
E X P E R I M E N T A L  D A T A  ON S T R E S S - W A V E  P A R A M E T E R S  

IN T H E  E A R T H  D U E  T O  U N D E R G R O U N D  A N D  S U R F A C E  E X P L O S I O N S  

V.  D .  A l e k s e e n k o  a n d  G.  V.  R y k o v  

E x p e r i m e n t a l  data on the p a r a m e t e r s  of s t r e s s  waves  in sandstone and c lay ground a re  
compared  when cha rges  of f r o m  0.2 kg to 200 kg of TNT a re  exploded.  

1. It is shown in [1] that in the neighborhood of the axis  of s y m m e t r y  at angles  c~ -< 30 ~ (the angle 
is m e a s u r e d  f r o m  the axis  of symmet ry )  the s t r e s s  field fo r  a su r face  explos ion p r e s e r v e s  the qual i ta t ive  
c h a r a c t e r i s t i c s  of the cen t r a l l y  s y m m e t r i c  s t r e s s  f ield which occurs  for  an underground explosion,  although 
in a su r face  explos ion  only a c e r t a i n  par t  of the energy  E 0 of the total  ene rgy  of the explos ion E is exci t ing 
the s t r e s s  wave in the ground. Hence,  the wave p a r a m e t e r s  exci ted  in a su r face  explos ion in the reg ion  
c lose  to the axis  of s y m m e t r y  can be ca lcu la ted  f r o m  the wave p a r a m e t e r s  exci ted  in underground explo-  
s ions if we use in the l a t t e r  the f rac t ion  of the explos ion energy  E 0. To ve r i fy  these  cons ide ra t ions  we 
c a r r i e d  out a s e r i e s  of expe r imen t a l  inves t iga t ions  of wave p a r a m e t e r s  exc i ted  by sur face  and underground 
explos ions  in the s a m e  types of ground, namely  sandstone and clay.  The method of inves t iga t ion  is d e -  
s c r ibed  in [1-3]. To d e t e r m i n e  the m a x i m u m  radia l  s t r e s s e s  a r  m, the spec i f ic  impulses  I r ,  and the t ime  
of act ion T for  the underground explos ions  we obtained the fol lowing e m p i r i c a l  f o rmu la s :  

zr m (R) = K~ B-~, kg/cm2, It~ (R) = K~B -~" kg'/~sec/crn ~, x~ (R) = a -~ ~IR sec/kg '~ 

R == r / ro, r o = 0.054 C 'h, Ir ~ = I / C/~, "~~ = x / CV'.I0 ~. (1.1) 
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Here  r is  the d i s tance  f r o m  the explosion cen t e r  in m e t e r s ;  
r 0 is  the cha rge  rad ius  in m e t e r s  ; C is  the weight  of the e x -  
p los ive  charge  in k i l o g r a m s ;  Ir ~ and T ~ a re  the speci f ic  i m -  
pulse  and the total  t i m e  of action, r e l a t i ve  to the sca le  of the 
ef fec t ;  K1, K 2, Pl, P2, a ,  ~ a re  expe r imen ta l  coef f ic ien ts  
which depend on the p r o p e r t i e s  of the ground.  

(l) ii.5.10 ~ 2 6 4 .85  1 .53  i7.5 0 .57 0.35 
(2) 42.6.i03 2.8i --- 
(3) 2.8.106 3.45 ~5 2.73 ~.8 0~9 0.330.23 

Here  row (1) r e l a t e s  to sandstone ground with a s p e c i -  
fic g rav i ty  of the f r a m e  of ~/0 =1.50-1o 52 g / c m  ~ and a m o i s t u r e  
content  by weight of w=10-12%; row (2) r e f e r s  to l oam with 
70=1. 65-1.  70 g / c m  3 and w =10-15%; row (3) r e f e r s  to clay 
with ~/0 =1 .70 -1 .75  g / c m  ~ and w =20-22%. 

The p a r a m e t e r s  of the waves  exci ted  by a su r face  e x -  
p los ion with a_< 30 ~ can be de t e rm ined  f r o m  (1.1) if we r e -  
p lace  the charge  C by 

C = ~C0, )~ = Eo / E. (1.2) 
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Here  C o is  the weight of the exp los ive  cha rge  in the su r f ace  exp los ion  and ~ is  a coef f ic ient  which 
r e p r e s e n t s  the ene rgy  f r ac t ion  r a d i a t e d  into the ground by  the su r f ace  explos ion .  

The va lues  of ~ have been  given e a r l i e r  for  the above types  of ground for  exp los ive  c h a r g e s  whose 
c e n t e r s  a r e  at the leve l  of the f r ee  s u r f a c e .  

The d e t e r m i n a t i o n  of ~ for  d i f fe ren t  grounds  by  f ixing the wave f ron t s  of the exc i t ed  shock waves  of 
the su r f ace  explos ion  has been  d e s c r i b e d  in [1]. 

F i g u r e s  1-3 show c u r v e s  of ~zm(R),  Iz~ and T~ fo r  a su r f a c e  exp los ion ,  cons t ruc t ed  us ing  (1.1) 
and tak ing  r e l a t i o n s  (1.2) into account  for  sands tone  ground (1). 

The d i f fe ren t  points  in F igs .  1-3 show e x p e r i m e n t a l  da ta  obta ined in independent  e x p e r i m e n t s  with 
su r f ace  exp los ions  in the s a m e  ground with t~=0 ~ (points 1), ~ =15 ~ (points 2), and (~ =30 ~ (points 3). Con-  
s i d e r a t i o n  of the da ta  in the f i~d re s  ind ica t e s  the f a i r l y  good a g r e e m e n t  be tween  the cu rves  ca l cu la t ed  us ing  
(1 .1) - (1 .2)  and the c o r r e s p o n d i n g  e x p e r i m e n t a l  da ta .  Some d i f f e rence  in d e t e r m i n i n g  the t ime  of ac t ion  ~-~ 
is  due to the  fact  tha t  the end of the c o m p r e s s i o n  wave cannot a lways  be a c c u r a t e l y  d e t e r m i n e d  due to the 
d i f fe ren t  pickup s e n s i t i v i t i e s .  However ,  as  can be seen  f r o m  Fig .  2, th is  has p r a c t i c a l l y  no effect  on the 
va lueo f  the spec i f i c  impu l se  Iz ~ s ince  the s t r e s s e s  at the  end of the  wave ac t ion  a r e  s m a l l .  S i m i l a r  r e -  
su l t s  were  obta ined in l o a m  and c lay .  F i g u r e  4 shows,  in p a r t i c u l a r ,  da ta  on s t r e s s e s  ca l cu la t ed  us ing  
f o r m u l a s  (1.1) and (1.2) for  l o a m  (2) (curve 2) and c l ay  (3) (curve 1), and a l so  e x p e r i m e n t a l  da ta  obtained 
for  ~ =0% 

T h e r e f o r e ,  if we know the ene rgy  f r ac t ion  of the su r f ace  exp los ion  r a d i a t e d  into the ground and the 
wave p a r a m e t e r s  crrm(R), Ir~ and T~ for  an underground  explos ion ,  the c o r r e s p o n d i n g  s t r e s s - w a v e  
p a r a m e t e r s  in the axia l  r eg ion  of the su r f ace  exp los ion  can be d e t e r m i n e d  f rom (1.1) by  in t roduc ing  the 
p a r a m e t e r  ~ acco rd ing  to (1.2).  Conve r se ly ,  if we know f rom an e x p e r i m e n t  the r e l a t i o n s h i p s  which d e -  
s c r i b e  the s t r e s s - w a v e  p a r a m e t e r s  in a su r f a c e  explos ion  in the ne ighborhood of the axis  of s y m m e t r y  then, 
by mul t ip ly ing  the value  of the charge  C by the coeff ic ient  1/~,, we can obta in  the wave p a r a m e t e r s  of an 
unde rg round  exp los ion  for  the s a m e  type  of ground.  

2. The above da ta  a l so  enab les  us  to d e t e r m i n e  the energy  d i s t r i b u t i o n  in a su r f a c e  explos ion  when 
the cha rge  su r f ace  is  at ground leve l  and the method of wave front  f ixing [1] i s  not app l i cab le .  F i g u r e  5 
shows hodographs  of the f ront  of the exc i t ed  shock wave for  d i f fe ren t  pos i t i ons  of the cha rge  cen te r  r e l a -  
t ive to the su r f ace  of l o a m y  ground (2). Curve  1 r e l a t e s  to the cha rge  p l aced  d i r e c t l y  on the f r e e  su r face ,  
curve  2 r e l a t e s  to the c e n t e r  of the charge  coinc id ing  with the su r face ,  and curve  3 r e l a t e s  to the charge  
cen t e r  s i tua ted  at a depth of the cha rge  r ad iu s  f rom the su r f ace .  As can be seen  f rom Fig .  5, cu rve  3 
is  c o n s i d e r a b l y  h igher  than c u r v e s  1 and 2. The va lue  of ~ d e t e r m i n e d  f r o m  curve  3 (Fig.  5) a cco rd ing  to 
[1] is  0 .97,  which is  p h y s i c a l l y  a l m o s t  equivalent  to a camouf le t  exp los ion  for  a depth of the  charge  c e n t e r  
H0--30-40 r 0 and does  not c o r r e s p o n d  to r e a l i t y .  The l a t t e r  i s  due to the fact  that  when such a cha rge  i s  
exploded the ground su r round ing  i t  f o r m s  a c i r c u l a r  " c o l l a r "  n e a r  the c e n t e r .  As a r e s u l t  the a i r  shock 
wave which o c c u r s  in i t i a l ly  p r o p a g a t e s  ma in ly  upwards ,  t ak ing  the shape of a s e m i e l i p s o i d  of r evo lu t ion  
with the  m a j o r  ax is  d i r e c t e d  n o r m a l  to the su r f ace .  Subsequent ly  the shape  of the a i r  shock -wave  f ront  
b e c o m e s  s e m i s p h e r i c a l  and the wave p r o p a g a t e s  along the f r ee  su r f ace  acco rd ing  to the usual  l aws .  How- 
ever ,  the p e c u l i a r i t i e s  of the in i t ia l  s tage  of the  mot ion have an effect  up to R=50.  Hence,  another  method 
of d e t e r m i n i n g  ~ i s  p r o p o s e d  fo r  such c a s e s .  
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It fo l lows f r o m  the above that  the m a x i m u m  r a d i a l  s t r e s s e s  Crm(R) for  an underground  exp los ion  and 
the m a x i m u m  main  n o r m a l  s t r e s s  Czm(R) in the ne ighborhood of the  axis  of s y m m e t r y  for  a su r f a c e  exp lo -  
s ion  a r e  given by the f o r m u l a s  

6r m (B) : / ( 1 R  - ~ ,  6z m (B) = K1/~-~'k '~"~' . (2.1) 

Dividing the second  equat ion by the f i r s t  and so lv ing  t h e r e s u l t  we obtain 

Hence,  fo r  an e x p e r i m e n t a l  d e t e r m i n a t i o n  of the e n e r g y  f r ac t ion  of a su r f a c e  exp los ion  r a d i a t e d  into 
the ground,  i t  i s  n e c e s s a r y  to m e a s u r e  the s t r e s s e s  ~zm(R) and crrm(R), and a l so  to d e t e r m i n e  the coef f i -  
c ient  #1. The va lue  of ~ d e t e r m i n e d  in th i s  way fo r  l o a m  when the cha rge  cen t e r  is  at a depth of one charge  
r a d i u s  (H0=r 0) i s  0 .56 .  The va lue  of ~ for  c l ay  (3) was found in a s i m i l a r  way. 
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