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By the method of dynamic photoelasticity,  the effect of elast ic anisotropy on the dis t r ibut ionof  s t r e s se s  
in the vicinity of a s tat ionary c r ack  is investigated in the paper in the case  of action of s t r e ss  waves. It is 
shown that in c ry s t a l s  of lithium fluoride the formation of a s t r e s s  state does not substantially differ f rom 
that occur r ing  in an isotropic medium. As a resul t  of an investigation of the dislocation s t ructure  at thet ip  
of a c r a c k  before and after  loading, it is established that the plastic s t ra in  at its issue develops by means ,  
of sliding. 

Under dynamic loading the t r a j ec to ry  of development of c r acks  is determined by the s t r e s s  state that 
a r i ses  at their  tips as a resul t  of the action of s t r e ss  waves.  The publications [1-4] are  devoted to the study 
of s t r e ss  distribution in the vicinity of the c r ack  tip in the homogeneous lsotropic mater ia l  Plexiglas.  
Since a major i ty  of mate r ia l s  have a complex s t ructura l  pattern, investigations into the format ion of the 
s t r e s s  state and the development of c r acks  in anisotropic media are  of theoret ical  and pract ica l  interest .  
The p rocess  of f rac ture  of such mater ia ls  cannot be comprehended without studying the development of 
c r acks  in a single c rys ta l ,  i.e., when the f rac ture  takes place within the l imits  of a single grain. 

The present  work is devoted to an experimental  study of these problems.  The investigations were 
ca r r i ed  out on tes tp ieces  of lithium fluoride which were cut out along the ~ 100} cleavage planes with the 
dimensions 100 x 50 x 5 mm a. The c racks  were  generated by a slight tap with a knife in the [100] direction. 
To keep it in a definite zone, this portion of the testpieee was compressed  beforehand. The tes tpieees  thus 
prepared  were loaded by means of a microexplosion with a duration of 17-20 psec.  The s t r e s s  wave being 
excited was set to the c rack  tip at angles of 0, 45, 90, 135, and 180 ~ 

The filming of the diffraction p roces s  was ca r r i ed  out at a speed of 2.5 �9 l0 s f r ames  per  second in 
polar ized light. On the c inegrams  of Fig. 1 we have shown the interaction of the s t r e ss  wave and the c r ack  
for orientations of the la t ter  relat ive to the direct ion of propagation of the wave; ~ is the angle of inci-  
dence of the wave in the plane of the crack.  When the wave diffracts  on the crack,  a dynamic s t r e s s  field 
a r i s e s  in its vicinity; under cer ta in  conditions it is capable of st imulating the growth of the crack.  The 
development of the c rack  under the action of the wave takes place along the cleavage planes. This is ex-  
plained, on one hand, by the fact that in these planes f rac ture  takes place with a minimum energy expendi- 
ture,  and on the other hand, as  will be shown below, by the fact that, for  cer ta in  angles of incidence of the 
wave, the s t ress  state ar is ing in the case  of diffraction is such that it favors  the development of the c rack  
only in this direction. 

When the wave propagates  along one of the sides of the c rack ,  i.e., when the angle of incidence is zero,  
a new c rack  grows into the shade region at an angle of 90 ~ to the original crack.  These resul ts  coincide 
with the data obtained in [1] on an isotropic material .  However, the photoelastic pat terns  of s t r e s s  d i s t r i -  
bution being observed cannot be compared,  since in an anisotropic mater ia l  the axes of the optical ellipsoid 
and the s t r e s s  ellipsoid do not coincide. Therefore ,  lines of equal intensity corresponding to the same dif- 
ferences  of the passage of rays  do not cor respond  to the lines of equal maximum shear  s t r e s ses ,  as is the 
case  for  an isotropic medium. 
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Fig.  2 

To f ind the d i s t r i b u t i o n  of m a x i m u m  s h e a r  s t r e s s e s ,  we m u s t  make  
a t r a n s i t i o n  f r o m  the i n t e n s i t y  d i s t r i b u t i o n  be ing  o b s e r v e d  to s t r e s s  q u a n -  
t i t i e s .  Such a t r a n s i t i o n  can  be made  u s i ng  the r e s u l t s  of [5, 6]. A c c o r d -  
ing to [5], the  d i f f e r ence  of the  p a s s a g e  of r a y s  is  d e t e r m i n e d  as  fo l lows:  

6 = do (B1 - -  B2) (6x* - -  % * )  ( 1 )  

whe re  a x * ,  ~ry* a r e  n o r m a l  s t r e s s e s  a v e r a g e d  a c r o s s  the t h i c k n e s s  of 
the t e s t p i e c e ,  appl ied  to p l a n e s  tha t  a r e  p e r p e n d i c u l a r  to the axes  of the 
op t ica l  e l l i p so id ;  d o is the t h i c k n e s s  of the t e s t p i e e e  

6x* -- %* = O1 -- %)cos 2~ (2) 

The i n t e n s i t y  of l ight  p a s s e d  th rough  a c i r c u l a r  p o l a r i s e o p e  is  
g iven  by the e x p r e s s i o n  

J :: Jmax sin a*/2 

a*12n = 61~, 

Using the r e l a t i o n s h i p s  (1)-(4), we c a n  e x p r e s s  ? m a x  a s  fol lows:  

(3) 

(4) 

~, / J" -- Jo* 
Traax = 2xdo ( B I  - -  B2) cos 2ct arc sin V Jxnax 

:IB (B cos~ 23 ~- A sin ~ 2•) 
(B~ -- B~) cos 2a = B ~ cos 2 2~ = A '~ sin '~ 2~ 

(5) 

(6) 

w h e r e  fi i s  the angle  be tween  the [100] d i r e c t i o n  and  the p r i n c i p a l  ax i s  of the opt ica l  e l l i p so id ,  J* is  d a r k e n -  

ing on the f i lm,  J0 * is  d a r k e n i n g  of the background  of the f i lm,  and J * is  the m a x i m u m  d a r k e n i n g  of the ma x  
f i lm in the c a s e  of p a r a l l e l  p o l a r i z e r s  a f t e r  s u b t r a c t i o n  of J0*.  
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Fig. 3 

For  an a rb i t r a ry  load 

The values of the necessa ry  constants  havebeentaken 
f rom [5], where they were  obtained in static tes t s  on this 
material .  The applicabili ty of such an approach is ex-  
plained by the fact that in the given work we investigate the 
c h a r a c t e r  of s t r e s s  distribution at the origin of the c r ack  
and not the absolute values of s t r e sses .  

Knowing do, J *, J0*, J *max and fl, we can quanti ta-  
t ively determine rma x at any point of the field being inves-  
tigated. The intensity of darkening of the film was mes -  
sured by means  of an MF-2 mlcrol ight  meter .  The pos i -  
tion of the isoclines was determined experimental ly by 
high-speed filming in a plane polar iscope.  Investigations 
showed that in the case  of diffraction of the wave on the 
c r ack  the s t r e s s  state In its vicinity var ied  only in magni -  
tude; as a resul t  the position of isoclines did not va ry  with 
t ime. This can be shown also analytically. In [4] exp res -  
sions a re  produced for a x, ay, and Txy in the case  of a 
unit action. In this case  fl, the isocline pa ramete r ,  is de-  
te rmined  according to the express ion 

= arc tg 2~xv / (ax -- %) 

a A = A o  1, {3 A = arc  t g  2xxu / (ax A - -  qu  A) "~ fJ 

The resul ts  of l ight -meter ing  the c inegram for the case  where the wave propagates  along one side of 
the crack,  y =0, a re  presented in Table 1. 

In Table 1 we have presented the dis tances in mi l l imeters  f rom the c r ack  tip to the line of equal 
intensity for  var ious  angles 0 (0 is the angle between the plane of c r ack  and a chosen direction). 

Using the resul ts  concerned with the determination of the position of isoclines for var ious  angles of 
the po la r ize r  and the analyzer ,  we have plotted the distr ibution of maximum shear  s t r e s s e s  at the c r ack  
tip. In Fig. 2 we have presented the distribution of maximum shear  s t r e s se s  for the case  y =0. We see 
that the gradient of the splitting s t r e s s e s  is directed along the normal  to the plane of the crack.  The devel-  
opment of the c r ack  takes place in the same direction. Comparing the resul ts  thus obtained with the data 
of [ll ,  we can draw the conclusion that in the anisotropic mater ia l  LiF the s t r e s s  distribution at the tip 
of a s tat ionary crack,  under the ac t ion of s t r e s s  waves, does not differ f rom the distr ibution in an isotropic 
medium. This is conf i rmed in the case  of angles of incidence of the wave of 90, 135, and 180 ~ . The pat tern 
of shear  s t r e s s  distribution shows that the i sochromat ics  represent  prac t ica l ly  semic i rc les  whose cen te rs  
are  located on the line of the crack,  while the isoclines represent  radial  lines converging to the c rack  tip. 
Before the neutral  plane (the plane of gradient of shear  s t resses)  a region of compress ive  s t r e s s e s  is 
formed,  while behind it a region of tensile s t r e s s e s  is formed. 

An increase  in the angle of incidence of the wave is accompanied by a reduction in the s t r e s s  concen-  
t rat ion at the c r ack  tip. Depending on the angle of attack, the concentrat ion factor  va r i es  f rom 1 to 3. This 
signifies that the s t ra in  directed along the c r ack  is responsible for the formation of the s t r e s s  state. As 
the angle of incidence of the wave increases ,  the component of s t rain along the c r a c k  decreases ;  as  a r e -  
sult, the s t r e s s  state at the c rack  tip decreases .  

An analogous polar ized light pat tern  is formed when a concentrated static load is applied along the 
edge of the plate [7]. If we use the resul ts  [7], then it is not difficult to determine g r  and find approximately 
the distribution of ax, ay ,  and r x y  at the c r ack  tip. 

Consideration of the var ia t ion of the dislocation s t ructure  at the c r ack  tip in the case  of wave action 
is of considerable interest .  For  this, one of the sets of tes tpieces  was subjected to annealing at a t e m p e r a -  
ta re  of 740~ for  24 h with subsequent slow cooling at the rate 5~ Then, using the method of selective 
etching, investigation of the dislocation s t ructure  at the c rack  tip was ca r r i ed  out before and after  loading. 
In Fig. 3 we have shown the var ia t ion of the dislocation s turc ture :  an overal l  increase  in the density of d i s -  
locations over  the workpieee f rom 3.18 " 104 to 4.55 - 104 c m  2. Certain par t icu lar  features  appear here:  in 
the direct ion of the gradient of tangential s t r e s se s  formation of slip lines takes place; these propagate over  
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a distance up to 1 mm. This  points to the fact that in the given case  the d i rec t ion of plast ic s t ra in  of the 
c rys t a l  takes  place by means  of sliding. 

Investigations of the dis locat ion s t ruc tu re  also conf i rm the fact that under the conditions of dynamic 
loading the plast ic s t ra in  preceding the f r ac tu re  is local ized in a small  volume. If we take into account  the 
fact that the growing of the c r ack  takes  place for  a cons iderable  intensi ty of the wave, when the c rack  can-  
not develop a high growth ra te ,  then the local izat ion of the plastic s t ra in  can be explained only by the form 
of loadIng. 

1. 

2. 

3. 

4. 

5. 

6. 
7. 

L I T E R A T U R E  C I T E D  

I. S. Guz' ,  V. M. Finkel, and G. A. Chervov, -Cer ta in  resu l t s  of an investigation of Rayleigh impulses 
and edge c r a c k s , "  Zh. Pr ik l .  Mekhan. i Tekh. Flz. ,  No. 6 (1972). 
V. M. Finkel and I. S. Guz' "Control  of c r a c k s  by means  of e las t ic  waves ,"  Dokl. Akad. Nauk SSSR, 
204, No. 5, 1100-1103 (1972). 
Sh. G. Volodarskii ,  I. S. Guz' L A. Kutkin, and V. M. Finkel, "Investigation of the interact ion of a 
s t r e s s  wave and a s ta t ionary  m a e r o c r a c k  in e las t ic -p las t ic  and quas i -e las t ic  mater ia l s ,  ~ Zh. pr ik l .  
Mekhan.i Tekh. Flz. ,  No. 3, 100 (1971). 
V. M. Fllipov, mCertain problems  of diffraction of elast ic  waves ,"  Pr ikl .  Matem. i Mekhan., 2_.00, 
No. 6, 688-703 (1956). 
V. M. Krasnov and A. V. Stepanov, "Invest igat ions of embryonic  f r ac tu re  by an optical method," Zh. 
~ksp. i Teor .  Fiz . ,  23, No. 2/8, 199-211 {1952). 
A. Dyurell i  and D. Riley, An Introduction to Photomechanics  [Russian t ranslat ion] ,  Mir,  Moscow (1970). 
M. M. Frocht ,  Photoelas t ic i ty ,  Vol. 2, Wiley (1948). 

729 


