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The passage of Rayleigh waves through boundary c r acks  of var ious  orientation is studied by the 
method of dynamic photoelasticity.  The passage coefficients  of a wave a re  determined, and formation of a 
s t ress  state in the neighborhood of the c r ack  tip is demonstra ted for var ious  posit ions of the crack.  It is 
shown that a variat ion in the orientation of the c r a c k  leads to a variat ion not only in the s t r e ss  concentration 
but also in the mechanics  of its formation.  The maximum s t r e s s  concentrat ion occurs  in the case of the 
c rack  being positioned at the angle a = 150 ~ while the minimum s t r e s s  occurs  for a = 90". 

Investigations into the effect of the surface waves on the development of the boundary c racks  broaden 
the concept of the mechanism of f rac ture  of solids under dynamic loading. In [1, 2] c r a c k  growth was 
demonstra ted in the case  of Rayleigh waves going out to its vertex.  In the present  work we consider  the 
effect of the orientation of the c r a c k  on the passage of Rayleigh impulses.  

The investigations were  ca r r i ed  out on tes tpieces  of polymethylmethacryla te  with the dimensions 
400 • 250 x 15 mm ~, on which by means of a slight tap of a knife, we produced c racks  of a rb i t r a ry  depth 
and required orientation. Identical dimensions of the c racks  were  obtained by milling the surface of the 
testpiece.  

The experiments  were ca r r i ed  out on tes tp ieces  with the length of c r ack  equal to 5, 10, and 15 mm. 
Rayleigh waves were  excited by a point microexplosion at the end of the testpiece.  The weight of the mic ro -  
charge  was 40 mg of TENn. The initiation of the microexplosion was effected by means of an exploding 
wire.  A discharge of a capaci tor  with 2 ~ F capaci tance charged up to 5000 V was produced through a copper  
wire  5-mm long and 0.05 mm in diameter .  The control  of the explosion was effected by means of a dis-  
cha rge r  c lamp connected in se r ies  with the wire by a high-voltage impulse from the control  panel of an 
SFR-1M camera .  This ensured complete safety when setting off the microcharge .  The fi lming of the 
p roces s  of propagation and interaction of the wave and the c r ack  was ca r r i ed  out in polar ized light. For  
the polar izat ion a polar iscope with c i r cu la r  polarization was used, while in the role of the light source an 
ISSh-100-3 vacuum tube, ensur ing a flash with duration of 300/~ sec, was used, Monochromatici ty of the 
light was achieved by means of an interference light f i l ter  with k =460 m/~. 

The pat tern of interaction of Rayleigh waves and a c r ack  of var ious  orientat ions is shownonc inegrams  
obtained with a veloci ty of filming of 106 f r a m e s / s e c  (Fig. 1). A study of them conf i rms  the fact that when 
the wave passes  through the crack,  the following phenomena take place: diffraction of the wave on the 
dihedral angles at the c r ack  tip, ref lect ion of the wave, formation of surface waves and body waves, and 
separation of the Rayleigh wave into two surface waves that follow one after  another. 

The phenomena being observed in many aspects  is determined by the orientation of the c r ack  and 
by its dimensions. If the c r ack  is located so that it forms  an angle c~ > 90 ~ with the surface of the half- 
space, then the passage begins with diffraction of the wave on the dihedral angle ~. At the same time the 
wave is par t ia l ly  reflected,  and part ial ly passes  through to one of the sides of the crack.  The last  wave, 
propagatIng towards the vertex,  having reached it, diffracts,  c rea t ing  a s t r e s s  concentrat ion in its vicinity. 
The diffraction phenomenon on the c r ack  is accompanied by format ion of surface waves and body waves; 
this is c lea r ly  seen on the c inegrams  f rom the l sochromat ics  propagating into the depth. After diffraction 
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Fig.  1 

of the wave at the c r a c k  t ip  i ts  d i f f rac t ion  t akes  p lace  on the d ihedra l  Kd -- ~ ~  Ks angle tha t  is ad jacent  to the angle ct. 

-g.$ If the angle  ~ < 90 ~ then the sequence of pas sage  of the wave d e -  
1.6 _ ~  s c r i b e d  above is d i s tu rbed .  At the beginning the fundamental  r o se t t e  of 

J s t r e s s e s  r e a c h e s  the v e r t i c e s  of the c r a c k ,  and then d i f f rac t ion  of the 
~# ro se t t e  c lo se  to the su r face  t akes  p lace  on the d ihedra l  angle ~ ,  the 

_ ~ v  \ . ~  c r a c k  and the The t i m e - b a s e d  between t ip,  angle 180 ~ separa t ion  
l.Z ~', these  p r o c e s s e s  is  d e t e r m i n e d  by the angle ~ and the d imens ion  of the 

c rack .  This  g ives  r i s e  to s e pa r a t i on  of the Rayle igh  wave into two 
60 18o $00 •, degree su r face  waves  that  follow one a f t e r  another .  The exc i ta t ion  of the f i r s t  

su r face  wave is  c a u s e d  by va r i a t i on  of the s t r e s s  s ta te  a t  the c r a c k  t ip  
Fig.  2 

as  a r e s u l t  of the ac t ion  of the bas ic  d i s tu rbance .  

On the c i n e g r a m s  we see the effect  of the o r i en ta t ion  of the c r a c k  on the d i s t r ibu t ion  and magnitude 
of maximum s h e a r  s t r e s s e s  at i ts  ve r t ex .  They a r e  r e s p o n s i b l e  for  the subsequent  behav ior  of the c r a c k ,  
s ince  they d e t e r m i n e  i ts  magnitude and the t r a j e c t o r y  of development .  The growth of the c r a c k  a lways  
t akes  p lace  along the g rad ien t  of t angent ia l  s t r e s s e s .  If ~ =90 ~ then the c r a c k  grows at an angle of 80 ~ to 
i ts  o r ig ina l  pos i t ion ,  while in the c a s e  ~ =150 ~ it t akes  p lace  at  an angle 7-8 ~ A v a r i a t i o n  of the p a r a m e t e r s  
of the incident  wave is accompan ied  by a va r i a t i on  in the magnitude of the s t r e s s  s ta te  and has an effect  
only on the r a t e  of development  of the c rack .  

On the b a s i s  of the inves t iga t ions  c a r r i e d  out, we can conf i rm the ex i s t ence  of a c o r r e l a t i o n  between 
the magni tude of e l a s t i c  ene rgy  s t o r e d  at  the v e r t e x  before  f r a c t u r e  and the magnitude of i nc remen t  of the 
c r ack .  Regre t t ab ly ,  it is  not pos s ib l e  to e s t a b l i s h  a s t r i c t  r e l a t i onsh ip  between these  p a r a m e t e r s  on the 
b a s i s  of the e x p e r i m e n t s  c a r r i e d  out, s ince  toge the r  with a v a r i a t i o n  of the o r ien ta t ion  of the c r a c k  the 
s t r e s s  concen t ra t ion  at  i ts  v e r t e x  a l so  subs tan t i a l ly  v a r i e s .  T h e r e f o r e  the act ion of the wave does  not a l -  
ways give r i s e  to a deve lopment  of the c r ack .  It should be noted tha t  an inc remen t  of the c r a c k  is a l so  d e -  
t e r m i n e d  by the dura t ion  of the Rayle igh  wave.  The v a r i a t i o n  of the s t r e s s  concen t ra t ion  at  the c r a c k  t ip  
when i ts  o r ien ta t ion  is va r i ed ,  is  shown in Fig.  2: an i n c r e a s e  of the angle ~ f rom 30 ~ to 100 ~ is a c c o m -  
panied by a growth of the dynamic  s t r e s s e s  at  the c r a c k  t ip  acco rd ing  to a l i n e a r  law. 

The v a r i a t i o n  of the magnitude of e l a s t i c  ene rgy  at the v e r t e x  with t ime  iS p r e s e n t e d  below. 

t, ~ sec 0 4 8 t2 t6 20 24 28 32 36 40 

Ei 90 ~ 0 0.t5 0.3 0.48 0.64 0.7 0.64 0.69 0.9 i 0.83 
Er~axt20 ~ 0.05 0.2 0.4 0.55 0.7 0.67 
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Fig. 2 

TABLE 1 

=. I t5 so ,5 I eo 75 I ~ I ,o~1 ,2o I ,3s I ,~o I ,~ 

ll/~.=i] 0.98 
Kp i~/x=21 0.95 

IZ/~._-3l 0.7 
Kp* Izp.=3! 0.7i 

0.97 
0.8 
0.65 
0.66 

0.92 I 0.88 0.58 0.4 
0.4 0.25 
0.42 0.27 

K* - ca l cu l a t ed  value. 
P 

JJJI I 0.84 0.82 0.83 0.84 0.87 I 0.92 0.95 
0.32 0.28 0.3 0.28 0.3 ] 0.64 0.85 
0.17 0.13 0.15 0.2 0.33 ] 0.52 0.8 
0.t8 0.14 ,0.t7 0.2i 0.34 [ 0.54 0.82 

Here El, the store of elastic energy,  was determined by the methods [1]. When the c rack  is oriented 
at the angle a =90 ~ we observed two ext rema which are  caused by the diffraction on the crack,  respectively,  
of the basic and the nea r - su r f ace  disturbar~.e in the Rayleigh impulse. This also explains the separat ion 
of the Rayleigh wave into two surface waves. The s t r e s s  fields corresponding to these instants of t ime are  
distinguished f rom one another by the location of the gradient of maximum shear  s t resses .  As a result ,  
a var ia t ion in the t r a j ec to ry  of growth of the c rack  takes place. For  cer ta in  posit ions of the c r ack  these 
var ia t ions  are  so substantial that its direct ion of development is changed into an opposite one. P rocess ing  
of experimental  data shows that not only the orientation but also the dimension of the c r ack  exer t s  influence 
on the passage of the wave. In Table 1 we have given the values of the passage coefficients of the wave for 
var ious  values of [ /k  with the orientation of the c r ack  taken into account. 

The maximum passage of the wave is observed when the wave is located at the angles ~ =150 and 30~ 
the minimum passage is observed for  c~ =90 ~ An increase  and a decrease  in the angle ~ relat ive to ~ =90 ~ 
are  not equivalent: the passage is considerably reduced when ~ ~ 180 ~ Such a relationship is par t icu lar ly  
telling in the case  I/X > 1, where l is the length of the c r ack  and X is the depth of the maximum of the 
t ransferable  energy in the Rayleigh impulse. 

The passage coefficients of the wave can be found also in another way. Assuming that the project ion 
of the c rack  on the z axis would divide the Rayleigh impulse into twopar ts ,  one of which contains the energy 
E z / E  t and the other contains 1 - E z / E t ,  where E t is the total energy stored in the Rayleigh impulse, while 
E z is the project ion of the c r a c k  isolated, we can determine the passage coefficient 

E z E ~  - -  E z E t - -  E 2  z 
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Here the f i rs t  t e rm takes into account the last  par t  of the energy of the nea r - su r f ace  disturbance,  the 
second is obtained f rom it with the assumption that not the entire energy of the lower part  of the Rayleigh 
impulse is diffracted, but only the par t  that can be drawn into the diffraction p rocess ,  equal to E 2 z - E  z. 
The remaining (third term) par t  passes  through without interacting with the c rack .  

The resul ts  of determining the passage coefficients of the wave obtained according to such a semi -  
empir ica l  relat ionship for the case  U)~ =3 are  presented in Table 1. A sa t i s fac tory  agreement  of the ca l -  
culated and experimental  values of Kp is observed.  

To find the passage coefficients  of the wave by the methods presented here,  we must  know its passage 
coefficients through the dihedral  angle K a and through the c rack  tip K T. Additional experimental  investiga- 
t ions were c a r r i e d  out. In Fig. 3 we have presented the e inegrams  of the passage of the wave through v a r i -  
ous angles (the speed of fi lming is l0 G f r ames / s ee ) ;  the values of the coefficients are  shown in Fig. 2, while 
the values of K T for  the c r a c k  are  presented below: 

l/~. 0.5 i i.5 2 2.5 3 3.5 4 
K r 0.98 0.93 0.85 0.7 0.4 0.t5 0.05 0.0t 

lo 
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