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Rheological model of soft soils using nonlinear
instantaneous elastic modulus
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Abstract: Soft soil is one type of material with nonlinear rheological behavior. The existing rheological models ignore nonlinear
deformation under transient loading conditions. Rheological testing parameters for soft soil are mathematical parameters rather than
physical model parameters. One soil generally corresponds to only one type of material parameters. But model parameters of the
existing rheological model often change irregularly under varying loading conditions. Soft soils containing organic materials as the
rheological phase are tested under one-dimensional consolidation-creep condition. A rheological model containing seven components
is developed with same material parameters under different loading conditions. Non-linear spring is applied to describe elastic-plastic
deformation subjected to transient loading. Parallel three-element components are applied to describe viscosity, plasticity and elastic
deformation with time. The results show that the rheological behavior of soft soil can be accurately reflected by seven-components
rheological model with incorporating cubic nonlinear transient elastic modulus.
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Fig.1 Strain response of the porous medium
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Table 1 Physical and mechanical parameters of soils
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Fig.2 Curves of strain-time

(1) A% (25, 50, 100 kPa) I, M
A (R 2R AR L, IR bR e LR, AR
T B ) [B] B T TR s

(2) MR %8s (200, 400. 800 kPa) i, K
- (R 28 2 B TR S fE LR e i A AR
SENEAR, BER AR, Fow i AR AR T R KRR
1H 58 ;

(3) TEHINAS I 3 B [ [ 45 7 g, #2s
7 A TR A B I AR T, A R ] 45 I 756 I D R

WS S 72 ) V0 ANSR B/ o 13 15 S O S
i AR A it 2 HEAT AL HE, A9 B (b AR
E, SR o ML, a1l 3 s o AN[A) B 1) [E 45 8
JIEA A R s A B, bR S A -
thZA N E 2L, WO L R AR BAT I
RIARLEPETE R . BRI kA B 7 i 26
RONTF =Rk B AR

24 1

o | //

ey A

A/

0.0 0.2 0.4 0.6 0.8
o /MPa

B3 R AR 2R

Fig.3 Curve of instantaneous elastic modulus and stress
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Fig.4 Models adapted to different soils
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Fig.5 Seven element model
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Table 2

Model parameters

i Bit} ME R a/MPa? b/MPat c d/MPa  E;/MPa E;/MPa i (MPa-h) 7/(MPa<h) Vi/kPa V,/kPa
— RS 0.989 / / 3.506 24114 47.0 25.0 9.0 82.0 190 3
ZIRAREAME 0.999 / -0.006 9.346 1456.2 46.0 24.9 11.6 162.0 141 10
= KA 1.000 1.689<10°  -0.027 15643  1071.1 45.9 28.8 7.6 137.0 43 11
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Fig.6 Fitting curves with linear nonlinear transient
elastic modulus
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Fig.7 Fitting curves with quadratic nonlinear transient

elastic modulus

=200 kPa

00 =100 kPa

0.18 s e T T 7 5=800kPa
o I
0.15 — Mok
o =400 kPa
0.12 oo & > & & O O

=200 kPa

»0 =100 kPa

o 0=50 kPa
*o =25 kPa

0 5 10 15 20 25
t/h

B8 SIAZRIELHEBR N IR S Lk
Fig.8 Fitting curves with cubic nonlinear transient
elastic modulus
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Table 3 Physical and mechanical parameters of
silt clay in Shanghai
wAKE S EE L WA BB R WEEEM
/%  /(KN/m?) /%  fas /kPa /(°)
34.1 18.6 0968 962 154 290 1162
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Table 4 Model parameters of silt clay in Shanghai

a/MPa? b/MPa? c d/MPa E1/MPa

Ez/MPa m /(MPa . h) 72 /(MPa . h) Vy /kPa Vs, /kPa

-0.001 59 0.854 -166.517 16 296.8 9.2
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