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=
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1
Period (s)
B 14 K-NET g m DR E BRI DRLELRERE IR L (h=0. 05)

0.1 10

WS ONOEED G AB A#REQ, CEREQL LIS, ArREFE U L5 i EORE
ERDEISKRBTE TV DORERINT. ok, WEAKIZIZTZNZI, KiKmet {H[dL &5 7 KD~
Ralb—va r CTHWEERESHBICE M LT

KEOQERBR 7Y — B L UTHY, KNET SIS 2B ETT - 7=, AKERS D
TSR FE R PR Je OVR FE R R 2 (K] 13 V2R & & HIT, R S%DEERIREINE AT MV &K 14 2R
L7z, 728, K13 R LIEEIBIIAK TR OB TH DA, dHIEEOHREDIZOIZ UD a2 & Hi- 3
Ky EROTND., ZORER, 3O LRD bNHFHAER T 5.4 LS.

5. EEETHAOKEEREENABRBERICEDIEHEABDIZONT

51 REBERFERVEE T IBAERAROME

ARFETIE, 1 RO HEBINE AT (GHIFE) 21TWEAERE FOMBIATEORE 2 HET 5 (5.2
1) 1FD>, T OISEMNTIZ L > TR L2 OFT AEEZRIZ L 0 RO L H 55 LB 3L — LB
AEHERER VODHE LT KL X — D BN X R ORI O TR AT 5 (53 ). & HiTsk
D B IV A RSO AT G R O FHAIR PG L OARERFOFHAEE 2 £ L O TRT (5.4 ).

Z OEITIE, BT & B AT o 7o KL ERYE T ORHESCE SR OFE FL R S 1T oW TR 22 FA
1T 9. 32 1\ KIURBEAREEFEIZBET 5 STk BRL 2 LTz,

SLAEEE N HLS ) OB CERIX U 7= ARk LR ERE 1%, X 15 1R T & 9 Ak B iR 2 4 &
BIRD 7n & & B 7p o THBRAIHIRL 2y D& A DS\ RIEE 54 D BVEEZ 7R, R AL B O M PR R
WZ& D&, R IR S=50~90%% Rk LERNCIIY 7 v a v a o TnH I ENHLHENM LT D
DS, WLEREEEE IR pd=1.1 glem® E/NE VY (B Z1E, Uzuoka eral ). 7235, HAFNEE 1O E O ki
Lt AW B S5 FHSCHR 5),0)ICie SN TND DT Z TIIEKT 5.

53 HiCHET 5 BERLT R XIS INCEEMICEE SN TV AN, Z 2 CIHEAHBHETT Y.
O A U AWRRERAE Y, AW —BAMOTHOBRICEEIN TS L35 &, #ulk
LB IS 2 P — 72 <. 2O/ fRo 1 o1 7 VB Sz EkT %
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M E CITHW L — 7 OEFEOFNIAEY T 5. OTHI/ NS WOIEIR T — O B BRI FIFHRIE O E#
N—T" 5D, OTENDULREL 2D EBRAL—TIIRBICKELTFELATNL. EHICOTHN
N 5 LR — 7 I3RS 72, ZO%AE L — T ORI FZAF—IXIT 0 ITEVEE 72 5.
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19 | ss/ft [Absssppis | 210 ~ — — 750 2130 2.00 0.010 0.004 o

1) VIR, GL-4m LR EHLIIMNISCHR DEFIH. G/Go,h~ v HfRFE S 1IX 19 D, @IZ%fi.

JLAE]
o kL
- @ kit ok

10* 1
Shear strain

19 EMFIZAL= G/Go, h~ v Bhfg

- 173 -

10°




5007 max=399. 6cm/s’

-500 T T T T T T T T T T T 1

max=511. 3cm/s’

Acceleration (cm/sz)
i
oS
(e
]

0 -
-500 T T T T T T T T T T T 1
0 10 20 30 40 50 60
time (s)
(a) InIEERM
2517 max=22. Tcm/s
~ 0 - W.A
z V
E
= 25 T T T T T T T T T T T 1
>
3 25+ max=31. 8cm/s
3
> Q-
-25 T T T T T T T T T T 1
10 20 30 40 50 60
time (s)
(b) B 2

20 FMERMIC K YROH-ELEET (GL-4m) DK

- /' LELELELY
Z=ni
[ | LEGEND

NS

100?0000 EW

Pseudo Velocity (cm/s)

Period (s)
B 21 HHEERAIC K UKROT-LEEET (GL-4m) DRMDERLIRELERARY L (h=0.05)

5.3 EFRHRBRLIGEMBMITHER, S OHMBOBNE HFELD
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X 24 \ZR"T2S, EW B3 DI TRIFIER) 80%LL LA IG 1B =1 ICiTV W MEZ /R L TR Y, il
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72, B ORI LA ELRE OB EIIB B L Z o211 glem®’ E SO TWER, EHRRABRIC
L CW AR DORREE X 0 =13 glom’ THDH. Zhid, B SORBRER Ack s L, Zdit
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ZHIEL TIT-Th, /e hiklo B sNREER 720 I 1.3 glem® (1.26~1.32g/cm’) 12720 3
FINNIORE D DFEHI 72> TV D, B3 BOOT A2 W CGRE L7z BB AT 2L X — 0k
KDL, BAFIEE 78~79%D NS %4 CTH BT LK) 0.8 1272 > T\ 528, BaFIEE 62% D7k T
ITENG TR T 0.4 FREEIC 72 > TN 5.

EBROBUGO DEIZEI HITEER/NINZ 0D, RUER - =X —TlX, EBEOFLITS
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REDBENRKE N LD, ZOMBEV/NSRIER L~V THIRILISE LR L H 5.
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TWAHIAREBEOEEZF L0, RAMEHE L GHIEE L2 CE 4 IRLE.

K-NET 4 (i) OAREOFAEEIL 54 THY, FEFE FOMT R S OFHRERIC LD
FHUEEEE ITHIZR T 4m T 5.4 LR B, HIRIIBE LTI ST Thoto. Ik, MEOFHIEK 5.7
XIS IIRNTIC L DISEIMTHERTH DO T, BRI SN TW D AREMEL H 5.

BEIZ 2 BTl 72 X 9IS, IRIE R 72 BRI R & 7oA T 5 B OFHAIERE 5.2~5.6 L bk L,
FEEMA ORI EE IIMRLZ X O RME L o7, 7o, FHIEE O HESEEOFIHICH - T
FKEHBHEEOEREZ L - & FREICIERTA2MNETHLOT, S%OFEE L2,
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R Y — o B HiE h £EOM FEERRT 4 IR
X B WA iR ] .
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REJEL ORGSR E S EIC LT K-NET EEORER B A 2 F<HET LI LN TE .

2) K-NET 5 OMIEHHAE RN S, ML T2 ONEE  OKF) 1336 L% 320~450cm/s” Th

v, FHAIEEILS3 ThoT-. @ﬁ EEND LU, B 12 S O%RIE (D TR Dl
BEANRY MV &S 2 EINEE I TIRIE RS, dHEIS o REOA— X — %2R LT,

3) KMH%%@%MI#%@&%%mwT,%%ﬁ?ﬁﬁ@l&mmémﬁ_inﬁfmwﬁﬁT
DWTCAEARETE L=, F DOEEORINEE T 400~500cm/s?, HAHE T 20~30cm/s FLE T,
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DO « FREES FIRE TIEW i EHIfF S LS.

SHEE

ﬁ“ﬂﬁ@W&%%bTA%éMTkwiﬁKNm?Kmmm@T 2 ERRITOREE - WiKT —X
PEASECHEEE L BAEREICIZL 0OFRLRER, E2HEXR ARSI KESNE LE.
Z I, BREREEC @ﬁ@a%%biﬁ.

SE X

1) 2003 4= = [z pd H15E 35 KX OVE IR AL R S EFIA L B2 £ 2003 4F = e IR - EIR IR R R E
FHA S E CD-ROM, Ml T54%, 2003,

2) MpBFFFAEE - MUEEACHT - i BT+ JRE A K LPRERYE Lo B AR 3 L OV oD HUERFJE Bk
AR 2O C AL U S E R AR, 56 41 58, B AR SCERFZE a2 B2, 2005 47, pp.111-116.

3) 2003 AFA- B R S E TR A ZE B 23 12003 455 R S R AT R T, HYIR T4, 2004 47, pp.36-44.

4) Fukuoka, H., Wang, G., Sassa, K., Wang, and F., Matsumoto. : Earthquake-induced rapid long- traveling flow
phenomenon: May 2003 Tsukidate landslide in Japan, Landslides, 2,2004, pp.151-155.

5) Toshiyasu UNNO, Motoki KAZAMA, Noriaki SENTO, and Ryosuke UZUOKA: Cyclic shear behavior of
unsaturated volcanic sandy soil under various suction conditions, The 4™ International Conference on
Unsaturated Soils, ASCE, 2006, pp.1133-1144.

- 177 -



6) JEHIIEAS - EAE L - MEEPARRRE - ANEEACET - iR BT o AR R LK ERYE L oW E LI O
T, TARZEGSCE C, Vol.62, No.2, 2006 4, pp.546-561.

7) HARRIL - R - AR OWRRAGEFIORIE (ZD1) -# 0 IK Lt AMIBEEN R 2 B8 L2k
AP ORHIE-, SE37RIHR T2 FE5 3 4s, 20024F, pp.1985-1986.

8) HABRIN - % « NELFRD OHLRACIRFTOTAME (Z2002) -# 0 IR LW AW A A 25 58 L 72k
PACIRBLOFHME-, 537 (A1 T2 FE 36352, 200247, pp.1987-1988.

9) Tsukamoto Y., Ishihara, K. Nakazawa, H., Kamada, K. and Huang, Y. : Resistance of partly saturated sand to
liquefaction with reference to longitudinal and shear wave velocities, Soils and Foundations,Vol. 42, No. 6, 2002,
pp. 93-104.

10) Ryosuke UZUOKA, Noriaki SENTO, Motoki KAZAMA and Toshiyasu UNNO : Landslides during the
earthquakes on May 26 and July 26, 2003 in Miyagi, Soils and Foundations, The Japanese Geotechnical Society,
Vol.45, 2005, pp.149-164.

11) fRocte— - VEErFFEE - (HETRIB - W BRI - I @ 20034F = [H2Rg M ZR IF o> STARHT 9~ 1) 1

JED O HERENHE T, FH40RI R T 2MF506 3R 4s, 20054F, pp.2315-2316.

12) tEocte— - MEEp e - AUSEACET - R0 BT« PR HiERE (2003) WRICISIT 2 SEAEHL = 0 HiJE
W OHEERHEE —K-NET R OEEFHERZIEH LHiE —, HARME L5 REa—2005 FEHE,
2005 47, pp.32-33.

13) Irikura, K. : Prediction of strong acceleration motions using empirical Green's function, Proc. 7th Japan Earthgq.
Eng. Symp., 1986, pp.151-156.

14) BRAFTS  ZHRE  RAMIMEN O E R AT R VERIZ X 2 Mg R AT 0O AT REMELZ BE 5
DT, AARBRGUPSMEIE R UE, 471 &, 1995, pp.61-70.

15) WPAAZEIR « BTHVE - LA U — & T TR OIRIBLEL DS AKFEERE AT MVHITH 2 D508, HARESE
PSR OUE, 5115, 1998, pp.69-75.

16) PEfRAE 26 < I - In 15— - E & S, P, coda 72 53RD &AL 2 MR FFMEDE Y & 2 D HGR
ROMERR, HIER 2, 25 51°%, 1998 4%, pp.291-318.

17) KRB - S5 AP - ARZEUED £ 2003 4F 5 H 26 BIZEHIRIFCHRAE LIZA T 7 AHEORIFE
TIVERE#RH I 2 L— a3, HE2, 57-2, 2004 4F, pp.171-185.

18) JE\FHIEEAS - $RARSEGL - NS ] « MR IC A ) S 7 BARE G = 1L & — OFHIE & HRAL P~
W, AR, No.631, /II-48, 1999 4, pp.161-177.

19) MNEESRD - FK L7 TRERIC X DAEE ~D = 3 ¥ — A ) LEEM ORI, B AR 2S5 SUREE,
%5235 5, 1975 4F, pp.9-19.

20) Motoki Kazama, Akira Yamaguchi and Eiji Yanagisawa: Liquefaction resistance from a ductility viewpoint,

Soils and Foundations, Vol. 40, No. 6, 2000, pp. 47-60.

21) EHY - KEELE - SBTEEIC LD < KOVRE v O MR ISEMNT 7' 7 775 2 Ve TR H T
WEIERTH, 1996 4

22) Nozomu Yoshida, Satoshi Kobayashi, Iwao Suetomi and Kinya Miura: Equivalent linear method considering
frequency dependant characteristics of stiffness and damping, Soil Dynamics and Earthquake Engineering,
Vol22, 2002, pp.205-222.

23) W EEEE] © LOIEFIEE T AR OISE RIS 52 5 R, 5 32 MR L AR Y Y A,
2005 4, pp.97-104.

24) VEEFIERE - EANEZ - ANEGRCE - TRk BT - BUEDEH - AR E ook L VMR TEZEE), F
% 16 AR AR AL S EAR e R 2, i, 2005 4F, pp.448-449.

(¥ : 200644 A 5 H)
(B#T-E - 200742 A 13 H)

- 178 -



Estimation of Strong Ground Motions at Tsukidate Landslide Site during
the 2003 Sanriku-Minami Earthquake —Realization of Ground Motion
Waveforms using the data of Strong Motion Seismometers and Seismic

Intensity and Its Fluidization Mechanism using Laboratory Testing—

FUKUMOTO Shun’ichi”, UNNO Toshiyasu®, SENTO Noriaki”, UZUOKA
Ryosuke®” and KAZAMA Motoki®’

1) Member, Manager, Engineering Quarter of Tokyo Soil Research Co., Ltd., Dr. Eng.
2) Member, Researcher, National Institute for Rural Eng., National Agric. and Food Research Org., Dr. Eng.
3) Member, Research Associate, Dept. of Civil Engineering, Graduate School of Engineering, Tohoku University, Dr. Eng.
4) Member, Associate Prof., Dept. of Civil Engineering, Graduate School of Engineering, Tohoku University, Dr. Eng.
5) Member, Prof., Dept. of Civil Engineering, Graduate School of Engineering, Tohoku University, Dr. Eng.

ABSTRACT

Mudflow type failure with gentle slope occurred at Dateshita in Tsukidate town during the 2003 Sanriku-Minami
earthquake in Japan. The fluid soil was consisted pyroclastic sediment material which classified as a volcanic
sandy soil with pumice. This failure phenomenon was due to loose volcanic sandy soil material with fluidization
type flow by the trigger of strong ground motion of the earthquake, against of its material unsaturated condition.
Unfortunately, when the main shock occurred, strong ground motion record was failed to observe at Tsukidate
K-NET station, the closest observatory to Dateshita landside site. Therefore, we conducted to estimate strong
ground motion seismograms at mudflow failure site, because of few study regarding the relationship between
ground motion records and mudflow type failure consisted of unsaturated volcanic sandy soils. We estimated
strong ground motion waveforms using empirical Green’s function method using two after shocks comparing
several seismic intensities surrounding the Tsukidate town. Therefore, we recognized both dissipation energy, one
is computed by 1-D geotechnical response analysis and the other one is obtained by conducting laboratory testing,
would be good relationship, then, we proposed new method for estimating liquefaction potential of unsaturated
pyroclastic material. We finally realized mudflow type failure with gentle slope at Tukidate town is due to
fluidization and liquefaction type soil collapse by the trigger of strong ground motion.

Key Words: landslide, unsaturated volcanic soil, strong ground motion, seismic intensity seismometer, strong

motion seismometer, empirical Green's function method, fluidization
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