for 100 pe r  cent detonation 
was about 1540 it. The corresponding distances for 0 per  cent detonation were roughly 1400 It 
and 1800 ft .  

The indicator mines  a l so  showed that out to about 1300 f t  the response of ail  mines w a s  es- 
sennally the same ,  except for the mines at 15-in. depths, which responded less; i.e. the defiec- 
lion oi the p re s su re  plate was less.  Beyond 1300 It the response of the indicators at 6 in. 
seemed lo be greatest .  

that a t  corresponding distances i n  the isolated panels, thus indicating that sympathetic detona- 
l i u n s  did occur. In general ,  the range for  a given percentage oi detonation was extended about 
200 f t  beyond that Kiven by the isolated panels. 

The r i s e  t imes of the p re s su re  on the mines  u'ere very long compared to the response 
tinies of the mines assuming an immovable base; thus the mines probably felt essentially a 
static load. Correlation of incidence of detonation with known s ta t ic  behavior 01 mines is very 
 good^ Assuming s ta t ic  behavmr, the p r e s s u r e s  inferred from the indicator mine r e su l t s  com- 
pare  favorably with measured p res su res  a t  the ground surface. 

The indicator mine constants determined f rom HE tes t s  cannot be used directly for nuclear 
bursts unless response charac te r i s t ics  of the live m'ines a r e  very s imi l a r  to those 01 the indi- 
cators.  However, mathematical models can be used in  conjunction with expected p res su re  func- 
tions to predict  minefield clearance with good accuracy for many types of mines. 

There will be a considerable decrease  in mine response with increasing depth when the in- 
cident p re s su re  wave has  a sharp  front and short  duration; however, lhis condition occurs in 
regions of very  high p r e s s u r e s  so that blast-vulnerable mines like the M6 and M i 5  will be 
cleared, even when buried 15 in. below ground surface.  In regions where the rise time i s  Slow. 
no significant difference should be lound with depths of burial down to 6 in., but a gradual re- 
duction i n  response a t  deeper burial depths should occur. In the region where the incidenl wave 
is a sharp  shock of long duration, the reduction in  mine response with increasing depths of 
burial will be considerably l e s s  than in  the short-duration case. This  region is usually a re- 
Don of low p res su re  so  that mines may not be affected, Le., lhis occurs  beyond the precursor.  

The radius of detonation oi mines in  conventional minelield pa t te rns  will be increased by 
s v p a t h e l i c  detonation. The effect of the increased detonation can be predicted wi th  fair  accu- 
racy Cor a given mine at a given spacing by superimposing the blast wave from the mine upon 

As a resu l t  of th i s  tes t ,  all antitank mines detonated out to a distance 01 approximaiely 1300 

The indicator-mine readings &d  not cor re la te  with actual incidence of detonation on the 

The M6 mines placed in the continuous bell suflered incidence of detonation higher than 
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the  nuclear blast wave and calculating the response on a spring model of the mine. 

from the stalic-response charac te r i s t ics  of the mines and the expected incident p r e s s u r e  
waves. I n  p recursor  regions the p r e s s u r e s  required to detonate mines wlll be the static pres- 
s u r e s  (about 13 psi  for M6 and M15 antitank mines,  and about 11 psi for the Mi4  antipersonnel 
mines) .  I n  regions of long-duration p res su re  waves and sharp  shock fronts,  the required deto- 
nation p res su res  will theoretically be reduced to one-half of these values (I psi l o r  the M6 and 
Mi5  and 6 psi  for the M14).  Since infinitely sharp  shock fronts will never actually be realized, 
a more  rea l i s t ic  value would be two-thirds of the s ta t ic  pressures ;  i.e., 9 psi for the M6 and 
M i 5  and 7 psi for the M14. 

8.3.18 Project 3.19: 
Agency: 
Rrporl Tit le:  

Project Oflicer: W. L. Fons 

The clearance of pressure-activated mines can be determined with very good accuracy 

Effects of an Atomic Explosion on Trees  i n  a Forest  Stand 
U .  S. Department of Agriculture 
Blast Damage lo Coniferous T r e e  Stands by Atomic Explosions, WT- 
73 1 

The ob~ecl iues  of t h i s  experiment were lo: (1) determine the effects of atomic explosions 
on a stand of t rees  and isolated t r ees ;  (2) corre la te  experimental data with analytical methods 
of breakage prediction; and (3) study the shielding effecls of a stand of trees upon the elfects of 
an atomic e x p l o s i ~ ~ r .  

A stand of 145 ponderosa pine t r ees  covering an a r e a  160 by 320 11 was placed at approxi- 
mately 6500 It from Crouird Zero.  Isolated l r e e s  at 500-ft intervals in  two radial rows 100 f t  
apart  u e r e  installed from 5000 lo 8000 It. T ree  p a i r s  a t  each station were 01 substantially dif- 
feretit periods. In addition 3 pai r  of t r ees  was installed a t  1500 f t ,  and a pair  of pendulums at 
5000 and 8000 I t .  Average t r e e  height u'as 51 It and average diameter at the base u'as 15 in. 

lnstrunientalion cunsisled of ground-level, 10-fl, and 60-11 pressure gages; pilot-type dy- 
namic-pressure  measurements;  snubber-wire a r rangements  lor lhe determination 01 deflec- 
tiuns; accelerunieters:  s t ra in  g 3 ~ e s ;  t ime-recording anemometers;  and a wind-direction indi- 
cAtor. Still and motion-pirture phoiography u'as a lso  employed. See Fig. B.20. 

Statiolis u e r e  locawd a s  follows: 

Stand 
7000 
7500 
8000 

I Shot 9 

6460 
6120 
7220 
i i i n  

Peak Dynamic 
Pressure .  

@si) 

1.13 
0.90 
0.72 
0.58 
0.52 
0.46 
0.37 
0.30 

Shot 10 

Distance f rom 
Actual CZ 

( f t )  

4850 

6390 

7850 

'Computed f rom grouird-level-measured, side-on p res su re  values. 

Peak Dynamic 
P res su re '  

@si )  

0.30 

0.11 

0.055 

011 Shul 9 incidence of breakage of the isolated t r e e s  (31 out of 145) was about twice as 
Creni 3 ,  Ipredictcd. No breakage occurred on Shot 10. The forest stand afforded complete 
thermal shieldiiig beyuiid the fourth row of trees.  

CIu>e i..iri.elation be tue r r  calculated and measured deflections fo r  the isolated t r ees  and 
betv v v t i  111e1r predicted 3nd aclual breakage substantiates the generalized method of breakage 
pr-ed$rrlon fu r  isolxted t rees .  Breakage and t ree  deflections within the stand were approxi- 
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mately twice the value predicted on an hlnted tree b l r .  CoMmpently brerhgc p r e d l c t t m  
based on isolated trees appear to underestimate the actual incidence of breakage for r d  
forested areas. A postshot view of the stand is shown in Fig. B.21. 

Within the limits of instrumentation there is Ppparently very llttle or M attenuation of 
peak overpressure, peak dynamic Pressure, or their respective impulse in stands several 
acres in area. 

of deflection resulte on a dynamic-impulse basis indicate that greater damage to Certain drag- 
type targets wlU accompany low burst heights at the Nevada Pro- Grounds for pressure 
levels below that at which the precursor disappears and extending to overpressures of at 
least 1.5 psi.  

Tree and pendulum deflections, dynamic pressure measurements, and the close correlation 

B.3.19 Project 3.20: Vulnerability of a Typical Tactical Communications System to Atomic 
Attack 

Blast and Thermal Effects of an Atomic Bomb on Typical Tactical 
Communication Systems, WTL732 

Agency: Signal Corps Engineering Laboratories 
Report Title: 

Project Officer: J. Eggert 

The objective of this project was to subject selected items of Signal communications elec- 
tronics equipment and material to air burst atomic weapons to determine the effects lhereon. 

Typical items of this equipment and materill were exposed to blast, Q3 test groups to Bhot 
9, and l? to Shot 10. The test items included radial pole lines, transverse pole lines, separate 
poles without crossarms (both guyed and unguyed), i20-ft and 200-ft aluminum Signal towers, 
antenna systems, masts, buried and surface-laid wires and cables, and other items at various 
distances from Ground Zero. Several of the test items appear in  Fig. B.22. 

Reference should be made to the project report for a description of the test results, be- 
cause of the vast number of individual items and the details of the different elements and the 
respective damage thereto. A brief description of damage to selected items is aiven here only 

P 
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8.3.20 Projec t  3.21: Statistical Determination of Damage Cr i t e r i a  for Crit ical  I tems of 
Military Equipment and Supplies 

Agency: Ballistic Research Laboratories 
Report Title:  Statistical Estimation of Damage to Ordnance Equipment Exposed to 

Nuclear Blasts,  WT-733 
Project Officer: E. Bryant 

The objectives of this project were IC obtain statist ical  data on damage to certain ordnance 

The equipment exposed i n  Shot 9 consisted of twenty-seven ’/,-ton t rucks  (Jeeps) (M38AI), 
equipment and to use this information to verify methods of damage prediction. 

twenty-seven 2’;,-ton trucks (M35). and two 90-mm M guns (MIAI). For Shot 10, eleven 5,- 
ton trucks and eleven 2?,-ton trucks,  twenty-seven 57-mm guns (Mi) ,  five 105-mm howitzers 
(M31, seven tanks (M3, M4, M7, and M24). and two 90-mm A4 guns (MlA1) were tesled. The 
test i tems u e r e  i n  general oriented side-on, face-on, and rear-on to the blast. The guns and 
hou’itzers were tactically emplaced. 

eral  vehicles to determine their response.  In addition, limited motion-picture coverage w a s  
provided lor  both shots.  

The equipment was located as iollous:  

Instrumentation was provided to measure  linear acceleration and angular velocity of sev- 

Tesi  
Item: 

’ ,-ton 
truck 
fM38AlI 

2’ , - t on  
truck 
(M351 

90-mm AA 

gun 
I M l A l I  

57-mm gun 
(Ml i  

105-mm 
howitzer 
fM31 

Tank (M31 
Tank IM41 
Tank (Mi-SPI 
Tank fM24i 

1 
Shot 9 Shot 10 

Distanc? 
From Actual 

cz If11 

875- 6550 

875-6550 

1500, 5200 

Peak D\.namic 
P res su re ’  

(psi1 

Distanre 
From Actual 

GZ l f t )  

2.6 max 
0.5 m i n  

2.8 max 
0.5 min 

1.7. 0.9 

900 - 4380 

900 - 4380 

715, 3000 

645- 1240 

720-1265 

1045 
380- 570 

1415 I 715 

Peak Dynamic 
Pressure‘  

@si1 

126 - 0.5 

126-0.5 

290, 1.9 

430- 4.9 

290-36 

73 

23 
290 

‘Estimated values 
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B.3 .21  Pro jec t  3.22: E f fec t s  on Engineer  Bridgmg Equipment 
Agency: Engineer  Research  and Development Labora tor )  
Report T i t le :  Effects on Engineer Bridging Equipment, WT-734 
Pro jec t  Off icer :  Cap1 V. S. Adiuns, USA 

The purpose of this tes t  u a s  10 determine  the effects  of an a tomic-bomb blast on mi l i ta ry-  
t p ~ ,  p re labr ica led ,  fixed bridging. The  specific object ives  were to:  (1) determine  the loahng  
duE io  b las t ;  12) de te rmine  the weakest s t ruc tura l  component in the br idges ;  (3 )  determine w h a t  
level of damage may be tolerated without causing progress ive  f a l u r e ;  (41 establish a general  
analyt ical  method to calculate  the response  of t r u s s  s t ruc tu res  to  a tomic-bomb blast ;  and ( 5 )  
inl-estigale pract ical  methods of limiting the s t ruc tura l  response  of a Bailey bridge to blast 
loading. 

Two 100-f l -span.  double- t russ ,  s ing le-s tory  Bailey br idges were  tes ted ,  one i n  Shot 8 and 
both i n  Shot 10. I n  Shot 9 ,  the bridge u a s  l r e e  to s l ide except for  f r ic t ional  res i s tance  developed 
at  the suppor t ;  for Shot 10, the br idge at  the g rea t e r  dis tance f r o m  Ground Zero  u a 6  welded to 
supports  1% i nc rease  the deformation in the t r u s s ,  a n d  the nea re r  br idge was again f r e e  to 
s l ide except f o r  f r ic t ional  res i s tance .  These were  mounted on p i e r s  60 that the bottom chords 
u'ere about 22  It above the g round  su r face .  See Fig. B.23. 

In addition. t u 0  s ingle-bay sec t ions  of a Bailey bridge and a T6 bridge u e r e  exposed to  

I n  o rde r  to de te rmine  experimental ly  the res i s tance  ol lered by the fr ic t ional  f o r c e s  to  the 
sliding motion of the br idge.  a pull tes t  was conducted on a bridge 6ection. The s h d s  and 
channeis  actually used la te r  i n  the f ie ld  lest of the br idge,  which was allowed lo s l ide in Shot 9 ,  
werp  so tes ted.  The s ta t ic  coefficient of f r ic t ion u'as found to va ry  between 0.5 and 0.6. while 
the dynamic coefficient (velocity of bridge with respec t  to  support was about 1 f t  6ecI barred be- 
lueeii 0.25 and 0 .3 .  

both shols .  The) u e r e  placed on the ground sur face ,  unanchored. 
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Average 
Rigid-Body 
Response 

(in.) 

43.5 

>240 

~ 2 4 0  
E120 

The resu l t s  of the t e s t s  a r e  summarized below: 

Remarks  

No s t ruc tura l  
damage 

No s t ruc tura l  
damage 

No s t ruc tura l  
damage 

Severe  damage 
No s t ruc tura l  

damage 
Severe damage 
Light damage 

Bridge 

100-11 Bailey 

1-Bay Bailey 

1-Bay T6 

100-It Bailey 
100-ft Bailey 

1-Bay Bailey 
1-Bay T6 

- 

Shot 

9 

9 

9 

10 
10 

10 
10 

- 

- 

Distance 

@si) 

4100 1 .75  

1050 19.0 

1050 I 19.0 

1500 14.0 
1500 14.0 

Peak 
Dynamic 
P r e s s u r e  

(Psi) 

1.52 

1.10 

1.10 

>6 

'This bridge was uelded to supports.  

For Shot 9 the 100-ft bridge was entirely within the Mach s t em,  so that the blast Load was 
essentially horizontal. The ends of the bridge moved 30 in. and 57 in., or an average  of 43.5 id 
Skid marks  indicate that there  was no recovery,  i.e. the motion was away from Ground Zero  
only. No plastic deformation was found i n  any  of the bridge components. The single-bay s e c -  
tions of the Bailey and T6 bridges were a l so  undamaged structurally,  but were displaced as 
rigid bodies. 

For  Shot 10 the bridge at the grea te r  distance, which was welded to the support, was un- 
damaged. Houwvcr, the bridge closer in was pushed completely off the p ie rs .  Evidence left by 
the skid marks  indicate that the bridge was subjected to lift fo rces  great enough to l if t  the wind- 
ward s ide  uf.the bridge f rom the support almost immeba te ly  and finally to lift a third corner  
of t h l ,  bridgr oll the supports,  Structural  damage to lhe bridge was severe ,  but the direct  ef- 
fec ts  of the blast cannot be separated from the effects of the 20-ft fall. See Fig. B.24. 

The single bay Bailey bridge was moved about 20 ft and suffered severe  damage to the 
compoiients. The T6 bridge w a s  moved about 10 It and suffered only slight damage. 

11 was concluded that truss-type s t ruc tures  a r e  drag  sensitive; thus. predictions of damage 
shuuld be stated 111 t e r m s  of dynamic p res su re  ra ther  than peak overpressure ,  s ince  dynamic 
p res su re  i s  not always uniquely related to peak overpressure .  Damage from thermal  radiation 
is nul important for the s i ze  of weapon used in these tests.  

Results from Shot 10 indicate that significant Lift fo rces  may be applied to bridges. There- 
fore  a frictional-restraint  anchorage alone is not satisfactory. An anchor cable that will give 
a l te r  a certain tension i s  reached appears  lo be a more  satisfactory answer. and has the addi- 
tional advantage that  i t  can be connected to the bridge severa l  feet  out from the end, thus r e -  
ducing the effective span. 

nents for single-story bridges of moderate or  great spans. Rupture of the end-bay sway braces  
will, i n  general ,  result i n  the progressive collapse of the bridge. For double- or triple-story 
bridges,  transom-clamp s e a t s  and r ake r s  may be Limiting fac tors ,  since their fa i lure  would 
allou, the uindward t rus s  t u  lay over,  thus causing collapse. 

e l r r s  used. 

The analysis indicates that the end-bay sway braces  will  be damaged before other compo- 

The sliding a n a l y s i s  of the bridge gave satisfactory results for the values of the param-  
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Shot 9 m o t  10 

Vehicle 
Position 

Peak Side-on 
P r e s s u r e  

(Psi) 

Distance from 
Actual GZ 

6 1 )  

Peak Side-on 
P r e s s u r e  

(Psi) 

Distance from 
Actual GZ 

(ft) 

52.0 
90.5 
14.0 
8.1 
8.1 
5.8 

22.3 
20.3 
14.0 

11.1 
7.1 

11.1 

.p” ‘ 
l- 

1030 
1210 
1525 

2575 
9450 

1aao 

B.3.23 Project 3.26.1: Test  of the Effects on POL Installations 
Agency: Air Materiel Command 
ReporI Title: 
Project Officer: B. J. O’Brien 

Test of the Effects on POL Installatrons, WT-736 

The objective of this project was to study blast and thermal effects of an atomic detonation 
on gasoline and oil storage depots and on containers. 
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1 
2 
3 
4 
5 
E 

~~ 

775 
935 
1705 
2410 
2420 
4510 



Test i t emi  included in Shot 9 and Shot 10 consisted of three categories: (1) groupings of 
standard 55-gal. storage drums filled wlIh diesel fuel; (2) storage u fflled with diesel oil 
o r  aviation gasoline, especially designed so lhat the fuel would either seep o r  flow rapidly 
from the damaged lank; and (3) vertical storage tanks of either welded o r  bolted construction; 
the roof-section of the welded tanks was designed l o  model the roof action of prototype storage 
tanks of the 120-It diameter class,  while the bolted tanks represented standard Army equip- 
ment. The number of items is loo large for individual listing here; however, the extreme 
ranges and corresponding blast and damage phenomena a r e  given. 

The test i tems were located as follows: 

I tem 

Smcked drums 

Stacked d r u m s  

Quick-opening 
tanks  

blorage t m h ,  
uelded 

>:orage l ank ,  
uc1di.d 

biurapr tanks. 
bollrd 

S r n r i p ~  l i n h s  

bol ird 

D i s m c e  10 
GZ ( I t )  

1080-4590 

750- 1570 

244-4640  

1 9 Y U  - 15.00( 

16411- 15,OUl 

3560. 9920 

Peak 
verpressure 

i p r l  

18 .7 -1 .1  

1 1 8 - 1 3  

30-6.9 

1 3 - 1  

1 2 - 0 . -  

9.  3 

4C110.9:lL 5 ,  1 

:a1 normal 
kal/ 

ineidenc 
'cm9 

122-  

510- 

146-  

-32  

-160 

-31 

Remarks 

Shot 9 

Shot 10 

Shot 9 

Shot 9 ,  
tanks 70 
p r  cent 
full 

Shot 10. 
tanks 
empty 

Shot 9. 
tanks 70 
per ceni 
fu l l  

Shol 10. 
tank6 
Fmpt) 
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5 . 3 . 2 4  Pro jec l  3 .26.2:  
Agency: Quar t e rmas te r  Corps ,  USA 
Report  Title: 
Pro jec t  Of f i c r r :  H .  A. St i les  

E f fec t s  of Atomic Weapons on a POL Supply Point 

T e s t s  of the Effects  on POL Inslal la t ions,  WT-736 

The objective of this project  ulas to de te rmine  the effects  of an  atomic explosion upon the 
fol luuinp POL equipment '  ( 1 1  cans and d r u m s  s tored  i n  the conventional manner  for Quar t e r -  
m a s i e r  fuel dump; ( 2 1  cans and d r u m s  of gasol ine protected by reve tments ,  tie douns ,  and 
c lamps;  ( 3 1  coliapslblc gasv!ine s l o r a g r  tanks; and (41 can-cleanlng equipment. 

d r u m s  u i t h  and uiihout protect ive cove r ,  filled w i t h  gasoline or empty;  I21 5-gal. gasoline c a m  
uithout proteci ive cover .  filled ui th  gasoline: (31 two 900-gal. col lapsible  tanks filled u'ith 
u a t c r .  u i l h u u t  protect ive c o l e r ,  one of Marine Corps  design and the olher  of Quar t e rmas te r  
Corps  design. and ( 4 )  a 50-gpm pump circulat ing gasoline lhrough a can-cleaning machine, 
u i t h o u l  prorective cover .  A preshoi  v iew of the tes t  i l ems  i s  shown in F IR .  B.27  

Tn? 55-pal .  d r u m s ,  5-gaI g a s d i n t  cans ,  and a Mdrine Corps  900-pal cnl lapsibl t  lank 
u e r ?  r r t e s l t d  i n  Shrsl 1 0 ,  itl? l i rs i  iu i i  i t ems  at th ree  siaticms and the Marine Curp5 t a n k  ai a 
f ciur t h stat  ion 

Each of  the fol louinp i t ems  was  exposed to Shot 9 a t  four different  ~ t a t i o n 6 :  (11 55-gal. 

T h e  Iucations h e r e  a5 f ~ l l o u s  

Distance Peak Distance 

Actual P r e s s u r e  Flux Actual  
Station G Z  Ill) (PSI I ical cm'i G Z  If l l  

I 2600 11 66 750' 
2 3150 7.6 38 1080' 
3 16 159@' 
4 10,000 2 7  7 21601 

I f rom Sidt -DE Therma l  f r o m  Side-on Thermal  

ical cm21 
P r e s s u r z  

- ~~ 

'Drums and c a n s  on15 
t900-gal .  c ~ l l a p s i b l e  tank only lMarine Corps  design)  



E.3.25: Prolect 3.26.3: 

Agrncy:  U. S. Marine Corps 
Aepoil Title: 
Project Officer: Lt Col H W ,  Sharpenberg. USMC 

T ~ Q  oblrctive of me experimeni was 10 delermine t h e  resistance of equipment and mat?- 

Effects of zn  Atomic Ewlosion upon an Amphihour Assault Fuel 
Ifandling System (Shore Phase1 

Tests of the EfIects on FOL Installations, WT-I36  

r i a l s  of an Ampht ious  Assault Fuei Handling S y s t e m  to thermal and blast damage of an atomic 
expI,:sion 

Equipment and materials of an Amphibious P.ssauII Fuel Handling System were selected 
f o r  Iestinp. The components of lhe system a r e  LVT-transported fuel tanJw, shore  unloaang 
q u i p m e n i ,  shore transfer equipment. dlspensinp equipmenl, and storage equipment. Some of 
lhe tesi i t e m s  r e r e  r igid-aluminum and collapsitrle-s~nrherlc-rubber tanks, hose, pumps, 
me te r s .  nozz les ,  s t r a ine r s ,  e tc .  A typ lca i  a r ray  is shnwn i n  Fig. B.28. 

The eqiiipmenl u a s  lucaled a5 iolluus 
_I 

Statlo!: 

Dictanct 
from 

Actual 
G Z  i f i  

2 E i 5  
4700 
5 5 8 5  
7825 

10.150 

Shol Y I Shot 10 

Pesk Di s ta nr F 
Side-on Thermal 
P r e s s u r e  Actual 

ica: cm'l GZ i f t i  

1080 
5 .  i 1590 
3.6 
2.7 

Peak 
Side-on 

P r e s s u r e  
@Sli 

135 
37 
10.7 

Thermal 
Flux 

icai cm'i 

300 
235 
12: 



Installation 

1 
2 
3 

Average Percentages of E q r  

Site 

B 
B 

Distance from Thermal Peak Overpressure 
Actual GZ Ift) Flux (calicm’) @si) 

4164 40 1.8 
9000 8 2. I 

15,000 1-2 1.0 

iment Undamaged o r  Repairable within the Unit 

64 
66 96 
99 100 
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A coniparalive analysis at each s i t e  indicated that 30 to 50 pe r  cent grea te r  protection f o r  
personnel and approximately 40 p e r  cent grea te r  protection for equipment is afiorded by hav- 
ing these installations dug in or revetted. However it f i r e s  should occur,  the percentage 01 
casualt ies and damage to equipment may be grea te r  fo r  a dug-in installation. 

B.3.27 Project 3.28.1: S t ruc tures  Instrumentation 
Agency: Ballistic Research Laboratories 
Report Title:  Structures Instrumentation, WT-738 
PrOIeCt Off icer :  J .  I. Meszaros 

For  the purpose of obtaining s t ruc tura l  loading data in connection with Program 3 of Op- 
eration UPSHOT-KNOTHOLE, Project 3.28.1 was given the responsibility of measuring t ran-  
sient physical phenomena associated with the blast loading of specially designed s t ruc tu res  and 
a variety of lest itenis. On Shots 9 and 10, a total of E92 channels of instrumentation were pro- 
\,rded IO secure  infornialion on a i r  p ressure ,  earth p re s su re ,  s t ruc tura l  s t ra in ,  displacement, 
3cceleration, panel-time-of break ,  and angular velocity. Pro jec ts  instrumented were those of 
the Army. Navy, A i r  Force ,  and Federal  Civil DeIense Administration. 

method of instrumentation, in conjunction with Wiancko air p re s su re ,  earth p re s su re  and ac -  
celeration g q e s .  and Baldwin SR4 s t ra in  gages. Originally designed by the Webster-Chicago 
Corp. for use by the Sandia Corporation on GREENHOUSE, th i s  equipment required considerable 
niodilication before being put into operation on UPSHOT-KNOTHOLE. Twenty-seven of these  
niagneiic tape recording sys tems.  each capable of supplying 20 channels of information, were 
needed lor  the number of measurements  made. In t h i s  manner a total of 188 channels of in- 
forniauon were provided, of which 703 yielded readable records ;  the remaining 95 were lost 
because of damage to sonie of the test  i tems and electrical  failures in the recording equipment. 

were used a s  backup measurements for lhe Wiancko electronically recorded acce lerometers .  
W i t h  a potential ol 86 channels. these instruments provided 42 channels of readable data. 

In ndditton to four panel break measurements made for  the Federal Civil Defense Admin- 
istration on Shots 9 and 10, displacement measurements were  successfully attempted using 
two dillel-ent types of self-recording gages. 

To determine the exlent to which certain s t ruc tura l  members  were strained beyond their  
elastic l imits,  1152 measurements were made with a 2 in. Whitiemore s t ra in  indicator. 

From the results 01 this and previous tes t s  of a similar nature. it  is evident that an elec- 
troiiic sys tem based on the recording of phase modulated signals on magnetic tape is feasible 
1": t h i s  type 0 1  instrumentation. However, the present Webster-Chicago system should be im- 
proved upon in several  respec ts .  First. it is doubtful that the limited frequency response of 
such a system justifies its use,  considering i t s  cost and bulk, and the number of skilled tech- 
nicians required lo  operate it. In addition lo  improving the frequency response,  it would be 
highly desirable to provide a more  linear playback system.. 

potentialities of self-recording mechanical type gages and to investigate the development of 
an electronic system combining the flexibility of magnetic tape recording with the reliability 
and simplicity of the conventional 3-kc c a r r i e r  type instrumentation. 

B.3.28 Project 3.28.2: Structures Instrumentation 
Agency: Naval Ordnance Laboratory 
Report Title: 
Project Officer: W. E. Morr i s  

A n  electronic system based on referenced phase modulation was used as the principal 

Forty-three sell-recording acce lerometers  designed by Engineering Research Associates 

For  future operations. it is apparent that a development program i s  needed to explore the 

P r e s s u r e  Measurements for Various Projects of Program 3 ,  WT-739 

The Naval Ordnance Laboratory instrumented various Program 3 prolecis for pressure-  
t ime htstories.  The instrumentation system consisted of WianckO inductance gages, FM in -  
telligence generation, and magnetic tape data storage.  Pressure 'measurements  were made on 
three aboveground s t ruc tures ,  one underground s t ruc ture ,  five foxholes, a difiraction study 

184 



. .  . -  . . - ..... - . 

layout around one of the aboveground s t ruc tures ,  and a tree stand. The  resu l t s  of Shot 9 were 
excellent; 127 complete p re s su re - t ime  records  were obtained from the total of 128 s t a i o n s  
instrumented. On Shot 10, forty-eight complete r eco rds  and 4 8  partial  r eco rds  were obtained 
f rom the 105 slations instrumented. Broken cables caused by displacement of the structures 
accounted for  most of the partial  and total loss of r eco rds  on this shot. The  r eco rds  were 
reproduced a s  pressure- t ime curves  with p re s su re  sca l e s  added and, along with instructions 
for record  analysis and interpretation, were presented to the cognizant agencies for their  
analysis. 

B.3.29 Project 3.28.3: Struc tures  Instrumentation 
Agency: Stanford Research Institute 
Report Title: 
Project Officer: L. M. Swift 

P r e s s u r e  Measurements on Structures,  WT-140 

Project 3.28.3 of Operation UPSHOT-KNOTHOLE was concerned with the measurement of 
p re s su res  existing on the su r faces  of various nonresponsive s t ruc tures  f rom Shots 9 and 10. 
The experiment plan and the ana lys i s  of data were not a portion of this project, but the data 
were used in  computation of s t ruc tura l  loading and response under air blast. A secondary 
portion of the project was the definition of air blast conditions existing at the t ime of meas- 
urement. 

A total of 143 satisfactory r eco rds  were obtained from the  two shots,  a 99.3 per cent per- 
formance. Secondary air blast r eco rds  were analyzed, and the resu l t s  were  published for lhe use 
of other projects. 

B.3.30 Project 3.29:  
Agency: Federal  Civil Defense Administration 
Report Title: 

Project Off icer :  B. C. Taylor 

Tes t s  of Four FCDA Curtain Wall and Partition Structures 

Blast Effects of Atomic Weapons upon Curlain Walls and Par t i t ions  
of Masonry and Other Materials,  WT-?41 

The objective of th i s  tes t  was to observe and determine the absolute and relative blast 
res i s tance  of exterior and interior wall panels. 

A group of continuous test  ce l l s  were built with concrete floor s labs  and reinforced con- 
c re t e  wills and roofs.  Some idea of the ce l l s  may be obtained f rom Figs. B.31 and 8.32. The 
front walls of three cells at the ex t reme right were used for panels under Project 3.5. The 
panels were 10 ft high and varied in length from 10 to 20 i t ,  the  majority being 1 6  It long; a 
la rge  group contained steel  sash .  Tes t  panels were installed on both the windward and leeward 
faces,  and the cells also contained one or two interior partitions. 

The ex ter ior  panels were reinforced concrete, reiniorced and unreinlorced brick, unre- 
inforced cinder block, and var ious  combinations of brick, clay tile, and cinder block. The in- 
te r ior  partitions were cinder block, stud and plaster on metal lath, solid plaster,  and remova- 
ble steel .  Various types of edge support were used. = 

lnstrumentation included air p re s su re  gages. displacement gages, and t ime-of-break 
gages on selected panels. In addition, the en t i re  project was cov.qed with 40 motion picture 
cam e r a s  . 

the forward location than at the rear, permitting a bracketing of the range of p res su re  likely to 
damage much of the construction involved. 

The re  was  some additional damage due to Shot 10, mostly to r e a r  walls where the front 
wall had been blown out previously, or to panels Lor which some damage had been noted a f te r  
Shot 9. 

ble. W a l l s  with 20  per  cent window openings (where the g lass  breaks) a r e  much more blast  
res i s tan t  than walls without openings. Walls with these  openings allow sufficient p re s su re  to 
enter to wreck interior parti t ions of normal construction. 

This experiment was successful to the extent that the damage was substantially grea te r  at 

Detailed evaluation of r e su l t s  has  not been completed. but a few generalizations a r e  possi- 
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B.3.31 Project 3.30: Air Blast Gage Studies 
Agency: Bailistic Reaelrch Laboratories 
Report Title: Air Blast  Gage Studies, W - 7 4 2  
Project Officer: J. J. Meeeuos 

The purpose of Project 3.90 of Operation UPSHOT-KNOTBOLE was t o g  
tes! sell-recording gages for the measurement of press~*e-t lme and peak F 
nection with air blast waves from nuclear explosias .  

To accomplish this purpose, prototypes were ma!uiactured for three ty 
quiqtities of 10 ic 50 (see Fie. B.33). They were employed in numerous va! 
to determine their characteristics, !imitations, and capabiltties. A nylon an 
iniiia:iob device vas used on the presswe-time gages to stan the recordin 
t i n e  alter the detonation of ?he device. 

The pressure-rime gages were accurate io  *io per cent and recorded I 

similar to those obtained by more expensive electronic instrumentation. Tl 
gages were accurae  ts * I @  per cent, and no initiation device vas needed. 

The components of the gages tested form a basiE for other gages to mc 
nomena, underwater pressure, ground shock, acceteratio!?, anb temperztur( 
ccncluded that gages of the type rested can give useful data, on t88ts requir 
and lorger blast Lines, with sufficient accuracy and for less expenditure of 
sible with other types of insirumentation. 

6 .4  PROGRAM 4-BBIOMEIXCAL EFFECTS 
Progran  Director: E. Plnson, Col, USAF 

8.4.1 Project 4.1: Evaluation of the Hazard ai Flying Through the At 
Agency: Air Force Cambrtdge Research Center 
Repert Trtle: The Radiation Hazard to Personnel Within an Atoi 
Project Wficer: C a p t  F. M. Crumlep. USA€ 

The general objeciive of Prolect 4.1 was to define and evaluate the m 
importance of the various potentia! hazzrds to which a flight crew in a rnc 
military ?.!reraft would be exposed upon fiying through the cloud from an ; 
minutes a f e r  delonaiion. The specific ob]ectives were to measure 11) the 
and dosr rate by means of various dosimeters and ionization chamhers CI 
cloud i n  parachute-borne canisters and in  pF-80 (drone) aircrait. (2) the 
due l o  inhalation 01 fission products received by !%onkegs and mice flown 
a ventiiated prtssurized compartment i n  these drone aircraft. and (3) the 
sure variations. and turbulence i n  the cloud during passage ei the  drone 1 

procedure to attain these objectives was (11 t o  drop canisters through the 
the cloud was a! approximately 25,000 It mean sea level (hLsL) and PI +6 
stabilized. and (2) IO !I? drones through the cioud at 90,000 and 32,000 i t  
tween +3 !X!G and -7 mrn. the exact time id penetration being determined 
the cloud at these altitudes. The most uncertain aspect of ?he Operation 1 

the rate oi rise and position of the ciwd with sufficient accuracy to pern 
canisters m d  drones~  Part! 

, mitted participation in only 
Two o! the canisters pa && ' 

// 
9 registered a maximwn dose rate of 1.5  r'sec and 1 
other canisters were not obtained due to failure i n  hitting the cloud or t c  
telemeiering equipmen;. lntegrated radiat:on doses obtained by a film p; 
:he canisters hitting various pzrrs Of the Shot 9 cloud at the Pltrtude and 
77.  12'2, 180, and 200 r .  The latter value was obtained on a chtlister pa3 
center of the cloud. Since t h e  canisters passed !hrough t h e  c!oud vertic: 
150 i t  sfc at t h i s  sit!tudr. it is estimated thz? a!! a!rcrait traveling 400 
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r a t e  of Z.B;/sec and an i n t e g h k d  dose’of 21.3 r. The length of time insid: the  visible cloud 

through the cloud horimntally at this t ime would accumulate a ruliatim dome b e m a  0n-u 
and one-third thai reg is te red  on the canis te rs .  

One drone passing through the Shot 4 cloud 
m radiation dose rate of 2.1 r / W c  and rtcei 
OW ft ( M L) penetration on Shot 9 a t  +6.8 m 

meter  beina mallfunctional. AB2.000 fm oenetration on mot E! It +b 

was not accurately known. 

and UPSHOT-KNOTHOLE experience on cloud and s t em penetration at relailvely ear ly  t imes  
suggests that the average dose ra te  in flying through an atomic cloud is independent of yield. 
For  the t ime interval of 2.1 to 25 min after detonation, the data may be represented by D = 1.31 x 

after detonation. 

cloud passage in the three  penetrations mentioned above amounted to M upper limit value of 
only 240 m r  and, therefore,  would have been insignificmt both in actual m o u n t  and in compari- 
son with the exIernal dose  received. It was s h o r n  that the alpha radiation hazard from unfis- 
sioned F’uZan and UZ8$ and long-lived, bone-seeking fission products was  also insignlIicmt. 

Temp tapes on the skin of the drones did not reach 65’C, the minimum recordable temp- 
perature during cloud passage. P res su re  changes and associated turbulence of suflicient mag- 
nitude to endanger the crew or  the a i rc raf t  did not exist in the cloud at the times of drone pene- 
tration on these tests. 

The above r e su l t s  suggest that personnel in a pressurized aircraft flying at 400 knots or 
more  which passes  through the cloud of an atomic bomb of 30 KT yield or less a t  t imes  grea te r  
than 4 min after detonation will receive a total external integrated radiation dose of l e s s  than 
50 r. The internal radiation dose due to inhalation of fission products during such a passage is 
insignificant even when the air passing through the pressurized compartment i s  unfiltered and 
the crew members  are not wearing oxygen masks.  Any provision of f i l t e rs  in the a i rc r l f t  cabin 
a i r  intake or on the individuals’ oxygen equipment appears  to be an  unwarranted precaution 
against an essentially nonexistent hazard. 

B.4.2 Project 4.2: Air Blasl Injuries 

Although the re  is a factor of about two i n  the sca t te r  d data, the combined GRKENHOUBE 

, where D is the average dose rate in roentgens pe r  hour and where t is the minutes ,os t- l .ol  

The internal radiation dose to the lungs of a m u  due to inhalation of fission products during 

Agency: Naval Medical Research  Institute 
Report Title: Direct A i r  Blast Exposure Effects in Animals, WT-744 
Project Officer: Cap1 R. H. Draeger,  USN 

Proiec t  4.2 w a s  designed to study d i rec t  air blast inlury f rom atomic weapons in animals 
in the p re s su re  range of 20 to 50 psi. 

Two animal spec ies  of widely different s u e s  ( r a t s  and dogs) were selected in an attempt to 
compare levels ol direct  blast mlury in smal l  and la rge  animals. It was expected that the com- 
parative to le rances  of such different exposure subjects to atomic air blast would help difler-  
entiate the roles played in blast mjury by abrupt shock fronts and high peak overpressures  as 
opposed to posltive phase duration and impulse loading, whose relative importance was not c lear  
f r o m  previous experience wtth h g h  explosive (HE) blast experiments. 

For test  exposure purposes the animals were placed m 26-in.-diameter aluminum cylinders 
open a t  both ends in o rde r  to provide limited protection against missiles.  thermal  Rdlation, m d  
ionizing radiation while permitting relatively f r e e  access  to the air blast wave. Although It was 
r e a l u e d  that some attenuation of the external pressure- t ime relations might be expected to 
occur within the exposure cylinders, it was anticipated that actual measurement of the air p re s -  
s u r e  h is tor ies  to which the animals were subjected would provide sa t i s fac tory  datp for analyti- 
cal  correlation. For  this purpose small self-recording air p res su re  r e c o r d e r s  whose action 
was initlated by a timing signal and which utilized sensitive diaphragm p r e s s u r e  detecting ele- 
ments with a t ime resolution estimated to be approximately 4 msec were  alongside the animals 
i n  a number of exposure cylinders. 
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Two hundred r a t s  were exposed to 24 to 30 psi overpressures  in th i s  m e r  on Shot 8, 
where the air blast physical measurements described clean cut blast  waves approachlng ide- 
alized shock wave fo rm i n  the region of lhe biomedical blast exposure equipment. AuI6psy 
findings showed moderate lung hemorrhage in most animals undoubtedly due Io  di rec t  air blast, 
a s  the pathological findings were consistent with those seen  aIter p r imary  blast  injury suffered 
f rom high explosive concussion waves in the laboratory. 

On Shot 10, I 0 0  r a t s  and 56 dogs were similarly exposed. In the p recu r so r  region meas-  
ured values of dynamic p r e s s u r e  were higher than those which would be calculated from meas- 
ured values 01 peak overpressure  using normal shock relations. The exact relations between 
the various pa rame te r s  of the blast wave under p recu r so r  conditions have not yet been estab- 
lished. However. i t  appears  that the measured dynamic p res su res  in  the dusty region were ai 
least equal to those which would have been predicted for low heights of burst over su r faces  free 
of thermal  effects. Due to drag  f o r c e s  many of the cylinders were displaced or damaged, and 
the i r  contents n'ere destroyed. Because of this and a further e r r o r  of underestimating the effect 
of gamnia and especially neutron fluxes received at the close-in distances 01 the biomedical 
cylinde-s, most of the animals were dead upon recovery (H + 4 hr) ,  and those living were in a 
s ta te  of ?e\ 'ere shock. Only 12 r a t s  found scattered in the exposure area were recovered, and 
autopsy of these and of 50 recovered dogs revealed no t rauma Or lung hemorrhage indicative ol 
direct  air  blast injury despite the rough treatment and high overpressures  to which the animal 
specimens were subjected. 

r e c o r d s  made at equivalenl ranges by other projects on Shot 10 confirmed the presence  i n  that 
shot of a marked precursor  p re s su re  wave and of a slow r i s e  t ime with se r ious  perturbations 
of the idealized shock wave in the region of animal exposure. Peak p res su res  ranged f rom 105 
p s i  at the innermost animal station to 16  psi  at the outermost stalion on Shot 10. 

Comparison of the p r e s s u r e  r eco rds  and autopsy findings from Shots 9 and 10 led to the 
tentative conclusion that  exposure to a p re s su re  wave of slow r i s e  t ime a t  a given p r e s s u r e  
level under the conditions of blast exposure experienced in Shot 10 does not produce as much 
l u n g  [blast)  injury a s  the s a m e  peak p res su re  associated wi th  an abrupt r i s e  t ime, such as was 
experienced in Shot 9 and in  experimental exposures to HE blast waves. However, a possibility 
that the more  dramatic results of Shot 9 mib'ht have been due to a reflected p r e s s u r e  peak within 
the exposure cylinders could not be ruled out because of the low time resolution of the se l l -  
recording pressure  gages placed I n  the cylinders with the animals.  

B.4 .3  Project 4.5:  Flash Blindness 

Examination of the p r e s s u r e  recordings taken within the cyiinders and a review of pressure  

Agency: USAF School 01 Aviation Medicine 
Report Title: Flash Blindness, WT-145 
Pro)ect Oilicer: Col V.  A. Byrnes,  USAF 

One ob]ecti\,e oi Project 4.5 was that of evaluating the efficacy of a filter sys tem,  which 
might be used a s  a lens in a s u n  g lass  or spectacles f r a m e ,  fo r  protecting the dark-adapted eye 
of man against retinal burns and reducing the l ime Of flash blindness on exposure to a n a t o m i c -  
bomb flash. These f i l t e rs  have a negligible transmissivity Lor electromagnetic radiation of 
wave l e n o h  l e s s  than 6000 Angstroms and more  than 9000 Angstroms. Visible lighl is t rans-  
mitted through these f i l t e rs  mainly in the red  and orange region of the visible spec t rum.  Red- 
lighled cockpit instruments can be easily read through these f i l t e r s .  At the s a m e  t ime  the 
f i l t e r s ,  when worn, will reduce by about 75 to 80 Per cent the energy in the combined visible and 
inf ra red  reyion of the bomb spec t rum which reaches  the eye. When looking a t  the initial f lash  
01 an atomic bomb through these  l l l i e rs ,  burning of the retina may be prevented in instances 
where it  might otherwise occur if the eye were not so protected. These f i l l e r s  a l s o  reduce the 
t ime of temporary f lash  blindness by aboul 25 per Cent. For th is  latter purpose the f i l t e r s  ap -  
pear l e s s  efficacious than f o r  preventing retinal burns. Temporary flash blindness is as soc i -  
ated with the bleaching elfect  of light on visual purple in the retina, a reversible chemical r e -  
action. Reducing the amount of light entering the eye by means of the filters does  not reduce 
proporuonaliy the length of the time required for  recovery of normal visual functions. Thus 
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the f i l t e r s  a r e  useful in reducing or avolding re t i ru l  burns f rom a tom bombs and a r e  helpful 
In reducing the t ime  of recovery I rom flash blindness. 

Another objective of this project was to determine the threshold d is t lnce  and/or ther-i 
flux intensity which would produce a burn on the retlna of dark-adapted r b b l t  eyes  exposed IO 

an  atomic-bomb flash. Retinal burns  were  obtained in t h e  eyes  of rabbi t s  exposed at distances 
f r o m  2 t o  42.5 miles  f rom Ground Zero. The s ize  and severlty of the retinal burns obtained 
appeared to va ry  with the yield of the bomb and inversely wlth the distance of the anlmals f rom 
Ground Zero. The burn injuries to the rabbit retinae were  a s ses sed  by clinlcal, photographic, 
histologic, and biochemical means. 

Although differences in the physical and physiologlcal fac tors  between rnbblt eyes  and 
human eyes  suggest that rabbits mlght experience retinal burns more  readlly ihan man, the 
data presented indicate that the retinal burn hazard 01 the bomb flash to man enends  out to 
considerable distances. Retinal burns  have been observed to occur in the unprotected eyes  of 
man when exposed to  the flash of an atomlc bomb at distances up to 10 mlles In SNAPPER and 
i n  an accidental exposure in  UPSHOT-KNOTHOLE. That such burns may qccur a t  g rea te r  dis- 
tances i s  a distinct possibility. At dlstances grea tc r  than 10 ml les  the image of the fireball  is 
smal l ,  and, consequently, the retinal a r e a  subjected to possible burning i s  small  and likely of 
limited consequence in so far as impairment of vision is concerned, except in the rare instance 
where it might occur on the macula or  a r e a  of central scotopic vision. 

B.4.4 Pro lec l  4.1:  Measurement of Beta Hazard in Bomb Contaminated Areas  
Agency: USA, Office of the Surgeon General 
Report Title: Beta-Gamma Ratio in the Postshot Contaminated Area ,  WT-746 
Projec t  Olficer: Lt Col J.  T. Brennan. USA 

The  objective of Project 4.7 was to determine the military significance of certain theo- 
I r t i ca l  calculations based on idealized geometries which indicated that, in a bomb-contaminated 
a r e a ,  the beta radiation dose to the skin should far exceed the gamma dose  at all  points in  air 
l e s s  than about 2 meters  above ground level. Because technical and theoretical considerations 
have mitigated against the feasibility of constructing a quantitatively accura te  beta survey 
dos imeter  for field use, i t  was felt that a direct  measurement technique was requlred in  o rder  
to determine whether current permiss ib le  radiation schedules and hazard control policies, 
based essentially on the measurement of gamma dose only, a r e  acceptable. 

The present experiment was designed to measure  the beta and soft gamma radlation dose 
that would be received by the sensit ive layers  of skin that underlie the dead and unresponsive 
cornified outer s k i n  sur face  always present.  Measurements were made in severa l  areas in 
Frenchman Flat a n d  Yucca Flat contaminated by fallout f rom nuclear detonations fo rm 4 hr  
to 40 days  previously. Specially constructed ion chambers  with thin walls designed to be equiva- 
lent in absorbing power to the epidermal layer  of the skin were used to detect a l l  beta particles 
and gamma rays  that could penetrate to the sensit ive layers  01 skin. These chambers  were 
employed at various heights above ground in f r ee  air, and their  readings were compared with 
readings s imi la r ly  taken with conventional Victoreen chambers,  whose thick walls discrimlnate 
against be tas  and 6oft gammas and allow a n  estimate to be  made of the beta dlfference, which 
may be compared wi th  the theoretical  predictions. Chambers a l so  were  exposed in grooves 
along the s ides  of a masonile "phantom" of man to determine the shielding effect of man's body 
on the skiri dose of soft radiations. Simllar exposures with the chambers  covered with thick- 
nesses  of COnVenliOna~ mili tary clothing then demonstrated the protective effects of clothing 
against the beta and soft gamma flux. Fur ther  placement of chambers  within shoes was de- 
signed to evaluate the protection afforded by shoes against the relatively high beta radiation ex- 
pected near  the ground surface.  

walled chambers  m f ree  air a t  points near the ground, the very large beta hazard predicted by 
theory does not actually L cur in the field. The most probable explanation is that the theoretrcal 
calculations necessarily deal with a uniformly Contaminated perfectly plane sur face  in  which 
there  is no masking of beta radlation by sur face  i r regular i t ies ,  whereas this is not the case  in 

It was found thal although the re  is an increase  in the radiation dose received by the t h i n -  
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the field. Fur thermore ,  some of the be tas  predicted by theory (probably a sma l l  portion) are 
soft enough to be absorbed in the walls of even the thin-walled chambers,  although they p re -  
sumably c a r r y  no beta hazard to the skin either.  In addition, the walls of even the conventional 
Victoreen chambers  allow passage of some of the more  energetic beta rays, and they further 
allow passage of some  Bremsstrahlung radiation, which is a reflection of the beta field. As a 
resu l t  of these  latter considerations, the ratio of dOEe measured with the thin-walled chamber 
minus that  measured  with the conventional chamber divided by that measured  with the con- 
ventional chamber (thin-thicWthick) will be l e s s  than the t rue  beta-to-gamma dose ra t io  at the 
location of the measurements.  The data showed a maximum soft radlation dose in f r ee  air near 
the ground about 5 t imes  the dose measured with Victoreen chambers,  and the effect of the man 
phantom was to cut this soft radiation dose to about one-half the f ree  a i r  value a t  any given 
height. The fur ther  protection of field clothing was on the average a fac tor  of 2, whereas shoes 
protected by three  or more  times. The  result  of the decreasing soft radiation dose with i n -  
creasing elevation combined with these  protective effects located the point of maximum soft 
fadration hazard in lhe normally clothed man as on the lower leg ju s t  above the shoe top. 

Because the erythema dose of skin for be tas  (or very soft  gammas) Is about ih ree  t imes 
the median lethal dose of gammas  lor  humans, It was conc1ude.d that the maximum beta dose of 
two and one hall t imes  the gamma dose recorded  with the use of the "naked" man phantom did 
not warrant the development of fur ther  personnel external radiation monitoring devices beyond 
the existing devices sensitive predominantly to gammas. This conclusion was fur ther  supported 
by the knowledge that in most actual field exposure conditions the additional protection afforded 
by clothing against be tas  and soft gammas would be present.  

The  conclusions drawn from this experiment apply only to the situation measured, namely, 
the soft radiation hazard in the a i r  over a dese r t  surface contaminated with fallout. Other ge- 
omet r ies ,  such as city s t r ee t s  or ship decks, and other sur faces ,  such as metals o r  pavement, 
may give r i s e  to higher ra t ios  of soft radiation to hard  radiation than are indicated by these 
data. Fur thermore ,  th i s  experiment in no way attempts t o  define the contact beta skin hazard 
that may a r i s e  when radioactive fallout particles fall directly onto the skin or are pressed 
directly against i t ,  nor does it consider the problem of the relative hazards  from hard and soft 
radiations emanating from a contaminated object removed f rom the fallout radiation field. 

B.4.5 Project 4.8: Biological Ef fec ts  of Neutrons 
Agency: Naval Radiological Defense Laboratory 
Report Title: Biological Effectiveness of Neutron Radiation f rom the Nuclear Arti l-  

lery Shell in F r e e  Air and in  Foxholes, WT-747 
Project Oificer: Lt A. E. Ca r t e r ,  USN 

Project 4 . 8  was designed to determine the biological effectiveness of neutron radiation 
from the gun type assembly nuclear device, detonated in Shot 10, both on the surface of the 
ground as a function of distance from the burst  point and in conventional-sized foxholes as a 
s i n i i h r  function of distance. 

Biological measurements were made on mice according to the techniques previously used 
at GREENHOUSE and TUMBLER-SNAPPER and included Studies of organ weight Ions, changes 
in the total white blood cell  count, changes in the uptake of radioactive i ron  in erythrocytes,  
and determination of mortality as a function of t ime  a l te r  exposure. Animals were shielded 
f r o m  gamma radiation by ventihted hemispherical lead shields of I-in. wall thickness. Esti-  
niates by AFSWP indicate that animals within these  shields m a y  demonstrate 50 pe r  cent or 
l e s s  of the neutron eflect they would show had they been exposedto  the neutron radiation from 
the weapon i n  l r ee  air. The attenuation o l  the biological effect by the lead shields may a l so  
vary with the neutron spectrum and hence with distance f rom Ground Zero. Animal exposure 
u n i t s  were placed at varying distances f rom the indicated Ground Zero along the sur face  of the 
ground and a l so  in  foxholes, where the an imals  beneath the shields were positioned 42 in, below 
the ground surface.  

Results indicated that the shielding afforded by the foxholes reduced the biologically r e -  
corded neutron dose by a lacior of 3 a s  compared with ground surface measurements ,  but con- 
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sideration Of the role played by the lead shieldl -at. thc f o x b o l a ~ t i o n  k b r  m y  & 
significantly greater than 3. &tisfactory data were &mimed for a11 blologlul m e t e r . ,  

sulfur-measured neutron obtained from 
both i n  the foxhole stations and in the atations on the grad mrince. The value of rem pcr 

obtained from similar animal exposures 
was taken as "roentgen equivalent mam 
used. This suggested posstble neutron spectral differences from the more conventlotnl w g p m s  
over the di6hCeS studied, which was to be expected from the nature of the gun device. 

tron radiation effect in rem, calculated with the assumption that the mice "mm" 50 per cent of 
the external neutron biological effect, appeared to about equal that of the gammn radlatim dose 
in roentgens. The mean survival time of the neutron-irradiaied rnlmnls -6 8horl (average of 
S days), and a relative protection of the bone DIprrow as Compnred With Soft tissue structures 
-6 apparent. These findings a r e  in keeping wlth previous observntions. 

In the foxholes neutron radiation appeared to be the dominant biological hazard at a11 dis- 
tances of biological interest. Here the neutron radiation effect In rem, PSSuming that the mice 
inside the lead shield "saw" 50 per cent of the externnl.neutron biological effect, appeared to 
equal about three or four times the gamma radiation effect to be expected in the bottom of these 
foxholes. 

in  previous experiments using the mouse have served as a valuable initial survey of weapon 
neutron radiation effect, large animal neutron studies are required in o r o ~ r  to extrapolate 
animal data quantitatively to man, the point of ultimate interest. 

.hell device VUT l0W.X  thpn that p r e v i u l g  4 plosion t y p ~  fission WsPPoMihere rem 
ermined by .ne wioun biologlcol indicators ..A 

For the ground surfnce sUtlon6 over the gamma radiation range of 100 to 800 r, the neu- 

It was suggested by the project author6 that although data obtained in this experiment and 

B.5 PROGRAM 5-AIRCRAFT STRUCTUFES TESTS 
Program Director: K. H. Stefan, CDR, USN 

B.5.1 Prolect 5.1: Naval Aircraft Structures 
Agency: Bureau of Aeronautics 
Report Title: Atomic Weapons Effects on AD Type Aircraft in Flight. WT-?48 
Prolect e f i ce r :  CDR K. H. mefan, USN 

The ob~ective of Project 5.1 was to study the blast and thermal effects of atomic weapons 
on AD type aircraft in  flight. Data covering weapons effects and airplane structural response to 
these effects were collected for the aircraft in level flight attitude, tail toward the blast in a 
vertical plane containing the burst point. This orientation represents an escspe configuration 
of an AD type aircraft following delivery of an atomic weapon. 

Shots 1 ,  2, 7,  8, and 9. The slant ranges at burst time involved in these shots varied from 
14,400 It for the AD-2 piloted flight of Shot 1 to  6200 ft  for  the AD-2 pilotlesE flight of Shot 7. 
In Shot 7 the actual yield exceeded the planned yield by greater than SO per cent. The drone 
aircraft was positioned for near critical weapons effects, and the higher thermal radlntion 
severely weakened all the blue painted skin on the underside of the wing. Both the port and 
starboard wmg panels were torn off at the time of shock arrival as a result of the weakened 
skin and combined overpressure and gust effects. A constderable amount of valuable infor- 
mation on thermal damage was obtained from these panels, which were recovered after the 
test. V i m a l  inspection of the structural failures indicated that the alrcraft might have survived 
had the bottom skin of the wing been bare aluminum or pointed with heat resistant white in- 
stead of standard blue. 

finishes were exposed at three different stations on the ground during Shot 8 to obtain sup- 
plemental information on the  effects of thermal radiation. Effective thermal absorptivlty CO- 
efficient6 obtnlned ranged from 0.12 to 0.16. 

Measured overpressures were in agreement with the theoretical values. Measured ther- 
mal radiation was observed to be appreciably greater t k n  predicted as a result of ground r t -  

One or the other of two Navy Model AD'S converted to drone configuration was flown on 

In addition to the above flight tests, aluminum alloy panels of various thicknesses and paint 
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flectivity. Thermal  calculations using 0 = 0.55 (albedo) provided go& correlation with tes t  
measurements .  Peak a i r c ra f t  accelerations were approximately double the c a l c u h t r d  vnlues, 
although measured wing and tail  loads were  in close agreement with the  lo lds  calculated using 
rigld body relations. 

No d i rec l  correlation between measured and calculated a l rc raf t  skin tempera ture  rise wa6 
established, although the e f f ec t s  of heat received, skln thickness, and sur face  finlsh were  ap- 
parent. Results of me(a1lurgical studies on aircraft  skin specimens, begun in M nttempt t o  
determine s k l n  tempera ture  r i s e  on Shot I, Indicated e f fec ts  normally associated with tem- 
pe ra tu res  far  i n  excess of those recorded. This effect was so  localized that no se r ious  s t ruc-  
turai  consequences in excess  of those normally associated with the thermal  intensities ex- 
perienced a r e  expected. 

8 . 5 . 2  Project 5 . 2 :  Blast, Thermal ,  and Gust EIfects of Ai rcraf t  in Flight 

Atomic Weapon Effects on B-50 Type Aircraft  in Flight, WT-149 
Agency: Wright A i r  Development Center 
Report Title: 
Project Oilicer. R. C. Lenz 

Pro jec l  5 .2  was established to determine minimum operational pa rame te r s  lor delivery 01 
atomic weapons from medium bombardment a i rc raf t .  Three  B-50D a i rp lanes  were selected 
and instrumenled for the measurement of peak overpressure ,  thermal radiation. and wing tip 
deflecuon. One of lhe airplanes was further instrumented for the measurement of wing, Iuse- 
lage, and stabil izer bending moments; angular and linear accelerations; and elevator positions. 

A fl ight pattern was established so  that the positions of the three  8-50 's  simulated the 
p o s i i i o ~  which w u l d  be occupied by a bomb-dropping airplane relative to the polnt of detonation 
of the weapon. Attainmenl of this positlon was confirmed by aerlal mappmg techntques from 
the tes l  a i r c ra f t .  

Gust loading of the horizontal stabii izer was determined to be the limiting s t ruc tura l  
pa rame te r  of the B-50 airplane for delivery of atomic weapons. The extent of this limit was 
closely defined by the attainment of I9 per  cent of design l imit  bending moment at Station 98 
01 the horizontal stabilizer on Shot 9. 

Sufficiently prec ise  and extensive data concerning the e f fec ts  01 atomlc weapons on the 
B-50 were  obtained to enable accura te  definitions of general operational pa rame te r s  for 
delivery of atomic weapons with th i s  airplane.  In addition, the information i s  of such nature 
that i t  mag be used i n  the correlation and correction of theoretical analyses which s e r v e  to 
e n e n d  the resu l t s  to generalized problems of atomic weapon delivery involving other types of 
a i rc raf t .  positions in space, and other ranges of weapon yield. 

W i n g  bending moments predicted on the bas i s  of the cur ren t  theoretical analysis were  
found to be consistently twice as la rge  as the actual wing bending moments measured in this 
experiment 

B.5.3 Project 5.3. Blast and Gust Effects on B-36 in Flight 

Blast Effects on 8-36 Type Aircraft  in Flight, WT-750 
Agency' Wright Air Development Center ' 

Report Title: 
Projecl Ofllcer: G .  F. Purkey 

Pro jec t  5.3 Obtained data on the blast response of a B-36D a i r c r a f t  flown in the proximity 
of Shot 9. The test a i rc raf t  was the s a m e  B-36D aircraft  utilized for s imi la r  testing by Project 
6.10 during IVY. The instrumentation was modified to Include additional measurements on the 
horizontal tail. Response measurements included nose, tail,  wing tip. and center of gravity 
acceieralions;  wing fuselage and horizontal stabil izer bending moments; and horizontal stabi-  
l izer shea r .  Peak overpressure  at the a i r c ra f t  was a l so  measured. 

lVY t e s t s  and particularly 1 0  investigate more  fully the a f t  fuselage and horizonkal stabil izer 
response characterist ics.  The purpose was accomplished even though the peak loads obtained 
were not 3 s  high as desired.  The peak stabil izer bendlng moment measured was 34 per  cent 

The  purpose 01 Lhe program was to supplemenl the blasl  response data obtained during the 
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of limit load. Peak wing bending moment6 were  somewhat higher than those measured during 
IVY but were  st l l l  only a fraction of the  lunlt  allowable. The  data obtained by Project 5.3, 
combined with previous data, will allow a complete check of the present b l n s t / l a d  theory In 
the low and medium load ranges.  Theoretical  extrapolntlon to l a d 6  approaching design limit 
should be conlirmed by additional experimental data. 

4.44 sec  after the direct  shock wave; and, because of fortuitous phasing with low amplltude vi- 
brations initiated by the d i rec t  shock, the peak loads produced by the reflected shock were 
slightly higher than would be predicted f rom a single shock with the strength Of the reflected 
shock. However, with proper  phaslng and shor te r  t ime interval between shocks, the reflected 
shock could induce peak loads considerably higher than those obtained f rom the direct  shock. 

The  position of the a i r c ra f t  a t  blast a r r iva l  was such that the reflected shock wave ar r ived  

The data oblalned by Pro jec t  6.10 i n  IVY a r e  lncluded in the report  Of this project. 

B.6 PROGRAM 6-TESTS OF SERVICE EQUIPMENT AND OPERATIONS 
Program Director: D. I. Pr icke t t ,  Lt Col, USAF 

B.6.1 Project 6.2: Test of Radar Techniques for Accomplishing IBDA 
Agency: Wright A i r  Development Center 
Report Title: 
Project Officer: F. E. J a m e s  

IBDA Phenomena and T e c k i q u e s ,  WT-751 

The objective of this project was to evaluate cur ren t  experimental technlques and equip- 
ment designed to accomplish Indirect Bomb Damage Assessment (LBDA). Speclfic oblectives 
were as follows: 

1. To determine the amount by which a radar beam i5 ref rac ted  by the fireball. 
2. To compare the relative m e r i t s  of Ku-band fas t  scan radar to Ku-band and X-band 

slow scan  equipment. 
3. To determine the adaptability of Airborne Moving Target Indicator (AMTI) equipment 

to the IBDA problem. 
4 .  T o  evaluate a system of computing height of burst utilizing the t ime difference between 

a r r iva l  of a direct  and ground reflected low frequency electromagnetic signal generated by the 
detonation and received in an  a i r c ra f t .  

The refraction experiment,  conducted on Yucca Flat, utilized a main r ada r  t ransmi t te r ,  
1 5  rece iver  stations,  and a synchronizing radar  station for remote control of the main radar 
t ransmi t te r .  The rece ivers  and synchronization station were located for each tower shot along 
a line perpendicular to a l ine f rom the main radar  t ransmi t te r  through the shot tower. The 
amount of refraction caused by the growth of the fireball  was indicated by a shift  of the main 
r ada r  beam along the receiver line. It was determined that the amount of refraction was not 
significant and could be ignored in IBDA reduction procedures. 

m e t e r s  were operated f r o m  th ree  8-29 a i rc raf t  oriented for each shot in the same  relative 
positions to Ground Zero. The f a s t  s can  radar  gave better t ime resolution to fireball  return 
phenomena, but detail was lost due to antenna and power limitations. High interference levels 
prevented the ObtaiNng of useful r e su l t s  with the AMTI equipment. The  r ada r  techniques 
tested, such as fas t  scan and AMTI, a r e  all  desirable and could probably be used in an IBDA 
sys t em to assist in obtaining the requi red  Ground Zero  parameter,  However, none of the tech- 
niques individually or collectively can  be  considered important enough to warrant the develop- 
ment of a special system for IBDA utilizing these  techniques. When future bombing equipmenls 
include these techniques as part of the i r  sys tem,  Ground Zero will probably be obtained with 
g rea l e r  ea se  and accuracy than with the present AN/APQ-24 and K 6er ies  bombing systems. 
The use  of the eleclromagnelic wave i s  not considered practical lo r  height-of-burst deler-  
mination at t h i s  time. However, when more  is known about the charac te r i s t ics  of electro- 
magnetic pulse f rom a n  atomic detonation, further development and refinement of lechniques 
might prove productive. 

The fast and slow scan  Ku-band r ada r ,  AMTI r ada r ,  electromagnetic rece ivers ,  and bhang- 
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B.6.2 Project 6.3: Field Test Of IBDA 
Agency: Strategic Air  Command 
Report Title:  Interim B D A  Capabilities of Strategic Air Command, WT-752 
Project Officer: Capt R. E. J. Scott, USAF 

This project was a corollary 161 Project 6.2 in that an interim IBDA sys tem,  installed in 
operational SAC a i r c ra f t ,  was evaluated in connection with simulated strike missions. These 
simulated s t r ike  missions,  flown by B-50. B-47, B-36, and F-84 type a i r c ra f t ,  also served  to 
provide valuable and realist ic indoctrination for SAC a i r  crews. 

bombing equipment and K- 17 cameras .  Several bhangmeters were a l so  utllized. Photographic 
records  and inierpretation techniques employed by SAC show that they have satisfactorily de- 
veloped an IBDA capability for  determining height of burst  and Ground Zero  from the K-17C 
camera ,  i.e.. photography during day or night visual conditions. Yield determination for this 
system can be obtained by utilizing bhangmeters. Thei r  radar technique studies indicate that 
radar  photography has the potential to supply Ground Zero and height of burst  rega id less  of 
visibility conditions. The limiting fac tors  a r e ,  for Ground Zero,.adequate c rew training in 
techniques; lor height of burst ,  the  yield and altitude combination must be such that there  i s  
adequate ground disturbance f rom the shock wave, and the cloud shadow effect must be dis- 
cernible. Present stockpile weapons, if detonated a t  reasonable heights, should provide the 
necessary phenomena. The possibility of developing a technique to determine yield from rada r  
record5 01 the shock front o r  fireball growth t ime history are sti l l  under study by both WADC 
and SAC. 

B.6.3 Project 6.4:  Evaluation of the Chemical Dosimeter 

Ten  to 1 2  SAC a i rc raf t  participated in nine shots. Each a i rc raf t  ca r r i ed  cur ren t  type radar 

Agency: 
Report Title: 
Project Oflicer: J .  Johnston 

Chemical Corps  Chemical and Radiological Laboratory 
Evaluation of Chemical Dosimeters,  WT-753 

The objective of this project was to evaluate, under field conditions, the E-1  tacticak do- 
s imeter ,  which is the latest version of the Taplin chemical dosimeter. 

On Shots I and 8 a total of some 250 dos imeters  were placed at eight separa te  thermal and 
blast shielded stations along the Project 6.8 dosimeter line at distances calculated to cover the 
enlire range of the dosimeter.  Results were evaluated against film exposed in National Bureau 
of Standards film holders.  Dosimeters were recovered a t  H t 30 h r  on Shot I and H t 2 h r  on 
Shot 8.  Field resu l t s  combined with laboratory findings show that the E-1 dos imeters  indicated 
wi th in  the cor rec t  range, were rugged, consistent, and showed little if any r a t e  dependence. This 
dosimeler i s  considered to have reached i t s  fu l l  s ta te  of development with the exception of me- 
chanical and step range modifications. 

B.6.4 Project 6.7: Electromagnetic Radiation over the p d i o  Spectrum 
Agency: Signal Corps Engineering Laboratory 
Report Title: Measurements and Analysis of Electromagnetic Radiation Irom Nuclear 

Detonations, WT-754 
Project Off icer :  Lt W. T. Kertulla, USA 

This project had two main objectives: (1) t o  determine the charac te r i s t ics  of electromag- 
netic radiation f r o m  nuclear detonations and (2) to determine the feasibility of detecting electro- 
magnetic radiation from prenuclear detonations (Oxcart I). 

the knowledge that there  exists practical  mili tary applications if any reliable charac te r i s t lcs  
can be systematically recorded and explained. 

Results of previous experiments of related design have shown the 0 to 20 mc band to be the 
a rea  of slrongesl signal return.  Antennas, oscilloscopes, a n d  related equipment were designed 
io p e r m i t  evaluation of polarization, pulse amplitude, and time duration of the recorded signals 
i n  t h i s  10% frequency band. The Oxcart I phase utilized pulse delay l ines between antenna and 

Both experiments were performed primarily lo r  inlormation on scientific phenomena, with 
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oscilloscope. wtuch, when triggered on a Blue Box, would record  my prenuclear electromag- 
netic signals Occurring immediately pr ior  to the detonation. 

The  data when analyzed did not indicate any correlation between pulse characterist ics,  
such as amplitude, duration, shape, etc., and yield. Neither did the re  appear to be a n y  common 
characterist ic which could be said to be typical of the pulse f rom a nuclear explosion. Polari-  
zation data were insulficient to determine a delinite plane of polarization; however, the available 
data do not support the idea that the plane of polarization is vertical. No definite conclusion8 
were drawn from the Oxcart I & t i  obtained a t  Nevada; however, subsequent experiments w t h  
h lgh  explosives demonstrated that no HE signals of interest exist pr ior  to the main nuclear 
signal because of the i r  low signal strength and time resolution relative to the nuclear signal. 

B.6.5 Project 6.8: Evaluation of Radiac Instrumentation, Equipmenl, and Operational 
Techniques 
Signal Corps  Engineering Laboratory and Bureau Of Ships 
Evaluation of Military Fladiac Equipment, WT-755. 

Agencies: 
Report Title:  
Project Off icer :  1. M. Johnston 

The purpose of th i s  project w a s  to test  under field conditions the  accuracy, reliability, 
practicability, and desirability of various se rv ice  sponsored radiac instruments. These in- 
cluded ra te  m e t e r s  and dos imeters ,  the majority of which were in tne linal developmental stage. 
In addition the project provided radiac instrument repa i r  support for  the Rad-Safe organization, 
film badges developing for Deser t  Rock, and instrument calibration facil i t ies.  

Radiac instruments were evaluated by conducting ground surveys in radiation fields up to 
500 r,!hr. Some 150 qualified serv ice  personnel were employed and rotated in weekly incre- 
ments of 12 to 15  a f t e r  attaining their  maximum radiation exposure. Their comments, obser -  
vations, and recorded data along with maintenance, repa i r ,  and modification records  were 
utilized in the final evaluation 01 the instruments.  In addition, numerous instruments were 
utilized by Desert Rock troops and by air c rews  of partlcipating a i r c ra f t  and their  evaluation 
duly recognized. 

located to cover the range of the dos imeters  were utilized. These portable stations were de- 
signed w i t h  aluminum thermal  and Slast shields. All dosimeters were compared to lilm ex- 
posed i n  NBS film holders. The film standards were calibrated against a known calibration 
source of Co”. Dosimeter readings were accomplished by numerous personnel, and resu l t s  
were cross-checked. All dos imeters  were recovered about H + 3 hr ,  with the exception of one 
or  two shots where fallout prevented recovery for severa l  additional hours. 

The  two survey instruments of pr imary  interest ,  the AN/PDR-32 and lM-7 l /PD,  were 
found t o  require additional development and engineering work. The AN/PDR-32 models were 
preproduction units, and changes were recommended to improve the instrument belore full- 
scale production is attempted. The IM-71 was found to require some development work, but, 
primarily,  the IM-71 requi res  production engineering. It was recommended, however, thal, 
followng the development changes, preproduction engineered models of the I M - 7 1  be procured 
and submitted for s e rv i ce  testing by Army Field Forces.  No fur ther  lield testing of radiac in- 
struments at NPG is warranted until preproduction test models, completely engineered, a r e  
available and have been accepted by the interested serv ice  laboratory. 

The dosimeter evaluation indicated that two tactical and one administrative dosimeter have 
reached developmental maturity and a r e  ready lor f inal  production engineering and package de- 
sign. The DT-65 Polaroid and E-l chemical tactical  dosimeters were found to have reached an 
acceptable state of development, w th in  the limitations of the device. If s o m e  difficulties with 
ra te  dependence and p res su re  sensitivity can be cor rec ted ,  the IM-91 tactical dosimeter would 
be a good tactical dosimeter fo r  se rv ice  use. The DT-60 administrative dosimeter was tested 
on BUSTER. During UPSHOT-KNOTHOLE an attempt was made to evaluate the Admiral reader 
for the DT-60. It was found that the reader  requi res  additional design and development Work 
be low being accepted. Some of these deficiencies had been corrected at the time of writing Ol 
the project report .  One signilicant recommendation for future dosimeter testing is thal more  

Dosimeters were exposed in the prompt radiation fields of all shots. Some 12 to 14 stations 
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c a r e  be taken to evaluate the  dos imeter  accuracy in residual fields and that fu ture  dos imeter  
evaluation programs include a comprehensive analysis of dos imeter  response t o  residual 
radiation fields. 

B.6.6 Project 6.8a: Gamma Exposure Vs Distance 
Agency: Signal Corps  Engineering Laboratories 
Report Title: Gamma Exposure Vs Distance, WT-156 
Project Officer: Peter Brown 

The objective of th i s  report  was to measure  prompt gamma radiation as a function of dis- 

Data were obtained f rom film packs in NBS energy cor rec ted  fi lm holders and were cali- 
lance. In addition, gamma measurements  were made for MY requesting project. 

Drated against a co" source.  T o  obtain normalizing fac tors  f rom a co' source  to an atomic 
explosion, f i lm was exposed to the Co" field calibration unit and then to a 10 MeV betatron 
whose radiation spectrum is believed to approach that of an atomic detonation. Corrections 
fo r  neutron flux effects on fi lm badges were made for  Shot 10 data out to 2000 yd,from Ground 
Zero. Neutron flux effects on other shots were l e s s  than 5 per  cent; therefore no corrections 
were made. No measurements were made on Shots 4 and 11, and Shot 2 data are felt to be low 
due to absorption caused by a concrete mass in the cab on the gamma line side of the tower. 
It is felt  the resu l t s  as presented in the 6.8a report  a r e  accurate lo  within i20 per cent. 

8.6.7 Prolect 6.9: Evaluation of Airborne Radiac Equipment 
Agency: Bureau of Aeronautics 
Report Title: Evaluation of Naval Airborne Radiac Equipment, WT-I51 
Project Officer: CDR J. H. T e r r y ,  USN 

The  purpose of this project was to re-evaluate Naval Airborne Radiac equipment which 
had been modified in accordance with BUSTER-JANGLE recommendations. This equipment 
was designed t o  record radiation levels above te r ra in ,  cor rec t  f o r  variables,  and permit rapid 
exlrapolalion to the ground for the plotting of ground contamination contours. In addition, new 
ideas i n  droppable f l a r e s ,  telemetering units, and flashing lights to indicate ground radiation 
levels were tested. 

made aer ia l  surveys over the contaminated a r e a s  at H + 1 hr .  Telemetering units were dropped 
on t h e  evening of D Day and morning of D + 1 on three shots, F l a r e s  and flashing lights were 
tested at H + 1 on one shot only. 

n iques  and equipment a r e  much too complicated for the accuracy of the resu l t s  obtained. In- 
sd i i c i en t  resu l t s  were obtained from the flares, telemetering units, and flashing lights to 
make a f i rm  conclusion, but the sys tem of f l a r e s  or flashing lights appears  to be a practical  
approach to the problem of indicating high radiation levels on the ground l rom a i r  observation. 

8.6.8 Project 6.10: Rapid Aerial  Radiological Survey 

On a l l  contaminating events a P2V a i r c ra f t  with the permanently installed instrumentation 

Results indicate that the a i rborne  equipment functioned as designed, but operational tech- 

Agency: Signal Corps  Engineering Laboratories 
Report Title: 
Project Officer: Lt J. R. P r i c e ,  USA 

Evaluation of Rapid Aerial hd io log ica l  SurvepTechniques,  WT-758 

This project had the objective of developing a system of estimating ground contamination 
from aer ia l  survey by utilizing standard portable r a t e  meters  in light a i r c r d t .  

Standard portable survey m e t e r s  were ca r r i ed  in both helicopters and fixed wing light 
a i r c ra f t .  A clover-leaf pattern was flown over the contaminated area a t  H + 1 hr  on all  events 
having extensive contaminated areas. The night pattern developed during JANGLE and SNAP- 
PER w a s  simplified and refined to permit a more  rapid survey. 

It was shown that ground contamination levels can be plotted from the air, using light air- 
c ra f t  and standard radiac survey equipment, with the resu l t s  obtained being accura te  within a 
faclor of 10. No further work on th i s  system i s  considered justified at this time. 
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8.6.9 Project 6.11: opera t iona l  Training lor TAC Crews 
Agency: Tactical  Air Command 
Report Title:  

Project Officer: Lt Col J. W. Rawlings, USAF 

Indoctrination of TAC Air Crews  in the Delivery and Effects of Atomic 
Weapons, WT-?59 

The objective of TAC participation was to indoctrinate air c rews  in the problems of tac- 
t ical  delivery of atomic weapons and direct  bomb damage assessment  using aer ia l  photography 
techniques. In addition, an attempt was made lo obtain data on a i rc raf t  skin temperature r i s e  
utilizing temp tapes  on the skin of the a i rc raf t .  

T o  indoctrinate the air c rews ,  T-33 aircraft  were positioned and flown lo  simulate rec-  
ommended escape maneuvers. RF-80 aircratt were used to fly a standard photo reconnaissance 
mission to evaluate direct  bomb assessment  techniques. 

Satislactory indoctrination was obtained on one of the two shots  in which TAC participated. 
The photo reconnaissance mission was performed satisfactorily,  and photographic resu l t s  were 
excellent lo r  bomb damage assessment  studies. The temp tapes were evalbated by WADC; how- 
ever ,  no conclusive resu l l s  were obtained since temperature r i s e  was not grea te r  than that 
which could have been caused by d i rec t  and reflected solar r ays .  

B.6.10 Project 6 . 1 2 :  Determination of Height of Burst  and Ground Zero 
Agencies: Army Field Forces  and Evans Signal Laboratory 
Report Tille: Determination of Height of Burst  and Ground Zero, WT-760 
Project Officer:  Lt Col R. V. Tiede, USA 

With the advent of tactical support of ground troops by atomic weapons, the Army Field 
Forces  indicated a need for  a sys t em to determine location and yield of nuclear weapons. The 
ob]ective oi lh i s  project was to evaluate the following sys tems in ability lo  lullill th i s  require- 
ment: 

1 .  Artil lery sound ranging equipment lor location of Ground Zero. 
2 .  Seisniic wave velocity determination of heighl 01 burst .  
3. Flash ranging for location of Ground Zero and determination of heighl of burst. 
Sound ranging stations were located up to 60,000 meters  from Ground Zero. The system 

was comprised 01 three  separa te  microphone arrays several  mi l e s  apar t  along a line perpen- 
dicuiar t o  the  line Ironi the center of the a r r ay  to the burst point. The sound ranging provided 
better r e su l t s  for air burst than for near  sur face  detonations. For a i r  bursts at ranges of 
20,000 to 60,000 melers ,  an angular standard deviation 01 13.8 min of a r c  and radial location 
e r r o r  01 0.61 pe r  cent were obtained. Calculation ol the burst  point required approximately 30 
niin a f t e r  sound ar r iva l .  

Seismic geophones were operated approximately 8 to 10 miles  from Ground Zero  on all 
shots. An attempl was made to record  a thermal induced se i smic  wave as well as the blast 
induced signal. Results were inconclusive. 

to lhe various Ground Zeros at a range of 8 to 12 miles. Pinhole cameras  and Polaroid fi lm 
were used to photograph the fireball. By triangulation from the.&urveyed camera  locations, 
points 01 burst within a n  average accuracy of 0.75 miles were obiained; lhis required 5 lo 10 
niin 01 calculation aller removing the Polariod film from the cameras .  

Flash ranging cameras  were located on a line mughly perpendicular to the lines of sight 

Conventional bhangmelers gave yields within 20 per cent t o  distances of 40 miles. 

8.6.11 Project 6.13: Effectiveness of Fast Scan Radar 
Agency: Navy Elec t ronics  Laboratory 
Report 'htle:  

Project Officer: R. B. Keeran 

Eflectiveness of Fast Scan Radar for FirebaU Studies andweapons 
Tracking, WT-761 

The  ob~ect ive  of th i s  prolecl was to evaluate the elfectiveness of a neu' developmental 1 s t  
scan X-band radar for phenomenology studies of nuclear detonations and lo attempl to t rack  the 
280-mm projeciile. 
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This Naval radar g-ve 20 antenna revolutions per Second and provided excellent tlme rem- 
lutions for fireball shadow studies. The van-mounted equipment wa8 tested on &ots 7 to 10. 
Presentation of radar return was  made on a PPI and B scope ard photographed. 

pattern was missing, there being a complete blank- of all target6 In the immediate -ea of 
the fireball. It was  recommended that any future developmental radar designed for fireball 
phenomena studies have a higher bearing resolution of approximately 45’ azimuth coverage 
and at least 50 scans per second. 

The familiar “horse-shoe” shaped pattern was noted in some ahots, where- i n  dhers the 

Missile tracking on the gun shot was not possible due to the high ground clutter. 

8 . 7  PROGRAM 8-THERMAL MEASUREMENTS AND EFFECTS 
Program Director: R. G. Preston 

B.7.1 Project 8.la: Aircraft Structures Tes ts  
Agency: Wright Air Development Center 
Report Title: Effects of Thermal and Blast Forces from Nuclear Detonations on 

Basic Aircraft Structures and Components, WT-766 
Projecl Ofiicer: Capt C. T. James, USAF 

The objective of this project was twofold. Primarily, it was designed as an integral part of 
the long-range WADC research and development program to establish design criteria lor future 
atomic weapons delivery aircraft. The secondary, and more immediate. objective was to im- 
prove the state of knowledge pertaining to the delivery capability of present day delivery air-  
craf t  and to effect modifications lo  increase this capabillty. 

basic and crilical aircraft  structures and components for obtaining their time history of tem- 
perature and strain responses. Specimens tested were 8 box beams, 8 tension ties, 13 hori- 
zontal stabilizer and elevator assemblies, and 6 aircraft panels. Additional measurements for 
peak temperature only were made on 31 aircraft  panels, a B-36 stabillzer and elevator as- 
sembly, a B-36 wing section, 212 control surface protective coverings, and 89 undercarriage 

The experimental procedure followed was t o  expose, at various rvrges irom Shots 9 and 10, 

B.7.2 Project 8.lb: Aircraft Structures Tests 
Agency: Wright Air Development Center 
Report Title: Additional Data on the Vulnerability of Parked Aircrafl to Atomic 

Bombs, WT-809 
Project Officer: Capt G .  T. James, USAF 

This project was specifically aimed at the determination of the protection afforded parked 
aircraft  exposed IO atomic detonation by thermal radiation shields and strong tie-downs. and to 
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obtain additional data on cer ta in  fighter and bomber aircraft in the nose-oii orientation. 
A B-11, B-29, 8-45, F-86, and four F-47's. al l  of which had been used in previous le616 

except the 8-29,  were  exposed in six shots for a total of 16 a i rc raf t  exposures. The instru- 
mentation included extensive temperature determination on all exposures AS well as consid- 
erable high-speed motion picture photography. 

The more obvious conclusions obtained f rom th is  experiment were: 
1. In those high overpressure  regions where a relatively high degree  Of damage i s  eus- 

tained, strong tie-downs apparently reduce the amount of damage to fighter a i rc raf t  in the 
nose-on orientation. 

2. Cloth thermal  shields were obsenred t o  have provided protection f rom thermal radia- 
tion and thermal-blast  coupling. It i s  anticipated that these shields will be far more effective 
protection against higher yield weapons where the rma l  radiation becomes relatively more  
cri t ical  than blast energy. 

SNAPPER. 

8 . 7 . 3  Project 8.2: 

3. Data obtained in th i s  tes t  provide fu r the r  conlirmation of related data i rom TUMBLER- 

Measurements of Thermal  Radiation by Means Of Radiation P res su re  
Phenomenon 
Air Force Cambridge Research  Center 
Measurement of Thermal  Radiation with a Vacuum Microphone, WT-167 

Agency: 
Report Title: 
Project Officer: M. D. O'Day 

The objective of t h i s  project was lo evaluate a vacuum capacitor microphone as a device 
for  measuring thermal  radiation from the bomb. Signals generated in  the microphone by the 
p re s su re  of the radiant energy, which is related to the radiant intensity, a r e  amplified elec- 
tronically, fed t o  an  oscilloscope, and recorded on magnetic tape. Overheating of the capacitor 
diaphragm by the incident thermal radiation is avoided by the use 01 a chopper operated at 
1400 cycles/sec and, if the assembly i s  close to the detonation, by the use of neutral density 
f i l t e r s  interposed before the microphone. The amplitude of the output i s  related l o  the intensity 
of the radiant energy. Total  thermal  energ ies  may be obtained by integrating the curves 01 in- 
tensity vs time. 

vans which were manned and located within view of the detonations. Sensing equipment was 
Located a t  distances from 1 lo 14 miles from the burs t  point. 

As the result  of the extensive participation of th i s  project, a la rge  amount of thermal data 
was obtained. Calculated thermal yields for  this project cor re la te  well with those of NRDL and 
NRL. Project 8.2 t imes to the minimum agree  well with EC&G bhangmeter t imes  ( see  Secs. 
3.3.3 and 3.3.4). 

Since the chopping r a t e  of the vacuum microphone may be quite high, the instrument may 
be designed to yield values for  t imes  to minimum and second maximum in the radiant pulse. 
Further analysis 01 thermal  yield data for this and past Nevada t e s t s  is necessa ry  before the 
accuracy of the instrument for  measuring thermal yield may be judged (see Sec. 3.3.3). 

8.1.4 Project 8.4-1: 

Project 8.2 participated in Shots 1 to 10. The  recording equipment was contained i n  two 

Attenuation of Thermal Radiatlon by WhRe Scattering Smoke 

Protection Aflorded by Operational Smoke Screens Against Thermal 
Radiation, WT-168 

Agency: Chemical and Radiological Laboratories 
Report Title:  

Project Officer: E. H. Engquist 

The objectives of t h i s  project were dual: f i r s t ,  t o  evaluate the attenuation of thermal 
radiation by an operational fog oil smoke sc reen  and, second, t o  collect data to verily theo- 
retical  predictions concerning the attenuation expected. 

It was planned to conduct the iield test of the white smoke (scattering smoke) on Shot 0. 
When it became necessary  to delete the white smoke  experiment a t  the last  minute, due t o  
unlavorable sur face  winds, a limited experiment using a single instrumented station sur- 
rounded by smoke pots was incorporated into Shot 10. lnstrumenlation for the attencated ther -  
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mal raaiation employed NML roundels, NRDL disc calorimeters,  Chemical Corps  black boll 
calorinieters ( these  three  types of instruments were arranged f o r  detecting spherical  dis- 
symmetry),  and photographic coverage for the determination of the volume-density charac- 
te r i s t ics  of the screen. 

A s  the resu l t  of the drastically curtailed experiment incorporated into Shot 10, the ob- 
Iectives of th i s  project were only partially attained. Based upon the thermal  energ ies  measured 
beneath the smoke and after due allowance was made for  the shielding of the scattering smoke 
by the Project 8.4-2 black smoke, interference by which was shown through analysis of the 
photcgraphic records ,  it  was estimated that the oil-fog smoke sc reen ,  as established, Was at- 
tenuated by 85  t o  90 per cent. Edge ef fec ts  due to the limited s i ze  of the s c r e e n  were not evalu- 
ated. Also, verification of theoretical predictions concerning the attenuation was not possible. 

B.7.5 Project 8.4-2 
Agency: Chemical and Radiological Laboratories 
Report Title:  
Project Officer: E. H. Engquist 

Effects of Black Absorbing Smoke on Thermal  Radiation and Blast 

Evaluation of a Thermal Absorbing Carbon Smoke Screen, WT-769 

The oblective of this experiment was t o  provide a relativelythick heated layer of air over 
a blast measurement line. This was accomplished by laying a carbon black thermally absorbing 
smoke over a line east  of target zero  for Shot 10 between 500 and 4600 It from the target point. 
I1 u'as intended to study the eflect of the heated layer on the shock wave, particularly the pre- 
cu r so r  p re s su re  wave. 

Instrumentation of the black smoke line was s imi la r  to that of the white smoke described 
in  Sec. 8.7.4 except that roundels were not used because they would be  rendered use less  by 
deposition of smoke  particles on the energy sensitive papers. In addition to thermal  radiation 
instrumentation, the smoke line was instrumented lor  blast and f o r  the velocity of sound to 
measure  air temperature.  Two poles, one set a t  2600 ft and the other at 3500 f t  f rom intended 
Ground Zero, were  equipped with shielded, temperature-sensit ive papers at vertical  intervals 
of 5 It up to 12 I t  i n  an additional effort to measure  air temperature.  

Due t o  the absence of a low capping inversion, which might have been attained with a shot 
t ime set  for ea r l i e r  i n  the morning, diffusion upward of the thermally absorbing smoke was 
g rea t e r  t h in  was desired fo r  the comparatively low burst height for Shot 10. Ideally, it would 
have been des i rab le  for the screen  to have been capped strongly and uniformly at a height well 
belou, the height of the bottom of the fireball .  In spite of this deficiency the shielding of the 
ground from significant thermal fluxes and the absorption of radiant energy in the relatively 
nununilorni smoke layer resulted in profoundly altering the shock front charac te r i s t ics  over 
those observed in the open. 

The net effect of the smoke screen  was to modify the precursor  type wave under the ab- 
sorbing layer and to reduce comparatively the range over which the precursor  effect was ob- 
served  i n  the open. The reduced thermal effect on the shielded ground su r face  resulted in  peak 
p res su res  and ar r iva l  t imes  01 the shock wave more  nearly like that which would be predicted 
for a thermally reflecting surface. At the instrumented statibns between 2630 and 5630 It from 
Ground Zero, the thermal  energy observed was l e s s  than 3 per cent of that which would have 
been observed without smoke. A i r  t empera tures  in the screen  a t  2600 and 3500 it ground ranges 
at heighls up t o  72 It above the surface did not r i s e  to the minimum detectable value of 60'C. 
At t h i s  height, however, i t  was calculated that the temperature rise should have been l e s s  than 
1'C. 

8.7 .6  Project 8.5. Degree and Extent of Burns Under Service Uniforms 
Agency: Quartermaster Research and Development Laboratories,  USA . 
Report Title:  Thermal Radiation Protection Afforded Tes t  Animals by Fabric As- 

semblies.  WT-770 
Project Officer:  J. F. Oesterling 

The oblectives of Project 8.5 were to obtain immediate information on the s k i n  burn pro  
tection value of a limited number of serv ice  and experimental clothing combinations, and to 
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provide data which can be used to establish a relation between fabric protective characteristic- 
as determined in the field and protective characterist ics as measured in the laboratory. it i s  
anticipated that the resu l t s  of these experiments,  coupled with results of related laboratory 
programs,  will lead to the development of a technique whereby the protective value of clothing 
may be a s ses sed  by physical means directly i n  t he  laboratory without resor t ing  to physiologi- 
cal  experiments or field tests.  

In o rde r  to  accomplish the above objectives, two types of animal exposure were made. In 
the major effort animals were exposed to the thermal pulse and ensuing blast wave in clothing 
of standard o r  experimental a rmed se rv ices  uniforms. In the other case animals were exposed 
in cylinders provided with fabric-covered portholes. which duplicated the exposure arrangement 
used i n  the laboratory. 

Of the severa l  summer  and winter unilorm assemblies evaluated at Shots 9 and 10, two 
exhibited substantial degrees  of protection, one of which assembl ies ,  the four-layer temperate,  
provided protection against thermal burns up l o  83 cal/cm'. F i r e  resistant combinations were 
super ior ,  especially at lower thermal  energies,  to untreated Iabric assemblies.  Increased 
fabric spacing (loose-fitting) and g rea t e r  number of fabric layers  contribule significantly to 
higher degrees  of thermal protection afforded by uniforms. 

Based upon the field and laboratory studies of protection afforded by uniforms against 
thermal burns ,  i t  is considered that attention in future laboratory studies should be devoted to 
spacing and lilting of garments ,  to mechanisms of heat transfer through fabr ics  as it  affects 
burns to  the underlying s k i n ,  t o  ef lec ts  01 pulse duration (weapon yield) on burns, and to effects 
of the subsequent a r r iva l  of the shock wave in snuffing out flame and removing glowing outer 
fabr i r  l ayers .  

Considering as a whole the resu l t s  of this project and the related r e su l t s  of Projects 8.0 
and 8.9, i t  i s  concluded that significant progress  has been made in the evaluation 01 protection 
of fe red  by fabr ics  against thermal burns and in delineating the Iactors to consider in the de- 
velopnient 01 physical methods lor  the evaluation. 

B.7.7 Project 8.6 Thermal Ef fec ts  on Clothing Materials 
Agency: 
Heport Tiite:  

Project OIIicer: J .  F. Oesterling 

Q u a r t e r i i i ~ ~ t ~ * i -  Research and Development Laboratories,  USA 
Perlorniancr Characterist ics of Clothing Materials Exposed to Ther -  
mal Radiation, WT-771 

The objectives of Project 8.6, which u'ere closely associated with the animal exposure ex- 

1 .  To deterniine field performance charac te r i s t ics  of standard a rmed serv ices  clothing 
perinient (Pro jec t  8.5), u'ere. 

and experiniental labric assemblies by means of panels exposed to the thermal radiation 01 a 
nuclear u'e:rpon. 

2 .  To re la te  the data thus Obtained IO that developed through the field exposure of clothed 
pigs (Pro jec t  8 . 5 ) .  

3. T o  determine whether o r  not flaming may occur between the end of the thermal pulse 
and the a r r iva l  of the blast wave. 

4 .  Tu utilize these data i n  establishing laboratory evaluation methods which can be used as 
screening techniques for  determining the relative mer i t s  of protective fabric assembl ies  which 
1113s be used in the development 01 combat or field uniforms. 

In addition, certain i tems 01 equipment 01 interest  to the Chemical Corps  and certain pack- 
agt,d mater ia l s ,  uhich a r e  not amenable lo laboratory study, were exposed to both thermal ra- 
diaiion and blast i n  o rder  to obtain fleld evaluation of the resistance 01 the  mater ia l s  to the 
e f i e c i i  ol a nuclrzr detonation. 

The effectiveness of the protection provided by the various panel mater ia l s  was estimated 
by means oI the temperature reached on the panel backing as determined by passive tempera- 
lu re  indicators. The eflecl of the presence of an air  space between the backing and the ma- 
terial H X S  a150 studied. 
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Results from the panel experiments with the same  fabric assembl ies  as were used with.the 
pigs (Pro jec t  8.5) indicated a ranking of the fabrics,  with respect to degree  of protection, the 
same  as that obtained with the clothed pigs. Other fabric Combinations not tes ted  with the pigs 
were ranked as to degree of protection from the r e su l t s  of the  panel tests. 

reflectance and spacing. It was concluded that destruction of the outer layer in a la rge  pro- 
portion of the test samples  introduced the factor of glow and sustained exothermic reactions 
which complicated analysis of the results.  

fabr ics  led lo no quantitative conclusions, the resu l t s  indicated definitely the  beneficial effect 
of using an outer fabric layer treated with a f i r e  retardant agent. 

The effect of the a rea  of fabrics exposed in contact and spaced f rom the backing indicated 
that a r e a s  of the order  of 1 or 2 in. in diameter,  c loser  to the la t te r  for spaced fabr ics  o r  
multiple layer combinations, a r e  necessary  to avoid excessive edge effects f rom smaller ex- 
posure areas. Results from t e s t s  a t  Shot 10 of W r t e r m a s t e r  i tems of packaged rations and 
clothing indicated damage to be attributable p r i m a r i t t  to blast effects.  A single bale of clothing 
exposed to 12.5 cal/cm’ was consumed by fire. The origin of the pr imary  ignition i n  this ca se  
was not evident. 

The  test  resu l t s  of other Quartermaster i t ems  and Chemical Corps i tems  were essentially 
as expected. 

The ranking of fabric combinations with respec t  to protective charac te r i s t ics  was ac- 
complished i n  this project by instrumenting oak veneer backing with tempera lure  indicators 
(paper thermometers )  adhered to the erposed s ide  of the backing. These pape r s  served t o  in- 
dicate the maximum tempera ture  attained by the system comprising the su r i ace  of the backmg 
and the paper. It should not be presumed that the temperature attained with the papers (and the 
ranlting of the fabric) bea r s  a relation to degrees  of burns to skin. The National Bureau of 
Standards has shown, theoretically, that the tempera ture  indicators have proper t ies  which pre- 
vent the i r  thermal  behavior from simulating that of human skin. For this reason, the resu l t s  
of  this project, except for the exposure a rea  studies,  should be interpreted with caution. A s  IS 
noted i n  Sec. B.I.8, the s ta tus  of physical methods fo r  evaluating fabric protective qualities is  
unsatisfactory at the present t ime; and it  appears  that a reliable physical method must await 
the development of an improved skin simulant. 

B.7.8 Project 8.9: Effects of Thermal Radiation on Materials 

No conclusive resu l t s  were obtained from panel t e s t s  designed to study the effects Of fabric 

Although resu l t s  of panel t e s t s  on the effects of flaming and sustained glowing of irradiated 

Agency: Naval Material Laboratory 
Report Title:  
Project Officer: T. 1. Monahan 

Effec ts  of Thermal  Radiation on Materials, WT-172 

The general objective of this experiment was lo  obtain field checks of material  damage 
studies currently being conducted in the laboratory with a simulated radiant energy source of 
smal l  size.  Of interest was the establishment of check points for  cloth-skin simulant studies,  
for material  damage as a function of the variable time-intehsity of the energy from the bomb, 
for evaluation of temperature-sensit ive passive indicators behind clothing, and fo r  evaluation 
of certain material  pa rame te r s  influencing the protective value of fabrics and paints. 

The  development of a purely physical laboratory method for  evaluating the protection of- 
fe red  by clothing is an objective which, if attained, would be of considerably wide interest .  With 
the present s ta te  of the a r t ,  experimentation t o  evaluate clothing with animals in the laboratory 
is difficult and expensive when compared to a physical method. It has been shown that burns 
on skin behind cloth b a r r i e r s  cannot be correlated with damage to the cloth. It has  a l so  been 
shown that the shape and amplitude of t ime-temperature curves obtained on the skin surface 
upon irradiation a r e  rough indications of the degree  of burn. The NML experiments on plastic 
skin simulants behind cloth employing thermocouples were designed to utilize the latter fact. 

- the  t ime of delivery is indefinitely decreased lor the same total energy delivered. The radiant 
energy necessary to eflect an observed damage, Le., the cri t ical  energy, however, is a useful 

It has been demonstrated that thermal damage does not follow a reciprocity relation as 
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quantity lor correlating such effects. In t h e  NML experlment thermal  h P g e  a8 a function oi 
the period in  the period of radiant emiss ion  during which sensit ive ma te r i a l s  were erpased 
was accomplished by a calibrated spring-loaded cover which traveled dom a slotted frame 
and successively exposed and covered up the mater ia l s  once the cover wa8 tr iggered by a zero 
t ime  signal. 

The  t ime-temperature h is tor ies  of the polyethylene skin simulant with various cloth bar- 
r i e r s  in contact with the simulant irradiated in the field were  only in fair agreement with iabo- 
ratory tes t s .  It was found that the a r e a  of cloth exposed becomes important as spacing 01 the 
l abr ic  from the backing i s  increased, important with multiple Layer sys t ems  and important 
where flaming of the outer layer occurs. 

as a tool for evaluating protection olfered by cloth ba r r i e r s .  Temperature-sensitive plastic6 
painted on the polyethylene show some promise  f o r  gross-ranking of the protective qualities 
01 fabric ( s e e  Sec. 8.7.7.) 

drvic?s which exposed mater ia l s  either to the initial or latter portion of the thermal pulse. 
Consequently, no quantitative conclusions, based upon field resu l t s ,  could be made concerning 
the lailure of reciprocity lor thermal damage. However, with the shaped thermal  pulse simu- 
l a to r s  now available at NML and NRDL, loss of the field data should not materially hamper 
thermal  elfects studies. 

Although the t ime- tempera ture  h is tor ies  of the polyethylene skin simulant were in fair 
agreement with NML laboratory tes t s ,  a recent  AFSWP review of the s t a tus  of the skin simu- 
lant studies indicates that the polyethylene is significantly lacking in the des i red  characterist ics 
01 a simulant. Increased emphas is  i s  planned toward development 01 mater ia l s  which will more 
closely simulate the conductivily, absorptivity, and heat capacity 01 human skin. Results from 
recenl work at NML wi th  other simulants are encouraging. 

B.7.9 Project 8.10: Measurement 01 Basic Characterist ics of Thermal  Radiation 

Temperature-sensit ive papers attached to polyethylene skin simulant show little promise 

Due l o  partial failure 01 equipment a t  shot t ime, insufficient data werqobtained l rom the 

Agency: Naval Radiological Defense Laboratory 
Report Title: 

Project Officer: A.  Cuthrie 

Physical Charac te r i s t ics  of Thermal  Radiation from an Atomic Bomb 
Detonation, WT-773 

The objectives of th i s  prolect were to supplement definitive information on the basic ther- 
m3l  radiation phenomena associated with smal l  yield weapons (below 100 KT) lor exlension and 
corroboration of scaling laws and eflects prediction methods, and to provide documentation 01 
the radiant energy charac te r i s t ics  of Shots 9 and IO f o r  use with the l a rge  effects test program. 
The  NRDL ca lor imeters  and radiometers employed by th i s  project a r e  considered the basic 
instruments for ellects test  studies of thermal radiation. 

Any instrument employed to measure  thermal radiation which has  a finite field of view 
always rece ives ,  in  addition t o  direct  collimated r adh t ion  f rom the bomb source ,  some energy 
sca t te red  f rom the atmosphere. Any instrument which sees, in addition to the fireball, a n y  
portion 01 the ground below the burst  point rece ives  energy over that coming directly from the 
fireball  lhrough ground reflection. 

It has  been demonstrated, qualitatively, that, at a given point in  the air above the ground in 
the vicinity of the burst point, the radiant energy received a t  that point may be substantially i n  
excess  01 that predicted Irom the inverse squa re  relation. The  albedo (or scattering coefli- 
cient) of the ground and the specific geometry of the burst.point with respec t  to the ground and 
the poinl of interest  in space a r e  f ac to r s  which influence the enhancement of the radiant energy. 

I n  o rde r  to obtain the necessary  field data lor checking theoretical  approaches to the prob- 
lem of calculating scattered radiation, ground stations at shots 4, 9, IO, and 11 were gener- 
ously instrumenled with field-of-view, a i r - sca t te r ,  and albedo ca lor imeters  as well as total 
energy ca lor imeters  directly viewing the fireball .  In  addition, at Shots 4 and 9, two SAC E-50 
planes flying formation with the drop  plane were instrumented with ca lor imeters  lor albedo 
and total energy determinations. 
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Limited instrumentation lor total energy and spec t ra l  distribution was accomplished under 

At Shot 10, special e f fo r t s  were made to instrument two ground stations with both NRL 

Measurements under th i s  project were  a l so  conducted a t  Shot 3; but s ince  the weapon Wen1 

this project lor the black and white smoke patterns under Project 8.4. 

and NRDL ca lor imeters  s o  that d i rec t  comparisons of results could be made. 

l a r  below the anticipated yield and due t o  lailure of some 01 the r eco rde r s ,  no reliable data 
were obtained. Other than the failure of the instruments on Shot 3, all instruments functioned 
satisfactorily,  and essentially all channels gave uselul information. 

those i n  AFSWP-503. Due to inherently slow t ime resolution, t imes  to minimum as measured 
wi th  NRDL radiometers a r e  grea te r  than those calculated from AFSWP-503. T imes  to the 
second maximum suifer similarly but to a l e s se r  extent. 

NRDL at t h i s  operation and at TUMBLER-SNAPPER is yet to be analyzed. 

B.7.10 Project 8.11a: 

The  thermal  yields calculated l r o m  the  measurements of th i s  project ag ree  ClOSelY with 

The  la rge  quantity of data on rellection and scattering 01 radiation which were obtained by 

Initiation and Resistance of Pr imary  F i r e s  (Structures ahd Interior 
01 Structures) 
Forest  Products Laboratory, Fores t  Service,  USDA 
Incendiary Effec ts  on BuildinEs and Interior Kindling Fuels, WT-714 

Agency: 
Report Title: 
Project Officer: H.  D. Bruce 

Both this project and Project 8 . l l b  were concerned with the study 01 urban vulnerability 
to pr imary  ignitions resulting lrom the radiant energy 01 atomic weapons. The probability that 
n iass - f i res .  l i r e  s to rms ,  and conflagrations will occur following 2n atomic attack on urban 
a r e a s  depends to some extent upon the frequency of occurrence 01 the pr imary  ignitions. Meth- 
ods fo r  predicting the lrequency of ignitions a r e  important in  making target analyses for  of- 
fensive and defensive military operations. Studies under this project were devoted l o  kindling 
fue ls  found either as a part of a combustible building itself or lound wilhin a building. Studies 
under Project 8.11b were devoted to kindling iuels lound exterior t o  buildings. 

Kindling luels uhich a r e  comnionly encountered in American cit ies were known to the two 
Forest  Service groups conducting Pro jec ts  8 . l l a  and 8.11b. Minimum ignition energies for 
eacli of the fuels had been determined in the laboratory u'ith a simulated radiant source.  In  the 
field min igum ignition energies were determined by exposure of representative fuels placed 
31 severa l  predicted thermal energy levels expected to bracket the desired effect .  Only those 
fuels which ignited i n  laboratory t e s t s  at thermal energies below 20 cal/cm' were sludied. 

houses were constructed IO provide i l lustrative footage 01 tinie-technical photography for use 
i n  demonstrating f i re  hazards from atomic weapons. Three  of the houses were intended 10 
demonstrate ignition lrom eliterior kindling fue ls  and two f rom lnlerior luels. 

transient f lames i n  niassive wood or  on ex ter ior  su r faces  of appreciably thick combustible 
niaterial. These  flanies usual ly  die out with the lading of tKe radiant pulse. I1 not, the f lames  
a r e  always snuffed out by the passing shock wave. The case  is quite dil lerent,  however, with 
thin kindling fuels,  especially fuels such as crumpled newspaper, dead yegetation, folded cur -  
tains. oily waste, excelsior. and the like. In compacted fine fuels the contrast  is so  great that, 
i n  many cases .  the subsequent arrival 01 the shock wave actually dr ives  the persistent f lame 
into the m a s s  of fuel and enhances greatly the probability that the flames will pers i s t  through 
the b h s t .  It has a150 been shown that decayed massive wood, If unprotected by paint, i r rad i -  
ated by thermal radiation niay ignite, continue to glow through the shock wave, and subsequently 
burst into llanie. 

Fuels i n  \vhich flame is likely to pers i s t  through the passing shock wave are potential 
sources  of d isas t rous  f i r e s  11 the ignitions are established i n  the vicinity of more  massive 
c o m h s t i b l e  fuels. such a s  the interiors o r  exter iors  of houses, fences, in te r iors  of automo- 
biles. 3nd  mili tary supply dumps. One 01 the objectives of t h i s  prolect and of Project 8 . l l b  
was 10 develop niethods. based upon laboratory and field resu l t s ,  fo r  predicting the incidence 

In addition to the s tudy  of urban Vulnerability to f i r e  under Project 8 . l l a .  live miniature 

Several  experimenters haj'e shown that thermal  radiation l rom atomic weapons causes  only 
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i n  urban a r e a s  of the pr imary  ignitions which may occur and pers i s t  through the ehock wave. 
For  the some 20 kindling fue l s  exposed under Project 8 . l l a  in Shots 9 and 10, the mini- 

mum ignition energ ies  as found with the laboratory source  averaged 29 per  cent higher than 
the energies found in the field. Using this conversion factor, ignition energies may be pre- 
dicted from data obtained with the laboratory source lor other kindling fuels not tested in the 
field. It i s  anticipated that with fur ther  laboratory t e s t s  employing a suitably modilied radiant 
source ,  the resu l t s  from this project may be satisfactorily exlended, without Significant ad- 
ditional lield work, for application lo  weapons with yields l a rge r  than 10 lo 100 KT (Le., weap- 
ons with longer and lower average intensity pulses) which is the present limit for  application 
of the Project 8 . l l a  resu l t s .  

The timed-technical photography of the five miniature houses exposed at Shot 9, together 
uith supplementary oil-si te iootage, was incorporated into two FCDA f i lms ,  each entitled 
Huri.%<, in fhc Middli,. one a 6-min fi lm, the other a 13-min film. 

8 . 7 . 1 1  Project B . l l b :  Initiation and Persislence 01 Pr imary  F i r e s  (Ignitable Litter)  
Division of F i r e  Research, Fores t  Service,  USDA 
Ignition and Persistent F i r e s  Resulting from Atomic Explosions- 
E a e r i o r  Kindling Fuels, WT-115 

Agency: 
Report Title: 

Project Officer: W. L. Fons 

The close relation between this project and Project 8.11a has been noted. The r e su l t s  of 
laboratory and lield studies under both Projects 8 . l l a  and 8 . l l b  are important to the over-all  
prubleni of targel analysis for f i r e  probability in  urban areas lor offensive and defensive mili- 
131)’ opwations.  

The techniques used in the lield for this project were the same  as those described for  
ProjecI 8.11a. Among the kindling fuels tested were various types of waste paper,  mops, rags ,  
pine needles, c a r  sea ts  ( in automobiles and separately exposed), and awning canvas. This  
project participated i n  Shots 4 .  9,  and 10. 

envountered in urban a r e a s  in l h i s  country. The conditions under which ignitions of these fuels 
ui11 occur wi th  lower yield weapons (10 l o  100 KT) have been l i rmly  established as the result  
ul field studies under t h i s  project and related laboratory studies. It is anticipated that ignition 
rnri-gies may be extended thruugh appropriate laboratory studies to the l a rge r  yield weapons 
u’ilh ~ I i a r ~ c l e r i s t i c a l l y  longer radiant pulses,  t h u s  obviating any need lor further extensive 
(held studies.. 

t u  be relatively a n  unirnpurlant hazard.  

B.7.12 PI-oject 8.12a: Measurement of Velocity of Sound 

Mininium ignition energ ies  were established for those ex ter ior  kindling fuels which a r e  

The establlshnient ol priniary ignitions in automobiles from thermal radiation was shown 

AKency: Navy Electronics Laboratory 
Report Title: 

Project Officer: H.  C. Silent 

Sound Velocities near the Ground i n  the Vicinity of an Atomic Ex- 
plosion, WT- 116 

The primary objective of t h i s  project was l o  determine the velocity of sound near the 
ground before a r r iva l  of the shock wave as a function of distance for Shots 9 and IO.  Secondary 
ob)ectives of the project were to determine the effects of different sur faces  and of while and 
black smoke on the preshock sound velocities and, a l so ,  to measure  the velocity of the wind 
behind the  shock lront. Data on sound velocities close to the sur face  prior lo shock ar r iva l  a r e  
a useful 1001 lor correlating precursor  p re s su re  wave studies since shock wave behavior i s  
dependent upon sonic velocity. 

ground at Intended Ground Zero  (IGZ) and at several  intermediate stations out to 5000 f t  along 
the blasi line and LO an equal distance along the smoke line. Each pair of t ransducers  con- 
s i s i ~ d  01 one speaker and one niicrophone separated by an 8-ll path length. 

The basic instrumentation consisted of transducer pa i r s  mounted 3 ‘ 4  and 10 it above the 
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For the wind velocity measurements  two stations, one at 2000 ft and the  other at 3500 f t  
f rom IC2 on the blast line, were equipped with three  mutually perpendicular transducer pairs 
to measu re  the vectorial components of the wind. In the experiment on su r face  e f fec ts  on Shot 
9, transducer pa i r s ,  with the 8-ft sound path, were mounted 37, ft above su r faces  of mat of 
while fir boughs and of Frenchman Fiat soil at distances ol 1000 and 2000 It from IGZ on the 
blasl line. For Shot 10 the fir boughs were replaced with sur faces  of blackened sheet iron. 

On Shot 9 sound velocities attained prior to shock ar r iva l  over Frenchman Flat Boil at 
3'j2 and 10 It elevations ranged up to 2000 ft /sec and 1400 ft/sec (ambient velocity 1100 ft /sec),  
respectively. Above fir boughs the velocit ies attained were considerably higher than over sand, 
being 3000 f t / sec  o r  more  at 3 %  ft elevation. Over the sand coated with a thin cover of asphalt 
(around I G Z ) ,  instruments at 3% f t  elevation indicated that the sonic velocity was lower than 
that over sand. Since the smoke was not activated on Shot 9, no data on sonic velocities be- 
neath scattering white smoke were obtained. 

On Shot 10 the destructive effect 01 the blast forced the NEL shelter located at 500 f t  from 
IGZ into the ground, 6evering all the instrument cables running from th is  point through Ground 
Zero  to the smoke line. Also the ear ly  a r r iva l  of the shock wave prevented recovbry 01 the 
closer-in instruments f rom the electromagnetic t rans ien ts  induced a t  ze ro  time. In general, 
v e r y  few reliable data on sonic velocities were obtained f rom Shot 10. A single sound velocity 
result  over blackened iron on this shot seemed to indicate, as anticipated, that the velocity i s  
lower over metal due to dependence upon the conductive process only for t r ans fe r  of heat to the 
a i r .  

Due to failure of instruments to recover sufficiently soon af te r  shock a r r iva l ,  data on sonic 
velocities wi th  the particle velocity m e t e r s  could not be reduced to yield particle velocities 
wth in  the shock wave. 

The NEL sound velocity data on sur face  influences (fir boughs, asphalt, sheet iron, and 
s a n d )  were. perhaps, the most significant finding f rom th is  project. 

It does not appear advisable, at least w t h  the present design of NEL velocity me te r s ,  to 
utilize the NEL equipment tor postshock measurements.  The NEL equipment should be  modified 
s o  a s  to reduce greatly or  eliminate the electromagnetic transient effect if the NEL technique 
is to be employed again at field tes t s .  

B.7.13 Project 8.12b: P recu r so r  Shock Study 
Agency: David Taylor Model Basin 
Report Title.  
Project Officer:  G. W. Cook 

Supplementary P r e s s u r e  Measurements,  WT-177 

The oblective of this prolect was to determine whether a shock wave may be generated 
pr ior  to the a r r iva l  of the main shock by exposure of a surface to thermal radiation f rom an 
atomic u'eapon. Although the hot a i r  boundary layer hypothesis was generally accepted as the 
mechanism for precursor  generation, th i s  experiment was designed to record  the possible ex- 
istence of a signiicant thermal  shock. 

of 10 x 10 thermal panels inclined toward the point of detonation on Shots Q and 10 at ranges of 
1500 and 3000 11 f rom IGZ. These inclined sur faces  consisted of black asphalt roofing paper 
(a highly absorbing, smoke-producing sur iace) ,  black ceramic tile (an absorbing but nonreactive 
su r face ) ,  and Frenchman Flat soil  molded with water (an absorbing, popcorning surface).  A 
fourth gage was mounted at ground level at each of the two statlons lor  reference purposes. 
These panels were inclined at angles such  that they were  approximately perpendicular to the 
thermal radiation l rom both of these  air burs t s  in o rde r  to enhance the values of the incident 
radiant energy. 

No significant preshock p res su res  were observed on Shots 9 and 10 that would substantiate 
the thermal shock hypothesis as a mechanism for  precursor  generation. Several minor pre-  
shock signals were observed on Shot 10 which occurred at the time of the thermal  pulse. There 
is evidence l o  believe that this gage response was due to the effect  of electromagnetic and 
lhernial radiation. T h t r e  appear to be conflicting r e su l t s  on thermal shock phenomena f rom 

Sensitive capacitance type p res su re  gages were  used to measure  p re s su res  at the center 
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other projects. Project ].la and 1.2 repor t s  no preshock measurements with either m e c h i c a l  
or electronic gages i n  t h i s  region, whereas Pro jec t  i J d  repor t s  smal l  preshock Pressures  for 
both Shots 9 and 10 as recorded on electronic gages. It i s  not presently known whethet such 
preshock p res su res  a r e  r ea l  o r  whether they a r e  within the uncertainties of the instrumentation 
sys tem.  

It  is possible that under certain conditions preshock p res su res  may resu l t  f rom thermal 
shock i n  those regions which a r e  close to Ground Zero. However, it  does not appear that there  
is sufficient energy available for purposes of p recu r so r  formation or propagation. Further- 
more ,  thermal shock i s  not considered significant s ince  it may be expected to O C C U r  only under 
those conditions favorable to the forniation of a thermal  layer at the su r face  and the subsequent 
development of a p recu r so r  at slightly g rea t e r  ranges. It i s  considered that this project h a  
denionstrated that fu r the r  study of thermal  shock phenomena is not warranted. 

0.7 .14  Project 8.13: A Study of F i r e  Retardant Paints 
Agency: 
Report Title: 
Project Officer: H. Miller 

Engineer Research and Development Laboratories 
Study of F i r e  Retardant Paint, WT-I78 

The  objective of this project was to obtain exposure of a number of t e s t  paint panels to the 
radiant energy of the bomb. The paints exposed were f i r e  retardant paints which, subsequently, 
were tested in the laboratory to determine residual f i r e  retardancy of the exposed surfaces.  

Although such paints a r e  not proposed for inhibiting pr imary  ignitions from the weapon, 
lhey may have application for retarding combustion if massive fuels (see Project 8.l la)  f rom 
nearby ignition points established e i ther  in kindling fuels (primary ignitions) or in tuels ignited 
by broken gas  l ines,  electrical  l ines,  etc.  (secondary fires). In such cases the residual f i r e  
rrtardancy of the irradiated sur faces  would be of interest. 

successfully exposed on Shot 9 t o  three  different levels of thermal energy. Subsequent t e s t s  at 
ERDL of the residual fire retardancy of the exposed panels indicated no se r ious  decrease  in 
the l i re  retardant proper t ies  of the exposed panels even at the highest energy of exposure, Le., 
3 1  cal,'cm'. The r e su l t s  indicate that the role of fire retardant paints i n  inhibiting the spread 
of f i r e  will  not be seriously affected by exposure to thermal  radiation in most cases.  The 
project was not designed, however, to indicate the enhanced ignitability of irradiated wood su r -  
faces  adjacent to kindling fuels ignited by the thermal  radiation. 

Wood panels painted with three f i r e  retardant paints and two non-fire retardant paints were 

There  a r e  no recommendations for future field tes t s .  

0 .8  PROGRAM 9-TECHNICAL PHOTOGMPHY 
Prograni Director: W. R. C r e e r  

0 . 8 . 1  Project 9.1: Technical Photography 
Agencies: Edgerton, Germeshausen & % r i e r  and U. S. Signal Corps 
Report Title: Technical Photography, WT-I19 
Project Officer: Ma] W. R. Greer, USA 

Project 9.1 was established to provide a centralized organization responsible for all pho- 
tography, other than documentary and historical ,  required by the various mili tary effects proj- 
ec t s  participating under the direction of P rograms  1 to 0. Documentary and historical motion 
picture photography was performed by Lookout Mountain Laboratory. 

w a s  performed by personnel and equipment furnished by the U. S. Army Signal Corps. This 
Photography was done lor the various projects for  record  purposes. Over 85,000 prints were 
processed f rom approximately 10,000 ft of exposed motion picture film. 

The motion picture technical photography at shot t ime was performed by Edgerton, Ger- 
rneshausen & G r i e r ,  under contract ,  and included all zero  t ime photography des i red  by the 
pro)fctS. This phase WBS accomplished b y  the use of motion picture c a m e r a s  operating be- 

The still photography and the pre- and post-test motion picture photography of this project 
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tween the l imi t s  of 2 f r a m e s  pe r  minute and 2500 f r ames  per second. A total of 193 c a m e r a s  
on 100 s lee l  towers of various heights were used on Shot 9. A l e s se r ,  but still considerable. 
number of c a m e r a s  were used on Shot 10; 94 c a m e r a s  and 50 towers. The  towers ranged in 
heights f rom 5 to 25  it. 

In genera l ,  the technical photography gave exceedingly good resu l t s ,  and those camera  
ta rge ts  which were beyond 2500 It f rom Ground Zero  and several  feet above the  ground gave 
outstanding resu l t s .  Those ta rge ts  which were c loser  than 2500 ft o r  near the ground gave fair 
to poor resu l t s .  

B.8.2 Project 9.6: Stabilization (Production) 
Agency, Field command, Armed Forces  Special Weapons Project 
Report Title: Production Stabilization, WT-780 
Prolect Officer: Capt C. S. Adler,  USA 

The  objective of Project 9.6 was t o  provide stabilized a r e a s  for the photographic Stations 

Designated a r e a s  were stabilized with a sand-cement mixture approximately 2 in. thick, 
used on Shots 9 and 10 i n  o rder  to eliminate the thermal  and blast dust. 

the exec1 a r e a  stabilized depending on the distance the camera  stations were from Ground Zero. 
These  various distances were derived from curves  showing estimated particle transport  vs  
blast p re s su res  or ground ranges. Approximately 100,000 sq yd of the Frenchman Flat lake 
bed were slabilized. The stabilization specification was established by the U. S. Corps  of En- 
g ineers  at the requesl ol AFSWP. 

Tne  r e su l t s  Irom th i s  produclion Stabilization were excellent at all distances over 2000 f l  
f rom Ground Zero. It may be said lhal lhe success  of the technical motion picture photography 
was dependent to a la rge  extent on the success  of th i s  stabilization program. 

8 .8 .3  Project 9.7: Stabilizalion (Experimental) 
Agency: U. S. Corps 01 Engineers 
Report Title: Experimental Soil Stabilization, WT-781 
Projecl Officer: Capt C. S. Adler,  USA 

Project 9.7 was established to test the resislance of several  [).pes of s u r f a c e s  lo the effects 
of  thermal and blast from nuclear detonation using specifications which were not used i n  the 
production stabilizatioii el lorl .  

agents were tested. Tes t s  included sand-cement.  sodium sil icate,  and lignin in various so- 
lutions. The experimental stabilized su r faces  were photographed with ze ro  t ime photography 
s o  as to  record the effects of thermal radiation. In addition the stabilized sur faces  were ex- 
posed [or prolonged periods of t ime l o  tesl their  perviousness to the elements of Frenchman 
Flat .  

The  sodium sil icate worked well with incident thermal energies up l o  50 cal'cm' as did 
the cement mixture. Up to peak overpressures  of 50 psi, the cemenl mixture was quite sa t i s -  
factory,  whereas the sodium sil icate solution withstood p res su res  up to only 15 psi. No ma- 
t e r i a l s  tested a r e  recommended for over 60 psi. In addition, i l  is to be noted that (he sodium 
sil icate stabilization will no1 support traffic. 

On lhe basis of previously conducted laboratory studies, s eve ra l  promising slabilizing 
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Fig. 6.3-Cubicles on AIC at 4900-ft Radlur. 

Fig. 8.4-A Typical Steel Cylinder (Project 3.3d). 
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Fig. 8.5-Plnra Girder Secuon (Rojcct 3.4f). 
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Fig. 8.6 -?onshot Failure of Truss Secuon. Suuctwc 3.41. 
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Fig. B.'i-Typical Roof Panels in Relnforced Concrete Cell SuucIure. 

Fig. 8.8 -Structure 3.5~ Wall Panels in Place Prior to Shot 9. 
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Fig. 6.11 -View oi Some Typical Emplacemenu F'rior to Shot 9. 



Fig. 8.13-~Imcturr  3.11b After Shot 9. 
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Fig. H.15-Svucture 3.13b Prior to Shot 9. 

...... ..... _. . . . . . .  
i,C; ;;. , . .  +<., . . . 

. . .  . . .  
. .  , . .  . .  

. . . . .  .. . . . .  . . . .  _ h  
- _ .  .?.: - .... I 

-. .~ . - _  

Fig. 8.16-Structure 3.14 Frame Wrrhour Siding. 



Fig. 8.17 -Aerial View of Structure 3.14 After Shot IO. 
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Fig. 8.19-Snucrurr 3.16a After Shor 10. 

Fig. 8.20-Trce Stand Prior to Shot 9. 
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Fig. 8.21-Tree Stand After Shot 9. 

rm 

Fig. B.22-Rddm.1 Pole Line with Aluminum Towers in the Distance. 

I .  

Fig. 8.?3-Bailey Bridge ar 4100 Fr Prior to Shor 9. 
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Fig. 8.24-Bailey Bridge at  2100 Ft After Shot 10. 

Fig. B.25-LVT i n  Position Rim to Shot 10. 

Fig. 6.26-LVT at 1030 FI After Shot 10. 
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Fig. B.2l-Typical Guanerrnarter Corps POL Sution Rlor 10 Shot 9. 

Fig. 8.28-TyplcaI Marine Corps Auaui t  Type POL Sysrern Rior 10 Shot 9. 
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Flg. 0.29-Mcdical Inrrallauon Before Shot 9. 

Fig. B.30--hledlcal Installation at 4163 Ft After Shot 9. 

224 



22 5 

I 
9 

U 
t! e 



. . . .- ._ ..-----L- . .... 

. .  
. I. . ... 



1 

I 

Flg. B.33-Nylon Thread and Carbon Paper lnitiaror on a Spring-wound Preuure-Ume Self-recording 
Gage. 
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