
Effect of Creep on the Consolidation Properties of Clay 

Jonghwa BAEK 
Ryouhei  ISHIKURA 
Kazumasa  YAMADA 
Hiroshi  MATSUDA 

STC
Yin

EVP

IGC:D5

Mesri
1) 5)

(Separate 
Type Consolidometer STC)

6) 12

13 , 14

Yin

EVP
15) 18

STC

Yin Graham EVP 16)

STC

e log p

(STC)

0.5

1

1.5

1 10 100 1000 104

V
oi

d 
ra

tio
 e

Consolidation pressure (kPa)

Tokyo Bay clay

?s (g/cm3) wP (%) wL (%)

2.78 41.6 66.6

I P C C Cr
25 0.46 0.04

?s (g/cm3) wP (%) wL (%)

2.78 41.6 66.6

I P C C Cr
25 0.46 0.04

0.5

1

1.5

1 10 102 103 104

V
oi

d 
ra

tio
 e

Consolidation pressure (kPa)

Tokyo Bay clay

e-log ’

?s (g/cm3) wP (%) wL (%)

2.78 41.6 66.6

I P C C Cr
25 0.46 0.04

?s (g/cm3) wP (%) wL (%)

2.78 41.6 66.6

I P C C Cr
25 0.46 0.04

－ 123 －

論文報告
（社）地盤工学会中国支部論文報告集

地盤と建設　Vol. 27, No. 1, 2009



6), 7)

STC

3
1) 
2) 
3) 

60mm 20mm

5
1

20mm
100mm

20
280mm

1000mm 180mm 15±0.5
98kPa

B
0.95

TypeA02-1 5 TypeB02-1 5
u (

99 ) EOP End of Primary Consolidation)

Type 0.8D 1.6D (2cm)
0 EOP 5

10cm
f

Type 0.8DUD 1.6DUD (2cm)
0 EOP

5

(10cm)

Type 1.6UD (2cm)
0 EOP 5

10cm
f

u 0

0/u Type A
B Type 1.6UD 0/u

Type 1.6UD
0/u 1

0/2 log (kPa )0 f

Stress relaxation

Creep strain

0/2 log (kPa )0 f

Stress relaxation

Creep strain

(STC)

A02-1 0 1.260
A02-2 60 1.273
A02-3 300 1.211
A02-4 600 1.272
A02-5 1000 1.310
B02-1 0 1.067
B02-2 60 0.994
B02-3 300 1.043
B02-4 600 1.004
B02-5 1000 0.989
0.8D 39.2 39.2 78.4 0

0.8DUD 78.4 0 78.4 10000 1.126
1.6D 78.4 78.4 157 0

1.6UD 78.4 78.4 157 10000 1.157
1.6DUD 157 0 157 10000 1.087

H 0

(cm)

2

10

eType 0

(kPa) (kPa)
f

(kPa)

157 0 157

Stress
relaxation

(min)

78.4 0 78.4

Water bath
Temperature 15

Pore pressure transducer

Burette

Regulator

Water bath
Temperature 15

Pore pressure transducer

Burette

Regulator

－ 124 －

白・石藏・山田・松田



0/u

TypeA TypeB

Type A02-1
Type B02-1 EOP 60 300

600 1000min (Drain)
,Type A02-2 5 Type B02-2

5 60 300 600 1000min

Undrain

13), 14)

1000(min)

v -logp’

0/u

-0.2

0

0.2

0.4

0.6

0.1 1 10 100 1000 104

TypeA
TypeB
1.6UD

u/
0

log t (min)

-0.2

0

0.2

0.4

0.6

0.1 1 10 100 1000 104

TypeA
TypeB
1.6UD

u/
0

log t (min)

Type A
0=78.4 (kPa)

Strain rate 
line

0

0.2

0.4

0.6
60 70 80 90

    Drain
(after EOP)

   Undrain
(after Stress 
   relaxation)

v(%
)

Effective stress (kPa)

Type A
0=78.4 (kPa)

Strain rate 
line

0

0.2

0.4

0.6
60 70 80 90

    Drain
(after EOP)

   Undrain
(after Stress 
   relaxation)

v(%
)

Effective stress (kPa)

 (Type A) 

Type B
0=157(kPa)

Strain rate 
line

0

0.2

0.4

0.6
100 110 120 130 140 150 160 170 180

   Drain
(after EOP)

  Undrain
(after Stress 
  relaxation)

v(%
)

Effective stress (kPa)

Type B
0=157(kPa)

Strain rate 
line

0

0.2

0.4

0.6
100 110 120 130 140 150 160 170 180

   Drain
(after EOP)

  Undrain
(after Stress 
  relaxation)

v(%
)

Effective stress (kPa)

 (Type B) 

0

0.25

0.5

0 0.5 1 1.5 2

Type A (after EOP)
Type A 
(after Stress relaxation)
Type B (after EOP)
Type B 
(after Stress relaxation)
0.8DUD
1.6DUD

u/
0

v(%)

0

0.25

0.5

0 0.5 1 1.5 2

Type A (after EOP)
Type A 
(after Stress relaxation)
Type B (after EOP)
Type B 
(after Stress relaxation)
0.8DUD
1.6DUD

u/
0

v(%)

0

1.5

3

4.5

6
0.1 1 10 100 1000 104 105

v(%
)

Elapsed time (min)

0.8D

1.6D

0.8DUD

1.6DUD

0

1.5

3

4.5

6
0.1 1 10 100 1000 104 105

v(%
)

Elapsed time (min)

0.8D

1.6D

0.8DUD

1.6DUD

0

1.5

3

4.5

6
0.1 1 10 100 1000 104

v(%
)

Elapsed time (min)

0.8DUD
1.6DUD

0.8D

1.6D
1.6UD

0

1.5

3

4.5

6
0.1 1 10 100 1000 104

v(%
)

Elapsed time (min)

0.8DUD
1.6DUD

0.8D

1.6D
1.6UD

-0.2

0

0.2

0.4

0.6

0.1 1 10 102 103 104

TypeA
TypeB
1.6UD

u/
0

Elapsed time (min)

0

0.2

0.4

0.6
60 70 80 90

    Drain
(after EOP)

   Undrain
(after stress
 relaxation)

v(%
)

Effective stress (kPa)

Type A

0
=78.4 (kPa)

Strain rate
line

 (Type A) 

0

0.2

0.4

0.6
100 110 120 130 140 150 160 170 180

   Drain
(after EOP)

  Undrain
(after stress 
  relaxation)

v(%
)

Effective stress (kPa)

Type B

0
=157(kPa)

Strain rate
line

 (Type B) 

0

0.25

0.50

0 0.5 1.0 1.5 2.0

Type A (after EOP)
Type A 
(after stress relaxation)
Type B (after EOP)
Type B 
(after stress relaxation)
0.8DUD
1.6DUD

u/
0

v(%)

0

1.5

3.0

4.5

6.0
10-1 1 10 102 103 104 105

v(%
)

Elapsed time (min)

0.8D

1.6DUD

0.8DUD 1.6D

0

1.5

3.0

4.5

6.0
10-1 1 10 102 103 104

v(%
)

Elapsed time (min)

0.8D

1.6UD

1.6D

0.8DUD
1.6DUD

－ 125 －

クリープの影響を考慮した飽和粘性土の圧密機構に関する研究



TypeA02-2 5 TypeB02-2 5
TypeA02-1 TypeB02-1

EOP

10cm
Type 0.8D Type 

0.8DUD

10cm
0.8DUD

Type 1.6DUD
0

Type 1.6D
Type 1.6UD Type 1.6UD

Type 1.6DUD Type 1.6UD

1 5 Type 
1.6DUD 0/u 0.3 Type 
1.6UD 1.2 ,

Type 1.6UD Type 1.6DUD

(1)
2

td
d
log

=               (1) 

( ) ( ) tlog-434.0log=log      (2) 

1.6UD
EOP

(2)

(EVP)

Yin Graham

EVP 17)

( )z
v

v ug
mt

u
z
u

c ,
1

==
2

2
      (3) 

( )zv
z ug

t
u

m
t

,+=      (4)  

( )
z

z
zz

uV
t
Vug 





′
−



















−=

00
exp,  (5) 

g(u z) EVP
mv V(=1+e)

e lnt

2.3 /(1+e) to

(EOP) vc

3

0

0.3

0.6

0.9

1.2

0.1 1 10 100 1000 104

u 
/

0

Elapsed time (min)

1.6UD-1

1.6UD-5

1.6DUD-5

1.6DUD-10

0.3

0.6

0.9

1.2

0.1 1 10 100 1000 104

u 
/

0

Elapsed time (min)

1.6UD-1

1.6UD-5

1.6DUD-5

1.6DUD-1

10-5

0.0001

0.001

0.01

0.1

1

10

0.1 1 10 100 1000 104

St
ra

in
 ra

te
 

v(%
/m

in
)

Elapsed time (min)

1.6UD-1
1.6UD-5

1.6DUD-5
1.6DUD-1

Eq. 2

10-5

0.0001

0.001

0.01

0.1

1

10

0.1 1 10 100 1000 104

St
ra

in
 ra

te
 

v(%
/m

in
)

Elapsed time (min)

1.6UD-1
1.6UD-5

1.6DUD-5
1.6DUD-1

Eq. 2

0 f

(kPa) (kPa) (kPa)
A2-1 19.6 98 0.25
A2-1 39.2 117.6 0.5
A2-1 58.8 137.2 0.75
A2-1 78.4 156.8 1
B2-1 39.2 196 0.25
B2-1 78.4 235.2 0.5
B2-1 117.6 274.4 0.75
B2-1 156.8 313.6 1

Type / 0

78.4

157

EVP

A

0.04 0.132 0.0035 0.001

t 0 (min) H 0 (mm) k  (m/s) V =1+e

200 89.5 6.50E-08 2.15

0 A

0.04 0.132 0.0035 0.001

t 0 (min) H 0 (mm) k  (m/s) V =1+e

200 89.5 6.50E-08 2.15

0 A

0.04 0.132 0.0035 0.001

t 0 (min) H 0 (mm) k  (m/s) V =1+e

200 89.5 6.50E-08 2.15

0

0

0.3

0.6

0.9

1.2

10-1 1 10 102 103 104

u 
/

0

Elapsed time (min)

1.6UD-5

1.6UD-1

1.6DUD-1

1.6DUD-5

10-5

10-4

10-3

10-2

10-1

1

10

10-1 1 10 102 103 104

St
ra

in
 ra

te
 

v
(%

/m
in

)

Elapsed time (min)

Eq.(2)

1.6UD-1

1.6UD-1

1.6DUD-1
1.6DUD-5

－ 126 －

白・石藏・山田・松田



Yin EVP

0 /4=19.6(kPa) 0 /2=39.2(kPa)
0 =78.4(kPa)

0 =157(kPa)
0

'

' f

'

= 0 A ' (6)

(6) EVP

Type 1.6D

(6)
A=0.001  A

(2)

(6)

STC

Yin Graham EVP

0

2

4

6

8
0.1 1 10 100 1000 104

Experimental
EVP model
Proposed model (A=0.001)

v(%
)

Elapsed time (min)

0

2

4

6

8
0.1 1 10 100 1000 104

Experimental
EVP model
Proposed model (A=0.001)

v(%
)

Elapsed time (min)

10-5

0.0001

0.001

0.01

0.1

1

10

0.1 1 10 100 1000 104

Experimental

EVP model

Proposed model
St

ra
in

 ra
te

 
v(%

/m
in

)

Elapsed time (min)

Eq. 2

10-5

0.0001

0.001

0.01

0.1

1

10

0.1 1 10 100 1000 104

Experimental

EVP model

Proposed model
St

ra
in

 ra
te

 
v(%

/m
in

)

Elapsed time (min)

Eq. 2

0

0.005

0.01

0 0.25 0.5 0.75 1 1.25

0
=78.4 kPa

0
=157kPa

Incremental load ratio 0

0

0.005

0.01

0 0.25 0.5 0.75 1 1.25

0
=78.4 kPa

0
=157kPa

Incremental load ratio 0

0

0.005

0.01

0 100 200 300 400

0=78.5 kPa

0
=157 kPa

Effective stress (kPa)

0

0.005

0.01

0 100 200 300 400

0=78.5 kPa

0
=157 kPa

Effective stress (kPa)

0

0.005

0.010

0 0.25 0.5 0.75 1 1.25

0
=78.4 kPa

0
=157kPa

Incremental load ratio 0

0

0.005

0.010

0 100 200 300 400

0
=78.5 kPa

0
=157 kPa

Effective stress (kPa)

0

2

4

6

8
10-1 1 10 102 103 104

Experimental
EVP model
Proposed model (A=0.001)

v(%
)

Elapsed time (min)

10-5

10-4

10-3

10-2

10-1

1

10

10-1 1 10 102 103 104

Experimental

EVP model

Proposed model
St

ra
in

 ra
te

 
v

(%
/m

in
)

Elapsed time (min)

Eq.(2)

Undrained
Layer

Drained
Layer

－ 127 －

クリープの影響を考慮した飽和粘性土の圧密機構に関する研究



1) 0/u
0

2) 

3) 

1) Bjerrum, L.: Engineering geology of Norwegian normally 
consolidated marine clays as related to the settlements of 
buildings, Geotechnique, 17(2), pp.83-118, 1967. 

2) Ladd, C. C., Foott, R., Ishihara, K., Schosser, F. and Poulos, 
H. j. : Stress-deformation and strength characteristics, 
Proceedings of 9th ICSMGE, Tokyo 2, State of the art 
report, pp.421-494, 1977. 

3) Garlanger, J. E.:The consolidation of soils exhibiting creep 
under constant effective stress, Geotechnique, 22(1), 
pp.71-78, 1972. 

4) Mesri,G. : Coefficient of secondary compression, Journal of 
the Soil mechanics and foundations division,
Vol.99,pp.123-137,1973. 

5) Mesri, G. and Choi,Y-K.: The uniqueness of the end of 
primary (EOP) void ratio-effective stress-relationship, 
Proceedings of 12th ICSMGE, San Francisco, 2, 
pp.587-590,1985.

6) Aboshi, H., Matsuda, H. and Okuda, M. : Pre-consolidation 
by separate-type consolidometer, Proc.,11th ICSGFE, 3, 
pp.577-580, 1981. 

7)
No.340 pp.139-144

1983.
8) , ,

, 58
,pp.189-190, 2006. 

9) Matsuda, H., Baek, W. and Baek, J.: Effect of creep of the 
settlement-time relation during primary consolidation of 
clay, Proceedings of the International Workshop on 
Constitutive Modeling - Development, Implementation, 
Evaluation and Application, Hong Kong, pp. 208-217, 
2007.

10) , , ,
- , 42

, pp.269-270, 2007. 
11) ,

, 43
, pp.851-852, 2008. 

12) , , ,

, 44 , pp.871-872, 2009. 
13) 

, 29
pp.269-270, 1994. 

14) 
, 30

pp.425-428, 1995. 
15) Yin, J-H and Graham, J. : Equivalent times and 

one-dimensional elastic viscoplastic modeling of 
time-dependent stress-strain behavior of clays. 
Can.Geotrch.J.31, pp.42-52, 1994. 

16) Yin, J-H. and Graham, J. : Elastic viscoplastic modeling 
of one-dimensional consolidation, Geotechnique, 46(3), 
pp.515-527, 1996. 

17) Yin, J-H. : Non-linear creep of soils in oedometer tests, 
Geotechnique, J.49(5), pp.699-706, 1999. 

18) Yin, J-H., Zhu, J-G. and Graham, J. : A new elastic 
viscoplastic model for time-dependent behavior of 
normally and overconsolidated clays, theory and 
verification, Can. Geotech, J.39, pp.157-173, 2000. 

－ 128 －

白・石藏・山田・松田


	クリープの影響を考慮した飽和粘性土の圧密機構に関する研究




