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In the a r t i c l e  the  m e t h o d  of dynm-nic p h o t o e l a s t i c i t y  i s  u sed  to i n v e s t i g a t e  the f o r m a t i o n  of a 
s t a t e  of s t r e s s  at the a p e x e s  of  c r a c k s  and no t c he s  unde r  the  ac t ion  of s t r e s s  w a v e s .  Edge 
and c l o s e d  c r a c k s  in the c a s e  of the ac t ion  of  l ong i tud ina l  and s u r f a c e  w a v e s  a r e  d i s c u s s e d .  
The  i n v e s t i g a t i o n s  show that  a c r a c k  m a y  be s i m u l a t e d  by a notch only  under  de f in i t e  cond i -  
t ions .  

In the  work  an a t t e m p t  was  m a d e  to j u s t i fy  e x p e r i m e n t a l l y  the  s i m u l a t i o n  of c l o s e d  c r a c k s  by a notch.  
The i n v e s t i g a t i o n s  w e r e  c a r r i e d  out  by the m e t h o d  of p h o t o e l a s t i c i t y  in a h o m o g e n e o u s  i s o t r o p i c  m a t e r i a l  - 
p o l y m e t h y l m e t h a c r y l a t e .  B a s e d  on the i n v e s t i g a t i o n s  i t  i s  shown that  a notch can be used  only  u n d e r  d e f i n -  
i te  cond i t i ons  fo r  s tudying  p h y s i c a l  p h e n o m e n a  and the f o r m a t i o n  of a s t a t e  of  s t r e s s  at  the  apex of  a c r a c k  
u n d e r  d y n a m i c  load ing .  

The  i n t e r a c t i o n  be tween  long i tud ina l  and s u r f a c e  w a v e s  and a notch w a s  e x a m i n e d  with a d i f f e r e n t  
o r i e n t a t i o n  with  r e s p e c t  to the  f ron t  of  an inc iden t  wave .  The  s tudy o f  the  i n t e r a c t i o n  of  the l ong i tud ina l  
w a v e s  was  c a r r i e d  out  on s a m p l e s  in the  fo rm of  d i s k s  with a d i a m e t e r  of  200 m m  and a t h i c k n e s s  of  15 
m m .  Sur face  w a v e s  w e r e  i n v e s t i g a t e d  on s a m p l e s  with s i z e s  of 4 0 0 x 3 0 0 x  15 m m .  In the f i r s t  c a s e ,  no t ches  
w e r e  sawn along the r a d i u s  of the d i s k  to the c e n t e r ,  whi le  the c r a c k s  w e r e  g e n e r a t e d  by a l ight  b low of a 
kni fe  at  the  a p e x e s  of  ana logous  saw cu t s ,  but  did  not  extend to the  c e n t e r  of the  s a m p l e  by a d i s t a n c e  of  
20-30 r a m .  S a m p l e s  w e r e  s e l e c t e d  with a f l a t  f ron t  of the c r a c k ,  l oc a t e d  at the c e n t e r .  C l o s e d  c r a c k s  w e r e  
s i m u l a t e d  by a notch at  the  c e n t e r  of  the s a m p l e .  With  the  load ing  of such s a m p l e s  by a wave  of s t r e s s e s  
a long a n o r m a l  to the p l ane  of the notch ,  t h e r e  i s  s y m m e t r i c a l  d e v e l o p m e n t  of c r a c k s  at  i t s  apex .  The  
c r a c k s  f o r m i n g  l i e  in the  p lane  of the notch and a r e ,  in a way,  i t s  p r o l o n g a t i o n .  S~unples ~ i t h  th i s  type  of 
r e a l  c l o s e d  c r a c k s  w e r e  sub j ec t ed  to f u r t h e r  s tudy.  The  s t r e s s  w a v e s  w e r e  e x c i t e d  by the m i c r o e x p l o s i o n  
of  20 m g  of  P E T N  at  the end of  the  s a m p l e .  A s s u m i n g  that  a l l  the  e x p e r i m e n t a l  cond i t ions  a r e  i d e n t i c a l ,  the  
s i m i l a r i t y  was  eva lua t ed  f rom the va lue  and c h a r a c t e r  of the d i s t r i b u t i o n  of the m a x i m a l  t angen t iM s t r e s s e s  
in the zones  u n d e r  i n v e s t i g a t i o n .  

F i g u r e  l a  g i v e s  c inepho tos  of  the  i n t e r a c t i o n  be tw e e n  s t r e s s  w a v e s  and edge  no t c he s  and c r a c k s .  The  
c a s e  of  the  p r o p a g a t i o n  of a wave  a long one s ide  of the c r a c k  i s  c o n s i d e r e d .  The  f r a m e s  on the c inepho tos ,  
c o r r e s p o n d i n g  to i d e n t i c a l  m o m e n t s  of t i m e  ( r eckoned  f rom the m o m e n t  of  a r r i v a l  of the wave  to the c r a c k ) ,  
a r e  g r a p h i c  e v i d e n c e  of  the  c o i n c i d e n c e  of the s t r e s s  d i s t r i b u t i o n  at the a p e x e s  of the c r a c k s .  T h i s  i s  ob -  
s e r v e d  not only  in the  d i s t r i b u t i o n  of the  t a n g e n t i a l  s t r e s s e s ,  but  a l so  in t h e i r  va lue .  The  d y n a m i c  coe f f i -  
c ien t  of the c o n c e n t r a t i o n  i s  r o u g h l y  equal  to t h r e e .  Th i s  m e a n s  tha t ,  in the c a s e  unde r  c o n s i d e r a t i o n ,  t h i s  
type  of s i m u l a t i o n  i s  c o r r e c t .  A s p e c i a l  c h a r a c t e r i s t i c  of  the  r e c o r d e d  s t r e s s  f i e ld  i s  the  d i r e c t i o n  of  the 
g r a d i e n t  of  the  t angen t i a l  s t r e s s e s  at  an angle  of  80-85 ~ to the d i r e c t i o n  of the c r a c k .  

By a c o m p a r i s o n  of the  s t r e s s  f i e l d s  ob ta ined  with d i f f e r e n t  o r i e n t a t i o n s  of the  c r a c k s  and no tches  
with r e s p e c t  to the f ron t  of the  i n c i d e n t  wave  (Fig .  l b ,  c) i t  h a s  been  e s t a b l i s h e d  tha t  a change in the  angle  
of  i n c i d e n c e  of  the wave b r i n g s  about  a change  in  the  s t r e s s  f ie ld ,  both in v a l u e  and in the  c h a r a c t e r  of the  
d i s t r i b u t i o n  of  the t angen t i a l  s t r e s s e s .  ~ change  in the  pos i t i on  of  a c r a c k  o r  notch wi thin  the  r a n g e  0-80 ~ 
l e a d s  to a change in the  s t r e s s  f ie ld  only in va lue .  I nc idence  of the wave a long a n o r m a l  to the p lane  of the  
c r a c k  b r i n g s  about a r e d i s t r i b u t i o n  of  the s t a t e  of s t r e s s  such tha t  the g r a d i e n t  of the a c c u m u l a t e d  s t r e s s e s  
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Fig .  ] 

F i g .  2 

coincides with the direction of the crack. This points to a change in the mechanism of formation of the 
state of stress [I, 2]. 

In th is  c a s e ,  the cx)ndition for  s i m u l a t i o n  b r e a k s  down. As a r e s u l t  of the p r e s e n c e  of an a c o u s t i c a l  

contac t  be tween  the e d g e s  of  the c r a c k ,  the p r o p a g a t i n g  wave  is  e a s i l y  t r a n s f o r m e d  th rough  it, with only a 

weak e f f ec t  on the breakdou,n of the cont inui ty .  As  a r e s u l t ,  a weak d i f f r a c t i o n  s t r e s s  f ie ld  i s  se t  up at the 

apex of the c r a c k  which ,  in a f i r s t  a p p r o x i m a t i o n ,  c o i n c i d e s  with the f ie ld  at the apex of  a notch.  Spread ing  

of the c r a c k  d e c r e a s e s  th i s  lack of a g r e e m e n t ,  but d o e s  not e l i m i n a t e  it c o m p l e t e l y ,  s ince  it is  not p o s s i b l e  

to e l i m i n a t e  a e o u ~ i c a l  con tac t  at the mou th  of the c r a c k ,  r e s u l t i n g  f rom i ts  f o r w a r d  m o v e m e n t .  A f u r t h e r  

i n c r e a s e  in the angle  of  i n c i d e n c e  of the wave  aga in  y i e l d s  a c o i n c i d e n c e  of  the r e s u l t s .  The  d e p e n d e n c e  of  

the c o n c e n t r a t i o n  c o e f f i c i e n t s  on the angle  of  i n c i d e n c e  of the wave  is  shown below.  

~~ 0 30 60 90 120 150 

K d for a crack 3.t 2.7 2 i . l  1.9 2.5 
K d for a notch ,2 2,5 i.8 1.5 i.7 2.4 

H e r e  Kd= K m a x J K ' m a x K m a x  is  the m a x i m a l  c o n c e n t r a t i o n  of  the e l a s t i c  e n e r g y  at the mou th  of the  
c r a c k  as  a r e s u l t  of  the ac t ion  of the wave ;  K m a  x i s  the m a x i m a l  c o n c e n t r a t i o n  of e n e r g y  at the f ront  of 
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the  i n c i d e n t  wave  b e f o r e  i t s  i n t e r a c t i o n  with  the c r a c k .  

T h e s e  q u a n t i t i e s  w e r e  d e t e r m i n e d  in an i d e n t i c a l  vo lume  us ing  a m e t h o d  se t  fo r th  in [ l j .  In t h i s  c a s e  
d a m p i n g  of the  wave  can be n e g l e c t e d ,  s i n c e  the d i s t a n c e  be tw e e n  the z o n e s  in  which  the  va lue  of  the e l a s t i c  
e n e r g y  w a s  d e t e r m i n e d  i s  v e r y  s m a l l .  

Thus ,  a l a c k  of a g r e e m e n t  i s  o b s e r v e d  only with  an o r i e n t a t i o n  of  the  c r a c k  along a n o r m a l  t o t h e  d i r e c -  
t ion of p r o p a g a t i o n  of the wave .  With  q u a n t i t a t i v e  m e a s u r e m e n t s  on a m o d e l ,  in t h i s  c a s e  t h e r e  a r i s e s  an 
e r r o r ,  i . e . ,  the  v a l u e s  ob ta ined  a r e  found to be s o m e w h a t  too high.  

I t  i s  of  i n t e r e s t  to i n v e s t i g a t e  the i n t e r a c t i o n  be tween  R a y l e i g h  w a v e s  and c r a c k s  and no t ches .  T h e s e  
w a v e s ,  l ike  the  v o l u m e t r i c  w a v e s ,  w e r e  e x c i t e d  by a c o n c e n t r a t e d  m i c r o e x p l o s i o n ,  which was  c a r r i e d  out  at 
a d i s t a n c e  of 200 m m  f rom the apex  of  the c r a c k .  T h i s  d i s t a n c e  was  s e l e c t e d  f rom the cond i t ion  tha t ,  at  the 
m o m e n t  of  the a r r i v a l  of the R a y l e i g h  wave  a t  the apex of  the c r a c k ,  i t  would be  c o m p l e t e l y  s e p a r a t e d  f rom 
the t r a n s v e r s e  wave .  

C inepho tos  of the i n t e r a c t i o n  be tween  a R a y l e i g h  wave  and a c r a c k  and a notch a r e  shown in F i g .  2a.  
An a n a l y s i s  of  t h e s e  r e s u l t s  ( d e t e r m i n a t i o n  of  the change  in the  va lue  of the e l a s t i c  e n e r g y  at the apex ,  and 
of the  t r a n s m i s s i o n  and r e f l e c t i o n  c o e f f i c i e n t s  of  the  R a y l e i g h  wave) shows that  in the c a s e  of a notch with 
a r a d i u s  of  i t s  apex  l e s s  than 0.5 m m .  t h e r e  i s  an a l m o s t  c o m p l e t e  ana logy  be tween  the p r o c e s s e s  t ak ing  
p l a c e  and the s t a t e  of  s t r e s s  with a c r a c k .  With r a d i i  g r e a t e r  than this va lue ,  s o m e  lack  of  a g r e e m e n t  i s  
o b s e r v e d .  To e v a l u a t e  the  e f f e c t  of the r a d i u s  of the  apex on the p a s s a g e  of s u r f a c e  w a v e s ,  s u p p l e m e n t a r y  
i n v e s t i g a t i o n s  w e r e  m a d e  (Fig .  2b). An a n a l y s i s  of  the  r e s u l t s  showed tha t  the  t r a n s m i s s i o n  coe f f i c i en t  of 
a R a y l e i g h  wave  K R d e p e n d s  on the r a d i u s  only  when the r a d i u s  i s  i n c r e a s e d  to 1 rnm.  A f u r t h e r  r i s e  in 
the va lue  of the r a d i u s  does  not l ead  to any s u b s t a n t i ' d  change in K R. I t s  va lue  was  d e t e r m i n e d  in the  fo l -  
lowing m a n n e r :  

Kn = Kn" /K.La~ 

w h e r e  K ~  i s  the va lue  of  the e l a s t i c  e n e r g y  p a s s i n g  th rough  the  apex into the  shadow zone,  d e t e r m i n e d  by 
ana logy  with Kma x . 

The  d e p e n d e n c e  of the  t r a n s m i s s i o n  c o e f f i c i e n t  of  a R a y l e i g h  wave  on the r a d i u s  of the  apex i s  shown 
below.  

r, mm Crack 0.25 0.5 t 2 3 4 

Kr{ 0.08 0.23 0.4 0.41 0.42 0.42 0.4:~ 

A c o m p a r i s o n  be tween  the  change  in K R with the t i m e  and the fo rm of the load  shows  tha t ,  with r a d i i  
of  the  apex g r e a t e r  than  1 m m ,  they  a r e  i d e n t i c a l ,  i . e . ,  t h e r e  i s  a l i n e a r  d e p e n d e n c e  be tween  the supp ly  of 
e n e r g y  into the shadow r e g i o n  and the fo rm of  the  load .  

An i n v e s t i g a t i o n  was  a l so  m a d e  of the  i n t e r a c t i o n  be tween  s t r e s s  w a v e s  and c lo sed  c r a c k s .  A notch 
s i m u l a t i n g  a c r a c k  and a notch with r e a l  c r a c k s  at i t s  a p e x e s  w e r e  s tud i ed  with d i f f e r e n t  a n g l e s  of i n c i d e n c e  
of the wave  (F ig .  3). The  r e s u l t s  b e a r  w i t n e s s  to the fac t  that ,  a s  in the  e a s e  of  an edge  c r a c k ,  a change  in 
the angle  o f  i n c i d e n c e  of the wave  e n t r a i n s  a r e d i s t r i b u t i o n  of  the s t a t e  of s t r e s s  at the  apex  of  a notch o r  a 
c r a c k .  With i n c i d e n c e  of the wave  a long a n o r m a l  to a notch (Fig .  3a),  t h e r e  f i r s t  a r i s e s  a un i fo rm s t r e s s  
f ie ld  a long the u p p e r  p lane  of  the  notch ,  due to i n t e r f e r e n c e  be tween  the i n c i d e n t  and r e f l e c t e d  w a v e s  and,  
a n a l o g o u s l y ,  to that  a r i s i n g  with the r e f l e c t i o n  of a wave  f rom a f r e e  s u r f a c e .  

At  a c e r t a i n  d i s t a n c e  f rom the p lane  of the notch ,  t h e r e  i s  f o r m e d  a r e g i o n  of m a x i m a l  s t r e s s  c o n c e n -  
t r a t i o n ;  t h e s e  s t r e s s e s  can l e ad  to s p l i t t i n g - o f f  p h e n o m e n a .  The  va lue  of the m a x i m a l  t angen t i a l  s t r e s s e s  
i s  400-500 kg /em 2. As  a r e s u l t  of d f f f r ac t i on  s y m m e t r i c a l  s t r e s s  r o s e t t e s  a r e  f o r m e d  at  the a p e x e s ,  whose  
g r a d i e n t  i s  d i r e c t e d  a long the notch.  T h e r e  i s  then a r e i n f o r c e m e n t  of the  i n t e r f e r e n c e  p i c t u r e  at  the u p p e r  
p lane  of the notch,  and d i f f r a c t i o n  of  the wave  into the  shadow r e g i o n ,  w h e r e  t h e r e  a r i s e s  a c o n c e n t r a t i o n  of  
s t r e s s e s  r e s u l t i n g  f rom the compound ing  of  w a v e s  coming  f rom r i g h t  and lef t .  The  outf low of e n e r g y  into 
the  shadow zone obv ious ly  t a k e s  p l a c e  a s  the  r e s u l t  of  both long i tud ina l  and s u r f a c e  w a v e s .  When a concen -  
t r a t i o n  of s t r e s s e s  i s  a t t a ined  which  e x c e e d s  the d y n a m i c  t e n s i l e  s t r e n g t h ,  a c r a c k  d e v e l o p s  in the  d i r e c t i o n  
of  the  g r a d i e n t  of  the  t angen t i a l  s t r e s s e s .  
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Fig .  3 

It is  wor thy  of  note  tha t ,  wi th  the  a c t i o n  of  a w a v e ,  t h e r e  i s  a d e f l e c t i o n  of the  u p p e r  p l a n e  of 
the  c r a c k .  U n d e r  de f in i t e  c o n d i t i o n s ,  the  d e f l e c t i o n  has  a m a g n i t u d e  s u f f i c i e n t  fo r  the  f o r m a t i o n  and d e -  
v e l o p m e n t  of  a c r a c k  in the  m i d d l e  p a r t  of  the  notch.  I t s  d e v e l o p m e n t  p r o c e e d s  at  a r a t e  of  30-40  m / s e c ,  
in a d i r e c t i o n  o p p o s i t e  to the  i n c i d e n t  wave .  The  s m a l l  r a t e  of g r o w t h  of the c r a c k  i s  p r o b a b l y  e x p l a i n e d  
by the fac t  that  i t s  d e v e l o p m e n t  t a k e s  p l a c e  in the  c o m p r e s s i n g  f ie ld  of the  i n c i d e n t  wave ,  which  p ~ r t i a l l y  
c o m p e n s a t e s  the  e l o n g a t i o n a l  s t r e s s e s  at  the  apex of  the  c r a c k .  An i n c r e a s e  in the i n t e n s i t y  of  the  i n c i d e n t  
wave  d o e s  not l ead  to a r i s e  in the r a t e  of  g rowth  of t h i s  c r a c k .  

When the d i r e c t i o n s  of the notch and of  the  p r o p a g a t i o n  of the wave  co inc ide  tF ig .  3c),  t h e r e  i s  f i r s t  
f o r m e d  a s t r e s s  r o s e t t e  a t  the n e a r e s t  apex  of  the  notch;  the r o s e t t e  i s  then  s o m e w h a t  m o d i f i e d  and i s  
t r a n s f o r m e d  into s u r f a c e  w a v e s ,  p r o p a g a t i n g  a long  the  p l a n e  of the  notch.  The  a r r i v a l  of  t h e s e  p e r t u r b a -  
t i o n s  at  the o p p o s i t e  apex s e t s  up a s t a t e  of  s t r e s s  in i t s  v i c i n i t y ,  c a p a b l e  of b r i n g i n g  about  the  d e v e l o p m e n t  
of a c r a c k .  It i s  c h a r a c t e r i s t i c  tha t ,  in the  c a s e s  u n d e r  c o n s i d e r a t i o n ,  the  p r o c e s s  of the f o r m a t i o n  of a d y -  
n a m i c  s t r e s s  f i e ld  at  the a p e x e s  of  the  notch d i f f e r s  in i t s  p h y s i c a l  na tu r e :  in the  f i r s t  c a s e ,  the  c o n c e n t r a -  
t ion of s t r e s s e s  i s  due to the  d i f f r a c t i o n  of the  l ong i tud ina l  w a v e ,  whi le  in the s econd  c a s e ,  i t  i s  c o n n e c t e d  
with the  p r o p a g a t i o n  of  s u r f a c e  w a v e s .  In sp i t e  of t h i s ,  the  d i r e c t i o n  of the  g r a d i e n t  of  the c o m b i n e d  s t r e s -  
s e s  c o i n c i d e s  in t h e s e  c a s e s .  As  a r e s u l t  of  t h i s ,  the  t r a j e c t o r i e s  of  the m o t i o n  of the c r a c k s  c o i n c i d e .  

With the  i n c i d e n c e  of a wave  at an ang le  of  30-60  ~ the d i s t r i b u t i o n  of  the s t r e s s e s  d i f f e r s  f r o m  the 
f i r s t  two c a s e s  c o n s i d e r e d .  The  d i f f e r e n c e  c o n s i s t s  in a change  in the  g r a d i e n t  of the t angen t i a l  s t r e s s e s  
and in t h e i r  a l t e r n a t i n g  r e i n f o r c e m e n t  and r e l a x a t i o n  at  the a p e x e s .  T h e s e  p u l s a t i o n s  a r e  connec t ed  with  
the  e x c i t a t i o n  of ~ r f a c e  w a v e s  a long  the s i d e s  of  the  notch.  As  a r e s u l t  of the  s t a t e  of  s t r e s s  of  the  s a m -  
p le ,  no p r o p a g a t i o n  of t h e s e  p e r t u r b a t i o n s  i s  o b s e r v e d ;  h o w e v e r ,  s t u d i e s  of R a y l e i g h  w a v e s  [3] show tha t  
the c h a r a c t e r  of the  s t r e s s  d i s t r i b u t i o n  at the  a p e x e s  c o r r e s p o n d s  to the ac t ion  of t h i s  type  of  waves .  

A f u r t h e r  s tudy was  m a d e  of  the  i n t e r a c t i o n  be tween  w a v e s  and a notch having  r e a l  c r a c k s  at  i t s  
a p e x e s  (F ig .  3b. d). The  c i n e - f r a m e s  o b t a i n e d  poin t  to the  p r e s e n c e  of  c e r t a i n  s p e c i a l  c h a r a c t e r i s t i c s  in 
the  f o r m a t i o n  of the s t r e s s e s :  in the c a s e  of  the  i n c i d e n c e  of  the wave  a long  a n o r m a l  to the p l a n e  of the  
c r a c k ,  the s a m e  type  of  c o n c e n t r a t i o n  i s  not se t  up a s  in a notch.  The  o b s e r v e d  p h e n o m e n a  a r e  a n a l o g o u s  
to t hose  o b s e r v e d  in the  s tudy o f  the  i n t e r a c t i o n  be tween  a wave  and an edge  c r a c k .  The  wave  i s  e a s i l y  
t r a n s f o r m e d  th rough  b r e a k d o w n  of the con t inu i ty  if the  d i s t a n c e  b e t w e e n  i t s  s i d e s  i s  c o m m e n s u r s t e  wi th  
the  va lue  o f  the  e l a s t i c  d e f o r m a t i o n  at  the  f r o n t  of the  i n c i d e n t  wave .  The  c r i t i c a l  d i s t a n c e  (the d i s t a n c e  
at  which  t r a n s m i s s i o n  of the  wave  i s  not  o b s e r v e d )  i s  d e t e r m i n e d  by the  i n t e n s i t y  of the  i n c i d e n t  wave .  

If the d i r e c t i o n  of  the c r a c k  and of  the p r o p a g a t i o n  of  the  wave  c o i n c i d e  t F i g .  3d), t h i s  c a s e  p r a c t i c a l -  
ly d o e s  not d i f f e r  f rom the i n t e r a c t i o n  be tween  a wave  and a notch .  The  m a x i m a l  s t r e s s  c o n c e n t r a t i o n  i s  
connec t ed  with  the  a r r i v a l  of  a R a y l e i g h  wave  at  the  apex  of  the c r a c k .  In t h i s  c a s e ,  the  d e v e l o p m e n t  of 
the  c r a c k  i s  s h a r p l y  a c c e l e r a t e d  i f  the inf lux of  e l a s t i c  e n e r g y  e x c e e d s  tha t  expended  f o r  b r e a k d o w n ,  a p -  
p r o a c h i n g  the v e l o c i t y  of  the  R a y l e i g h  w a v e s .  

The  au tho r  t hanks  Yu. N. Rabo tnov  fo r  h i s  a d v i c e  and fo r  h i s  o b s e r v a t i o n s  d u r i n g  e v a l u a t i o n  of  the  
w o r k .  
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