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An improved Mesri creep model for unsaturated weak intercalated soils
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Abstract: The weak intercalated soils in redbed soft rocks of Badong formation have obvious creep characters. In order to predict the
unsaturated creep behaviors of weak intercalated soils, an unsaturated creep model was established based on the unsaturated creep
tests of weak intercalated soils by using GDS triaxial apparatus. The results show that the creep behaviors of intercalated soils are
apparent and significantly affected by matric suction. Based on this, an empirical Mesri creep model for intercalated soils under
varying matric suctions was built. The fitting results show that the parameters £4 and m of this model are in good power relations
with matric suction s and stress level D,, respectively. An improved Mesri creep model was established involving stress—matric
suction—strain—time, which is more precise than the Mesri creep model in predicting the unsaturated creep behaviors of weak

intercalated soils.
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1 Introduction

Yichang—Badong highway partially passes through
the purplish red soft rock strata of Badong formation
(T,b%), and weak intercalations are outcropped in some
of the cutting slopes formed along the highway. The
rheological properties of weak intercalated soils have
been indicated in numerous studies [1—5]. As side slopes
are dug out, the weak intercalated soils will be subjected
to a different stress status and thereby creep to some
extent. The mechanical properties of intercalated soils
show the strength damage accumulation effect and the
time effect, which are extremely unfavorable for the
stability of cutting slopes.

Previous studies on the creep characteristics of soils
mostly focus on saturated state. In fact, at most time,
natural weak intercalated soils in this area are under
unsaturated state with certain matric suction, which
affects the deformation properties of intercalated soils.
Therefore, studying the unsaturated creep characters and
establishing a creep model to forecast the unsaturated
creep behaviors of weak intercalated soils will be
significant for engineering practice.

So far, there are many models elaborating the creep
behaviors of soils [6—9]. Generally, the stress—strain
relationship is expressed by a hyperbolic function [10]
and the strain—time relationship is expressed by a power
function [11-12]. Among these models, the two widely
used empirical models are Mesri model and Singh-

Mitchell model [13—14], especially Mesri model [15—16]
which is independent of stress level. These two models
have also been improved later [17—18] and then applied
in engineering practice. However, these creep models
mostly focus on the creep behaviors of saturated soils,
but rarely on the unsaturated soils. An unsaturated visco-
elastoplastic model was constructed by PRIOL et al [19]
based on an unsaturated elastoplastic model [20] and
through triaxial creep tests for unsaturated chalky soils.
Based on unsaturated triaxial creep tests for a landslip
sliding zone, an unsaturated creep model considering
matric suction was built [21-22].

In this work, targeting at the exposed weak
intercalated soils in cutting slopes, the unsaturated creep
tests were performed by using a GDS unsaturated triaxial
apparatus. Based on the empirical Mesri creep model, an
unsaturated creep model involving stress—matric
suction—strain—time was built, which forecasts the
unsaturated creep behaviors of intercalated soils better.

2 Unsaturated creep tests for intercalated
soil

2.1 Creep tests

Soils were sampled from the outcropped weak
intercalated soils in some cutting slopes along the
Yichang—Badong highway. The physical properties of
the purplish red soils were measured by laboratory tests
and mineral identification (Table 1). Then, the soils were
made into remolded samples with density of 1.85 g/cm’®
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Table 1 Physical indexes of weak intercalation soils in soft rocks of Badong formation

Liquid Plastic

Grain composition

Dry density, Specific Natural water limit. limit Primary mineral
- . imit, limit, .
pal(gem™) gravity, C; content, W/% W Wy, <>mm <2mm <l mm <0.5mm <0.25mm <0.075 mm composition
L p!
Montmorillonite,
1.85 2.67 113 258 1357 0 2316 30.02 12.61 1818 1603 o lorronte
chlorite, quartz
and water content of 15%. 10 « —90 min
A GDS unsaturated triaxial test system [23—25] was e —200 min
used to conduct the unsaturated creep tests. Step load 8r  a—=210 min
was used in this test. With the unsaturated test module, © : :288 2:2
triaxial creep tests for unsaturated intercalated soils were g 6r _ :
= «— 1560 min
conducted under the net peripheral pressure of 100 kPa 5 » —2089 min /
and the matric suctions of 100 kPa, 200 kPa, 300 kPa and 8 4f °—3V0Umin
s * — 4036 min
400 kPa < .
’ o — 4944 min
2 L
2.2 Test results
The creep tests of intercalated soils under four 0 . . . s
different matric suctions were conducted within 1 a. S0 150 250 350 450

CHEN and KANG’s method [26] was used in the
nonlinear superposion of the step-loaded creep curves,
and thereby the stress—strain—time creep curves under
varying matric suction were obtained. In this work, the
experimental curves and analytical results of samples
only under matrix suction of 200 kPa were given.

Figure 1 shows the creep curves under matric suctions of
200 kPa.
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8 ‘/"
S || o350 kPa, s=200 kP
g Of
<
£ 4=369.68 kPa
..TE s JUURUReRS O eaee st st et bTRY SRof Bl Fesseney
»
< f 4=275.68 kPa
- K‘ """" o q=181.4 kPa
- =135704 kPa
Q 1 1 q 1 1
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t/min

Fig. 1 Creep test curves of intercalated soil sample under
matric suction of 200 kPa

Then, the isochronous stress—strain curves under
matric suction of 200 kPa were plotted (Fig. 2). The
curves are apparently nonlinear. With elevated deviator
stress, the creep strain grows in an accelerated nonlinear
way, and this growing trend is intensified with time.
Figure 3 shows the isochronous stress—strain curves
under different matric suctions. Obviously, under the
same deviator stress, the creep strain is enhanced with
the decrease of matric suction. Namely, when deviator
stress is invariable, higher water content results in more
serious deformation, which is more obvious at higher

Deviator stress/kPa
Fig. 2 Isochronous curves of intercalated soil samples under
s=200 kPa
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L (2050 min) 4 — =300 kP (2050 min)
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(200 min)
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o0

ar «— =400 kPa
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(200 min)
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Deviator stress/kPa
Fig. 3 Isochronous curves of intercalated soil samples under
different matric suctions

stress level. A higher deviator stress results in a higher
creep strain when the matric suction is invariable.

3 Mesri creep model

3.1 Mesri creep model

In the creep model, the stress—strain
relationship is expressed by a hyperbolic function, and
the strain—time relationship is expressed by a power
function [14]. The model is expressed as follows:

g:|:(o-l_o-3)f:| Dr [LJm (1)
Ey 1=(Re) D\ 1

where ¢ is creep strain; (0;—03)¢ is damage deviator stress,
kPa; Ej is the initial tangent modulus of the creep curve,

Mesri
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MPa; D, is deviator stress level; R; is damage ratio,
which is the averaged slope of &/D,—¢ curves at different
time points; 7 is reference creep time and the strain at #,
is used as the initial creep strain. Based on the creep
curves for unsaturated intercalated soils, on the time
needed to impose deviator stress and on the initial creep
strain after imposition, £, is determined to be 90 min. m is
the mean slope of Ine—In¢ curves under different stress
levels.

3.2 Solving parameters of Mesri model
3.2.1 Strain—time relationship

In the Mesri creep model, the parameter m is
independent of time if the effects of stress level are
ignored. Then, the Ine—Inf relation curves under different
matric suctions and different stress levels are plotted and
linearly fitted. The slopes of straight lines are the values
of m, under different stress levels, and the slopes are
averaged to obtain the value of m. The calculated results
are listed in Table 2. Because of limited space, the
Ine—Inz curves of weak intercalation sample only under
5s=200 kPa are shown in this work (Fig. 4).

Table 2 Parameters of Mesri creep model

s/kPa m Re (o1—03)/Eq Ey/MPa

100 0.1520 1.0387 0.01127 34.2441

200 0.1272 0.9424 0.01399 39.5085

300 0.1392 0.8895 0.01673 42.2670

400 0.1122 0.9589 0.02035 42.6133
1 = g=89.49kPa o ¢q=462.62 kPa

« q=181.4kPa
3 . g=275.68 kPa
+ g=369.68 kPa

— Linear fiting of data

In(#/min)
Fig. 4 Ine—Int relation curves of intercalated soil sample when

03=350 kPa and s=200 kPa

3.2.2 Stress—strain relationship

In the Mesri creep model, the stress—strain
relationship is expressed by a hyperbolic function, with
the assumption that Ry and (o,—03)¢/E4 are independent of
stress level and time. The ¢/D,—¢ curves under different
matric suctions and at different time points are plotted.
Because of limited space, Figure 5 shows the ¢/D,—¢
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Fig. 5 Isochronous ¢/D—¢ curves at different time points when
03=350 kPa and s=200 kPa

curves of intercalated soil sample at different time points
only under s=200 kPa. The curve is linearly fitted, where
R¢is slope and [(o,—03)¢/Eq][#/ty]" is intercept. Then the
means are used as the values of the parameters in the
Mesri model, and the calculated results are listed in
Table 2.

Then, the creep forecast curves are plotted with
these values. The calculated results are compared with
the test results. Figure 6 shows the creep comparison
curves of intercalated soil sample under s=200 kPa. The
results show that the Mesri model is not effective at
prediction, and at higher stress level, the forecast results
deviate from the test results more severely. Such
deviation caused by the parameter m, which expresses
the creep curve’s slope, is the average slope of Ine—In#
lines under different stress levels. However, m is
associated with stress level [27]. The method of using the
mean m in the creep curves under different stress levels
is not appropriate and thus the precision of forecast is not
high.

000000 SCOCOCCOACCOOC CEIUCILOOO0UCTCO
o Test data
— Model calculation curves

4=369.68 kPa

P 0T0OCOC0CC0COCR000 Ca00000C0000C0C0CI0CA0CO
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4=275.68 kPa
2 TUg=181.4kPa
0} | 4-89.49 kPa

0 2000 4000 6000 8000
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Fig. 6 Comparison of calculated results of Mesri model and test
results when when ;=350 kPa and s=200 kPa
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4 Improved Mesri model

4.1 Construction of improved Mesri model

In the Mesri creep model, only the stress—strain—
time relationship is built. However, regarding the creep
of unsaturated soils, a new variable of matric suction
should be added. Therefore, an unsaturated creep model
with stress—matric suction—strain—time is constructed.
JANBU [28] pointed out that the initial tangent modulus
E4 is a power function of peripheral pressure o;. Based
on this, E4—(s/p,) relation curve is plotted. As shown in
Fig. 7, the relationship between E4 and matric suction s is
analyzed and built. Then, the data points are nonlinearly
fitted. The results show that their relationship can be
expressed by a power function as follows:

Ed:Apa(S/pa)n (2)

where atmospheric pressure p,=101.33 kPa; 4 and n are
the material constants and can be determined from the
fitted power function of E4—(s/p,). The improved Mesri
model can be build by substituting Eq. (2) into the Mesri
model as follows:

L mwm ()
Apa(S/pa)n r 1_(Rf)rl)r Iy
where the symbols are the same as those in Eqs. (1) and
(2).

In Eq. (3), a new variable of matric suction is added,
which considers the effects of water content on creep
behaviors. With 4 and #n, the matric suction is substituted
into Eq. (2) to obtain E4 at each matric suction, and
thereby (o,—03)¢/E4 is obtained. The parameters of the
improved model are listed in Table 3.

After analyzing the relationship between m, under
different stress levels and the corresponding stress level,
it is found that m, is associated with stress level. Then,
their relation curve is plotted in Fig. 8 and the relation is

3)

44000
E=34712(s/p,)* 19 .
42000 [
< 40000 -
a
=
) 38000
36000 - .
e Test points
— Fitting curve
34000  °
1.0 15 20 25 30 35 40
s/Pa

Fig. 7 Relationship between matric suction s and initial tangent
modulus £y with R*=0.960, 4=343.68 and n=0.165

Table 3 Parameters of stress—matric suction—strain—time model

s/kPa m R (o1—03)/Eq Ey/MPa
100 0.1520 1.0387 0.01114 34.6551
200 0.1272 0.9424 0.01423 38.8541
300 0.1392 0.8895 0.01702 41.5424
400 0.1122 0.9589 0.01990 43.5619
0.35
o Test data
0301 — Fitting curve
0251 e
m,=0.0685D,70-6734
0201
N
0.15
0.10 |-
0.05 -
0 1 1 1
0.1 0.3 0.5 0.7 0.9
D,
Fig. 8 Relation curve of m,and D,
fitted to be
mr=aDrb 4

where a=0.0685 and 5=—0.6764 are material constants
and are obtained from the fitted curve of m, and D,. The
improved unsaturated Mesri model can be built by
substituting Eq. (4) into Eq. (3) as follows:

aDrb
= (61_0-3)f Dr [LJ
Apa(S/pa)n rl_(Rf)rDr ly

4.2 Model validation

In comparison of the calculated results with the test
results (Fig. 9), the improved Mesri creep model is
apparently more precise than the Mesri model in

%)
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o Test data

c\\" E' — Model calculation curves

s B

g 6 ?
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E 4 b X OCDOCCOC0000000C0
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< q=275.68 kPa
q=181.4 kPa

oossvose D O

. q-8949kPa
0 2000 4000 6000 8000
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Fig. 9 Comparison of calculated results of improved Mesri

model and test results when 63=350 kPa and s=200 kPa
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predicting the creep behaviors of intercalated soils. This
is because in the improved model, the slope of the
forecast curve at each stress level is calculated from
Ine—Inz curve under the corresponding stress level, which
more really reflects the creeping speed. Though at low
and high stress levels, the improved Mesri model
deviates from the test results to some extent, its forecast
precision satisfies requirements for engineering
application, combined with the stress status of practical
engineering in real intercalated soils.

5 Conclusions

1) An improved Mesri creep model is established
based on the power relations of model parameter £, and
matric suction, model parameter m and stress level. The
improved Mesri model is not only an unsaturated creep
model involving stress—matric suction—strain—time, but
also associates the creep speed with stress level.

2) The comparison of model calculated results and
test results shows that the effect of the improved Mesri
creep model in predicting the unsaturated creep
behaviors of weak intercalated soils is better. The
improved Mesri creep model can be used to predict the
long-term creep behaviors of weak intercalation soils in
soft rocks for analyzing the stability of this type cutting
slopes. The study will provide a new clue for
investigating how creep behaviors of intercalated soils
affect the stability of cutting slopes from aspect of
unsaturated soils.
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