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K4 BRSHBRISNSA—E—F

Bc3 Bc2 Ts AsT (D) [As1 (@) [As2 As3 Act Ac? Ac3
INSA—EE
BE p (g/em’) 1.8 1.8 1.8 1.8 1.8 1.9 1.9 1.4 1.7 1.7
BKEEK k__(m/sec) | 2.0E-06| 2.0E-06] 2.0E-06] 2.0E-05| 4.0E-05| 7.0E-06| 7.0E-06] 1.0E-08] 1.0E-08| 1.0E-08
BARTKRRE Vs (m/sec) 158 158 191 172 217 273 273 158 215 246
SR ET )L -SRI HETIL
EfEiE 3 A 0.0005 | 0.0005 | 0.0008 [ 0.0057 | 0.0012 [ 0.0460 [ 0.0011| 0.0057 | 0.3280 | 0.3280
e iEE K 0.0002 | 0.0002 | 0.0001 [ 0.0001 | 0.0005 [ 0.0005 | 0.0006 | 0.0006 | 0.0629 | 0.0629
BLBEE OCR 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1 1 1
ERTHE AR Gy/o', 4300.0 | 43000 | 50000 | 11834 | 1431.4| 14686 | 30205| 11834 287.0 287.0
EHE N M'm 0.909| 0909| 0909 0909| 0909 0909| 0.909 1.130 1.130 1.130
BIRIS A1 b M 1150 [ 1.150 | 1.150| 1.150 | 1.150| 1.579| 1.579 1.310 1.310 1.310
BB D /5 A—4 B, 11000 11000| 12000f 4000  5000[  3500| 10000 30 30 30
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RBIEVISHPMER L C0D Z L 2R LT-, ZO5RYIS/IE, HiERA uﬂ@ﬁﬁfﬁ%hé_&
Mo, EEOEBSIZAONT-7 T v 713, HEBERAEEZOORAELZLO LHN IS,

WATHESE A T = XA@ﬁd%ﬁo KIES T, HESOPWIRI S, A D =X LELL T DO L
5u%mbfwéoﬂ . BESMAIE T oS U, EESMUAMADG RS L7, SRAD

EEAMANZ ) 2>\ VB ) U‘M‘S%DET L7z S BICHIERIZ, WRIKME L7 B R LI DI IR LK
DI FLIZEHEL TS, ZhalE ., BERMBITOMEEE L D5, KT, BT A v v 2 LA

-1 -



BRI EBHEIRERT, K182, TNENOES TOAT I MEN %, X 19 \ZShE I WEN &R~ T,
20 12, BRI (-0 0/ 0 mo) D 2 v & — EETEIK(E TG 5.0) % bt TRT, £ 2 iES)
BRAG O FD, 1050, 20 VKON 1 HEDOMTH S, X120 HiZix, A CHIERTOREOR R 277,
512, FREIX 3 O RIGOW T &, IEROAEF MO &L ZDEG Z R,

node 748 A ’";ES:ﬁ
T
\V4 FE== i node 2010
i e ==
y 1 AN
X
K17 Ay LEBER
0.2 . 0.2
2 ol i g 0l
z 0 Z o
8 01 1 g .01 N
- 1 \
S -0.2 “\\ 8 -0.2
£z :g'i —dx- 748 £z :g'i —dy- 748
2 7 l—dx-1267 2 T ll—dy- 1267 h;
s ’8-2 —dx- 2010 > '8-2 —dy- 2010
“0.01 0.1 1 10 100 1000 10 10° “0.01 0.1 1 10 100 1000 10 10°
Time (sec) Time (sec)
18 FEBHERD x AREA K19 EHERD yARAZER

(a) EBIBIEE 0.0 B (b) EHRILE 10.0 7

VTG i

S
x\e\\‘i\k

() EEBEE20.0H @) EBE 1B Q] EBHE)
Decrease ratio of effective stress
| .  § |

00 03 05 08 10
20 ARGABRLEDI V2 —EERE

-12 -



x5 BRZIRNDRAREMREEZDEIE

24 KO T (m) | TR 2FE (%) |AKFOZEM & (m) |[2ACFRICxT 258 (%)
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X 23 12, Asl (D) EoOBEEIRBRAKTELOEELIEZRT, K 24(a). ODIIZIEINDOHIZES) TOEEIMA
EROAKFENL & SBPMARER T ORI O Helig % 777,
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=1 HMEFKRTHS | BRBROEBEADLERE
O+®@ ® @)
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-14-



25~27 12, TNENOHEE TOH NG WD H(1-64/ G mo) D 2 v X — L BRI (ETAE R 5.00% &
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(a) =BFIBOM (b) =ENEEE 30 #
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8 ITIE, FHEBORLAIX ) T L ORIGIL T EEZ £ L DT,

x8 BMEHORZERSCEOXRINLTE (hodel267)
(a) 1964 FHRME

A KDk F i (m) |20k F &Ik D255 (%)
0.00F>~4.66F> 0.00 0.43
4.66F0~31.228 | 14 0.34 62.17
31.22F0~60.00% 0.16 29.19
60.00F)~ J1 5% 0.04 8.22
AR T & 0.54 100.00
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ABSTRACT

Damages of river dikes caused by liquefaction have been observed after earthquakes. In 1995 Hyogoken Nambu
earthquake, it was reported that many river dikes were settled and deformed by the liquefaction. The river dike in
the middle region of Shinano River is built on the loosely deposited sandy layers. Therefore a large settlement and
deformation of the river dike by the liquefaction of the ground is expected. A large scale of damage was reported in
this region by the previous earthquakes such as 1964 Niigata earthquake, 2004 Niigataken Chuetsu earthquake,
and 2007 Niigataken Chuetsu-Oki earthquake. Furthermore, as many active faults exist in this region, a big
earthquake is expected in near future. Therefore, it is very important to understand the deformation mechanism of
the dike by liquefaction of the ground and to predict deformation and settlement of the dike after earthquakes.

In this study, effective stress based finite element analyses are carried out by the program code “LIQCA” to
reproduce the past damege and to predict the damage of the river dike. Three earthquake motions by the 1964
Niigata earthquake, the 2004 Niigataken Chuetsu earthquake and the 2007 Niigataken Chuetsu-Oki earthquake
have different duration times and maximum accelerations. At first, an analysis was carried out to reproduce the
post damages by the 2004 Niigataken Chuetsu earthquake. As the result, the settlement and deformation are in
good agreement with the actual behavior after earthquake. Secondly, the comparisons among damages by three
earthquakes were carried out using three different earthquake motions. The duration time and the maximum
acceleration motion are the key factors which affect the damage of the river dike by different earthquake. As the
result, it is confirmed that deformation of the river dike by liquefaction of the ground is not only influenced by
maximum acceleration but by duration time of the earthquake motion.

Key Words: Liquefaction, River dike, Effective stress analysis, Earthquake
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