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Motivation

Nova, et.al model: drained triaxial test.
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Motivation

Drained triaxial test. Pampean loess sample.
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Mechanical behaviour of structured soils

Increase in the preconsolidation pressure

EFFECB OF STRUCTURE IN NATURAL SOILS AND WEAK ROCKS 469 

and re-sedimented clays, as shown on Fig. 2. The 
curves for the natural soil have higher void ratios 
than is possible for the soil from which structure 
has been removed (e.g. Casagrande, 1932; Rut- 
ledge, 1947; Quigley & Thompson, 1965; Mesri, 
Rokhsar & Bohor, 1975; Locat & Lefebvre, 1987; 
Lapierre, 1987). 

Secondary compression produces not only an 
increase in preconsolidation pressure but also a 
homologous increase of the entire limit state or 
yield curve, as shown as curves Y, and Yc on Fig. 
l(c) (Burland, 1971; Tavenas & Leroueil, 1977). 
Structure also produces an increase in the entire 
curve, although possibly not in a homologous 
manner. As shown in Fig. 3, the yield curves 

obtained from natural clays are centred more or 
less about the stress line for K, normal consoli- 
dation, due to their anisotropic structure. The 
yield surfaces for samples anisotropically consoli- 
dated from a slurry in the laboratory also show 
this (Ladd & Varallay, 1965; Parry & Nadarajah, 
1973; Hight, Gens & Jardine, 1985). Anisotropy 
developed in soft clays during initial deposition is 
retained when they become structured. 

Numerous experimental studies have shown 
that yield in soft clay is easily defined, even in 
isotropic compression (Mitchell, 1970; Sangrey, 
1972; Crooks & Graham, 1976; Tavenas & 
Leroueil, 1977; Larsson, 1981; Magnan, 
Shahanguian 8~ Josseaume, 1982; Graham, 

10' 102 103 
a;: kPa 

(b) 

Fig. 2. Ooedimeosiooal compressioo curves for intact samples of soft clay and for samples sedimented in tbe 
laboratory: (a) Mexico City clay (from Mesri et al. 1975); (b) Tbe Grande Baleine clay (from Locat & Lefebvre, 
1982) 
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Fig. 3. Yield carves for intact and destructured soft clays after Taveoas & Leroaeil, 
1985): (a) Saiot-Alban (Lerooeil ef al. 1979); (b) Cubzoc-les-Posts (Monao et al. 
1982); (c) Atcbafalaya (Park, 1983); (d) Bjickebol (Brouswau, 1983) 

Figure: Oedometric test. Mexico city clay, Mesri (1975)
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Mechanical behaviour of structured soils

Increase in strength and stiffness.
EFFECTS OF STRUCTURE IN NATURAL SOILS AND WEAK ROCKS 479 

Backebol I 
(Brousseou, 1983) 
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Fig. 17. Stress-strain relationships from undrnioed triaxinl tests on intact and 
destructured natural clays, after Tavenas & Leroueil(1985) 
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Fig. 18. The loss of structure by compression in an oedometer teat on Colebra shale, 
after Baoks et al. (1975) 

Yield in shear 
It is self-evident that yield in shear will cause 

loss of structure. However, it can be relatively dif- 
ficult to quantify this effect because of the forma- 
tion of shear discontinuities, with orientation of 
particles in more plastic clays and mudrocks. 

Excavation and placing of structured soils as 
fill involves intense local shearing and results in 
an almost complete removal of structure analo- 
gous to remoulding. There is an inevitable 
reduction in drained shear strength and, as a con- 
sequence, provided pore pressures are similar, 
embankments may require flatter slopes than cut- 
tings in the same material. 

Cemented sands readily lose their bonds and 
become cohesionless (Yamanouchi et al., 1977). 
Loss of structure in sands may result from the 

shearing accompanying deep compaction. 
Mitchell & Solymar (1984) discuss cases where 
densification of sands and silts by vibro-com- 
paction, dynamic compaction and blasting have 
resulted in a loss of penetration resistance which 
could not be explained by excess pore pressures. 

Sampling by driven or jacked tubes may cause 
yield in both compression and shear. During 
sampling the soil is subject to a compression- 
extension-compression cycle of loading (Baligh, 
1985; Baligh, Azxouz & Chin, 1987). If the strains 
are sufficient to bring the soil to yield then at 
least partial destructuring results (Tavenas & 
Leroueil, 1990). Baligh (1985) shows that this 
effect should increase as the ratio of tube thick- 
ness to diameter increases. This has been demon- 
strated experimentally in soft clays (La Rochelle 

William M. Fuentes (Grupo de Investigación en Geotecnia Universidad de Los Andes-Bogotá, Colombia Centro de Estudios Interdisciplinarios Básicos y Aplicados en Complejidad -CeiBA-)A Visco-hypoplastic model for structured soils April 3, 2009 6 / 48



www.efn.uncor.edu/…/portada.html 1/2

Mechanical behaviour of structured soils

Other observations

Viscous behaviour (Tatsuoka, et.al. 2002; Sorensen, et.al. 2007)

Anisotropic yielding surface (Nova.et.al. 2001, Leroueil, et.al. 1990)

drained response of London Clay is characteristic of isotach
behaviour, with different stress–strain curves for different
strain rates. Fig. 3 shows the stress–strain response of the
NC reconstituted clay during undrained shearing (in this test
the local radial strain measurement failed, thus the graphs
are plotted in terms of axial strains). For undrained loading,
the response to strain rate changes seems to depend on the
strain level, being characteristic of isotach behaviour at low
strain levels (pre-peak strength) and changing to become
more temporary with increasing strain level. The temporary
response to strain rate changes has been defined by Tatsuoka
et al. (2002) as TESRA (Temporary Effect of Strain Rate
and strain Acceleration), a term that has been widely
accepted and will be used here. At low strain levels for each
increase in strain rate the stress–strain curve shows a stiff
response (near vertical) and strain-hardens to reach the
unique stress–strain curve for that specific strain rate. When
the clay reaches higher strain levels and approaches its peak
strength, the effects of changing strain rate become more
temporary. For each increase in strain, after a stiff response
the clay strain-softens to reach a persistent stress–strain
curve above the curves defined by the strain rates at lower
strain levels. When extrapolating the persistent response for
the different strain rates it is observed that at all strain levels
the points fall on unique stress–strain curves. As shown in
the following, the strain rate effects give rise to an effective
increase in stress at a given strain level, and hence a similar
increasingly temporary behaviour can be expected for the

NC sample in drained shearing at higher strain levels
(.1.5% axial strain), even though this cannot be extrapo-
lated from the presented tests, as these were terminated at
low strain levels (,1.5% axial strain).

The pore water pressure response for sample S1LCrA2
during undrained shearing is shown in Fig. 4. Some persis-
tent effects of strain rate may be seen at low strains, but
they are rather insignificant. On approaching peak each
strain rate change is accompanied by a stiff response of the
pore water pressure, but this is only temporary, and the pore
water pressure path soon joins a unique line. This indicates
that in NC-reconstituted London Clay the pore water pres-
sure can be considered to be independent of axial strain rate.

Similarly, the relationship between the volumetric strain
and axial strain is found to be independent of axial strain
rate during the drained shearing of sample S2LCrA2, indi-
cating that the strain rate changes affected the volumetric
and axial strain in equal proportions. It was assumed that
the test was fully drained, based on the fact that during the
isotropic test the pore water pressure became significant only
for stress rates greater than 3 kPa/h, corresponding to strain
rates greater than approximately 0.1%/h. Furthermore, sev-
eral checks, performed by closing the drainage valve for
short periods up to 10 min during drained shearing of
sample S2LCrA2, indicated insignificant build-up of excess
pore water pressure (less than 2% of the current mean
effective stress) under the highest applied rate of axial strain
of 0.05%/h. The stress paths for the drained and undrained
tests have been normalised for volume with respect to an
equivalent pressure for a given void ratio on the isotropic
NCL determined for the reconstituted clay for the reference
stress rate of 3 kPa/h, with a view to determining the state
boundary surface (see Fig. 5). The undrained stress path for
the NC clay should follow the Roscoe–Rendulic surface and
define a yield envelope or local boundary surface (LBS).
The intrinsic LBS* defined by Gasparre et al. (2007) is also
shown for comparison. This LBS* was determined using a
range of strain rates, from 0.004%/h for drained tests to
rates higher than 0.1%/h for the undrained tests. There are
clear effects of changes in strain rate on the local boundary
surface before peak, which cannot be attributed to the pore
water pressure. This axial strain rate sensitivity of the
undrained stress–strain path and insensitivity of the pore
water pressure suggest that viscosity is associated with the
soil matrix behaviour independently of drainage. This throws
new light on the mechanisms governing rate effects in stiff
clays.

The axial strain rate dependence of the local boundary
surface LBS is consistent with that observed of the isotropic
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Fig. 2. Effect of stepwise change in strain rate on drained
stress–strain shearing path of NC reconstituted London Clay at
low stresses (S2LCrA2)
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reconstituted London Clay (S1LCrA2)
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TIME-DEPENDENT BEHAVIOUR OF A STIFF SEDIMENTARY CLAY 117

Figure: London clay isotachs, Sorensen, et.al. 2007
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Reference model
Visco-hypoplasticity

1

Assumptions:
Decomposition of strains D = Dv + De

Simulates viscous behaviour, h(T, λD) 6= λh(T,D) 6= λ
◦
T.

Creep, stress relaxation and deformation rate dependence.

BUTTERFIELD (1979) compression law. ε = − ln
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Constitutive equation

Visco-hypoplasticity constitutive equation
◦
T = fbL̂ : (D−Dv) (1)

where,
◦
T is the ZAREMBA-JAUMMAN objective stress rate tensor.

D the strain rate tensor.

Dv viscous strain rate tensor.
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Fourth order hypoelastic tensor (Wolffersdorf, 1996):

L̂ = a2

((
F

a

)2

I + T̂⊗ T̂

)
(2)


T̂ =

T

Tr [T]
, The dimensionless stress tensor;

fb, The barotropy factor;
F, a, Scalar functions which represent the limit surface;

Iijkl =
1

2
(δikδjl + δilδjk), The fourth order unit tensor for symmetric tensors.

(3)

Barotropy factor

fb = − trT

(1 + a2/3)κ
= −βbtrT (4)
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Critical state surface

L̂ = a2

((
F

a

)2

I + T̂⊗ T̂

)
(Wolffersdorff, 1996).
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3D definition for OCR: CAM-CLAY surface.
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Parameters

Name Symbol Units Test
Compression index λ [-] Oedometric

Swelling index κ [-] Oedometric
Critical friction angle ϕc [◦] Triaxial

Viscosity index Iv [-] Oedometric
Reference creep rate Dr [-] Oedometric
Void ratio for 100 kPa e100 [-] Oedometric
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Proposed model
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Review of some models:

Compression law

Liu and Carter 1999

∆e = S

(
pc0

p

)
ln(pc0) (17)

Other proposal:
Masin (2006)

∆ ln (1 + e) = λ ln(s) (18)

behaviour for a sample that has undergone a degree
of disturbance (or `destructuring'), and curve (c)
represents the compression behaviour for a comple-
tely reconstituted sample of the same soil. The
following features can be observed in Fig. 1.

(a) For a given vertical stress, ó 9v, the voids ratio
for a natural, structured soil is higher than that
of the reconstituted soil of the same miner-
alogy. When soil undergoes destructuring, the
additional voids ratio sustained by soil struc-
ture decreases.

(b) As ó 9v increases, the compression curves cor-
responding to the structured soils appear to be
asymptotic to the curve for the reconstituted
soil; that is, the in¯uence of soil structure tends
to diminish as ó 9v increases. Progressive de-
structuring accompanies the plastic yielding
(irrecoverable deformation) that is associated
with the virgin compression.

A material idealization of the compression beha-
viour of structured soils is shown in Fig. 2. The

voids ratio for a structured soil, e, can be ex-
pressed in terms of the corresponding voids ratio
for the reconstituted soil, e�, and the component
due to the structure, Äe, that is

e � e� � Äe (1)

Following the suggestion of Burland (1990), the
properties of a reconstituted soil are called the
intrinsic properties, and are denoted by the symbol� attached to the relevant symbols. Hence, under
all conditions the in¯uence of soil structure can
be measured by comparing its behaviour with the
intrinsic behaviour. The behaviour of reconstituted
soil is regarded as the reference behaviour, and
the associated properties are regarded as the refer-
ence properties in this study. The difference, Äe,
identi®es the effect of soil structure. Usually, Äe
is positive, which means that a larger voids ratio
can be sustained due to the effects of soil struc-
ture.

Following an examination of a large body of
experimental data for both naturally and arti®cially
structured soils, a basic principle for the compres-
sion behaviour of structured soils is proposed as
follows:

During virgin compression, the additional voids
ratio sustained by soil structure is inversely
proportional to the current mean effective stress.

This principle implies that the virgin compression
behaviour of structured soils can be expressed as

e � e� � A

p9
for p9 > p9y,i (2)

A is a new parameter, described here as the
`structural compression factor', which is a constant
for a given soil under a given type of compression,

2
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Fig. 1. One-dimensional compression tests on Guang-shen clay (Wang &
Wei (1996))
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44 LIU AND CARTER

clearly demonstrated in two sets of test data. Fig.
12 shows the data for a reconstituted sample of
Jonquiere clay (Leroueil, 1996) that was ®rst con-
solidated to a vertical effective stress of 10 kPa.
This compression pressure was then held constant
for 120 days. Subsequently, the sample was sub-
jected to further compression under increasing
vertical effective stress. The results during the sub-
sequent compression loading are typical of those
for a soil that has developed a structure. In fact,
the subsequent compression response indicates that
the soil behaves as if it had been previously loaded
to a stress state with ó 9v � 18 kPa, not the actual
value of ó 9v � 10 kPa. Hence, during the 120-day
period of constant effective stress, the reconstituted

soil apparently developed a structure producing a
subsequent yield point which is larger than that
produced by its stress history alone.

The other example of a developed structure is
shown in Fig. 10 for a laboratory-sedimented re-
sidual clay (Leonards & Altschaef¯, 1964). The
reconstituted soil sample was ®rst isotropically
loaded to 49 kPa, and then was held at rest for 90
days. After that, the sample was loaded again. The
virgin yield stress was increased to 61 kPa because
of the development of soil structure.

The Mexico City clay, shown in Figs 14 and 15,
has an in-situ voids ratio as high as 14. During the
loading from ó 9v � 100 kPa to ó 9v � 3000 kPa, the
voids ratio is reduced to 2´7. It can be seen from
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Model from Liu and Carter (1999)
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Review of some models:

Incorporation of a structure variable

Decomposition of stresses; Nova et.al. (2001),
Bauer y Wu (1993)

T := TR + TB (19)

Increase in the preconsolidation stress Stallebrass
et.al. 2004, Masin, 2006:

pe := spe (20)

Modification in the bounding surface: Wood et.al.
(2000)
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FIG. 5. Bond Strength qB in Shear with Shear Strain (Undrained Test
on Osaka Clay at 0.2 kg/cm2 conf. press.)

FIG. 6. Yield Curve for Bond Component

­p ­qB Bp= k ; = 2aqB Bp p­ε ­εv s

Therefore

­N ­Np p pdN = K dε 2 a q dε (4)B v B s
­p ­qB B

The softening parameter a can be obtained by calibration of
test results for each soil. A value of 40 was found to be suitable
for all soils in this study. An associated flow rule is adopted
for the bond component. The plastic strain rates can be ob-
tained by the usual methods used in hardening plasticity. For
the present case of the associated flow rule

­g ­ fB Bpε̇ = L ? = L ? (5)ij
­s ­sij ij

The value of L can be derived using the consistency con-
dition to be

1 ­ fB
L = ṡ (6)ij

H ­sij

where

­ f ­N ­gB B
H = (7)p­N ­ε ­sij kl

The elastic strain rates are given by

ṗ ṡB Bijp eε̇ = ; ė = (8)v ij
K 2GB B

where eij and sBij = deviatoric strain and stress components,
respectively. For the uncemented soil skeleton component, the
stress-strain relations are described by the modified Cam-clay
model with the associated flow rule and isotropic hardening.

With these defined features, the compliance matrices (CB)
and (CR) or the stiffness matrices (DB) and (DR) for the two
components can be obtained. Then the overall stiffness matrix
(D) for the soil can be obtained by adding the stiffnesses of
the two components

(D) = (D ) 1 (D ) (9)R B

The stress-strain relations for the soil can be worked out in-
crementally, updating the stresses, strains, and hardening sep-
arately for the two components at each stage. The model de-
veloped here is simple and the input parameters required are
minimal and well defined. The parameters for the uncemented
soil component are the usual Cam-clay parameters (i.e., l, k,
M, GR, and the void ratio). If the in situ soil is in an overcon-
solidated state, the preconsolidation pressure pCR correspond-
ing to the uncemented component will also have to be known.
The additional parameters for the bond component are Ap, Aq,
KB, GB, and , as defined earlier, all of which can easily bepKB

determined from isotropic compression tests and typical un-
drained shear tests on undisturbed and reconstituted states.

The value of KB is the slope of the initial stiffer part of the
plot of pB versus the volumetric strain plot, which is the elastic
region, and Ap is the elastic limit of the bond stress. For most
of the soils studied in this work, the later portion of the plot
showing plastic hardening of the bond stress was also found
to be nearly linear. The slope of this plot gives the elastoplastic
modulus value, (Fig. 4). The plastic modulus can thenep pK KB B

be obtained by = 2 . If, for a soil, the plot isp ep e1/K 1/K 1/KB B B

found to be nonlinear, then the plastic modulus value will have
to be suitably considered. In the case of stiff cemented soils
where the uncemented soil component is in an overconsoli-
dated state, separation of the bond strength in compression
may pose some difficulty if the exact stress history is not
known. For example, the present soil state in the field might
have been reached in several ways. The soil might have de-
veloped cementation while in a virgin state and then was sub-
jected to some stress release (which occurs with much reduced
swelling due to the presence of bonds), or the bonds might
have formed when the soil is in an unloaded state. The soil
response for further loading will be slightly different in each
case, as explained in detail by Nagaraj et al. (1991). A similar
explanation has also been given by Kavvadas and Amorosi
(1998). Some judgment is required to arrive at the bond yield
stress and the preconsolidation pressure pCR of the uncemented
component. In the absence of the knowledge of the true stress
history, the best way is to use a k line from the initial void
ratio until the normally consolidated path is reached (the stress
at this point will be the preconsolidation pressure pCR for the
uncemented component) and to follow this path further. The
difference between this path and the undisturbed compression
path will give the bond stress pB at any void ratio, as before.

As stated earlier, shear strength parameters of bonds Aq, GB,
and a for highly sensitive soft soils with LI > 1 can be deter-
mined with an undrained test at a confining pressure less than
the yield stress. Then the observed stress-strain curve itself
gives the bond component. But for soils with LI < 1, the un-
cemented component of strength in the stress-strain curve at
that void ratio will have to be estimated and subtracted from
the observed overall strength at the corresponding strain level
to get the bond component. Once the relation of qB versus εs
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K 2GB B

where eij and sBij = deviatoric strain and stress components,
respectively. For the uncemented soil skeleton component, the
stress-strain relations are described by the modified Cam-clay
model with the associated flow rule and isotropic hardening.

With these defined features, the compliance matrices (CB)
and (CR) or the stiffness matrices (DB) and (DR) for the two
components can be obtained. Then the overall stiffness matrix
(D) for the soil can be obtained by adding the stiffnesses of
the two components

(D) = (D ) 1 (D ) (9)R B

The stress-strain relations for the soil can be worked out in-
crementally, updating the stresses, strains, and hardening sep-
arately for the two components at each stage. The model de-
veloped here is simple and the input parameters required are
minimal and well defined. The parameters for the uncemented
soil component are the usual Cam-clay parameters (i.e., l, k,
M, GR, and the void ratio). If the in situ soil is in an overcon-
solidated state, the preconsolidation pressure pCR correspond-
ing to the uncemented component will also have to be known.
The additional parameters for the bond component are Ap, Aq,
KB, GB, and , as defined earlier, all of which can easily bepKB

determined from isotropic compression tests and typical un-
drained shear tests on undisturbed and reconstituted states.

The value of KB is the slope of the initial stiffer part of the
plot of pB versus the volumetric strain plot, which is the elastic
region, and Ap is the elastic limit of the bond stress. For most
of the soils studied in this work, the later portion of the plot
showing plastic hardening of the bond stress was also found
to be nearly linear. The slope of this plot gives the elastoplastic
modulus value, (Fig. 4). The plastic modulus can thenep pK KB B

be obtained by = 2 . If, for a soil, the plot isp ep e1/K 1/K 1/KB B B

found to be nonlinear, then the plastic modulus value will have
to be suitably considered. In the case of stiff cemented soils
where the uncemented soil component is in an overconsoli-
dated state, separation of the bond strength in compression
may pose some difficulty if the exact stress history is not
known. For example, the present soil state in the field might
have been reached in several ways. The soil might have de-
veloped cementation while in a virgin state and then was sub-
jected to some stress release (which occurs with much reduced
swelling due to the presence of bonds), or the bonds might
have formed when the soil is in an unloaded state. The soil
response for further loading will be slightly different in each
case, as explained in detail by Nagaraj et al. (1991). A similar
explanation has also been given by Kavvadas and Amorosi
(1998). Some judgment is required to arrive at the bond yield
stress and the preconsolidation pressure pCR of the uncemented
component. In the absence of the knowledge of the true stress
history, the best way is to use a k line from the initial void
ratio until the normally consolidated path is reached (the stress
at this point will be the preconsolidation pressure pCR for the
uncemented component) and to follow this path further. The
difference between this path and the undisturbed compression
path will give the bond stress pB at any void ratio, as before.

As stated earlier, shear strength parameters of bonds Aq, GB,
and a for highly sensitive soft soils with LI > 1 can be deter-
mined with an undrained test at a confining pressure less than
the yield stress. Then the observed stress-strain curve itself
gives the bond component. But for soils with LI < 1, the un-
cemented component of strength in the stress-strain curve at
that void ratio will have to be estimated and subtracted from
the observed overall strength at the corresponding strain level
to get the bond component. Once the relation of qB versus εs

Model for bounded component
Nova (1999)

William M. Fuentes (Grupo de Investigación en Geotecnia Universidad de Los Andes-Bogotá, Colombia Centro de Estudios Interdisciplinarios Básicos y Aplicados en Complejidad -CeiBA-)A Visco-hypoplastic model for structured soils April 3, 2009 21 / 48



www.efn.uncor.edu/…/portada.html 1/2

Degradation law for stucture:

Nova, et.al model

fB :=

(
pB
Ap

)m
+

(
qB
Aq

)m
−N

dN :=
∂N

∂pB
Kp
Bdε

p
v − α

∂N

∂qB
qBdε

p
s

(21)

Stallebrass, et.al model

ṡ : =
k

λ− κ (s− sf )ε̇dam

ε̇dam : =

√
ε̇p2v + ε̇p2s

(22)

Masin model

ṡ : =
k

λ− κ (s− sf )ε̇dam

ε̇dam : =

√
ε̇2v +

A

1−Aε̇
2
s

(23)
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First approximation

Modified HVORSLEV stress:
p∗e = spe (26)

Degradation law for structure3:

ṡ = −k
λ

(s− 1)ε̇dam (27)

ε̇dam :=

√
ε̇v +

A

1−Aε̇
s (28)

with ε̇v and ε̇s:

ε̇v = Tr [D] ε̇s =

√
2

3
‖ D∗ ‖ (29)

and D∗ = D− 1

3
ε̇v1 is the deviatoric strain rate.

3Adapted from (Stallebrass, et.al 2004)
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Capabilities of the model

0.45

0.48

0.51

0.54

0.57

100 1000 10000

Vo
id

ra
tio

e
[-

]

Mean stress p [kPa]

s0=1.0
=1.5
=2.0
=3.0
=5.0

0.45

0.48

0.51

0.54

0.57

100 1000 10000

Vo
id

ra
tio

e
[-

]

Mean stress p [kPa]

k=0.8
=1.0
=2.0
=5.0
=7.0

Parameters:

e100 λ κ βR Iv Dr ϕc A k
[−] [−] [−] [−] [−] [s−1] [◦] [−] [−]

0.58 0.022 0.005 0.7 0.018 1.0e-6 22.3 0.5 0.3

William M. Fuentes (Grupo de Investigación en Geotecnia Universidad de Los Andes-Bogotá, Colombia Centro de Estudios Interdisciplinarios Básicos y Aplicados en Complejidad -CeiBA-)A Visco-hypoplastic model for structured soils April 3, 2009 27 / 48



www.efn.uncor.edu/…/portada.html 1/2

Simulations on Marl Clay
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New proposal

1 The new Dvis reads:

Dvis := −DrB̂
(

1

OCR

) 1

Iv
(

1

s

) 1

Iv

2 Where s follows the degradation law:

ṡ := −
k

λ
(s− 1)ε̇dam

3 The damage function ε̇dam is:

ε̇dam := exp [−ωOCR∗]
√
ε̇v + ε̇s

4 The OCR∗ is defined as:

OCR∗ =

[ √
3Dr

‖ −B̂−1 ·D ‖

]−Iv
OCR
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Simulations

Drained triaxial test, p0 = 100 kPa.
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Simulations
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Factor of barotropy

LIU and CARTER compression law:

∆e = Γ

(
py,i
p

)
ln py,i (39)

where,

Γ the structure index (Parameter).

py,i the initial overconsolidated mean stress

Proposal:

ln

(
1 + e

1 + e0

)
= (−κ+ Γ ln(s)) ln

(
p

pr

)
(40)
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Factor of barotropy

In rate form:
Dvol = (−κ+ Γ ln(s)) +

ṡ

s
Γ ln(p) (41)

For isotropic compression,

ṡ =
k

λ
(s− 1)Dvol (42)

The barotropy factor reads:

Factor of barotropy:

fb := 3p
1− Γ

s
ln(p)

k

λ
(s− 1)

(κ− Γ ln(s))

(
1 +

a2

3

) (43)
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Simulations

Isotropic compression test.
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Hysteretical elasticity

The delayed deformation h is a state variable that follows,

◦
h =

[
~D− Tanh(ch)

]
‖ D ‖ (47)

where:
◦
h is the objective rate of delayed deformation,
~D = D/ ‖ D ‖ is the unit rate of deformation, and

c is a material parameter.

The rigidity factor fr is defined as:

fr := A

(
1− exp

(
− ‖ ḣ ‖
‖ D ‖

))χ
+ 1 (48)

χ and A are parameters, and M = frL̂
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Ciclic triaxial test

Undrained ciclic triaxial test. p0 = 100kPa

e100 λ κ βR Iv Dr ϕc c A χ k Γ s0
[−] [−] [−] [−] [−] [s−1] [◦] [-] [-] [-] [-] [-] [-]
1.5 0.2 0.025 0.95 0.02 1.0e-5 18 4.0d2 20.0 2.0 2.0d2 3.0e-3 2

−60

−40

−20

0

20

40

60

−3 −2 −1 0 1 2 3

Sh
ea

rs
tr

es
s

τ
[k

Pa
]

Shear strain γ [ %]

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1.1

0.001 0.01 0.1 1 10

N
or

m
al

iz
ed

Sh
ea

rm
od

ul
us

G
/G

m
ax

[-
]

Shear strain γ [ %]

William M. Fuentes (Grupo de Investigación en Geotecnia Universidad de Los Andes-Bogotá, Colombia Centro de Estudios Interdisciplinarios Básicos y Aplicados en Complejidad -CeiBA-)A Visco-hypoplastic model for structured soils April 3, 2009 42 / 48



www.efn.uncor.edu/…/portada.html 1/2

Simulations on Marl Clay

Oedometric test.
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Simulations on Marl Clay
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Conclusions

An extension for structured soils has been developed in the hypoplasticity
framework.

The model reproduces viscous effects, and the degradation of structure.

Structure state variables are defined in a current configuration as the reference
configuration.

It reproduces well the Marl Clay characterized for its high cementation.

A FEM user routine has been developed.

Limitations

Does not simulates anisotropy.

Supposes a unique critical state for remolded an intact material.

Unaceptable responses envelopes.
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