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INTERACTION OF A SURFACE WAVE 

IN A CONCAVE HALF SPACE 

I. S. Guz' and V. N. Katanehik 

W I T H  A C R A C K  

UDC 539.3.534.231.1 

The in terac t ion  of a Rayleigh wave with a s t a t ionary  c r a c k  in a r e c t i l i n e a r  su r face  was t r e a t e d  
in [1, 2]. It  was shown that  under  c e r t a i n  condit ions a su r face  wave can genera te  dynamic 
s t r e s s e s  l a rge  enough to extend a c r a c k .  However ,  t h e r e  have been no s tudies  of  the  in terac t ion  
of a su r face  wave with a c r a c k  in a c u r v i l i n e a r  half  space,  although this  c a s e  is encountered 
m o r e  f requent ly  in p r a c t i c e .  We use  the  method of dynamic photoelas t ic i ty  to o b s e r v e  the in t e r -  
act ion of a su r f ace  wave  with an edge c r a c k  along and no rma l  to a concave  half  space .  The 
r e s e a r c h  was p e r f o r m e d  on 350• 400 • 1 5 - m m s a m p l e s  of  polymethyl  me thac ry l a t e .  A sur face  
wave  of  durat ion up to 50 #sec  was  e x i t e d  by a point mtc roexp los ion  on the  l i nea r  por t ion of 
the s amp l e  joined with the  c u r v i l i n e a r  pa r t .  The in te rac t ion  of the s u r f a c e  wave with a c r a c k  
was  r e c o r d e d  in c i r c u l a r l y  po la r i zed  l ight  by an SFR-1  h igh-speed  mo t ion -p i c tu re  c a m e r a  at  
1.5.106 frames/sec. 

We f i r s t  c o n s i d e r e d  the p ropaga t ion  ~f a su r face  wave along a concave  half  space  without a c r ack ,  and 
then i ts  in terac t ion  with a c r a c k .  The  f i lm s t r ip s  in F ig .  1 i l lus t ra te  the propagat ion  of a su r face  wave along 
a concave  half  space  of  cons tant  r a d i u s  of  c u r v a t u r e  H = 5 0  ram.  They show that  in the  propagat ion  of a Ray -  
le igh wave along a r e c t i l i n e a r  half  space  the s t r e s s  d is t r ibut ion in the wave has  a complex  shape: The re  a r e  
t h r e e  s t r e s s  r o s e t t e s ,  two of which a r e  loca ted  d i rec t ly  on the  su r face  of the half  space  in f ron t  o f  and behind 
the  ma in  d is turbance .  When a wave m o v e s  in a c u r v i l i n e a r  half  space  t he r e  is a continuous red i s t r ibu t ion  of 
e las t ic  ene rgy  in the  su r face  wave.  In the  0 < a < 90 ~ pa r t ,  where  a is the cen t ra l  angle, t he r e  is f i r s t  o b s e r v e d  
the  development  and s t rengthening of the su r f ace  r o s e t t e  in f ront  of  the  main  d i s tu rbance  a s  a r e su l t  of a 
pa r t i a l  weakening of the  l a s t  and second su r f ace  r o s e t t e s ,  and then the t r a n s f o r m a t i o n  of the  main  d i s turbance  
into a body wave t r ave l ing  with the veloci ty  of  a t r a n s v e r s e  wave.  I t  should be  noted that  independently of the 
r ad iu s  of c u r v a t u r e  (R =10, 25, 50, and 75 mm)  the  t r a n s f o r m a t i o n  of the  su r face  wave into a t r a n s v e r s e  wave 
o c c u r s  a t  ~ = 90 ~ The  s t ra in  m e a s u r e m e n t  of dynamic s t r e s s e s  in the r ec t i l i nea r  por t ion of the  half  space  
produced  by a su r face  wave  shows approx ima te ly  identical  durat ion of the c o m p r e s s i o n  and tension phases  in 
the  Rayle igh pulse  (Fig.  2a), i .e . ,  T c =T  t = 0.5T, and the ampl i tudes  of the c o m p r e s s i v e  and t ens i l e  s t r e s s  c o m -  
ponents  a r e  in the  ra t io  1 : 1.5. F i gu re  2b-e  shows o sc i l l og rams  of the  su r face  s t r e s s e s  and the  co r re spond ing  
f i lm s t r ip s  of the  d is t r ibut ion of m a x i m u m  tangent ia l  s t r e s s e s  in the  wave in pass ing  through the a : 45, 90, 

Kharkov.  T r a n s l a t e d  f r o m  Zhurnal  Pr ik ladnoi  Mekhaniki  i Tekhnicheskoi  Fiz iki ,  No. 3, pp. 137-143, 
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Fig. l 

Fig. 2 

135, and  180 ~ p a r t s .  T h e  o s c i l l o g r a m s  w e r e  o b t a i n e d  f o r  v a r i o u s  s w e e p  t i m e s .  They  show tha t  d u r i n g  the  
m o t i o n  o f  a w a v e  in t h e  0 < a < 45 ~ p a r t  t h e  a m p l i t u d e  o f  t h e  c o m p r e s s i v e  s t r e s s  i s  d e c r e a s e d ,  and a t  a =45 ~ 
t h e r e  a r e  p r a c t i c a l l y  on ly  t e n s i l e  s t r e s s e s  in  t h e  s u r f a c e  w a v e .  T h i s  c l e a r l y  d e m o n s t r a t e s  t he  p a t t e r n  of  t he  
d i s t r i b u t i o n  o f  m a x i m u m  t a n g e n t i a l  s t r e s s e s .  D u r i n g  t h e  s u b s e q u e n t  m o t i o n  of  t h e  wave  a componenL of  c o m -  
p r e s s i v e  s t r e s s  a p p e a r s  in f r o n t  o f  t h e  t e n s i o n  p h a s e .  When  a = 90 ~ a s t r e s s  c o r r e s p o n d i n g  in shape  to a R a y -  

l e i g h  w a v e  bu t  wi th  a c h a n g e  in t he  o r d e r  of  t h e  c o m p r e s s i o n  and t e n s i o n  p h a s e s  a p p e a r s  on  t h e  s u r f a c e ;  i . e .  
i f  e a r l i e r  t h e r e  w e r e  t e n s i l e  s t r e s s e s  in f ron t  of  t h e  r u n n i n g  r o s e t t e ,  t h e r e  a r e  now c o m p r e s s i v e  s t r e s s e s .  
In  t h i s  c a s e  t h e  r a t i o  o f  t e n s i l e  and  c o m p r e s s i v e  s t r e s s  c o m p o n e n t s  r e m a i n e d  a s  b e f o r e ,  and  t h e  d u r a t i o n  

Tc  = 0.5 T t .  

In  t h e  90~  a < 135 ~ p a r t  t h e r e  i s  a g a i n  a r e d i s t r i b u t i o n  of  e l a s t i c  e n e r g y ,  and  a s  a r e s u l t  f o r  ~ =135 ~ 
t h e  s u r f a c e  w a v e  c o n t a i n s  on ly  t h e  c o m p r e s s i o n  p h a s e .  L a t e r ,  f o r  135 ~ < a < 180 ~ t h e r e  i s  an  o p p o s i t e  d i s -  
t r i b u t i o n  o f  e l a s t i c  e n e r g y ,  and  a t  a = 180 ~ t h e  d i s t r i b u t i o n  o f  s t r e s s e s  on t h e  c u r v i l i n e a r  s u r f a c e  c o r r e s p o n d s  
c o m p l e t e l y  to  t he  R a y l e i g h  wave  wi th  t h e  s a m e  d u r a t i o n  of  p h a s e s  T t = T  c = 0 . 2 5 T .  

T h e  c h a n g e s  o f  s t r e s s e s  in t h e  s u r f a c e  w a v e  no ted  a b o v e  o c c u r  a s  a r e s u l t  o f  a c h a n g e  o f  t h e  p l a n e  o f  
t h e  ha l f  s p a c e  wi th  r e s p e c t  to  t h e  d i r e c t i o n  o f  p r o p a g a t i o n  o f  t he  w a v e .  

I t  is  of  i n t e r e s t  to  c o n s i d e r  t h e  i n t e r a c t i o n  o f  such  a wave  with  a c r a c k  on  a c o n c a v e  s u r f a c e .  T a k i n g  
a c c o u n t  of  t he  f ac t  t h a t  in t h e  0 < a < 90 ~ and 90~ a < 180 ~ p a r t s  t h e  wave  u n d e r g o e s  a p p r o x i m a t e l y  t h e  s a m e  
c h a n g e s ,  on ly  two c a s e s  w e r e  c o n s i d e r e d :  c r a c k s  a t  a = 4 5  and  90 ~ i . e .  a t  t h o s e  p o i n t s  w h e r e  s t r a i n  m e a s u r e -  
m e n t s  o f  t h e  d y n a m i c  s t r e s s e s  w e r e  p e r f o r m e d  e a r l i e r .  F o r  ~ = 45 ~ and a c r a c k  a l o n g  the  n o r m a l  to  t he  ha l f  
s p a c e ,  t he  p r o c e s s  o f  i t s  i n t e r a c t i o n  with  a s u r f a c e  w a v e  i n c l u d e s  t h e  p h e n o m e n a  o f  d i f f r a c t i o n ,  r e f l e c t i o n ,  
and  t h e  t r a n s f o r m a t i o n  o f  t h e  s u r f a c e  wave  into a body  wave .  T h e  f i l m  s t r i p s  i l l u s t r a t i n g  t h e s e  p h e n o m e n a  
a r e  shown in F i g .  3; in a - c  t h e  c r a c k s  a r e  in t h e  ~ = 4 5  ~ p a r t  and  have  d e p t h s  o f  5, 10, and  15 r am,  r e s p e c t i v e l y ;  
in  d t h e  c r a c k  i s  10 r a m  long  and i s  l o c a t e d  in t he  a = 90 ~ p a r t .  The  e f fec t  o f  c r a c k  dep th  on  t h e  inter=action 
with  a s u r f a c e  w a v e  i s  c l e a r l y  shown.  I t  c a n  b e  s e e n  f r o m  the  f i l m  s t r i p s  t ha t  f o r  a c r a c k  5 m m  deep  t h e  
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dynamic s t r e s s e s  a t  i ts  t ip  f i r s t  i n c r e a s e  a s  a r e su l t  of  the in teract ion of  the  su r face  s t r e s s  r o s e t t e  in f ront  
of  the  main  d i s tu rbance .  In the s t r e s s  f ie ld f o r m e d  the dis tr ibut ion approaches  the pa t t e rn  which r e s u l t s  f r o m  
the effect  o f  a longitudinal wave propagat ing  along one edge of  a c r a c k  [3]. The  tangential  s t r e s s  gradient  is 
the  s a m e  as  that  r e su l t ing  f r o m  the act ion of  a longitudinal wave t r ave l ing  a t  an angle of  80-85 ~ with the  
d i rec t ion of  the  c r a c k .  

A s the  ma in  d i s tu rbance  l e aves  the  t ip  of  the c r a c k  it does  not c a u s e  an app rec i ab l e  i n c r e a s e  in s t r e s s .  
I t  eas i ly  s l ips  along the c r a c k  and then is  broken  off f r o m  the t ip and is  t r a n s f o r m e d  into a t r a n s v e r s e  wave.  
T h e r e  is  a significant  i nc r ea se  in s t r e s s  at the mouth of  the  c r a c k  immedia te ly  a f t e r  the depa r tu re  of the 
ma in  d i s tu rbance .  In th is  c a s e  the gradient  of the m a x i m u m  tangential  s t r e s s  l i e s  along the extension of the 
c r a c k .  This  m e a n s  that  negl igible  expendi tures  of  energy a r e  r equ i red  to s t imula te  the growth of the c r a c k .  
Such a s t r e s s  f ield a r i s e s  at the t ip of  a c r a c k  under  the act ion of  a Rayleigh wave [4]. However ,  in th is  c a s e  
the c r a c k  is  too smal l  t o b e  obse rvab l e .  

The  i n c r e a s e  in length of a c r a c k  (l -- 10, 15 ram) does  not cause  an apprec iab le  i n c r e a s e  in s t r e s s ,  but 
p roduces  c e r t a i n  changes  in the in teract ion of a wave with a c r ack :  The ref lec t ion  of the main  d i s turbance  is 
s t r en~hened ,  t he r e  is a t i m e  separa t ion  of the effect  on the  c r a c k  of  the  su r f ace  rose t t e ,  the  main  dis turbance,  
and the Rayleigh wave produced at one edge of the c r a c k  by the  d i f f rac t ion of the  ma in  d i s tu rbance  at  the di-  
hedra l  angle  f o rmed  by the  p lane  of  the c r a c k  and the f r e e  half  space  (Fig. 3c}. 

An in te res t ing  pecul ia r i ty  is the fac t  that  in the c a s e  under  cons idera t ion  the c r a c k  tu rns  out to be  
o r ien ted  along a su r face  rose t t e ,  and as  a r e s u l t  this  d i s tu rbance  l e aves  the c r a c k  without diffract ion a t  
the  d ihedra l  angle.  F r o m  an ana lys i s  of  the s t r e s s  field produced at  the t ip of the c r a c k  it can be concluded 
that  d i sp l acemen t s  in the s t r e s s  r o s e t t e  i tself  a r e  also d i rec ted  along the c r a c k .  As  a r e s u l t  of th is  the dy-  
namic  s t r e s s e s  in the p r e s e n t  c a s e  a r e  l a r g e r  than those  resu l t ing  f r o m  the act ion of a Rayleigh wave on a 
c r a c k  lying along the  n o r m a l  to a r e c t i l i n e a r  half  space  [2]. Consequent ly ,  under  s t r i c t ly  s i m i l a r  condit ions 
the  c u r v a t u r e  of a half  space  i n c r e a s e s  the dynamic s t r e s s e s  at the t ip of  the c r a c k .  

370 



Fi~. 5 

The  c r a c k s  under  cons idera t ion  l ie  a t  a c e r t a i n  angle  with r e s p e c t  to the main  dis turbance,  which l eads  
to the s imul taneous  diffract ion of the ma in  d i s turbance  at the dihedral  angle and at the  t ip of  the c r ack .  Dif-  
f rac t ion  at the dihedral  angle is  accompanied  by the e x c i t a t i o n o f  su r face  waves  at  its edges and  diffract ion 
at  the t ip of  the c rack ,  producing negl igible  s t r e s s e s  in i ts  neighborhood, and t r a n s f o r m s  the ma in  d i s tu rbance  
into a t r a n s v e r s e  wave.  Thus,  the energy of the ma in  d i s tu rbance  is divided into t h r ee  par t s :  The f i r s t  is 
r e f l ec t ed  in the  f o r m  of a su r face  wave, the second is  r ad ia t ed  into the volume by a t r a n s v e r s e  wave,  and the 
th i rd  m o v e s  toward  the t ip in the  f o r m  of a Rayleigh wave.  The  depa r tu re  of the  Rayle igh  wave f r o m  the  t ip 
i n c r e a s e s  the dynamic s t r e s s e s  whose dis t r ibut ion is c h a r a c t e r i s t i c  of  th is  type of wave .  C u r v e s  1-3 of 
F ig .  4a c o r r e s p o n d  to c r a c k  lengths l =5, 10, and 15 m m  and a r ad ius  of c u r v a t u r e  R = 5 0  ram.  The c u r v e s  
show the t i m e  dependence of the s t r e s s  concent ra t ion  fo r  c r a c k s  of va r ious  depths,  f r o m  which it is c l e a r  
that  an i n c r e a s e  in c r a c k  s ize  does  not lead  to an i nc r ea se  in s t r e s s ,  but i n c r e a s e s  the  t i m e  of  the  in te rac t ion  
of the wave  with the Crack and c a u s e s  addit ional s t r e s s  f luctuations at  i ts  t ip .  I t  should be noted that  an in-  
c r e a s e  in c r a c k  s ize  a lso  d e c r e a s e s  the effect  of the c u r v a t u r e  of the  half  space  on the  in terac t ion  oi" the  wave 
with the c r a c k  and the fo rma t ion  of dynamic s t r e s s e s  a t  i ts  t ip,  s ince a s  the wave l e aves  the  r e c t i l i n e a r  s u r -  
face  of  the  c r a c k  it is t r a n s f o r m e d  into a Rayleigh wave.  

The  pa t t e rn  of  the  in te rac t ion  of a su r face  wave with a c r a c k  in the  ~ = 90 ~ p a r t  is v e r y  noteworthy.  The 
wave e m e r g e s  into th is  reg ion  of the  half  space  a t tenuated by approx ima te ly  a fac tor  of two as  a r e s u l t  of the 
t r a n s f o r m a t i o n  of  the  ma in  d i s tu rbance  into a t r a n s v e r s e  wave.  By i t se l f  the separa t ion  of a t r a n s v e r s e  wave 
ha rd ly  a f fec ts  the  shaping of the s t r e s s e d  s ta te  at  the mouth of the  c r a c k .  The  dynamic s t r e s s e s  produce  a 
new su r f ace  wave with a changed po la r i ty  of the  c o m p r e s s i o n  and tens ion  phases  in the  su r face  r o s e t t e s .  The 
d e p a r t u r e  of  the f i r s t  su r face  r o s e t t e  a l so  is  not accompanied  by an i nc r ea se  in s t r e s s ,  o r  if t h e r e  is an in-  
c r e a s e  it is too smal l  to be  r e c o r d e d  by the method chosen .  The e m e r g e n c e  of the main  d is turbance  leads  to 
the  fo rma t ion  of ~trzesses c h a r a c t e r i s t i c  for  shea r  de format ion  along the c rack ;  i .e .  the condit ions a r e  such 
that  the  c r a c k  and the  d i sp l acemen t s  in the main  d i s turbance  a r e  in the s a m e  direct ion.  Af te r  the diffract ion 
of the main  d i s tu rbance  by the  t ip of  the c r a c k  a s t r e s s  r o s e t t e  is  fo rmed  in its neighborhood which is  c h a r a c -  
t e r i s t i c  for  sepa ra t ion  deformat ion ,  and as  a r e s u l t  a " s t r e s s  knife" is  produced in f ront  of the c r a c k  t ip.  A 
pa t t e rn  of  th is  kind is produced in the mot ion of a c r a c k  with a veloci ty  c lo se  to the Rayleigh velocity,  o r  in 
the  s imul taneous  act ion of two Rayle igh waves  propagat ing  along both edges of a c r a c k  [2]. P robab ly  the action 
of the wave  under  invest igat ion l eads  to the exci tat ion of  Rayle igh waves  at the tip of the c r a c k  propagat ing  
f r o m  the t ip of  the  c r a c k  and thus p roduces  the s t r e s s  pa t t e rn  recorded ;  i .e. ,  in the  p r e sen t  c a s e  the i nve r se  
p r o b l e m  is  r ea l i zed .  T h e r e  is no doubt that  when the s t r e s s  concent ra t ion  b e c o m e s  sufficient  for  c r a c k  ~ o w t h  
th i s  growth will p r o c e e d  ve ry  rap id ly .  The f i lm s t r i p s  obtained es tabl i sh  another  c h a r a c t e r i s t i c :  The dif -  
f r ac t ion  of a wave l eads  to the r epea t ed  t r a n s f o r m a t i o n  of a su r face  wave into a t r a n s v e r s e  wave propagat ing  
at  an angle  of  90 ~ with the d i rec t ion  of mot ion of  the f i r s t  t r a n s v e r s e  wave.  

In o r d e r  to e l iminate  the  effect  of the dihedral  angle on the p r o c e s s e s  under  study, c r a c k s  were  con-  
s idered  or ien ted  along a concave  half  space .  The  f i lm s t r ip s  i l lus t ra t ing this c a s e  a r e  p r e sen t ed  in Fig.  5. 
They show that  in the di f f ract ion p r o c e s s  only su r f ace  s t r e s s  r o s e t t e s  a r e  involved, and a f te r  the wave l eaves  
the  t ip of the  c r a c k  the  main  d i s tu rbance  is comple te ly  t r a n s f o r m e d  into a t r a n s v e r s e  wave.  

In the  ~ =45 ~ p a r t  the  di f f ract ion of the  wave p roduces  dynamic s t r e s s e s  at  the t ip of the c r a c k  which 
a r e  c h a r a c t e r i s t i c  for  the  es of a longitudinal wave incident a t  a c e r t a i n  angle with t he  plane of  the c r a c k .  
The magni tude of  the  dynamic s t r e s s  tu rns  out to be negl igible .  On th is  ba s i s  it can  be  concluded that  in the 
p r o c e s s  of shaping the  dynamic s t r e s s  f ie ld at the t ip of  a c r a c k  only a negl igible  f r ac t ion  of the elast ic  ene rgy  
c a r r i e d  by the su r f ace  wave t akes  pa r t ,  name ly  tha t  p a r t  which gives  r i s e  to d i sp lacements  of pa r t i c l e s  of  the 
med ium d i rec ted  at  a c e r t a i n  angle  with the plane of the  c r a c k .  The p r o c e s s  of shaping the s t r e s s  f ield at  the 
t ip of  a c r a c k  is accompanied  by in tense  rad ia t ion  of e last ic  waves .  This  can  be  t r a c e d  by the diverging i s o -  
ch romat i c  c u r v e s  and indicates  the  at tenuation of the d i f f rac ted  wave.  It  is noted that  e las t ic  ene rgy  is  r a d i -  
a ted into the vo lume twice  with a c e r t a i n  separa t ion  in t ime:  as  a r e s u l t  of the d i f f rac t ion of the su r face  
r o s e t t e  and the  separa t ion  of  the  ma in  d i s tu rbance .  
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Fig. 6 

F o r  a c r a c k  in the  a = 90* port ion,  in spi te  of  apprec iab le  at tenuation of the wave (approximate ly  by a 
f ac to r  of  two), the  dynamic s t r e s s  produced at its tip is  l a r g e r  than in the c a s e  cons idered  above.  This  r e -  
su l t s  f r o m  the change of the  front  of  the su r face  wave  and the c rea t ion  of condit ions for  which the d i sp l ace -  
merit of  p a r t i c l e s  a t  the  f ront  of  the  propaga t ing  wave is d i rec ted  at  a smal l  angle with the plane of the c r ack .  
An in te res t ing  f ea tu re  is  the fac t  tha t  in th is  por t ion  the c u r v a t u r e s  r e su l t  in a change of phase  of the  su r face  
wave,  and the  s t r e s s  f ield produced a t  the  mouth of the c r a c k  is due to the act ion of the  tension phase .  

A genera l  c h a r a c t e r i s t i c  of  all  the c a s e s  cons ide red  is the change of the  wave f ront  and the dis tr ibut ion 
of m a x i m u m  tangential  s t r e s s e s  in the wave as  the  r e s u l t  of  diff ract ion.  The complex  s t r e s s  pa t t e rn  res~Jlts 
f r o m  the fo rmat ion  of s eve ra l  t ypes  of  waves  propaga t ing  with di f ferent  ve loci t ies  and having the i r  own c h a r a c -  
t e r i s t i c s  of  in terac t ion  with a c r a c k .  T h e r e f o r e ,  at the  t ip of a c r a c k  t h e r e  is a continuous var ia t ion  of s t r e s s  
in t i m e  and space .  In addition, in all  the c a s e s  cons ide red  a va r ia t ion  of the r ad ius  of c u r v a t u r e  of the half  
space  between R =10 and 75 m m  does  not produce  a significant  change in the in teract ion of the wave with a 
c r a c k  (cf. F ig .  4b; c u r v e s  1-3 c o r r e s p o n d  to R =25, 50, 75 m m  for  I =15 ram).  

An i n c r e a s e  in in tensi ty  of  the  su r face  wave leads  to c r a c k  growth (Fig. 6). In th is  c a s e  the growth 
o c c u r s  under  the influence of the  tens ion  phase  o r  as  the  r e su l t  of  the shaping of ~he s t r e s s  field producing 
t ens i l e  s t r e s s e s  at  the tip of the c r a c k .  
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