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Finite element method simulations of the influences of fault rupture velocities

on ground motions and seismic hazards
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Abstract The propagation velocity of fault rupture usually affects the spatial distribution of
strong ground motions and the degree of earthquake disasters. However, there is no comprehensive
study on how the rupture speeds affect seismic hazards. To this end, this study changed the
rupture speeds of the fault propagation from small value to large magnitude (i. e. , from subshear
wave velocity to supershear rupture speed), and at the same time, the finite element method was
used to calculate the rupture scenarios and the corresponding ground motions. The spatial

distribution of the peak ground acceleration (PGA) is calculated with the final dislocations on the
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fault kept the same in all cases, that is, the moment magnitude of the earthquakes generated
under different rupture conditions remains unchanged, which is My =7. 0. The calculation results
show that, in general, the faster the rupture propagation speed, the larger the PGA is, and also
wider the distribution of high-value areas. Accordingly, the more serious the earthquake disaster
will be. Overall, the seismic hazard will be graver for the supershear rupture earthquake than
that of subshear rupture event. However, when the rupture speed is exactly equal to the shear
wave speed of the medium, the peak value of PGA near the fault is the largest, and the earthquake

disaster is the most serious. In addition, this study also found that when the rupture propagation

speed is equal to 4/2 times of the shear wave speed, which is called Eshelby velocity, no Mach
wave appears. This is inconsistent with the general phenomenon of supershear rupture that generates
Mach fronts. Therefore, this research is of important scientific significances and practical values

for in-depth understanding of earthquake source process, ground motion effects and seismic

hazard assessment.
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Fig. 1 The geometry and fault location

of the finite element model

The black line in the middle is the fault with the length of
40 km. The fault is a right-handed strike-slip fault, and the red
star stands for the rupture starting position, while the green

area around the model represents the absorbing boundary.
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Fig. 2 Curves of source function with time

(a) Slip rates change with time at each node on the fault; (b) Displacements vary with time at each node on the fault plane.
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Fig. 3 Snapshots of velocity cloud diagrams for different rupture velocity models

when the fault rupture velocities are all at sub-shear ruptures
(a) V,=0.6Vs (the first column); (b) V.= 0. 7Vs (the second column) ;
(c¢) V.= 0.8Vs (the third column); (d) V,= 0. 9Vs (the fourth column).
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Fig. 4 Snapshots of velocity cloud diagrams for different rupture velocity models

when the fault rupture velocities are all at supershear ruptures

(a) V,=1.3Vs (the first column); (b) V,=1.5Vs (the second column) ;

() V,=1.7Vg (the third column); (d) V,=1.9Vg (the fourth column).
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Fig.5 PGA distributions at different rupture speeds

Figures (a—e) denote the PGA distributions when subshear ruptures occur; Figure (f) is the PGA distribution when the rupture velocity is

at the shear wave velocity, and figures (g—j) are the PGA distributions when the super-shear ruptures occur.
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Fig. 6 PGV distribution at different rupture speeds
Figures (a—e) denote PGV distribution when subshear ruptures occur; Figure (f) is the PGV distribution when the rupture velocity

is at the shear wave velocity, and figures (g—j) are the PGV distributions when the super-shear ruptures occur.
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(a) Slow event; (b) Model with infinity rupture velocity.
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Fig. 8 Snapshots of particle accelerations at different moments when the rupture velocity is 1. 3V, 42V,

and 1. 5Vs, respectively

(a) When the rupture velocity is 1. 3Vs, Mach waves appear; (b) When the rupture velocity is v2Vs, the Mach waves are not observed;

(¢) When the rupture velocity is 1. 5V, Mach waves appear again.
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