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Measurement of Viscoelastic Properties of Consolidated Clay
Using the Elastic-Viscoelastic Correspondence Principle
and Deformation Analysis of the Ground by the Finite Element Method
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Abstract

A method for determining the viscoelastic properties of consolidated clay is proposed by using the elastic-
viscoelastic correspondence principle for a clay-beam deflection test. A rectangular parallelepiped consolidometer
with a standard consolidation section is used for the test, and the elastic modulus and coefficient of viscosity are
assessed from the instantaneous deflection and the subsequent change in the deflection of the clay beam over time.
The change in elastic modulus is similar to the change in volume compressibility of the clay skeleton as
determined by a standard consolidation test, and the coefficient of viscosity increases linearly with the logarithm
of consolidation pressure. The viscoelastic behavior of clayey ground can be analyzed with the finite element
method by applying the elastic-viscoelastic correspondence principle to the material matrix for an elastic body.
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Fig. 2 Rectangular parallelepiped consolidometer.
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Table 1 Physical properties of clays.

Carving clay Marine clay
Soil particle 3 3
density 2.56 g/cm 2.62 g/cm
Natural wat
Ceontent 36.2% 65.2%
Liquid limit 58.2% 46.7%
Plastic limit 18.7% 29.1%
75um finer 100% 100%
Sum finer 77.5% 11.6%
Classification by | CH (high liquid ML (low liquid
Plasticity Chart limit clay) limit silt)
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Fig. 3 Time-consolidation curves.

Fig. 4 Clay-beam deflection test.

Fig. 5 Measurement of deflection of clay-beam.
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Fig. 6 Results of clay-beam deflection tests.
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Table 2 Viscoelastic constants obtained from the deflection
tests for carving clay.

Pressure|  Biastie ) Ot | avar | Socfticient
pP(kPa) | "y, (m) |E (KN/m) (m/s) 1 (kPa-s)
20 1.68x1072| 6.30x10% | 1.58x10°| 2.23x10°
40 1.03x102 | 1.04x10° | 5.00x107 | 7.13x10°
80 7.60x107 | 1.47x10° | 3.30x107 | 1.10x 10’
160 | 6.20x107| 1.89x10° | 1.67x107 | 2.35%x107
320 | 3.85x107°| 2.48x10% | 1.39x107 | 2.66x107
640 | 6.30x107| 5.59%x10% | 1.17x107| 9.77x107

Table 3 Viscoelastic constants obtained from the deflection

tests for marine clay.

pressure | Bastie | Kl | avar | Seeficient
P (kPa) Vg (m) E (kN/m?) (m/s) 7 (kPa-s)
40 1.29%102 | 1.04x10% | 3.33x10°| 1.34x10°
80 3.40x107 | 3.37x10% | 1.50x10°| 2.32x10°
160 | 3.20x107 | 8.15x10% | 1.33x10°| 7.05x10°
320 | 6.64x107| 1.25%10° | 1.36x10°| 1.12x10°
640 | 3.44x107| 2.44x10% | 5.77x107 | 4.85%x10°
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Fig. 7 Change in compressibility of clays with
consolidation pressure.
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coefficient of viscosity of consolidated clay.



M — - A E A

T, FEBEE OB DRV O =1L Fig.8

R LI PR B OB~ TRENL D TH S.
Fig.10 (372D Z B0 15 b Tk L O FRMEGR S & K

PR OBBREZ R LD TH D, HIERE OIS

U CTHREPERR BT TR £ & ) 2 fFOWIMEZ R L T D,

ZOZ X, EEICIVMEERSNGET D Lo
B2 ET TN TR RIE A RS IR T L, S 61Tkt
B HE O RFE EMEFR BTS00 BB TEMEAR S & IR AR 7 28
bZrRd 2 Linh, HAWIT K2R - HUR ORI

JEBE P ETTDICONKRESBLT 26D EZLND.

4. MICFERBZANVEER/RLIO
FESEME FEM £2 4T

SEMEE ot (5 O FEM(A FRZER 1K) f#HT TRV b 5 25k
Wit~ b Y w7 23R TEZ BRSO

[«]=[[8]Ip]Blar )

W [BIIEERERICIE LA~ R v 7 A, [D]
HEEME~ Y v 7 2THDH. FEISIREICHT S
M~ N v 7 2%

E Ev

0
1 v 0 -v  1-v?
pl=-L5|v 1 o |=| Bv. E |
1-v 1- =2 1=12
0 0 14 Vv 14
2 E
0 0 20+

THEZLN Y ERFOWMARE L RT YV Uty &
HAMEIEAR S G & RREMERE K 2 VD &

3K+4G 3K-2G

3 7 0 [[3x+46 3k-26 0
[D]=| 3K-2G 3K+4G =3|3K-2G 3K+4G 0 | (13)
3 0 0 3G
0 G

LEREND., T THENER 1/G ZXSREIC LY P/IQ
(2R X 2, Maxwell (81253 2 B BAEHE H 1

P} _{o+1/} 14
{0}~ lea] 9
EHWCUGET 77 AEMT DL

S+1/7 1 1
= +

=— 15
GS® GS GrS’ a3

L7ebh. ZOWEMREITO L 1/GIE
l+l7=l@+£j (16)
G Gr G\ 7

L. ko THMEMITICEB T 2 ANHERE G %
Maxwell & 1Z%f L CTlE
G
(+1/7)

THESWA D Z &I K0 P S ) R & R A

a7

JEHREA~EZ D Z N TE D, FROT RREICK L
T b [REROFAEIZ L0 PE T O3 7 [ 8 2 5k e
OFTHEEICEEBI D ENTE S,

Fig. 11 IXRZERE + D 72 o 3B B 45 5 L7 e
Hox My, 80kPa T S L7 ph 3D 7 o 7 & Rk
FEMIZEVEBLZbLOTHD. BEID X 2 MR-
DIRITHENT, HHEZbAENR P> <D EH#EITL T ER
FHELSFHRENTWA. Fig 12 13k 37 b H il
FL FE i RA B LA T, REBRICB W T
DO W 72 o I BRI T2 b BT T B Tl oy (AT B
IS ERTIERE I L D —FE R L TN 5.

Fig. 11 Deflection of the clay-beam calculated by FEM.
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experimentally and calculated by FEM.
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Fig. 13 Deformation of clay ground caused by fill loading calculated by FEM.
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