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Creep Behavior of Red-Clay Under
Triaxial Compression Condition

Kaixi Xue, Shengfu Wang*, Yanxiang Hu and Mingdong Li

School of Civil & Architecture Engineering, East China University of Technology, Nanchang, China

To investigate the shear strength and creep behavior of red-clay, laboratory experiments
were conducted and the experimental results were compared with available theoretical
creep models. Based on the consolidated drained (CD) triaxial tests results, internal
friction angle and cohesion of the red clay soil were 21.5° and 61.1 kPa, respectively.
Three different confining pressures were set up to conduct the creep tests using multi-
stage loading. The overall creep curves exhibited stepped stress-strain behavior. The
creep behaviors were remarkably different from the soils tested with three distinct
confining stresses. The post-creep failure mode of all the red clay samples exhibited
drum shaped parabolic bulging with predefined shear planes. The experimental results
were compared with three different types of creep models that used in practice.
Among all of this verified results, Burger's model behaved betted than other models
when fitting with the data collected from the experiment. An experimental result based
empirical equation has also been developed which fits well with the experimental results
obtained from the tested red clay samples. The results of this study will be helpful to
evaluate the long-term shear strength and deformation of red clays subjected to various
structural loadings.

Keywords: creep behavior, red clay, triaxial compression condition, shear strength, deformation

INTRODUCTION

Under the hot and humid climate in the south of China, limestone, dolomite and other carbonate
rocks undergo long-term physical and chemical weathering and reddening that formed a kind of
high plastic clay with colors of brown red, purple red, and brown yellow. The liquid limit is generally
greater than 50%, which is defined as red clay in engineering classification (Lu, 2001). The specific
surface area of red clay is large, the adsorption capacity of particles is strong, coupled with the
cementation of free iron oxide, solid particles are formed in the natural state (Wang and Song,
2018). Red clay owns a large natural water content and a small liquid index, which is mainly in a
hard-plastic state. This material belongs to a medium low compressibility soil when considering its
property of void ratio and compressibility Its internal friction angle is small, but its cohesion is large,
and its bearing capacity is high, which indicates that red clay has good engineering characteristics
(Lietal,2019). Because of these advantages of red clay, red clay is often used as subgrade fill in these
areas, or directly as bearing foundation to build buildings and structures in red clay areas (Yang
etal., 2019). Red clay is widely distributed in wet areas with abundant water in the south of China,
such as the city of Chongging. Its creep characteristics and long-term stability are directly related
to the safety of the project and its surrounding environment. Therefore, it is of great engineering
significance to study the creep characteristics of red clay.
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Rheology of soil includes the changes in the physical and
mechanical properties of soil or rock mass over time under a
constant stress. Such processes include creep, stress relaxation,
long-term strength, elastic lag, etc. (Grimstad et al., 2010; Yin and
Tong, 2011; Boyle, 2012; Zhao et al.,, 2017a,b), among which the
creep behavior of the soil is the most extensive research topic.
Excessive creep in the soil can lead to differential settlement in
buildings, dam foundation failures, and landslides.

The creep characteristics of rock and soil are usually described
by element creep model and empirical creep model. The famous
component models include: Maxwell model, Kelvin model,
Burgers model, etc. (Atkinson, 1978; Zhao et al., 2018, 2019),
the famous creep model Empirical models include Singh Mitchell
model (Singh, 1968), Mesri model (Mesri et al., 1981), etc.
Mitchell (1960) indicated that clays are easier to creep due to
its flocculence structure. Early works were focused more on
soil creep properties that exhibit the relationship between time,
stress and strain. Various creep models have been proposed to
predict settlement of builds or dam foundations. At present, the
study of creep behavior has been extended to evaluate the long-
term deformation of most geotechnical engineering applications
such as slope stability, tunnel, dam, etc. More robust research,
such as study of the three-dimensional or in situ creep behavior
of different kinds of soils, such as clay (Sayed-Ahmed et al.,
1998; Naumann et al., 2007; Maio et al., 2015), boom clay (Yu
et al., 2015), soft clay (Yin et al., 2015), expansive clay (Vu and
Fredlund, 2004; Thyagaraj and Rao, 2013), and sand (Zhang
et al., 2018) have been carried out. The long-term mechanical
properties of sandstone and tailings are particularly important in
the fields of hydropower, energy, mining and others. Kovalenko
(1973) investigated the consolidation of a peat base. Similarly,
creep behaviors of granular soil (Kuwano and Jardine, 2002) and
gassy muddy soil (Xu et al., 2014) have also been studied in the
past. On the other hand, some researchers have studied the soil
microscopic properties for the creep deformation (Shi et al., 1997;
Liand Li, 2012; Sachan et al., 2013).

Several mathematical models are available to describe the
creep behavior of rock or soil mass. At present, the available
creep constitutive models can be divided into three categories:
(a) element models established based on the theory of sticky
elastic-plastic, such as Kelvin model, Burges model, and Liu
Baochen model; (b) models based on the experimental data,
through studying the experience of the statistics law to establish
model; (¢) microscopic model which was established based on
the microscopic rheology theory, such as empty-pipe network
model (Jong, 1968), micro sliding surface model (Shi et al., 1997)
and discrete particle model (Kuhn and Mitchell, 1993), etc. The
first two models are the most widely used ones. However, the
theoretical model shows low precision when used to describe
the non-linear characteristic of soil creep behavior and the
determination of model parameters is complicated. Development
of models based on the laboratory experimental data requires
a few soil parameters although it predicts the creep behavior
more accurately. However, such models are soil specific and
cannot be generalized for all types of soils and of field conditions.
Microscopic model parameters are more difficult to identify
although these models reveal the microscopic characteristics of

soil creep and can help to understand its creep properties and
corresponding deformation mechanism.

Although the creep properties of clay have been studied for
a long time, due to the complexity in the behavior of rock
and soil as well as the sedimentation history, variation in the
mineralogical composition, significant regional differences, it is
important to determine an appropriate model to represent the
creep behavior of a specific region and soil type. This study
focused on the creep behavior of red clay abundantly available
in Chongqing, China, through laboratory experiments and
theoretical analysis. A few of comparative analysis of theoretical
and empirical models was performed to describe the nature of the
red clay creep process. Many important projects have been built
on these red clays, such as shown in Figure 1. Similarly, these red
clays are also widely used at highway excavation sites in the study
area (Figure 2).

FIGURE 1 | A structure in the study area constructed on the red clays.

FIGURE 2 | Red clay slopes encountered during highway excavation in the
study area.
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MATERIALS AND METHODS

This section describes the index properties of soil samples,
instrument and equipment used to simulate consolidated drained
(CD) triaxial compression process, creep test methods, and
test procedures.

Soil Investigated

Typical red clay samples available in hot and humid regions
areas of southern China were collected from Shapingba area of
Chonggqing, China. Red clays are formed by the laterization from
exposed carbonate rocks, and can be brownish red or brownish
yellow. The physical properties of red clays used in this study
are summarized in Table 1. It was classified as fat clay (CH) per
according to Unified Soil Classification System.

TABLE 1 | Soil index properties of tested samples.

Engineering index Value
Water content, w (%) 21.70
Dry density, pg (g/cm®) 1.6
Dsp (mm) 0.2
Liquid limit, LL (%) 52
Plastic limit, PL (%) 20
Plasticity index, PI 32

FIGURE 3 | Strain control triaxial compression apparatus (TSZ-6A).

FIGURE 4 | Triaxial rheology apparatus (TRA-001).

TABLE 2 | Gradual deviator loading steps applied for different confining pressures.

o3 (kPa) Step 1 Step 2 Step 3 Step 4 Step 5
(kPa) (kPa) (kPa) (kPa) (kPa)
50 58 116 173 230 288
75 65 131 196 261 327
100 78 157 235 314 392

Soil Testing Methodology

Consolidated Drained (CD) Triaxial Compression
Tests

The compression test was conducted with a
strain-controlled triaxial compression apparatus (TSZ-6A)
manufactured by Nanjing Soil Instrument Factory Co., Ltd.
(Figure 3). This apparatus uses a cylindrical specimen with a
diameter of 61.8 or 101 mm and a length of 125 or 200 mm.
The maximum confining pressure that can be applied in this
apparatus is 2.0 MPa.

The natural red clay samples was compressed into a cylindrical
mold having an internal diameter of 61.8 mm and a length of
125 mm and the density was 1.6 g/cm>. The compacted samples
were submerged under a de-aired water bath and saturated by
applying vacuum pressure from one end of the sample. The
saturated samples were then frozen to maintain the shape of the
cylinder and transferred to a triaxial apparatus.

triaxial
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FIGURE 5 | Stress-strain curve of red-clay.

Five confining pressures were applied to the tested soil
samples i.e., 50, 75, 100, 200, and 300 kPa. The corresponding
deviator stress is measured for different confining stresses.
The shear strength parameters of the red clay samples were
calculated by drawing the Mohr’s circles. The stress-strain
behaviors observed in the strain-controlled CD triaxial test
helps to develop a test plan for the creep test as the failure
strains at different confining stresses can be known through
the CD triaxial tests results. Special measures have been
taken to reduce errors in the instrument itself and during
commissioning. To study the effect of confining stress on the
shear strength parameters, tests and corresponding analyses
were performed in three different confining stress ranges -
(a) low stress range including the confining stresses of 50,
75, and 100 kPa, (b) medium confining stress range including
the confining stresses of 75, 100, and 200 kPa, and (c) large
confining stress range including 100, 200, and 300 kPa. Full
saturation of the soil specimens was confirmed by checking
the saturation index B values, which were larger than 0.98
in all the cases.

Creep Tests Methods

Creep tests were conducted using a triaxial rheology apparatus
(TRA-001) (Figure 4). Currently, creep test can be performed,
through two approaches - (a) multi-stage loading in soil samples
and (b) multi-stage loading in individual soil samples. The former
method involves gradually applying different deviator stresses on
one sample. In this way, each loading step needs to be completed
until the deformation of the sample reaches a steady state i.e.,
cease further deformation. At the final procedure of loading,
the sample showed a serious failure. The later approach involves
applying different stresses on samples using the same equipment
and test conditions and obtaining a series of creep behavior
curves for different stresses. The advantage of the former method
is that the creep test can be performed with only one sample
and the overall creep curves can be obtained for different stresses
using various available creep models such as the Boiztman
linear superposition principle. Therefore, the first method was
used in this study.

In this study, creep tests were conducted in three different
groups at confining pressures of 50, 75, and 100 kPa, respectively,
according to the first approach of multi-stage loading described
above. Required loadings were applied into five different steps.
First, the first step of loading will be applied to the red clay
sample followed by the second step when the recorded vertical
deformation is less than 0.001 m within 24 h. Further steps of
loading are applied similarly until the completion of all steps and
the failure of all samples. Gradual loading stages were calculated
based on the maximum deviator stress obtained from the CD
triaxial compression test described above. The loading steps are
presented in Table 2.

TEST RESULTS AND DISCUSSION

CD Triaxial Compression Tests

Analysis of Stress-Strain Behavior

Deviator stress—axial strain relationships obtained from the CD
triaxial test is shown in Figure 5. As presented in Figure 5,
the sample exhibited contractive behavior at a confining stresses

300.0
250.0 f
200.0 f —..
— - - 200kPa N
= 1500 F| —300kPa T
& ~ \
2 4 .
€ 100.0 F . .
: \ \
500 F S0y ; ' g
00 . ! L . A
0.0 100.0 200.0 300.0 400.0 500. 0 600. 0 700.0 800. 0
o/KPa
FIGURE 6 | Mohr Circles and shear envelope developed for the red clay samples tested at low confining stress range i.e., 50-300 kPa.
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TABLE 3 | Soil strength parameters obtained from the CD triaxial compression tests.

Parameter Group 1 Group 2 Group 3
Test 1 Test 2 Test 3 Test 1 Test 2 Test Test 1 Test 2 Test 3
o3 (kPa) 50.0 75.0 100.0 75.0 100.0 200.0 100.0 200.0 300.0
o1 (kPa) 289.4 338.4 396.6 338.4 399.6 616.5 386.6 616.5 796.4
¢ (deg) 21.4 222 20.2
c (kPa) 61.5 59.0 65.8
A: 50 kPa B: 75 kPa C:100 kPa D: 200 kPa

E:300 kPa

FIGURE 7 | Failure patterns after shear strength tests. (A-F) Represents different confining pressures.
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FIGURE 8 | Creep deformation tests curves obtained for different confining stresses.

Time (sec)

of 50, 75, and 100 kPa and the deviator stresses peaked at the
axial stress of approximately 20%. This indicates that the soil
sample undergoes significant creep damage at a lower confining
pressure. However, when the confining stress is increased more

than 100 kPa, the deviator stress does not exhibit any peak value
even at the axial strain of 20%. Figure 5 also shows that under
a given confining stress, the axial strain rate of the sample is
larger in the early stage of loading and gradually decreases in
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the later stages. The axial strain required to obtain a stabilized
deviator stress increases as the confining pressure increases. The
stress-strain behavior of each stress limit is significantly different.

Shear Strength Parameters

Presented in Figure 6 is the Mohr Circles and shear envelopes
developed from the CD triaxial compression test results in the
low, medium and high confining stress ranges, respectively.

50 Kpa 75 Kpa 100 Kpa
25 — 25 25 —o— Step1
4 4 4 —o— Step2
— —~— Step3
€ 20 — 20 - 20 —v— Step4
I 4 4 4 Step5
= 15 15 15
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g 1 ] | M
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S _ [ s
L h—a ° 111 ° _0-0 O ’
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FIGURE 9 | Creep deformation tests curves for different confining pressure with time plotted in logarithm scale.
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FIGURE 10 | Creep deformation development rates (for the sample tested at the confining stress of 75 kPa).
Data presented in Table 3 shows the major principal stresses at
failure or at 20% axial strain for non-failure red clay specimens,
- corresponding confining stresses for each set of constrained
e stress, and the corresponding cohesion and friction angles
. obtained from linear regression analysis. The average values of
\ the internal friction angle and cohesion all three sets of confining
stresses were 21.5° and 61.1 kPa, respectively.
T —— Failure Patterns of the Samples
Figure 7 shows the failure patterns of the samples after the CD
FIGURE 11 | Failure patterns after creep tests. triaxial compression tests. As shown in Figure 7, in the case of

confining stress 50 and 75 kPa, the deformation pattern was not
remarkable, and no failure surface was observed. The sample
presented a significant distortion, especially drum shape, when
the confining stress is increased to 100 kPa. When the applied
confining pressure was 200 kPa, the sample deformed into a
distinct drum shape, but there were no clearly visible shear planes
observed. Deformation of this drum shape was more prominent
and remarkable when the confining pressure of 300 kPa applied.
At this confining stress, the samples exhibited a clearly visible
shear plane (Figure 7), which can be clearly observed as 45°.
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However, when the samples were sheared to a complete failure
under large deformation, all samples exhibited drum shaped
failure as presented in Figure 7F, showing a series of vertical
cracks, irrespective of the confining stress.

Triaxial Creep Tests

Creep Curve Analysis

Red clay is a typical elastic-plastic material. Instantaneous elastic
and plastic deformation occurs when an additional external
force is applied. Figure 8 shows the development of vertical
deformation of the samples under confining stresses of 50,
75, and 100 kPa. Furthermore, the creep curves of multi-step
constant load, the equal-time stress-strain curves were gained
by using “Chen method” (Chen et al., 1991). Results presented
in Figure 8 indicates that the creep patterns exhibited stepped
shape under confined pressure, except for samples failed in the
final loading step. The corresponding deformation process of
every loading step can be divided into three stages: (1) the
instantaneous deformation stage; vertical deformation ended
instantaneously at this stage; this stage accounted for about 55%
of the total deformation and exhibits elastic-plastic deformation.
(2) Deceleration creep deformation stage; in this deformation
stage, vertical deformation accounts for 29~41% of the total
deformation approximately; the deformation rate was larger in
the early stage followed by a gradual decay in the later part of this
stage; this stage accounts for 1~13% of the total loading time,
and (3) Stable creep deformation stage; the deformation of the
sample at this stage tends to be stable; the vertical deformation
at this stage, basically, accounts for about 4% of the total vertical
deformation. Sample tested at the confining stress of 50 kPa in
this stage exhibited accelerated creep and failure (i.e,, 25 mm
of vertical deformation) at the 4th step of loading, just after
16640 s (4.62 h) of loading. However, for soil samples tested at
confining pressures of 75 and 100 kPa, the samples exhibited
accelerated creep and failure at the fifth loading step. Most of the
deformation occurs at the initial stage of loading as the confining
pressure increases.

In order to observe the rate of displacement over time more
clearly, the creep curves were replotted with time in logarithmic
scale, as shown in Figure 9. The results indicated that the
development of deformation can be divided into two stages under
the first three loading steps. In the early days, In the early days, the
deformation developed at a high speed, and at a later stage the
deformation speed decreased. The samples tested at a confining
stress of 50 kPa exhibited failure at the fourth loading step by
exhibiting a big instantaneous vertical deformation in the early
stage following by the stable deformation in the second stage
further followed by a sharp increase in deformation until failure
in the last stage of loading. For the samples tested at the confining
stresses of 75 and 100 kPa, a larger deformation was observed
when the fourth loading step was applied. When the vertical
deformation rate in these samples is larger than a certain amount
of antecedent value, then rate of deformation is stable until the
fifth loading step. The creep patterns obtained for samples tested
at the confining stresses of 75 and 100 kPa exhibited different
behaviors. The behavior of the former is similar to that tested

at the confining stress of 50 kPa, but if shorten processing time.
However, the later entered the stage of rapid creep phase and
failure after instantaneous deformation appeared.

Strain Rate Analysis

Figure 10 shows the strain rate during the five steps of the loading
process under the confining stress of 75 kPa. Results presented in
Figure 10 indicates that the creep rate at the earlier stage is larger
than the later stage in each step. The initial strain rate mounted
as the vertical stress increases. However, the initial strain rate of
the fifth step is lower than that the fourth step, and it reduced to 0
following a prolonged loading time, then up to a high level until
the entire sample failed.

The Failure Patterns After Creep Tests

Figure 11 shows a typical failure pattern of tested red clay
after creep testing conducted under different confining stresses.
Results indicated that there was no defined failure plane in the
sample tested at the confining stress of 50 kPa, and; the overall
shape exhibited parabolic bulging in the shape of a drum. In the
case of samples tested at the confining stress of 75 kPa, a clearly
defined shear plane was observed and the sample still exhibited
parabolic bulging with drum shape. In the case of samples tested
at the confining stress of 100 kPa, the sample exhibited more
complex distortion at a predefined shear plane.

DEVELOPMENT OF CREEP MODEL

In order to assess the creep behavior of the soil, it is important
to compare the creep deformation pattern with available creep
model. Some of the available creep deformation models in
practice are presented in Table 4. In order to check the
applicability of the available models to fit the creep deformation
characteristics of red clays, results obtained from this study of
the confining stress of 100 kPa was compared with the results
obtained from the available creep deformation models presented
in Table 4. Among the models presented in Table 4, results
obtained by Kelvin Model, General Kelvin Model, and Burgers

TABLE 4 | Widely used creep models available in practice.

No. Model name Formula
1 Maxwell model (Yu and t={6+ 10
Choi, 2004)
2 Kelvin model (Schutter, o =Kke+né
1999)
3 General Kelvin model %6 + (1 + %) o =koe +né
(Haque et al., 2000)
4 Thomson model 6+ %‘ = (k1 +ko)é+ %s
5 Burgers model 6+(%+% +%)6+
kiky s Kikp s
g @ = KeE+ TEE
6 Nishihara model (Jiang o <os, o+ (1 + %) =
etal., 2013) k1€ +kqe
o=
5o (ke ke 4 k)
os, 5+ (K + k24 K)ot

kiko (o _ — o 1 Kiko o
i (0= 0s) = koE + Si2E
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FIGURE 12 | Fitted curve for different creep models (time presented in log scale).

TABLE 5 | Goodness of fitting parameters for some of the creep models
used in this studly.

Model class parameters Step 1 Step 2 Step 3 Step 4
Kelvin Model R 0.607 0.316 0.634 0.499
DC 0.369 0.010 0.408 0.249
k 4.260 4.480 3.530 2.780
n 80.500 45.730 108.180 124.780
General Kelvin R 0.856 0.959 0.863 0.946
Model
DC 0.733 0.920 0.745 0.895
k1 0.038 4.844 4.200 3.285
k2 0.381 51.541 21.572 16.069
n 1065.119 195034.100 17980.360 43635.250
Burges Model R 0.899 0.973 0.950 0.963
DC 0.808 0.947 0.904 0.928
k2 9.722 2.467 1.691 0.866
n2 2261621 2636732 1031388 390047
k 7.896 26.318 4.079 3.763
N1 262.637  48910.220 815.917 4734.571

¢ = the axial strain, o = the normal stress in kPa, n = the coefficient of viscosity, and
k = constant parameter.

Model are presented in this paper as they provided closer
comparison compared to other models.

Figure 12 shows the comparison of analysis results obtained
from the three models and Table 5 shows the goodness of fit
with these models.

Figure 12 shows that there are significant differences in every
loading step between the curve fitted to the Kelvin Model and
the experimental results, showing that the Kelvin Model is not
suitable for describing he creep behavior of red clay. Similarly, the
curve fitted by the General Kelvin Model was modified to present
three typical stages: elastic deformation stage, deceleration creep
stage, and stable creep stage, and the creep deformation pattern is
similar to the results of laboratory tests. However, the calculation
accuracy is not good enough, and the third step curve exhibited
a poor fitting. On the other hand, the fitted curve based on the
Burges Model shows better performance than the Kelvin Model
and General Kelvin Model, and its correlation coeflicient R2 is
larger than 0.9. However, the curve showed a rising trend in the
end, deviating off from the test data. As shown although the
Burgers Model showed better result compared to other models
none of the models could represent the creep behavior of the red
clay, especially in the early stages deformation.

In addition to the above-mentioned theoretical model,
empirical models can also be developed based on experimental
data. This approach is more concise more direct and provides
high precision. Lu et al. (2008) proposed a general expression
to describe the creep deformation properties the of soft clay
described in Eq. 1.

e(t) =0 +e1 (t) +e2(t) +e3(0) (1)

In this study, tests data were fitted by using the 1st
Opt Universal Global Optimization (UGO) algorithm. In this
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FIGURE 13 | Fitted curve obtained from the Empirical Creep Model compared to the strains obtained from the test data.

approach, the creep deformation models for every step of testing
are as follows:

Stepl : e = —0.389 x t %> —3.97

123.022
xexp | —— — +2.921 (2)
Step2 1 = —0.312 x t*77 — 4379
74.731
xexp | — +5.318 (3)
Step3 : & = —0.003 x 121 — 26.931
42.874
xexp|— + 31.793 (4)
Step4 : ¢ = 0.038 x >80 4751
78.407
xexp|— ; + 0.603 (5)

Where, € is the strain of the sample, and ¢ is the loading
time in seconds.

The fitted data matched well with the test data as shown in
Figure 13. The results indicates that curves of all five steps fit
well with the correlation coefficient R of 0.99, proving that the
empirical model is more suitable for describing the red clay creep
behavior. However, such empirical models are site specific and
soil specific thus may not be available for all types of soil until
they are verified with further experimental results acquired on
soils obtained from other sites.

LIMITATIONS AND ENGINEERING
IMPLICATIONS

Because of the special geological origin of red clay, it is
believed that red clay should be a favorable stratum in the past
practical engineering, especially when used as foundation soil
and subgrade fill. However, with the rise of large-scale urban
construction in red clay area, more and more attention has been
paid to the study of creep deformation caused by long-term stress
in the red clay areas, in order to solve practical engineering
problems such as long-term settlement deformation of buildings
and subgrade. Based on this engineering background, this paper
selected Chongqing, a typical red clay in southwest China, as
the research object. The creep characteristics of rock and soil
are usually described by element creep model and empirical
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creep model. In this paper, according to the practical engineering
application of red clay, combining with the existing empirical
model and the indoor test data, the empirical formula suitable
for the research object of this paper is fitted. However, this
is only a empirical formula for engineering construction. The
following work of authors will be to establish the creep model in
combination with more in-depth tests and theories.

CONCLUSION

In order to investigate the shear strength and creep behavior
of red clay, abundantly available in Chongqing, China, a series
of laboratory tests were conducted and the creep deformation
behavior were evaluated and compared with the results obtained
from some theoretical creep models. Using the experimental
results, some empirical relationships have also been developed to
evaluate the creep behavior of red clay. Based on the analytical
and experimental investigations presented in this paper, the
following conclusions can be made:

(1) Based on the CD triaxial compression test results, strains
required to achieve the peak deviator stresses increase
as the confining pressure increases. Moreover, the red
clay samples did not exhibit significant failure plane
under lower confining stress. However, the development
of the shear planes was remarkable when the confining
stress was 100 kPa or higher. The final shape of the
deformed samples exhibited parabolic bulging in the
shape of drum, when the confining stress of 100 kPa or
higher was applied. When confining stresses lower than
100 kPa were applied, confining pressure, the deformed
sample shapes exhibited parabolic bulging with drum shape
only when the compressive loading continued until a
complete failure. At this stage, some vertical cracks were
observed on the sample.

(2) Under the stress controlled multi-stage creep tests, the
overall creep curve presented a significant stepped shape.
When a confining stress of 50 kPa was applied, the sample
failed at the fourth step of loading, while for the confining
stresses of 75 and 100 kPa, clay samples exhibited a rapid
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