
CALCULATION OF EXPLOSIVE ACTION IN BRITTLE 

CASE OF FRACTURE WITH FORMATION OF TEARING CRACKS 

A.  B .  B a g d a s a r y a n  

R O C K .  

The p rob lem of explosive  act ion in b r i t t l e  rock  in the gene ra l  f o rm was studied in [1]. Here  
we examine one case  of this p rob lem cor responding  to re la t ive  low p r e s s u r e s  in the explo-  
s ive  cavi ty ,  when f r a c t u r e  takes  place only by the fo rmat ion  of radia l  c r acks .  

The solution in the region which has not yet  f r ac tu red  by rad ia l  c r acks  under the act ion of the ex-  
plosion is desc r ibed  by the equations [1] 

, 

- ~  " "~_ l  

= ~ - -  x, x = r / ro, T = Cot l ro 

Here  m ,  e~, ~ a r e  the s t r e s s e s  on the coordinate  planes which are  by v i r tue  of spher ica l  s y m m e t r y  
the pr incipal  planes;  V is the rad ia l  ve loci ty  of the par t ic les ;  u is the d i sp lacement  in the rad ia l  direction;  
x, T a r e  d imens ion less  coordinates ;  C O is the sound speed in the unfrac tured  mate r ia l ;  r 0 is the initial  r a -  
dius of the cavity; t is t ime;  r is the Lagrangian  coordinate;  a is the Poisson  coefficient;  p is the init ial  
densi ty .  The single undefined function f(~) in these  equations is found f rom the p rob lem boundary conditions.  

If the initial  p r e s s u r e  P0 in the cavi ty  is sma l l ,  f r a c tu r e  does not occur  and the cavi ty  will rad ia te  an 
e las t ic  wave desc r ibed  by (1), in which the function f(~)  has the fo rm 

f (~)-- - -al (po--  ph) { l  --  a~e-~,(~+l) sin [a,, (~ + i ) +  arc sin a~]}  

t --~ i --2~ 
a1"-=2(i--2~)' a 2 =  V 2 ( i - - a ) ,  a a =  i - -  

a 4 =  i--r ' P o ~  oCo~ , P h =  

where  Ph is the initial  hydros ta t ic  p r e s s u r e  in the medium.  

We take the usual  f r a c t u r e  conditions 

(2) 

~0 = % (by tearing)  (3) 

~ --  z0 = - -  2~. (by shearing) (4) 

where  a , ,  r ,  a r e  the s t reng th  constants  of the ma te r i a l .  Le t  us es tabl i sh  the initial conditions for  which 
f r ac tu r e  begins  by t ea r ing .  F r o m  (1) and (2) we have 

i --2~ 

-- 2~ (Po -- P.)  
(5) 
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Hence we see that at  the initial moment  the s t r e s se s  a r  and a0 a re  compress ive  and, consequently, 
f rac tu re  by tear ing at the initial moment  does not occur;  nor does f rac ture  take place by shearing if the 
condition is satisfied: 

P0 (6) 

Let us examine the case  in which the condition (6) is sat isfied and let us find the nature of the mot ion  
which is descr ibed at the initial moment  by (1) and (2). 

The radial  s t r e ss  a r  at the edge of the cavity is constant,  while the ring s t ress  ~0 there  will va ry  
with t ime. F r o m  (1) and (2) it is easy to obtain the expressions for (~O(z, 1) and calculate the t ime T 1 when 
the f rac ture  condition (3) is reached at the cavity. The equation for z 1 has the form 

2 (z. + Ph) 
P0 = Ph+  

i - -  2axe -a~l [as sin ~1 + a6 cos ~i] 
(7) 

z (l  + z) z + V t  - -  2z t 
a a = ~ ( i _ z )  ~' a e =  l - - z  , r  

In o rde r  to determine the final condition for which f rac tu re  will take place only by tearing,  we find 
the value of P0 for which both (3) and (4) a re  met  for the point x = 1, i.e., 

P o * =  2T. -- ~. (8) 

Thus, if P0 < P0 f rac ture  is possible only by tea r in~  and it begins at the cavity surface at the t ime r 1 
defined by (7). 

F igure  l a  shows for grani te  (r = 45 k g / c m  2, T, = 780 k g / c m  2, cr = 0.3 Young's modulus E = 2r 
k g / c m  2 [2]) the regions of P0 and Phvar ia t ion  in which f rac ture  does not occur  (region 1), f rac ture  occurs  by 
tear ing (region 2), f rac ture  occurs  by shearing when the condition (4) is reached at the cavity (region 3), or  
f rac tu re  by shearing begins at the cavity immediately at the initial t ime (region 4). 

In region 2 there  are  shown the (straight) isolines of T 1 (P0, Ph) - the moment  of onset of f rac tu re  by 
tear ing at the cavity. The (dash-dot) line T 1 = 1.8 cor responds  to the case in which the condition (3) a r i ses  
at the cavity but propagation of the f rac ture  front does not take place (boundary of regions i and 2). The 
dashed line is the analogous boundary for the static solution of the problem. This line is located above the 
dynamic loading line (dash-dot). Thus, under dynamic loading conditions the ability of the medium to with- 
stand without f rac tu re  the p re s su re  applied in the cavity is less than for static loading. 

in the present  study we examine only those initial conditions for which the point (P0, Ph ) falls in r e -  
gion 2. In this case ,  af ter  the t ime T 1 there  will propagate f rom the cavity surface into the depth of the 
medium in accordance  with the a p r io r i  unknown law x = xl0" ) a spherical  f rac ture  front, spreading in the 
medium a sys tem of radical  no rma l - t ea r i ng -mode  c racks .  The solution in the region x - xl(T ) is given as 
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be fo reby  (1), and the unknown function f(~) is found f rom the condition at the f rac ture  front, i.e., with ac-  
count for the solution in the region 1 -< x - x 1 (r). 

In the f r ac tu re  region the s t r e s s ,  velocity,  and displacement  fields a re  defined by the equations [1] 

~ = ~o ~- O, v = ~--~ [I:" (~) + I~" Oq)l 

ro I i - -  ~ .3 
u-= -7- ,.fl (~) ~. 11 (~1) A- i-'--~--~phx~ (9) 

(~_E_~'r" ci [(~ - 2z) (~ + z)],/~ 
C l = \ p /  , ~ = - ~ - 0 = i  ~:-~z 

where  C 1 is the speed of sound in the mater ia l  f rac tured  by radial  c r acks .  

In (1) and (9) we have the three  unknown functions f ( D ,  f l ( ~ ) ,  f 2 ( ' ) ,  which must  be found from the 
condition at the cavity and f rom the joining condition at the f rac tu re  front, i.e., on the line x = x@), which 
is also to be determined.  These conditions finally reduce to the sys tem of relations [1] 

1 - 2~ V I.  (~) § l (~) ] - -  (2, § Ph) x~ (~) 
i _ ~ -  -1" (Z1) - -  T----T L=-~'~7 xe(v) j --- 

/ (~,) i -- z ~ . .  
I" (~1) § ~ = h (~1) + / ~  01,) + t--4--~phx~ t~) 

l" r + [ h ' ( ~ ) + / , ' ( m ) l } ,  = xl" (~) L/" (~1) + 

~[h'(F)-i~'(n~176 i ~ - / : ( F )  +l~(n~ , 

~1 = �9 - x~(~), ~1 = ~ - x~(~), 

where 7 is the adiabatic exponent of the explosion products (for high p re s su res  T ~ 3, for low p res su res  
7 ~ 1.25). 

The explosion wave propagation process can be broken down into the following sequential stages: 

i) in the course of the time 0 -- T -- T i the cavity surface radiates an elastic wave and fracture does 
not occur in the medium; 
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2) an elastic wave propagates in the unfractured medium, the medium around the cavity f ractures ;  
the boundary between the unfractured and f rac tured  zones (fracture shock wave) propagates f rom 
the cavity surface  into the depth of the medium; 

3) the f rac ture  front stops, an elastic wave propagates through the unfraetured medium, the boundary 
is a contact  discontinuity; new f rac ture  of the medium does not take place; 

4) the contact discontinuity displaces into the f rac tured  region; radiation of elastic waves continues. 

The f i r s t  stage is descr ibed completely by (1), (2). The second stage 0"2 -< T --< T2) is descr ibed by 
(10) (T 2 is the t ime when the f rac ture  front comes to a stop, i.e., when kl(T2) = 0). The third stage (T 2 -< 
T --< T~) is descr ibed by (10), in which the f i rs t  equation must  be replaced by the equation XlCT) = const.  

The solution obtained in this fashion will cor respond to the absence of new f rac tures ,  and the s t ress  
~0 at the f rac ture  boundary on the unfractured region side will dec rease  f rom the value ~ , .  If at the mo-  
ment T = T 3 the s t r e ss  e0 at the f rac ture  boundary on the unfractured mater ia l  side vanishes the fourth 
stage a r i se s ,  while if it approaches its positive asymptotic  value the third stage will continue up to T = .o  
The fourth stage is descr ibed by equations obtained from (10) if in the third equation of this sys tem the 
right side is equated to zero  and we set ~., = 0. The result ing solution cor responds  to the fact that as a 
resul t  of the sign change of e ,  a compress ive  s t r e ss  develops at the boundary of the f rac tured region and 
the boundary will displace into the f rac tured  mater ia l ,  closing the c racks .  Thereaf te r  the boundary x = 
xl(T) may osci l la te  about the position which it approaches asymptot ical ly .  If in the process  of these osc i l -  
lations the front x = xl(r) reaches  the t rue boundary of the unfractured region, then the solution must  be 
constructed with account for the new f rac ture ,  i.e., f rom (10). The numerica l  solution method for this 
problem is described in [1]. 

Equation (10) breaks  down into two sys tems of ord inary  differential equations for which the Cauchy 
problem is posed, and these sys t ems  a re  integrated sequentially each t ime for the new Cauchy conditions 
and for the new interval of var ia t ion of the independent var iable  with use of the solution of the preceding 
sys tem.  For  the initial conditions we must  const ruct  the asymptotic  solution in the region T 1 --< T ---- T I +AT,  
where AT -- the initial segment  - is a given quantity. The existence of the asymptotic solution of (10) in 
AT -- the vicinity of the initial point (T 1, 1) - means that the function fl(}l) will be known in the interval 

Assuming the function fl(~l) known in the interval [~11, ~12), f rom the f i rs t  three  equations (i0) we 
obtain the sys tem for determining the functions f(~l),  f2(vl), and xl(T)- Considering them as functions of 
the argument  ~1 = T - - x I ( T )  and convert ing f rom differentiation with respec t  to the var iables  ~1, Vt, T to 
differentiation with respec t  to ~1 with account for the convers ion equations 

d d d'~ , t ] ~  d d d'~ t ] - I  

d d ( dr ~-i (11)  
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we reduce  the f irs t  three  equations (10) to the fo l lowing s y s t e m  of ord inary  di f ferent ia l  equations for f ind- 
ing the  functions f ( [1 ) ,  f2071) = g2(~1) and ~(~1): 

{; /..(~) ~- -2~{  ] ' ( ~ D  ~ t(~) ~ _  
l - -** (~ i ) - -~ i  1 - -~  [ * ( ~ ) - - ~ l  ' [*(~i)--~lPJ - - E * - p ~  

/" (~) + "~ (b) - ~: 
( 1 2 )  

0 -- 2,) f t" (~) t (~) 1, _ ;~ g; (~) ~] (~) § g~ (~.~)] r'(~l)  + 2  ~ z E  , ( ~ : ) _ ~ : +  [ , ~ ( ~ ) : ~ j  [gl'(;1) - ( ~ + i ) ~ : . ( ; ~ ) - i  ~ ,:---~(;,)-~t J -~- p,[[*(~')  

{ [ ]} ,c. (~) -- ~ /" (,:D g~ (~) 
- -  ~:] -c.(~:) 1 " ( ~ ) + ~ - ( ~ ) - ~ : - - ~  g~'(~) + B + i ) ~ : ( ~ O -  t 

where 

g" (~') - i ;  (m.) (13) 

and the functions gl(~l) =/i(~l) and gi(~l) =/~(~I) are known. The arguments ~I and 71 are expressed 
through ~I by the equations 

~ = ( ~ - - 1 ) ~ ( ~ , ) +  ~1, ~ = ( ~ + l )  ~ ( ~ ) - -  ~ (i4) 

F o r  (12) the  Cauchy p r o b l e m  is posed  in the in t e rva l  ~11 -- [1 s ~12, w h e r e  ~ll = ~-l-xl(~) and ~12 is 
found in the  p r o c e s s  of in tegra t ing  (12) using the  equat ion 

~I~ = ~1~ -- (~/ -- l )  n~(~.l~) (15) 

The initial conditions for (12) with ~I = ~II are taken from the asymptotic solution. Solving the indi- 
cated Cauchy problem, we find the function f(~l) in the interval [~II, ~12], xi(T) in [TI + AT, T2(~12) ] and f2(71) 

in [711,712], where 

When converting to the variable 7 ~ = X~ + 1 the last equation (i0) takes the form 

[ , I--~ l - ~  (16) ~,~ [ r  (,ri ~ + i ;  (n ~ + z(~ ~ - -  i~ (n~ = po l ~- l (,,1 ~ + i~ (~~ ~- ~ p~] 

where 10/~ = f(f~ and /2(7 ~ is a known function in the interval 711 -< ~~ -~ ~12" Here again the Cauchy 
problem is posed, for which the initial conditions are again taken for 7 ~ = 711 from the asymptotic solution. 
Solving this problem, we find the function fl(~l) in the interval ~12 - ~I - 712 + 2. We again return to (12) 
for the new initial conditions corresponding to the value of ~12 from the preceding solution of this same 
system and for the new interval of variation of the independent variable ~12 -< ~ <- ~13, where ~13 is calcu- 
lated in the process of constructing the solution using (15) if therein the index 12 is replaced by 13. Thus, 
after solving this problem we calculate f( ~ I), x1(m) and f2(4 i) and f2(~ I) becomes known in the interval 
[~12, ~) 13], where ~)13 = (X + i) 7(~13), after which we turn to the solution of (16) and so on. 

As we have mentioned above, to construct the solution we must have the asymptotic solution near the 
point ~" = ml, x = i, which is constructed by calculating the values of the unknown functions and their de- 
rivatives at the point (TI, I). By virtue of the requirement for continuity of the displacements along the 
characteristic ~I = ~'I -I the functions f(~l) and f'(~l) must be continuous on this characteristic and, there- 
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TABLE i 

I 
x 

1.0 --1.00, 
t .0 --0.60 
1.0 --0.12 
t.3 0.20 

t ,7 0.80 

1.8 t . I0 

1.9 1.40 

2.0 1.80 

2.O 2.30 

2.0 2.70 

2.0 3.00 

2.0 3.40 

2.0 3.80 

3.0 -- i  .00 
3.0 --0.60 
3.0 --0.12 
3.3 0.20 
3.7 0.80 
3.8 t . t0  
3.9 1.40 
4.0 t .80 ] 
4.0 2.30] 
4.0 2.701 
4.0 3.00 I 
4.0 3.40 I 
4.0 3.8o I 
7.0 --t .00 I 

--200.0 
--198.0 
--195.0 
--130.0" 
-123.0) 
--88.6 I 
--85. O) 
--76.8 

'274.5) 
--68.9 

1--67.3) 
--62.3 

1--61.5) I 
--57.61 
(57.3) I 
--56.1 I 

--75.0 
--5.2 
445.0 
+45.0 

(o) 
45.0 
(0) 

+45.0 

(o) 
+45.0 

(0) 
+45.0 

(0) 
+45.0 

+6.63 
+5.86 
+4.70 
+2.76 
(+2, t5) 
+ t .42  
( + t  .o4) 
+1.02 
(+ O. 72) 
+0.72 
(+o. 50) 
+0.44 
( to .  29) 
+o . t6  
(+o. to) 

0.005 

x 

7.0 --0.60 
7.0 --0.12 
7.3 0.20 
7.7 0.80 
7.8 0.80 
7.9 1.40 
8.0 t .80 
8.0 2.30 
8.0 2.70 
8.0 3.00 
8.0 3.40 
8.0 3.80 

15.0 - - i  .00 
t5.0 --0.60 
15.0 --0.t2 
15.3 0.20 

--25.7 
--16.2 
--10.~ 
--4.94 
--2.93 
--I .  38 
+0.04 
+ t  .31 
+1,90 
+2.4t  
+2.81 
+3.12 
--12.7 
--7.96 
--4.93 
--2.50 

--6.3 
--2.4 
--0.4~ 
+ t . @  
+2.0C 
+2.@ 
+2.8C 
+3.0C 
+2.99 
+2.99 
~2.9~ 
4-Z.73 
--5.4(3 
--3.20 
- - i .  43 
--0.54 

:--55.8) 
--55.0 
--55. O) 
--54.7 

1--54.7) 
--55.1 

- 5 5 .  l )  
--64.2 
--46.3 

A~ 
(0) 

+37.0 
(0) 

+35.0 
(0) 

--26.0 
--t2.0 

i--0.007 
--0.120 
(--0.t2) 
--0.25 
[--0.25) 
--0.39 
~--0.39) 
--0. 256 
--0. 225 

t5.7 
t5.8 
15.9 
16.0 
t6.0 
16.0 
16.0 
16.0 
16,0 

0.80 --0.49 +0.35 
t .10 +0.23 +0.65 
t.40 -1-0.78 +0.87 
1.80 + I  .28 +1.04 
2.30 + t .69  +1 . t6  
2.70 +1.85 +t .18  
3.00 +2.00 +1.20 
3.40 +2,07 +1.17 
3.80 +2.09 +1.12 

--32.4 
--22.8 
--13.4 
--t0.2 
--7.72 
--5,45 
--3.44 
--2,48 
--1.64 
--0.93 
--0.32 
--33.2 

--1.76 
+3.18 
+7.15 
+8,29 
+9.05 
+9.60 
+9.84 
+9.75 
+9.65 
+9.4l  
+8.26 

--1t .5 

--0. i40 
--0.153 
--0. t09 
--0.029 
+0.067 
+0.t61 
+0.  283 
+o.  826 
+0.987 
+1.493 
+2.138 
+0.91 

25.0 --1.00 
25.0 --0.60 
).5.0 --0.12 
25,3 0.20 
25.7 0.80 
~.5.8 t.10 
25.9 t .40 
~6.0 t .80 
~6.0 2.30 
.)6.0 2.70 
-)6.0 3.00 
~.6.0 3.40 

--7.66 
--4.74 
--2.52 
--1.37 
- -0 . i5  
+0.29 
tO.  62 
+0.92 
+t .16  
+1.25 
+ I  .33 
+ t  .36 

--3.30 
--2.00 
--0.92 
--0.40 
+ l . i 4  
+0.32 
+0.46 
+0.57 
+0.65 
+0.67 
tO.60 
+0.69 

+0.58 
+0.34 
+0.20 
+0.06 
+0.002 
--0.03t 
--0.067 
--0.t00 
--0AI4 
--0. t 26 
--0.136 
--0.14t 
+0.421 
+0.  261 
+0.144 

0.080 
+0.012 
--0.0t2 
--0.030 
--0.047 
--0.06t 
--0.067 
--0.07t 
--0.074 
--0.074 
+0.25 
+0.  t55 
+0.084 
+0.045 
+0.0or 
--0.0tl  
--0.022 
--0.032 
--0.040 
--0.043 
--0.046 
--0.047 

* N u m b e r s  in  p a r e n t h e s e s  c o r r e s p o n d  t o t h e  v a l u e  b e h i n d  t he  f r a c -  

t u r e  f r o n t .  

f o r e ,  t he  f u n c t i o n s  f ( T l - 1 )  = )Co an d  f ' ( T l - 1 )  = f0"  w i l l  b e  k n o w n .  T h e n  f r o m  t h e  f i r s t  e q u a t i o n  (10) we  
f ind  f~ .*  S ince  o n l y  t h e  s u m  f l ( ~ )  + f201) a p p e a r s  in  (9), one  of  t h e  t e r m s  in  t he  s u m  f l 0  + f20 c a n  b e  

s p e c i f i e d  a r b i t r a r i l y ,  f o r  e x a m p l e  we  c a n  s e t  f20 = 0. 

F r o m  (10) fo r  T = T 1, x = 1 i t  i s  e a s y  to c a l c u l a t e  f ~ ' ,  f l 0 ,  f i 0 ,  f20, a n d  x{e = 0 [1]. T h e  f u n c t i o n s  
xi" 0"), f i ' ( ~ l ) ,  fz'(~/1), f ( I V )  (~1). h a v e  s i n g u l a r i t i e s  of  o r d e r  x{" ,,, ( r - r l ) - l / 2 , f  i -  (~1-~10)-1/2,  f~" '~ 
(Th_~h0) - t / 2  f ( I V )  ~ (~l-~10)  -1/2 fo r  r - - ' r l ,  x - - -1 .  W i t h  a c c o u n t  f o r  t h e  a b o v e ,  we  o b t a i n  t he  a s y m p t o t i c  

b e h a v i o r  of t he  s o l u t i o n  of  (10) n e a r  r = r l ,  x = 1 in  t he  f o r m  

X l ( T ) = I + a ( T - - T a )  3 / , + . . .  

l ( ;1)  = lo + 1o" ('r - -  "q) - -  t . 5 a l o ' ( T  - -  ,q)'/.  + 0 .51o"  (~ - -  "q)~ 

- -  aid" ('~ - x l )  '/' + 0 . 5  ( 0 . 3 3 1 o "  @a2fo  "*) (x - ~1) 3 + . . .  

11 (~1) = flo + kilo" ('~ - -  %) + (t,  33L~b - -  ]lo'a) ('~ - -  Xx) '/' 

+ 0.5 [kc + t .5ab (1 ~ 2k)] ('r - -  xl) 2-+ 0.2 [(2 - -  3L) ac + t .8a~b] (~ - -  Tx)'/, + . . .  

12 (ql) = ~1~,o" ('r - -  "q) + (t .33b~ ~ + a]~o') (T - -  T1) v, 
-~- 0.75 (1 - -  2k) ab ('~ - -  "q)~ + 0.9a2b (~ - -  7q)'/, + . . .  

w h e r e  

(17) 

b = ~ ,  c =  L(Io"+/o') 

* H e r e a f t e r  f u n c t i o n s  w i t h  s u b s c r i p t  0 c o r r e s p o n d  to t he  v a l u e  of t h i s  f u n c t i o n  a t  t he  po in t  ~- = T1, X = 1. 
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3 + z  ~ _ 2 ( I - - z )  
o = (1 - ~ )  fo"" + ~ _ ~-/o" + / o .  ~ p~ - - / l o  

f o ' "  i - -  2 z  I - -  z 
- -  z (fo" + / o )  - -  - - Z - - -  (Y'* + Px~) 

f o " "  - -  i--2z i--~ (fo'" + / o ' ) ,  /lo = /o"  + / o  + 7 - 4 w P ~  

rio" = - y / o ' "  + ,  - - -=T (/o" + !o) + ~ p , ~ -  05r io  + ~ fro" -~/o ' )  

i ~2 i 1 
I~o" = 5-~ fro" + / o ' )  - ~2- Io'" ~ _ ~ (/o" + Io) - - ~ p h  + o.5fio 

(1 s) 

A un i f i ed  p r o g r a m  was  w r i t t e n  fo r  t he  S t r e l a - 4  c o m p u t e r  of the  Moscow U n i v e r s i t y  Comput ing  C e n t e r  
w h i c h  p e r m i t s  c a l c u l a t i n g  the  p r o b l e m  s o l u t i o n  fo r  a l l  t h e  s t a g e s  us ing  the  s c h e m e  d e s c r i b e d  above .  Th i s  
p r o g r a m  was  u s e d  to c a l c u l a t e  s e v e r a l  v e r s i o n s  fo r  d i f f e r e n t  m e d i a  and fo r  d i f f e r e n t  P0 and  Ph" 

F i g u r e  2 shows c a l c u l a t i o n  r e s u l t s  wh ich  a r e  t y p i c a l  fo r  a l l  the  c a s e s .  The  l i ne s  1 and 3 show the  
n a t u r e  of  the  f r a c t u r e  f ron t  m o v e m e n t  in g r a n i t e  P0 = 500 a t ,  Ph  = 100 a t  and  P0 = 1500 a t ,  Ph = 100 a t  r e -  
s p e c t i v e l y ,  t he  l ines  2 and 4 a r e  fo r  s h a l e s  (or = 0.26, E = 1.9 �9 105 k g / c m  2, ~ ,  = 38 k g / c m  2 [2]) w i th  P0 = 
500 a t ,  Ph  = 100 a t  and fo r  l i m e s t o n e  (~ = 0.25, E = 7 ~ 105 k g / c m  2, o-. = 25.5 k g / c m  2 [2]) fo r  P0 = 1000 a t ,  
Ph  = 100 a t ,  r e s p e c t i v e l y .  The  da t a  of  F i g .  2 show tha t  a l l  t he  q u a l i t a t i v e l y  d i f f e r e n t  c h a r a c t e r i s t i c s  in t he  
f r a c t u r e  f ron t  m o v e m e n t  zone  no ted  a b o v e  a r e  a c t u a l l y  o b s e r v e d ,  depend ing  on the  p r o b l e m  c o n d i t i o n s .  In 
t he  c a s e  c o r r e s p o n d i n g  to c u r v e s  1, 2 ( r e l a t i v e l y  low p r e s s u r e s  in the  c a v i t y ) ,  t he  c r a c k  f ron t  b e g i n s  to d i s -  
p l a c e  b a c k  in the  d i r e c t i o n  of t he  c a v i t y  a f t e r  cr 0 d e c r e a s e s  to  z e r o  and o s c i l l a t i o n s  t a k e  p l a c e  in t h i s  p r o c -  
e s s .  In the  c a s e  c o r r e s p o n d i n g  to c u r v e  3 ( r e l a t i v e l y  h igh  p r e s s u r e  in the  cav i ty)  t h i s  r e v e r s e  m o v e m e n t  
of  t he  c r a c k  f ron t  and i t s  o s c i l l a t i o n s  a r e  not  o b s e r v e d .  F i n a l l y ,  in t he  c a s e  c o r r e s p o n d i n g  to c u r v e  4 
( r e l a t i v e l y  low t e a r i n g  s t r e n g t h  ~ ,  = 25.5 k g / c m 2 ) ,  new f r a c t u r i n g  d e v e l o p s  a f t e r  the  f i r s t  s topp ing  of  t he  
f r a c t u r e  f ron t  and  i ts  s u b s e q u e n t  r e v e r s e  m o v e m e n t  w i th  o s c i l l a t i o n s .  Th is  l a s t  e f fec t  is  a s s o c i a t e d  wi th  
t he  f ac t  t ha t ,  a s  shown by  the  c a l c u l a t i o n ,  the  v a l u e  of  cr 0 on the  f ron t  s i de  of the  f r a c t u r e  f ron t  a f t e r  the  
m o m e n t  i t  s t o p s  does  not  change  m o n o t o n i c a l l y ,  but  p e r f o r m s  o s c i l l a t i o n s ,  t h e r e f o r e  fo r  a s m a l l  v a l u e  of 
~ ,  t h e s e  o s c i l l a t i o n s  of  cr 0 l e a d  to r e p e a t e d  r e a c h i n g  of  t he  v a l u e s  or, and  to the  d e v e l o p m e n t  of r e p e a t  
f r a c t u r e s .  The  c a l c u l a t i o n s  for  the  o t h e r  v e r s i o n s  showed  tha t  r e p e a t e d  f r a c t u r e  can  o c c u r  a l a r g e  n u m -  
b e r  of  t i m e s .  

F i g u r e  l b  shows  the  m a x i m a l  v a l u e s  of  t he  f r a c t u r e  zone  r a d i u s  in g r a n i t e  a s  a func t ion  of  P0 and Ph 
a n a l o g o u s  to F i g .  l a  (the i s o l i n e s  a r e  fo r  x 1 = x i (P0, Ph)) .  

F i g u r e  3 shows  the  n a t u r e  of the  f r a c t u r e  f ron t  p r o p a g a t i o n  in t i m e  fo r  d i f f e r e n t  v a l u e s  of % in 
k g / c m  2 in a m e d i u m  wi th  the  m e c h a n i c a l  c h a r a c t e r i s t i c s  ~ = 0.3, E = 2.22 �9 105 k g / c m  2 for  an e x p l o s i o n  
wi th  p a r a m e t e r s  P0 = 200 a t ,  Ph = 0. We s e e  tha t  w i th  d e c r e a s e  of % the  f r a c t u r e  zone  e n l a r g e s  and fo r  
or, = 0 the  f r a c t u r e  f ron t  v e l o c i t y  b e c o m e s  c o n s t a n t  and  equa l  to C i .  T h e  e x a c t  s o l u t i o n s  of  t he  g iven  p r o b -  
l e m  can  be  c o n s t r u c t e d  fo r  t h i s  c a s e  [3]. 

T a b l e  1 shows  the  v a l u e s  of  the  s t r e s s e s  ~ r '  or0 in k g / c m 2  and t h e  m a s s  v e l o c i t i e s  V as  a func t ion  of  
= v - x  and  x f r o m  the  r e s u l t s  of  the  c a l c u l a t i o n  fo r  P0 = 200 a t ,  Ph = 0 in g r a n i t e .  In F i g s .  4 and 5 the  

s o l i d  c u r v e s  show the  s t r e s s e s ,  m a s s  v e l o c i t i e s ,  and d i s p l a c e m e n t s  a t  the  d i s t a n c e  x = 100 f r o m  the  c e n t e r  
of  t he  e x p l o s i o n  in the  f r a c t u r e  c a s e ;  the  d a s h e d  c u r v e s  a r e  wi thout  f r a c t u r e  fo r  an e x p l o s i o n  in g r a n i t e  
wi th  the  p a r a m e t e r s  P0 = 200 a t ,  Ph  = 0. In t h e s e  f i g u r e s  t he  s e c t i o n  1 -1  c o r r e s p o n d s  to t he  m o m e n t  the  
e l a s t i c  d i s t u r b a n c e ,  r a d i a t e d  a t  the  m o m e n t  of f r a c t u r e  a t  t he  b o u n d a r y  of  the  cav i ty ,  r e a c h e s  the  s e c t i o n  
x = 100. We s e e  tha t  a c c o u n t  fo r  f r a c t u r e  a l t e r s  q u a l i t a t i v e l y  t he  f o r m  of t he  e l a s t i c  wave  r a d i a t e d  f r o m  
the  c e n t e r  of  t he  e x p l o s i o n ,  a l though  t h e r e  is  no s i g n i f i c a n t  change  of  t he  a m p l i t u d e  and  d u r a t i o n  of  t h i s  
wave. However, for a more intense explosion (higher pressures P0), when in the initial stage the medium 
around the cavity is involved in the plastic flow and a strong compression shock wave propagates in this 
region, the elastic wave at large distances from the explosion source is changed both qualitatively and 
quantitatively - account for these effects leads to more intense decay of the wave amplitude with distance 
and a significant (by an order of magnitude) increase of its duration [4]. 
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