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An Approximate Expression of Slip Velocity Time Function for
Simulation of Near-field Strong Ground Motion
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In order to simulate near-field ground motions accurately, il is necessary to use a physically
reasonable lime function of the slip velocity on a fault. Although the analytical expression of slip
velocity is preferred for the simulation, the slip velocity on a fault is currently estimated numerically
for each set of dynamic parameters of source process. In this study, an approximate expression of slip
velocity is proposed on the basis of the numerical solution of 2D and 3D crack simulations inciuding
a slip-weakening friction law. For the time of slip onset to the time of maximum slip velocity, the slip
velocily is approximated by a quadratic function based on a solution of a 2D steady state crack with
a slip-weakening friction law. For a latter part of the slip history, the slip velocity is approximated on
the basis of results of 3D crack simulation using the staggered grid finite difference method with the
slip-weakening friction law. The important parameters for describing the slip velocity are maximum
amplitude of the slip velocity, the time of the maximum slip velocity, and the rise time.
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Fig. 1. Schematic figure of the antiplane shear
crack.
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Fig. 2. The time functions of slip velocity
with critical slip displacement D. of 0.2 m
for stress drops 4o of 5, 10, and 20 MPa,
respectively.
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Fig. 3. The uniform stress drop model (1) and
the asperity model (2). In both models, the
rupture is assumed to initiate at a point
(star) and propagates circularly outward at
a constant speed. In the uniform stress
drop model (1), the fault length and width
are 20 and 5 km, respectively. The stress
drop (4o) is assumed to be 10 MPa. For
the asperity model (2), the fault length and
width are 20 and 10 km, respectively. The
shape of asperity is a square with sides of
S5km. The stress drops inside (dos) and
outside (Jos) the asperities are assumed to
be 10 and 0 MPa, respectively.
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Fig. 4. (1) The time functions of slip velocity

for the uniform stress drop model shown in
Fig. 3(1). The symbols A to H correspond
to the locations in Fig. 3(1). (2) The time
functions of slip velocity for the asperity
model shown in Fig. 3(2). The symbols A
to I correspond to the locations in Fig. 3(2).
The triangles denote rise times of each
function.
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Fig. 5. The effect of stress drop (dos) outside

the asperity on time function of the slip
velocity for the case of das= 5, 0, and —5
MPa. The stress drop (dos) inside the
asperities is 10 MPa for all cases. These
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triangles indicate the rise time.
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Table 1. The errors for fitting Eq. (6) to the lime functions of slip velocity shown in Fig. 2.
Ao Fitting range m=1 m=2 m=3 m=4
(MPa) (s) error(%) error{%) error(%) error(%)
5 0 — 03 25.3 1.61 1.06 0.18
10 0 — 0.15 22.4 2.54 1.22 0.33
20 0 — 0.075 26.6 2.85 1.98 0.61
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Fig. 6. Schematic figure of the approximate
time function of slip velocity. V, and ¢
denote the maximum slip velocity and the
time of the maximum slip velocity, respec-
tively. Slip velocity is proportional to
1/t'/* between ¢, and &,. ¢, is the rise time.
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Fig.8. The convolution of a time derivative of rupture propagation function dR(f)/dt and a slip
velocity dD(t)/dt. The result is a ground velocity with maximum amplitude Vp,y and time duration
7 of the pulse. The time duration 7y is nearly equal to the time duration 7, of dR(t)/dt. The Vi, is
proportional to the slip D at time 7. * denotes the convolution operalor.
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Fig. Al. Grid layout for 2D staggered grid
formulation.
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