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Abstract:  The creep and destructuration characteristics of soft clay are always coupled under loading, making it difficult for
engineers to determine these related parameters. This paper proposes a simple and efficient optimization procedure to identify both
creep and destructuration parameters based on low cost experiments. For this purpose, a simplex algorithm (SA) with random
samplings is adopted in the optimization. Conventional undrained triaxial tests are performed on Wenzhou clay. The newly de-
veloped creep model accounting for the destructuration is enhanced by anisotropy of elasticity and adopted to simulate tests. The
optimal parameters are validated first by experimental measurements, and then by simulating other tests on the same clay. Finally,
the proposed procedure is successfully applied to soft Shanghai clay. The results demonstrate that the proposed optimization

procedure is efficient and reliable in identifying creep and destructuration related parameters.
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1 Introduction

Soft clays are widely distributed in many re-
gions, such as along rivers, lakes, and coasts, and their
behavior is important to the construction of infra-
structure. The initial soil structure of soft clays and
their destructuring behavior, which is defined by the
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bond between soil particles, are important considera-
tions. Due to the effects of sedimentation and chem-
ical action, the structure exists more or less in the
natural clays (Leroueil and Vaughan, 1990; Yin and
Hicher, 2008; Karstunen and Yin, 2010; Yin et al.,
2010a; 2010b; 2010c; 2011a; 2011b; 2014; 2015a;
2015b; Yin and Karstunen, 2011; Yin and Wang,
2012; Wang and Yin, 2015). Another significant
behavior of soft clay is creep. When soft sensitive
clay is subjected to external loading, the degradation
of the structure and creep are always coupled, which
affects the engineering properties of soft clays. As a
result, the parameters related to creep and structure
cannot easily be measured directly from experiments.
More tests are needed to obtain these parameters,


Yunlong Guo
新建图章

http://crossmark.crossref.org/dialog/?doi=10.1631/jzus.A1500031&domain=pdf

Ye et al. / J Zhejiang Univ-Sci A (Appl Phys & Eng) 2016 17(1):76-88 77

such as those performed on both intact and remolded
samples, which significantly raises the experimental
cost in engineering applications. Therefore, how to
identify these parameters in an efficient and eco-
nomical way becomes a challenge.

Different inverse analysis techniques for iden-
tifying soil parameters have recently been success-
fully used in geotechnical fields. These applications
involved different kinds of tests, such as laboratory
tests (Calvello and Finno, 2004) and field tests
(Lecampion et al., 2002; Yin and Hicher, 2008;
Papon et al., 2012), which were performed on dif-
ferent soils. Different constitutive models, such as the
Mohr-Coulomb model (Papon et al., 2012), harden-
ing soil model (Calvello and Finno, 2004; Papon et
al.,2012), and modified Cam clay model (Dano et al.,
2007), have been adopted and combined with these
tests in the optimization process to identify their pa-
rameters. However, no studies about the identification
of parameters relating to creep combined with de-
structuration of structured clays using optimization
techniques has been reported. Therefore, it is worth
seeking an effective and reliable optimization method
for identifying creep and destructuration related
parameters.

In this paper, an optimization procedure using a
simplex algorithm (SA) is proposed to identify the
parameters relating to creep and destructuration. Un-
drained triaxial compression tests performed on
Wenzhou marine clay were selected as the objective
for the optimization. The newly developed creep
model accounting for the destructuration was en-
hanced with anisotropy of elasticity and adopted to
simulate the undrained triaxial compression tests. The
procedure was validated by comparison with other
experimental measurements and by simulating other
tests of the same clay. Finally, the feasibility of the
optimization procedure was further validated by
identifying parameters of soft Shanghai clay.

2 Procedure of parameter identification
2.1 Error function

An advanced error function proposed by Le-
vasseur et al. (2008) was adopted in this study, and is
defined as the relative error between the experimental
and the computed values:

i=1 exp
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Error(x) =
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where x is the vector of parameters; NV is the number

of values; U éxp is the value of measurement point 7;

U!  is the value of calculation at point i. The effects

of scale on the fitness between experimental and
simulated results can be eliminated using this nor-
malized formulation. Also, the objective error calcu-
lated by this function is a dimensionless variable,
thus, differences of error can be avoided for different
objectives with different variables.

2.2 Simplex algorithm and initialization method

The SA is a nonlinear optimization algorithm
developed by Nelder and Mead (1965) for minimiz-
ing an objective function in a poly-dimensional space.
The method uses the concept of a simplex, which is a
polytope of N+1 vertices in N dimensions, and finds a
locally optimal solution to a problem with N variables
when the objective function varies smoothly.

The simplest step is to replace the worst point
with a point reflected through the centroid of the
remaining N points. The Nelder-Mead simplex can
change in five different ways during iteration (Fig. 1)
in two dimensions (Lagarias et al., 1998). Except in
the case of a shrink, the worst vertex of the simplex at
iteration k (point p; in Fig. 1) is replaced at iteration
k+1 by one of the reflection, expansion, or contraction
points. If this new point is not much better than the
previous value, then we are stepping across a valley,
so we shrink the simplex towards the best point.
Based on this description, users feel that they under-
stand what the method is doing. The simplex can lead
to the best solution using a limited number of calcu-
lations. In that sense, it can be fast and efficient.

Among many parameters controlling the opti-
mization methods, those related to the initial simples
are important. The initial simplex is governed by the
number of the individuals, their domain (range), and
the method controlling the distribution of the indi-
viduals within their domain. In this case, an advanced
random (Monte Carlo) sampling method named uni-
form Latin hypercube (ULH) (McKay et al., 1979)
was adopted. Compared to simple random (Monte
Carlo) sampling, ULH is better at mapping the
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marginal probability distributions, especially in the
case of a small number of generated designs.

P S
I NC ]\ N
Loy oo L AN N “p,
w .
p T
Pe
Reflection Expansion Outside Inside Shrink

contraction contraction

Fig. 1 Structure of Nelder-Mead simplex algorithm after
Nelder and Mead (1965)

Pr> Pe> Pous and py, are the points generated by the reflection,
expansion, outside contraction, and inside contraction,
respectively

2.3 Adopted and enhanced constitutive model

The -elasto-viscoplastic model “ANICREEP”
proposed by Yin et al. (2010a; 2011a; 2015b) was
adopted. Based on the overstress theory, the total
strain rate is additively composed of the elastic strain
rates and viscoplastic strain rates:

& =6 +ED, @)

where ¢, denotes the (i, j) component of the total

strain rate tensor, and the superscripts e and vp stand
for the elastic and the viscoplastic components, re-
spectively. The elastic behavior in the proposed
model is assumed to be isotropic, as in the modified
Cam clay model. For the convenience of parameter

determination, the viscoplastic strain-rate ¢ is ex-

pressed as
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where & is the stress tensor; e is the initial void ratio;
P=C,/(A—K); A is the slope of compression line, x is
the slope of the swelling line; Cy. is the coefficient of
secondary consolidation; 7 is the reference time taken
equal to the duration of each load increment (7=24 h
for a conventional oedometer test); p¢ is the size of

the dynamic loading surface and pf, is the size of the

reference yield surface. The dynamic loading surface
fa is treated as a viscoplastic potential function; M, is
the slope of the critical state line in the p’-g plane in
compression (p’ is the mean effective stress, and ¢ is
the deviatoric stress); ako is the initial anisotropy of
clay; 7go is the stress ratio under Kyp-consolidation,
and K is the coefficient of lateral pressure.

The reference surface equation can be expressed
in a general stress space as

where ¢/ and p" are the reference deviatoric stress

tensor and the reference mean effective stress, re-
spectively (see point 4 in Fig. 2, in p'-g space), and a4
is the deviatoric fabric tensor (Yin et al., 2010a).
Corresponding to the current stress state (point B in
Fig. 2), a dynamic loading surface f; is defined, which
has an elliptical shape identical to the reference yield
surface, but a different size pg .

To interpolate M between its values M. (for
compression) and M, (for extension), according to
Sheng et al. (2000) a modification of M by means of
the lode angle ¢ is assumed:

M=M{ e } 5)
1+c*+(1-c*)sin(36)
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with _—nﬁé’:larcsin _3—\/5’]3 toT-ls s
6 3
Jy =5;5,84/3, §; =64— p'ay, where c=(3-sing)/
(3+sing,) according to the Mohr-Coulomb yield cri-
terion, and ¢, is the friction angle.
The rotational hardening law that describes the
development of anisotropy caused by viscoplastic

strains is expressed as

B 30, ; o, "
dad = w|:[4_p,_ a J<dgvp> + o, (3_}7'_%1 ]dgdp} (6)

where <d£V“p> =0 for d¢” <0 and <d£VV"> =de? for

de;® > 0. The soil constants @ and @y control the
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effect of viscoplastic strains on the rotation of the
ellipsoidal surface, and can be obtained by

_ 3(4M<:2 B 47712<0 _ 3’71(0)
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Fig. 2 Definitions for the model in p’-q space (a) and 1D
compression condition (b) (Yin et al., 2011a)

o'p and o'y are the pre-consolidated pressures for the natural
sample and reconstituted sample, respectively; K. is the
coefficient of lateral pressure for normally consolidated clay

The size of the reference yield surface pi, can

be expressed by the size of the intrinsic surface pp;
and the amount of bonding y as

P =1+ %) Pni ©)

with the hardening law of the intrinsic surface,

1
AP = Doy -de, (10)
A -k
and the bond degradation law,
dy =& (|de? |+ £,dzy ), (11)

where the initial value of y;=Si—1 can be obtained
using the sensitivity S; as input; the soil constants ¢
and &; control the effect of viscoplastic volumetric
and deviatoric strains, respectively, in destroying the
bonds.

Due to its natural deposition, the soil exhibits
naturally inherent anisotropy of elasticity (Yin and
Chang, 2009; Chang and Yin, 2010; Yin ef al., 2010a;
2011a; 2013). The anisotropic elastic behavior is
considered in this model by the following matrix of
elastic stiffness:

I v, v
-V, 1 Vo
EE E
Vo "V L
b | B E A (12)
1+v,
Eh
1
2th
1
L 26, |
with  n=Ey/E~05, v, =v,/\n, and 2Gu=

\/;EV /(1+v, ), where E; and Ej is vertical and hor-

izontal Young’s modulus, v,, and 14, is vertical and
horizontal Poisson’s ratio, respectively, and Gy is the
shear modulus.

Input parameters of the model are summarized in
Table 1 with their recommended methods of deter-
mination (Yin et al., 2011a).

Overall, the recently developed ‘ANICREEP’
model can capture the main features of natural sensi-
tive clay, such as soil viscosity, anisotropy, and de-
structuration. At the same time, the reduction of the
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apparent secondary compression coefficient through
inter-particle debonding can be reproduced. The
model’s predictive ability has been validated for
various soft sensitive clays (Yin et al., 2010a; 2011a;
Karstunen and Yin, 2010; Zhu et al., 2014). There-
fore, this model was adopted in this study.

2.4 Selected clays and tests

Wenzhou clay deposit is a marine clay charac-
terized as slightly organic and highly plastic. A rela-
tively homogeneous layer of Wenzhou clay from
10.5 to 11.5 m deep was selected for this study. Some
common physical properties are listed in Table 2.
Intensive laboratory tests were carried out along
various stress paths, focusing on the rate-dependent

mechanical properties of Wenzhou clay (Yin ef al.,
2015b).

To keep the same condition as the standard for
soil characterization, the tests selected as the objec-
tive for this study were three conventional undrained
triaxial tests on Ky-consolidated Wenzhou clay under
different confining stresses. The Kj-consolidation
was performed within 2 days up to a vertical stress of
75 kPa, another 2 days up to 150 kPa and finally
another 2 days up to 300 kPa. For the undrained
triaxial shearing stage, a strain rate of 2%/h was ap-
plied during tests according to the ASTM (2004)
standard and was also adopted in the simulations.
The results of these undrained triaxial tests with their
Ko-consolidation curves are shown in Fig. 3.

Table 1 State parameters and soil constants of an elastic viscoplastic model

Group Parameter Definition Determination
ol Initial reference preconsolidation From a selected oedometer test whose loading-
pressure rate is used as reference strain-rate

ey Initial void ratio (state parameter) From oedometer test
Modified Cam v Poisson’s ratio From initial part of stress-strain curve (typically
clay parameters varying from 0.15 to 0.35)

K Slope of the swelling line From 1D or isotropic consolidation test

A Intrinsic slope of the compression line  From 1D or isotropic consolidation test

M Slope of the critical state line From triaxial shear test
oo Initial anisotropy (state parameter for ~ For Ky-consolidated samples by P[1]
Anisotropy calculating initial components of the
parameters fabric tensor)
1) Absolute rate of yield surface rotation ~ Calculated by Eq. (7)
Xo Initial bonding ratio From shear vane test or oedometer test by P[2]°
Destructuration ¢ Absolute rate of bond degradation From consolidation tests with two different stress
parameters & Relative rate of bond degradation ratios 7=g/p’, e.g., oedometer test and isotropic
consolidation test, calculated by P[3]°
Viscosity Coei Secondary compression coefficient for From 24 h oedometer test on remoulded sample
parameters reconstituted clay
. ko, kno  Initial vertical and horizontal From oedometer tests
Hydraulic e
permeability
parameters cx Permeability coefficient From curve e-logk
§ . _ _ M? =73, . . _ A
[P1]: @y =gy =1k, BE— with 77, = — [P2]: x,=S,-1 (from shear vane test), or x, =0,,/0y,—1 (from
oedometer tests); [P3]: £+&-&; 207-2) = (1+e) In i —— | (viscoplastic void ratio e corresponding to ¢’y)

M- e’ e’

ol exp——
ZoOio pi—K

Table 2 Physical properties typical of Wenzhou marine clay and soft Shanghai clay

Density, y

Water content,

Liquid limit,

Plastic limit,

Clay Depth (m) (kN /m3) ey W (%) e (%) wp (%) o'po (kPa) o'y (kPa)
Wenzhou 10.5-11.5 15.5 1.895 67.5 63.4 27.6 81.3 75.4
Shanghai 10 17.7 1.402 51.8 44.2 22.4 110.5 68.6
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Fig. 3 Triaxial test results on Wenzhou clay: (a) K,
consolidation stage; (b) axial strain-deviatoric stress;
(c) axial strain-excess pore pressure

Based on selected tests, some parameters were
directly obtained: M=1.23 and x=0.042. For a sensi-
tive clay, creep and destructuration related parame-
ters are of significant importance, not only for con-
stitutive modeling, but also in practice (e.g., directly
relating to the secondary compression coefficient and
sensitivity). They usually require more experimental
data to be determined. Therefore, it would be of great
benefit to develop a procedure which allows these
parameters to be identified based on only conven-
tional tests on intact samples. To focus on identifying
creep and destructuration parameters (secondary
compression coefficient corresponding to the recon-
stituted clay Cle, initial bonding yo, destructuration
constants ¢ and &), the intrinsic compression index

4i=0.197 (corresponding to the reconstituted clay)
was taken from C.=0.009(w;—13) as suggested by
Biarez and Hicher (1994).

The inherent anisotropy of elastic stiffness for
normally consolidated or slightly over-consolidated
clays much depends on the in-situ stress state from
microstructural and micromechanical points of view,
with n=on9/0, recommended by Yin et al. (2009;
2011a; 2013). Therefore, this was adopted in this
paper. The Poisson’s ratio usually varies from 0.15 to
0.35 for different clays, and is not sensitive to 1D
compression and undrained triaxial behaviors. Thus,
a typical value 1=0.25 was adopted in this study.

2.5 Proposed optimization procedure and results

The aim of the inverse modelling procedure is to
find values for the model parameters that provide the
best attainable fit between model predictions and
corresponding observations. Therefore, only one error
function is required to be considered in this study.
Thus, we considered a mono-objective framework
with three different criteria:

Error(K,)
min| Error(x)] = min| Error(g) (13)
Error(Au)
The total average error function is expressed as
Error(x)=) [/, - Error(x), ], (14)

i=1

where m is the number of objectives; Error(x); is the
value of error corresponding to the objective i and /; is
the weight factor with > (/;)=1. The weight factor /; is
taken to be equal to 1/3 in this case, since each test
plays the same important role in evaluating soil be-
havior. Then, the average error is taken to be equal
to [Error(g)+Error(Au)+Error(Ko)]/3, with Error(q),
Error(Au), and Error(Ky) representing the difference
between experiments and numerical simulations
based on different curves in Fig. 3 for deviatoric
stress, excess pore pressure, and vertical stress in the
Ko-consolidation stage, respectively.

Fig. 4 shows the identification procedure based
on the successive use of two different codes: the code
for the integration of the constitutive model and the
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code for the optimization process. The ANICREEP
model at a single integration point level was adopted
to be combined with the optimization procedure. Each
initial set of individuals for the simplex algorithm is
generated with ULH. The intervals of parameters
given in Table 3 are much larger than those corre-
sponding to typical values. The required initial indi-
viduals for SA is n+1 (n is the number of variables).
The optimization procedure described above was
carried out. Since SA depends strongly on the initial
sets of parameters (individuals), the way of over-
coming this drawback is to carry out multiple opti-
mizations starting from different initial sets of pa-
rameters. As suggested by Papon et al. (2012), 10
optimizations with different initial sets of parameters

Table 3 Interval of creep and destructuration related
parameters of the model for optimization

Ye et al. / J Zhejiang Univ-Sci A (Appl Phys & Eng) 2016 17(1):76-88

generated by ULH were carried out. All individuals
whose errors are lower than a reference value, are
called “satisfactory”. Thus, more than one optimized
satisfactory set of parameters can be selected with an
average error of less than 9% (Fig. 5).

These optimized satisfactory sets of parameters
are plotted (dotted line in Fig. 6). All the selected
parameters are located within a narrow range and
different sets of parameters can result in similar er-
rors. Thus, the coupling effect between creep and
destructuration is apparent and cannot be ignored.
The evidence confirms that the coupling effect makes
it difficult to identify parameters in the traditional
way. The sets of parameters with minimum average
error were selected and are summarized in Table 4.

Table 4 Optimal sets of parameters with objective error

Optimal parameter

Objective
Minimal Maximal Clay o
Parameter value value Step Chei A & & error (%)
Cei 0.0001 0.1 0.0001 Wenzhou  0.0032 8.5 13.0 024 885
X 0 >0 05 Shanghai ~ 0.002 4.0 9 0.4 17.21
& 0 20 05 anghai .0025 . 5 45 7.
& 0 0.5 0.02
Optimization
results
|———————-- Optimization program _I
I Simplex algorithm |
I |
e — 71
Output . . Input
|| Error (¢), Exror (Au), Error(Ko) |‘_| Run simulation }‘— Cocio 20 £ & |
I Call |
| Conslitutive |
| data model |

Fig. 4 Mono-objective

Numerical simulation program

optimization procedure

T
_ i | ‘
_ - I L ! | T
20+~ ! | LT T | |
I -7 | P I
_ - © o0 o 4o
— PR | 40 e~ _ oo, | =
SR EE I R | I >
= L_-TrT ®%og © g9 o7 I
) [ 9%780 o % ! 1T <
_ - 28 To,~ ~
X710 | | _ -7 o ogfo O?’a,“go\o\\ I ‘ X
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5 LT ) 8 — e}
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5 S Simplex(ULH) - Optimization results is|
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Error (Au) (%)
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7

Error (Au) (%) Error (¢) (%)
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Fig. 5 Distribution of “satisfactory” solutions generated during optimization of the SA
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Fig. 6 Distribution of satisfactory solutions obtained by the SA

The computational time is also a criterion to
evaluate the performance of SA optimization. The
problem is that the number of attempts to detect the
optimum solution by using SA in each optimization
depends on the initial sets of individuals. In this study,
the time for each optimization varies by less than 1 h.
From this point of view, this shows that the SA is
highly efficient in identifying creep and destructu-
ration related parameters.

2.6 Validation by other tests on the same clay
2.6.1 Validation based on experimental measurements

Additional test data on the same Wenzhou ma-
rine clay (Zeng, 2010; Yin et al., 2015b) were used to
validate the optimal set of parameters. The measured
value of initial bonding y, defined as yo=0'po/0"pio—1
(Fig. 1b) for Wenzhou marine clay was equal to about
9.0 (Fig. 7). From the optimization analysis, y, was
obtained as equal to 8.5 by SA. This is close to the
value obtained by direct measurement. For this spe-
cific parameter, the SA with ULH seems suitable for
identifying creep and destructuration parameters.

22
~9.0
=55 7 =813 kPa
1.8 U'pio ~8
a4 b 2,:=0.2 Intact sample
o 1
Reconstituted
1 r sample
Zeng (2010)
06 11l 11l L1l L IR
1 10 100 1000 10000
o’y (kPa)

Fig. 7 1D compression results of intact and reconstituted
Wenzhou clay

Fig. 8 shows the relationship between C,. and 4
for Wenzhou clay by Yin et al. (2015b) with the av-
erage ratio of C,/A=0.0256. The optimized values of
Cyei with the given value of 4,=0.197 are also plotted
in Fig. 8. All the values obtained from optimization
are within a reasonable range compared to those from
the experiment. Therefore, the SA method appears
suitable for identifying parameters related to creep
and destructuration.

0.015
O Yinet al. (2015b)  wenzhou clay
A Simplex Rxe
001 r
J
0.005

0 0.2 0.4 0.6
A
Fig. 8 Relationship between C,. and A for Wenzhou ma-

rine clay

The ANICREEP model adopted in this study has
one parameter ‘C,.’ concerning the viscosity of soils.
In the case that all other parameters are fixed, one C
controls not only one stress-strain relationship (e.g., a
unique g-¢, curve, where &, is axial strain) for the test
at a given strain-rate, but also the rate-dependency of
shear strength for tests at various strain-rates. Thus,
for identifying this parameter, the simplest require-
ment is only one undrained triaxial test under a given
strain-rate.

2.6.2 Validation based on test simulations

1D multi-staged constant rate of strain (CRS)
tests, undrained triaxial tests in compression and
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extension, and undrained creep tests on the same
Wenzhou clay (Yin et al., 2015b) were simulated by
the enhanced model with the optimized parameters
shown in Table 4.

One multi-staged CRS oedometer test with strain
rates varying between 0.2%/h and 20%/h was simu-
lated and compared to experimental results (Fig. 9). A
good agreement between experiments and simula-
tions was achieved. This demonstrates firstly that the
enhanced model can predict 1D rate-dependent be-
havior of Wenzhou marine clay, and secondly, that
the soil parameters optimized by SA are suitable.

—— Experiment
— Model

v 1.6
0 %/h

12
10" 10° 10
o', (kPa)

3

Fig. 9 Comparisons between simulated and measured
results of a CRS oedometer test with axial strain-rate
varying between 0.2%/h and 20%/h

In terms of 3D CRS tests, the simulations of
objective tests and additional extension tests are pre-
sented in Fig. 10. The differences between the dif-
ferent simulations were very small and the overall
quality of the simulations was satisfactory. This in-
dicates that the simplex optimization is highly capa-
ble of finding the best solution. Moreover, the en-
hanced model can reproduce the time-dependent and
destructuration behaviors of soft clay.

Then, three sets of undrained triaxial tests in
compression and extension on Kj-consolidated sam-
ples under vertical effective stresses (¢',(=75.4) at
strain-rates of 0.2, 2, and 20%/h were simulated.
Fig. 11 shows comparisons between the predicted and
measured results for deviatoric stress vs. axial strain
and the effective stress path. Good agreement be-
tween experiments and simulations was generally
achieved by the enhanced model with the set param-
eters optimized by the SA method.

Wenzhou clay, compression
strain rate=2% /h

50,
00 5 10 15 20
(a) &, (%)
250
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£ 150
& T|o=754kPa
= 100 1
& =300 kPa
50
&= 150kPa
0 L L L L
0 50 100 150 200 250
(b) p'(kPa)
150

Wenzhou clay, extension
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q (kPa)
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-20 -15 10 s o
© 5, (%)
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&\=75.4KkPa

o= 150 kpa & Ow=300kPa

-150
0 50 100 150 200 250

n p'(kPa)

Fig. 10 Comparisons between simulated and measured
results of objective tests in compression (a and b) and
corresponding extension (c and d) at initial vertical
stresses of 75.4, 150, and 300 kPa
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Wenzhou clay

{3, (CAUCtest, @, =754 kPa)

3 Application to soft Shanghai clay

According to Huang et al. (2011), undisturbed

s samples of Shanghai clay were taken at depths of
< 40 10 m, with in situ horizontal consolidation stress
s o 0.2%/h o'h=41 kPa and vertical consolidation stress ¢'yc=
20f 2% 68.6 kPa. The initial mean effective stress p'. was
O 20 %/h . . .
—— Simulations determined to be 50.3 kPa. Some physical properties
00 3 T0 T 20 of Shanghai soft clay are presented in Table 2.
@) 2, (%) Two available undrained compression tests
performed on the Kj-consolidated consolidated
O Shanghai clay were selected as the objective to
A 2%k identify the creep and destructuration related pa-
60[ © 20%/h <<>> rameters (Fig. 12). Based on the results, the slope of
© | —Simulations the critical state line was measured with M.=1.28.
< 40 The swelling index x=0.041 was obtained from the
= 1D consolidation test. The intrinsic compression
20 index 4;=0.122 was estimated by the equation of
Biarez and Hicher (1994). The typical value of
00 20 20 60 20 Poisson’s ratio 1=0.25 was assumed.
(b) p'(kPa)
60 0 NABDANN A
O 02%/h £ AMMMM
ol 2 2%m 60 (00000000 B
_ o 20%h 5 Zgﬁ ©00004,
§ — Simulations = ©0000
= 0 Wenzhou clay = §
> |(CAUEtest, @ =754 kPa) 30 ¢
230 - O Vertical stress=68.6 kPa
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Fig. 12 Triaxial test results on Shanghai clay: (a) axial
Fig. 11 Comparisons between simulated and measured strain-deviatoric stress; (b) stress path
results of undrained triaxial CRS tests in compression (a
and b) and extension (c and d) at an initial vertical stress
of 75.4 kPa

CAUC: anisotropic consolidation undrained compression;

CAUE: anisotropic consolidation undrained extension

The same optimization procedure was con-
ducted using simplex on Shanghai clay. The opti-
mization results are shown in Table 4. The values of
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Cyei and yo are in agreement with previous data on
Shanghai clay published by Huang et al. (2011) and
Zhu et al. (2013). Using the optimal parameters, the
objective tests were simulated (Fig. 13). The simu-
lations demonstrate that the SA has the ability to find
a better set of parameters and the enhanced model
performs well in describing the creep and destructu-
ration behaviors of Shanghai clay. For further vali-
dation, the tests performed on the isotropically con-
solidated soft Shanghai clay under different confin-
ing pressures were simulated using the optimal pa-
rameters given by simplex. Comparisons between
simulated and experimental results (Fig. 14) indicate
that the optimization procedure combined with the
SA and the appropriate creep model is efficient and
reliable in identifying creep and destructuration re-
lated parameters.

120
Shanghai clay
(CAUC test)
90
QUL AN A A

OO0

O OUTre
O Vertical stress= 68.6 kPa

A Vertical stress= 136.4 kPa
— Simulations
0 L . n
0 5 10 15 20
(a) &, (%)
120
W1 5 =68.6kPa F~ D
g A
< 60 >
S
30 b = 136.4kPa |
0
0 30 60 90 120
(b) p'(kPa)

Fig. 13 Simulations of objective tests of Shanghai clay
using optimal parameters

4 Conclusions

An efficient optimization procedure for identi-
fying creep and destructuration related soil parame-
ters using standard experimental tests has been

200 .
Shanghai clay

(CIUC test)

03=200 kPa

(a) &, (%)
200
150
= o
£ o
< 100 ya ¢ o
> =
AR )
50 Y s\
0 ) 0O =
0 50 100 150 200
©)] p'(kPa)

Fig. 14 Simulated results of tests on isotropically consol-
idated Shanghai clay with different confining pressures
CIUC: isotropic consolidation undrained compression

proposed. A newly developed elastic viscoplastic
model accounting for creep and destructuration has
been enhanced and adopted for modeling the time-
dependent stress-strain behavior of soft clay.

The optimization procedure was considered as a
mono-objective problem using an SA with a random
initialization method. Three conventional undrained
triaxial compression tests on Wenzhou clay were
selected as the objective. The set of parameters with
minimum objective error was selected as the optimal
values. The optimal secondary compression coeffi-
cient and soil sensitivity were first validated by
comparison with the experimental measurements.
The optimal parameters were then validated by sim-
ulating other tests on the same Wenzhou clay. Com-
parisons between simulated and experimental results
demonstrate that the proposed optimization procedure
is efficient and reliable. Finally, the proposed proce-
dure was applied to soft Shanghai clay to evaluate its
capability in identifying creep and destructuration
related parameters. The results demonstrate that the
proposed optimization procedure can be recom-
mended for use in engineering practice.
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Future work may include the application of the
advanced optimization methods, combined with
advanced constitutive models, to field tests or
measurements.
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