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Effect of uncertainty of seismic sources on ground motions
in valley sites near a dip-slip fault
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Abstract; Ground motions caused by seismic waves propagating to the near surface due to the rupture of an
uncertain seismic source also have uncertainty. In this paper, the uncertainties of asperity intensity and rupture
velocity are represented by random variables, and three rupture scenarios are set up to consider the uncertainties of
asperity location and initial rupture location. The spatial distribution of ground motion parameters in the valley near
a dip-slip fault with uncertainty is investigated. The influences of the fault distance and the dip angle on the
uncertainty of the ground motion parameters in the valley are analyzed. The multiplicative dimensional reduction
method is used to improve the computational efficiency of the uncertainty quantification problem, and the physical
process from fault rupture to site response is simulated based on the boundary element method. The results reveal
that the uncertainty of seismic source leads to the uncertainty of ground motions. The scattering of seismic waves by
the valley leads to the non-uniform amplification of the uncertainty. The coefficient of variation (COV) of the peak
acceleration of the vertical ground motion at the center of the valley can reach 0.27. There are violent fluctuations in
the spatial distribution of the COVs of the peak velocities of the vertical ground motions of the mountains. The

variability of the ground motion at the valley decreases with the increase of the fault distance, and it tends to
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stabilize when the fault distance is greater than 4 km. The variability decreases with the increase of the fault dip
angle, and the maximum variability of the peak ground acceleration can be up to 4 times the COV of the asperity
intensity.

Key words: near-fault effect; uncertainty; multiplicative dimensional reduction method; site effect; boundary

element method
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Table 1  Probabilistic distribution and moment information of uncertain parameters of the dip-slip fault

AR b # PR Al ¥ifE I (RMS)
v,/(m/s) 43035 IERS R 2720 136.0
D,/D BIRLTENGif3+3 E& 2017 0.4

®2 RTFREZTEIRARSY
Table 2  Calculation cases and parameters of M-DRM

B AR T4 &N AR/ (m/s) T R /D
¥E 1 — 2720 2.0000
4303} 3 2 0.01126 2331 2.0000
3 0.22208 2536 2.0000
405181 MR 0.53333 2720 2.0000
5 0.22208 2904 2.0000
6 0.01126 3109 2.0000
[ 7 A iR 7 0.01126 2720 0.8572
8 0.22208 2720 1.4578
9( 5T 1 AHIFD) 0.53333 2720 2.0000
10 0.22208 2720 2.5422

11 0.01126 2720 3.1428
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Fig.8 Means and COVs of PGVs for valley sites under different fault distance conditions
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