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Summary 2. Rough fault rupture dynamics with varled process zone width
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The effects of fault roughness on earthquake rupture dynamics and the radiated Dc =05m

seismic wavefield have received increasing attention in numerical models aiming

to capture the full frequency range of observed ground motions. e We simulate rupture of varying process zone width by varying Dc. The same

fault is used in all simulations.

e Rupture evolution is controlled by the energy balance between strain energy
release and fracture energy (Madariaga & Olsen 2000): all models have the
same stress drop, but the fault strength (parametrized by the prestress
ratio R ) is adapted to keep this balance unchanged.

e Our results suggest that the dynamic rupture process zone width is a key factor
modulating the strength of roughness effects. A larger rupture process zone
leads to less coherent rupture fronts and higher variability of rupture
speed.

e We observe a systematic change in the spectral fall-off of peak slip rate
associated with the process zone length (Fig 4b) highlighting its importance in
modulating fault roughness dynamic effects.

e On the other hand, the spectral content of other rupture characteristics (fault

We investigate the scale dependence of fault roughness effects in terms of
rupture process zone width and minimum roughness wavelength on
earthquake kinematics, dynamics, and ground motion. We study simple models
of varying process zone width and faults incorporating band-limited

roughness with varying length scales. We find that a larger rupture process
zone leads to less coherent rupture fronts and higher variability of rupture speed.
In addition, peak slip rate distributions are systematically modulated by the
process zone width, highlighting its importance in modulating fault roughness
dynamic effects. However, the spectral content of fault slip and rupture speed is
consistently self-similar over all scales.

Slip rate (m/s)

We then discuss the choice of the smallest wavelength of the bandlimited rough
fault geometry and propose an efficient hybrid approach combining meshed fault
roughness, roughness drag and traction heterogeneities.
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reference fault for varying linear slip weakening distance Dc Fig 4. Normalized radially-averaged amplitude spectral density of the rupture speed (a) and the peak slip rate

(b). The x axis is normalized by Day et al. (2005)'s estimate of the breakdown-zone with. All curves are
normalized by their value at 0.2. The solid black lines illustrate the fall-off of a self-similar model (H=1). The
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e Stress is Andersonian, the angle of maximum compressive stress to the fault is 50°
Off-fault plasticity (Wollherr et al., 2018) is accounted for, to prevent unrealistic
resses near the fault kinks.
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Fig 8: Radially averaged amplitude spectral density of the fault slip and rupture
Fig 7: Zoomed view on part of the source properties (Fig. 6)  speed. The solid black lines illustrate the fall-off of a self-similar model (H=1).
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Fig 12: Radially-averaged amplitude spectral density of
1073 spectral acceleration at 9Hz SA[0.111s]. The black lines
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