
 
 

 
 

 



 
 

 
 

 



 
 

 
 

 

 

 



 
 

 
 

 



 
 

 
 

 

 
  



 
 

 
 

 

  



 
 

1 
 

 

2011

 

 

 

( ) ( )
1-1)

4 (

)

 
1-1 1-2)

 

 

1

( )

( )
1-3)  

1-4)



 
 

2 
 

 

1953 13
1-5)

4 1956 5

1958 1-6) 1-1
1-7), 1-8) 1958

1972
1-9)

1987
1-10)

1995
1-11) 1999

2004

1 2  

 

1-1 1-2) 

1-1 1-7), 1-8) 



 
 

3 
 

 

 

  
 

1956   

 

1958  

 

 

 

1972  

 

 

 

 

 

1987  

 

 

 

 

 

 

 

1995  

 

 

 

 



 
 

4 
 

 

 

1953 13 

1959 15 ( )

1960

3m

1-2

 

 
1-2 1-3)  

2004  

 

 

 

1

2  

 



 
 

5 
 

 

  2011 3 11

 

 
 

 

1-3 1-12) 

 



 
 

6 
 

 

2011 3 11 130km 70km

 

(Mw) 9.0

500km 200 10 km2

1-3

7 4 36 1 6
1-12) 1000gal 1 2, 3

18,455

400,326 16 25 1-13)  

1896 1933 1960
1-14)

1-2 6

62 13%

118km2 4% 410km2 528km2

100m 1-3 50%

2m 1-15), 1-16)  

 

1-2 1-15), 1-16) 

 

1-3 1-15), 1-16) 

 A (km2) B (km2) B/A 

 12378 528 4.3 

  933 118 12.6 

  11445 410 3.6 

(m) ~0.5 0.5~1.0 1.0~2.0 2.0~4.0 4.0~8.0 8.0~

(%) 21 11 17 23 20 9



 
 

7 
 

 

(2012) 1-4

71.6km 8
1-17) 68%

6% 7  

 
1-4 1-17) 

 

(2012)

1-1(a)

1-1(b)

1-5 1-17)  

 

(1)68%
(2)6%

(3)1%
(4)5%

(5)13%

(6)1% (7)1% (8)1% (9)4%

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

  
(a)  (b)  

1-1 1-17) 



 
 

8 
 

 

 

1-5 ( ) 1-17) 

 

1-2(a)

1-2(b) (2012)

1-6

1-17)  



 
 

9 
 

 

 

 

1-6 ( ) 1-17)  

  

(a) ( ) (b) ( ) 

1-2 1-17) 

 

 



 
 

10 
 

 

(2015)
1-18) 1-3

9m

 

 

 
1-3 1-18) 

 

2011 12

2014 1-19) 2016
1-20)  

1 

2 

 

 



 
 

11 
 

 

 

( 1)

 

( 2)

 
 

7

30   6  1-7 1-21)

 

2011

(

)

1896

21959 38.2m 1933 3064

28.7m

30 99%

7.5 1-14)  

 

  



 
 

12 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
1-7 1-21)

0% 0.1% 3% 6% 26% 100% 



 
 

13 
 

 

1-8

1-22)

2012

32 3 5900 30

1-4

70 140
1-23) 8~9 30 60%

70~80% 1-24)  

 

 

1-8 1-22) 

  

  



 
 

14 
 

 

1-4 1-23) 

 

1-5 1-23) 

 

2
1-20)  

1-5

34m 32m

( ) 1-25)

1-26)

 

   

1605 (M7.8)    

1707 (M8.4) 

  
 102  

1854 (M7.8) 

(M8.4) 

(M8.4) 

 147  

1944 46 (M7.9) 

(M8.0) 
 90  

(2016 ) 70 140  

 (m)  (m)  (m) 

 6  9  34 

 11  20  4 

 3  4  4 

 31  4  4 

 10  5  15 

 33  24  17 

 22  5  13 

 27  21  5 



 
 

15 
 

 

1.3.2 ( 1-2)

 

 

1-9  

1

L1( 1)

L2( 2)

 

2

 

3

( )

 

4 2 (LIQCA12)

 



 
 

16 
 

 

5 4

 

3  

 

( )  

 

6  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1-9  

 

 

 

 

 

 

 

 

 

 

 

 

5.1 3  

5.2  

5.3  

5.4  

 

 

 



 
 

17 
 

 

1-1) pp.70-72 2001 

1-2)   

http://www.mlit.go.jp/river/shinngikai_blog/past_shinngikai/shinngikai/kondankai/kaigan/9812-1

2.html 

1-3)

2004 

1-4) http://law.e-gov.go.jp/htmldata/S31/S31HO101.html 

1-5)  

7 pp.185-194 1960 

1-6) 1958 

1-7)

http://report.jbaudit.go.jp/org/h23/YOUSEI5/2011-h23-8170-0.htm#8169_1_2  

1-8) pp.35-37 2012 

1-9) 1972 

1-10)  

1987 

1-11) 1995 

1-12) HP http://www.data.jma.go.jp/svd/eqev/data/2011_03_11_tohoku/ 

1-13) Wikipedia

https://ja.wikipedia.org/wiki/%E6%9D%B1%E5%8C%97%E5%9C%B0%E6%96%B9%E5%A

4%AA%E5%B9%B3%E6%B4%8B%E6%B2%96%E5%9C%B0%E9%9C%87 

1-14) Wikipedia

https://ja.wikipedia.org/wiki/%E4%B8%89%E9%99%B8%E6%B2%96%E5%9C%B0%E9%9

C%87 

1-15)  pp.49-64 2015 

1-16) 2012 

1-17)

2014 

1-18)

403 pp.70-77 2015 

1-19)

http://www.mlit.go.jp/report/press/mizukokudo03_hh_000747.html 



 
 

18 
 

 

1-20)  

 2  1

http://www.bousai.go.jp/jishin/nankai/taisaku_wg/2/pdf/1.pdf 

1-21) 2016

http://www.jishin.go.jp/evaluation/seismic_hazard_map/shm_report/shm_report_2016/ 

1-22) Wikipedia

https://ja.wikipedia.org/wiki/%E9%A7%BF%E6%B2%B3%E3%83%88%E3%83%A9%E3%8

3%95 

1-23)  

p.119 2014 

1-24) Wikipedia

https://ja.wikipedia.org/wiki/%E5%8D%97%E6%B5%B7%E3%83%88%E3%83%A9%E3%83

%95%E5%B7%A8%E5%A4%A7%E5%9C%B0%E9%9C%87 

1-25)

Vol.10, No.4, pp.583-594, 2015 

1-26)   HP http://www.cbr.mlit.go.jp/shizukawa/ 

 
  



 
 

19 
 

 

( )

( 1-3)

2  

 

(2014)

2-1 ( ) 2-1)

( 2-2)  

2m 2m

3.25m

0.5m

 

 

 

2-1 ( ) 2-1) 



 
 

20 
 

 

(2014) 2-1)

 

45m 1m 4m

1/2 ( 2-2)

2

2m 10  

2-1

2-3 2-1(a)

2-3 ( -12m )

10m

20m

 

 

( 29km)

2-2 2-1

28
2-2)  

 

 

 

 

 

 

 

2-2 ( ) 2-1) 

  

 
 



 
 

21 
 

 

 
2-3 ( ) 2-1) 

 
2-2 2-2) 

-3

-2

-1

0

1

2

3

4

5

6

-40 -30 -20 -10 0 10 20

(m
)

(m)

  
(a)  (a)  

2-1 2-1) 

 

 

 
 

 



 
 

22 
 

 

2-3 ( )
2-3) 1-3

 

(2014) 2-4(a)

2-4)

(2011) 2-4(b)

2-5)

Fujiwara (2013)
2-6)  

 

 

2-3 2-3) 
 



 
 

23 
 

 

 

(2014) ( 1/50)
2-4) 2-5 2-4 12cm(

6m) 15cm(7.5m) 1:1.5

h=10cm(5m) 85 (10 )

 

2-6

( )

10

17%

 

(a)  

 
(b)  

2-4  



 
 

24 
 

 

( 1-4)

 

  

(2011) 1/20
2-5) 2-7

(a)

(b) 1.6mm 650mm(

150mm) 2-8 1995

(NS ) 5Hz

800gal

 

2-5 2-4) 

 

2-4 2-4) 

 

2-6 2-4) 



 
 

25 
 

 

 

2-9 2-5

2-9 2-5

   

 

 

 

 

 

2-7 2-5) 

 
2-8 2-5) 

 
2-9 2-5) 

-1000
-800
-600
-400
-200

0
200
400
600
800

1000

0 1 2 3 4 5 6 7 8 9 

(g
al

)

Time (sec)

-100

-80

-60

-40

-20

0
0 1 2 3 4 5 6 7 8 9

(m
m

)

Time (sec)

 
(t=1.6mm ) 

2800 

 

 

  1:1.8 

1200 

250 

250 

250 

300 

150 



 
 

26 
 

 

 
(a)  

 

(b)  

2-5 2-5) 

 
 
Fujiwara (2013)

LIQCA2D092-7) 2-6)

2-10 2-8

( ) 2-11

2-12 2-11

2-12

2-13

( )  

  



 
 

27 
 

 

 

 

2-10 2-6) 

 

(a)  

 

(b)  

2-11 ( 1 ) 2-6) 

 
(a)  

-100

-80

-60

-40

-20

0

0 1 2 3 4 5 6 7 8 9 

(m
m

)

Time(sec)

 

 

 

250mm 

250mm 

250mm 

 

 

 



 
 

28 
 

 

 

(b)  

2-12 2-6) 

 

2-13 2-6) 

40

2-8)  

( )

-100

-80

-60

-40

-20

0

0 1 2 3 4 5 6 7 8 9

(m
m

)

Time (sec)

-700

-600

-500

-400

-300

-200

-100

0
-1000 -500 0 500 1000

(m
m

)

 

 



 
 

29 
 

 

2-14 2-6 2012 11 
2-9)  

 

2-14  

  

2-6 2-8) 



 
 

30 
 

 

 

 

 

 

 

 

2-10)

 

 



 
 

31 
 

 

2-1)

2014 

2-2) http://www.thr.mlit.go.jp/sendai 

2-3) Atsushi Kato, Noriyoshi Harata, Hiroaki Nakayama, Masataka Tatsuta Development and 

Application of Hat-Type Sheet Pile 900 and NS-BOX Geotech Hanoi, 2011 

2-4) Mohammad Bagus Adityawan

B2

Vol.70 No.2 I 976-980 2014 

2-5)

Vol.6, No.1, pp.1-14, 2011 

2-6) Fujiwara, K., Koseki, J., Otsushi, K., Nakayama, H.: Study on reinforcement method of levees 

using steel sheet-piles, Foundation and Soft Ground Engineering Challenges in Mekong Delta, 

pp.281-289 2013 

2-7) LIQCA LIQCA2D09(2009 ) 2009 

2-8)

Vol.10, No.4, pp.583-594, 2015 

2-9)  http://www.skr.mlit.go.jp/kochi 

2-10)

( 1 ) 56

Vol.56, pp.258-259, 2001  



 
 

32 
 

 

3-1)~3-6)  

 

3-1-1 2800mm 845mm 695mm

1/25 300mm( 7.5m)

320mm( 8m) 200mm( 5m) 280mm( 7m)

1:2

3-1-1

4  

 

( Fujiwara )

 

3-1-2

( ) 3-7) (2013)
3-8)

8.5m

340mm 2  

Case-3

Case-3 Case-3

 
 
 
 



 
 

33 
 

 

 
 
 
 
 
 
 
 

3-1-1  

 

 
 
 

   
 
 
 
 
 
 

(a)  

 
 
 
 
 

(b)  (Case-1) 

 
 
 
 
 

(c)  (Case-2) 

 
 
 
 
 

(d)  (Case-3) 

 
 
 
 
 

 

(e)  (Case-4) 

3-1-1  

 

 

(Case-2) 
(Case-3,4) 

 

 
62 

62 

695 113@5 

  

200 

320 

300 

 

2800 

 
 

 
1:1.5 

280 

1180 720 

 

 

 

 720 

 

 720 

 

2800mm  

845mm 
 

 695mm  



 
 

34 
 

 

 

3-1-2 (Case-3) 

 

3-1-1  

7

Dr=90%

7 Dr=45%

3-1-1

7 5:1 15%

  

( 7 ) (

7 ) 3-1-3 0.1mm

D50

7 D50=0.16mm D50=0.18mm

 

1G
3-9) 11

k=2.0 10-5(m/s) k=7.2 10-6(m/s)

( )  

 



 
 

35 
 

 

 
3-1-3  

 

3-1-1  

t (kN/m3), Dr(%), t: (mm), L: (mm)  
 

 

3-1-2

25H 3-9) 3.2mm
3-9) 0.5

720mm( 18m) 100mm

340mm 2

4mm 3-1-2 (a)

20mm 100mm

0
10
20
30
40
50
60
70
80
90

100

0.001 0.010 0.100 1.000 

(%
)

(mm)

 

 
 

  

     

t  t  Dr  t  Dr  t  L t L 

Case-1  16.2 19.1 42.4 19.9 91.4 - - - - 

Case-2  15.6 19.0 43.2 19.7 91.2 3.2 720 - - 

Case-3 
 

 
16.0 19.1 44.4 19.8 92.7 3.2 720 2.3 720 

Case-4 
 

 
15.8 19.1 42.2 19.9 91.7 3.2 720 2.3 300 



 
 

36 
 

 

340mm 2

4mm

( 3-1-2 (b), (c)) Case-3 720mm

Case-4 300mm

 
 
 
 
 
 
 
 
 
 
 
 
 

(a)  

 
 

(b)  (Case-3) (c) (Case-4) 

3-1-2  

(L=720mm) 

 

(L=300mm) 

 



 
 

37 
 

 

3-1-4

K-NET EW 3-1-4

7m/s2  240 0.35

6m/s2 2

3-9)

3  

3-1-4 (a) t=0~149sec. ( t=0~40sec.)

t=149~240sec. ( t=40~64sec.)

2 1

2  

 
 
 
 
 
 
 
 
 
 
 
 
 

3-1-4

(b)  

0.01

0.1

1

10

100

1000

10000

0.001 0.01 0.1 1 10 100

(g
al

se
c)

(sec.)

-8
-6
-4
-2
0
2
4
6
8

0 40 80 120 160 200 240

(m
/s

2 )

Time(sec.)1  2  

 
 

 
 

(a)  



 
 

38 
 

 

3-1-5

3-1-5(a)

3-1-5(b)

20mm

100mm 200mm 2

2

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 3-1-5  

 

100 
100 

  

 
 

 
 

  
 

 

(a)  

(b)  
Case-2 Case-3 Case-4 

 
[ mm] [ mm] [ mm] 



 
 

39 
 

 

( ) ( )  

3-1-6 RL20( 20

)=0.08 (RL20=0.15)

 

3-1-7 0, 100, 200, 300mm

3-10) Scott 3-10)

(1) ( 3-1-7 ) Luckner 3-10)

(2) ( 3-1-7 )

3-1-3 4 (

0, 100, 200, 300mm) (3)

4mm  

 

 
3-1-6 ( ) 

  

0

0.05

0.1

0.15

0.2

0.25

1 10 100 1000

St
re

ss
 ra

tio

Number of Cycles



 
 

40 
 

 

 (1 ) 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

3-1-7  
 

r 0.01

d 0.15

w 0.3
n 1.12

m 0 10 20 30
45.5 40.8 39.6 37.0

 

s =45.5(%) 

(a)  

 (b) ( 2 ) 

1.0E+00

1.0E+01

1.0E+02

1.0E+03

1.0E+04

1.0E+05

1.0E+06

0 10 20 30 40

(m
m

)

(%)

 

 



 
 

41 
 

 

 

 

 

 

 

 

 

200gal 0.02 0.33

( ) 3-1-8

0.03 ( 0.1 )

 

 

(a)  

 

(b)  
3-1-8  

0
100
200
300
400
500
600
700
800
900

0.01 0.1 1

(g
al

)

(sec)

300mm 

280mm 

1180mm 

 

 

150mm 

 = 1 + ( - αd m )n - (1 - 1
n ) 

- αd m
- -  

αw  = 2αd  

(1) 

(2) 

(3) 



 
 

42 
 

 

3-1-9

Dc=78%  
 
 

 

 

 

 

 

 

 

 

 

3-1-9  

 

  

1

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2

2.1

2.2

5 7 9 11 13 15 17 19 21

ρd
    

(g
/c

m
3 )

w(%)

Sr=100%



 
 

43 
 

 

Case-1( ) 3-2-1

3-2-2

3-2-1 100mm, 200mm

(P1, P2 ) (P3, P4 ) 3-2-2

3-2-3  

3-2-3 3-2-1 Case-1

1/3 95mm

3-2-2 Case-1 1 P3 P1, P2, P4

(P1, P2 ) P3

2

P3

3-2-3 Case-1 1

34mm(t=20sec.) 2 87mm(t=40sec.)

95mm ( )

1 2

 
 
 
 
 
 
 
 
 
 
 

3-2-1  

 
 

 

P2 P1 

P1 

P4 P2 
P3 100 

100 



 
 

44 
 

 

 
3-2-1  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

3-2-2  

 

 

(a)  (P1, P2) 

 

-500 
-400 
-300 
-200 
-100 

0 
100 
200 
300 
400 

-1400 -700 0 700 1400 

(m
m

)

(mm)

0

2

4

6

8

0 20 40 60 80

(k
Pa

)

Time(sec)

 

P1 
P2 

’v0(P2) 

’v0(P1) 



 
 

45 
 

 

 

(b)  (P3, P4) 

3-2-2 ’v0  

 

3-2-3  

 

Case-2( )

3-2-3 3-2-4

3-2-4 100mm, 200mm

(P1, P2 ) (P3, P4 ) 3-2-5

3-2-6

(t=20sec. ) 3-2-7  

Case-2

42mm 3-2-4

2mm( )

 

3-2-5 1 (P1, P2

) (P3, P4 )

-2

0

2

4

6

8

0 20 40 60 80

(k
Pa

)

Time(sec)

-10

-5

0

5

10

-100

-75

-50

-25

0

0 20 40 60 80

(m
/s

2 )

(m
m

)

Time(sec)
1  2  

P4 

P3 

’v0(P3) 
’v0(P4) 



 
 

46 
 

 

1 2

(P3, P4 ) Case-1

 

3-2-6 1

25mm(t=20sec.) 2 39mm(t=40sec.)

42mm ( ) 1

2

 

3-2-7 1 (t=20sec.)

8 2

3-2-5

(P3, P4 ) 2

 

( )

27mm 42mm 6

15mm

3-2-8  

1 0

2

1

 
 

 
 
 
 
 
 
 
 

3-2-3  

P4 

P1 

P2 
P3 

100 

100 



 
 

47 
 

 

 

3-2-4  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3-2-4  

 

 

(a)  (P1, P2) 

 
 
 

-500 
-400 
-300 
-200 
-100 

0 
100 
200 
300 
400 

-1400 -700 0 700 1400 

(m
m

)

(mm)

0

2

4

6

8

0 20 40 60 80

(k
Pa

)

Time(sec)

Case-1 Case-2

 

’v0(P2) 
’v0(P1) 

P1 

P2 



 
 

48 
 

 

 

(b)  (P3, P4) 

3-2-5 ’v0  

 

  

3-2-6  

 

3-2-7  
 

0

2

4

6

8

0 20 40 60 80

(k
Pa

)

Time(sec)

Case-1 Case-2

-10

-5

0

5

10

-100

-75

-50

-25

0

0 20 40 60 80

(m
/s

2 )

(m
m

)

Time(sec)

Case-1 Case-2

   
(a)  (b)  

0

100

200

300

400

500

600

700

800

-500 -250 0 250 500

(m
m

)

μ

0

100

200

300

400

500

600

700

800

-15 -10 -5 0 5 10 15

(m
m

)

(mm)

 

t=20sec( ) 

( ) 

 

t=20sec 

 

P4 

P3 

P3 

’v0(P4) 
’v0(P3) P4 



 
 

49 
 

 

3-2-8  

Case-3( )

3-2-5 3-2-6 3-2-7

3-2-9

3-2-10 100mm, 200mm

(P1, P2 ) (P3, P4 )

3-2-11 Case-2, 3 3-2-12  

3-2-5 3-2-9 Case-3

9mm 3-2-6

3-2-7

2

3-2-10

 

3-2-11 (P3, P4 ) Case-2

3-2-12 A1 (P3

) Case-3 Case-2

 
Case-2 3-2-13

Case-3

( )  



 
 

50 
 

 

 
 

 
 
 
 
 
 
 

3-2-5  

 

 

3-2-9  

 

 
 
 
 

-500 
-400 
-300 
-200 
-100 

0 
100 
200 
300 
400 

-1400 -700 0 700 1400 

(m
m

)

(mm)

  

3-2-6  3-2-7  

 
 

 
 

10mm 

10mm 

 

P1 
P2 

P3 100 

100 P4 

A1 



 
 

51 
 

 

 

 

3-2-10  

 

 
(a)  (P1, P2) 

 

(b)  (P3, P4) 

3-2-11  

 

-10

-5

0

5

10

-100

-75

-50

-25

0

0 20 40 60 80

(m
/s2 )

(m
m

)

Time(sec)

Case-1 Case-2 Case-3

0

2

4

6

8

0 20 40 60 80

(k
Pa

)

Time(sec)

Case-2 Case-3

0

2

4

6

8

0 20 40 60 80

(k
Pa

)

Time(sec)

Case-2 Case-3

’v0(P2) 

’v0(P1) 
P1 
P2 

P4 

P3, P4 

’v0(P4) 
’v0(P3) 

P3 



 
 

52 
 

 

  

3-2-12  (A1) 

 

3-2-13  
 

Case-4( )

3-2-8

3-2-14 3-2-15

( ) 3-2-16  

3-2-8 3-2-14 Case-4

3-2-15 Case-3

10mm Case-1, 2 3-2-16

Case-2 1/3 ( )

Case-3

 

-10

-5

0

5

10

0 20 40 60 80

(m
/s

2 )

Time(sec)

Case-3 Case-2

  
(a)  (b)  

0

100

200

300

400

500

600

700

800

-500 -250 0 250 500

(m
m

)

μ

0

100

200

300

400

500

600

700

800

-15 -10 -5 0 5 10 15

(m
m

)

(mm)

Case-2 

Case-3 

Case-2 

Case-3 



 
 

53 
 

 

 
 
 
 
 
 
 

 

3-2-8  

 

  

3-2-14  

 

 

3-2-15  

 
 

-500 
-400 
-300 
-200 
-100 

0 
100 
200 
300 
400 

-1400 -700 0 700 1400 

(m
m

)

(mm)

-10

-5

0

5

10

-100

-75

-50

-25

0

0 20 40 60 80

(m
/s

2 )

(m
m

)

Time(sec)

Case-1 Case-2 Case-3 Case-4

P1 
P2 

P3 100 

100 P4 



 
 

54 
 

 

3-2-16  

 

(

)

 

1/3

 

 

 

 

 

 

 

 

(a)  (b)  

0

100

200

300

400

500

600

700

800

-500 -250 0 250 500
(m

m
)

μ

0

100

200

300

400

500

600

700

800

-15 -10 -5 0 5 10 15

(m
m

)

mm

Case-2 

Case-3 

Case-4 

Case-2 

Case-3 

Case-4 



 
 

55 
 

 

3

3  

 

  



 
 

56 
 

 

3-1)

49

pp.814-815 2014 

3-2)

pp.417-423 2014 

3-3) Kakuta Fujiwara, Atsushi Yashima, Kazuhide Sawada, Kazutaka Otsushi, Yukio Abe Analytical 

study on levees reinforced by double sheet-piles with partition walls proceeding of 14th 

IACMAG pp.711-717 2015 

3-4) Kakuta Fujiwara, Shinji Taenaka, Kazutaka Otsushi, Atsushi Yashima, Kazuhide Sawada, 

Takashi Hara, Tatsuya Ogawa, Kazuyoshi Takeda Study on coastal levee reinforcement using 

double sheet-piles with partition walls proceeding of ISOPE2016 pp.767-774 2016 

3-5) Kakuta Fujiwara, Shinji Taenaka, Kazutaka Otsushi, Atsushi Yashima, Kazuhide Sawada, 

Tatsuya Ogawa, Kazuyoshi Takeda Study on levee reinforcement using double sheet-piles with 

partition walls  2016 

3-6)

2017(

) 

3-7) Kouich Ohori, Yoshihiro shoji, Kunio Takahashi, Hiroshi Ueda, Michihiko Hara, Yutaka Kawai 

and Keisuike Shiota : Stability Behavior of double sheet Pile wall Structure, Report of the port and 

harbor research institute, Vol.23, No.1, pp.103-152, 1984 
3-8) , , , , 

21

7 pp.51-58 2013 

3-9) Iai, S. : Similitude for shaking table tests on soil-structure-fluid model in 1g gravitational field, 

Report of the port and harbor research institute, Vol.27, No.3, 1988 

3-10) 2004 

 
  



 
 

57 
 

 

4-1)~4-5)  
 

2 LIQCA2D124-6) LIQCA 

LIQCA Biot 2 4-7) u p 

u-p formulation 

Shear locking 

Newmark Oka  4-8) 

 

 

Case-1~3

 

4-1-1

1m

( )

 

Case-2, 3

4-1-1

4-1-2

 

Case-3

3 2

Case-2 4-1-3 1m



 
 

58 
 

 

 
 

4-1-4

2

 

 

( 7 Dr=90%)
4-9) R-O 

0 0 

0.002sec. Newmark

=0.3025  =0.6 Rayleigh  =0.003 

1 0.3 3%

 

4-1-2(a), (b)

4-1-5  

4-1-2(c)~(i) (CU

) 4-1-5 (Set-A)

(2009)
4-10)

 

 
  



 
 

59 
 

 

 

  

 
 

(a) (Case-1) 

 

(b) (Case-2) 

 

(c) (Case-3) 

4-1-1  

 

[ mm] 

 

[ mm] 

 



 
 

60 
 

 

4-1-1  

 

4-1-2  

 

4-1-3  

 

4-1-4  

   

 E (kN/m2) 2.05E+08 2.05E+08 

 A (m2) 0.0032 0.0032 

 I (m4) 2.73E-06 2.73E-09 

  (t/m3) 7.8 7.8 

   

 ks (kN/m2) 1.0E+00 1.0E+04 

 kn (kN/m2) 1.0E+08 1.0E+08 

 c (kN/m2) 0 0 

 tan  0.00 0.27 

 (kN/m2) -1.0E+08 -1.0E+08 

   

 E (kN/m2) 2.05E+08 2.05E+08 

 A (m2) 0.0032 0.0032 

 t (m) 6.6E-03 6.6E-03 
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