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CHARACTERISTICS OF EARTHQUAKE GROUND MOTIONS IN OSAKA
PLAIN BY SEISMIC ARRAY OBSERVATIONS WITH WIDE DYNAMIC
RANGE OVER BROAD FREQUENCY BAND (1)

——SOME DISTINCTIVE PHASES AROUND S ARRIVALS
OBSERVED IN THE OSAKA BAY AREA—

By Koji MaTtsunami and Tomotaka IwaTta

Synopsis

To elucidate the effects of local geological structure of the Osaka plain on earth-
quake ground motions, we observed seismic waves from local earthquakes at a soft
soil site (WOS) in the Osaka bay area, a hard ground site (OSA) on diluvium in
the Osaka Plain and a rock site (ABU) around the northern edge of the plain. We
observed S waves reflected by the interface between a sedimentary layer and a
basement rock at WOS and not at OSA. The reflected waves appear distinctly
within 4 to 5 seconds after S arrivals. Their amplitudes reach about 60 to 80% of
S-wave amplitudes. When the duration of incident S waves on the reflection inter-
face is longer than about 4 seconds, the principal part of S waves at WOS is
elongated by the superposition of the reflected waves on the coda part of S waves.
When we simulate seismograms as a 2-D SH problem with a horizontally irregular
interface, we can generate the reflected waves at WOS and not so clear at OSA.
The amplitudes of the reflected waves simulated are about 50 % of S-wave
amplitudes at most. This agrees with the observation for the appearance of the
reflected waves. However, the simulation can not explain the large amplitudes of
the reflected waves observed. This suggests that the reflected waves are strongly
excited by focusing of rays due to the 3-D irregular structure under WOS.
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Fig.1. Epicenters and seismograph stations. Epicenters and the Station locations
are shown by the solid closed squares and triangles, respectively. The
numbers of epicenters correspond to earthquake numbers in Table 1.
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Tablel. List of earthquakes analyzed
Eathquake Origin Time Earthquake Location Epicentral Magnitude Region
Distance §M)
Number |Year{Month|Day| Time Longi. Lati. |Depth(Km)|from OSA(Km) | by JMA
1 19881 12 03 {22:01:10,7 135° 37.0° | 34° 108 69 56 4.5 Nara-Weakayama border
(near Mt. Koyasan)
2 1988 | 12 13 118:41:36.2| 135° 34.1' | 34° 58.6' 14 33 41 Kyoto-Osaka border
(near Kameoka city)
3 1989 02 19 {18:58:24.0| 136° 28.1" | 34° 365 45 87 5.3 northern Mie prefec.
(near Hisai city)
4 1989 05 02 116:08:17.2| 136° 36.2" | 35° 19.7 40 122 47 Shiga-Gifu border (near
Sekigahara region)
5 1990} 01 11 [20:10:51.7| 135° 58.7" | 35° 06.6' 11 63 49 NW Shiga prefec.
(near Moriyama city)
6 1990 02 20 115:53:39.8| 139° 140’ | 34° 456 6 340 6.5 near Izu-Oshima island
7 1990 03 11 |14:03:22.8( 135° 152" 134° 12.2 9 58 43 NW Wakayama prefec.
(near Wakayama city)
8 19907 03 16 |02:13:185( 135° 23,7 | 33° 55.3' 64 84 4.2 Wakayama prefec.
(near Hidaka region)
9 1990 | 04 05 |13:09:32.6| 135° 04.3' | 34° 22.8 16 52 41 Osaka Bay (around the
Ki-Tan channel)
10 1990 | 04 13 [13:01:42.0( 136° 30,8 | 35° 09.2' 40 104 44 northern Mie prefec.
(near the Suzuka mts.)
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Fig.2. Comparison of wave forms observed at WOS (soft soil site) and ABU

(rock site) for the earthquake (No.9 in Tablel and Fig.1) in Osaka
Bay. Traces are transverse components (T) and vertical ones (UD) of
particle velocity. P and S phases are indicated by ‘P’ and ‘S’, respectively.
‘S2’ phase is a double-reflected S wave from the reflection interface.
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Fig.3. Reflected S waves (‘S1’) after S arrivals (‘S’). Traces are transverse
components (T) of particle velocity. Earthquake numbers correspond to
those of Tablel and Fig. 1. Double-reflected S waves (‘S2’) also appear
after ‘S1’ phases.
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Fig.4. Loci of particle motions in vertical plane by vertical (V) and radial
(R) components of particle velocity. ‘S’ and ‘P1’ phases are an S wave
and an SV-P converted wave, respectively.
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Fig.5. Loci of particle motions in horizontal plane by radial {R) and transverse
(T) components of particle velocity. ‘S’ and ‘Sl’ phases are an S wave
and a reflected S wave, respectively
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Fig.6. Comparison of wave forms observed at WOS (soft soil site), OSA (hard
ground site) and ABU (rock site) for the earthquake (No.9). Traces
are transverse components (T) of particle velocity. ‘S’ and ‘Sl’ phases
are S waves and reflected S waves, respectively. ‘S1’ phase can be
clearly discriminated at WOS, but it can not be done at OSA and ABU.
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Fig.7. Comparison of wave forms observed at WOS (soft soil site), OSA (hard
ground site) and ABU (rock site) for the earthquake (No.3) in the
central part of Mie prefecture. Traces are transverse components (T) of
particle velocity. Principal part of a S wave at WOS is elongated by the
superposition of a reflected S wave on the S-wave coda. S-wave form at
OSA is similar to that at ABU and also the duration of S-part is short
compared with the duration at WOS.
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Fig.8. Upper: 2-D model assumed for irregular structure under Osaka Plain in
the SW-NE direction. WOS is around Sites 6 to 7 and OSA around Sites
9 to 10. Lower: surface motions simulated for the 2-D model of the
structure using the Aki-Larner method. A Plane SH motion of Ricker
wavelet type with a predominant period of 2 seconds is input into the
2-D model of the structure from the SW direction with an incident angle
of 20°. The numbers of traces correspond to those of Sites.
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