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INTRODUCTION: In the wave propagation phenomenon, one of the most difficult
parameter to access is the apparent velocity. Since multiple random reflections
and refractions induce different apparent velocities during wave propagation.
This phenomenon is also due to the presence of waves approaching from the other
directions with diverse apparent velocities. Array networks provide extensive
study in the determination of the basic parameters for nonstationary characteris-
tics of earthquakes such as the apparent velocity and azimuthal angles, etc. The
three-dimensional Chiba Array (Ref. 1), shown in Fig.l, has been used in this study
in order to examine the wave propagation characteristics.

NONSTATIONARY CHARACTERISTICS OF THE EARTHQUAKE: The Chibaken-Toho-Oki earth-
quake on December 17, 1987 has been selected to demonstrate the seismic wave
propagation due to body waves. The epicentral distance was 45km and the epicen-
tral direction S51.9°E from the array. The magnitude of the event was 6.7 (JMA)
and the focal depth was 58km.

The time history and nonstationary spectrum (Ref. 2) for radial component
recorded at C001 (GL-Im in C0 borehole) is shown in Fig. 2. The arrival of the S-
wave can be seen about 8s in time. The time history consists entirely of the
body waves and the power of the spectrum is concentrated in between 0.10-0.40s.

The orbit spectrum analysis has been carried out for the time segment t=0-

24s. From Fig. 3, it seems that it is very difficult to separate the SH and SV
components. It is apparent that the released energy is almost equal in the radi-
al- and transverse-directions for each frequency content.
VARIATION OF THE AZIMUTHAL ANGLE AND APPARENT WAVE VELOCITY: The FK spectrum
analysis (Ref. 3) is conducted using the records from eleven points at GL-1lm and
seven points at GL-20m in order to obtain the variation of the apparent velocity
and the azimuthal angle of the traveling wave in a frequency domain. Also the
tripartite analysis is performed in order to compare with the FK spectrum re-
sults. In the analysis, the time segment t=0-8s was selected from the UD-compo-
nent for P-wave propagation and the time segment  t=8-16s was selected for both
transverse- and radial-components corresponding to the SH and SV waves, respec-
tively. Figure 4 shows that azimuthal angles obtained by the FK spectrum match
the epicentral direction. The variation of the apparent veloé¢ities is shown in Fig.
5. The incident angles were found almost zero degree by these two methods, not
shown here. On the other word, the direction of the wave arrivals was vertical to
the ground surface.

It is seen that the apparent wave velocities are almost constant in these
frequency bandwidths. In the lower frequencies of P-wave propagation, some trends
were observed due to the insufficient energy of the time history in these fre-
quencies. For the higher frequencies, the random reflections, refractions in non-
homogeneous media and involving other waves from the reverse direction may
prevent the constant variation in the apparent velocity.

The tripartite method gives slightly different values compared with the FK
results. Since three points used in the tripartite analysis are only in the dis-
tance of 100-140m, the time lags between each record were very small. Thus it may
be difficult for this method to identify the accurate azimuthal angle and apparent
velocity in the present case.

CONCLUSIONS: Seismic wave propagation during the 1987 Chibaken-Toho-0ki earth-
quake were investigated using the record from the Chiba Array. It was found
that this event mainly consists of the body waves. The FK spectrum analysis and
the tripartite analysis showed that the variation of the azimuthal angles matches
the epicentral directions and It was shown that the variation of the apparent
wave velocities are obtained at an almost constant value in certain frequency
ranges.
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