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SEISMIC ARRAY OBSERVATIONS FOR STRONG GROUND MOTION
OVER BROAD FREQUENCY BAND IN THE KINKI DISTRICT
OF SOUTHWEST JAPAN

By Koji Matsunami, Tomotaka IwatA and Kojiro IRIKURA

Synopsis

We are observing seismic waves from small to large earthquakes at a seismic array network deployed in the
Kinki district to elucidate and predict vibrational characteristics for strong ground motions. The network is com-
posed of four stations on rock sites and nine stations on ground sites. At each station, we install a three-
component velocity seismometer with a wide dynamic range of 78 dB over a broad frequency band from 0.025 to
30Hz. From comparisons among the seismograms from an earthquake of M=5.2 occurring in the aftershock
region of the 1946 Nankai Earthquake of M=8.1, we obtained the following results. (1) The seismic motions at
a hard ground site (OSA) on a diluvium in the central Osaka Plain are characterized by a distinctive surface-wave
group around 20 to 30 seconds after S arrivals. The amplitude of the wave group is comparable to that of the
principal part of S waves. The wave group vibrating in the north-south direction is composed of Love waves
that propagate not from the epicenter in the south direction but from the east mountainous region. (2) The
seismic motions at a soft soil site (WOS) in the Osaka Bay areas are characterized by S waves strongly reflected
from the interface between a sedimentary layer and a basement rock around 4 to 5 seconds after S arrivals.
Their amplitudes reach 60 to 130% of S-wave amplitudes. This can not be explained by a horizontally layered
model of the underground structure.
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Fig. 1. Seismograph stations and epicenters of the earthquakes analyzed. The station locations are
shown by the solid closed triangles (rock sites) and the open triangles (ground sites).
Epicenters are shown by the solid closed circles. The epicenter numbers correspond to the
earthquake numbers in Table 2. A solid closed star () shows the epicenter of the main
shock of the 1946 Nankai Earthquake.
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Table 1.  Specification of seismic observation system

Frequency| Sampling| Pre- | Sensitivity . System .
LAT. | LONG. SEISMO- : Recording . |Recording
STATION; . : Band Rate | memory in Dynamic . '5| Remarks
in Deg. | in Deg. | METER in Hz i Hz ins | V/cm/s) system range in db Media
0.25 |HP9000
ABU 34.856N|135.571E| VS-3 |[0.017-30 100 5 2.50 14bItADC 86 3.5FD
0.125 |HP9000
WKY 34.188 | 135.167 | VS-2 |0.025-30| 100 6 125  |14bitADC 86 HD+FD
0.25 |SAMTAC
0SA 34.678 | 135.537| VS-3 |0.0017-30, 100 10 2.50 16bitADC 80 CT
0.50 |SAMTAC
WwWOSs 34.648 | 135.482 7 VS-1 |0.025-30 100 10 5.00 16bitADC 80 CT
0.50 | DRF1+
TNJ 34.644 | 135.522, VS-1 |0.025-30 100 10 5.00 14bitADC 78 3.5FD | Modem
0.50 |DRF1+
SEN 34.377 | 135.363| VS-1 |0.025-30 100 10 5.00 14bitADC 78 3.5FD | Modem
ABD 35.209 | 135.851| VSE |0.017-45 100 5 0.25 CcvaoL 86 IC card | Mod:
" " ' ‘ 16bitADC emn
TRH 35.416 | 136.265, VSE | 0.017-45 100 5 0.25 CvooL 86 IC card | Moderm
' ‘ : ‘ 16bitADC ode
MNK 34.968 | 136.170( VSE |0.017-45 100 5 0.25 Ccvool 86 IC card | Modem
: : ' “*> " |16bitADC oce
OSA,S1
[ J
S4 e
e S2
[
s3 510 % Jown FISULER
om 500m
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Fig. 2. Location of small seismic array deployed in the central Osaka Plain. The array is composed of
four stations (S1 to S4) located around OSA. The aperture of the array is about 600 m.
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Table 2. List of earthquakes recorded

Origin Time Earthquake Location Epicentral Magnitude
E%I“u};g#a:‘e Distance M) Region
€T |Year [Month|{Day| Time Longi. Lati.  Depth (Km)| from OSA (Km) | by JMA
1 1988| 12 103122:01:10.7|135°37.0°E |[34°10.8'N 70 56 4.5 Nara-Wakayama border
(near Mt. Koyasan)
2 1988| 12 |13 18:41:36.2|135° 34.1" |34°58.6' 13.6 32 4.1 Kyoto-Osaka border
(near Kameoka city)
3 1989| 02 |19 |13:58:24.0136° 28.1" |34° 36.5 45 90 5.3 northern Mie prefec.
(near Hisai city)
4 1989| 05 |02]16:08:17.2(136° 36.2" |35 19.7 39 122 4.7 Shiga-Gifu border
(near Sekigahara region)
5 1990| 01 |11120:10:5L.7{134°58.7 |35 06.6’ 11 64 49 NW Shiga prefec.
(near Moriyama city)
6 1990| 02 |20|15:53:58.6 139° 14.0° |34° 45.6’ 6 340 6.5 near lzu-Oshima island
7 1990 03 |11[14:03:22.8/135° 14.9" {34°12.3 10 59 4.3 NW Wakayama prefec.
(near Wakayama city)
8 1990| 03 |16(02:13:18.7|135° 22.6" [33° 55.7 62 85 4.2 Wakayama prefec.
(near Hidaka region)
9 1990| 04 |05|13:09:32.7{135° 04.7 |34° 23.0° 13 52 4.1 Osaka Bay (around the
Ki-Tan channel)
10 1990| 04 |13)13:01:42.0{136° 30.8" |35 09.2' 40 104 4.4 northern Mie prefec.
(near the Suzuka mts.)
11 1991| 06 |07 ]20:52:05.7|122° 34.0° (—S)7° 16.1"| 563 4860 6.3 Flovers Sea
12 1991| 06 |16|11:36:55.4{135° 36.3° |34° OLY 68 75 4.3 Nara-Wakayama border
(near Mt. Gomanodansan)
13 1991) 07 |24|18:36:36.4|139° 07.3° |32°2L5 251 421 5.4 near Hachijojima island
14 1991| 08 |06)23:49:31.8{141°09.6" |35° 48.9 43 527 5.9 near Choshi city
15 1991 08 {28110:29:02.2{133° 11.4° |35°19.2 13 226 5.9 western Tottori
prefec.
16 1991 09 |[03117:44:47.4(138° 49.9" [33°41.0° 33 323 6.3 near Miyakejima island
17 1991 10 |20[18:51:28.8/135° 14.9" [33°23.7 37 145 5.2 off Kii-hanto peninsu.
18 1991 10 |27]04:59:07.8{135°19.0° [33°49.6' 59 97 4.3 central Wakayama prefec.
19 1991 10 |28]10:09:12.3|131°08.2". |33°54.1° 25 414 5.9 around Suo-nada
(near Ube city)
20 1991 11 |02]08:53:27.7|135° 32.0° |35 02.1 13 36 4.3 Kyoto-Osaka border
) (near Kameoka city)
21 1992 01 |01(22:03:55.9(135° 33.4" |34° 09.0° 68.1 59 39 Wakayama-Nara border
(near Kameoka city)
22 1992 01 |20/22:37:04.0{139° 44.5" 127° 519’ 513 855 6.9 near Chichijima island
23 1992 02 |02104:04:05.7|139° 47.5° 35" 13.6° 92.3 392 5.9 Tokyo Bay
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Comparisons of waveforms observed at WKY, OSA and WOS for the earthquake of No. 17 in
Table 2 and Fig. 1. The earthquake occurred in the aftershock region of the 1946 Nankai
Earthquake. WKY: rock site, OSA: hard ground site on a diluvium in the central Osaka Plain,
WOS: soft soil site in the area of Osaka Bay. ‘P’ and ‘S’ phases are P and S waves,
respectively. A ‘SL1’ phase of NS component at OSA is composed of a Love-wave group that
propagates not from the epicenter in the south direction but from the east mountainous region.
A ‘ST’ phase of EW component at WOS is a S wave strongly reflected from the interface

between a sedimentary layer and a basement rock under the bay area.
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Fig. 5. Reflected S waves observed at a soft soil site (WOS) in the Osaka Bay area. Traces are

transverse components (T). ‘S’ and ‘S1’ phases are direct S waves and S waves strongly

reflected by the interface between a sedimentary layer and a basement rock under WOS

respectively. The trace numbers correspond to the earthquake numbers in Table 2 and Fig.
1. Double-reflected S waves (‘S2’) also appear after single-reflected S waves (‘S1’).
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Fig. 6. Comparison of wave forms observed at WOS (in the Osaka Bay area), OSA (in the central
Osaka Plain) and ABU (in the northern edge of Osaka Plain) for the earthquake of No. 3 in
Table 2 and Fig. 1. Traces are transverse components (T). ‘S’ and ‘S1’ phases at WOS are
a S wave and a S wave reflected by the interface between a sedimentary layer and a basement
rock, respectively. Principal part of the S wave at WOS is elongated by the superposition of
the reflected S wave on the S-wave coda. ‘S’ phase can not be discriminated at OSA and
S-wave form at OSA is similar to that at ABU. The duration of S-part at OSA is short
compared with that at WOS.
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