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Crack shape, o r i e n t a t i o n ,  s i z e  and growth due t o  h y d r a u l i c  f r a c t u r i n g  
w i l l  be i nves t i ga ted  as a problem i n  t h r e e  dimensional  e l a s t i c i t y  theory.  
Since the  opening of the  c rack  by h y d r a u l i c  f r a c t u r e ,  the  p ressu r i z i ng  of 
the  treatment f l u i d ,  t he  teak ing o f f  of t he  f l u i d ,  and the thermal c rack ing  
a r e  simultaneous events,  t h e  theory o f  e l a s t i c i t y  w i l l  be coupled w i t h  f l u i d  
mechanics and t he  theory o f  heat  conduct ion. The r e s u l t s ,  which inc lude  t he  
coup l ing  o f  e l a s t i c i t y  and f l u i d  i nc l us i on ,  w i l l  be ob ta ined  by a n a l y t i c a l  
techniques so t h a t  they can be presented w i t h  a n a l y t i c a l  formulae when pos- 
s i b l e .  

St ress i n t e n s i t y  f a c t o r s  f o r  an e l l i p t i c  crack.  By us ing  the  con- 
t inuous  d i s l o c a t i o n  method developed by Mura (1963) and W i l l i s  (1968), the  
s t r e s s  component 033, which i s  t h e  m o s t  impor tant  component, a long an 
e l l i p t i c a l  c rack  (F igure  1 )  under a l i n e a r l y  changing app l i ed  s t r ess  ~-103~ = A .f Bxl  + Cx2 has been ob ta ined  as f o l l ows :  
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On the  crack sur face  the  boundary c o n d i t i o n  
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i s  s a t i s f i e d .  For the  crack as shown i n  F ig .  1 

and there fo re ,  A = - pogh + p - S ,  B = p g cose, C = 0, where p i s  t he  
pressure necessary f o r  crack opening, 
t he  depth o f  the  crack, S ,  t e c t o n i c  s t r ess  and 0 i s  the  o r i e n t a t i o n  o f  
t he  crack surface r e l a t i v e  t o  t he  su r f ace  o f  t he  e a r t h  (F ig .  I ) .  
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Fig, 1 

The maximum w i d t h  o f  t he  c rack  a l s o  has been obta ined as 

a2 2 ( 1  - v )  w = (1 - xl/al  2 2  - x2/a2)' A 
2 2  PE 

( 4 )  

where v i s  Po isson 's  r a t i o ,  l~ i s  the  shear modulus, and E i s  def ined i n  
Eq. (2) .  

- - - * \ ,  , 

2 2  2 2  The s t ress  i n t e n s i t y  f a c t o r  i s  t he  c o e f f i c i e n t  o f  (x /a 
1 1  2 2  

+ x /a - 1 ) '  

i n  Eq. ( 1 ) .  The s t r e s s  i n t e n s i t y  f a c t o r  i s  n o t  constant  a long t h e  crack 



edge. 
i n t e n s i t y  f a c t o r  a t  the  crack t i p s  o f  t he  major and minor p r i n c i p a l  axes 
o f  the  crack.  Thus, 0 can be ob ta ined  as 

However, c e r t a i n  angles 0 o f  c rack  i n c l i n a t i o n  g i v e  equal s t r ess  

Axisymmetr ical  c rack  growth i n  hydrau l  i c  f r a c t u r i n g .  I t  i s  found 
t h a t  the  growth r a t e  o f  a penny-shaped c rack  can be p r e d i c t e d  as a con- 
t inuous f u n c t i o n  o f  t ime, w 
h y d r a u l i c  pressure. 

The fundamental equat 

en t he  c rack  i s  f r a c t u r e d  by water under 

ons a r e  

= o  

where p i s  the f l u i d  pressure i n  t he  c rack  and q i s  t h e  r a t e  o f  mass f low 
de f ined  by 

q =  p w u  (7)  

where u i s  the average r a d i a l  f l u i d  v e l o c i t y .  
E l l i o t t  (1946), we have f o r  t he  w i d t h  o f  t he  c rack  and t he  s t r ess  i n t e n s i t y  

According t o  Sneddon and 

f a c t o r :  

8(1 - \ j 2 )  jR 1 d r  1 j1 x ( p  - S) dx w =  
r I 2  2 o I-  2 17E 

J‘1 - .J1 - x 

where R i s  t he  c rack  rad ius ,  Ro, i s  t he  re l l bo re  
modulus f o r  the  crack;  S i s  t he  t e c t o n i c  s t r ess .  

d i u  , and E i s  Young’s 

Since w = 0 a t  r = R and (6) has t h e  inverse cube s i n g u l a r i t y  f o r  

where R1 < R and i nd i ca tes  t he  r ad i us  o f  t he  wetted domain. 
w, we assume t h a t  the  second equat ion i n  (6)  ho lds  f o r  the  domain, 
Ro 5 rz R 
I t  fo l l ows  t h a t  

1 ’  

dR- 
1 u(R1) = - 

- 
dt 
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I n v e s t i g a t i o n  o f  o rde r  of  magnitude o f  t h e  terms i n  (6) leads t o  the  con- 
c l u s i o n  t h a t  t h e  l a s t  two terms i n  the  r igh t- hand s i d e  can be neglected. 
The f o l l o w i n g  g loba l  equat ion  o f  t h e  conservat ion  o f  mass i s  a l s o  employed 

p rw ar = 
0 

0 
R 

where qo i s  t h e  f l o w  r a t e  a t  

Resu l ts  ob ta ined by so 
and 3, where 

2 2  
t = 38EqOt/8(1 - v )pSRo ,  D 

q R a t  
0 0  

t h e  we1 1 bore. 

v ing  (6) t o  (9) and ( 1 1 )  a re  g ven i n  F igs.  2 

- 2 w = TEw(R )/8(1 - v )RoS, ApD = (p - S ) / S  D 0 

and 
the  e l l i p t i c  i n t e g r a l  i n  w which a r i s e s  f rom (8) and t h e  e f f e c t  o f  t he  term 
a(pw)/at i n  (6) a re  shown i n  F i g .  2 by p u t t i n g  subsc r ip t s  (1) and (2 ) ,  
r e s p e c t i v e l y .  I t  is found t h a t  t h e  former e f f e c t  i s  small f o r  l a r g e  
values o f  R/R w h i l e  t h e  l a t t e r  one i s  s i g n i f i c a n t .  Resul ts ,  which a r e  
v a l i d  f o r  a wyde range o f  R/R a r e  shown i n  F ig .  3 .  The e f f e c t  o f  the  
s t ress  i n t e n s i t y  f a c t o r  o f  thg ’ rock  i s  found t o  be s i g n i f i c a n t  even for 
l a r g e  values o f  R/Ro. 

i s  t h e  average pressure, The s o l u t i o n s  by neg lec t i ng  the  e f f e c t  o f  
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