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Abstract Cementations formed in geological timescale ar&Keywords  Stiff clay - Destructuration Micromechanics

observed in various sficlays. A micromechanical stress Plasticity- Induced anisotropy

strain model is developed for modeling thiéeet of cemen-

tation on the deformation behavior of fétclay. The pro-

posed approach considers explicitly cementations at intef- Introduction

cluster contacts, which isfilerent from conventional model.

The concept of inter-cluster bonding is introduced to account

for an additional cohesion in shear sliding and a higher yieltlechanical behavior of sficlay has been widely studied

stress in normal compression. A damage law for inter-clustesxperimentally during last decades [1-9]. In general, the re-

bonding is proposed at cluster contacts for the debondingonstituted clay was used as a reference for interpreting the

process during mechanical loading. The model is used tgehavior of natural soil. The observedtdiences were at-

simulate numerous stress-path tests on Vallericéad#ly.  tributed to structure, defined as the combination of particle

The applicability of the present model is evaluated througlarrangement (fabric) and inter-particle bonding.

comparisons between the predicted and the measured results. | .. . L
. . . L Microstructure investigations on severafistiays were

In order to explain the stress-induced anisotropy arising from

externally applied load, the evolution of local stresses and 0~ ported in the literature. Berent from soft structured clay

cal strains at inter-cluster planes are discussed.

(with bigger void ratio than reconstituted sample)fstiays
have soil structure with small void between clusters (smaller
void ratio than reconstituted sample). In addition to the for-
mation of particle arrangement, carbonates were also found
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clay [3], 25% —40% in sff Pleistocene clay [6], 20% in #i
North Sea clay [8], 30% in Vallericca clay [9]. These carbon-
ates were found to be extremely fine and possibly to be re-
sponsible for inter-particle or inter-cluster (aggregate of par-
ticles) bonding, as indicated by researchers [2, 3, 6, 8-10].
This bonding might be formed during clay deposition his-
tory on a geological timescale. Experimental evidence also
shows a mechanical bond degradation (de-bonding) process
during applied mechanical loading. This bond degradation is
an irreversible phenomenon that, experimentally, appears to
be controlled by plastic strain accumulation [10].

The behavior of sff clay was modeled by conventional
elasto-plastic models [11-14]. In these approaches, the ma-
terial structure, including fabric and bonding, was accounted
for by the initial size of yield surface in a stress space. A
damage-type mechanism was introduced which permits re-
duction of the size of the yield surface due to bond degra-
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1014 Z.-Y.Yin, et al.

dation. However, the bonding and debonding at the interapplicability of the present model is evaluated based on the
cluster contact level has not been explicitly considered itomparison between measured and predicted results.
these models.

In order to tackle this issue, the micromechanics aP5 Eyoverimental investigation
proach [15-17] is adopted here. In this approach, the clay P 9
is regarded as an assembly of clusters (aggregates of clay

particles). The deformation of an assembly can be obtainegl1 Bonding and debondingfect on compression behavior

by integrating the movement of the inter-cluster contacts in

all orientations. Thus, thefiect of inter-cluster bonding can Figure 1 shows the compression curveseia, (void ra-

be explicitly represented by adopting the general assumpio versus vertical fiective stress) plane from oedometer
tion of presence of inter-cluster bonding. Since the orientaests on both intact and reconstituted samples of fotit sti
tion dependent properties of soil are explicitly representediays [2]. It can be concluded from comparing the results of
the induced anisotropy can be modeled in a more direghtact samples with those of reconstituted samples that the
way [16,17]. Therefore, the proposed approach is of morgter-cluster bonding due to cementation results in a signifi-
physical significance than conventional one. cant increase of compression yield stress.

In this paper, the destructuring behavior offstiays For compression behavior, when the applied loads
is first described. Based on this, we extend the micromeaeach the yield stress, a mechanical bond degradation pro-
chanical model [15] by introducing inter-cluster bonding anccess is initiated (see Fig. 1). The inter-cluster bonds are
debonding at the contact plane level: the inter-cluster bongrogressively lost, and the rate of debonding edéent for
ing increases both the shear strength and normal compredifferent types of clay (e.g., rapid degradation in Pietrafitta
sion strength, and an inter-cluster debonding model is used ttay in Fig. 1a). It needs to be noticed that, even at large
describe the bond degradation process subjected to mechastirains and high stress levels during one-dimensional com-
cal loading. The model is then employed to simulate triaxiapression, the compression curves do not merged to that of the
tests with various stress paths orfsthllericca clay for ver-  reconstituted clay. This indicates that there are still enough
ification of this approach. The evolution of local stresses anbonds exist for sff clay. This phenomenon isféierent from
local strains at inter-cluster planes due to externally appliegoft sensitive clay in which the bonds are easily destroyed
load are also discussed which demonstrat&smdint behav- so that it behaves as a fully reconstituted material very soon
iors of contact planes with various orientations. The overalafter the compression load exceeds its yield stress.

b s €12 d

Pietrafitta clay Todi clay Vallericca clay 0.9 Corinth marl clay
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Fig. 1 Experimental results of oedometer test on intact and reconstituted samplébabgs
2.2 Bonding and debondingfect on shear behavior also be found on dficlays under normally consolidated and

slightly overconsolidated condition, as shown in Fig. 2b for
Burland et al. [2] plotted peak strengths irg (mean ef-  Pleistocene clay [6], and in Fig. 2c for Vallericca clay [9] etc.
fective stress versus deviatoric stress) plane for both recoiihis difference of peak strength is attributed to inter-cluster
stituted and intact samples of fourftlays. For sfff clays bonding.
under over-consolidated condition, the slope of peak strength  Upon increase of the applied shear loads, the inter-
of intact samples is generally parallel to and higher than thatluster bonds are progressively lost. As a result, decrease of
of reconstituted samples (see Fig. 2a). ThiSedence of deviatoric stress after peak value takes place for intact sam-
peak strength between intact and reconstituted samples cples of stif clays, as shown in Figs. 2b and 2c.
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Fig. 2 aPeak strength of intact and reconstituted samplesfdttdly; b, c Effective stress paths from triaxial test on intact and reconstituted
samples of sff clays

3 Micromechanical stress strain model ing, the plastic law of shear sliding at inter-cluster con-
tacts [15] is modified. The yield function for shear sliding is
) ) ) assumed to be of Mohr—Coulomb type, defined in a contact-
Based on the bonding and debondirfieet on mechanical gyress space (e.q, s, 7 defined in Ref. [15], see coordinate
behavior of sfif clay, a micromechanical modeling method system shown in Fig. 3), as follows
is proposed. The model is extended from the clay model by

Chang et al. [15]. Only the modification to account for theFl(U 7,0, Hi) = T Hi(yP) 1)
effect of inter-cluster bonding and debonding is discussed™ =~ o+ 0p '
below. where oy, is the inter-cluster cohesion due to inter-cluster

bonding, H1(y") is a hardeningoftening function. For a
given value ofo, the failure liner/o can shift to left with

a distance obr,, as shown in Fig. 2, which gives the initial
amount of inter-cluster bonds. Fot, = 0, Eq. (1) can be

In order to take into account théfect of inter-cluster bond- reduced to that used in Ref. [15].

3.1 Inter-cluster behavior

3.1.1 Shear sliding

Fig. 3 Local coordinate at inter-particle contact

The stress dilatancy of fiticlay were reported [3, 8], where ta,, = t/(0 + op); D is a material constant for
which can be described by Taylor’s dilatancy equation. Acstress dilatancy. In Eqg. (2), the tag also represents the
cording to these observations, the local dilatancy equation Eope of the phase transformation line [18], at which the plas-
assumed in the same form as Taylor’s equation, given by tic volumetric strain rate is zero.

The degradation of inter-cluster bonds can be modeled
deP as a damage of the bonded contacts. Therefore, a damage
P D(tango — tandm), (2 Jaw was introduced in the expression of the inter-cluster co-
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hesion, expressed as transformation line. The same value rofas that for resis-
b = 040 EXPEa)) 3) tancg shoyvn in Ref. [15] is use_d for si_mplification.. This

b b0 EXPESaY™): relationship allows a dense packing to dilate at earlier stage
wherea is the initial inter-cluster cohesioiy is the fac-  of shear loading.
tor of damage representing the influence of the tangential  Note that one of important elements to consider in gran-
displacement in the damage law. Therefore, during loadinglar modeling is the concept of critical state, thus the influ-
each contact produces a progressive damage of cohesion.ences of interlocking and rolling friction of interparticles on

the mechanical behavior of the assembly can be dealed with

3.1.2 Normal compression by introducing this concept using Eq. (7) and Eqg. (18).

In order to account for inter-cluster bondinffext on the
compression behavior of fitclay, the second plastic law for
normal compression of inter-cluster contact [15] is modefied

3.2 Determination of model parameters

as The model involves the following parameters which can be
determined from two isotropic df, compression tests (one
Fa(o, 0p) = 0 = 0, (4 for intact sample, the other for reconstituted sample) com-
where the compression yield strass = (1 + x) is de- bined with one undrained compression test:
fined; op is the intrinsic compression yield stress corre- (1) Contact number per unit voluné/V and mean
sponding to the intersection point between compression lingduster sized
of intact and reconstituted samplgss the bonding ratio de- The mean sizd of the clay clusters was assumed to be
fined byy = op/opi — 1. 4,m [15], and the value oN/V = 12/[zd%(1 + €)€] is ob-
The hardening function far; is defined as tained using sizd and void ratice. Thus, no input is needed.
&P (2) Inter-cluster elastic constantg, kir andn
Tpi = Tpio exp(g), (5) The exponenh = 1 is generally assumed to obtain a

linear rebound line ire-Ig p’ plane.kr = 0.5 can be gener-
wherec, is the compression index for the compression Cuv@lly assumed for claykno = 9(1 + €y)oai/4« (the atmosphere
plotted one” — logo- plane. pressurery = 101325 kPa) can be calculated by using re-
Therefore, the dierence between Eq. (4) in the revisedhound indexc measured from the rebound curve of isotropic
model and the original model [15] lies in introducing the compression. Therefore, onkyand initial void ratioey is
inter-cluster bonding by for normal compression behav- needed as input parameter.
ior, as shown in Fig. 1. If the inter-cluster bonding is given (3) Inter-cluster plastic shear Stiess ratidor

by x = 0, Eq. (4) can be rgduced to onglnal model [15_]' According to the hardening rule used for shear sliding,
’_A‘ damage 'Iaw was introduced in the expression the kor determines the curve of shear stress—strain. Thus,
bonding ratio at inter-cluster level, expressed as follows ¢/ o given stress—strain curve thg: can be obtained from
XY = xoexpé&nsP), (6) shear stress—strain curve fitting.
(4) Inter-cluster friction angleg, andm
Theg, is assumed equal to the internal friction angle of
materialm = 1 is generally assumed for clay.

whereyg is the initial bonding ratio&, is the factor of dam-

age representing the influence of normal displacement in thﬁ
damage law. Therefore, during loading each contact pr&- € .
duces a progressive damage of bonding ratio. ygoe 0, () Dilatancy constari

the equation can be reduced to that used in Ref. [15]. The parameteD influencing the magnitude of di-
latancy can be determined from undrained stress path or
3.1.3 Influence of density state on the phase transformatiarained volumetric change behavior.

anglego (6) Inter-cluster plastic normal compressianio, Cp,

. . and
Burland et al. [2] reported results of drained and undrained® n . . .
The opio can be measured from intersection point

triaxial tests on reconstituted and intact samples éfdays. . ,
r(g-pio = Ppio ON global curve ire-log p’ plane) of compres-

For over-consolidated samples, the clay dilates starting fro i bet tituted and intact | Th
a stress ratio (phase transformation line) much lower tharjo" 'NES between reconstituted and intact samples. - 1he
= Ppo/ Ppio — 1 can be obtained with compression yield

the critical state line from reconstituted samples. Based of? dirom th on line of intact
this fact, in this approach, we propose that the local phass%ressppo measured rom the compression ine of Intact sam-
e. Sinceg, = (4 — «)/3(1+ &) can be obtained using com-

transformation line tapy depends not only on the internal P

friction angleg,, but also on the density state, expressed adression index and r_ebound index of an assembly of clay
clusters, we use as input parameter instead @f. Theé&,

-m . .
tango = (g) tang,. @ Contrc_JIs the debonding rate gf _Thus, for a given com-
e pression curve thé&, can be obtained (see discussion later,

wherem is a material constant to control the slope of phasé&ig. 4).
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Fig. 4 Predicted behavior of one-dimensional compression
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(7) Inter-cluster cohesive stress;o andéy

The parameters,y and &y can be obtained by curve
fitting from one undrained triaxial test (see discussion later,
Fig. 5).

(8) Critical state lineegyg

The e,q can be measured from critical state lineein
Ig p’ plane corresponding tps = 100 kPa.

3.3 Model performance for behavior description

The performance of the model is examined undéiedent
conditions using the model constants given in Table 1. First,
a one-dimensional compression test is considered. Model
simulations using dierent values of damage parameggr
are shown in Fig. 4. In this figure, the general compression
behavior shown in Fig. 1 can be reproduced. The destruc-
turation process is simulated depending on its destructura-
tion rate which is related to the damage paramgteBased

bro
OCR =1, &=1
a,, =10 MPa
1.5 (J'Na:U.fl MPa
. F\
E 1.0 o, = 0.2 MPa
0.5
0
0 5 10 15
£, 1%
d 90
OCR=1, 6, =06 MPa
1.5
o3
o,
E 1.0
>
0.5
0
0 5 10 15
& 1%

Fig. 5 Predicted behavior of undrained triaxial tesisb Effect of initial cohesiong, d Effect of damage factor; areg f Coupling dfect
of initial cohesion and damage factor
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Fig. 5 Predicted behavior of undrained triaxial tesisb Effect of initial cohesiong, d Effect of damage factor; arel f Coupling dfect
of initial cohesion and damage factor (continued)

on this result, dferent values of, can be determined for tests for values ofy,,, lower than the yield stresg,o (see
different stf clays. Fig. 6) and high-pressure (HP) tests whefg, > Ppo. In
all selected tests, anisotropic compression and swelling paths
were applied to the natural samples before shearing. Samples
Table 1 Values of parameters for Vallericca clay were then sheared or anisotropically swelled back fiedi
ent OCRs prior to shearing.

Global parameters Inter-particle parameters

K i & €n D¢, kr Kr opo xo & oo &
0.022 0.148 0.84 1.1 1 230.5 0.8 550 1.55 7 600 1 1.0

4

Then an undrained triaxial test on normally consoli- 09
dated sample was selected for the simulation, as shown in
Figs. 5a and 5b for a givefy = 1 with different values of
oo (200 kPa, 600 kPa and 1 000 kPa), and in Figs. 5c and 5d
for a givenopg = 600 kPa with diferent values oy (0.2,
1 and 5). The initial cohesive stresgy controls the magni-
tude of peak strength ardg controls the destructuration rate 0.6
of cohesive stress for intact clay, as their definitions. Fig-

e

0.7

O Reconstituted IC

ures 5e and 5f show couplingfect of o0 andéy. Different g | O nmctAC BTN

B Reconstituted CS ) LR

values of ¢y, &9) can be selected to obtain the same stress
® [ntact CS

level at an axial strain of 10% but withféierent stress evolu- 04

tions during straining. According to this suggestiofg and Y 1 10
&q can be obtained from the measured stress—strain curve of '/ MPa

intact sample.

Fig. 6 Compression curves and critical states for intact and recon-

4 Test simulations stituted samples of Vallericca clay

4.1 Review of experimental results Amorosi and Rampello [9] also gave isotropic com-
pression line and critical state line from tests on reconstituted
The applicability of the model is investigated by compar-samples, as shown in Fig. 6. The critical state line of intact
ing its predictions with the results of a series of laboratoryclay samples is very fferent from that of reconstituted sam-
tests on Vallericca dticlay [1, 9, 12]. The selected triaxial ples. This is dferent from soft sensitive clay which has a
tests are distinguished in two types: medium-pressure (MR)nique critical state line for intact and reconstituted samples.
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curve at small strain range where the influence of destruc-
turation is very slight (as shown in Fig. 5D = 1 was
Isotropic and anisotropic compression tests (see Fig. 6) afptained from fitting the féective stress path of undrained
one undrained triaxial test (see MBCR = 1 in Fig. 7) test.opo andéy were obtained from fitting the stress—strain
were used to determine parameters_ Parametdrsy, €, curve of undrained test (according to the method shown in
Opios Yo Were measured from F|g 6 W@a‘;1 obtained from FlgS 5e and 5f) All values of parameters are summarized
destructuration rate (see F|g 4%}1 = 23 was obtained in Table 1 which will be used to simulate other tests on the

from triaxial tests on reconstituted samples (see Fig. 2c by@me material.
Ref.[2]). kor = 0.8 was obtained from fitting stress—strain

4.2 Calibration of model parameters

a 5 b 5
X MP: OCR=1.0 M=0.9 from " e M=0.9 from
o MP: OCR=1.0 reconstituted samples Stuglations reconstituted samples
AMP: OCR=1.7
41 o MP OCR=24 . ,}.’.. 4 \
O MP: OCR=4.0 e® . o g
e HP: OCR=10 AL o
_ 3| aHPOCR=17 J’: ¢ 3 OCR=10
£ ® HP: OCR=2.4 " £
= .ﬁ A =
s ~m A S g
) “m A 2 OCR=1.0 ¢ -~
MP -
P’ L] A by
3 ., OCR=11
| FEA . 1 4
53 A e ., HP
3904 . ) OCR=2.4
a g Experiments LOCR=4-1.7
ol 8 [ S
0 1 2 3 4 5 0 1 2 3 4 5
p'/MPa p'/MPa
[ d 5
Experiments Simulations
4
e e OCR=1.0
® 9 o
A A A a0, : ®
EEEoam omg, ‘: 3 )
= o OCR=17
o -»
= =
= =
2
06 QQ A OCR=1.0
Rast, BB H 0 doln s
o MP: OCR=1.0 e HP: OCR=1.0 l
A MP: OCR=1.7 A HP: OCR=1.7 :
o MP:OCR=24  m HP: OCR=24 OCR=4-17
o MP: OCR=40
0
2 4 6 8 10 0 2 4 6 8 10
&1% g /%

Fig. 7 Comparison between experimental and simulated results for undrained triaxial tests on Vallericealtlaffective stress paths;
andc, d Deviatoric stress versus axial strain

bound and shearing stress paths followed by the specimen-
test in the laboratory. In particular, the simulations were
performed under stress-controlled conditions during the con-
For each_of the MP and HP tests, the proposed r_nod_el Wdlidation and rebound stages of the tests, followed by the
used to simulate the complete sequence of consolidation, re-

4.3 Test simulations and comparisons
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strain-controlled shearing stage. 5 Micromechanical analysis for induced anisotropy and
_ _ _ debonding
Figure 6 shows the comparison between experimental
E}esugs and S|mutlgt|on\:,].for tge anISOtI’O[ZiIC dcfompressm? 3k this section, we investigate the predicted local stress—
¢ oac a%reemen IS achieved, as respected for parameters gft2in behavior for selected contact planes with inclined an-
ermination. gleso = O°, 18, 28, 45, 55, 72 and 90 (see Fig. 3).
Figure 7 shows the comparisons for all selected Ne undrained triaxial tests on sample W@iCR = 1 under

undrained triaxial tests with fierent OCRs. Figure 8 shows Nigh pressure were discussed as an example for the local be-
the prediction for drained triaxial on normally consolidategh@vior of contact planes. In order to study the stress-induced

7 anisotropy during undrained shearing, we have selected three

clay, for which the &ective stress path can be found in Fig. - . . ]
steps: begin of loading, peak deviatoric stress and end of

The volumetric strain behavior of thefttlay is then exam- :
ined. In general, simulated results agree with measured ond&2ding.
although discrepancies were found for some of tests which ~ F19ure 9a shows the local stress paths for all selected
are probably due to the variation of intact samples since afiontact orientations. For the &nd 90 contact planes, shear

tests need 7 individual samples. Also we note that the predié:“ess is null. The stress stat.e with the highest stress ratio
tions are not worse than those in Ref. [12]. The model welt$ 0N the 55 contact plane. Figures 9b and 9c show local

captured the trend of destructuring behavior df sfay due shear stress—strain curves, which clearly indicates that every

to the destructuration process during shearing under varioG§Ntact plane is mobilized to afttrent degree. The planes
with the largest movements are near the orientation 6f 55

conditions. _
(close torr/4 + ¢,,/2 = 56.5°). These active contact planes
contribute largely to the overall deformation of the specimen.
3.0 12 Among all selected contact planes, only thé &antact plane
behaves local shear strain softening similar to the global one.
25 9 The degradation of bonding ratio and degradation of co-

hesive stress for all selected contact planes are plotted versus
20 — v 6 global axial str_ain ?n Fig. 10. For cohesive stress (Fig. 10a),
f * ** Deviatoric stress most degradation is taken place on thé 8éntact plane due_
15 & 3 to its largest movements. Other contact planes have slight
J debonding since their mobilized strains are small. For bond-
10 +ey , Velumetric strain 0 ?n_g_ ratio (F_ig. 10_b), dierent contact pla_nes ha_ve(fd'renF
R RPN o initial bonding ratios due to the debonding during previous
0.5 _ ) anisotropic compression. During undrained shearing, the 90
¢ Drained test: MP: OCR=1.0 Y . .
— Simulation contact plane has no debonding since there is only unloading
0 6 process in normal direction. Among other contact planes,
0 2 4 6 8 10 slight degradation is taken place on the® $®ntact plane
&1% due to its movements by shear induced dilatancy, and other
contact planes have very slight debonding during the begin-
Fig. 8 Comparison between experimental and simulated results faring of shearing and stop debonding at certain global strain
drained triaxial test on Vallericca clay levels (from 0.5% to 1.4%).

q/MPa
v
£, /%

[¥5]

b s €3

2.0 S 2.0
— / 55°
= 15 78 =15 e

E 187 72° E
S 1.0 V/_7 - = 1.0
90° - 0.5 0.5
-1 0 0 -
0 2 4 6 8 0 0.3 0.6 0.9 0 15 30 45
o/MPa ¥/% ¥!%

Fig. 9 Local behavior on selected inter-cluster planes for the selected undrained triaxial ltestal stress pathy, ¢ Local shear stress
versus shear strain
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Fig. 10 Local debonding on selected inter-particle planes during undrained sheafingcohesionb For bonding ratio

In the present model, the inter-cluster bonding on eackhown that every contact plane is mobilized to &edent
plane are considered as internal state variables, and their eviiegree. A few active contact planes contribute largely to
lution can serve to model the behavior change on each indihe deformation of the assembly, while most contact planes
vidual plane, thus the results exhibit naturally the inducedre inactive and have small movement. Therefore, the lo-
anisotropy of debonding. cal stresses and strains are highly non-uniform, implying the

development of anisotropy (e.g. distributions of soil prop-
erties: elastic and plastic modulus, bonding) induced by the
6 Conclusions externally applied load.
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Based on this, a micromechanical stress—strain approach has

been developed for modeling the behavior offstlay. In  References

this model, the clay cluster is considered as particle. The

model is based on the description of inter-cluster contact lawl Rampello, S., Georgiannou, V.N., Viggiani, G.: Strength and

which requires a Simp|e local stress—strain relation on a con- dilatancy of natural and reconstituted Vallericca clay. In: Proc.
tact plane. Int. Symp. on Hard Soils—Soft Rocks, Athens 1, 761-768

. . . . (1993)
e I.Z:e !gtetggllﬁ;%re?(;qdég%f?fciﬂnCtlg}/(\;,(V)?iai(tm'srﬁ?rs% 2 Burland, J.B., Rampello, S., Georgiannou, V.N., et al.: A lab-
Xplicitly 1 . . us ! _' .u ing oratory study of the strength of four Stclays. Geotechnique
shear cohesive stress giving an amount of cohesion in shear 46(3), 491-514 (1996)

sliding and normal bonding ratio enlarging.the normal yield 3 Cotecchia, F., Chandler, R.J.: The influence of structure on the
stress. Damage laws for inter-cluster bonding were proposed pre.-fajlure behaviour of a natural clay. Geotechnid@s),
at each cluster contact for the debonding process during me- 523544 (1997)
chanical loading. The intensity of the damage was taken a4 Kavvadas, M., Anagnostopoulos, A.: A framework for the me-
a function of the local plastic strains of two contacting clus-  chanical behaviour of structured soils. In: Proc. 2nd Int. Symp.
ters. Hard Soils—Soft Rocks, Naples 2, 603-614 (1998)

Undrained and drained triaxial tests on Vallericca ® Cotecchia, F., Chandler, J.: A general framework for the me-
stiff clay were simulated to evaluate the present model. Cchanical behaviour of clays. Geotechnigh@(4), 523-544
Comparisons between experimental results and simulations (2000) ) _
demonstrate the model's capability of describing correctly Cafaro, F., Cotecchia, F.: Structure degradation and changes

. - . . N in the mechanical behaviour of aféttlay due to weathering.
:1neisgterztgsctur|ng behavior of fticlay including induced Geotechniqué1(5), 441-453 (2001)

] ) 7 Rampello, S., Calabresi, G., Callisto, L.: Characterisation and
The predicted behavior of contact planes has been ex- engineering properties of a itclay deposit. In: Proceedings

amined for an undrained triaxial test on sample ViR = of the International Workshop on Characterisation and Engi-
1. The local stress—strain response on contact planes has neering Properties of Natural Soils, Singapore, 2, 1021-1045

@ Springer



1022 Z.-Y.Yin, et al.

(2002) 14 Amorosi, A., Boldini, D., Germano, V.. Implicit integration
8 Jovicic, V., Coop, M., Simpson, B.: Interpretation and mod-  of a mixed isotropic-kinematic hardening plasticity model for

elling of deformation characteristics of afstNorth Sea clay. structured clays. International Journal for Numerical and Ana-

Canadian Geotechnical Jourd&(4), 341-354 (2006) lytical Methods in Geomechani&2(10), 1173-1203 (2008)

9 Amorosi, A., Rampello, S.: An experimental investigation into 15 Chang, C.S., Hicher, P.Y., Yin, Z.Y., et al.: Elastoplastic model
the mechanical behaviour of a structuredfstlay. Geotech- for clay with microstructural consideration. ASCE Journal of
nique57(2), 153-166 (2007) Engineering Mechanics359), 917-931 (2009)

10 Lagioia, R., Nova, R.: Experimental and theoretical study ofy ¢ vy, 7 v chang, C.S.: Microstructural modelling of stress-

the behaviour of a calcarenite in triaxial compression. Geotech- dependent behavior of clay. International Journal of Solids and
niqgue45(4), 633-648 (1995)

. Structure16(6), 1373-1388 (2009)
11 Gens, A., Nova, R.: Conceptual bases for a constitutive model| . . . .
for bonded soils and weak rocks. In: Proc. Int. Symp. Hargl? Yin, Z.Y., Chang, C.S., Hicher, P.Y., et al.: Micromechanical

Soils—Soft Rocks, Athens 1, 485-494 (1993) analysis of kinematic hardening in natural clay. International
12 Kawadas, M., Amorosi, A.: A constitutive model for struc-  J0urnal of Plasticitp(8), 1413-1435 (2009)
tured soils. Geotechniqus(3), 263—273 (2000) 18 Ishihara, K., Tatsuoka, F., Yasuda, S.: Undrained deformation
13 Liu, M.D., Carter, J.: A structured cam clay model. Canadian and liquefaction of sand under cyclic stresses. Soils and Foun-
Geotechnical Journ89(6), 1313-1332 (2002) dations15(1), 29-44 (1975)

@ Springer



