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® 4.9 810 7.9 221 25.2|  45.8
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{FE KB (R HE _| 34.760N

® 6.5 6.0 124.5 6.7 7.8 4.1
1990. 02. 20, 15:54 139, 233E
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£-2 HR—V S HOMEKRE G L. -1. On) DEEIE -9
Borehole Relative to CO Elevation
Bast (m) x;|Northm x;| @ x,
Co 0.00 0.00 13.52
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ESTIMATION OF PROPAGATION DIRECTION OF EARTHQUAKE WAVES
NEAR GROUND SURFACE BASED ON ARRAY OBSERVATIONS

Zhongyuan YANG and Hideji KAWAKAMI

The three-dimensional propagation directions of earthquake waves near ground surface were estimated for

eight earthquakes. Travel times of the incidence and reflected waves were obtained by using the Normalized
Input-Output Minimization (NIOM) method, and 3-D angles of propagation directions were estimated. The

. estimated directions correlated well with the theoretical ones calculated from the epicenter coordinates, focal depth,

and the velocity distribution in the earth's crust. However, the estimated angles (0-20 degrees) from the vertical

axis for the observed waves were somewhat larger than the theoretical ones (0-4 degrees).
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ANALYSIS OF SURFACE AND SUBSURFACE MICROTREMORS BY
MODELING WAVE PROPAGATION AND PARTICLE MOTIONS

Hideji KAWAKAMI, Yaonan SUN and Zhongyuan YANG

The modeling of waves is often used to investigate ground wave propagation properties because of the
complexity of actual ground motions. In this paper, the method of normalized input-output minimization
(NIOM) is modified, and this modified NIOM method is used to analyze microtremors recorded at three
different vertical-array sites in Japan. The main features of this study include using simultaneously
recorded vertical-array microtremors, finding the direction of wave propagation by modeling the observed
correlated waves, and obtaining the average particle motion to determine the type of wave present.
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BOUNDARY ELEMENT-PERTURBATION METHOD USING NEUMANN SERIES
EXPANSION FOR SEISMIC RESPONSE ANALYSIS OF THE GROUND WITH
IRREGULAR SURFACE

Hidenori MOGI, Hideji K.AWAKAMI and Koji FUKUHARA

It has been pointed out that the ground with an irregular surface causes complicated seismic responses. However, the
process of generating this complex response is not yet clarified. In this study, boundary element-perturbation method
has been developed to investigate scattering of seismic waves due to an irregular surface. This method is based on the
boundary element method in frequency domain and perturbation technique employing the Neumann series. By using
this method, the ground response can be separated into those induced by incident waves and scattered waves. Numerical
results showed that the amplitudes of the scattered waves are affected by both distance and direction of the irregular

surface to the observation points.
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