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Prediction of strong ground motions due to earthquake faulting in Japan
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ABSTRACT; The objective of this paper is to present an improved method for synthesized ground motion by
taking the actual focal process into consideration. As an example, this improved method is applied to the ground
motion that was due to the Izu-Oshima-Kinkai Earthquake of 1987, and also the Tokachi-Oki Earthquake of
1968. The results are then compared with the actual observed record. Moreover, in the case of the Tokachi-Oki
Earthquake, a simple five~division model is proposed, pointing out the advantages of this improved model. Final-
ly, using the proposed five-division model, ground motion is predicted for the Tokai, Kwanto, and Edo Earthquake
at the center of Tokyo, where actual observed data dose not exist.

1 INTRODUCTION

Japan is characteristically subjected to seismic activity;
therefore, it is a matter of concern how building struc-
tures behave under earthquake conditions. Currently,
the research focus for a seismic design method has
been changed from static analysis to dynamic analysis.
In actuality, however, there are no standardized earth-
quake waveforms used as fundamental data. Therefore,
thorough investigation should be conducted during the
design phase of the structure to determine what type of
earthquake waveforms are to be used for the design of
building structures constructed on various ground
types.

Recently, many trials have been conducted using
realistic earthquake input to the structures, including,
among others, pseudo-ground motions and superposi-
tion of many seismic waves from aftershocks, etc
(Hartzell S. 1978, Irikura K. 1983).

In this study, we propose an improved method for
synthesized ground motions, by taking the focal proc-
ess into consideration. In addition, this method was
used to predict the ground motion of the Tokai,
Kwanto, and Edo Earthquake, where actual data does
not exist.

2 CALCULATION METHOD

In order to obtain more realistic ground motions, the
calculation is performed using the following assump-
tions:

1)earthquake occurrence is due tofault formation
within the earth,

2)sources which radiate strong seismic waves are
localized on the fault plane,
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3)the fault plane is located in the multiple layers,

4)the main components of earthquake ground
motion are S—-waves, their reflected phases, and the
surface waves.

The synthesis of body and surface waves are con-
ducted separately, and then combined. The body wave
is calculated exactly using the expression given by
Kawasaki and Suzuki (1973), and the surface wave
using the method developed by Takeuchi and Saito
(1972). Figure 1 shows the seismic wave path from
each strong radiation source to the observation site.

Displacement, U A“"“-, at point A due to this source
can be calculated exactly with the expression given by
Sato (1975). The transfer function, h,, of the mid-
point between A and the ground surface is computed
by the Haskell Method (1960). Convolution of U, %™
with h,, gives the ground motion, U,(t), due to the k-
th source and m—th layer as follows;
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Figure 1. Seismic wave path from
source to observation point.
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Thus, the predicted ground motion, U(t), is obtained by
a summation of the contributions from all sources:

U,()=U,"(t)*h,

N
U(t)=2U,(1)
k=1
where N is the total number of sources.

Also, synthesis of the surface wave is performed
using the method developed by Saito (1972).
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3 COMPARISON OF CALCULATED AND OB-
SERVED RECORD

This proposed analytical method is applied to the
ground motion that was due to the [zu—~Oshima-Kinkai
Earthquake of 1978 (M=6.8), and Tokachi-Oki Earth—
quake of 1968 (M=7.9). The results were then com-
pared with the observed record. Table 1 shows each
earthquake parameter. Figure 2 shows each fault pla- <
location and observation point in Japan.

Fault Plane

Observation
Point

Tokachi-Oki
Earthquake 1968

M=7.9
LxW=150x100km

Izu-Oshima-Kinkai
Earthguake 1978

M=6.8

7 .‘Q\
Figure 2. Fault planes and observation point in Japan
(Izu-Oshima-Kinkai and Tokach-Oki Earthquake).

LxW=20x10km

[zu-Oshima-Kinkai Earthquake

Figure 3 shows fault plane location and the obser—
vation point in Ito. The Izu~Oshima—-Kinkai Earth—
quake of 1978 involved right lateral strike slip motion
together with a small dip component on a steeply
northward dipping fault. The observation point (Ito) is
located at the northern part about 24 km from this fault
plane (Shimazaki K. 1978). This earthquake consisted
of two parts, one in an E-W direction and the other in
a NW-SE direction. But the NW-SE direction fault is
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omitted for purposes of simplification in this study.
The ground structure model used the Izu-Peninsula
region model proposed by Kudo (1978).

Figure 4 shows the EW component of both the
synthesized acceleration wave , obtained by the
method and procedures mentioned above, and the
observed accelerogram in the Ito region. The synthe-
sized accelerogram agrees qualitatively and quantita—
tively with the observed one.
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Figure 3. fault plane and observation point (Izu—-
Oshima-Kinkai Earthquake of 1978).
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Figure 4. Synthesized and observed acceleration in Ito
region(EW component).

Figure S shows the response velocity spectrum
calculated from the above acceleration waves. The
peak period and the value of each spectrum is identical.

Tokachi-Oki Earthquake

Figure 6 shows the fault plane (dotted line, Kana—
mori H. 1971) and the observation point in Hachinohe.
Kikuchi (1984) pointed out that this earthquake focal
process constituted four main point sources, as seen in
Fig. 6. In this study two models are used:




Table 1. Earthquake source paramenters.
Dimension [zu-Oshima Tokachi Kwant Tokaio Edo
Kinkai Oki
Fault length km 20 150 95 115 40
Fault width km 10 100 54 70 30
Dip-angle deg. 85 20 25 34 20
Slip-angle deg. 188 38 140 71 -20
Strike direction deg. N 90V N 156¥ N 66V N 162V N 45V
Dislocation ecm | e 410 480 400 200
Seismic moment dunescm 8.8X10%° 2. 8X10%* 8. 4X10%7 1.6X10%* 2. 24X10%°
Magni tude 6.8 7.9 8.0 8.0 6.9x1
Rupture velocity km/sec. 2.8 3.5 2.0 2.1 2.5
Rise time sec. 20 o - 5.0 5.0 5.0
Depth km 8.0 1.1 23.0 20.5 20.0
Stress drop bars 150 45 ----
Model proposer Shimazaki Kanamori Natsuura Ishibashi Kawasaki
(1978) (1971) (1980) (1981) Hatsuda(1987)

one that is proposed by Kikuchi (Kikuchi models
1985), and the second model that is divided into five
equal seismic moments(five-division model). The
five-division model is simpler than the Kikuchi model,
because in the Kikuchi model contains is a distribution
of twenty points sources on the fault plane. The ground
structure model proposed by Tanaka has been used
(1976).

Figures 7(a),(b),(c) show observed acceleration,
velocity, and displacement wave in the Hachinohe
region EW component (Fig.7 a), synthesized ground
motion calculated by the Kikuchi model (Fig.7 b), and
the five-division model (Fig.7 c). In the synthesized
ground motion calculated by the Kikuchi model there
are two large wave groups in the acceleration and
velocity results. The first wave group can explain the
observed data, but the second wave group cannot. The
second wave group occurred at position 2 in Fig. 6,
and Ishida (1976) pointed out that the main parts of
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Rl)Observed Vave { earthquake ground motion from the position 2 are SV-
- waves.
2190 Figure 8 shows the response spectrum calculated
- from the above acceleration waves. As seen in
5 Figs.7(c) and 8, synthesized ground motion determined
g 10 ; LETAY from the five-division model explains the observed
w ' / I"‘ggi data very well, even though it is a very simple model.
2 o /.v/,u-o 19
= N2 N A
0 . —
n.1 1.0 5.0 100 . . . _
PERIOD (sec.) 140 142 144°F ‘:) 0 651“
(c
0 1 Q Fault plane

150

100

RELATIVE VELOCITY {cw/s)

11=0.0
1=0,01
MH'0.0S
5 .Y 1=0.10
I~
://ﬁ
0y T

. 1.0 " Ts.0  10.0
0.1 05 PERIOD (sec )

Figure 5. Response spectrum of synthesized and
observed wave(EW component).
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Figure 6. Fault plane and observation
point(Tokachi-Oki Earthquake of
1968). Five-Division Model.



(a) Observed Record
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Figure 7. Acceleration, velocity and
displace ment in Hachinohe region (EW
component).

4 PREDICTION OF STRONG GROUND MOTIONS

By utilizing this five-division model, and the Kwanto
region ground structure proposed by Mikumo (1966),
the ground motion on the Kwanto area bedrock with
shear wave velocity of 0.7 km/s can be predicted for
the Tokai Earthquake (M=8.0, Ishibashi 1977), the
Kwanto Earthquake (M=8.0, Matsuura 1980), and the
Edo Earthquake (M=7.0, Kawasaki I. and Matsuda K.
1987). Each earthquake source parameter is shown in
Table 1. Figure 9 shows the fault planes (dotted line)
and prediction points for the Tokai, Kwanto, and Edo
Earthquakes.

Figure 10 shows the predicted acceleration, velocity,
and displacement wave forms, and Table 2 lists the
predicated maximum amplitude of acceleration, veloci-
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Figure 8. Response spectrum of syn-
thesized and observed wave in Hachi-
nohe region(EW component).
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Figure 9. Fault planes and predica-
tion point(Tokai, Kwanto< and Edo
Earthquake).
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ty, and displacement for the Tokyo region under the
above given conditions.Figure 11 shows the response
spectrum calculated from the predicted acceleration
waves.

In the case of the Kwanto Earthquake (M=8.0), the
ground motion (NS component), predicted for a layer
with shear wave velocity of =0.7km/s, had a maximum
displacement=20cm, maximum velocity=50kine, and
maximum acceleration=210 gal. This acceleration
value nearly equals that estimated from earthquake
expectancy calculated from earthquake data accumu-
lated over a 300-year time span (Kitagawa 1991,see
Fig.12).
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Figure 10. Predicted acceleration,
velocity, and displacement at center
of Tokyo(NS component).

5 CONCLUSION

The proposed method of synthesizing ground motion
due to earthquake faulting yiclds ground motion and
response spectrum that agree both qualitatively and
quantitatively with that actually observed. As a result,
the proposed synthesis method is appropriate for use,
during the structure design phase, as realistic earth—
quake input motion to structures. It needs to be point—
ed out that international cooperative data exchange, as
well as free use of actual observed data, would greatly
enhance progress in this research field.

Table 2. Predicted maximum amplitude
of acceleration, velocity, and dis-
placement for Tokai, Kwanto, and Edo
Earthquake using the five-division
model.

Tokai | Kwanto| Edo
Disp. (cm) 18. 4 20.6 18.7
Vel. (cn/s) 15.8 51.3 46. 3
Acc. (gal) 54.6 | 209 218
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Figure 11. Response spectrum of
predicted wave(h=0.05).
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