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The in terac t ion  between c racks  in an e las t ic  plane weakened by a s y s t e m  of c r acks  has ,  as a rule ,  been 
invest igated in the case  of co l l inear  c r acks  only. More complex configurat ions were  analyzed in [1, 2], in the 
f i r s t  of which four sl i ts  p laced s y m m e t r i c a l l y  about the i r  common cen te r  were  studied by us ing  Four i e r  t r a n s -  
f o r m s ;  in the other ,  a per iod ic  s y s t e m  of l e n g t h w i s e - c r o s s w i s e  c r acks  was studied. In [3] s ingular  in tegra l  
equations were  produced for a s y s t e m  of a r b i t r a r i l y  or iented  c r acks ;  n u m e r i c a l  r e su l t s  were  obtained only 
for  co l l inear  c r ac ks  or iented  at the s ame  angle to loading direct ion.  In the case  of  br i t t le  fa i lure  the inves t i -  
gation of  the in teract ion between two a r b i t r a r i l y  d i rec ted  c r acks  is of in te res t ,  this being the subjec t  of  the 
p r e s e n t  a r t i c le .  

Le t  the re  be two cuts L 1 and L 2 in the xOy plane (Fig. 1) whose p a r a m e t r i c  equations a re  (k = 1,2) .  

Lk:  x ( t )  ---- akt,  y ( t )  = b~t, O <  t k ~ t ~ t~+~ 

(ah = cos ~zk, b~ = sin cc~). 

The boundar ies  of  the cuts a r e  a s s um ed  to be s t r e s s - f r e e ,  and at infinity the applied fo rces  are  
c r  c o  o~ =~1,  % =~.,., ~ = 0 .  (1) 

The following r e p r e s e n t a t i o n  [2] of the s t r e s s  function U is employed:  

2 tk+2 
1 ~ o. o 

U (x, y) = + (~y~ + ~2x ~) + ~ ~ ,) [/~ (t) r~k ,+ f., (t) r~] in (rib -~ rSk) dt ,  (2) 
k=l  tk 

where  

rl~ = aux  -1- bky - -  t; r2h = - - b ~ x  -t- aky .  

where  

The function (2) mus t  sa t i s fy  the conditions (1). The conditions on the boundaries  of the c racks  L k a re  

(cru + ~x) + (%--ox)  cos 2a k - -  2~x~sin 2ak = O, 

(au --~x) sin 2~k -4- 2Tx u cos 2~k = O, 
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and hence  t h e r e  fol lows a s y s t e m  of  four  s ingu la r  i n t eg ra l  equat ions  for  the  funct ions  fl(t) and f2(t). In the 
ease  of  s y m m e t r i c a l l y  pos i t ioned  s l i t s  (~l--c~, ~ 2 - - r -  o~) which a r e  also of  eaua l  length l = 1 - k  (0 < X<I) ,  
one obta ins  the equat ion ( k = l ,  2). 

w h e r e  

The t r a n s f o r m a t i o n  

."-~ (X --  ~ -~ /1 (g) Rlk  (g, x) + f2 (1) R2h (g, x) d~ = - -  Ph, 

R I ,  = ( c x  - -  ~)(t + 2 s ~ x ~ D ) D ;  

1~12 = s x l 2 ~ ( c x  - -  ~ ) ( x  - -  c ~ ) D  - -  t ]D; 

R 2 1  = s x [ (  x - -  c~) 2 - -  (s~)~lD~; 

R~ 2 = cz--_.____~ R21; 
8~ 

D = ( x  2 - -  2 c x ~  -F  ~)-a; c = --cos 2ct~ s = sin 2r 

�9 Pl = 0.5[(~I -}- o2) - t - ( ~  - -  cq) cos 2al; p~ = 0.5 (ql--  z~) sin 2a.' 

t akes  Eqs .  (3) to the s y m m e t r i c a l  i n t e rva l  ( - 1 ,  1). Fol lowing [4] one se t s  

~0 (,) 

/ k  (~)  = gh (v )  V I  - ~" 

The funct ions  g~(v) a r e  found in the f o r m  of the i n t e r p o l a t o r y  t r i g o n o m e t r i c  po lynomia l ,  

N 
gO(v)= ~ 4 ~ + , .  . ~ c o s i V ~  

v ~ c o s O ,  ~ =  

The p r o b l e m  has  thus been r e duc e d  to a s y s t e m  of  l inear  a l g e b r a i c  equat ions  for  the  coef f ic ien ts  gkj" 
This  s y s t e m  m u s t  be augmented  by a condi t ion that  the d i s p l a c e m e n t s  r e m a i n  s i ng l e -va lued  when t rave l l ing  

a round  the c r a c k  . [ ~ ( ~ ) d ~  = O,which by v i r tue  of  (5) b e c o m e s  ~ gkj = 0 (k= 1, 2). 
~ a  j = l  

(3) 

(4) 

(5) 
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The s t r e s s - i n t e n s i t y  coef f ic ien t s  a r e  now d e t e r m i n e d  at both ends of  the s l i t s .  One has 

2 t k + 2  

2 S dt 
h ~  ! tk 

and hence  one ob ta ins  for  the K o l o s o v - M u s k h e l i s h v i l i  funct ion the r e p r e s e n t a t i o n  

2 tk4-2  

~,, + ~ ,  ~ t y lI')'~'hd' l=l--+-q~- ('6) 
k=l tk 

One employs the expansions (4) and (5) and one sets 

z = x + i y =  t__eia e~ [(r + r  + (L. - ~ )  t.I ; 

having  eva lua ted  the in t eg ra l  in (6), one obta ins  

N 
i ~ cos (Narccos ~) 

(~ (z) = "~- j '--~1 ( -  l)j (gll "~- ig~.~) sin0 i _V~--~-- ] (; _ c~ [- R (z), (7) 

w h e r e  R (z) is a r e g u l a r  funct ion at the ends .  

The ex tens ion  coef f i c ien t s  in (7) a r e  complex  valued,  glj + ig2j* T h e r e f o r e ,  in the case  o f  the ex tens ion  
of  a plane with c r a c k s  pos i t ioned  at an angle one has  to take into account  the in tens i ty  coef f ic ien t s  not only of  
the n o r m a l  f o r c e s  I , ~ . = a p _ ,  but a lso  of  the t angen t ia l  f o r c e s  K_ = a p r  To evalua te  these  coef f ic ien t s  the l imi t s  u - " lot 
2 lira 3/2~IMM~I~ (z) a re  evalua ted ,  whe re  at the n e a r  ends one has  MM 1 = (4 - t)e (t <4) and at the o the r  
M ~ M  n 
ends one has  M2M=(t - 1)eia{t  > 1). The e x p r e s s i o n s  for  the in tens i ty  coef f ic ien t s  at the n e a r  ends a re  

- -  s N 

9~o = n ~ -  = (--  l)J+'gll ctg -~-, (8) 

The value o f  PiT can be obta ined f r o m  (8) by r ep l ac ing  glj by g2j. Fo r  the far  ends in the fo rmu la  t8) one 
m u s t  r ep l ace  cot(Oj/2) b y - t a n ( O j  2), the c o r r e s p o n d i n g  e x p r e s s i o n s  now denoted by P2,7, P~'.  

In F ig s .  2 and 3 the g raphs  o f  the in tens i ty  coef f ic ien t s  p t r ,  P2T a re  shown in the case  of  lengthwise  ex -  
t ens ion  (a~ = 0 ) ;  in F ig s .  4 and 5 the g r aphs  of  a c r o s s w i s e  ex tens ion  Pier, P2a (a~ =0) a r e  shown as dependent  on 
the s lope angle of  the s l i t s  to  the ho r i zon t a l  axis ,  the value of  k being 0.2, 0.4, 0.6, and 0.8 (curves  1-4,  r e s p e c -  
t ive ly) .  The sol id  l ines show the in tens i ty  coef f ic ien ts  for  the far  ends and the dashed  l ines ,  for  the n e a r  ends.  

One has  r e t a ined  21 t e r m s  in the ca lcu la t ions  when so lv ing  the a lgeb ra i c  s y s t e m s  for  gkj- If  one r e t a i n s  
31 t e r m s  in the ca lcu la t ions  the r e s u l t s  r e m a i n  the s a m e  with an e r r o r  not g r e a t e r  than 10 -4. 

The in tens i ty  coef f ic ien t s  of  the t angent ia l  f o r c e s  a t ta in  the i r  h ighes t  va lues  for  the angle between the 
d i r ec t i on  of  the c r a c k s  and that  of  the load ac t ion equal  to 45% By c o m p a r i n g  the va lues  of  the in tens i ty  c o -  
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eff icients  of the tangent ia l  s t r e s s e s  with those of no rma l  s t r e s s e s  one obse rves  that  for lengthwise extension 
depending on the values  of X one has the inequality Off < PT for  angles less  than 40-45*.  Simi lar  effect  is ob-  
s e rved  for extensions  in the c r o s s w i s e  d i rec t ion  though now for angles > 40-45% F o r  ce = 0 the computa t ional  
r e s u l t s  agree  with the known r e s u l t s  [5]. 

The author would like to e x p r e s s  his grat i tude to L. M. Kurshin for his unceas ing in teres t  in this work  
and to A. M. Kaganskii  for ca r ry ing  out the computat ions .  
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At the p re sen t  t ime ,  the values  of the s t r e s s - i n t e n s i t y  coeff icients  and the r a t e  of evolution o f  e las t ic  
ene rgy  a re  well  known for var ious  configurat ions of a body with r ec t i l i nea r  c r acks  [1]. For  a nonrec t i l inear  
c rack ,  the only known p rob l em  is that  of  an a r c - s h a p e d  c r a c k  in an infinite sheet  with homogeneous elongation 
in an a r b i t r a r y  d i rec t ion  [2]. 

To c la r i fy  the c h a r a c t e r  of  the propagat ion  of c r acks  in l amina r  m a t e r i a l s ,  it is impor tan t  to know the 
r a t e  of  evolution of e las t ic  ene rgy  for F - shaped  c racks ,  where ,  af ter  the breakdown of an e lement  of the m a -  
t r i x , p e e l i n g - o f f s t a r t s  in the composi te  m a t e r i a l .  The theore t i ca l  solution of such a p rob l em is r a t h e r  c o m -  
plex and, up to the p r e s en t  t ime ,  has  not been ca r r i ed  through.  In the p re sen t  a r t ic le ,  this p rob lem is solved 
expe r imen ta l ly  by the method of m e a s u r e m e n t  of the pl iabil i ty.  

A method for de te rmin ing  the r a t e  of  evolution of e las t ic  energy  f rom the change in the pl iabil i ty with an 
inc rease  in the length of the c r a c k  was p roposed  a long while ago [3]; however ,  we know of no work  where the 
method has been implemented  in p rac t i ce .  This is obviously connected with the neces s i ty  of making e x t r e m e l y  
exact  m e a s u r e m e n t s ,  which is difficult to do p rac t i ca l ly .  In the p r e s e n t  work,  the method of m e a s u r i n g  the 
f requency of the in t r ins ic  v ibra t ions  was used,  which makes  i t  poss ib le  to m e a s u r e  the pl iabil i ty of a sample  
with an accu racy  UP to 0.05%. 
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