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Numerical friction experiments on a macroscopic stress-deformation relation
of a rate-and-state fault with patchy heterogeneity
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The fault constitutive law, which relates histories of stress and slip, is one of the essential ingredients of modeling
fault behavior. Laboratory-derived rate-and-state friction laws have been widely used in many large-scale
simulations, while they were verified only for centimeter-scale specimens and the scale effects are poorly
understood. Natural faults are heterogeneous as evidenced by repeating small earthquakes, and appropriate
large-scale modeling without resolving out such small-scale feature requires parametrization of the small-scale
heterogeneity. Here we accept the laboratory-derived friction law in sub-meter scales, and investigate mechanical
property of a fault element of hundreds of meters in size including an unstable patch. Stress-step tests have
revealed that steady-state behavior can be approximated by the spatial average of the friction law assumed for each
point, while transient behavior cannot. The size of small earthquakes might be useful in constraining the
large-scale fault constitutive law, for it may give a length scale of slip for state evolution.
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