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Friction laws: Connecting Laboratory and Faults

The frictional properties of rocks play a vital role in earth-
quake dynamics, in which the range of the slip velocity spans
nine orders of magnitudes. To study friction in such a wide
range of slip velocities, we developed a rotary friction appara-
tus and measured the friction coefficient of granite over a
wide range of slip velocities. We found that the frictional
properties may be categorized into three distinct regimes
(Figure). We determine the crossover slip velocities based on
the underlying physical mechanisms. However, to rationalize
the application of such empirical friction laws to the natural
fault scale, one must derive a friction law theoretically based
on the microscopic physical processes. We derived the rate-
and-state dependent friction law based on the creep deforma-
tion of microscopic asperities. As a result, we found 1) micro-
scopic expressions for the two parameters that determine the
rate dependence of the friction coefficient, 2) the statistical
properties of the length constant and the state variable, and
3) a systematic derivation of time evolution laws for the state
variable.
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