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Table 1

(a) Port Island (PD)

thickness density Vs soil thickness density Vs soil

333.
303.
455.
458.

o

m  (@emd) (msec) type® m  (@omd) (wsec) type*
2.0 1.9 170.0 3 2.0 1.4 98.0 1
3.0 1.9 170.0 3 1.0 1.4 117.0 2
7.5 1.9 210.0 3 40 L7 117.0 4
6.5 1.9 210.0 3 Lo 1.7 149.0 3
8.0 1.6 180.0 2 3.0 1.6 149.0 2
6.0 1.9 245.0 3 6.0 2.0 342.0 ¢4
17.0 1.9 305.0 3 1.0 2.0 222.0 1
11.0 1.9 350.0 3 2.0 2.0 154.0 3
18.0 1.6 303.0 2 10.0 2.0 400.0 1
4.0 1.9 320.0 3 3.0 2.0 375.0 ¢4
1.9 320.0 3 6.0 1.7 375.0 1

3.0 L7 2810 1

3.0 2.0 286.0 4

7.0 2.0 255.0 3

2.0 2.0 222.0 3

4.0 2.0 177.0 1

2.0 2.0 222.0 1

7.0 2.0 389.0 1

1.0 2.0 01

0.0 2.0 0 1

3.0 2.0 01

0 2.0 01

(2) 7V —BlARHRO FRHEE

A7 R—IVENEESC & 280E 7 L —HHESE:
MAT IR, HEERNGORESARELME
TRZLIREDLHTEETH D, V¥ VKPR TR,
NS-EW FH LOEN#E%E2%  ORMH CHBRT 25
®TLh, 4HRORERER Table 2 DL
WZHH LU=, 2B, BEDREDHIZZORIIIEELH
BECHRELUERERZLEDE. 2hsD5350 TR
C3(GL.-0.0m) D NS R4 & T KPS3(GL.-0.0m) @ E
VRaiE, RERZELVWI XD HBUENRERSZ I —X
THd, TDLSRMEWE. NS-EW FEHEH. BL”
NS-UD M LOZEMEBZERICLI KT 2L 0
WCHELYRREFEBNEWEEBDNR 3,
FHEBIERHED KPS BLU TPS A DL %
Fig.2 B&L U Fig.3 IZFRT. B, NEERLED S
TR EEHE T 201 FIT 2L 23/B 2T o=,
¥l AMETCR-EZLRROUBIZH=>T. B
REEEED 0.15 - 20 Hz ¢, 0.1 Hz LATFTH &L
T 25 2 E2 @l E T RIERDTFTATDYINT 4N
H—%{FEH L=, KPS HIADEFROHA. D7 4)V¥
—TCREFMBZERETERDP DT, LK HIEWE
315(0.15~0.5 Hz2)D 7 4 WH — &R L=,

Velocity structure model for borehole array stations

{b) Technical Research Center (TRC) () Kainan Port Sub-station (KPS) (d) Takasago Power Station (TPS)

thickness density Vs soil thickness density Vs soil

m)  (@emd) (mvsec) type® m)  (gemd) (misec) type*
1.8 1.6 238.0 3 3.40 1.7 140.0 4
2.0 1.6 100.0 2 3.1 1.1 130.0 2
13.2 1.7 179.0 3 6.25 1.6 200.0 1
6.5 1.6 220.0 2 5.60 1.9 310.0 ¢
1.9 1.7 270.0 3 6.00 1.9 400.0 4
4.6 1.7 188.0 3 5.05 1.8 330.0 ¢
7.1 1.6 216.0 1 2.95 1.7 2%0.0 1
2.6 1.7 206.0 3 4.00 1.7 3820.0 1
7.2 1.7 315.0 3 6.70 1.9 560.0 4
6.5 1.6 263.0 2 4.80 1.8 250.0 3
2.4 1.8 370.0 4 11.80 1.9 405.0 ¢4
5.2 1.7 2740 2 - 13.20 1.9 650.0 3
5.5 1.8 325.0 3 9.80 1.9 500.0 4
7.4 1.8 700.0 4 16.70 1.8 460.0 1
9.6 1.1 338.0 4 1.8 460.0 1
16.5 2.7 1630.0 §
2.7 1630.0 5

*soil type : 1=clay, 2=sylt, 3=sand, 4=gravel, 5=rock

Table 2 Summary of orientation error of buried

seismometers
accelerograph | depth | error* | Reference

ID GL.(m) | (deg.)

A-6 - 17 10 Ohishi(1984)
A-S5 - 50 36 !
FGA3 -1 |-17 Kamata(1987)
YGAl - 48 30 "
MGAl - 48 [-14 "

PI1 - 83 22 present study
TRC3 - 0 180** | present study
TRC1 - 97 46 present study
TPS2 - 25 |-20 present study
TPS1 -100 16 present study
KPS3 -0 180*** | present study
KPS2 - 25 67 present study
KPS1 - 100 46 present study

notations
PI : Port Island Borehole Armray Station, Kobe City Development Bureau
TRC : Technical Research Center, Kansai Electric Power Company
TPS : Takasago Power Station, Kansai Electric Power Company
KPS : Kainan Port Sub-station, Kansai Electric Power Company
* : positive number in counterclockwise direction

** ; orientation error in NS component only

*** : orientation error in EW component only
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Fig.2 Displacement orbits (KPS station)
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Fig.3 Displacement orbits (TPS station)
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Fig.4 Acceleration time histories (PI station, Kobe City)
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Fig.6 Acceleration time histories (KPS station, Kainan City)
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Fig.8 Comparisons of observed and calculated results using :the frequency dependent
equi-linearized technique (PI station, Kobe City)
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NON—-LINEAR AMPLIFICATION CHARACTERISTICS OF GROUND
MOTIONS AND EXAMINATIONS OF ANALYSES METHODS BASED
ON THE BOREHOLE STRONG MOTION ARRAY RECORDS
OBTAINED DURING THE SOUTH HYOGO EARTHQUAKE

Koji Sekiguchi, Masata Sugito, Fusao Oka, Atsushi Yashima, Yousuke Taguchi, Youichi Kato

Based on the borehole array records at 4 stations obtained during the South Hyogo
Earthquake of Jan.17,1995, the followings are discussed: 1) orientation error of
seismometers; 2) ground motion amplification; 3) applicability of the frequency
dependent equi-linearized technique for the frequency domain analysis, and the
effective stress-based liquefaction analysis methods. Data sets used in the analy-
ses were obtained at the following stations: a)Port Island in Kobe City; b)Technical
Research Center of Kansai Electric Power Company, in Amagasaki City; c)XKainan Port
sub-station of Kansai Electric Power Company, in Kainan City; and d)Takasago Power
station of XKansai Electric Power Company, in Takasago City.
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