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Abstract

A one-dimensional consolidation analysis that accounts for viscoelastic deformation of a clay skeleton was
performed. A Maxwell body that undergoes instantaneous compression followed by viscous compression is used
along with a consolidation equation in order to describe the secondary consolidation that is widely observed in
consolidation tests. By introducing strain-dependent viscosity as an exponential function, the progression of
viscous compression can be expressed in proportion to the logarithm of elapsed time, and the coefficient of
viscosity increment can be determined from the coefficient of secondary consolidation, as obtained from a
standard consolidation test. By applying the proposed viscoelastic consolidation equation to long-term
consolidation test data, it was found that viscous strain increases significantly beyond 90% of the primary
consolidation strain and then proceeds to secondary consolidation. The isotach condition is not satisfied because
of viscous compression through primary consolidation and also because of the influence of non-Darcy flow in

pores as the thickness of the clay layer increases.
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Fig. 1 Time-consolidation curve.



Kt B R ZEE O R R & BIBRK D IE &L > — A

FATTHEE U7k e SRR, —RIEE RS
FEAET DR R O REVEIENE S A e S Xk B RO
HOEEBEECEMTELEEZDLZLICEY, —KRIER
DT L7 OB B O3 2 23 e [ o0 s B B i LT H
THHG A ABANCH LS.

m 9% O =£azag (1)
vot o a.e% 7, oz?

75 2 AT DI Ml T O JE 5% BB AG F
(Fig.2) CiX, BFIMIFRAKE2MSIE L L 7= % o7k F il
X, BEOHEIMNZ SN TOT A O IR A2 E A
ATTEY, ZRICIEH LEEOBETHE, LB

DN AL - T T HIEL L —in D T8
BAWICHEET 20 TIERW EHEH ST,

2 TAENE, ENICEBW T M E SRR 2 5
Wi U, kG B R O AT A AR D 2 oRE M S E A DA
fEEFEMICIET 2 & L big, EXL T —FNNEEIL
T B R AE TR A e R RIS IR L v — i
NEMIAATEHBEFE 2@ U TR L.

LL, HitEEz

¢ (min)
((]).1 1 10 100 1000 10000
bo-o o, (a) 0 =20 kPa 1
0.002 ey
- * o\“\. o= 45 min
0.004 t,,=4.7 min “'w---- -------
€ i [ e,= 0.00078]
0.006 P ——red
L k=1.1x10" cr's ,
0.008 |—— m,=1.7x10"* kPa™
=56 cmz/day ‘
0.010 ‘
t (min)
8.1 1 10 100 1000 10000
bo-e ek (b) 0 =40 kPa 1
0.002 Loy
‘s
L *m. z.00I42 min
‘\-
0.004 t,=55min el ol
& 3 ) '\o\‘ 77777777777
0.006 “\.\\} C,=0.00124
k=7.6%10" cnvs ]
0.008 m,=13%10"* kPa'
¢y, =505 cmz/day ‘
0.010 ‘
t (min)
8.1 1 10 100 1000 10000
8-o-o.__ (¢) 0 =80kPa
‘“'1;\.
0.005 oy
*\"u\ f199= 55 min
= inl ®
0.010 t5p="5.0 min -\.\‘{,- _________

€ D PE—
oorsl k=65%10" cmis \lfi 0.00184
m,=1.1x10"kPa™ TS0,

¢, =51 cm%/day
0.020 ‘ ‘

5 < —RICHE R

10° 10°

—_
—_
(=]
—_
[=3
S
—_
(=
T
—_
(=
™

0.1

\\:\ n=50
n=24 n=20
0.05 <

L =10
I n N\\\q\(l\\i \\t

& L \"\‘\\\

0.10 B Soase e R e
- M\ B
L * : Expliration of primary consolidation \.\"“\_
o 1 : Ratio of clay thickness to 2-cm

0.15 ‘ ‘

Fig. 2 Influence of clay thickness on the settlement curve®.
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Fig. 3 One-week consolidation test data obtained by incremental loading.
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Fig. 4 Changes in m, and k with consolidation pressure.
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Fig. 5 Changes in ¢, and C, with consolidation pressure.
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consolidation equation (solid lines).
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Table 1 Consolidation constants and viscoelastic properties from laboratory test data.

o 150 k mv1 CV C a 20
(kPa) (min) (cm/s) (kPa™) (cm?/min) a (kPa-s)
20 4.7 1L1x10% | 1.7x10™ 0.0388 | 0.0007 | 2950 6.1x107
40 55 | 7.6x10”° | 1.3x10™ 0.0351 | 0.0012 | 1850 7.8%10
80 50 | 6.5x10”° | 1.1x10™ 0.0355 | 0.0018 | 1250 8.2x10
160 3.1 53x107 | 8.5x10° 0.0374 | 0.0026 880 1.05x10°
320 5.3 3.6x107 | 6.9x107 0.0313 | 0.0030 | 750 1.55x 10"
640 42 | 25x10° | 4.6x10° 0.0329 | 0.0036 | 630 1.80x 10"
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