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This paper gives a solution to the problem of the propagation of a plane shock wave in soils 
and in water;  the solution was obtained by the method of charac te r i s t i c s  using an electronic 
computer .  Here,  the soils were regarded as multicomponent media, in accordance with a 
Previously proposed model [1, 2]. A comparison is made between the pa ramete r s  of the 
waves and the dimensions of the gas cavity in soils with a different content of their  compo-  
nents and in water .  

1 .  M o d e l  o f  a S o i l  a s  a M u l t i c o m p o n e n t  M e d i u m  

a n d  I t s  E x p e r i m e n t a l  C o n f i r m a t i o n  

A model of soils and rocks ,  including solid par t ic les ,  water ,  and gas as multicomponent media, has 
been proposed previously [1, 2]. It is assumed that the gaseous,  liquid, and solid components of the medium 
are compressed  in accordance with the same law, but in a free state,  i.e.,  respect ively ,  in accordance with 
the equations 

[ p \v~ 
P = P~ k ~ )  

p = po + - ~ - L \ - ~ /  

(1.1) 

, 0 - . 2 )  

P = P o +  "r8 LkP3/ (1.3) 

where pl, P2, and P3 are the densit ies,  and cl, c2, and c a are the velocities of sound in the components,  at 

P=P0 .  

The equation of dynamic compress ib i l i ty  of a three-component  medium is wri t ten in the form 

7 = + ~ L TI~ T n L p~ c-~ ~- (1.4) 

where ~t, ~2, c~a are the contents ofthe gaseous, liquid, and solid components in the medium, by volume; 
P0 is the density of the medium at p = P0 

a n +  a S +  a 3 = l ,  P0 = % P 1 +  a 2 P 2 +  %9~ (1 .5 )  

The strength and the compress ib i l i ty  of the skeleton are not taken into account in this model; there-  
fore,  it is appiicable only at p re s su res  exceeding some value p*,  above which, the compress ib i l i ty  of the 
skeleton may be neglected. In accordance  with experimental  data [1, 3], the value of p* corresponds  
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TABLE 1 

p. t0 -a, kg/cm a 
p, g/cm a 
P/Po 

Experiment 

68 I t07 2.76 2.92 
1.36 t .44  

First cal- Second cal- Third cal- 
culation I culation I culation . 

! I 

68 t07 I 68 107 I 68 t07 
2.63 2.77 [ 2.60 2.73 I 2.70 2.82 
t,3t t.36 t.28 t.35 t.33 t.39 

T A B L E  2 

Third cad 
Experiment lation 

p.10 ~, kg/cm z 
p, g/cm 3. 
p/po 

1 
32.8 I 66 32.8 66 
2.83 3.07 2 .72 2.98 
1.32 t.43 1.27 t.39 

approximately to atmospheric pressure with ~I = 0, to several atmo- 
spheres with ~i = 0.02-0.04, to 5.103 kg/cm 2 at ~I = 0.012-0.018, 
and to 20.103 kg/cm 2 at ~i = 0.2-0.3. The value of p* exceeds by 

several times the value of the pressure at which the volumetric de- 
formation of the soil is equa ! to the volumetric content of the gaseous 
component. At p < p*, when the compressibility of the soils is de- 
termined by the compressibility of the skeleton, models of an elas- 
tic-plastic medium are applied to these soils [4, 5]. Experiments 

show tha t ,  in the s o l u t i o n  of  c e r t a i n  wave  p r o b l e m s  a t  p < p * ,  not  on ly  the e l a s t i c  and  p l a s t i c ,  bu t  a l s o  the 
v i s cous  p r o p e r t i e s  of  the s o i l ,  m u s t  be  t aken  into accoun t .  Such a m o d e l  was  p r o p o s e d  in  [3]. 

At  p r e s s u r e s  of  t ens  and h u n d r e d s  of t housands  of a t m o s p h e r e s ,  n e a r  the poin t  of  e x p l o s i o n  of an  e x -  
p l o s i v e ,  we m a y  e x p e c t  d e v i a t i o n s  in the p r o p e r t i e s  of  the s o i l s  f r o m  the m o d e l  of  a m u l t i c o m p o n e n t  m e -  
d i u m  as  the  r e s u l t  of  p o s s i b l e  phase  t r a n s f o r m a t i o n s  of  the s o l i d  c o m p o n e n t  and  of  a change  in Eq.  (1.3) o 
The e x p e r i m e n t a l  d a t a  of  [6] p e r m i t  v e r i f y i n g  the c o r r e s p o n d e n c e  of the p r o p e r t i e s  of the so i l  to the m o d e l  
of  a m u l t i c o m p o n e n t  m e d i u m  a t  t h e s e  p r e s s u r e s .  Tab le  1 g ives  e x p e r i m e n t a l  v a l u e s  of the d e n s i t y  of  c l a y  
B20, c o r r e s p o n d i n g  to d y n a m i c  load ing  a t  two p r e s s u r e s  [6] and  5o c a l c u l a t i o n s  us ing  Eq.  (1.4). The p r o p e r -  
t i e s  of  c l a y  B20 a r e :  P0 = 2.03 g /cm3;  m o i s t u r e  con ten t  by  we igh t  w = 20%; P3 = 2.7 g / c m  3, which  c o r r e s p o n d s  
to ~1 = 0.035,  c~ 2 = 0.338,  ~a = 0.627.  

Tab le  2 g i v e s  c a l c u l a t e d  and e x p e r i m e n t a l  v a l u e s  of  the d e n s i t y  of c l a y  B 4, with the p r o p e r t i e s :  P0 = 
2.15 g / c m  3, w = 4%, p a  = 2.7 g / c m  3, which  c o r r e s p o n d s  to cq = 0.146,  c~ 2 = 0.088,  c~ 3 = 0.766.  

To v e r i f y  the  d e g r e e  of e f f e c t  of  the v a l u e s  of  p i c i  and Ti  u sed  on the v a l u e s  of  the d e n s i t y ,  t h r e e  c a l -  
c u l a t i o n s  w e r e  m a d e :  

1) ~/2 = 6.29,  c 2 = 1620 m / s e c ,  T3 = 4, % = 4500 m / s e c .  The v a l u e s  of  T2 and of the nomina l  v e l o c i t y  
of  sound in w a t e r ,  c 2, w e r e  t aken  f r o m  [7], and  the v a l u e s  of  c 3 and Ta f r o m  [2]; 

2)  T 2  = 7 ,  C 2 = 1500 m / s e c ,  Ta = 7, % = 4500 m / s e c ;  

3) T2 = 6.29,  c 2 = 1620 m / s e c ,  T3 = 4, c a = 3780 m / s e c .  The v a l u e s  of  T3 and c a w e r e  t aken  f r o m  e x -  
p e r i m e n t s  on the d y n a m i c  c o m p r e s s i o n  of  q u a r t z  [8]. 

In a l l  c a s e s ,  the r e m a i n i n g  v a l u e s  w e r e  i d e n t i c a l :  pl = 1 2 . 1 0 - 4 g / c m  3, P2 = 1 g / c m  3, P3 = 2.7 g / c m  3. 

I t  fo l lows  f r o m  the  da t a  of  T a b l e s  1 and 2 tha t  the c a l c u l a t e d  va lue s  of  the d e n s i t y  of  s o i l s ,  c o r r e s -  
ponding to p r e s s u r e s  of  t ens  of t h o u s a n d s  of  a t m o s p h e r e s ,  a t  the c h o s e n  va lue s  of  Ti  and c i ,  d i f f e r  b e t w e e n  
t h e m s e l v e s  and f r o m  the e x p e r i m e n t a l  v a l u e s ,  by  s e v e r a l  p e r c e n t .  

In a d d i t i o n  to the e q u a t i o n  for  the  c o m p r e s s i o n  of  a m e d i u m ,  for  the s o l u t i o n  of p lane  o n e - d i m e n s i o n a l  
wave  p r o b l e m s ,  we need  to know the un load ing  equa t ion .  E x p e r i m e n t s  [6] show tha t  in c l a y s  B20 and B 4, un- 
l oad ing ,  a t  p r e s s u r e s  of  t ens  of  t h o u s a n d s  of a t m o s p h e r e s ,  t a k e s  p l a c e  a long  a l ine  c l o s e  to the l oa d ing  l i n e .  
The v e l o c i t y  of  sound ,  c a l c u l a t e d  unde r  the a s s u m p t i o n  tha t  the l oad ing  and un load ing  l i n e s  co inc ide  (1.4), 
is  equa l  to 5420 m / s e c  in c l ay  B20; e x p e r i m e n t  y i e l d s  a va lue  of 5610 m / s e c .  F o r  B 4, the d i f f e r e n c e  i s  
s o m e w h a t  g r e a t e r .  Thus ,  c l o s e  to the po in t  of  e x p l o s i o n ,  c l a y s  with the above  c on t e n t  of t h e i r  c o m p o n e n t s  
can  be r e g a r d e d  a s  m e d i a  whose  c o m p r e s s i o n  and un load ing  take  p l ace  in a c c o r d a n c e  with  Eq.  (1.4). 

2 .  I n i t i a l  P a r a m e t e r s  

In the s o l u t i o n  o f  wave  p r o b l e m s ,  s c h e m e s  for  the r e a l  and i n s t a n t a n e o u s  de tona t ion  of  e x p l o s i v e s  ave  
a p p l i e d .  F o r  f l a t  c h a r g e s  wi th  a s m a l l  t h i c k n e s s  (on the o r d e r  of  cm) and a l a r g e  a r e a  (on the o r d e r  of  m2), 
with i n i t i a t i o n  of  the e x p l o s i o n  a t  one poin t ,  a t  d i s t a n c e s  s u f f i c i e n t l y  f a r  r e m o v e d  f r o m  th i s  point ,  the d e -  
tona t ion  t a k e s  p l a c e  s i m u l t a n e o u s l y  o v e r  the whole  t h i c k n e s s  of the c h a r g e .  In th is  c a s e ,  the s c h e m e  fo r  
i n s t a n t a n e o u s  d e t o n a t i o n  c o r r e s p o n d s  m o r e  c l o s e l y  to the a c t u a l  p r o c e s s  than  the s c h e m e  o f a r e a l d e t o n a t i o n ,  
which  a s s u m e s  the a p p r o a c h  of  the de tona t ion  wave  a long  a n o r m a l  to the s u r f a c e  of the c h a r g e .  
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T A B L E  3 

Characteristics of " ] Dimensionless I "~)imensionali 

Media media �9 parameters tl parameters! 
' - -  S t  . . . . .  : . 2 : ;  , _ .  . 

. . . .  �9 , Ip0, g/era l'~" I " r  I TM l'~'i<glcm~i"~''dsee'l" 

First 
Second 
Third 

o. 57s I I ~0 0.4 0.6 1.99 0.66 54.t-0 a 
0.68 54- 6- t03 0.165 2"t05 o. 66i 

0.408 0.2581 t . 10  38 .3 . t0  a 

696 
692 
1080 

2,42 
2,50 
i .45 

~ Z 

..... [~ 

o GP, 

Fig .  I 

T S 
L e t  us f ind the i n i t i a l  p a r a m e t e r s  of the wave .  We c o n s i d e r  a f l a t  

c h a r g e .  Edge  e f fec t s  a r e  not t aken  into a c c o u n t .  The t h i c k n e s s  of the 
c h a r g e  is  2l o. On both  s i d e s  of the c h a r g e  the m e d i u m  is  so i l  o r  w a t e r .  
At  t = 0, the c h a r g e  d e t o n a t e s  i n s t a n t a n e o u s l y .  By v i r t u e  of s y m m e t r y ,  
the  p r o c e s s  i s  c o n s i d e r e d  f r o m  one s i d e ,  f r o m  the midd le  of  the c h a r g e .  
We use  L a g r a n g e  v a r i a b l e s  (h i s  the m a s s ,  t the t i m e ) .  The o r i g i n  of  
c o o r d i n a t e s  i s  the po in t  of s y m m e t r y .  To the r i g h t  of  the b o u n d a r y  of the 
c h a r g e  {h =/oPn) a s t a t i o n a r y  shock  wave  S i s  p r o p a g a t e d ,  and,  to the l e f t  
a long  the p r o d u c t s  of the de tona t ion ,  a r a r e f a c t i o n  wave  R1 (F ig .  1). 
T h e s e  w a v e s  a r e  s e p a r a t e d  by  a r e g i o n  of de tona t ion  p r o d u c t s  wi th  con-  
s t a n t  p a r a m e t e r s .  We denote  the b o u n d a r y  b e t w e e n  the r a r e f a c t i o n  wave  

and th is  r e g i o n  by  R 2, and the b o u n d a r y  b e t w e e n  the de tona t i on  p r o d u c t s  and the m e d i u m  by  T (a c o n t a c t  
d i s con t i nu i t y ) .  At  T,  the v e l o c i t y  of the p a r t i c l e s  and the p r e s s u r e  a r e  i d e n t i c a l  on both s i d e s ,  whi le  the 
d e n s i t y  u n d e r g o e s  a d i s c o n t i n u i t y .  We denote  by  UT and PT the v e l o c i t y  of the p a r t i c l e s  and the p r e s s u r e  at  
the  con t ac t  d i s c o n t i n u i t y .  T h e s e  a r e  the i n i t i a l  v a l u e s  fo r  a wave  in  a m e d i u m  

p = p~ (p / p~)k (2.1) 

With i n s t a n t a n e o u s  de tona t ion ,  as  is  we l l  known 

PnDn ~ 
c ,  = V~. kp--~p, -1 (2.2) P ~ =  2 ( k + i )  ' 

w h e r e  Dn, Pn '  and k a r e  the  g iven  p r o p e r t i e s  of the e x p l o s i v e ;  D n i s  the de tona t ion  r a t e ;  Pn i s  the dens i ty ;  k 
i s  the i s e n t r o p i c  index;  c n is  the v e l o c i t y  of sound .  

The  equa t i ons  of  m o t i o n  in  the  v a r i a b l e s  h, t have  the  f o r m  

Ou Op __ Ou OV 
Ot ~- ~ - -  0, --0h - -  ~Ot ---- 0 (2.3) 

In a r a r e f a c t i o n  wave ,  the flow is  d e t e r m i n e d  by  the equa t ions  

i V' V v=o-1 u =  ~ - - ~ d p + c o n s t ,  h = J -  t d p ]  (2.4) 

which  a r e  s p e c i a l  s o l u t i o n s  of  the s y s t e m  (2.3). 

The a r b i t r a r y  funct ion  ~ (u) and the c o n s t a n t  quan t i t y  a r e  d e t e r m i n e d  f r o m  the boundary ,  c o n d i t i o n s :  
a t  R1, we have  p = Pn, u = 0; a t  1R 2, we have u = u T,  p = PT, i . e . ,  the s a m e  va lues  a s  a t  the c o n t a c t  d i s c o n -  
t inu i ty  and the shock  wave .  

Tak ing  accoun t  of  the b o u n d a r y  cond i t ions  and of  the equa t ion  of s t a t e  (1.4) a t  k = 3, we ob t a in  in the 
r a r e f a c t i o n  wave  

h --- - - A i  + loO~, u + c = c~ 

p'---~ ~- Ant  ' c--~ = -A--~t ] , A = cp, A~  = c~p~ (2.5) 

= l -  (• ( 2 . 6 )  
\ P n  / 
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g 4 Z 

Fig. 2 

At the front of the shock wave, the following relationships are satisfied 

u = h i  ( V o  - -  V ) ,  p - -  Po = h~'2(Vo - -  V )  (2.7) 

~ = ( p  - p o )  ( V o  - v )  

w h e r e  h~ is  the v e l o c i t y  of  the f ron t  of the shock  wave ;  V0 = po 1 i s  the s p e c i f i c  
vo lume  of  the m e d i u m  ahead  of  the f ront ;  V and p a r e  c o n n e c t e d  by  the equa -  
t ion of the c o m p r e s s i b i l i t y  of  the m e d i u m  (V = V(p)). 

We go o v e r  to d i m e n s i o n l e s s  q u a n t i t i e s  and to d i m e n s i o n l e s s  L a g r a n g e  
v a r i a b l e s  

g 

/_AJ 
# t 8 ~lx 

c* c p* P , p* P u* u D*----- D tc 

fo r  the de ton a t i on  p r o d u c t s  

x fo r  the m e d i u m  

F ig .  3 

In the new v a r i a b l e s ,  in the r a r e f a c t i o n  wave  

h 
lop n 

h - -  lOPn 
x = t  

/090 

c't* = (1  - -  x ) V ,  

p* ( t* ) ' / ,  = (1  - -  x)'h 

(2.8) 

(2.9) 

(2.10) 

The r e l a t i o n s h i p s  a t  the f ron t  of  the shock  wave  a r e  

( v,), p ,_ ~ p. 
u"' = D *  1 - -  ~ Po* = D ' u * ,  u = " U  (Vo* - -  V * )  (2.11) 

The c o m p r e s s i o n  wave  in  a t h r e e - c o m p o n e n t  m e d i u m ,  in  d i m e n s i o n l e s s  f o r m ,  a r e  

V* = at ~P-;r \ -~'-' -]- a~ [.F;~V~* (p*3e~ .2- po*) _4- t 1]'~'-' 7-~ us" [-F;W3* (p*~,~-- po*) _[_ 1 ] ~ ' - '  

t eel a2 aa c~ V~ c~ V3 Vo* ~* +~* +~*'  c~*=-- V~*--V~, c3"=-- V3*=V--~ 

(2.12) 

In wha t  fo l l ows ,  we o m i t  the a s t e r i s k s  on the d i m e n s i o n l e s s  q u a n t i t i e s .  

The i n i t i a l  p a r a m e t e r s  of  a s h o c k  wave  in  a m e d i u m ,  PT, UT, and V T a r e  d e t e r m i n e d  by  s o l u t i o n  of  
the  s y s t e m  of E q s .  (2.10)-(2.12),  e x p r e s s i n g  the e q u a l i t y  of  the v e l o c i t y  and the p r e s s u r e  a t  the c o n t a c t  d i s -  
con t inu i ty  and the law of  c o m p r e s s i o n  of  the m e d i u m .  T h e s e  v a l u e s ,  c a l c u l a t e d  for  t h r e e  m e d i a ,  a r e  g iven  
in Table 3. 

It was assumed in the calculations that 

71 = i .4,  73 = 7, 73 = 7, P3 = 2.65 J c m  a 
P2 = ig/cms, Pl = i2 �9 l0 -4g/cm ~ c~ = 4500m/sec 
c2 = t500 m/sec p,. = t .6 g/cm a D~ = 69001m/sec 
c,~ = 4200 m/sea, Pn = 94000kg/crn 2 

The f i r s t  m e d i u m  (Table  3) c o r r e s p o n d s  to a w a t e r - - s a t u r a t e d  so i l  wi th  a p o r o s i t y  of 0.4, not con t a in -  
ing  e n t r a p p e d  a i r ,  the s e c o n d  to a w a t e r - - s a t u r a t e d  so i l  v~ith a p o r o s i t y  of 0.35,  con ta in ing  2% a i r ,  and  the 
t h i r d ,  to w a t e r .  

393 



t I 4 0,3 

#? 
~ ' - 

I -  / 
J j J  

Y f J  

/oo 200 yoo #oo t 

Fig. 4 

In the f i rs t  two media, the initial pa ramete r s  are  pract ical ly  identical; in water  the p ressure  is less ,  
while the velocity of the part icles  is g rea te r .  This is explained by the g rea te r  compress ib i l i ty  of water  in 
compar ison with the two f i rs t  media.  

3 .  P r o p a g a t i o n  o f  t h e  W a v e  

A schematic  d iagram of different solutions, corresponding to the detonation products and to the me-  
dium in the plane xt, is shown in Fig. 2. An analytical solution can be obtained up to the moment of the de- 
par ture of the ref lected wave R s to the front of the shock wave. It is advisable,  however,  to go over to a 
numerical  solution at  the moment  when the front R1 has reached the initial c ross  section, i .e. ,  at  t = 1. In 
this case,  f rom (2.8) and (2.9), we find the coordinates of the weak discontinuity R2 and of the shock front S 

z(~) = t -- p~l,, xs = i + urVo ( l  - -  VT) -1 (3.1) 

At the moment of time in the interval  0 _< x -< x~ )/~ 

p = ( t - - z ) %  u = t - - ( t - - x ) v ,  

In the interval  x~ ) _< x _< x S 

P -~ PT, It = UT, D -~ D T = uTV o (V o -  VT) -1 

(3.2) 

(3.3) 

Fur ther  calculation is ca r r i ed  out in an electronic computer  using the method of charac te r i s t i cs  with 
fixed time spacing [9]. This method permits  determining a solution at points previously  given in time and 
space.  In the variables  h, t, the charac te r i s t i c  relat ionships have the form 

du = +_ ] /  dv --~-~p dp at,, d h = ~ -  V - - ( d V ) - i d t  
- -  \ d p  / 

(3.4) 

From this, in the dimensionless variables  x, t, in the medium 

i dV dp at,: dx 
d u = ~  3 dp = - ~ - V ~  

In the Variables x, t, in the detonation products 

du = ! l/a p-'l* dp at dx = + p'l'dt 

394 



p 

02 

100 

F ig .  5 

g8 

0,5 

0.4 

fO0 Z 

Fig .  6 

In the  p r o b l e m  u n d e r  c o n s i d e r a t i o n ,  t h e r e  a r e  f ive t y p e s  of 

po in t s ,  a t  e a c h  of which  the p a r a m e t e r s  a r e  c a l c u l a t e d  in a c c o r d a n c e  
with  t h e i r  own a l g o r i t h m s :  

1) in  the m e d i u m  a h e a d  of the s h o c k  wave  S; 

2) in  the m e d i u m  b e t w e e n  S and T; 

3) a t  the c o n t a c t  d i s c o n t i n u i t y  T; 

4) in the de tona t i on  p r o d u c t s  b e t w e e n  T and the i n i t i a l  c r o s s  
s e c t i o n ;  

5) a t  the i n i t i a l  c r o s s  s e c t i o n .  

To s t a r t  the c a l c u l a t i o n ,  n po in ts  a r e  s e l e c t e d  in  the d e t o n a t i o n  
p r o d u c t s ,  and m po in t s  in t he  m e d i u m .  At  the po in ts  s e l e c t e d  with  
t = 1,  t h e r e  e n t e r  the  p a r a m e t e r s  d e t e r m i n e d  f r o m  (3.2) and (3.3). 

L e t  us c o n s i d e r  the s e q u e n c e  of the c a l c u l a t i o n  of  po in t s  a t  the 
f ron t  of  the shock  w a v e .  Po in t s  A and B l ie  on one t i m e  l a y e r  (F ig .  3). 
The v a l u e s  of  the p a r a m e t e r s  a t  t h e s e  po in ts  a r e  unknown. Po in t s  B 
and C l ie  a t  the f ron t  of the shock  w a v e .  The s p a c i n g  with  r e s p e c t  to 
the s p a t i a l  c o o r d i n a t e  i s  a s s u m e d  to be c o n s t a n t  

Ax ~ DT 2 (ra - -  1) ' xc  = X B  -~- AX 

The  s p a c i n g w i t h  r e s p e c t  to  t i m e  v a r i e s  f r o m  l a y e r  to l a y e r  

At = - 2 A x  tc = tB -]- A t  
DB -~- Dc ' 

In the f i r s t  t i m e  l a y e r  D B = D T, To s t a r t  the c a l c u l a t i o n ,  the 
v a l u e s  of D, p, and u f r o m  poin t  B a r e  c a r r i e d  o v e r  to po in t  C. Then,  
a c h a r a c t e r i s t i c  c u r v e  i s  d r o p p e d  f r o m  poin t  C onto the p r e c e d i n g  
t ime  l a y e r .  I ts  i n t e r s e c t i o n  with the l ine  AB is  d e s i g n a t e d  as  L .  The 
c o o r d i n a t e s  of  th is  poin t  a r e  

XL = XC - -  Vo V - -  ~ \ dp / JCL , 

, 

- -  ( t  + ~'~)/~', = •  q = ~, z, 3) 

Here, B and C mean that the parameters relate to these points; 

the subscript CL means that the quantities in brackets are taken as 

the mean values between C and L. The coordinate XL found is used to 

determine the values of PL and u L with interpolation with respect to 
the parameters at the points A and B 

P L  ~ P A  u B - -  UA 
PL = PA + ZB __ x---'----ff (XL - -  Xa), UL = UA + ~ (xL - -  xa) 

Then, the values of PL and u L found are used to determine the refined values of u, p, D, and V at the 

point C, using the relationships at the front of the shock wave and the condition satisfying the characteris- 
tic curve 

3Dcu c ~cVo [ _  f---Y--d-V] , 
pc - -  Po = --Vj-o , D c  = V o _  V ~ , uc  = uL + ~/ -~ 2-~p JLc tpC - -  pL) 

For purposes of refinement, three to four recalcuiafions are made. 
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The calculation is made in an analogous manner  for the remaining four types of points, s tar t ing f rom 
the charac te r i s t i c  relat ionships in the medium and in the detonation product, as well as f rom the condition 
of the equality of u and p at the contact discontinuity. 

The calculation was ca r r i ed  out in a B]~SM-4 electronic computer  for the three media whose charac-  
te r i s t ics  are  given in Table 3. A pre l iminary  calculation was car r ied  out with a number of points in the 
medium and in the detonation products equal, respect ively,  to n, m, and 2n and 2m. The difference in the 
resul ts  appeared in the fourth digit. 

4 .  R e s u l t s  o f  C a l c u l a t i o n  

Let us consider  the pa ramete r s  at  the contact discontinuity T, i.e., at  the boundary of the gas cavity. 
Figure 4 gives curves of the dimensionless quantities, i.e.,  the p ressu re  p, the velocity of the shock wave, 
u, and its displacement y, as functions of t ime. The numbering of the curves corresponds  to the numbering 
of the media in Table 3. In all the media, there was f i rs t  observed a r ap id  drop of the pressure  and the 
velocity. At t > 80-100, the decrease  in these pa ramete r s  slows down considerably.  In the second medium, 
the p ressu re  falls more rapidly with t ime, and the velocity more slowly than in the f irst .  The displacement  
of the boundary in the second medium is g rea t e r  than in the f irst .  The presence of entrapped a i r  in w a t e r -  
saturated soil leads to an increase  in the dimensions of the gas cavity. In a soil with ~1 = 0, the cavity is 
smal le r  than in water .  In a soil containing a i r ,  the cavity may be l a rge r  than in water .  

For  equalization of the scale ,  on Fig. 4 the dimensionless quantities p, 4u, and 0.05 y are  plotted 
along the axis of ordinates.  The scale of the dimensional quantities is determined f rom the condition: p = 
0.1 corresponds  to a pressure  of 9.4.103 kg / cm 2, a velocity of 105 m / s e c ,  and a displacement  of 2/0. 

Let us consider  the pa ramete r s  at the front of the wave. 

Figure 5 gives curves 1-3 for the dependence of the pressure  at the front on the distance,  in the three 
media under considerat ion,  and Fig. 6 gives the velocities of the front and the velocities of the part icles at  
the front in the same media. The presence of even a small  amount of air  (~1 = 0.02) in a w a t e r - s a t u r a t e d  
soil leads to an appreciable lowering of the p ressure ,  the velocity of the par t ic les ,  and the velocity of the 
front. With increasing distance f rom the point of explosion, in a soil with ~1 = 0.02, p, u, and D decrease  
more rapidly than with ~1 = 0. This resu l t  has been previously obtained experimental ly [2]. In water ,  
the p ressure  and the velocity of the front are  less ,  and the velocity of the part icles  is g rea te r ,  than in soil 
with ~1 = 0. With increasing distance f rom the point of explosion, p and D in a soil with ~1 = 0.02 decrease  
more  rapidly and become less than in water .  

On Fig. 7, curve 1 corresponds  to the change with time of the p ressure  at  the front of the shock wave 
in the f i rs t  medium, while curves 2-10 correspond to the change in the p ressure  at fixed points in space (at 
particles) with coordinates x equal to 1, 12, 36, 60, 8 4 , 1 2 0 , 1 4 4 , 1 6 8 ,  and 192. With increasing distance 
f rom the point of explosion, the rate of drop of the pressure  behind the front dec reases ,  and the time of 
action of the wave increases .  The degree of increase may be charac te r ized  by the dimensionless quantity 
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0, equal  to the t ime  dur ing  which the p r e s s u r ~  a t  the point  in  space  u n d e r  c o n s i d e r a t i o n  d e c r e a s e s  f r o m  its  

m a x i m a l  va lue  Pm to 0.05 Pro" The c o r r e s p o n d i n g  d i m e n s i o n a l  t ime  Ot o = Olo/cn.  The va lues  of 0 a r e  g iven  
below; 02 r e l a t e s  to the f i r s t ,  and 03 to the th i rd  m e d i u m .  

x i t i  12' 22 33 36 44 55 (i0 

01 35 -- 105 230 295 
0.z 3t 80 -- 130 t85 -- 220 260 -- 

"With ~1 = 0.02, the value of 0 is  g r e a t e r  by s e v e r a l  p e r c e n t  than with ~1 = 0. In a l l  e a s e s ,  with in -  
c r e a s i n g  d i s t ance  f r o m  the point  of exp los ion ,  the r a t e  of i n c r e a s e  in  0 d e c l i n e s .  

Thus ,  the wave p a r a m e t e r s  we re  ob ta ined  in th ree  med ia  n e a r  the point  of exp los ion .  The c a l c u l a t i o n s  
c o r r e s p o n d  to the e x p e r i m e n t a l  data [2], showing that ,  a t  the f ron t  in a w a t e r - s a t u r a t e d  soi l  with ~1 = 0, p, 
u, and D have g r e a t e r  va lues  than in  w a t e r .  Even  a s m a l l  (~1 = 0.02) a m o u n t  of a i r  in  a w a t e r - s a t u r a t e d  
soft l eads  to an  a p p r e c i a b l e  d e c r e a s e  in  the va lues  of p, u, D. With i n c r e a s i n g  d i s t ance  f r o m  the point  of 
exp los ion ,  the r a t e  of d e c r e a s e  in  these  quan t i t i e s  in  a soi l  con ta in ing  a i r  i n c r e a s e s  in c o m p a r i s o n  with a 
so i l  where  ~1 = 0. The t ime of a c t i o n  of the wave i n c r e a s e s  with i n c r e a s i n g  d i s t a nc e .  

The au tho r s  thank S. S. G r i g o r y a n  and N. I. Polyakov for  t h e i r  eva lua t i on  of the work.  
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