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-3.1 e-logp cv-p -3.2

-3.3 -3.4

1.5 40

v0
�=49kPa

75mm 20mm
e0 1.11-1.19 1.20-1.37 1.61-1.81

B 0.95 -3.1 cv

v0
�=49kPa

Property Kaolin Tokyo bay clay Kitakyushu clay 

Specific gravity, Gs 2.71 2.77 2.63 

Liquid limit, wL (%) 47.8 66.6 98.0 

Plastic limit, wP (%) 22.3 25.0 34.2 

Plasticity index, Ip 25.5 41.6 63.8 

Compression index, Cc 0.31 0.46 0.60 

Expansion index, Cs 0.05 0.05 0.00 

Coefficient of consolidation, cv(cm2/d) 3195 57 34 
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(
) dyn n

X X
Y

-3.2 2.0s
sin dyn=0.05 3.0% n 10, 50, 200

=20°, 45°, 70°, 90° -3.5
0° 90°

dyn h
-3.6 -3.7

dyn

X ( dyn = x) X
Y ( dyn = x = y)

Uni-directional cyclic simple shear tests 

Period 
T (s) 

Number 
of cycles n Soil Shear strain amplitude dyn (%) 

2 10,50,200 

Kaolin 0.05, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.8, 1.0, 1.2, 2.0, 3.0 

Tokyo bay clay 0.1, 0.2, 0.4, 0.8, 1.0, 1.2, 2.0 

Kitakyushu clay 0.1, 0.2, 0.4, 0.8, 1.0, 1.2, 2.0 

Multi-directional cyclic simple shear tests 

Period 
T (s) 

Number 
of cycles n Soil Phase differ-

ence ( º ) Shear strain amplitude dyn (%) 

2 10,50,200 

Kaolin 20, 45, 70, 90 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.8, 1.0, 1.2, 2.0 

Tokyo bay clay 20, 45, 70, 90 0.05, 0.1, 0.2, 0.4, 0.8, 1.0, 1.2, 2.0 

Kitakyushu clay 45, 90 0.05, 0.1, 0.2, 0.4, 0.8, 1.0, 1.2, 2.0 



(a) (b) ( 90o) 
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G* 2) G* -3.8

G* 3)

4,5) (3.1)

22**
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x y X Y
-3.9

G*
dyn n

(3.2) (3.3) 5)

)0523.0950.3(*
dynnG  (3.2) 

)3510.0995.5(*
dynnG  (3.3) 
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A, B, C, m
Cyclic shear 

direction Soil n A B C m 

Uni-direction 

Kaolin 
10 24.50 -0.080 1.000 -1.00
50 26.00 -0.078 1.009 -1.20
200 31.00 -0.076 1.016 -1.43

Tokyo bay clay 
10 340.00 -0.120 0.950 -0.50
50 285.00 -0.085 0.665 -0.58
200 450.00 -0.100 0.880 -0.82

Kitakyushu clay 
10 770.00 -0.150 0.910 -0.30
50 660.00 -0.085 0.500 -0.34
200 1000.00 -0.140 0.730 -0.50

Multi-direction 

Kaolin 
10 12.00 -0.079 1.000 -1.05
50 12.00 -0.065 1.016 -1.25
200 14.00 -0.060 1.022 -1.40

Tokyo bay clay 
10 280.00 -0.120 0.950 -0.50
50 235.00 -0.070 0.770 -0.55
200 315.00 -0.065 0.910 -0.80
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Parameter n Uni-direction Multi-direction 

A 
10 A = 19.459 Ip - 470.98 A = 16.658 Ip - 412.87
50 A = 16.574 Ip � 399.52 A = 14.574 Ip � 363.9
200 A = 25.268 Ip � 608.87 A = 19.240 Ip � 479.83

B 
10 B = -0.0018 Ip - 0.0382 B = -0.0018 Ip - 0.0386
50 B = -0.0002 Ip - 0.0752 B = 0.0004 Ip - 0.0801
200 B = -0.0017 Ip - 0.0321 B = -0.0003 Ip - 0.0537
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10 C = -0.0023 Ip + 1.0544 C = -0.0023 Ip + 1.0544
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200 C = -0.0074 Ip + 1.1993 C = -0.0071 Ip + 1.2042
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A, B, C, m
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FLIP8) G.L.-32m
Dg G.L.-16m

BH1 PS 9)

10) -5.1
-5.8

FLIP

Soil classifi-
cation 

Top ele-
vation of 
layer K.P. 

(m) 

Unit weight 
Friction 

angle f ( ) 

Velocity 
of 

S-wave 
Vs (m/s) 

Mean 
effective 
stress ma
(kN/m2) 

Shear 
modulus 

Gma
(kN/m2) 

t
(kN/m3) 

sat
(kN/m3) 

1 Landfill-1 4.00 18.0 20.0 41 170 22.95 52,020 
2 Landfill-1 0.60 18.0 20.0 39 170 51.90 52,020 
3 Landfill-2 -1.00 18.0 20.0 40 210 102.90 79,380 
4 Ma13 -13.00 16.0 16.0 30 180 172.65 51,840 
5 Dg1 -24.00 18.0 20.0 39 245 231.15 108,045 
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Ma13 maxNS maxEW Gi
*

No. sub-layer maxNS maxEW Gi
*

1 1.57 0.76 23.82 
2 1.51 0.86 28.46 
3 1.35 0.81 26.31 
4 1.22 0.74 24.26 
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Ma13 (Ip=65.7)

A B C m Cdyn a b F G

682 -0.16 0.90 -0.20 0.56 1.21 -0.45 0.18 1.69 

Ma13 -5.4
S90%=9.2cm S90%=8.5cm

Barron Ma13
- -5.13

( ) -5.14
-5.14 90% -

12,13) Ip

S

Ma13
Sub-layer No. 1 2 3 4 Total 

Thickness (cm) 420 420 420 420 1680 
e0 1.30 1.30 1.30 1.30  

Gi* (%) 23.8 28.5 26.3 24.3  
Gr* (%) 38.3 51.7 45.3 39.5  

Ncy 8.9 8.9 8.9 8.9  
eq (%) 0.70 0.92 0.80 0.69  

732 693 713 734  
1.47 1.36 1.41 1.47  

Udyn/ �v0 0.049 0.068 0.058 0.050  
SRR 1.051 1.073 1.062 1.052  

e 0.012 0.017 0.015 0.012  
v (%) 0.53 0.74 0.64 0.54  
S (cm) 2.2 3.1 2.7 2.3 10.3 

S90% (cm)     9.2 
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(FLIP)

(m) 
gt, gsat 

(kN/m3) ( ) 
ma 

(kN/m2) 
Gma 

(kN/m2) 
Kma 

(kN/m2) hmax

B( ) 2.70 17.7 43.0 98.00 91,261 237,994 0.24 

B( ) 1.13 18.1 43.0 98.00 91,261 237,994 0.24 

Asc1 -1.00 17.3 38.0 98.00 77,481 202,057 0.24 

Ac1 -8.20 15.9 30.0 75.41 12,820 33,434 0.20 

Asc2-1 -9.20 16.6 35.0 98.00 51,220 133,573 0.24 

Asc2-2 -12.00 16.6 35.0 98.00 41,849 109,136 0.24 

Ac2 -15.20 15.5 30.0 123.41 20,980 54,714 0.20 

Ag -23.00 20.0 38.2 98.00 37,006 96,505 0.24 

Ac3 -25.20 15.5 30.0 164.05 27,888 72,727 0.20 

Asg -29.10 20.0 40.0 98.00 85,114 221,965 0.24 

Ac4 -35.70 15.5 30.0 234.17 39,809 103,815 0.20 

Dg -41.80 20.0 45.0 189.35 499,772 1,303,326 0.24 

FLIP8) -5.5 FLIP
FLIP

14)

-5.18 -20.0m
2

NS

maxNS=1.0% EW maxEW=0.5%
-5.19 Udyn/ �

v0

2
EW -5.18

Udyn/ �
v0

0.13
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eq (3.4) (3.6), (3.10)

IP=84.2 3 IP

IP n
Ncy=24 3

n=10, 50 n=10, 50
Ncy=24

Ncy=24 -5.7
n=10, 50 -5.8

-5.22 -

v 0.93% v

0.61%

Gr
* Gi

*

A, B, C, m, Cdyn, a, b,

parameter n Equation parameter n Equation 

A 
10 A = 16.658 Ip - 412.87 

Cdyn
10 Cdyn = 0.0125 Ip - 0.2617 

50 A = 14.574 Ip � 363.90 50 Cdyn = 0.0048 Ip - 0.0455

B 
10 B = -0.0018 Ip - 0.0386 

a a = 0.006 Ip + 1.167 
50 B = -0.0004 Ip - 0.0801

C 
10 C = -0.0023 Ip + 1.0544 

b b = -0.010 Ip + 0.227 
50 C = -0.0112 Ip + 1.2779

m 
10 m = 0.0189 Ip - 1.4429 

50 m = 0.0226 Ip - 1.7043



n, Ncy( ) 10 50 24 

dyn (%) 0.64 0.64 0.64 

Gr* (%) 100.6 100.6 100.6 

A 990 863 945 

B -0.19 -0.05 -0.14 

C 0.86 0.33 0.68 

m 0.15 0.20 0.17 

a 1.67 1.67 1.67 

b -0.62 -0.62 -0.62 

Udyn/ �v0 0.09 0.09 0.09 

SRR 1.10 1.10 1.10 

Cdyn 0.79 0.36 0.64 

e0 1.86 1.86 1.86 

cvd(cm2/d) 79 79 79 

v (%) 1.1 0.5 0.9 
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