&

1) 2) 3)

D)

e-mail: cho@geor.or.jp

2 ()

e-mail: zhao@geor.or.jp

3 )

e-mail: kagawa@geor.or.jp

S 3
PS
S
« )
&) Mal3 ©)] ( Dol ) 4
1-4
PS SH
4
S 1 S
5 2-4 S
S 1-4 PS
PS
1.
[ (199%)° (1988) 2 (1995) @
(1997) ] S
(2003) (2003) (1993, 1993b, 1994) >510
[ (1986) (1997) ]

3

1 2005

SH

@
(Ma12 )

2-4
143 343 195m/s

(2002) ¥
L

(1995) ]



[Haskell (1960) *]
[Graves (1996) ]

PS
(2004
3
(1998);
SH
P
2.
2.1
D
2)
1 Stepl
Kagawa et al. (2004) *
2.2 S
PS
> 1 Step2
3.
1 Dgl Ma12
. Dol (@)
) 2 Mal3
(Va13 ) ® (Mal3 ) (4)
Dgl ) (6) Ma1l2 ) 6

PS
(2002) ] s

(Haskell, 1960) *»

1

2005

Koketsu and Higashi(1992) ¥

2.1

( DB)

DB

@ @
Mal2 ) 4

(Mal3

@
) ®
( B )

(Mal13

Mal3

) O

@
(1
Mal3



5
Mal2
[ (2000)*]
(2002)®] 2.1 1 2
A 2 Mal3
2 A G
54 B () (6)
PS o 19
PSRET—%4 SUBHRRY ML

PSS g g M
8 £
<

E Vs Frequency

‘\\Eggggg\ HEEEBEETIL HERRY R
L REETE O B

SR RS B £ J\’\

- EERORBEREEETIL N
Frequency
Stepl 3RTHEEEFYMMERBD  Step2 FHERARY FANFELBRURARY FILERL
BEREEETIVEALT, E5&3ITVsiZETIET B,

34 42"

34 36"

34 30"

13512 13518 135 24

Mal3

1

2005

PS



5 1 2005
A B DB
2.2 1) S
[ (1982) 2] 2)
(N Su )
[
(2002) ]
1
2)
2
S
1) PS SH « )
L (1997)27)
DB
S 24)
(2002)
Q)
S Qs =B /15
2) 4 6 3 A B ) DB
D
( A B) S 350 m/s 1.7x 10° kg/m?
(1998)® S
(1998)®
SH « )
3)
2
2 2
Fukushima (1986)®
L
N K 2
L=2">[logS;(f,)-1ogC(f;; B, L. By)] @
=1 -1



N~

fi = fminloa(i_l)

azlog(fmax/ fmin)/(K _1)
() J f; )
By, Bosew By S N S
J S
@ fi Ta Fra
S 200 /s 300 m/s
1/4 0.5Hz 1.5Hz
Foin 2
100 m/s 150 m/s 5m 20 m
1.25 Hz 7.5 Hz
0.5Hz 7.5Hz
0.1 Hz 10Hz
o O

W(f) ={ A f<f,

Alf (f—f)+A =1

(4,1)=(0.07, 0.15)
3 : A 2 54
19 B 19 ( 123 ) 2
S 123
1 2)
2 3
3 ( 3 Mal3
1 3

50m

1

f;7in

2005

2

100 m

1/4

T

®



5 1 2005
(1998) (1999)®
( (1998)% (1999) (2002) 2
S 3000 m/s 350 /s
[Cho et al. (2004)*]
Cho et al.(2004)%
1.0 0.5 0.5
1
1 S ( )

S (n/s) (x 10° kg/m?) Qs

1 - - -
2 (Ma13 ) 143 1.7 10
3 ( Dgl ) 363 1.8 24
4 Ma12 ) 195 1.7 13
350 (Fixed) 1.7 (Fixed) -

2 S 2)

S (/s) (x 10° kg/m*) Qs

1 - - -
2 (Ma13 ) 141 1.7 10
3 ( Dgl ) 378 1.8 25
4 Ma12 ) 205 1.7 14

350 (Fixed) 1.7 (Fixed) -

3 S 3)

S (n/s) (x 10° kg/m®) Qs

1 - - -
2 (Ma13 ) 137 1.7 9
3 (Mal13 ) 137 1.7 9
4 (Ma13 ) 148 1.7 10
5 ( Dol ) 372 1.8 25
6 Mal2 ) 203 1.7 14
350 (Fixed) 1.7 (Fixed) -




5 1 2005

3 ( 1) PS
[Cho et
al. (2004) ®; Horike and Takeuchi(2000) *] S
S 1 S Mal2
(Mal13 ) PS
S
S
3 No.15 ( 1 Dgl) S
( No.10)
PS S S
7 - ! - 1 L 1 1
% % 10 - 2 % 10 ] 2 % 10 ]
53 53 53 53
a o o o
100 | [10] o
10 100 1000 10 'I(;O 1000 10 100 1000 10 100 1000
Vs[m/s] Vs[m/s] Vs[m/s] Vs[m/s]
1 Corend inlanilalalad- 1 S 1 L L 1
% 10 - - % 10 = % 10 % 10 -
a a O a a
Jo) ) [9) j3
a o o =}
100 100
10 100 1000 10 100 1000 10 100 1000 10 100 1000
Vs[m/s] Vs[m/s] Vs[m/s] Vs[m/s]

3 PS S « ) ( S ( )
( 2 ) DB : «C )
Mal3( ) Dgi( ) Mai2( )



Amplification

Amplification

5 1 2005

4 ( )
( )
4 0.1 Hz 10 Hz
S 350 /s
Cho et al. (2004)® (2004)*
S 350m/s
29, 31)
0.5Hz
2Hz
0.1Hz 10Hz
4
10 L 10 10 10 L L
c c c
el ) 0
@ T T
11 — g1 g &
o a o
£ £ £
< < <
2 10 15 17
01 . ‘ 011 8 01 , [ 01 . .
01 1 10 01 1 10 01 1 10 0.1 1 10
Frequency[Hz] Frequency[Hz] Frequency[Hz] Frequency[Hz]
10 ! 10 10 10 L L
c c c
) o 0
@ T T
1 g1 g g 1
a a o
£ £ £
< < <
2 3 45
01 : ‘ 01 ‘ ; 01 , [ 01 . .
01 1 10 01 1 10 01 1 10 0.1 1 10
Frequency[Hz] Frequency[Hz] Frequency[Hz] Frequency[Hz]
4 « ) ( D ( )
3



5 1 2005

6 S
S
N S
S
6.1
1 3
S 170m/s 81m/s
S
S 170+ 100 m/s ( ) 20m/s
5
S 1-4
S 170+ 100 m/s
1) ( 3 2m
) 2) /
2 ( Hz )
/ 4
6.2 N
6 S (PS )
S S
157 /s 195 m/s 242 m/s 41 m/s, 58
m/s, 87 m/s (1982)® 250 386 PS
6.1 S 170+ 100m/s
S
N S ( (1982)%)
2 S ®s ) N
7 N (N) S ®)
(1982)»
p=aN’ (4)
a b 2 (a, b)=(120.7, 0.192) y =0.43
(1982)% (a, b)=(98.4,
0.248) y =0.57 ( 5 Fc )
S
N S 8



Amplification

Amplification

)

25

(a, b)=(99.5, 0.231) y =0.52

30.2m

0.85 m, 145 m/s
0.03

0.36

0.45

0.16 j

T T

Frequency[Hz]

50.7m
050 m, 141 mls

Frequency[Hz]

S

@) ((a, b)=(99.5, 0.231))

(¢ 9
10
20m
8.00 m, 27 mls
i
5 | o
T
g
a
£
<
01 T T
0.1 1 10
Frequency[Hz]
" eam
2560 m, 285 m/s
033
c
0
q
g
a
£
<
0“ T T
0.1 1 10
Frequency[Hz]
(
)
Rate ()
S

5 1 2005
N
C ( ) ( ) )
N 0.8
0 (
)
7
S
S
S
10 10
62.5m 525m
1925 m, 145 m/s 1520 m, 257 mls
i
G 5 |0
q T .
g g g
3 a
E E
< <
0.1 T T 01 T
01 1 10 0.1 10
Frequency[Hz] Frequency[Hz]
" Tem BT
1390 m, 202 m/s 590 m, 105 m/s
c c
9 9
q q
& 1 &1
3 3
E E
< < )
0.1 T T 01 T
0.1 1 10 0.1 10
Frequency[Hz] Frequency[Hz]
( ) S
( 2 )
( ) « )
Amplification
1 1-4
3-6 1-4

-10-



30

30
15 4

Frequency [%]

1000

Vs [m/s]

100

1000

Vs [m/s]

100

1T ave 157m-s,

. R s -
| e

50 100

L 1 Il
| ave 24Zmss, stdsBims

stdsdlm”

150 200

GR,CM Nd=32}

15 - -
o | il il o |
| ave 195m/s, stdsS6m~

SA, SF

Nd=56 |

CL,SI Nd=17|

250

300

Vs [m/s]

350

400 450

Ny

53 . R’im(lésm y =0.57

1

2005



7.2

O

SH

Amplification

Amplification

DB

Frequency[Hz]

il

f\l\

01 1 10
Frequency[Hz]

—()
Mal2 )

Amplification

&l

Frequency[Hz]

10

Amplification

u

01

PS

©)

1
Frequency[Hz]

(

Amplification

Amplification

(No.10 33

(Mal3

-12-

3

PS

) ®
DB

=]

1 10
Frequency[Hz]

1 10
Frequency[Hz]

1

2005



5 1 2005

S 350m/s
2 3 4 S 143m/s 363m/s 195m/s
PS
2 Mal3 3
S
2
Hz 4 174
N
7.3
S
4 SH S
S
SH
Ohta and Goto (1978)® S
N 4 S
S
6.2 N S
N
L (2004)*]
( )
S N
1 2
1

-13-



5 1 2005

15

1 2 Vol. 46 1993 pp. 343-350
2) Vol .97-5 1988 pp-1-14.
3)
1995 pp-300-338
4) H/V
No.696/1-58 2002 pp.261-272.

5) 1997

pp-74-80
6)

Vol.3 No.3 2003 pp.13-27
7)
Vol. 56 2003 pp-

21-37

8)
443 1993 pp-65-71
9)
447 1993b pp-51-56
10) 22
1994 pp-23-34

11) Vol .48 No.6
1995 pp. 519-529.
12) :
2 Vol. 39 1986 pp.579-593.
13) 2

Vol. 50 1997 pp.215-227.
14)Haskell, N. A.: Crustal reflection of plane SH waves, J. Geophys. Res., Vol.65, 1960,

pp.4147-4150.
15)Graves, R. W.: Simulating seismic wave propagation in 3D elastic media using staggered-grid

finite differences, Bull. Seismol. Soc. Am., Vol.86, 1996, pp.1091-1106.
16)

249 2004 (CD-ROM 1 ).
17) — - 1998

18)
2002
19) Koketsu, K. and S. Higashi: Three-dimensional topography of the sediment/basement interface
in the Tokyo metropolitan area, central Japan, Bull. Seismol. Soc. Am., Vol.82, 1992,

-14-



5 1 2005

pp.2328-2349.

20) Kagawa, T., B. Zhao, K. Miyakoshi, and K. Irikura: Modeling of 3-D basin structures for seismic
wave simulations based on available information on the target area: Case study of the Osaka
Basin, Japan, Bull. Seismol. Soc. Am., Vol. 94, 2004, 1353-1368.

21)

Vol. 39, 2000, pp.319-330.
22) N S 1982 pp. 70-76.
23) 1997

24) Ludwig, W. J., J. E. Nafe and C. L. Drake: Seismic refraction, in A. E. Maxwell ed., 7he
Sea---1deas and observations on progress in the study of the seas, 4, Part 1, Wiely-interscience,
New York, 1970, pp. 53-84.

25) : S

2 Vol. 51 1998 pp.31-40.

26) : (
1) 25 1999 pp-185-188.
27) Arben Pitarka:

3 Vol. 2 2002 pp-291-324.

28) Fukushima, M.: A successive quadratic programming algorithm with global and superlinear
convergence properties, Math. Programming, Vol. 35, 1986, pp. 253-264.

29) Cho, I., M. Tsurugi, T. lwata, T. Kagawa and B. Zhao: Modeling of the spectral amplification
characteristics at the strong motion observation sites in the Osaka basin, Japan, Proc. 13th
World Conf. Earthq. Engng., No. 825, 2004 (CD-ROM).

30) Horike, M. and Y. Takeushi: Possibility of spatial variation of high-frequency seismic motions
due to random-velocity fluctuation of sediments, Bull. Seismol. Soc. Am., Vol.90, 2000,
pp-48-65.

31)

2002 I
15 2004 753-775.
32) Ohta, Y. and N. Goto: Empirical shear wave velocity equations in terms of characteristic soil
indexes, Earthg. Eng. Struc. Dyn., Vol. 6, 1978, pp. 167-187.
33)
2004 2004 A64.

2004 5 21
2004 12 3

-15-



5 1 2005

M odeling of a shallow S-wave velocity structurefor evaluation of ste
amplification spectrum: Osaka Bay areas

Ikuo, Cho”, Boming Zhao?, Takao Kagawa’®

1) Senior Researcher, Geo-Research Indtitute, Dr .Sci.
2) Senior Researcher, Geo-Research Indtitute, Dr. Enginesr.
3) Member, Chief Researcher, Geo-Research Indtitute, Dr. Sci.

ABSTRACT

We present an effective method to modd shallow-subsurface Swave structures and apply it to Osaka Bay aress. In
our approach, the geological structure is represented as a multi-layered mode by referring dense geologica logging
data, and it is consdered to be astructure modd of physical properties. An S'wave velocity in each layer is modeed
s that the resulting ructure model can well reproduce the theoretical amplifications cdculated by
one-dimensiona velocity structures of the velocity logging data. In this study, the geologica structure of Osaka Bay
aress is represented as amodd having four layers: (1) filling, (2) dluvid layersincluding Mal3, (3) adiluvid gravel
layer (Dgl), and (4) adiluvid clay layer (Mal2). The theoretical amplifications are calculated using the four-layer
model. S'wave velocity in each layer ismodeled through an inversion processto fit the mode amplificationswith the
theoretica ones calculated using the detailed velocity logging data. We assume that the S'wave velocity assigned to
the top layer varies locdly, while those assigned to the other layers are common in the target area. As the results,
Swave veocities in (2)-(4) layers are modded as 143, 343, and 195 nVs, respectively. The velocity structure
conggting of (1)-(4) layers with the above Swave velocities reflects generd characterigtics of the detailed velocity
structures from velocity logging data. The theoretical amplifications calculated with resulting mode structures
correspond well with those cal cul ated from the velocity structures of velocity logging data.

Key Words: Srong ground motion, Ste amplification spectrum, velocity structure, Swave velocity, PS
logging
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