
Lt- b)2 cos 2(a - u)] 
cos 2u 

(30) 

given by equation 33 [Hoek, 1965, 
1]. 

'. = - b/2a(tan a ± sec a) (33) 

Tors arise because some products of 
ignometric functions of a remo\'ed by 
)ification of equation 30 are not neg­
lcn the trigonometric functions take ex­
lues. 
'e elaborate analysis than Hoek's is 
to detern1ine the cxact situation. It 
e attempted here. Instead, notice that 
considerations suggest tbat the maxi ­

sile stress is at the crack tip when the 
jor a:-..js is pamllel or perpendicular to 

'iral stress, and that equation 33 sug· 
~t, in other positions, the maximum 
ress is at some distance from the crack 

~uation is more complex when the crnck 
. Hoek [1965, p. 24] used the same 
ations as he made in the case of open 

) show that on l\IcClintock and Walsh', 
'is of the beha\'ior of closed cra.cks, 

J = PI sin (cos a - m sin a) (34) 

I is the coefficient of friction on the 
rface. The stress S, is tensile for values 
great~r than m sin a. Taking m to be 

lone, closed cracks inclined at more 
t to PI will not, then, grow in uniaxial 
310n. 

NEW THEORY OF BRITTLE CREEP 

)w use this discussion of stress distribu­
und cracks and Charles's theory to ex­
ittle creep in unia:'\:ial compression. 
Ise that a subcritical crack in uniaxial 
s ion extends in its own plane by stres, 

due to the tensile stress ncar the crack 
i that when it reaches a critical length , 
~atcs in the manner described by Brace 
nbolakis [1963], 
-equcnee may seem less plausible than 
'g that the crack grows along the pa th 
othetical branch fracture. However, the 

h'e lcads the crack to a stable configur:l' 
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tion without giving rise to any eyent that could 
C:lllse the microseismic emi;:sion commonly ob­
,crved in brittle creep. The principal contribu­
tion to creep strain comes from strains and 
displacrments about propagating crncks. Once 
these cracks have propagnted, they arc stable 
or 'crack hardened.' 

Sac/;; [1946] has shown that results for 
st resses around flat cracks in t\\'o dimensions 
('a n be extended naturally to three dimensions, 
to flat cracks with a circlllnr plan. These cracks 
11:\\'e been termed 'penll~'-shaped' cracks. The 
maximum tensile stress on the crack margin 
lies in the plane of the minimum and maximum 
principal stresses and differs only by a constant 
from the value pred ictcd by equation 30 for 
rrneks in two dimensions. 

Suppose there are lt1 (L , a) dL cracks in the 
creep specimen with lengths at zero time be­
t\\'cel1 Lo and Lo + dL at angles to the principal 
stress between a and a + da. If each crack 
r:lllsed a strain increment v on propagating, the 
total strain de due to those cracks is U(L, a) 
vdL. The time t, for a crack length Lo to grow 
to its critical length L" is gi\'en from equation 
25 by 

t, = eAl) (A/ KT)L.;12 

. [2/B(n - 2)]Lo -1(n-2)/21 

I, = ELo-lln-2)/21 

defining E. 

(35) 

Similarly, the time (t, - dt) for a crack of 
Icngth (Lo + dL) to grow to L .. is giyen by 

(t, - dt) = E(Lo + dL)- 11n-2)/21 (36) 

Substracting equation 36 from equation 35, 

dt = ELo- I ("-2)/2) 

. [1 - (1 + dL/ Lo)r l (,,-2)/21 (37) 

If dt and dL are small and n is large, equa­
tion 37 can r.c 1\·r:tten 

dt = [en - 2)/2]ELo-
n

/2 dL (38) 

Then the strain rate at t, due to the propagat­
ing cracks is de/dt, = M(L, a) V dL/dt, 

dc/dt, = [2/E(n - 2)]Lo"12· .1[(L, a)v (39) 

Tt would be reasonable to expect more short 
cracks than long ones. Thus M (L, a) is unlikely 

to be independent of Lo. Unfortullately, there is 
no direct way to determine the dist ribution of 
cmek lengths. 

Gilvarry [1961] suggested the basis of an 
indirect method. lIe considered the size dis­
tribution of the fragments in the single fracture 
of an infinitely c:-.iensiye brittle-body due to 
the propagat ion of internal Haws. He divided 
internal flaws into three types, depending on ' 
the number of flaws against which they termi­
nate. There are volume, facial, and edge flaws 
terminnting aga.inst zero, one, or two flaws, 
respectively. Further classes were excluded be­
cause many of the fragments at fracture were 
four-sided. Gilvarry found 

g = 1 - exp [- (x/k) - (x/N - (X/i)3] 

where g is the volume (or weight) passing a 
mesh size x; k, j, i are the average spacings of 
edge, facial, and yolume fla\\'s. If x is small, then 
this may be written, 

g = 1 - exp [-(x/k)] 
and if x is \'ery small, 

g = (x/le) (40) 

so that frngments passing the smallest mesh size 
are controlled by edge flaws. 

The weight dg in a size interval dx is given 
by differentiating equation 40, 

dg/dx = l/k ( 41) 

As dg = Nk'V where N is the number of 
fragments in size interval, the number of frag­
ments with average size L is given by 

N = k"L- 3 (42) 
Equation 42 has been confirmed experimentally 
by a number of workers [Gilvarry and Berg­
strom, 1961]. In particular, Hamilton and 
Knight [1958] report the exponent of L to be 
about -2.7fJ for Pennant sandstone. 

Single fracture has been defined by Gilvarl'Y 
[1961] as 'fracture by an externa l stress system 
which is instantly and permancntly remo\'ed 
when the first one or few Griffith cracks begin 
to propagate. Subsequent flaws are acti\-ated 
by stress waves produced by propagation of 
prior ones .... ' Assume, then, that the small­
est fmrrments nre bounded b\' fla\\'s closc' to o . 

their originnl lengths so that the length distri-
bution of the flaws can be written, 


