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A cons ide rab le  amount  of a t tent ion lms been  given to the s tudy of the p ropaga t ion  of fas t  c r a c k s  in m a -  
t e r i a l s  [1-3]. 

In the p r e s e n t  work  an  explos ive  method  of loading was  used to init iate the c r acks .  Th i s  enables  the 
e n e r g y  int roduced into the s pec i m en  to be  v a r i e d  fa i r ly  ea s i ly  ove r  a wide range ,  and enables  them to be  
ini t iated synchronous ly  a t  s e v e r a l  points in o r d e r  to study the i r  interact ion.  

T h e  s p e c i m e n s  w e r e  made  of P lexig las  (in acco rdance  with Al l -Union State Standard (GOST) 17662-72) 
in the fo rm of plane d isks  of d i a m e t e r  d = 120 m m  and 160 ram,  while the th ickness  6 was va r i ed  f r o m  15 
m m  to 25 m m .  The  wedge method was used to init iate the c racks .  Wedge-shaped  cuts w e r e  made  in the s p e c -  
imens ,  f r o m  the v e r t e x  of which the ini t ial  c r a c k  emerged .  Cyl indr ica l  s t r i k e r s  with a wedge- shaped  point 
w e r e  inse r t ed  into the cuts  (in Fig. 1, 1 is the spec imen ,  2 is the explos ive  l aye r ,  3 is the detonator ,  4 is a 
d a m p e r  (p las t ic  foam),  and 5 is the s t r i ke r ) .  The  angles  of the wedge 2 ~ and the spec imen  w e r e  the s ame  
and w e r e  15 ~ and 30 ~ . 

We inves t iga ted  th ree  types  of  spec imens  whose p a r a m e t e r s  a r e  shown in Table  1. The wedge was  
d r iven  into the s p e c i m e n  using an  explos ive  device  (see  Fig. 1) as  desc r ibed  in [4]. The  init ial  ve loci ty  of the 
s t r i k e r  could be  va r i ed  by  changing the amount  of explosive.  To  study the in te rac t ion  of the c r a c k s  they w e r e  
ini t ia ted in synch ron i sm using two s i m i l a r  s t r i k e r s .  The propaga t ion  of the c r a c k s  was  photographed with an 
SFR-1M h igh - speed  c a m e r a ,  which opera ted  in a t ime  loop a t  a f r a m e  f requency of up to 675,000 f r a m e s / s e c .  
The  c inef i lms  were  dec iphered  using a BMI-1  ins t rumen ta l  m ic roscope .  

Inves t iga t ion  of the Propaga t ion  of a Single Crack .  In these  e x p e r i m e n t s  we invest igated how the v e l o c -  
i ty of  p ropaga t ion  of a c r a c k  depends on the ini t ial  ve loc i ty  of the s t r i k e r  and the e f fec t  on the ve loc i ty  of the 
c r a c k  of the g e o m e t r i c a l  d imens ions  of the s p ec imen  and the angle of the wedge. The  c inef i lms  obtained in 
these  e x p e r i m e n t s  enabled us to ca lcula te  the ve loc i ty  of propagat ion  of a c r a c k  v T in the spec imen.  We then 
t i m e - a v e r a g e d  ove r  a per iod  of 2 /z sec  and a d i s tance  a t  the base  of 0.5 ram. It  was  shown in the expe r imen t s  
tha t  the ve loc i ty  of p ropaga t ion  of a c r a c k  in each  expe r imen t  is constant  ove r  the length of the spec imen  and 
depends on the ini t ial  ve loc i ty  of the s t r i k e r  Vs. 

F igure  2 shows the ve loc i ty  of p ropaga t ion  of the c r a c k  as  a function of the init ial  ve loc i ty  of  the s t r i k e r  
for  d i f fe ren t  types  of Spec imen (I is a spec imen  of type 1, II is a spec imen  of type 2, III is a spec ime n  of type 
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TABLE 1 
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3, and IV a r e  the exper imenta l  c r ack  branching points). With the except ion of the initial  pa r t  and before  
branching of a single t r ack  occurs  these  re la t ions  a r e  l inear .  The veloci ty  of a c r ack  for a constant initial 
ve loci ty  (energy) of the s t r i ke r  i nc reases  as  the thickness  of the spec imen inc reases .  A reduct ion in the an -  
gle of the wedge a lso  leads to an inc rease  in the veloci ty  of propagation of the crack.  When the init ial  ve loci ty  
of  the s t r i ke r  is reduced  the dependence of the c r ack  veloci ty  on the s t r i ke r  ve loc i ty  for  all  the specimens  
t e s t ed  approaches  the same value v ,  = 200 m / s e c  asymptot ical ly .  The maximum veloci ty  of the c r ack  
achieved in exper iments  when the initial  ve loci ty  of the s t r i k e r  was increased~ was 1300 m/sec ,  which c o r r e -  
sponds to the veloci ty  of Rayleigh waves CR in the m a t e r i a l  of the specimen.  

Hence,  the r e su l t s  of exper iments  indicate that  upper and lower l imits  ex is t  for  the veloci ty  of s teady-  
s ta te  propagat ion of a c r ack  in the mate r ia l .  

It is well  known that  branching of the c r ack  usually prevents  the l imiting veloci ty  being attained. The 
ve loc i ty  of branching obtained by  many e x p e r i m e n t e r s  (see ,  e .g . ,  [5][ is v B = 0.6 c2, where  c2 is the veloci ty  
of  t r a n s v e r s e  e las t ic  waves.  

In our exper iments  when the c r ack  had at tained a la rge  veloci ty  considerable  roughening of the f ree  
sur face  occur red ,  which appeared  as  separa te  shor t  branching c racks  a r r anged  along the main  c rack ,  while 
the branching s t r i c t ly  began when the c rack  had r eached  a ce r t a in  length. Es t imates  showed that the posit ion 
of the branching point of a single c r ack  cor responds  to the instant  when it  encounters  an e las t ic  longitudinal 
wave re f l ec ted  f rom the edge of the spec imen in which case  the veloci ty  of the c r ack  l ies  in the l imits  0.8era < 
v B < c R. The  a t ta inment  of such high ve loc i t ies  by the c r ack  is obviously due to the fact that axial  c o m p r e s -  
sing s t r e s s e s  occur  in the specimen due to the act ion of the wedge, which have a stabil izing effect  on the t r a -  
j ec to ry  of the c r ack  [6]. 

Invest igat ion of the In terac t ion  between Cracks .  We simultaneously initiated two c racks  in the spec imen 
which propagated at  a ce r t a in  angle fl with r e s p e c t  to one another  (see Fig. 1) with the same initial  velocity,  
and we r e c o r d e d  the i r  in te rac t ion  pat tern.  For  the case  of opposite t r acks  (~ = 180 ~ ) the following kind of in-  
t e rac t ion  was noted: The c racks  propagate  r ec t i l i nea r ly  until the distance between the i r  ends r eaches  a ce r t a in  
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value a ;  on reach ing  the d is tance  a the t r a c k s  change the i r  t r a j e c t o r y  sharp ly ,  deviat ing f r o m  rec t i l i nea r  
prowagation,  as  a ru le ,  a s y m m e t r i c a l l y  (on di f ferent  sides}. On reach ing  the f rontal  plane of s y m m e t r y  the 
c r a c k s  aga in  change the i r  t r a j e c t o r y  sha rp ly ,  they begin  to approach  one another ,  and merge .  As a :result of 
th is  in te rac t ion  a l ens - shaped  pa t t e rn  is fo rmed  in the cen t ra l  p a r t  (Fig. 3). The d imens ion  a r e p r e s e n t s  the 
reg ion  of s t rong  in te rac t ion  be tween  fas t  c r a c k s  and d e c r e a s e s  as  the ve loc i ty  of  the c r acks  i nc r ea se s .  For  
spec imens  of type 3 the dependence a = f (v )  is shown2n Fig. 4 (5 = 30 mm}. A s i m i l a r  in terac t ion  zone a lso  
o c c u r s  when the c r a c k s  encounter  a r ig id  obs tac le .  At high ve loc i t ies  of the in te rac t ing  c r a c k s  secondary  
c r a c k s  a r e  f o r m e d  in the f ronta l  plane of s y m m e t r y .  

F igu re  5 shows a f r agmen t  of a c inef i lm of the in te rac t ion  be tween the c r a c k s  with l a rge  ve loc i ty  at  a 
sha rp  angle (the in te rva l  be tween f r a m e s  of the c inef i lm ~t = 5.2 ~ s e c / f r a m e ) .  As a r e s u l t  of the coll is ion,  
b ranch ing  occu r s  f r o m  one of the c r acks .  The  branching  c r a c k s  a r e  s i tuated s y m m e t r i c a l l y  with r e s p e c t  to 
the c r a c k  which has  t r ave l ed  in the f ronta l  plane. For  fl = 180 ~ the secondary  c r a c k s  in the f ronta l  plane 
p ropaga te  s y m m e t r i c a l l y  on both s ides .  Th i s  kind of in te rac t ion  be tween fas t  c r a c k s  may  be  r e s p o n s ~ l e  for 
the appea rance  of a d is in tegra t ion  reg ion  on c leavage  and the appearance, of c r acks  perpendicu la r  to the s u r -  
face  of the c leavage  which have been  obse rved  by many  au thors  who have invest igated this  phenomenom 

479 



lm 

2. 

3. 

4o 

5. 

6. 

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

V. I. Arkhipov and P. A. Maslov,  "Expe r imen ta l  investigation of the dynamics  of the growth of b r i t t l e  
c racks , "  Zh. Pr ikl .  Mekh. Tekh. Fiz.~ No. 3 (1977). 
A. S. Kobayashi~ A. F. Emery ,  and S. Malls '~)ynamic-f in i te -e lement  and dynamic-photoelas t ic  analys is  
of two f rac tur ing  homali te-100 plates ,"  Eksp. Mech. 16, No. 9 (1976). 
B. I. Ta r a to r i n ,  V. N. Sakharov,  and V. S. KuzTmin~ "Invest igat ion of p rob lems  of the mechanics  of 
f r a c tu r e  by a polar iza t ion  optical  method,"  in: The Polar iza t ion  Optical Method [in Russian],  Nauka, 
Moscow (1975). 
A. P. Bol~shakov et  al . ,  "A method of obtaining s t re tching  pat terns  of specimens  for explosive loading," 
Zh. Pr ikl .  Mekh. Tekh. F iz . ,  No. 1 (1975). 
V. M. Finkel ' ,  Phys ica l  Pr inc ip les  of the Retardat ion  of F r a c t u r e  [in Russian],  Metal lurgiya,  Moscow 
(1977). 
J. J. Benbow and T. S. Roes le r ,  "Exper imen t s  on control led f r ac tu re s , "  Proc .  Phys.  Soc.,  70, P a r t  2, 
No. 446 (1957). 

B R I T T L E  F R A C T U R E  O F  A C O R E  W H E N  

D R I L L I N G  IN A C O M P R E S S E D  M E D I U M  

E .  A.  K o s h e l e v ,  P .  A.  M o r t y n y u k ,  
E .  B .  P o l y a k ,  a n d  E .  N.  S h e r  

UDC 539.375 ;622.011.4 ;622.023 

When dr i l l ing with core  sampling in a medium compres sed  by mountain p r e s s u r e ,  f r ac tu re  of the co re  
into separa te  disks is usually observed  [1]. The thickness of the disks formed is re la ted  to the value of the 
mountain p r e s s u r e ,  and an inc rease  in the p r e s s u r e  causes  a reduct ion in the thickness  of the core  disks 
which have spl i t  off. This  exper imenta l ly  es tabl ished re la t ionship  is the bas i s  of one of the methods used to 
de te rmine  impact -dangerous  pa r t s  in mines [2]. 

In this paper  this phenomenon is invest igated theore t ica l ly  using the model  of an ideally e las t ic  medium,  
f r ac tu red  in a b r i t t l e  manner .  The following assumpt ions  a r e  made: a) The thickness of the walls  of the d r i l l -  
ing ins t rument  is a s sumed  to be ze ro ,  as  a lso the distance between the edges of the cyl indr icals  cavity dr i l led  
out by the dr i l l  in the rock;  b) the action of the dr i l l  on the core  during dr i l l ing is desc r ibed  by  a dis tr ibuted 
tangential  s t r e s s  which twists  the core .  The normal  s t r e s s e s  on the sides of the cut a re  assumed to be zero ;  
c) uniform compress ion  s t r e s s e s  act  at infinity, perpendicular  to the axis of the cyl indr ica l  crack.  

With these  assumptions the problem of the f rac tu re  of a core  in this model  r educes  to an analysis  of 
the s t r e s s e d  s ta te  in the region of the edge of the cyl indr ica l  cut produced,  and, more  accurate ly ,  to a d e t e r -  
minat ion of the intensity coeff icients  of the s t r e s s  field KI, KII, and KIII [3]. 

The s imples t  problem of the equi l ibr ium in an infinite isotropic  e las t ic  space of a cyl indr ical  cut of 
radius  a and length 2 ! whose axis is along the z axis,  as shown in Fig. 1, is considered.  Two cases  of load-  
ing a re  considered:  compress ion  t r a n s v e r s e  to the z axis by a p r e s su re  equal to P0 at infinity, and twisting 
along the axis by a s t r e s s  applied to the surface  of the core .  

1. The Axi symmet r i c  Case. We will a s sume  that the d isplacement  vec tor  is independent of the angle 
and has the form U = u- ~ + w" z. We will  introduce dimensionless  quantit ies by  the equations (henceforth,  
for  s implici ty ,  the p r imes  will be omitted) 

(u, w. z, r, a>' ~u. w, z, r, a> 

z~j = a~j/t~, <Po, ~o>' = <P0, %>/~" 

Then the equations of equi l ibr ium and the components  of the s t r e s s  tensor  can be wri t ten  in the form 
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