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A shallow sedimentary structure model for strong-motion predictions
in the Osaka sedimentary basin
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Abstract: We developed a detailed model of shallow sediments in the whole Osaka sedimentary basin,
southwest Japan, as a part of the Osaka strong-motion prediction project conducted by AFRC, GSJ/AIST.
We made an geological model based on Geotechnical Information Database in Kansai (GI-Base), in
which more than 30,000 borehole data in the Osaka basin are registered. The structure model consists of
an upper, detailed model of alluvial sediments (Vs <300-350 m/s, including Holocene and upper
Pleistocene deposits in the Osaka basin) and a lower, rough model of Mal2 (clay) and Dgl (gravel)
layers. The upper model for the alluvium sediments is represented as 2-m-interval layers that are
assigned a soil type, the standard penetration test (SPT) N-value, and density to each layer. The upper
model represents the structure of the whole Osaka sedimentary basin with 500-m square horizontal
mesh. The lower model for the deep sediments is represented as upper and lower boundaries of Dgl
(gravel) and Mal2 (clay) layers. The lower model covers a seaside area of Kobe-Osaka. An S-wave
velocity structure model is made from the geological model using empirical expressions of S-wave
velocity obtained based on PS-logging data. In the upper model, the S-wave velocities for each
2-m-interval layer are assigned using the empirical expressions as a function SPT N-value and effctive
overburden pressure for each soil type. In the lower model, the S-wave velocities of Mal2 layer are
assigned using the empirical expressions as a function of depth, and the S-wave velocity of Dgl layer is
assumed as 300 m/s. Vertical profiles of the S-wave velocity structure model at some sites correspond
well with those of PS-logging data. Thus, the theoretical site amplifications calculated from the model
structures reproduce features of those calculated from the velocity structures of PS-logging data.
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Table 1. Empirical expressions of S-wave velocity of alluvium model and
root mean square (RMS) of the estimated and observed velocities.
N is SPT N-value and py is effctive overburden pressure (Pa).

Soil type  Vs(m/s) RMS (m/s)
Clay 46(N + 1)0304 pgors 37.0
Sand 12(N + 1)0173 pge7 51.1

Gravel  11(N + 1)0143pg22s 64.8

§ 23K, HETAOMRNRELIED S Bl EOHEE XN EHEEM L
HEHOBFEZRE RMS). 2 XES (M) 277

Table 2. An empirical expression of S-wave velocity of marine clay
of diluvial model and root mean square (RMS) of the
estimated and observed velocities. Depth (m) is shown by z.

Vs (m/s) RMS (m/s)
44.9 (148 + 2)** 57.0
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Fig. 1. Geologic sections used in this study (Modified from Committee of Geotechnical
Information in the Osaka bay, 2002).

130



FEREREN T 0D 72 60 D RIFCHERT 7 1 0D 1 i AR AR IS € 7 L DAERK

10t 1 10"

Frequency (Hz)

(A) p326 n584 Y995 W45
S-wave velocity (m/s)
o0 500 1000 O 500 1000 O 500 10000 500 0 500 1000 O 500 1000
1 ] j L Alluvium [ - e
i —T == — ST
_ T il - g - o1 I
£ 100 — il [t I
P ; 1|
s . :
O 150 [+ 3 T
|
200 ‘
250 ——» Vs
Alluvium
300 Dgl
350 Mal2
400 Dg2
{"- - Osaka bay Mall
450
km & -4
— p—) J . - '
0 2 i
©
10!
,:::;,*:‘ N i S & 9
o 4
) : w
10
(D)
10!
N\ g >
o
%100 \
1 i
1
100 :::I

F2B. (A) BEbd Gl Lz —Y 74l PS EIC KoM G L, kb L7zl ERE. (B) MatkigeLi
R—=U 7 HLONE. (C) HAEIEZ NG L7-ME I LD BaMEAEE (28) & PS #iEIC L 53R FEf i c L D0
IERHE () iz, (D) PRS2 AT R S 2 2 S 72 & E DOERIRFFEDLIE:.  (A) ~ (D) DHEIR
Frthds JONHEEREIEIC VT, BT PS MBI LD EERE & 2 D HibE A, 5% Do2 Jg~Mall JE i el
T AL U7, R0 Mal2 JE~Dg2 JB5E L. T & ML L 72 s SR, k7S Dol JE~Mal2 &
BERUUT 2 L U7 R RS, S8R LL T 2 L L 7o EERE £ 7L & 2 0 S PR Z2 <9

Fig. 2. (A) Velocity structure models used for calculations of spectral ratios. (B) Locations of the boreholes used in this
study. (C) Comparison of spectral ratios of S-wave amplification to incident waves calculated from the
PS-logging velocity structure (black) and the structure models whose velocities below the alluvium are
simplified (purple). (D) Comparison of spectral ratios of S-wave amplification to incident waves. The spectral
ratios are calculated from the PS-logging structures (black) and three simplified structure models. In the (A)-(D)
panels, blue lines show the structure models whose velocities below the boundary between Dg2 and Mall
layers are simplified, red lines show the structure models whose velocities below the boundary between Mal2
and Dg2 layers are simplified, green lines show the structure models whose velocities below the boundary

between Dgl and Mal?2 layers are simplified.
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Fig. 3. Schematic diagram of the shallow sedimentary structure model. S-wave velocity structure obtained
by PS-logging (black line), estimated S-wave velocity structure (red) and soil type are shown. Soil

types of clay (white), sand (hatch) and gravel (solid) for alluviums and Dg1 layer (yellow) and Mal2
layer (blue) for diluviums are shown.
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Fig. 4. Locations of boreholes and thickness of alluviums at each borehole. Data is
obtained from Gl-Base.
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Fig. 5. Cumulative thickness of clays in the upper model.
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Fig. 12. Distribution of the S-wave velocities obtained by PS-logging as a function of depth.
Thick curve shows the estimated velocity profile.
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Fig. 13. Comparison of the measured and estimated S-wave velocities for
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Fig. 14. (A) Comparison of the PS-logging and estimated velocity structures. Alluvium, Dgl and Mal2 parts of the geological
model are indicated by colors on the right side of the diagram. (B) Comparison of spectral ratios of S-wave
amplification to incident waves calculated from estimated and PS-logging velocity structures. P-wave amplification
calculated from PS-logging velocity structure are also shown. (C) Location of the boreholes used in this study.
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