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A. Theory of Brittle Creep in Rock under Uniaxial Compression 

D. ]\'1. CHUDEN1 

Department oj Geology, Imperial Collegc, London, Unded Kingdom 

Scholz's theory of brittle creep is rejected. A Dew theory based on Charles's theory of the 
subcritical growth of pre-existing cracks in the specimen by strcss-aided corrosion is puL 
fom·ard. It is a successful cxplnnat.ion of new experiments on the creep of P enDant. sandstonc 
and Carmra marble und er uniaxini comprcssion at room temperature. 

I",'l'HODUCl'J o~ 

]vIany creep experimenls 011 rock under COUl

pression were conducted under conditions where 
the specimen is brittle, thal is, it fractures at 
~mall strains with loss of cohesion between the 
fracture surL1ces . 

Brittleness has certain implications . Pratt 
[1967] has pointed out that, for a. material to 
be able to undergo a general deformation, 'there 
must be a ;oufficient number of independ ent 
slip systems, distributed homogeneollsly and 
able to in terpelletrate, wi t h ellough mobile dis
locations on them to accommodate the applied 
slrain rate.' At least one of these conditions j " 

not fulfill ed for most rocks at. room tempera
ture. 

For the rocks to be c:!pable of a general 
deformation the component. minerals should be 
deformable. Ob.5eryed slip s~'5tems for rock
forming minerals have recently been compiled 
by Hamlin [1966] and lVatclmw.n []967]. Dat:! 
on calcite h:!Ye becn added by Santhanam and 
Gupta [1958]. Calcite and qu:!rtz are the two 
minerals , that have been most intcnsh-ely 
studied, and in neither mineral was there appre
ciable di"location mobility at room tempera
ture. 

In gcneral, deformation b~" crY5tal twinning 
or slip is inscnsitive to confining pre5SllI'e. Only 
raleite, marble, and h:!lit c ha\"c been reported to 
show stress-sfrnin curves in;;ensitiye to confining: 
pressure [Paterson, ] 967]. Deformation in other 
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rocks can be supposed to be cataclastic. The 
increasing ductility of rocks with increasing 
confining pre;;'~Ul'e is due to the inhibiting of 
fracture propagation [Pratt, 1967]. Murrell 
[1965] has shown that the brittle-ductile transi
tion observed ill rocks occuned when the stress 
required to propagate a crack rose to the stre.;;s 
required to overcome sliding friction on the 
crack. Other fe:1tures of the stress-strain curves 
of rocks are :llso adequately explained on the 
assumption that the rock is it perfectly elastic 
body containing an array of pre-existing cracks 
[Walsh and Brace, 1966]. 

This paper therefore develops It theory of 
creep in brittle materials based Oll the assump
tions that (1) dislocation motion is negligible, 
and (2) the material contains pre-existing 
cracks. 

SCHOLZ'S THEORY OF BRITTLE CREEI' 

It seems that only one theor~', that of Scholz 
[1968], has been deyeloped specifically to de
scribe creep in brittle rock. It is reyiewed briefly 
below and is shown to be unsatisfactory. 

Scholz suggested that a creep specimen could 
be considered as a large Dumber of small homo
geneous regions (elements) that undergo static 
fatigue accorrling to equation 1, 

tr = (1/ a) exp [(E/ K'l') + b(Fm - p.)] (1) 

where a and b are constants. E is the activation 
energy of the corrosion reaction that leads to 
slatic fatigue. F", is the instantaneous failure 
stress of the element, and F. is the stress on the 
clement ca.using failure at tt, the me:lI1' fracture 
time. 

1'\\'0 fu rthcr assumptions \\'ere necessn ry; 
as each element fails, it contributes an amount 
v to the axial strain, und each region !lcts 
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