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The calculation of far-field radiated seismic energy and

constraint on near-field ground motion
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Abstract For a circular fault model, we re-derive the mathematical expression for calculating the
far-field radiated S-wave energy based on the slip-weakening model. Radiated energy and apparent
stress depend on the static and dynamic stress drop, as well as the rupture velocity for Madariaga
model; while the rupture velocity corresponds to the dissipated energy in the fault rupture process
of fault zone models. Fault frictional overshoot and undershoot mechanisms described by slip-
weakening constitutive relation are involved in the consideration of estimate of radiated energy
without any assumption. Combined with near-fault work associated with permanent deformation
of the medium due to fault slip, we also propose a new technique to restrain the bound of peak

ground velocity (PGV) and peak ground acceleration (PGA), respectively. Take 2008 My7.9
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Wenchuan earthquake and 1999 Ms7. 6 Chichi earthquake as examples, with a comparison to the

McGarr and Fletcher approach and Brune model, we found that the values of near-fault particle

velocities we obtained for these two earthquakes are generally smaller and closer to the values

derived from real data. In other words, if the far-field energy solution can reach a considerable

accuracy, it would be a straightforward way to constrain the near-fault ground motion or to

estimate source parameters including rupture speed, static and dynamic stress drops.
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(a) Plots of the relative slip velocity and slip, for the M-model. v is initial rupture velocity, a is final fault radius,

vg s rupture velocity.z is time, A, is initial particle velocity, Au is particle velocity. vz /3=0.9, at five different radii.

The motion at each radius is self-similar until ¢, (), which is t

he arrival time of the P-wave stopping phase. The corners in

the slip velocity mark this arrival time; (b) Plots of the relative slip velocity and slip, for the D-model at five different

radii. The motion at each radius is self-similar until £, = 0. 82a/v, when the fault begins to decelerate. The slip heals over

the entire fault surface at 2, = 1. 22a/v. Note the delay of the rupture front arrival for r=0. 95a; (c) Plots of the relative

slip velocity and slip, for the Brune-model
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Fig. 2 Energy partitions based on three kinds of stress model
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(a) Total stress drop; (b) Undershoot; (¢) Overshoot model. In which, op is the yield stress which indicates the strength of fault, ¢y and 5y

are the initial and final shear stresses applied on the fault, respectively. of and ¢, are the final dynamic frictional and resisting stresses,

respectively. g, is the average frictional stress, oyg is the difference between g1 and o1 for undershoot. (g is the difference between gr and 5 1

for overshoot.
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Table 4 Slip-weighted average slip rate for three

near fault station in Chi-Chi earthquake
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Fig.4 Location of borehole strain and the velocity observation

in Mianzhu Qingping in Wenchuan Earthquake
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The red line and triangle are the fault and the epicenter, respectively.
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