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One-dimensional elasto-viscoplastic model for structured soft clays
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Abstract: The purpose of this study is to present the development of a one-dimensional elasto-viscoplastic (1DEVP)
constitutive model to describe the destruction effects on the time-dependent behavior of structured soft clays. Firstly, the new
concept of viscoplastic strain rate lines is proposed based on the Bjerrum's concept of time lines, and the 1DEVP model for
unstructured soft clays is established. Secondly, with the variation law of compression index with void ratio with
one-dimensional compression being revealed, a new description for the progressive destruction during 1D loading is proposed
for the structured soft clays. Thirdly, based on the definitions of “intrinsic volume” and “intrinsic strain”, the intrinsic
compression law for soft clays is obtained consequently. And after the derivation of creep function for the structured soft clays,
IDEVP model considering destruction effects is established, with all model parameters being calibrated in a straightforward
way. Furthermore, the newly developed model is used to simulate the conventional oedometer tests and long-term creep
oedometer tests on Ningbo natural clays as well as the CRS oedometer tests on Berthierville clays and Ariake clays. The
comparisons between the simulated and experimental results show that the newly proposed 1IDEVP model can reasonably
describe the coupled effects of the time dependence and the bond degradation of soft sensitive clays. Although the model is
proposed for 1D analysis, it is helpful for providing the theoretical basis for establishing 3D elasto-viscoplastic models for the
structured soft clays.
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unstructured clays
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Fig. 5 Relationship between y and p' of Ningbo clay 11-1

Mesri A\ hy /4 (B5FC,/C) AT —H
¥, XTLEHURS L, w/A1=0.04+0.01, XFHYLUR
Fit, y/1=0.05£0.01. tHE 6 vJ%I, WL LA,
EH YRR B TR L 11-1 [
v/ AMEIEA B, HAE 0.034 GHERAREL
R*=0.9481), W& wm T LA LI FRRME. WA
BRI 1) T R - w / A {4 0.0358 (AHIK FR 4L

R*=0.9876), SRR, Ui HIA ST 5 Mesri
SEEHRHTT, BRI IR R AR AR B 1 0 45 R B R
TR P R 4 R B AR A A

0.008
0.006
S
& w/A=0.0358
m 2
?é 0004 | K=0.9876
i .y " R
| e/ R
0002 wiA=0034 --—- RIRMEEL
R=09481 —— HEBAELR
00 01 02 03
EgREA

6 REGREHSEREEHBIXRF
Fig. 6 Relationship between i and A of Ningbo clay 11-1
— 4 N TR E AR AR
43 5I%) Leroueil 25™1) Berthierville clay 1 Jia>"
(1) Ariake clay [f]—4E 55 AR 26 IR 400 24T T o1&
Berthierville clay 1 Ariake clay I3 AW ) 224 i
WA, SERBH T B LK 2.
Kl 7 F1IE] 8 Ca) 43772 Ariake clay Al Berthierville
clay [ 4% AR Z R H RMIBHU LS AR A
BRI AR, Joiet He 4 it 42 1K) T RE S A 46 et il B
JIRYRN, BERUES RIS 556 45 R & (AT, 3R]
AL RS BEAR G PR S A M B R A — 4 [ 4 %
(G R S 3 VA ESeg (ol 27 Y AVA TR
B8 (b) Ay ANE L8 S R DR 250 I I 458 1 A 4 s 4
B th £ Aiake th &2 T LL s . AN L8 S5 KNI
A4 CAEHEE 0 (C=0.0001), [H47 FE4iFE4L A nTHL

4.2

R 1 AXRB SRR L R EARYIR N F AR

Tablel Basic physico-mechanical parameters of selected structured soft clays

RS SRR T R i i 7l i

A i LI o R S A A

TWKE L 11-1 11.1~11.3 44.7 17.9 1.17 2.74 422 24.6 17.6 1.14

TWKF T 33-3 33.6~33.9 435 18.2 1.16 2.74 48.4 25.4 23.0 0.79

Ariake clay®” 6~6.9 140 — 3.5 — 118 53 65 1.34

Berthierville clay” 3.2~3.5 80 — 1.73 — 43 22 21 2.76

F 2 BERSENERELRSE
Table 2 Values of model parameters for selected clays

TFF 2, K, p',/kPa £, v, & J(min") C e,  ky(mmin') ¢,
TR 11-1 0.2169 0.0205 79.1 0.0415 0.0074 5.15X10° -8.13 0.70  1.4X107 0.585
T L 33-3 0.2419 0.0258 200 0.0807 0.0058 4.02X10% -6.12  0.65 9%x10®%  0.58
Ariake clay 0.3037 0.0152 55 0.0220  0.0278" 0.0047  -1.84 228 6x107 175
Berthierville clay ~ 1.8111 0.0501 63 0.0200  0.0981 0.0086  —0.92 131 1.2X107 0.865
Berthierville clay” 8.06x10°  3.22x10° 63 0.0200 2.19X10°¢  2.00<107 0.0001 131 12X107 0.865

e bR “c” ORI AR EAR 47 10y, [ HASGR IR 45 R A S5
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Fig. 8 Comparison between experiments and simulations for CRS

oedometer tests on natural Berthierville clay
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Table 3 Test schemes of long-term compression creep on natural

Ningbo clay 33-3

e TUEMTR.  KIIRA a8 4505 AL I )
Tﬂg&éﬁﬁj /kPa

p' /kPa /d
C-50 0 50 30
C-100 0 100 30
C-200 0 200 30
C-400 0 400 30
C-600 0 600 30
C-800 400 800 30
C-1600 400 1600 30
B 18] /min
00.1 1 10 100 1000 10000 100000
0.05 4p'=50 kPa
w 010 | O0p'=100 kPa
W * p'=200 kPa
E 015t " o p'=400 kPa
2 " x p'=600 kPa
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Fig. 9 Test and calculated results of long-term compression creep

tests on natural Ningbo clay 33-3
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Fig. 10 Test and calculated results of long-term compression creep

tests on Berthierville clay
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