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ABSTRACT:

We examined the effects of the random parameters in the stochastic Green’s function method on the predicted
strong ground motions in this paper. Assuming lateral strike-slip faults, we changed the phase of the stochastic
Green’s functions and the location of the point source of the seismic wave, and evaluated the variation of the
simulation results. We applied this procedure to the strike-slip fault models with the different positions of the
hypocenters, with the different locations of the asperities, and with the different numbers of the asperities. The
results of the simulation showed that the coefficient of variation of the peak ground accelerations and that of the
peak ground velocities were about 20 — 40 % for each simulation model.
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1. INTRODUCTION

The ground motions are often predicted by a semi-empirical method (e.g., Irikura, 1986; Takemura and Ikeura,
1987; Dan and Sato, 1998) in Japan. The semi-empirical method in cludes two methods: one is the empirical
Green’s function method using actual smaller size earthquake records as Green’s functions and the other is the
stochastic Green’s function method using artificial waves generated in computers as Green’s functions. When
the ground motions are synthesized by the stochastic Green’s function method (Dan et al., 2005), we use two
kinds of random parameters in this method. One is the random initial value of phase used in generating the
stochastic Green’s functions. The other is the random location of the point source inside each subfault that
radiates seismic waves (Zhao et al., 1995). However, examination about how these random parameters influence
the predicted ground motions has not been performed.

Hence, in this study, we examined the effect of these random parameters on the predicted ground motions in the
stochastic Green’s function method. We simulated the strong ground motions for lateral strike-slip faults by
changing these random parameters. In addition to these simulations, we also calculated the strong ground
motions for the different positions of the hypocenter, the different locations of the asperity, and the different
numbers of the asperities.

2. FAULT MODEL

We assumed lateral strike-slip models with a magnitude M;ua of 6.8. Here, Mjua is the Japan Meteorological
Agency magnitude. The fault parameters were determined by the procedure of Irikura and Miyake (2001).
Figure 1 shows an example of the faults, and Table 1 shows the fault parameters. The fault length was 23 km,
the fault width was 17 km, the depth of the top of the fault was 3 km, and the ratio of the area of the asperity to
the entire fault area (Sa/S) was 22 % (Somerville et al., 1999). We calculated the strong ground motions at 13
points shown in Figure 2. We also calculated the strong ground motions for the fault models with the different
positions of the hypocenters shown in Figure 1, with the different locations of the asperities shown in Figure 3,
and with the different numbers of the asperities shown in Figure 4. We determined the position and the number
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of asperities from the inversion models of past earthquakes (e.g. Miyakoshi et al., 2000). Table 2 summarizes
the fault models and statistics we focused on.
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Figure 1 Fault model in case of varying the position
of the hypocenter
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Figure 2 Calculation points



th
The 14  World Conference on Earthquake Engineering
October 12-17, 2008, Beijing, China

v GL - v GL o
3km 3km
asperity T7km 7 RR)F 4 17km
asperity
|
|
| 23km | | 23km |
{ | | \
(a) Asperity 1-1 (b) Asperity 1-2
v GL v 6L
3km 3km
asperity
17km [ [ ] asperity 17km
| 23km | | 23km |
| | | |
(c) Asperity 1-3 (d) Asperity 1-4

Figure 3 Fault models with different position of the asperity
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Figure 4 Fault model with two asperities (Asperity 2-1)
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Table 2 Variation of fault models and evaluated statistics
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Position and Calculation Random Physical
number of Hypocenter . - . Direction Statistics
o points variation index
asperities
a
b PNTO, 0 Phasi. 100 Acceleration Average
- ¢ PNTL 11 ocation of
d PNT2, 2’ . Velocity fault normal Standard
e PNT3, 3’ po;nt source deviation
1-2 a PNT4 Svaf/zl_srln(;g Pseudo-veloc | fault parallel
1-3 a PNT5, 5° ) ity response Coefficient
;zll 2 PNT®6, 6 10,|C|)00 spectrum of variation

3. SIMULATION RESULTS

3.1. Effect of Phases of Stochastic Green’s Function

We calculated the strong ground motions in the fault-normal direction and the fault-parallel direction at each
calculation point by the stochastic Green’s function method. The stochastic Green’s functions were generated
with 100 kinds of initial values phases.

Figure 5 shows the probability density distribution of the peak ground accelerations (PGA) and the peak ground
velocities (PGV) in the fault-normal direction at PNTO for the fault model of asperity 1-1. Table 3 shows the
average, the standard deviation, and the coefficient of variation (ratio of the standard deviation to the average)
of the PGA and PGV in each direction at PNTO for the fault model of asperity 1-1. The coefficients of variation
of the PGA in the fault-normal and fault-parallel directions were 12 % and 14%, and the coefficients of
variation of the PGV in the fault-normal and fault-parallel directions were 22 % and 14%. We adapted a
log-normal distribution for the probability density functions of the PGA and the PGV shown in Figure 5. The
probability density functions of the PGA and PGV at PNTO were found to be modeled pretty well by the
log-normal distribution. The results at the other calculation points were similar to the results at PNTO.
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Figure 5 Distribution of the peak ground motions in the fault-normal direction in case of changing the phases of
the stochastic Green’s functions at PNTO with the fault model of asperity 1-1
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Table 3 Average, standard deviation, and coefficient of variation of the peak ground accelerations and velocities
in case of changing the phase of the stochastic Green’s function at PNTO for the fault model of asperity 1-1

L. Standard Coefficient of
Direction Average - -
deviation variation
5 fault parallel 373 50.7 0.14
PGA (cm/s’) fault normal 728 86.2 0.12
fault parallel 7.3 1.0 0.14
PGV (eM/S) 201t normal 64.6 13.9 0.22

3.2. Effect of both Phases of Stochastic Green’s Function and locations of Point Sources inside Subfaults
We calculated the strong ground motions by using not only the different phases of the stochastic Green’s
functions but also the different locations of the point sources of the seismic waves. We calculated totally 10,000
ground motions combined 100 kinds of the phases of the stochastic Green’s functions and 100 kinds of the
locations of the point sources. The example of the location of the point sources is shown by the circles in Figure
1.

Figure 6 shows the probability density functions of the PGA and PGV in the fault-normal direction at PNTO for
the fault model of asperity 1-1. Table 4 shows the average, the standard deviation, and the coefficient of
variation of the PGA and PGV in each direction at PNTO for the fault model of asperity 1-1. The coefficients of
variation of the PGA and PGV in each direction were around 20 %. The average of the PGA and PGV differed
in Table 3 and Table 4, in order that those averages changed according to the location of the point source.

Figure 7 shows the coefficients of variation of the PGA and PGV in each direction at each calculation point for
the fault model of asperity 1-1. The coefficients of variation of the PGA in each direction at each calculation
point were around 20 %. The coefficients of variation of the PGV depended on the direction and the calculation
point, and were from 20 % to 40 %. When the average of the PGV was small because of the radiation pattern,
the coefficients of variation of the PGV were lager than about 20 %.
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Figure 6 Distribution of the peak ground motions at PNTO in the fault-normal direction in case of changing
both the phases of the stochastic Green’s functions and the locations of the point sources on the subfault for the
fault model of asperity 1-1, calculation point of PNTO)
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Table 4 Average, standard deviation, and coefficient of variation of the peak ground accelerations and velocities
in case of changing both the phases of the stochastic Green’s functions and the locations of the point sources of
the seismic waves at PNTO for the fault model of asperity 1-1

L. Standard Coefficient of
Direction Average - L
deviation variation
2 fault parallel 365 78.7 0.22
PGA (CM/S) it normal 839 167 0.20
fault parallel 6.9 1.6 0.23
PGV (CM/S) ™ f2uit normal 75.1 16.5 0.22
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Figure 7 Coefficient of variation of the peak ground accelerations and velocities at each calculation point for the
fault model of asperity 1-1

3.3. Effect of Positions of Hypocenters, locations of Asperities, and Number of Asperities

We calculated the strong ground motions for the fault models with the different positions of the hypocenters,
with the different locations of the asperities, and with the difference numbers of the asperities.

Figure 8 shows the coefficients of variation of the PGA and PGV in each direction at each calculation point for
the fault model with different positions of the hypocenters. Figure 9 shows the coefficients of variation of the
PGA and PGV in each direction at each calculation point for the fault model with the different positions of the
asperities and the difference numbers of the asperities. The coefficients of variation of the PGA in each direction
at each calculation point were around 20 %. The coefficients of variation of the PGV depended not only on the
direction and the calculation point but also on the position of the hypocenters, the position of the asperities, and
the number of the asperities.



th
The 14  World Conference on Earthquake Engineering
October 12-17, 2008, Beijing, China

0.5 [0a ab mc od ve | 051012 a1-2 01-3 o014 v2-1|
: 5
°© |etfgeReRedeas 0008880000800
00 M M M M M M M M M M M M M 00
6 5012343271705 ¢6 65012343’2’1’0’5’6’
Calculation Point Calculation Point
(a) Peak ground accelerations (fault normal) (a) Peak ground accelerations (fault normal)
0.5 0.5
2 o 2
S {883epeentdsd ©° [8988seegetiee
0 5012343321056 090 650123432 71T05F€6
Calculation Point Calculation Point
(b) Peak ground accelerations (fault parallel) éb) Peak ground accelerations (fault parallel)
0.5
: 99596888808y : |eew8Bg,gfaliy
O g § g é g g © v v @ g VyVyy
0 5012343210586 00 65012343271 05F€6
Calculatlon POlnt Calculaﬁon Point
(c) Peak ground velocities (fault normal) (c) Peak ground velocities (fault normal)
0.5 0.5
- : @ 5 &
g S o' B Q
BT IR R LT Ges
0.0 0.0
65012343’2’1’0’5’6’ 65012343’2’1’0’5’6’
Calculation Point Calculation Point
(d) Peak ground velocities (fault parallel) (d) Peak ground velocities (fault parallel)
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calculation point in case of changing the calculation point in case of changing the position
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4. CONCLUSIONS

We examined the effects of random parameters on the strong ground motions predicted by the stochastic
Green’s function method. Random parameters were the phases of the stochastic Green’s functions and the
locations of the point sources. We calculated 10,000 strong ground motions for lateral strike-slip faults changing
these random parameters. In addition to these calculations, we also calculated the strong ground motions for the
fault models with the different locations of the hypocenters, with the different locations of the asperities, and
with the difference numbers of the asperities. For the results, the coefficients of variation of the peak ground
accelerations were around 20%. Those of the peak ground velocities were from 20% to 40%, depending on the
direction and the calculation point because of the radiation pattern.
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