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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 

Novosibirsk.  T rans l a t ed  f rom Zhurnal  Pr ikladnoi  Mekhaniki i Tekhnicheskoi  Fiziki ,  No. 4, pp. 112-120, 
July-August ,  1979. Original a r t i c le  submit ted June 27, 1978. 
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Fig. I 

�9 ro2u . t au u l  ~  ~ 
2 ( 1 ,  v)[~r* -}- r ar ~ j r+ (i - -  2V) ~--~--t-- ~ = 0, (1.1) 

(1 Jar 2 + 7 ~  +2(l--V)az--~ ~ - N  ~ +  = 0 ,  

(~rr = (t - - 2 v ) - l [ ( t -  v)Ou/Or ~- v(u/r -b Ow/Oz)], 

ozz = (i - -  2v)-l[(l  - -  v)Ow/Oz + v(u/r + Ou/Or)], arz --- 2-~[Ou/Oz -b Ow/Or]. 

We wil l  d i s t i ngu i sh  two r e g i ons  in the space  cons ide r ed .  Quant i t i es  r e l a t i ng  to  the r e g i o n  r _<~ a wil l  
be  g i v e n t h e  s u b s c r i p t  1, and those  re la t ing  to  the  r e g i o n  r _> a wi l l  be  g iven  the s u b s c r i p t  2. A s s u m i n g  the  
d e f o r m e d  s ta te  of  the  body  to be  s y m m e t r i c a l  with r e s p e c t  to the z = 0 plane,  we wi l l  wr i t e  the  gen,eral s o l u -  
t ion  of  the equ i l i b r ium equa t ions  (1.1) as  fol lows:  

Ul (r, z) = 2 ~ (srA (s) I o (sr) 4:- {sB (s) --  4('1 --  v) A (s)] I~ (sr)} cos (sz) ds, 
0 

w I (r, z) = - -  ~ s [B (s) I o (sr) -{- rA (s) I t (sr)l sin (sz) ds, 
o 

u~(r, ~) = -~.l{srC(s) Ko(~r) + [sO (s) + 4(t  - -  "~/C(~)I K1 (~)} co~ (~) ds, 
0 

w~ (r, z) = -~ s [D (s) K o (sr) 4- rC (s) K 1 (sr)] sin (sz) ds. 
0 

The  four  a r b i t r a r y  funct ions  A ( s ) ,  B ( s ) ,  C ( s ) ,  D (s)  can  be  found f r o m  t h e b o u n d a r y  condi t ions  

o(1) PoP(Z), 0 (1} 0 for r a,. [ z [ ~ l  (1.2) r r  = rz  = = 

and the  addi t iona l  condi t ions  (the cont inui ty  of  the d i s p l a c e m e n t  f ield and the cont inui ty  of  the componen t s  of  
the  s t r e s s  t e n s o r  on the s u r f a c e  r = a) 

Ul = u~, w 1=  w2 for I z l1> l ,  

(~(rlr) = Orr--(2), a~lz). = (~,z) for ]z [ < (30. (~.3) 

F r o m  the  second  pa i r  of  condi t ions  (1.3) we obtain  e x p r e s s i o n s  for  A (s)  and C (s)  in t e r m s  of the  two un-  
known funct ions  B (s)  and D ( s ) .  Af te r  this  the r e m a i n i n g  condi t ions  (1.3) and the bounda ry  condi t ions  (1.2) 
c an  be  r e p r e s e n t e d  in the  f o r m  

oc 

2 ( l _ v )  [ u l - -  u2] = [Bl(s) l ~ + D l ( s ) / l o l e o s ( s z ) d s = O  ~ z ~ l ,  
Q 

t 0 [w 1 __ wo] 2 J s [B 1 (s) fXl ~- D1 (s) flo.l cos (sz) ds = O, 
2(1--~) az " =- -Z  

o (1.4) 
vo 

~ )  = -~- [B1 (s) f t  - -  l)1 (s) F~I cos (sz) ds = PoP (z) ~ 
0 

a(1) ~ -  i ~z = [B I(s) F s + D I ( s )  F 4]ssin(sz) d s = 0 ,  O < ~ z ~ t ,  
0 
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w h e r e  

D1 (S) 
t innons  in the  i n t e rva l  [0, 1] by  the  me thod  d e s c r i b e d  in [4]. 

T h e  funct ions  go(t) and ~b(t) a r e  spec i f i ed  by  the  equa t ions  

1 1 

uo (a, z) = - - _ ~ ,  wo (a, z) + 

B 1 (s) = B (s) sF[1; D1 (s) = D (s) sF; ' ;  

Fo = ld5 + Ida; F~ = s-%l /d~ - ldJ;  

F,  = s'q/1 [1, 1, - -  13]8] ; F~ " F1]~1;1; F ,  = F~jsf[*; 

,,0 (,,,) +[,,,,+ 
[z = s 'alo (sa) - -  + 11 (sa) ; 

[ , =  (3 - -  2,)  sKo(sa) + [s'a + ~ ]  K ,  (sa) ; fa = #aKo (sa) + 

s K1 (sa) ; +-~- 

[~ -= salo(sa ) - -  2(1 - -  ~)Ii(sa); /6 = slt(sa); 

/~ = saKo(sa ) -}- 2(t - -  ~)Kl(sa); ]a -~ sKl(sa); 

l ,  = s l o  (sa)+ 2 (1 - -  v) i x  (sa) ; 110 = sKo (sa) 2 ( i  - -  v) Kx ( sa)  ; 
a 

/11 = ~ - ~? I0 (m)  + h ;  I ~  = i - ~ K0 (sa) - -  Is.  a g 

We wi l l  r e d u c e  the  s y s t e m  of  four  i n t eg ra l  equa t ions  obta ined for  the  two unknown funct ions  B l ( s )  and 
to  a s y s t e m  of  two i n t eg ra l  F r e d h o l m  equa t ions  of  the  second  kind for  the funct ion go(t) and $ ( t ) ,  con -  

w h e r e  u 0 ( a ,  z ) and w 0 ( a ,  z ) a r e  iden t ica l  w i t h  u t (a, z ) - u 2 ( a  , z) and 0wl /8z  - 8w2[Sz fo r  r = a, apa r t  f r o m  
the coef f i c ien t s .  The  p a r a m e t e r  6 i s  found f r o m  the  condi t ion  that  t he  d i s p l a c e m e n t s  wt(a,  z) and w2(a , z) 
should be  iden t i ca l  a s  z ~ 1, and is  g iven  by  the  e x p r e s s i o n  

1 

6 = - -  t" q~ (t) dt. 
O 

From the first two equations of system (1.4)we obtain equations defining Bt(s) and D1 (s) in terms of the 
functions q( t )  and ~O(t) 

BI(s) = F-1 [--S-111o~ o +/12(I)o ]~ D l(s) = F-1 [s-1/9~o __ l~l(I) ~ ], 

w h e r e  
1 

�9 ~ t' ~q0 (r) Jo (s t )  dr; 2( l - -v) ( l - -2v)  (I)o=~T F = --  s/a + sa 3 , . .  
0 

~F o = - ~  6J . ( s )  + ~ ( ' c ) ]o ( s~)dz  . 
0 

T h e  r e m a i n i n g  equa t ions  of  s y s t e m  (1.4) can  be  r e d u c e d ,  a s  in [4], to a s y s t e m  of  i n t eg ra l  F r e d h o l m  equat ions  
of  the s econd  kind (for  s imp l i c i t y  we take  p ( z )  = 1 = cons t )  

1 1 

(Pl (t) + 2 j" % (T) K1 (T, t) dr --  2 .f ~, (r) K 2 (% t) dr = 2 V } ,  
o o 0 - .5 )  

1 1 

,1 (t) + 2.t I,, (T) K~ (T, t) dr + 2 ( .  (r) K.  (~, t) dr = 4 ~ l /T ,  
0 0 

w h e r e  
1 

q'~ (t) =~ tt/~ ( t) pol; ~1 ( t) -- t-1/2q~ ( t) pol; 8 = - -  t" l / - [ r  ( t) dt; 
0 

g l  (~, t) = V~-t S sgl (s) Jo (st) Ja (st) ds; 
0 

co 

Ks (% t) = ~f~-t  S sg.. (s) Jo (st) [Jo (st) --  Jo (s)] ds; 
0 
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K3 ('[* , t) V ~ O  S [g, ( S ) - - - - ~ g ~ ( s ) ] J o ( s t } [ J o ( s ~ ) - - J o ( s ) ]  ds; 

0 
2 0 g~ (s )  --- [~.~ + (.3 - -  2 ~ ) 1 0 ~  -I- "7- ~ - -  t / 2 ;  g., (s)  = - -  s ~1 [ z O  1 + 0 ~ 1  ; 

gs ( s )=  s lzO~-~- 0~1 +-7-;  

g,(s) = z~(l)x - -  t/2; Oa -- I . ( z )Kl (z )  - -  Ii(z)Ko(z); ~ = zZlo(z)Ko(z) 

- -  [z 2 + 2(t - - '~)]I i (z)Kl(z);  z = sa; a = t/4 - -  v. 

By  f inding a so lu t ion  of  s y s t e m  (1.5) we  can  ca l cu la t e  the  s t r e s s  f ields and the  d i s p l a c e m e n t s  a t  any po in t  of 

our  r eg ion .  

2.  T w i s t i n g  o f  a Cy l ind r i ca l  C rack .  In  th i s  e a s e  the unit  componen t  of the d i s p l a c e m e n t  v e c t o r  ugo = 
u ( r ,  z )  d i f f e r s  f r o m  z e r o ,  whi le  the e qu i l i b r i um equa t ion  and the n o n z e r o  componen t s  of  the s t r e s s  t e n s o r  

have  the  f o r m  (in d i m e n s i o n l e s s  form) 

~2u 4- i au u ~ = 0 = Ou/Or - -  u/r ,  az~ = cOu/Oz. (2.1) 

We wi l l  a s s u m e  that  u ( r ,  z )  is an  even  funct ion of  z. As  p r e v i o u s l y ,  the s u b s c r i p t  1 wil l  denote  quan t i -  
t i e s  r e l a t i n g  to  the inner  c y l i n d e r  whi le  the  s u b s c r i p t  2 wil l  r e l a t e  to the ex t e rna l  cy l i nde r  r _> a .  The  s o l u -  
t ion  of  the equ i l i b r i um  equa t ion  (2.1) c a n  then b e  w r i t t e n  in the f o r m  

u(1) (r, z) = --ff (s) 11 (st) cos (sz) ds, u (~j (r, z ) =  ~ B (s) K1 (sr) cos (sz) ds. 
0 0 

T h e  a r b i t r a r y  funct ions  A ( s )  and B (s)  a r e  found f r o m  the b o u n d a r y  condi t ions  and the cont inui ty  condi t ions  

fo r  r = a 
(j(1) ~(2) 

v,,r (2.2) ~(1) (") ~ = ~ , r  u(~)=u(-') for iz l~>t .  

The  f i r s t  t h r e e  condi t ions  def ine  the e x p r e s s i o n  -(~) ' a ,  z )  - a (2) r z )  fo r  r = a ,  I z[  < ~ whence  we have  ~ rgo ~ ~ 

A(s)I .(sa) -b B(s)K2(sa) = To(s), 

where 
1 

To (s) = s-~ro t [I:1 (z) - -  r~ (z)l cos (sz) dz. 
0 

In t roduc ing  the new funct ion F (s)  def ined by  the equa t ion  

A (s)I1(as) - -  B(s)I~l(as) -= F(s), 

the f i r s t  and l a s t  condi t ions  f r o m  (2.2) c a n  be  w r i t t e n  in the f o r m  
oo 'S s2aI~ (sa) [K~ (sa) F (s) + To (s) K1 (sa)] coi (sz) ds = % T I (z), 0 ~ z ~.~ 1~ 

0 ( 2 . 3 )  

2 .t" F (s) cos (sz) ds = O, z >~ i.  w (a,  z )  = u(1) (a,  z )  - -  u(2) (a,  z)  = -~ 

0 

F r o m  the  l a s t  e q u a t i o n  we  ob t a in  
i 

F (s) = -J" w (a, z) cos (sz) dz. (2 Q4~ O 

Since the  d i s p l a c e m e n t s  u ( i ) ( a ,  z ) ( i  = 1, 2 ) a s  z ~ 1,  i .e . ,  a t  the head  of  the c r a c k ,  behaves  as  (1 - z)1/2, 
we wi l l  i n t roduce  the funct ion  go ( t )  by  the equat ion  

1 
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Substituting the exp re s s ion  for  w ( a ,  z)  into (2.4) we obtain 
1 

F (s) = -~ ~ (~) J'o (sl:) dr. 
0 

The  second equation of sys tem (2.3) is sa t isf ied identical ly for  any function ga(t). Substituting F (s)  as the 
defining function in the f i r s t  equation of sys tem (2.3) and ca r ry ing  out the requ i red  t rans format ions ,  as was 
done in [4], we obtain the in tegra l  Fredholm equation of the second kind 

1 

r (t) -- .! tpx (x) K (~, t) d~ = F (t), 0 ~ t ~.~ i ,  (2.5) 
O 

where  
oa 

(Pz (t) = (p (t) Vt-~oZ; K (x, t) = 2 V ~  .f s [t/2 - saI s (sa) K s (sa)] Jo (st) Jo (s:) ds; 
0 

i } 4 V r / ~ ~1 (~) ~ sSaZs (sa) ~1 @a) r.  (2) J0 (st) ds 
F (0  --- -~ to J V- - r  - ~---~ o 

3. The  Main Fea tu r e s  of the S t r e s se s  and Discuss ion  of the Results .  The  solutions obtained have the 
p rope r ty  that  the s t r e s s e s  have a s ingular i ty  at  the v e r t ex  of the c r ack  of the o rde r  of r01/2, where  r 0 << 1 is 
the dis tance ex te rna l  to the v e r t e x  of the c r a c k  (see Fig. 1). The  conditions for l imiting equi l ibr ium of the 
c r ack  a r e  complete ly  defined by the coeff ic ients  of the s t r e s s  intensity KI, KII, and KIII for  these s ingular i -  
t ies .  We will  obtain the s t r e s s  intensi ty coeff icient  of the problems cons idered  assuming that the solutions of 
the F redho lm equations (1.5) and (2.5) a r e  known. For  twisting of a cyl indr ica l  c rack  the s t r e s s  a r ~  can be 
wr i t t en  in the fo rm 

1 

o ~  t ' ,  z) ~ sSags (sa) I s (sr) cos (sz) ds "~(~ (~) Jo (s~) dT + . . .  (3.1) 
0 0 

Assuming that  a - r  = e << 1, for  s >>1 we have 

sSaKs(sa)Zs(sr) ~ e -~s [(2as)-Z _~ O(s-S) ]. (3.2) 

In the inner in tegra l  we will  also dist inguish the pr incipal  pa r t  
t 

.! ~r (~) j0 (s~) d~ _~ ~ r 0)  J: (~). (3.3) 
0 

Taking into account  only the pr incipal  t e r m s  f rom (3.2) and (3.3) in (3.1) (i t  can be shown that the remaining 
t e r m s  play no pa r t  in the format ion  of the s ingulari ty) ,  we obtain [5] 

~162176 --'(gril -i/~ r 1 7 6  2 l  
0 

or ,  r e ve r t i ng  back  to the dimensional  quanti t ies ,  we have 

r [ .  ~ f T  �9 -us] ~(t) K m 
a ~ - ~ - % [ ~ - - [  : c o s ~ r  0 [ = % ~  ~ c o s - ~ .  (3.4) 

Proceeding  in a s imi l a r  way as in the a x i s y m m e t r i c a l  case ,  and omitting the fa i r ly  lengthy calculat ions,  we 
obtain asympto t ic  equations for the components  of the s t r e s s  t ensor ,  which hold in a smal l  neighborhood of the 
ve r t e x  of the c r a ck  and ag ree  with the equations given in [6] 

z) Pc VF 

2 V 2 r o  k 

~o VT r i~rz(r, z ) = ~ f S c o s ~  [1--- '- ,m~ s i n a i  -- ~:l.(i) sin (~ ̂ " q IP cos~}.  -~-~,,,,s ~ 
2 [  2rat ~ L 

Hence 

% (i) Pc V~- Pc trF 8 (3.5) 
K z = - -  2V2- , Kzr=  21/'2" ': 
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Fig. 2 

where  6 and ~01 (1) a r e  g iven by Eqs. (1.5). 

Lathe  l imi t ing  case  as  a -~o  and T i (z )  = T2(z) - 1, we obtain f r o m  Eq. (2.5) ~0~(1) = 2, and f rom (3.4) 
we obtain KHI = r0 ~ 2 ~ ,  which c o r r e s p o n d s  to the solution of the p rob lem of the equi l ibr ium of an isolated 
c r a c k  of length 21 under ant iplane de fo rmat ion  conditions. 

I n t h e  a x ~ m m e t r i c a l  case  f r o m  Eqs.  (1.5) as a - - - ~  we obtain ~ot(1) = 2, ~ l ( t )  = 0, f r o m  (3..5) we ob-  
ta in  KI = -P0 4 l / 2 ;  KII = 0, which c o r r e s p o n d s  to the solution for an i so la ted  c r a c k  under plane de format ion  
condit ions.  

The  in tegra l  F r edho l m  equations (1.5) and (2.5) w e r e  evaluated numer i ca l ly  on a computer .  As an e x -  
amp le ,  we show the r e s u l t s  obtained in evaluat ing the s y s t e m  of in tegra l  equations (1.5) for v = 0.8 g r a p h -  
ical ly  in Fig. 2. H e r e  cu rve s  1 and 2 c o r r e s p o n d  to the va r i a t ion  of ~01 (1) and ( -5)  as  a function of the ra t io  
a/ l .  For  s m a l l  va lues  of a/ l  the quanti ty ~1(1)  c a n b e  r e g a r d e d  as  s table  and its va lues  c a n b e  app rox i -  
ma ted  quite wel l  by the exp re s s ion  

~ ( i )  = 1.0951/~7/. 

When a/l << 1 the solut ion of the p r o b l e m  r educes  to the solution of the p rob lem of the equi l ibr ium of a s e m i -  
infinite cy l indr ica l  c r ack ,  for which, using R i c e ' s  method [6], we obtain 

P ~  ( 3 . 6 )  Kr 2 -~ K~I = (2,~)-' i -- v ~ 

or 
4 a 

~,~ (1) + 6 ~ = ~ (~ -__ ~) T" 

Using this  r e l a t ion  we can re f ine  the dependence of - 5  (curve 2) on a/1 for  sma l l  va lues  of a / l ,  w:here it is 
diff icul t  to make  n u m e r i c a l  ca lcula t ions  on a compute r .  

F igu re  3 shows the r e s u l t s  of  a n u m e r i c a l  evaluat ion of Eq. (2.5) a s suming  that  

- ~ (z) = ~1 (z) = 0,  0 ~< z < i - zo" 

Lines  1-5 r e p r e s e n t  the v a r i a t i o n  in a/ l .~ l (1)  as  a function of all  for loft = 1.0, 0.9, 0.8, 0.5, and 0.2, r e -  
spect ive ly .  If  all  >> 1, we have  a/l" ~1 (1) ~ ~ In the other  l imit ing case  for a/l  << 1, using R ic e ' s  
method [6] we obtain 

g I I I  2v~ M 
1/~ a t/.'. z V2-~ a 5/2'' (3.7) ' 

where  M = 2va2~0/0 is the m o m e n t  produced by  the s t r e s s  T0 ac t ing  on a sec t ion  of length I 0. Curves  1-5,  
with an a c c u r a c y  of f rom 1% to 5% (depending on the value of the ra t io  loft ) for  all _< 2 can  be approx imated  
by  an e x p r e s s i o n  s i m i l a r  to that  obtained in [7] 

a 4 "./'~-loF ~_] 
T ~ I ( ~ ) = V ~ / T T [  I - ~ 1 7 6  �9 r  

In Fig. 3 the l ines  6-10 r e p r e s e n t  the r e s u l t s  of n u m e r i c a l  evaluat ion of Eq. (2.5) a s suming  that  ~z (z) - 0, 
and TI (z )  i s  the s a m e  as  above for lo/1 = 1.0, 0.9, 0.8, 0.5, and 0.2, respec t ive ly .  In th is  ca se  for  all >>1 the 
quantity a f t  �9 ~ol(1) a sympto t i ca l l y  app roaches  the va lue  1 - 2 / ~  . a r c s i n  (1 - 10), and for a/l  _ 1 with an a c -  
c u r a c y  of to within 2% can be approx imated  by the equat ion 

a _4_4 ] I /Z [~A_  a] 
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I n t h e  p rob l em  of twist ing for  z = 0 the s t r e s s  e2r  = 0, i .e . ,  the plane z = 0 is f lee .  The  p rob lem 
can be  in t e rp re t ed  as  follows: A cyl indr ica l  c r a c k ( c o r e )  is  d r i l l ed  perpendicu la r  to a f r ee  su r face ,  while the 
s t r e s s  ~ r r  r e p r e s e n t s  the  f r ic t ion  be tween the in s t rumen t  and the rock.  Tak ing  as  the c r i t e r ion  of f r a c t u r e  
[3] 

(t  - -  v) [KT z q- g~ i ]  ~- K~H = 2~ ?- (3.9) 
~7. r 

where  7 is the su r face  ene rgy  a r r i v i n g  pe r  unit of f r ee  su r face  of the body, and a s suming  that  the quant i t ies  
7,  ~ ,  T0, a a r e  specif ied,  us ing cu rve  1 in Fig. 3 we can  de t e rmine  the length of the f i r s t  p iece  b roken  off. 
Cons ider ing  only the twis t ing (KI = KH = 0}, we obtain f r o m  (3.4) and (3.9} 

u) = 4 (o 7,2.= 
T~R ~ \ T ]  \~J  " (3.10) 

Th i s  r e l a t ionsh ip  is r e p r e s e n t e d  by  the dashed cu rve  in Fig. 3 (in this ca se  the constant  k 0 = 3}, The  point of 
in t e r sec t ion  of this  curve  and cu rve  1 def ines  the length of the f i r s t  p iece  a l l  I = 0.73 or l 1 = 1.37a.  

Consider  the following ideal izat ion of the p r o c e s s .  We will  a s s u m e  that  the i n s t rumen t  sinks a d is tance  
l 0, and we wil l  then a s s u m e  that  the tangent ia l  s t r e s s e s  ac t  only on this p a r t  l 0, while on the length of the 
p a r t  which has  b r o k e n  off 11 they  a r e  z e r o  (it  r o t a t e s  toge ther  with the cutting in s t rumen t ) ,  and the overa l l  
length in th is  case  will  be  l = l 0 + l 1- In o rde r  to obtain the s ize  of the second piece,  in this  case  it is su f -  
f icient  to  equate  (3.8) (where we have taken only the pr inc ipa l  te rm)  and (3.10) 

ko(at lP/a  = (4," l , / -~)(al l )  ~i2. !o/ l ,  

whence 12 = l 0 = k0 ~f~"~/4. a = 1 . 3 3 a .  Obviously this p r o c e s s  can  be  extended fur ther .  

In the gene ra l  case  when K I ~ 0 and KH r 0, i .e . ,  the re  is side c o m p r e s s i o n ,  in the l imit ing case  when 
a / l  << 1 we can  e s t i m a t e  the e f fec t  of the va lue  of the s ide p r e s s u r e  P0 on the s ize  of the p ieces  b roken  off- 
To  do th is  we subst i tu te  the a sympto t i c  e x p r e s s i o n s  (3.6) and (3.7) into (3.9) and obtain 

17,, t d, ~,~ 

Hence we see  that  the m a x i m u m  s ize  of the p ieces  b r o k e n  off when dr i l l ing  the co re  is  obtained when t he r e  is 
no s ide c o m p r e s s i o n  (P0 = 0). As P0 i n c r e a s e s  the s ize  of the piece  d e c r e a s e s  and approaches  ze ro  when 
p~ = 4 ( 1  + v ) T ~ a  -~. 
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C O N S T R U C T I O N  OF  T H E  C R E E P  E Q U A T I O N S  F O R  

M A T E R I A L S  W I T H  D I F F E R E N T  E X T E N S I O N  AND 

C O M P R E S S I O N  P R O P E R T I E S  

B .  V.  G o f e r ,  V.  V .  R u b a n o v ,  
a n d  O.  V .  S o s n i n  

UDC 539.376 

Const ruct ional  ma te r i a l s  of light al loys such as  a luminum-magnes ium and t i tanium possess  di f ferent  
tens i le  p rope r t i e s  for  tens ion and compress ion .  Whereas  the "instantaneous" e las toplas t ic  p roper t i e s  may  
dif fer  only slightly,  the d i f fe rence  in the p roper t i e s  under prolonged act ion (e.g.,  the durat ion up to f racture)  
may  r each  seve ra l  o r d e r s  of magnitude [1]. F igure  1 shows a d iagram of the c r eep  of VT-9  t i tanium alloy at  
a t e m p e r a t u r e  of 400~ with different  combinations of tension (compression)  and twisting at  a constant s t r e s s  

(Yi = (~-z + 3~),/~ = 72.5 kg/mm ~ 

in the form of the t ime-dependence  A = ae  + Z~. The  m ark s  on the d iagrams cor respond  to the marks  of the 
scheme of the s t r e s s e d  state  of the plane ~ - ~-3T. It can be seen  f rom the d iagram that the intensiVy of the 
c r ee p  p r o c e s s  with ~i = const  d e c r e a s e s  as the s t r e s s  s tate  changes f rom pure  tension to pure shear  and 
compress ion .  Here  for  compar i son  we show two d iagrams ,  namely,  pure tension with a i  = 71 kg/n~m 2 
(points 1) and twisting of a thin-walled tubular spec imen with a i = 77.5 k g / m m  2 (points 2), the intensity of 
the c r e e p  p r oc e s s  of which is the same.* The ezample  given c l ea r ly  i l lus t ra tes  the need to cons t ruc t  a 
theory  which would enable one to desc r ibe  c r e e p  in complex media.  

One of the f i r s t  a t tempts  to desc r ibe  c r e e p  in media  with d i f ferent  r e s i s t ance  to tension and c o m p r e s -  
s ion is desc r ibed  in [2], in which the actual  s t r e s s e s  a re  rep laced  by " r e d u c e d "  s t r e s s e s ,  and a theory  is 
cons t ruc ted  assuming  s imi la r i ty  between the devia tors  of the ra t es  of deformat ion and the " r e d u c e d "  s t r e s se s .  
This  method has  not been developed any fur ther ,  and in prac t ice  even simple problems lead to quite compl i -  
cated equations [3]. 

Another  approach is to cons t ruc t  c r eep  equations in the form of a dependence of the "equivalent  ra te  of 
deformat ion"  ~ on the "equivalent  s t r e s s "  ae ,  where  the intensi ty of the r a t e  of deformat ion  Vi = 
( 2/.q~?kl~? kl ) 1/2e is usually taken as  fie, while ae  is cons idered  as a function of the s t r e s s  tensor  invariants.  
The c r e e p  equation is supplemented by  the law of flow (e.g.,  by the gradient  ~?kl = k~a~ /aek / ,  where  a~ is 
not always the same as ~e ) [4, 5]. 

At tempts  have been to cons t ruc t  equations assuming  the exis tence  of a potential  c r eep  function which 
depends on the s t r e s s  tensor  invariants  and sca la r  p a r a m e t e r s  of the s t rengths  [6-13]. The potential, function 
is a s sumed  to be both smooth [6-8, 1Z] and p iecewise-smooth  [9, 11, 13], and equations have also been con-  
s t ruc ted  with more  genera l  assumptions [14]. 

When const ruct ing  defining equations the dif ferent  r e s i s t ance  to tension and compress ion  is taken into 
account  by introducing into ~e, in addit ion to the second invariant  of the s t r e s s  deviator ,  one of the (xld in- 
var ian t s :  In a number  of papers  p r e f e r ence  is given to the f i r s t  invariant  of the s t r e s s  tensor  [6, 9, 11, 15, 
16-18], while in o thers  p re fe rence  is given to the third invariant  of the s t r e s s  devia tor  [7, 8, 12, 14]. Al -  
though i t  is not our  purpose to make a more  detai led review of the papers  in this field, we will  i l lus t ra te  the 
mos t  typical  approaches  to const ruct ing defining equations containing in addition e i ther  the f i r s t  or third in-  
var ian t s  of the s t r e s s  t ensor  by using the example of the c r eep  of OT-4 t i tanium alloy at  a t empera tu re  of 
475~ and dif ferent  combinations of tension-twist ing and compress ion- twis t ing .  

* N. G. Torshenov  pe-rtic!pated in these exper iments .  
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