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A Theory of Brittle Creep in Rock under Uniaxial Compression

D. M. Crubpen?

Department of Geology, Imperial College, London, United Kingdom

Scholz’s theory of brittle creep is rejected. A new theory based on Charles’s theory of the
subcritical growth of pre-existing cracks in the specimen by stress-aided corrosion is put
forward. It is a successful explanation of new experiments on the creep of Pennant sandstone
and Carrara marble under uniaxial compression at room temperature. .

INTRODUCTION

Many creep experiments on rock under ecom-
pression were conducted under conditions where
the specimen is brittle, that is, it fractures at
small strains with loss of cohesion between the
fracture surfaces.

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 sufficient number of independent
slip systems, distributed homogeneously and
able to interpenetrate, with enough mobile dis-
locations on them to accommodate the applied
strain rate.” At least one of these conditions is
not fulfilled for most rocks at room tempera-
ture.

For the rocks to be capable of a general
deformation the component minerals should be
deformable. Obhserved slip syvstems for rock-
forming minerals have recently been compiled
by Handin [1966] and Watchman [1967]. Data
on caleite have been added by Santhanam and
Gupta [1968]. Calecite and quartz are the two
minerals. that have been most intensively
studied, and in neither mineral was there appre-
ciable dislocation mobility at room tempera-
ture.

In general, deformation by crystal twinning
or shp is inzensitive to confining pressure. Only
caleite, marble, and halite have been reported to
show stress-strain curves insensitive to confining
pressure [Paterson, 1967]. Deformation in other

1 Now a post-doctorate fellow at Iliot Lake
Laboratory, Mining Research Centre, Mines
Branch, Department of Energy. Mines and Re-
sources, Elliot Lake, Ontario.
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rocks can be supposed to be cataclastic. The
increasing ductility of rocks with increasing
confining pressure is due to the inhibiting of
fracture propagation [Pratt, 1967]. Murrell
[1965] has shown that the brittle-ductile transi-
tion observed in rocks occurred when the stress
required to propagate a crack rose to the stress
required to overcome sliding friction on the
crack. Other features of the stress-strain eurves
of rocks are also adequately explained on the
assumption that the rock is a perfectly elastic
body containing an array of pre-existing cracks
[Walsh and Brace, 1966].

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

Scrorz’s THEORY OF BriTrLE CREEP

It seems that only one theory, that of Scholz
[1968], has been developed specifically to de-
seribe ereep in brittle rock. It is reviewed briefly
below and is shown to be unsatisfactory.

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

t; = (1/a) exp [((B/KT) + b(F. — F.,)] (1)
where a and b are constants. ¥ is the activation
energy of the corrosion reaction that leads to
statie fatigue. F, is the instantaneous failure
stress of the element, and F, is the stress on the
element causing failure at ¢,, the mean: fracture
time.

Two further assumptions were necessary;
as each element fails, it contributes an amount
v to the axial strain, and each region acts
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