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On the influence of the dilatancy,
compression of pores, and filtration
on stability of shearing sliding in a rock

V.E. Petrenko

Dilatancy, or increase in void volume, is typically associated with the in-
elastic deformation of a relatively intact rock. However, dilatancy associated
with frictional sliding in laboratory samples also has been observed. At low
normal stresses, dilatancy may be due to the uplift in sliding over asperity
contacts. At higher normal stresses, dilatancy appears to result from the
initiation and extension of microcracks adjacent to the sliding surface. If the
rock is fluid-saturated and dilatancy occurs more rapidly than a pore fluid
can diffuse into the newly created void space, the local pore pressure near
the sliding surface decreases. This decrease in the pore pressure increases
the effective compressive stress (the total compressive stress minus the pore
fluid pressure) and inhibits a further frictional slip.

This paper investigates the stability of the quasi-static shearing slid-
ing along a rock porous layer that can result from the coupling between
the change in porosity, pore fluid diffusion and dilatancy accompanying the
friction sliding. Analysis was made using a mechanical model of unstable
sliding [1] for the evolutional law of friction, when the friction coefficient is
a given function of the velocity of sliding and the so-called variable of the
state characterizing the evolution of the system [2]. Such effects as shearing
dilatancy, the diffusion of fluid and compressibility of the fluid and pores
are also taken into account.

A linear analysis of stability has shown that a steady sliding can be both
stable and unstable depending on the value of elastic rigidity. An estimate
of critical rigidity as function of governing parameters of the problem (the
velocity of sliding, the effective normal stress, the coefficients of shearing
dilatancy, the diffusion of fluid, and compressibility of pores, as well as
parameters of the evolutional law of friction) has been obtained.

A qualitative analysis of the influence of the governing parameters on
the stability of sliding is given. In particular, the shearing dilatancy and
low values of the effective normal stress (7 = o — p, where o is the normal
stress, p is the pore pressure) favor the stability of steady sliding. Thus, an
increase in the pore pressure stabilizes sliding. This is in accord with the
experiment.
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1. Evolution law of friction

According to the existing concepts, sliding at the surface of contacts occurs
when the ratio between the tangential stress r and the normal stress ¢
attains the value of the static friction coefficient f,. The friction drag as well
as the friction coefficient decrease in sliding taking the values of the dynamic
friction coefficient f;. This decrease in the drag can be due to rigidity of
the system and can result in the instability of sliding. The following facts
have been experimentally established in the physics of rocks:

e the static coefficient of the friction f, depends on the history of sliding
of surfaces;

¢ the dynamic coefficient of the friction f; for the steady sliding depends
on the velocity of sliding. It is also influenced by such factors, as the
type of rocks, temperature, and some other parameters.

e if the velocity of sliding varies jumpwise, the evolution of friction to a
new steady state takes place at a characteristic distance of sliding d..

The time of the contact of surfaces and, hence, the dependence of the
friction of sliding on the velocity of the sliding v are important [2]. The
effective time of the contact is determined as a ratio between the critical
distance of the sliding d., at which the contact surface is renewed, and the
sliding velocity v. The ratio d./v is considered as average time of evolution
of the contact @ or as a characteristic time of the contact.

An experimental dependence of the dynamic coefficient of friction on the
sliding velocity v and the variable of the state of the system 6 is approxi-
mated by formula in [2]:

f:f0+aln(v/vg)+bln(0/00), (1)

where fp is the coefficient of friction at v = vg and @ = @, a and b are the
empirical constants of the rock, vy and @ are the reference constants.

Equation (1) should be considered jointly with the evolution equation
for the state variable #. Various evolutional equations were proposed, for
instance
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where t is the time variable.






