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PREDICTION METHOD OF LONG-PERIOD GROUND MOTION
FOR ARBITRARY SEISMIC SOURCE
USING TRANSFER FUNCTION BASED ON SOIL STRUCTURE MODEL
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Takashi HIRAI and Nobuo FUKUWA

Anew method to predict a long-period ground motion due to arbitrary seismic source was developed. In the method, the ground motion due to an earthquake

is generated from the ground motion record due to other earthquake by using the transfer function defined as the spectral ratio between the theoretical ground

motions due to each earthquake. The theoretical ground motions are simulated based on a soil structure model by 3D finite difference method. In addition, a

technique to compute the Green’s functions giving the ground motions at a station by arbitrary seismic sources based on the reciprocity theorem is used in

order to reduce calculation load. Applying the new method to three earthquakes, it was suggested that the ground motion record of a small earthquake is

accurately scaled up to that of a large earthquake.
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PREDICTION METHOD OF LONG-PERIOD GROUND MOTION
FOR ARBITRARY SEISMIC SOURCE
USING TRANSFER FUNCTION BASED ON SOIL STRUCTURE MODEL
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Many large earthquakes have occurred in and around Japan, since the Japanese islands are located at the plate convergent area.
Especially in the Nankai Trough, where the Philippine Sea plate is subducting under the Eurasian plate, large earthquakes have
occurred at intervals of about 100 to 150 years. The last Nankai Trough Earthquakes were the 1944 Tonankai Earthquake and the 1946
Nankai Earthquake. Now South-West Japan faces the danger of the next Nankai Trough Earthquake. Long-period ground motion is
one of the problems in a large earthquake. It causes the vibration of high-rise buildings and long-span bridges, the sloshing of tanks,
etc. Therefore, it is important for reduction of seismic damage to predict the characteristics of the long-period ground motion due to
the large earthquake.

Empirical Green’s function method is considered to be the most accurate method to predict ground motion. In the pseudo-empirical
Green’s function method, the transfer function defined as the spectral ratio of the theoretical ground motions between at arbitrary site
and at the ground motion observation point is used to accurately predict the long period ground motion at the site.

In this study, the scheme of the pseudo-empirical Green’s function method is applied to the seismic source. In the empirical Green’s
function method, the ground motion record is scaled up to the elemental ground motion under the assumption of body wave. However,
the long-period ground motion mainly consists of surface wave. In our method, the transfer function defined as the spectral ratio of
theoretical ground motions between by elemental fault and by the observed seismic source is used to estimate the ground motion by
elemental fault. Theoretical ground motion is computed by the finite difference method based on the soil structure model. Multiplying
the transfer function and the observed ground motion by the small earthquake, ground motion by the elemental fault is estimated with
appropriate factors for each phase, such as P wave, S wave, and surface wave. Furthermore, a technique to compute the Green’s
functions giving the ground motions at a station by arbitrary seismic sources based on the reciprocity theorem is used in order to
reduce calculation load.

Applying the new method to three earthquakes, it was suggested that the ground motion record of a small earthquake is accurately
scaled up to that of a large earthquake. In addition, the ground motion by the future Tonankai Earthquake is estimated by the new
method. According to the result, the ground motion due to the future Tonankai earthquake is predicted greater by the our method than
by the existent method. The difference is caused by using near seismic source as the empirical Green’s function. Since the distance
dependency of surface wave is mainly applied in our method, it becomes smaller than that by the existent method, which uses the
distance dependency of body wave. Conversely, the amplitude becomes smaller by our method relative to the existent method if a far
earthquake is employed as the empirical Green’s function. This result is important for high-rise buildings sensitive to the long period

ground motion.

(2014 4F 7 A 7 HIFAGSEEE, 2015 4F 4 B 22 BIRADLE)
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