BE A B h gL oo RV S & T O, R K No.40, 2014

) IHE 3th D L AR AR D st R B I 5 1%

Ground motion response of the subsurface structure of the Nakagawa lowland
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Abstract: This study aims at quantitatively clarifying the ground-motion-response property of the
Nakagawa lowland and its spatial variation. We installed a ground motion observation network across
the Nakagawa lowland and analyzed the ground motion responses. On the other hand, we constructed a
shallow-level subsurface three-dimensional velocity structure model of the lowland from the shallow-
level subsurface geologic model (Kimura et al., in this CD) by translating N-value and soil quality
information to S- and P-wave velocities and density. The translation was confirmed by comparing
translated velocities and densities with those measured at boreholes in the lowland. The translation was
also validated with the observation at the ground motion network. Then the shallow-level subsurface
velocity structure model was used to evaluate ground motion amplification distribution in the area.
Above the buried valley where the alluvium is thickest, the peak response arises in 0.7 ~ 1.0 Hz with
maximum amplification factor around 4 to 5. While above the wall of the buried valley or buried terrace,
the peak response arises in 1.0 ~ 2.0 Hz with maximum amplification factor around 5 to 6. Evaluation
of increment of intensity in case of Kanto earthquake similar to that in 1923 revealed that we may have
intensity difference of 1 within the lowland. This is what Moroi and Takemura (2002) has shown for the
1923 Kanto earthquake from the collapse rate of wooden houses.

Keywords: Nakagawa lowland, alluvium, subsurface structure, borehole, ground motion, amplification,
spectral ratio, N value, S-wave velocity
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HHCTH D, EELIREMIEFTOR—1 7 #isi%, GSKBHI, GSMHI1, GS-SK1, GSAMGI1, GSKNIJI1,
GSKTSI. HIHE AT OR— U o ZHi S 1%, TNR( &AL ), MZM KIeARE), HAY GREEEAR),
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Fig.1 Stations of Nakagawa lowland strong-motion observation network (triangles) and Boreholes with PS-logging surveys

(circles). Brown rectangle indicates the area of shallow-level subsurface 3D geological model (Kimura et al., this CD)
and our velocity structure model. GSKBH1, GSMHI1, GS-SK1, GSAMG1, GSKNJ1 and GSKTS1 are the boreholes
drilled by Geological Survey of Japan, AIST. TNR (Toneri park), MZM (Mizumoto park), HAY (Higashi Ayase pak),
HMJ (Higashi Mukojima), SNZ (Shinozaki Park), KMD (Kameido chuo park), SNK (Shinkawa), DKN (Institute of
Civil Engineering of Tokyo Metropolitan Government) and HRM (Harumi) are the boreholes drilled by Institute of Civil
Engineering of Tokyo Metropolitan Government. The numbers iy on the right hand side of the brown rectangle indicate
the locations of depth sections shown in Fig.13. A rectangle with dashed black line shows the area of Fig.2. Background
is Seamless digital geological map of Japan 1:200,000 (Jul. 3,2012 version) (Geological Survey of Japan, AIST).
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Fig.2 Enlarged view of a part of Fig.1 which includes the area of Nakagawa
lowland strong-motion observation network.
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Fig.3 Sketches and photos of observation stations in Nakagawa lowland strong-motion observation
network.
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Fig.4 Velocity waveforms (EW component) observed in and around the Nakagawa lowland during the 2007 Niigataken
Chuetsu-oki earthquake (M6.8). See Fig.2 for locations of the stations. The origin of the time axis is the origin time of
the earthquake.
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Fig.5 Observed velocity response spectra (EW component, h=5%) in and around the Nakagawa lowland and at a site out of
the Kanto plain (GNMO009) during the 2007 Niigataken Chuetsu-oki earthquake (M6.8). See Fig.2 for locations of the
stations.
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Fig.6 Variation of observed velocity waveforms (EW component) along a line from the epicenter to the area of Nakagawa
strong-motion observation network due to the 2007 Niigataken Chuetsu-oki earthquake (M6.8). The origin of the time
axis is the origin time of the earthquake.
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Fig.7 Velocity waveforms observed in and around the Nakagawa lowland during the 2011 off the Pacific Coast of Tohoku
earthquake (M9.0). The origin of the time axis is the origin time of the earthquake. See Fig.9 for locations and deploying
organizations of the stations. A station whose code is in red is inside the Nakagawa lowland, and a station whose code is

in blue is outside the Nakagawa lowland.
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Fig.8 Observed velocity response spectra (horizontal component, h=5%) in and around the Nakagawa lowland during the 2011
off the Pacific Coast of Tohoku earthquake (M9.0). See Fig.9 for locations and deploying organizations of the stations. A
station whose spectrum is in between red and orange is inside the Nakagawa lowland, and a station whose spectrum is in
blue is outside the Nakagawa lowland. For spectra at stations inside the lowlands, the station codes are put at the peaks

of their spectra.
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Fig.10a Comparison of S-wave velocity structure measured at borehole surveys done by AIST (black line) and that estimated
using three different empirical formulas. Red circles and lines are estimates using equation XV in Ohta and Goto (1978)
and open red triangles are the estimates using the same formula but replacing N-value by 1 in the case when N-value is
zero. Green circles and lines are estimates using CDMC (2001). Blue circles and lines are estimates using Yoshida et al.
(2006). See Fig.1 for locations of the boreholes.
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Fig.10b Comparison of S-wave velocity structure measured at borehole surveys done by Institute of Civil Engineering of Tokyo
Metropolitan Government and that estimated using three different empirical formulas. Colors of circles and lines are the
same as in Fig.10a.
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Fig.10c Comparison of S-wave velocity structure measured at borehole surveys which were compiled by Tokyo Prefecture for
underground structure survey and that estimated using three different empirical formulas. Colors of circles and lines are

the same as in Fig.10a.
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Fig.11a Comparison of P-wave velocity structure measured at borehole surveys done by AIST (black lines) and that estimated
using two different empirical formulas. Red lines are estimates using Kitsunezaki et al. (1990). Green lines are estimates
using Nakagawa et al. (1996).
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Fig.11c Comparison of P-wave velocity structure measured at borehole surveys which were
compiled by Tokyo Prefecture for underground structure survey and that estimated using
three different empirical formulas. Colors of circles and lines are the same as in Fig.11a.

159



BN - HEHA— - ANTEC - fERH AR

GSKBH2 GS-SK1 GSMHI1
rho (t/m3)  Litho N rho (t/m3)  Litho N rho (t/m3) Litho N
1 2 0 0 50 100 1 2 0 0 50 100 1 2 0 0 50 100
07\\\\\\\\\‘\\\\7\\\\7\\\\‘\\\\‘\\ 07\\\\\\\\\‘\\\\7\\\\ | A 07\\\\\\\\\‘\\\\7\\\\7\\\\‘\\\\‘\\
P AT
g % ol S
< 40 = 3 40 3 = 40 3 = =
o E 1 E = 1 = 1 E
8 507 D E 50 E o Mo T e
. | ] - - —Huviu - =
60 - 60 1% 60 - E
70 - S E 70 4.8.8 70 4 B8
. | JDCE . 3 | JDCE 3 | JDCE .
80 1 EERD 1 80 1 EERD® 80 1 EERD 1
GSAMGT1 GSKNJ1 GSKTS1
rho (t/m3)  Litho N rho (t/m3)  Litho N rho (t/m3)  Litho N
1 2 0 0 50 100 1 2 0 0 50 100 1 2 0 0 50 100
07\\\\\\\\\‘\\\\7\\\\ 7\”\\””\” 07\\\\\\\\\‘\\\\7\\\\ | A 07\\\\\\\\\‘\\\\7\\\\ | A
16
€ 30- 1 1 30~ - , 30~ -
< 40 3 = 40 3 3 3 40 3 3
o E 1 E = 1 E = 1
8 504 ' E 50 if< E 50 E =
P 5 a ERE-T E 60 ER N E 60 3 ERE-
; 1 A by il T ] 8
70 - 3 o352 70 i 3 so5e 70 T oSog
3 :SDCE: . :JDCE: 3 :JDCE
80; A EESU\; 80; A EESU\; 80; A EE&U\
GS—-KM1
rho (t/m3)  Litho N
1 2 0 0 50 100
07\\\\\\\\\‘\\\\7\\\\ | A
10 E - N,Litho—>rho: CDMC 2001
20 .
E 30 .
< 40 3
[oN . ]
8 507 E
604 =N
:A[J[lel_ i 8
iluviu 1
70 B - |
3 :33:2
80 1 E€E8>

B12a EREENRAEHNIEFTORN—Y o7& TRt S o mE (BER) SRR (hRPISEE, 2001)
INOFEHE LI (ORI - #) L ok,

Fig.12a Comparison of density structure measured at borehole surveys done by AIST (black lines) and that estimated using
CDMC(2001)(red lines).
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Fig.12b Comparison of density structure measured at borehole surveys done by Institute of Civil Engineering of Tokyo
Metropolitan Government (black lines) and that estimated using CDMC(2001)(red lines).
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Fig.12¢ Comparison of density structure measured at borehole surveys which were compiled by Tokyo Prefecture for
underground structure survey (black lines) and that estimated using CDMC(2001)(red lines).
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Fig.13a E-W directed depth sections of the distributions of N-value and soil classification, and S-wave
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Fig.13b E-W directed depth sections of the distributions of N-value and soil classification, and S-wave
velocity, P-wave velocity, and density which are translated from N-value and soil classification. Cross
section is at iy=30 (latitude of 35.7514). See Fig.1 for the location of the cross section.

164



o | AES i 0D Pt oD Hi R S 8 AR

density(t/m3)
2.0

é 1.8
S
S 1.6
)
£
© 14
1.2
390‘000 395‘000 400‘000 vp(m /S)
é 1600
[7]
ko)
S
=
4 1400
©
1200
390‘000 395‘000 400900 vs(m/s)
500
— 400
£
[J] 300
s
2 200
=
© 100
0
390‘000 395‘000 400900 Nvalue
50
45
— 40
S 35
z 30
© 25
“3 20
= 15
© 10
5
0
390000 395000 400000
| | |
0 artificial
€
T - 20
gravel
ko)
g 40 sand
=
© muddy sand
-60 mud

T T
390000 395000 400000

B13Mc NfE, LE, BXT, ZNHOM»HEM L7 S B, PRHE, &EO 3 KIohHE
WEETILD, iy=50 (F&FE 357739 %) (2B DR S Wi, (LElE, 1 KE2H.

Fig.13c E-W directed depth sections of the distributions of N-value and soil classification, and S-wave
velocity, P-wave velocity, and density which are translated from N-value and soil classification. Cross
section is at iy=50 (latitude of 35.7739). See Fig.1 for the location of the cross section.
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Fig.13d E-W directed depth sections of the distributions of N-value and soil classification, and S-wave velocity,
P-wave velocity, and density which are translated from N-value and soil classification. Cross section is
at iy=70 (latitude of 35.7965). See Fig.1 for the location of the cross section.
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Fig.13f E-W directed depth sections of the distributions of N-value and soil classification, and S-wave velocity,
P-wave velocity, and density which are translated from N-value and soil classification. Cross section is
at iy=110 (latitude of 35.8416). See Fig.1 for the location of the cross section.
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Fig.13g E-W directed depth sections of the distributions of N-value and soil classification, and S-wave velocity,
P-wave velocity, and density which are translated from N-value and soil classification. Cross section is
at iy=130 (latitude of 35.8641). See Fig.1 for the location of the cross section.
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Fig.15 Map showing the observation stations and the epicenters of the earthquakes used for spectral ratio analysis. The
rectangle in the map indicates the area shown in Fig.2.
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Spectral ratios to TNGS
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Fig.16 S-wave spectral ratios of each station to TNGS in Nakagawa lowland strong-motion observation network. Black lines
are the spectral ratios of observed records. Red lines are the theoretical spectral ratios calculated from the shallow-level
subsurface structure model. Blue lines are the theoretical spectral ratios calculated from PS-logging data.
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Fig.17 Theoretical amplification to the vertical incident S-wave calculated from the shallow-level subsurface velocity
structure model (black) and the PS-logging information(red) at the stations of the Nakagawa lowland strong-motion
observation network.
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Fig.18 Theoretical amplification to the vertical incident S-wave calculated from the shallow-level subsurface velocity
structure model at points at 500m interval along a EW line at iy=110 in Fig.1 (See right hand side of the brown rectangle
in Fig.1).

173



BNFET - HWEA— - ATac - e
‘7 Hz ‘ Hz
2‘ Hz “ Hz

amplification
6.0

3970000

3965000

3960000

3955000

390000 395000 400000
‘ Hz
.

%19 ST MEERSE T T VI K0 BHE S B AR IR SR 0 22/ oA . BB A G, AL 0.5 H,
0.7Hz, 10Hz, B/, 15Hz, 20Hz, 30Hz, B 50Hz (B 5 HIERS .

Fig.19 Theoretical amplification distribution at 0.5, 0.7, 1.0, 1.5, 2.0, 3.0 and 5.0 Hz calculated from the shallow-level
subsurface velocity structure model.
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Fig.20 Peak ground velocity distribution and its amplification distribution when inputting the simulated 1923 Kanto earthquake
ground motion.
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Fig.21 Intensity distribution and its increment distribution when inputting the simulated 1923 Kanto earthquake ground motion.
Black dashed lines in the right indicate the intensity distribution estimated by Takemura and Moroi (2002) from collapse
rate of the wooden houses due to the 1923 Kanto earthquake (Data is limited only inside the gray frame).
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Table 1 Information of stations in the Nakagawa lowland

strong-motion observation network.

BAs | BE (B) |(#F B ) HEERE
BRI (NEES) 2 Hu AR 5
a—k | EHFRAMR | HRBMZR (m)
SKNS 35.86228 | 139.82422 | 7 H L& K-NET95 BB HEELE | 12.1
SKMN 35.86022 | 139.82947 | 7 A & K-NET95 BB &t HEELE | 44.0
UNDO 35.85919 | 139.82622 [ A FYU I RET7IILZZAK2 | HiERLE |48.0
DEAI 35.85853 | 139.82756 | 7 A & K-NET95 BB &t HHEEL | 40.7
SORI 35. 8564 139. 8303 | 7 H S8 K-NET95 B!zt HiEELE | 49.8
KAKI 35. 8597 139.8347 | ¥R A MYV I RETILERAK2 | HIEEL | 53.3
HNGR 35.84536 | 139.78903 | 77 # L & K-NET95 BB HiEELE | 40.2
SKSW 35.85972 | 139.82697 | 7 A & K-NET95 BB HHEEL | 34.6
MCNW 35.86163 | 139.84322 | 7 : & K-NET95 BB HiEELE | 53.3
HKIT 35.86169 | 139.85208 | 771 S & K-NET95 BUs&E & HiEELE | 53.0
OMRI 35.86393 | 139.86700 | 7 S & K-NET95 BB HiEELE | 50.2
TNGS 35. 85501 139. 88560 | 7 71 L & K-NET95 BB &t HEELE | 7.1
AOYG 35.85614 | 139.81756 | 7 : & K-NET95 BB & HEELE | 7.7
S0ZN 35.95166 | 139.77397 | 7 : & K-NET95 BB & HiEEL | 48.3
TDKN 35.86477 | 139.74802 | 7 A &L K-NET95 BB BEE 0.
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Hok LHENEEZHOEEEORRE (PREGKERE, 2001, X9 [ ] MIEREREOSES, £ OMITmHE -
A < ki)

Table 2 Empirical value of density with respect to soil quality and N-value. (CDMC, 2001; Values in [ ] are for diluvium.
Otherwise, the values are common for alluvium and diluvium.)

+E N i w M m E | BE N i i M
(g/cm3) (g/cm3)
A 0~4 1.6 W+ 0~4 1.7 [1.8]
4~10 1. 4~10 1.8
10~ 2.0 10~50 1.9
JEEHE 1+ 0~1 1.2 50 1.9 [2.0]
1~ 1.3 g+ ~20 1.9
7 — A 0~4 1.4 20~50 2.0
4~ 1.5 50~ 2.1
R 0~2 1.4 [1.5] JEA L 50~ 2.1
2~4 1.5 [1.6]
4~8 1.6 [1.7]
8~15 1.7 [1.8]
15~30 1.8
B3R SHEDAAT PV Vo HIFR DFE T
Table 3 Earthquake used in the S-wave spectral analysis.
#  Origin time (JST) Latitude Longitude Depth My Area A/H
(km)
1 2007-05-08 21:01:35  36.0603 139.8900 46.3 4.5 SW IBARAKI PREF 0.5
2 2007-06-01 07:28:59  36.0938 139.6812 59.3 4.5 EASTERN SAITAMA PREF 0.5
3 2007-06-02 14:43:15  36.1345 140.0343 49.8 4.6 SW IBARAKI PREF 0.7
4 2008-03-08 01:54:57  36.4525 140.6117 57.0 5.2 NORTHERN IBARAKI PREF 1.7
5 2008-03-09 06:13:45  36.0570  139.9493 47.1 4.4 SW IBARAKI PREF 0.5
6 2008-08-20 15:13:29  36.0567 139.9013 45.1 4.6 SW IBARAKI PREF 0.5
7 2008-08-22 19:59:50  36.4418 140.6153 55.9 5.2 NORTHERN IBARAKI PREF 1.7
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