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We examine  f r agmen ta t ion  in a l i n e a r l y  e las t ic  plate subjected to the act ion of a moving 
load. The load is  a s sumed  to "run" at a " super son ic"  constant  ve loci ty  along one of the 
p l a t e ' s  s ides .  A loading of this  type is encountered ,  for example,  in explosive fo rming  
and explosive welding, dur ing  an  oblique col l i s ion  of two plates ,  etc.  F r a gme n t a t i on  
is  unders tood  as des t ruc t ion  of solid or  l iquid bodies oc c u r r i ng  as a r e su l t  of c o m p r e s -  
s ion-wave  re f lec t ion  f rom f ree  su r faces  or  f rom the in te r face  between two bodies ,  one 
of which p o s s e s s e s  a lower  acoust ic  s t i f fness .  Many i n t e r e s t i ng  cases  of f r a g m e n t a -  
t ion a re  de sc r ibed  in Rinehar t  and P e a r s o n ' s  book [1], which also contains  extens ive  
l i t e r a t u r e  r e f e r e n c e s  on the subject~ Most of these  papers  give an acoust ic  i n t e r p r e t a -  
t ion of the f r agmenta t ion  phenomenon with condit ions of one -d imens iona l  deformat ion~ 
Lenski i  [2] has t r i ed  to apply the theory  of e las t i c i ty  to the desc r ip t ion  of the f r a g m e n t a -  
t ion phenomenon in a plate exper ienc ing  a concent ra ted  force .  Ogurtsov [3] has obtained 
an exact so lu t ion to  a s t r e s s  p rob l em  for  an e las t ic  plate under  a concent ra ted  load; how- 
ever ,  due to i ts  complexi ty ,  his solut ion has yet to be applied to the f r agmenta t ion  p rob lem.  
In the p r e sen t  fo rmula t ion  of the problem,  a s imple  exact  expres s ion  for  the s t r e s s  waves 
in a plate,  f rom which the f r agmen ta t ion  p a r a m e t e r s  can be de te rmined ,  is obtained with 
r e l a t ive  ease~ The solut ion can be used to obtain ce r t a in  f ragmenta t ion  data for  a plate  
unde r  a concen t ra ted  load, and also for  an explosion in an e las t ic  ha l f - space .  For  
example,  it is poss ib le  to d e t e r m i n e  the approximate  fo rm of f ragmenta t ion  c racks  and 
fo rma t ions  nea r  the ep icen te r .  

1. Assume  an e las t ic  plate of th ickness  h r e f e r r e d  to Ca r t e s i an  coordina tes  x, y, and z. The lower  
free boundary  of the plate l i es  in the plane y =0, and the upper  in the plane y=h.  The plate ma te r i a l  is  
cha r ac t e r i z ed  by a dens i ty  p and the propagat ion r a t e s  a and b of the e las t ic  waves.  Along the upper  bound-  
a ry  of the plate the re  is ,  at a cons tant  ve loci ty  D > a  a p r e s s u r e  wave whose f ront  is pa ra l l e l  to the yz -  
plane 

(1.1) 

Here,  P0is the p r e s s u r e  in the wave front ,  t o the cha rac t e r i s t i c  t ime  of p r e s s u r e  va r i a t ion  in the wave, 
a n d f  the shape of the wave which is  a s sume d  to be a d imin i sh ing  function of i ts  a rgument~ 

The equat ions of e las t ic  theory,  which desc r ibe  the behavior  of the plate in the e l a s t i c - d i s p l a c e m e n t  
potent ia l s  qJ and ~ ,have  the fo rm [4] 
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At the s u r f a c e  of the p la te  y=h,  the s t r e s s - t e n s o r  component  ayy  mus t  be equal to the ef fec t ive  p r e s -  
su re ,  and the component  ffxy to ze ro :  

- -  ~-. ; " 3 V  + 2t "~' I b-~y2 oz Oy ] =-P~ [-/g-o ( . D ) ]  

z~,j ob 2 (2 Xcp + oN~ o~p'~ = ~ "oy~ ox~ ] = 0 (y = h), 

(g = h); 

(1.3) 

At the f r ee  boundary  of the p la te ,  we have 

cr~ = ~ v  = 0 (y=0). (1.4) 

Under  the ac t ion  of the load (1.1),  a longi tudinal  P - w a v e  and a t r a n s v e r s e  S-wave,  whose f ron t s  a r e  
shown in F ig .  1, p ropaga te  into the p la te  f r o m  the edge A of the load.  Due to r e f l e c t i on  f r o m  the f r e e  
bounda ry  y=0 of the p la te ,  these  waves  g e n e r a t e  new longi tudinal  and t r a n s v e r s e  P P - ,  SP- ,  SS- and P S -  
waves  which now p r o p a g a t e  toward  the o the r  p la te  boundary ,  where  again  they  a r e  r e f l e c t e d  and g e n e r a t e  
new longi tudinal  and t r a n s v e r s e  waves  which p ropaga te  toward  the f r ee  boundary  of the  p la te  y=0 .  The 
p r o c e s s  of r e f l ec t i on  i s  r e p e a t e d  many  t i m e s .  In the a r e a  of the p la te  be low the bo t tom of the load,  t h e r e  
deve lops  a ne twork  of e l a s t i c  waves .  

All  waves  whose f ron t s  a r e  shown in F ig .  1 a r e  head waves  and, t h e r e f o r e ,  the  wave p a t t e r n  dep ic t ed  
is  to be o b s e r v e d  only at those  points  of the p la te  which a r e  suf f ic ien t ly  d i s t an t  f r o m  the in i t i a l  loca t ion  of 
the load .  

If load  (1.1) is  suf f ic ien t ly  in tense ,  then even the r e f l e c t i on  of the f i r s t  longi tudinal  P - w a v e  f r o m  the 
f r e e  boundary  l e a d s  to a sp l i t t ing  off ( f ragmenta t ion)  M a pa r t  f r o m  the bulk of the  p la te .  The p o s s i b i l i t y  
of f r agmen ta t i on  in a r e f l e c t e d  t r a n s v e r s e  PS-wave  and even in SP-  and SS-waves  is  not exc luded.  In the 
fol lowing,  we examine  f r agmen ta t i on  under  the a s sumpt ion  that  i t  o c c u r s  in the f i r s t  longi tudinal  P P - w a v e  
r e f l e c t e d  f r o m  the f r e e  s u r f a c e .  

In confo rmi ty  with th is  f o rmu la t i on  of f r agmen ta t i on ,  (1.2) - (1 .4)  may  be d iv ided  into two s i m p l e r  
p a r t s .  In the  f i r s t  pa r t ,  it  i s  n e c e s s a r y  to d e t e r m i n e  the po ten t i a l s  q:'o and qs o of the waves  g e n e r a t e d  by 
the moving load (1.1) in an e l a s t i c  h a l f - s p a c e  y-<h,  and in the second,  to d e t e r m i n e  the po ten t i a l s  ~01 and 
~1 of the waves  r e f l e c t e d  f r o m  the boundary  of the h a l f - s p a c e  y-> 0o 

By c o m p a r i n g  s t r e s s e s  which a r i s e  n e a r  the f r ee  bounda ry  as  a r e s u l t  of a supe rpos i t i on  of the waves  
~01, ~0, ~01, ~1 with the p e r m i s s i b l e  s t r e s s ,  we can then loca te  the o r ig in  of the f r a g m e n t a t i o n  c r a c k s  and 
d e t e r m i n e  the p a r a m e t e r s  of the f r a g m e n t a t i o n s .  

The po t en t i a l s  ~0 and ~I' 0 mus t  s a t i s fy  Eq.  (1.2) and the bounda ry  condi t ions  (1.3) ; they  have the f o r m  
of p lane  waves  

cpo __ po % __ po W ~ 
a~to ~ ~ W p l e  (Tp), a,to--'-'-ff - -  - -  ~ sl2 (Ts). (1.5) 

Here ,  

Y . if" 

y's 

I i" 

* C p = ~  t O a y ] f ~  W v  n ~ _ _ r n  2 1 

x~=-/~-o ( - -  O 

A = ( 1  n , - - r n ' ) '  + m'~-~---~n'~-~m ', m = a / D ,  n = a / b .  

= !dt, I S,(x)dx. 
o 0 

Fig .  1 
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The re f lec ted-wave  potent ia ls  ~ l  and ,Iq that sat isfy  Eq. (1.2) and the boundary  condit ions (1.4), 
wr i t t en  in t e r m s  of the potent ial  sums  g '=~o + q~ and ,I,=q" 0 + qq, are as follows: 

.r po [W~V~d~ - -  WvV~-/~ (~w)] 

(~.6) 

(1.7) 

Here,  

Vvp = V ~  = A~ I A,  V~v = - -  2m ] / n  - Y ' ~  m e (ll~ne - -  in ~) / A ,  

V ~  = 2m, ]1/1 - -  m ~ (*l~n ~ - -  m e) / A ,  

A ,  = :  - -  (*/en~ - -  me) * + m e g - ~  V n'~ - m e , 

( t ~ ~ + ~ F-i  - - - ~ n  ~ ) ~PV: ~-0 \ - -  D . 

~sp = t D a 

~ps = ~ D a 

In (1o 6)-(1.7) the quant i t ies  Vii (i, j =p, s) a re  the re f lec t ion  coeff icients  of waves re f lec ted  f rom the 
free boundary  of an e las t ic  ha l f - space .  The subsc r ip t s  p and s r e f e r  to a longi tudinal  and a t r a n s v e r s e  
wave, r e spec t i ve ly ;  the f i r s t  subsc r ip t  denotes an incident  wave and the second, a ref lec ted  wave. 

The s t r e s s e d  state n e a r  the f ree  surface  of the plate in the space between the f ronts  of the ref lected 
P P -  and PS-  waves is cha rac t e r i zed  by the following (other than zero) s t r e s s - t e n s o r  components :  

xw - W i - - rn  z}[/+l ~vy _ (__t n e _ _  i ) -~r  -gS- -~ 0~r x ,  p0 
29b 2 - -  \ 2 Off Ox Oy ~ P ( ~ -  ne " 

2pb ~ ) a z Ot ~ 

~ _ a~r 4 i x ,  t x r  po W p m l / ~ m  e[/-] 
29b 2 ax oy - 2 Oy ~ 2 Ox 2 

[1*1 - i (%) + V~vi (%v), [l-I ~ t (~)  - -  V~i (%v)" ( 1 . s )  

2. F r agmen ta t i on  p a r a m e t e r s  will be de t e rmined  with the aid of Hube r ' s  des t ruc t ion  c r i t e r i o n  (see, 
for  example,  [5, 6]): if p-= 1/3(~xx+(ryy+Crzz) > 0, then the des t ruc t ion  of the ma te r i a l  occurs  at the point 
where the spec i f ic -po ten t ia l  e l a s t i c - s t r a i n  energy  has i ts  m a x i m u m  value;  if p < 0, then des t ruc t ion  occurs  
at the point  where  the specif ic  s t r a in  energy  of d i s to r t ion  has i ts  c r i t i ca l  value .  The specific po ten t i a l -  
s t r a in  energy  for the plane t ens i l e  s t rength  1/2 (r.2/E is taken as the c r i t i ca l  value of the energy.  We get 

1--2~, , , t + ~  ~ 2 ( % v - -  

2 ==2E for p>0,  
1 + v (: .2 

~E [ ( ~  - -  %~)~ § ( % ~ - -  :~ )~  § (~z~ - -  :~A e + 6:~ ,  :] - 2 e  

2 ( n ~ _ t ) j  for p<O; 

where ~r, is  the t ens i l e  s t rength  of the m a t e r i a l  co r re spond ing  to the c r i t i ca l  value of the total specif ic  
s t r a in  ene rgy ;  u is P o i s s o n ' s  r a t io ;  E is Young's  modulus .  

By subs t i tu t ing  (1.8) into (2.1), we get the f r agmen ta t ion  condit ion as 

(2 .1)  
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4 ~.~ (p>0) ,  A [/'1 s + B [/-]s = W~ 2 Po 2 

AI [/+]2 + B1 [/-]s = ~ 3 z,2 
Wv2 2 ( l + v )  po 2 (P <0),  

3n ~ -- 4 3rJ --  4 
A =  n~--t  [ n 2 - - 1 + ( l - - 2 m S )  21-- n~--~ ( u s - t + c ~  ~2~r 

3n~ -- 4 B ~ 3n2--4 4m 2 (i  - -  m ~) = ~ sin 2o~ 

AI ---- I + 3 cos s 2a, Bt ~- 12m s (t - -  m ~) = 3 sin s 2or (2.2) 

In a l oad ing  w a v e  w h e r e  the  p r e s s u r e  in the  w a v e  f r o n t  e x p e r i e n c e s  a j u m p  and d i m i n i s h e s  beh ind  the  
f ron t ,  f r a g m e n t a t i o n  can  o c c u r  only  at the  f ron t  of a w a v e  r e f l e c t e d  f r o m  the  f r e e  s u r f a c e .  Thus ,  the  
m o m e n t  of f r a g m e n t a t i o n  by  a P P - w a v e  c o i n c i d e s  wi th  m o m e n t  of a r r i v a l  of the  f ron t  of the  P P - w a v e  at 
the  po in t  (in the  m e d i u m )  of i n t e r e s t  to us ,  i . e . ,  

= D - F ~ V t - - m S  (%p = 0). (2.3) t* 

By e l i m i n a t i n g  t* f r o m  (2.2) on the  b a s i s  of the  f o r e g o i n g  c o n s i d e r a t i o n s ,  we a r r i v e  at  an e q u a t i o n  
f o r  d e t e r m i n i n g  the  d i m e n s i o n l e s s  c o o r d i n a t e  of a f r a g m e n t a t i o n  c r a c k  V*=y*/ar 0 

/~ (2~t* coszr 2Cif (2TI* cos or + Fi  = 0 i f = l ,  2); (2.4) 

w h e r e  i=1 c o r r e s p o n d s  to p > 0 ;  i=2 to p< 0 

C 1 : [ - - 1  2(t--v)t--2v ( i --cos4o~)lVp~(~t ,v) ;  

i --  2v ~.~ (2 *5) 
F1 = Vvp~ (a, v) t - -  v~ po2Wv ~ (~, ~)' 

C2 -- I + 3cos4a 3 
4 Vv, (~, v), F~ = Vvv~ (a, v ) ~*~ 2po2Wp " (a, v) I + v ; 

q* = y* / ato, cos ~ = ] f l i ~  m% (2.6) 

3. W h e r e  the  l oad ing  w a v e  has  a " t r i a n g u l a r "  p r o f i l e  

l - - t / t o  (O<t~<to) (301) 
/ (t / to) = 0 (t >~ to), 

(2.4) t a k e s  the  f o r m  

(1 + 2~1" cos ~)2 __ 2Ci (t - -  2TI* cos a) + Fi = 0 (i = 1, 2). 

Hence ,  f o r  a d i m e n s i o n l e s s  f r a g m e n t a t i o n  c r a c k ,  we have  

t C~ 4 -  V C~ ~ - -  F~) (i = l, 2). ~ l i * - - ~ ( t - -  _ (3.2) 

E q u a t i o n  (3.2) b e c o m e s  a p p r e c i a b l y  s i m p l e r  fo r  D =~r ( s i m u l t a n e o u s  s h o r t  i m p a c t  a g a i n s t  one of the  

p l a t e ' s  s i d e s ) .  In th i s  c a s e  

~ 0 ,  p>O,  W p ~ l ,  V p p = - - l ,  C1= 1 

E l : '  4~ - -27  6$2 ~$--  Y$ l - - (  i - -2v~%l  z* I 
l - - v  2 po ~ ' ato 2 \ l - - v  ~ ) I po I' 

(3.3) 

i .  e . ,  the  f r a g m e n t a t i o n  t h i c k n e s s  is  d i r e c t l y  p r o p o r t i o n a l  to the  l eng th  of t he  r e f l e c t e d  w a v e  and to the  
d y n a m i c  t e n s i l e  s t r e n g t h  of the  m a t e r i a l ,  i s  i n v e r s e l y  p r o p o r t i o n a l  to the  w a v e  a m p l i t u d e ,  and d e p e n d s  on 
P o i s s o n ' s  r a t i o .  
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Fig, 2a Fig. 2b 

The m a x i m u m  f ragmenta t ion  th ickness  is that of the en t i re  plate,  and, the re fore ,  y* - h. 
more ,  f rom (3.1) and 0 ~ f-< 1, it follows that 

F u r t h e r -  

0G1--211*-%1, 11" ~1/:, g* ~1/~ ato. 

This  means  that the f r agmen ta t ion  th ickness  in any ma te r i a l  does not exceed a half wavelength.  One 
a r r i v e s  at a well known resu l t :  in o rde r  that f ragmenta t ion  occur  in the f i r s t  ref lected longitudinal  wave, 
the wavelength mus t  be sho r t e r  than double the plate th ickness .  

F igure  2 gives the r e su l t s  of an evaluat ion of the function ~* (~, ~) f rom (3.2) for v =0.1 and ~ =0.3 
as a function of the angle of inc idence .  

The ~?* (o~, v) l ines  shown in F igure  2 can be t rea ted  as i so l ines  of the p a r a m e t e r  r 176  lr them, 
~~ (V, ~)=cons t ) ,  or  as i so l ines  of the quanti ty 1/~. r - t h e  potential  s t r a i n  energy  that co r re sponds  to 
the t ens i l e  s t rength .  The dashed l ine in F igure  2 r e p r e s e n t s  the curve  

n* = t/(2 cos a) (3.4) 

above which f ragmenta t ion  cannot occur  in v i r tue  of the inequali ty 

0 g/(2~* cosa) ~ t .  

The heavy solid l ine in F igure  2 co r re sponds  to the curves  

p = 1/3 ((~:~: + c%~ • ozz)  = O. (3.5) 

At the points in the plane ~?*~ above(3.5),  the plate ma te r i a l  exper iences  tens ion  at a r r i v a l  of a P P -  
wave, while below these  curves  it exper iences  compress ion .  

The f inely dashed l ines  in F igure  2 (these l ines  come to l ie in the region  p< 0) a re  those where the 
s t r a i n  energy of d i s to r t ion  in P + PP waves is equal to that at the f ront  of an incident  P-wave .  In the 
:-egion between the f inely  dashed l ines  and (3.5), des t ruc t ion  in accordance  with (2.1) mus t  be recognized 
as imposs ib le  s ince,  according  to the a s sumpt ions ,  there  is no des t ruc t ion  in a P-wave .  Poss ib l e  f r a g -  
menta t ion  reg ions  in P P - w a v e s  are ,  f i r s t ly ,  the region  in which p > 0 and, secondly,  those por t ions  of the 
region  p < 0 in which the s t r a i n  energy  of d i s to r t ion  is g r e a t e r  than that of the inc iden t -wave  front .  The 
l a t t e r  reg ions  l ie between the f inely dashed l ines  and the axis 77'= 0 (Figure 2, a). For  P o i s s o n ' s  ra t io  

-> 0.26,  such reg ions  do not exis t .  For  example,  for ~=0.3,  they a re  absent  (Figure  2 b). This  means  
that a t  the a r r i va l  of a PP-wave  front  at plate points which l ie in the region  p < 0 of the plane ~?*a, the 
s t r a i n  energy  of d i s to r t ion  at these  points  is s m a l l e r  than that at the inc ident -wave  front .  Hence, for such 
va lues  of ~, f r agmen ta t ion  in the region p < 0 is imposs ib le .  

Let us examine  the m a n n e r  in which the f ragmenta t ion  th ickness  in a PP-wave  changes with a change 
in the inc idence  angle oz of a longi tudinal  P -wave  onto the f ree  sur face .  

F o r  " smal l "  va lues  of the p a r a m e t e r  ~r ~ (~~163 0.5),  the f ragmenta t ion  th ickness  d e c r e a s e s  and tends 
to zero as the angle v~ va r i e s  f rom zero to a ce r t a in  value that depends on g~ The concavi ty of the curve 
~* (oL) points  downward (see, for  example,  the curves  ~~ in Fig.  2). For  such ~r ~ mul t ip le  f r a g m e n t a -  
t ion is poss ib le ,  s ince above these  cr ~ curves ,  the des t ruc t ion  c r i t e r i o n  is nil the more  fulfil led. 
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F o r  l a r g e  va lues  of ~~ (a~ 0.5) ,  the f r a gme n ta t i on  t h i cknes s  i n c r e a s e s  with i n c r e a s i n g  a ,  and the 
concavi ty  of the cu rve  ~*(a) points  upward .  F o r  suf f ic ien t ly  l a r g e  ~ (for example ,  fo r  a =23 ~ and a~  
in F i g u r e  2 a) the f r agmen ta t i on  t h i cknes s  i s  equal  to the p la te  t h i c k n e s s .  In th is  case ,  the e n t i r e  p la te  
a p p e a r s  to be a " f r agmen ta t ion .  " With a f u r t h e r  i n c r e a s e  in ~,  f r a g m e n t a t i o n  b e c o m e s  p o s s i b l e  only 
where  the point (~*, a ,  ~~ c o m e s  to l i e  in the reg ion  where  the s t r a i n  ene rgy  of d i s t o r t i o n  is  g r e a t e r  than 
that  at the f ront  of the incident  P - w a v e .  As p r e v i o u s l y  noted, th is  is  p o s s i b l e  only fo r  P o i s s o n ' s  r a t i o  

< 0 .26 .  F o r  v>~ 0.26,  f r agmen ta t i on  be low the l ine p=0, in c on fo rmi ty  with (2.1),  is not p o s s i b l e .  

F o r  c e r t a i n  va lues  of the p a r a m e t e r  ~~ and angle  ~ (for example ,  for  ~~ =0.5,  (~ =13 ~ see  F i g u r e  2a) 
two va lues  of the  f r a g m e n t a t i o n  th i ckness  a r e  p o s s i b l e .  F r o m  t h e s e  va lues ,  the l ower  one should be taken,  
s ince  a r e f l e c t e d  wave a p p e a r s  f i r s t  at those  poin ts  of the  p la te  that  a r e  c l o s e r  to the f r e e  s u r f a c e .  

Ca lcu la t ion  of the i s , l i n e s  a~  were  p e r f o r m e d  a l so  fo r  o t h e r  va lues  of P o i s s o n ' s  r a t i o .  T h e i r  
g r aph i ca l  p a t t e r n  is  ana logous  to the one given in F ig .  2. 

The plot  of the f r a g m e n t a t i o n  t h i cknes s  vs .  the inc idence  angle  of a P - w a v e  with the f r ee  su r f a c e  of 
the p la te ,  as  shown in F i g u r e  2, was obta ined under  the a s sumpt ion  that  f r a gme n ta t i on  occu r s  in a P P - w a v e .  
This  a s sumpt ion  is j u s t i f i ed  for  s m a l l  ~ ,  whe re  the r e f l ec t i on  coeff ic ient  Vpp (~, v) is  l a r g e  c o m p a r e d  to 
Vps (a,  , ) .  However ,  with i n c r e a s i n g  a ,  the abso lu te  value  of the Vpp (~,-v-) coef f ic ient  d e c r e a s e s  and 
even van i shes  at a c e r t a i n  angle ( po l a r i z a t i on -e xc ha nge  angle [7]) that  depends  on ~. It is  obvious,  that  for  
a c lose  to the p o l a r i z a t i o n - e x c h a n g e  angles ,  f r a gme n ta t i on  in a P P - w a v e  cannot occu r .  F r o m  an a n a l y s i s  
of th is  s i tua t ion ,  i t  may  be seen  that  f r agmen ta t i on  is  p o s s i b l e  in a r e f l e c t e d  t r a n s v e r s e  PS-wave .  Con-  
s i d e r a t i o n  of P S - w a v e s  is  i m p e r a t i v e  a l so  for  f r e e - s u r f a c e  poin ts .  This  is  the r e a s o n  why the sec t ions  of 
the  i s . l i n e s  in F i g u r e  2 a r e  not exac t  n e a r  the x - a x i s .  

4. P l o t s  of the  computed  f r a g m e n t a t i o n  t h i c k n e s s  vs .  the wave inc idence  angle ,  shown in F i g u r e  2, 
a r e  su i tab le  fo r  p r e d i c t i n g  the p o s s i b l e  p r o f i l e s  of f r agmen ta t i on  c r a c k s  n e a r  the ze ro  point of a concen t r a t ed  
exp los ion  in an e l a s t i c  h a l f - s p a c e .  A p p r o x i m a t e  p r o f i l e s  of such c r a c k s  can be obtained by ro t a t ing  the 
sec t ions  of the  c u r v e s  (F igure  2) n e a r  to the axis  ~7" about th is  ax i s .  

The p r o f i l e s  of the c r a c k s  a r e  highly dependent  on the p a r a m e t e r  a~ 

F o r  s m a l l  va lues  of a~ (which c o r r e s p o n d s  to a low t e n s i l e - s t r e n g t h  m e d i u m  o r  to an explos ion  n e a r  
the f r ee  sur face) ,  f r a g m e n t a t i o n  c r a c k s  mus t  have a b o w l - s h a p e  whose concav i ty  f aces  the f r ee  su r f ace .  

Vice v e r s a ,  fo r  l a r g e  va lues  of (~~ (which c o r r e s p o n d  to a high t e n s i l e - s t r e n g t h  med ium or  an e x p l o -  
s ion o c c u r r i n g  deep within a ha l f - space ) ,  the f r a g m e n t a t i o n  c r a c k s  mus t  have a b o w l - s h a p e  whose con-  
cav i ty  f aces  the exp los ion .  

F o r  i n t e r m e d i a t e  va lue s  of cr ~ (or ~ ~ 0.5) ,  c r a c k s  p a r a l l e l  to the f r ee  su r f ace  a r e  p o s s i b l e .  

The shape of the c r a c k  p r o f i l e s  at the e p i c e n t e r  of an exp los ion  (or impact)  is  an ind ica t ion  of p o s -  
s ib le  f r a g m e n t a t i o n  f o r m a t i o n s .  Thus,  in addi t ion  to f r a g m e n t a t i o n s  in the f o r m  of p l a n . c o n v e x  l e n s e s  
t h e r e  can occur  f r a g m e n t a t i o n s  in the fo rm of concavoconvex  and p l a n . c o n c a v e  l e n s e s .  

The shape and d i m e n s i o n s  of f r agmen ta t i on  c r a c k s  and individual  f r a g m e n t s  depend on both on the 
p a r a m e t e r  ~~ and P o i s s o n ' s  r a t i o ,  as  wel l  as  on the wavelength ~ t  0. 

In conclus ion ,  the author  wishes  to e x p r e s s  his  g ra t i t ude  to Silkin fo r  his  d i s c u s s i o n s  and to Buslov  
fo r  p e r f o r m i n g  the computa t ions .  
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