
 

 
 

 

 
 

 

(Property of shear and earthquake resistance of a geotextile gabion between the head part 

of improvement pile slab embankment) 

 

 

 

 

 

 

 

 

 

 
2024  3  

 
 

 
 



 



 



1 
 

 

 

 

 

82% 17%

1)

10% 2)

3) 6

36

3)

 

 



2 
 

     
1 6   

 
 

2 36     
3 42  

 
 39  

 
4 53   

 
 43  

 
5 53  

 
 53  

 
6 56  

 
  

7 4  
 

 62  
JR  

8 11  
 

 7  

9 11  

 

1.5m
 

 

 

10 19  
  

16  

11 24  
 

 23  

 

 

 



3 
 

4)

4)

 

 

 

 

 

11

5)

19

4)  

4) 3

L2

10mm/10



4 
 

L1 10mm L2 50mm

6) L2

L1

4)

7), 8)

9)  

24

9 10

11)  

 

 



5 
 

 

12) 17)

18)

4) N 20  

 

 

   
 100mm  
 100mm  

12.1m



6 
 

    
 3  20cm 50cm  

1/10

13) 15)

10% 1.0m

15)

16)

1/10

1/2 1/3

17)  

1/10

 



7 
 

 

  

 

FEM

 

 

 



8 
 

6  

 

 

 

 

 

L2

 

 

L2

L2

 

 

2 FEM

 

 

 





10 
 

1  

1) RRR Vol.73 No.1 pp.28-31 2016  

2) Vol.49 No.1 pp.27-31 2011  

3) Vol.59 No.7 pp.82-89 2011  

4) 

25 2013  

5) 

1999  

6) pp.33-39 2009  

7) RRR RRR-B 2001  

8) 

2012  

9) Vol.39 No.8 pp.31-38 2011  

10) 2015  

11) 

55

pp.22-7-3-01 2020  

12) 2

45 pp.995-996 2010. 

13) 

65 pp.727-728 2010  

14) 

25 pp.141-146 2010  

15) 

26 pp.63-68 2011  



11 
 

16) 

47 pp.991-992 2012  

17) 

28 pp.73-80 2013  

18) 

2012   

 

 



12 
 

 

 

 

 

 

(1)  

L2

1),2)

1/10

L2

3) 5)

1/10   



13 
 

5)

5),6)

2.6

1.2

5),6)

6)

 

2 95%

 

 



14 
 

 

 

 

(2)  

8),9)

1/10

10mm

81kN/m 1/5 2

8)  



15 
 

 

 

 

 



16 
 

2

800Gal 9)

 

800Gal

500Gal

2mm

500Gal

8)  



17 
 

 

 

 

 

 

 



18 
 

8)

500Gal

600Gal

2 4 500Gal

600Gal

8) 400Gal

500Gal

8)

 

 

 



19 
 

 

10) 5) 2 FEM

 

FLIP11)

2



20 
 

10)

 

 

 



21 
 

 

12)

3

 

 

 



22 
 

 

 

 



23 
 

 

 

1/10

 

1/10

 

 

 

  



24 
 

7)

M40

81kN/m

6 260

2mm 1

 

 

 

 

 



25 
 

12%

1469kN 1215kN 81kN/m 15mm

7)  

 

 

 



26 
 

 

 

 

13) 15)

16),17)  



27 
 

18)

19)

20)

21)

22)

 

 

 



28 
 

23) 6

3 2 6

=130kPa 6 3

/ - =130kPa 6

/ -

=1% / - 0.5

=1% / - 0.3

heq

heq

heq , 1%

1% heq

 

2 6 heq 0.3

heq=0.05 heq=0.02

1 23)  

 

 

 



29 
 

 

 

 

24)

 

25)

subloading tij model26)

0.2 1.0%

23)

 



30 
 

27),28)

2 FEM

 

 

1.0m

1.2m× 1.2m 0.15m 8)

 

 

 

 



31 
 

1/10

1/10

 

4%

/ =0.4 L2

15kN/m2  

L2



32 
 

 

 

L2 29)

90%

29) 920Gal  

 

Mw8.0 60km

 

Mw7.0  

 

 



33 
 

 

 

 



34 
 

2  

1) 

65 pp.731-732 2010  

2) 

25 pp.141-146 2010  

3) 

46 pp.1103-1104 2011  

4) 

66 pp.369-370 2011  

5) 

26 pp.63-68 2011  

6) 

47 pp.991-992 2012  

7) 

47

pp.993-994 2012  

8) 

28 pp.73-80 2013  

9) 

48 pp.1165-1166 2013  

10) 

68 pp.25-26 2013  

11) 

29 4 pp.27-56 1990  



35 
 

12) 

10 DVD A0181 2013  

13) Binquet J and Lee K L Bearing Capacity Tests on Reinforced Earth Slabs Journal of the Geotechnical 

Engineering Division ASCE Vol.101(GT12) Proc Paper 11792 pp.1241-1255 1975  

14) Binquet J and Lee K L Bearing Capacity Analysis of Reinforced Earth Slabs Journal of the 

Geotechnical engineering Division ASCE Vol.101(GT12) Proc Paper 11793 pp.1257-1276 1975  

15) 

No.499/III-28 pp.117-126 1994  

16) 

35 pp.1077-1078 2000  

17) 37

pp.1377-1378 2002  

18) No.617

-46 pp.235-249 1999  

19) 

No.529 -33 pp.125-134 1995  

20) 

No.764 -67 pp. 169-181 2004  

21) 

No.680 -55 pp.15-28 2001  

22) Sekiguchi H and Ohta H Induced anisotropy and time dependency in clays Proc Specialty Session9

9th Int Conf Soil Mechanics and Foundation Engineering Tokyo pp.229-239 1977  

23) 

38 pp.2271-2272 2003  

24) 



36 
 

C No.62 No.2 pp.379-389 2006  

25) 

Vol.4 No.1 pp.71-80 2009  

26) Nakai T and Hinokio M A simple elastoplastic model for normally and over consolidated soils with 

unified material parameters Soils and Foundations Vol.44 No.2 pp.53-70 2004  

27) 

Vol.65A pp.164-177 2019  

28) 

A1 Vol.75 No.4 pp.I_306-I_315 2019  

29) , 

2012  



37 
 

 

 

1/10

1)

1)

L2

2)   

 



38 
 

  

81kN/m

M40 Dmax=37.5mm D50=8.0mm Fc=8.5% dmax=2.304g/cm3 wopt=5.9% 95%

1.0m  

  



39 
 

 



40 
 

1 120kN/ 15kN/m2×

1 7.8m2 43kN 120kN/

0.36m2/ 1 95cm 120cm 20cm

2 1.0G 10kN

20kN 30kN 43kN 3 3mm

150mm 40kN

3mm 50mm 3

100mm

  

2

4 0mm 25mm

 

 

   

 

12  

12  

1  

1  



41 
 

 

 

 



42 
 

 



43 
 

25

  

50mm

43kN

7 25mm

53.2kN 1.0G 124%

60 70mm

 

3)

920gal

0.9 0.9

1.0G 43kN 3 1.9mm  

1.9mm 150mm r 0.01

100mm  

 



44 
 

 

 

 



45 
 

 

 

1.0G 43kN 4 2.1mm 3.3mm

1.0G 150mm

2.2% 3)

100mm DV DV

30cm 1.0m

DV

 

 

 



46 
 

L2

 

1.0m

10% 2 1.0m×1.9m

81kN/m 2 M40

95% 0.33m× 0.33m 2

1.0m 1.0m 0.15m

 



47 
 

 

 



48 
 

2 1

120kN/ 15kN/m2× 1

7.8m2 2 240kN 1.0G

80kN 160kN

240kN 80kN 3 16cm



49 
 

3mm

160kN 100kN

 

 

   

 

3  

13  

2  

1  

 



50 
 

 

 

2 4 DV-1 4

2 4 SDH-1 4 DH-1 4  

 

 

 



51 
 

15

 

 

50mm -200kN

 

240kN

-160mm 0.92 101.4mm

100mm

100mm

7 0.87 0.9

51.0mm

100mm  

 

 

 



52 
 

 

 

 

 



53 
 

 

  



54 
 

2

 

4 0.6

1.0G

43kN 60% 25.8kN

4

7 L2

20kN

3mm 1.0G 43kN

60% 25.8kN

50mm



55 
 

 

 

 

 

 



56 
 

 

160mm

160mm

1.0m 0.84m

1.0m 1.0m 1.0m

 

 

 

 

 

 



57 
 

 

 

16



58 
 

160mm

4

5.4mm  

2 - - 0.6mm

2 - - 3.0mm 3.6mm

2 2

5.4mm 3)

100mm  

 

 

 

 



59 
 

 



60 
 

/ v max

/ v 1

v

150mm

max

M40 M30

5) 6)

M30 Dmax=30mm D50=5.5mm Fc=5.0% dmax=2.258g/cm3

wopt=4.9% Dmax=37.5mm D50=3.5mm Fc=7.8% w=3.3%

M40 vo=156.8kPa

a 50kPa 150kPa r 50kPa G

=G  

/ v=0.70 max 0.0048

/ v=0.70 max / v=1.17 max=0.08

/ v=1.17 max  

=0.005 / v= 0.91

=0.0048 / v= 0.70 7

7)



61 
 

e0 0.785 e0 0.59 63.5mm

- 7)

0.5 0.9 0.6 1.0

0.7

 

vo=156.8kPa

v=120kN/m2 / v max

=0.02

 

/ v r

r

r / v

max

 

 



62 
 

 

 

 

 

 



63 
 

 

1 10-6 G0 G/G0- h-

M30 G/G0- h- 3),6) 

 

G0

G0 G/G0

  

0.002

M30 =0.01 M30 2



64 
 

 

0.005

 

 

 

  



65 
 

 

(1) 

M30  

(2) M30 G/G0-

  

(3) M30

=0.002 0.01  

(4) L2

1.9mm r=0.013

100mm  

(5) 

0.6

L2

  

(6) 

L2 51.0mm

100mm  

(7) L2

3.3mm 5.4mm

100mm   

  



66 
 

3  

1) 

28 pp.73-80 2013  

2) 

10 DVD A0172 2013  

3) , 2012  

4) 24 2012  

5) 

13 pp.115-123 2008  

6) 

34 pp.1051-1052 1999  

7) 

19 pp.365-368 1984  



67 
 

1), 2)  

 

 

1.20m 1.20m 0.15m

10% 3.0m

1.20m

2.50m 2

1/4 0.30m 0.30m

0.15m 0.75m 2

81kN/m

M40 95%

1/4

1 120kN/ ÷ 1.44m2/

0.78m× 1.50m× 0.55m

22kN/m3 3)

 

  



68 
 

  



69 
 

 

 

  



70 
 

0.50m 0.50m 0.05m  

0.30m 0.80m

2 (a)

0.30m 0.30m (b)

(c) (c)

(d) (e)

0.30m

0.30m 0.075m 2 95% (f)

(g)  

 



71 
 

 



72 
 

2

4

2

2 A B

1 2 a,b  

  



73 
 

4)

920Gal G2 900Gal

100Gal 900Gal 100Gal

5) 1:1

1/10 6) 5Hz

5)

10 1.58Hz 5Hz

10 1.58Hz

7)



74 
 

2Hz

8) 3Hz 1

3Hz 2t

900Gal 2.5Hz 20

 

L2

2 1 2.5Hz 20 100Gal 900Gal

100Gal 1.0Hz

20 1.0Hz 400Gal 100Gal

3 4 2.5Hz 900Gal

40  

 

    

1  2.5Hz 20  100Gal 900Gal 100Gal  

2  2.5Hz 20  100Gal 900Gal 100Gal  

3  1.0Hz 20  100Gal 400Gal 100Gal  

4  2.5Hz 40  900Gal 

 

  



75 
 

 



76 
 

 



77 
 

1 100Gal 1 900Gal

900Gal

2.0mm

1.0mm

1.8mm

0.7mm 900Gal

 

900Gal max=68.2kN/m2

9) RRR-B 10

100kN/ m2

 

 



78 
 

  



79 
 

300Gal

0.1mm 400Gal

900Gal 2.0mm

700Gal 0.2mm

800Gal 2.0mm

150mm 1.3% 900Gal

900Gal

2.0mm

1.0G 3.3mm

4) 100mm

 

2 900Gal - - 1.0mm 0.6mm

- - 0.2mm 1.8mm

1.8mm

2

2

 

 



80 
 

 

 

300Gal 0.1mm

400Gal 0.01mm 200Gal

500Gal 900Gal

A 1.6mm B 1.2mm 1.4mm

100mm

150mm r r=0.009

500Gal A,B

900Gal 0.4mm

900Gal 1.0mm

 

 



81 
 

 

 

 

300Gal 0.05mm =0.0003 0.1mm

r=0.007

400Gal

600Gal 0.1mm =0.007

 

 



82 
 

 

100Gal 400Gal

1.2 1/10

6) 500Gal

400Gal 1.2 440Gal

500Gal 500Gal

1.0 600Gal 0.8

  

600Gal 0.001

700Gal 0.0016 900Gal 0.0070

0.8 900Gal

 



83 
 

 

  



84 
 

1/10

6)

1/10

1/10 500Gal

500Gal 1000Gal

1/10

 

1/10

1/10 500Gal 0.95

1000Gal 1.05 1.0

1700Gal

0.5 0.8

600Gal

0.8 1/10

1/10

1/10 10mm M40

1/10

2 6)  



85 
 

 

 

 

 

 



86 
 

max r

a b

a b a b 300Gal

a 400Gal

b

a 400Gal

max

max max

a

 

b a

a

 

 



87 
 

 

 

 



88 
 

  



89 
 

/ v max

/ v r / v

1

v

150mm

 

/ v max

r

 

max r / v 0.55 0.001

/ v 0.7 max 0.010

0.005 r 0.008 0.002

max r

max r

80% 40%

/ v 0.5

 

 



90 
 

 

 

 

 

  

max=0.001

r=0.001



91 
 

1×10-6 G0

G/G0-

100Gal 400Gal

300Gal 500Gal

 

G/G0 200Gal 600Gal

0.001 G/G0 0.1

h 200Gal 700Gal 0.2 800Gal 0.23 900Gal 0.24

600Gal 1.0 600Gal

0.8 h

600Gal =0.001 G/G0 0.1

0.001

 

 



92 
 

 



93 
 

400Gal

400Gal 400Gal

1 400Gal 900Gal

2 2.5Hz 3

1.0Hz

1 2.5Hz 2 2.5Hz 3 1.0Hz

 

2.5Hz 1.0Hz 0.1mm

1.2

400Gal

 

 

 

 



94 
 

 

  

 

 

  

 

 

 



95 
 

900Gal 900Gal 900Gal

900Gal 900Gal 400Gal

900Gal

3 1.0Hz 400Gal 4  

1 900Gal 3 900Gal 0.4mm

3 1.4mm

900Gal

100mm

1 1.2mm 3 1.3mm

3 100mm

 

L2

L2

 

 



96 
 

 

  



97 
 

 

(1) 1.6mm r=0.011

2.0mm 150mm 1.3% 100mm

100mm  

(2) 600Gal

0.8  

(3) 0.001

 

(4)   

(5) 400Gal  

(6) L2

L2

 

 



98 
 

4  

1) 

Vol.40 No.1 pp.35-42 2023  

2) 

58 p.11-2-3-03 2023  

3) , 

2004  

4) , 2012  

5) 275 pp.69-77

1978  

6) 

28 pp.73-80 2013  

7) 27

p.173 2003  

8) No.293

pp.1-2 2015  

9) 40

pp.715-716 2005  

10) RRR https://www.rrr-sys.gr.jp/method/b.php ( 2024-01-03)  

https://www.rrr-sys.gr.jp/method/b.php


99 
 

1/10

1/10 1) 6.0m

6.0m 2)

2.0m

9.0m

 

FEM

2 FEM FEM

3), 4)  

(1) 

FLIP Finite element analysis of 

Liquefaction Program 5)  



100 
 

FLIP

6) Masing 7)

 

FLIP 8)

 

 

 

 

(2) 

12.1m 3m

3m 1:1.5

4 Case1-1 1-2 Case2

6.0m Case3

9.0m

3.0m 1.5m

1.0m 10%

1.5m  

1/10



101 
 

9)

4)  

10)

L2

N=50 Case2

2.0m N=3

Case3 N

N=30  

2) 3

L2

L1

L2

Case1-1 1-2 Case3

Case2 2

1

  



102 
 

 Case1-1 Case1-2 Case2 Case3 

 

 

1 

2.0m  

2 

2.0m  

 

 

6.0m 

 

 

N=50 

 

 

N=50 

G2  

6.0m 

 

 

N=50 

 

 

N=50 

G3  

6.0m 

 

 

N=3 

 

 

N=50 

G3  

9.0m 

 

 

N=30 

 

 

N=30 

G2  

G2 G3

10)  

 

 

 

 

  



103 
 

 

 

(3) 

2)

3 30%

(1)

 

 

 



104 
 

 E0 

(kN/m2) 

 

( ) 

 

(kN/m3) 

c 

(kN/m2) (°) 

G0 

(kN/m2) 

h 

( ) 

 125,952 0.30 16.0 3.0 30 4.844×104 0.19 

 125,952 0.30 16.0 6.0 35 4.844×104 0.19 

 125,952 0.30 16.0 3.0 40 4.844×104 0.19 

 

 
269,888 0.30 18.0 127.3 0 1.038×105 0.60 

 2.5×107 0.20 84.67   1.042×107  

 

 
301,000 0.25 16.0 556.0 30 2.400×105 0.19 

 

 

N=50  

477,500 0.30 20.0 6.0 45 1.837×105 0.19 

 

 

N=30  

298,467 0.30 18.0 6.0 38 1.148×105 0.19 

 

 

N=3  

82,750 0.30 15.0 18.0 0 3.182×104 0.19 

 

 

c h

11) 2) 3

0.30 E0
2)

K30 70MN/m3 PS

G0
10) 3

11) 1 10-6  

 

 



105 
 

E0 125,952kN/m2 

K30=2.2K75 K75=K30 2.2 

K75=EN/0.4948 EN=0.4948K75 

EN=0.4948K30 2.2 

 =0.4948 70MN/m3 2.2 

 =15,744kN/m3 

E0=Evs=8EN=8 15,744kN/m3 

=125,952kN/m3 

 

 

c M30 12)

2) 1  

 

 

 

 

 

( )



106 
 

1

L2

E0
2) K30

150MN/m3 PS

c

13)

200kN =0

G0

1 10-5 1 10-5

0.0015mm G0

50mm =0.33 h 0.5

hmax Masing  

E0 269,888kN/m2 

EN=0.4948K30 2.2 

 =0.4948 150MN/m3 2.2 

=33,736kN/m3 

E0=Evs=8EN=8 33,736kN/m3 

=269,888kN/m3 

c 126.7kN/m2 

hmax 0.6 Masing hmax=2/ 0.60 



107 
 

 

 

 

 

 

 

 

FEM

h E0 c

qf=3,000kN/m2 1m

G0 E0

 

2.4m 0.886m 1.514m 

1.0m 0.886m/2.4m=0.369m 1.514m/2.4m=0.631m 

E0 301,000kN/m2 

E50=200qf  

E50=200 3,000kN/m2 

 =600,000kN/m2 

 



108 
 

E0=600,000kN/m2 0.369m 125,952kN/m2 0.631m 

=300,876kN/m2 301,000kN/m2 

c 556kN/m2 

c=qu/2  

      c =qu/2=3,000kN/m2 2 

            =1,500kN/m2 

c =1,500kN/m2 0.369m 3.0kN/m2 0.631m 

=556kN/m2 

G0 1.204 105kN/m2 

G0=E0/ 2 (1+ )  

=300,876kN/m2/ 2 (1+0.25)  

=120,350kN/m2 1.204 105kN/m2 

 

N 50  

N=50 Vs=300m/s G0 E0

G0 N

14) c 1 2)  

G0 1.837 105kN/m2 

G0= Vs
2/g 

=20kN/m3 300m/s 2 9.8m/s2 

=183,673kN/m2 1.837 105kN/m2
 

E0 477,550kN/m2 

E0=2G0(1+ ) 

=2 183,673kN/m2 (1+0.30) 

=477,550kN/m2 



109 
 

N 30  

N=30 Vs=250m/s  

G0 1.148 105kN/m2 

G0= Vs
2/g 

=18kN/m3 250m/s 2 9.8m/s2 

=114,795kN/m2 1.148 105kN/m2
 

E0 298,467kN/m2 

E0=2G0(1+ ) 

=2 114,795kN/m2 (1+0.30) 

=298,467kN/m2 

 

N 3  

N=3 Vs=144.2m/s Vs=100N1/3=100 31/3=144.2m/s

 

G0 3.182 104kN/m2 

G0= Vs
2/g 

=15kN/m3 144.2m/s 2 9.8m/s2 

=31,827kN/m2 3.182 104kN/m2
 

E0 82,750kN/m2 

E0=2G0(1+ ) 

=2 31,827kN/m2 (1+0.30) 

=82,750kN/m2 

 

 

K=200kN/m 1m



110 
 

30kN/m  

A=0.01m2 

=N/A =E =E( L/L) 

N/A=E =E( L/L) E=(N/A) ( L/L)=(N/ L) (L/A)=K (L/A) 

E= K (L/A) 

 = 200kN/m (1.0m/0.01m2) 

 =20,000kN/m2 

Geq=E 2(1+ )  

Geq=E 2(1+ ) 

 =20,000kN/m2 2(1+0.2) 

 =8,333kN/m2 

 

(4) 

c

 

15)

Kn=0kN/m2 Kn

Kn Kn=1 109kN/m2  

Ks

16)



111 
 

E=30,000kN/m2

Ks 30,000kN/m2

f

13)

200kN  

 

 

c=6.0kN/m2 =35  

c=3.0kN/m2 =40  

c=126.7kN/m2 =0  

200kN/2 100kN/1  

1.0m  

100kN/1 100kN/ 1.02/4 =127.3kN/m2 

 

 

 



112 
 

(5) 

10) L2

G2 G3

 

 

(6) 

 

STEP1  

STEP2  

 

FLIP  

Wilson =1.4

 h 0.01  

1  

 



113 
 

Case1-1

2 FEM

1

1.0 500Gal

5.65m/s2 565Gal L2

8.98m/s2 900Gal

Gal

565Gal 0.95 0.96

L2 898Gal FEM

0.81 0.82

FEM

 

 



114 
 

 

 

Case1-1

2

2

6.0m/s2 600Gal 3 30mm

2 6.0m/s2 600Gal 5.3 67.7mm

-3.7mm

L2

FEM

15.5mm 27.6mm 43.1mm  

FEM

  

 



115 
 

 

 



116 
 

(1) 

Case1-1 Case1-2

Case1-1 20mm Case1-2 10mm 100mm

Case1-1 1-2 15mm

100mm

Case1-1 74.1mm Case1-2 94.3mm

Case1-1 G2 9.20m/s2 Case1-2 G3

8.02m/s2 Case1-1 G2

Case1-2 Case1-1

29.2mm Case1-2 10.3mm Case1-1 Case1-1 1-2

 

Case1-1 Case1-2 5 Case1-1 Case1-2

Case1-1 5.20 G2

-4.19m/s2 G3 -4.60m/s2 G3 Case1-2

5.20

Case1-2 Case1-1

Case1-1



117 
 

Case1-2 94.3mm

100mm  

6.0m G2 G3
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Case1-1 Case1-2 Case1-1 1-2 1

Case1-1 331.5mm 284.5mm Case1-

2 346.9mm 300.0mm

2)

10)

20cm 50cm

Case1-1 1-2   
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(2) 

Case2 Case2

10mm 100mm

30mm 100mm

Case2 Case2

1

4 2 3

2 3  
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Case2

1 2

3 4 1 4

3

5 2 2 3

1 4

Case2

1 4

2 3 1 4
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Case2 28.3mm

100mm

Case2 Case2

1131.4mm 20cm 50cm

 

N=50

N=3
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(3) 

Case3 Case3

N=30

Case3 Case3

7.53m/s2 G2

9.20m/s2 0.82

6.0m Case1-1

Case1-1 7.40m/s2

Case3

Case3 Case3 9.60m/s2

1.04

 

Case3

75.5mm 9.8mm

37.4mm 100mm

413.3mm 500mm
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(a) Case3 (b) Case1



126 
 



127 
 

2 FEM

FEM

2 FEM

(1) 

L2

17)
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10mm 

 

 
 

 
 

J  

I  
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O A F 1/10

1)

 

 O A B C

 

O A  

A B

B O A B

B  

B C

C  
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L2

A

2

14)

 

 

Kr = Md /   1  

 = 1/ = Md / E I 

Kr = E I   

Kr (kN m/rad) 

  

O 

A 

C

B 

O A

O D E

h

E

D 

F

A F

A B C
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   I   

 I = ( /64) d4 (m4) 

d  (m) 

    E (kN/ m2) 

     K r� = K r / 2  (kN m/rad) 

   M1 = Vd B/6 (kN m) 

  Mmd = (B Vd/2) � Vd
2 / (2 qd B) 

qd k ( kN/m2) 

          Vd ky ( kN/m2) 

B  =  A (m) 

          A  = d 2/4 (m2) 

 

 

 

 

L2

L2 L2

 

 

 

 

 

 

 

 
 

(  � )  

10  

 



132 
 

L2

Fd

 

 

i Fd / FRSC  1.0   2  

 i 1.0  

 Fd 1 (kN) 

  FRSC 1 (kN) 

FRSC = ca A�p 

 ca = k / SC 

 ca (kN/m2) 

   A�p (m2) 

 k (kN/m2) 

   SC  

 

(2) 

FEM 6.0m 2.0m

6.0m 9.0m Case1

2) N=20

Case2

2.0m N=3 2.0m N=30 Case3

N=30

FEM 1.0m 10% 2.4m   
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 Case1 Case2 Case3 

 

 

1 

2.0m  

2 

2.0m  

 

 

6.0m 

 

 

N=20 

 

 

N=20 

G2  

6.0m 

 

 

N=3 

 

 

N=30 

G3  

9.0m 

 

 

N=30 

 

 

N=30 

G2  
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 E0 

(kN/m2) 

 

(kN/m3) 

c 

(kN/m2) (°) 

 15,744 16.0 3.0 30 

 15,744 16.0 6.0 35 

 15,744 16.0 3.0 45 

 33,736 18.0   

 

N=20  
40,000 18.0 0.0 

36 

(34) 

 

N=30  
60,000 18.0 0.0 

38 

(38) 

 

N=3  
6,000 15.0 25.0 0.0 

   

 (kN/m3) 16  

k (kN/m3) 2,000  

ca (kN/m3) ca = k / sc sc  

ta (kN/m3) 200 ta = ca / 10 

E50 (kN/m2) 400,000 E50=200 k 

 

 

peak=45  

c=414kN/m2

peak peak 

c

 

 

peak=30  

c=0.0m2 

res res 

c 0.0kN/m2 
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L2

L2

A�

B

ph e B�  

25.1% 74.9%  

 

 A�/A 

(%) 

Fd 

(kN) 

FRSC 

(kN) 

 

i Fd/FRSC 

Case1 

Case2 

Case3 

74.9 

76.6 

86.0 

405.5 

415.8 

430.3 

588 

601 

675 

0.690 

0.692 

0.637 

i 1.0  

 

2 FEM

L2
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9.0m 6.0m 2.0m

FEM 2

FEM

  

 

(1) FEM

FEM

 

 

(1) 2 FEM 6.0m

2.0m 6.0m 9.0m

100mm  

(2) 9.0m 7.53m/s2 6.0m

7.40m/s2  

(3) L2

75%  

(4) 2 FEM

9.0m 6.0m 2.0m
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12) 

34 pp.1051-1052 1999  

13) 

10 DVD A0172 2013  

14) , 

2012  

15) FLIP FLIP 14 2011  

16) 

65 pp.753-754 2010  

17) 

10 DVD A0181 2013  

 



140 
 

2 FEM

 

 

 

 

 

 

 

 

(1) 

M30  

(2) M30 G/G0-
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(3) M30

=0.002 0.01  

(4) L2

1.9mm r=0.013

100mm   

(5) 

0.6

L2

 

(6) 

L2 51.0mm

100mm  

(7) L2

3.3mm 5.4mm

100mm  

 

 

(1) 1.6mm r=0.011

2.0mm 150mm 1.3% 100mm

100mm  

(2) 600Gal

0.8  

(3) 0.001
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(4)  

(5) 400Gal  

(6) L2

L2

 

 

9.0m 6.0m

2.0m

FEM 2 FEM

FEM

2 FEM

 

 

(1) FEM

FEM

 

 

(1) 2 FEM 6.0m

2.0m 6.0m 9.0m

100mm  

(2) 9.0m 7.53m/s2 6.0m

7.40m/s2  

(3) L2
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75%  

(4) 2 FEM

9.0m 6.0m

2.0m  

 

FEM
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FEM

FEM
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JR IT
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3

 

4

JR IT

 

5 FEM

 

 

 

 

 

 

 

2024 3  
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H=6.00m 

H=5.70m 

B=12.10m 

1:1.5 

100m 
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   60kN/m KJV-60W
   5kN/m  

    
     

    
    

    
    
    

    
   DJM  

   DJM  

 

(1)  

 

(12.10m+20.20m) 2.70m 2 100m 4630.5 m3 

 

(20.20m+29.20m) 3.00m 2 100m 7410.0m3 

4630.5m3 7410.0m3 12040.5m3 

(2)  

19 1

1.3.1 C

C=0.90  
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4630.5m3/0.90 5145.0 m3 

 

7410.0m3/0.90 8233.3 m3 

5145.0m3 8233.3m3 13378.3m3 

 

L

1.3.1 L=1.15  

 

5415.0m3 1.15 6227.3 m3 

 

8233.3m3 1.15 9468.3 m3 

6227.3m3 9468.3m3 15695.6m3 

(3)  

5.70m 1.5 100m 2 855.0m2 

(4)  

29.20m 100m 2920.0m 

 

 

1 1.2m 15.7m 100m 1570.0 m2 

2 2.7m 20.2m 100m 2020.0 m2 

3 4.2m 24.7m 100m 2470.0 m2 

4 5.7m 29.2m 100m 2920.0 m2 

1570.0m2 2020.0m2 2470.0m2 2920.0m2 8980.0 m2 



152 
 

 

 

0.2m 100m/2.4m 42  

1 1.2m 15.7m 1.0m / 42 659.4 m2 

2 2.7m 20.2m 1.0m / 42 848.4 m2 

3 4.2m 24.7m 1.0m / 42 1037.4 m2 

4 5.7m 29.2m 1.0m / 42 1226.4 m2 

659.4m2 848.4m2 1037.4m2 1226.4m2 3771.6 m2 

0.2m 100m/2.4m 42  

1 1.2m 2.80m 100m 0.40m 42 2 465.9 m2 

2 2.7m 5.05m 100m 0.40m 42 2 840.3 m2 

3 4.2m 7.30m 100m 0.40m 42 2 1214.7 m2 

4 5.7m 9.55m 100m 0.40m 42 2 1589.1 m2 

465.9m2 840.3m2 1214.7m2 1589.1m2 4110.0 m2 

3771.6 m2 4110.0 m2 7881.6 m2 

 



153 
 

5.70m 0.30m/ 4 2.00m 100m 2 6000.0  

 

19 1 6.4.3

600kN/m2

50kg/m3

 

12040.5m3 50kg/m3 602,025.0kg 602.0t 

 

 

10% 

4  

100m/2.40m 42  

4 42 168  

5.55m 168 932.0m 

932.0m 0.785 1.0m 732.0m3 

3,000kN/m2 

 

600kN/m2 50kg/m3 3,000kN/m2

250kg/m3  

732.0m3 250kg/m3 183,000kg 183.0t  



154 
 

 

 

     1,2 

 

 

 

 

3  15,695.6 m3 0 /m3 0 0  
4  8,980.0 m2 2,900 /m2 26,042,000  

 7,881.6 m2 2,900 /m2 22,856,640  

  6,000.0 m2 760 /m2 4,560,000 4,560,000 5kN/m  

  602.0 t 18,500 /t 11,137,000  

 183.0 t 18,500 /t 3,385,500 

 

 

  2,920.0 m2 95.503 /m2 278,869 278,869  

 

 

 15,695.6 m3 1018.00 /m3 15,978,121  

  8,980.0 m2 250.10 /m2 2,245,898  

 7,881.6 m2 250.10 /m2 1,971,188 

  855.0 m2 658.51 /m2 563,026 563,026  
5  15,695.6 m3 1,243.6 /m3 19,519,048 19,519,048 

  15,695.6 m3 1,753.9 /m3 27,528,513 

 

 

 15,695.6 m3 1,294.9 /m3 20,324,232 

  168  27,328 / 4,591,104 DJM  

  167  65,280 / 10,901,760 DJM  
6 112,198,586 

1.00  

84,605,256 

0.75  

 

1. 2024 01  

2. 5  

3.  

4. RRR KJV-60W 2023

 

5.  

6. 1.00  


