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)e effect of variable confining pressure on the strain accumulation in soft marine clay was investigated to gain a better un-
derstanding of the deformation characteristic in the subgrade of pavements due to traffic loading. A series of variable confining
pressure (VCP) experiments and corresponding constant confining pressure (CCP) experiments were conducted on Wenzhou
soft clay using an advanced cyclic triaxial apparatus. A wide range of deviatoric stress amplitudes (qampl), combined with different
isotropic stress amplitudes (pampl), and partially drained conditions are simulated in the experiments. )e test results indicate that
the variable confining pressure significantly influences the permanent axial strain and might exacerbate the potential of subgrade
invalidation in soft marine clay area. )e normalized permanent axial strain (εp

a,1000/ε
p,CCP
a,1000 ) after 1000 cycles is logarithmic with

the normalized stress path length (L/LCCP), and one-unit increment in the amplitude of cyclic confining pressure will induce an
increment of 0.0213% in the permanent axial strain regardless of the CSR values. Based on the data from the CCP tests, a cyclic
deviatoric stress ratio threshold is determined to be about 0.7, which may suggest that the upper bound of criterion will limit the
cyclic traffic loadings on soft marine clayey deposit. Finally, the effect of variable confining pressure on the permanent axial strain
is quantified and incorporated in a logarithmic model for the subsoil deformation prediction under traffic loading.

1. Introduction

)e rapid development of modern transport infrastruc-
tures, such as motorways, railways, and airports, around
the southeast-coastal major cities of China has led to the
construction of low embankments on thick soft clay ground
with poor geotechnical characteristics, namely, with low
bearing capacity, low permeability, and high compress-
ibility. When the stress increments induced by long-term
repeated traffic loading in these soils are high, the subgrade
and underlying soft clay layers have become increasingly
overloaded due to a lack of maintenance, and notable
subgrade settlements have often been observed, which may
exceed the acceptable limits and even compromise the
functionality of the infrastructure [1]. Understanding the
deformation behavior of soft clay deposits under traffic
loads is important to predict lifetime serviceability of
existing transport infrastructures and ensure the safe de-
sign of the engineering.

)e permanent deformation measurement of soils under
traffic loading is generally performed using undrained one-
way cyclic triaxial tests with constant confining pressure
(CCP). In these one-way cyclic triaxial tests, traffic loading
was simulated by a single cyclic deviatoric stress only, which
is purely compressive without reversal. A number of em-
pirical models have been proposed to predict the permanent
strain of soft soil due to repeated traffic loading [2–5].
Meanwhile, with combined shakedown theory, scholars also
found that there is a cyclic stress threshold beyond which
significant plastic strain occurs in a soil; otherwise, the
changes in cyclic strain are extremely small or negligible,
which can be used as a design criterion for pavement
subgrade [6, 7]. )e cyclic strain accumulation model es-
tablishment and cyclic stress threshold determination in soft
clay have become the theoretical basis for solving the
problems of subgrade settlement under long-term cyclic
loads induced by various transportation facilities. However,
in spite of a great amount of research, the complex behavior
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of soft clay under cyclic traffic loading is not totally un-
derstood yet, while a satisfactory progress has been made in
the simulation of the in situ stress paths and drainage
conditions in the subsoil induced by cyclic traffic loading
with the upgrade of experimental equipment. Actually, the
dynamic stress field in the subsoil caused by cyclic traffic
load is extremely complex. )e soil in pavement experiences
both transient axial and lateral stress as a wheel moves over
[8], which can be simulated by the cyclic triaxial test with
variable confining pressure (VCP) [9–11]. In addition, ex-
cessive pore-water pressure in soft clay arises and dissipates
simultaneously or alternatingly during traffic loading, in-
dicating that the condition of clayey subsoils subjected to
traffic loading could be considered as partially drained,
which can be simulated by open drainage lines during the
applications of cyclic loads [12]. )ese findings suggest that
both the purely deviatoric cyclic loading and the undrained
conditions are not appropriate to reflect the real conditions
in the subgrade due to cyclic traffic loading.

)e effect of drainage and variable confining pressure on
permanent deformation behavior and cyclic stress threshold
of soft clay has not been sufficiently studied. Cai et al. [10]
studied the VCP effects on the permanent deformation of
remolded saturated soft clay with an identical initial stress in
both undrained and partially drained conditions and sug-
gested that the VCP tests are more appropriate for the
simulation of the in situ loading conditions of traffic loading
than CCP tests. )e results also showed that neglecting the
effect of VCP in partially drained condition will lead to a
relatively smaller permanent strain result, which is not safe
in engineering application. Sun et al. [11] presented an
empirical model to predict the permanent axial strain of
intact soft clay in partially drained conditions, considering
the VCP effects. Gu et al. [13] further investigated the VCP
effects on the permanent deformation behaviors of over-
consolidated saturated clay in partially drained conditions.
Test results in their studies, where VCP has been considered,
all show a higher rate of plastic strain accumulation than that
exhibited when only the vertical stress is cycled in partially
drained conditions. Cyclic changes in the magnitude of
horizontal stresses are, therefore, likely to significantly in-
fluence the observed plastic behavior of soils. However, these
studies were focused on evaluating the influence of VCP on
the permanent axial strain at a given number of cycles (e.g.,
N� 10000), and only three stress paths have been consid-
ered, which resulted in incomplete understanding of the
whole evolution of strain accumulation in subsoil under the
coupling effect of vertical and lateral cyclic stresses induced
by traffic loading. Also, the cyclic stress threshold for the
control criteria of subgrade settlement was not proposed in
previous studies.

)erefore, this paper intends to analyze the deformation
behavior of Wenzhou soft marine clay in partially drained
condition as indicated by CCP and VCP tests. )e study
focuses on the analysis of the effect of the stress level and
stress paths on the permanent axial strain, and a new
prediction model was established. Additionally, a cyclic
deviator stress ratio threshold determined by the CCP tests

in partially drained condition is suggested as an upper
boundary in pavement subgrade design on Wenzhou soft
marine clay. )e findings from the current research ad-
vanced the understanding of deformation characteristics of
soft marine clay under traffic load.

2. Laboratory Experimental Program

)e soft clay samples used in this study were obtained from a
deep excavation site in Wenzhou at a depth of 10–12m,
where problematic soils with high water content, high
compressibility, low permeability, and low bearing capacity
are often encountered [14]. )e main physical properties of
the tested soils are listed in Table 1. Figure 1 presents the
conventional oedometer test results on the undisturbed
sample. It can be observed that the preconsolidation pres-
sure σp was 98 kPa.

Testing was performed using a dynamic triaxial appa-
ratus (DTA), manufactured by GDS Instruments Ltd. )e
DTA, which tests specimens with 50mm diameter and
100mm height, is described in many literatures [10, 11],
which give details of the actuators, signal conditioning, and
cyclic control systems. In this apparatus, the vertical stress is
applied by a servo-loading system, while the confining
pressure is supplied through an oil pressure type of piston.
Images of the cyclic triaxial device and schematic diagram of
the apparatus are shown in Figure 2.

Prior to each cyclic experiment, cylindrical specimens of
50mm diameter and 100mm height were firstly hand-
trimmed from the core of every sample by a wire saw in a
rotary manner in a sample preparation platform and then
mounted in the triaxial cell. Following this, a backpressure of
300 kPa with an effective stress of 10 kPa was applied until B
values of the B-check process are greater than 0.98. Sub-
sequently, all specimens were isotropically consolidated
under a mean effective confining pressure of 100 kPa, which
is slightly larger than the preconsolidation pressure σp to
make sure that the tested soft clay is normally consolidated.
)en, the designed stress paths were conducted through
independently controlled half-sine form deviator and iso-
tropic stress to simulate the coupling of cyclic vertical
normal stresses and cyclic horizontal normal stresses in-
duced by moving wheel load. As suggested by Cai et al. [10],
six filter strips of the same size are attached around the
specimens and connected with both the upper and bottom
porous stones as drainage paths. )e pore water in the
specimen is discharged into the backpressure system under
the action of cyclic load and can be used to calculate the
volumetric strain.

Figure 3 illustrates the stress paths in the stress plane of
p-q. In Figure 3, the parameter ηampl was introduced fol-
lowing RondóN et al. [9] to facilitate the investigation into
the coupling effects of cyclic deviator and confining stresses,
which are defined as qampl/pampl, in which qampl is the
amplitude of cyclic deviator stress and pampl is the amplitude
of cyclic mean principal stress. pampl is calculated by pampl �

(σampl
1 + 2σampl

3 )/3 , in which σ3ampl is the amplitude of cyclic
compressive confining pressure. In accordance with the
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nature of the CCP tests, the slopes of the stress paths in p-q
space are always constant and equal to 3. For the VCP tests,
the slopes of the stress paths are dependent on the actual
stresses applied.

)e detailed test program is illustrated in Table 2, in-
cluding 21 tests with different combinations of CSR and
ηampl values. )e cyclic stress ratio (CSR) is defined as
CSR� qampl/qf, where qf is the static deviator stress at failure.
)e preliminary compression tests showed that qf is ap-
proximately 72 kPa for the testing sample. All the tests were
performed at room temperature (approximately 20°C)
according to the annual average temperature of Wenzhou.
)e loading frequency was set to 0.1Hz, and 50 test data
points (one per 0.02 s) were recorded per cycle according to
the previous studies, and the number of cycles in the tests
was set as 3,000. )e reason for this particular choice in the
number of cycles was driven by an analysis period com-
patible with laboratory work constraints and a practical
method to characterize the mechanical behaviors of the soft
clay.

3. Test Results of Analysis

3.1. Typical Axial Strain Accumulation in CCP andVCPTests.
Test results on the axial strain of the specimens in CCP and
VCP tests are presented in this section. )e permanent
axial strain of subsoil can be used to evaluate the cumu-
lative settlement of the subgrade under vehicle moving
loads.

)e typical deviatoric stress changes with the axial strain
εa of the specimens at CSR� 0.347 and 0.625 obtained from
CCP (ηampl � 3) and VCP (ηampl � 1, 0.5) tests are selected
and plotted in Figure 4 for the purpose of brevity. During the
cyclic loading, all the stress–strain curves exhibit hysteresis
and accumulation of irreversible axial plastic strains with the
loading cycles, but the accumulation rate decreases with the
cyclic numbers. )ese observations are in agreement with
those observed in drained cyclic triaxial tests of granular
materials (e.g., ballast and subballast) [15]. Figures 4(a)–4(d)
indicate that the strain accumulation is dependent on both
the ηampl value and the level of the cyclic deviatoric stress.
For example, for the specimen subjected to a CSR� 0.278,
the permanent axial strain under the conditions of
ηampl � 0.5 (1.309%) is about 1.74 times greater than that of
the specimen under the conditions of ηampl � 3 (2.277%),
which suggests that higher cyclic confining pressure can
effectively promote the development of permanent axial
strain in a specimen.

To achieve a better view of the influence of deviatoric
stress and variable confining pressure on the development of
axial strain, the typical comparison of εa among tests with
the same CSR but different ηampl values is plotted in Figure 5,
while the comparison of εa among tests with the same ηampl

but different CSR values is presented in Figure 6. In general,
all the shapes of the time-history curves of εa are similar to
each other except for the magnitudes, and εa tends to reach a
steady value at the end of the tests regardless of ηampl and
CSR. Otherwise, under identical conditions, the increase of
both deviatoric and isotropic stress amplitudes will promote
the accumulation of εa greatly. As shown in Figure 5(b), εa
can be divided into permanent axial strain εpa and resilient
strain εra. While, in Figure 5, the difference in the variation of
εra with cycle numbers is relatively small, and it cannot be
said how cyclic confining pressure affects it, the difference in
the εpa with cycle numbers is significant. Higher ηampl values
resulted in a larger εpa with the same CSR values and cycle
numbers. Figure 6 reveals that, for given ηampl and N, both
the εra and εpa are consistently larger if the CSR is higher.
Furthermore, Figure 5 shows that the trend of εra and εpa
with ηampl is not extremely different at two different CSR
values, which means that the stress paths effect does not
depend significantly on CSR.

3.2. Permanent Axial Strain in CCP and VCP Tests. )e
development of permanent axial strain, εap, with the number
of load applications in CCP and VCP tests, is shown in
Figure 7, similar to the variation of permanent axial strain of
granular materials due to one-way cyclic loading in free to
drained conditions [15]. It is clear from Figure 7 that the
growth of permanent axial strain of these specimens with
increasing number of cycles can be divided into initial
consolidation phase (1–10 cycles), development phase
(10–1,000 cycles), and stable phase (after 1,000 cycles). In the
initial 10 cycles, the increase of εap with cyclic numbers
occurs slowly. In the later phases, the εap grew rapidly with
cyclic numbers and reached stability after 1,000 cycles. )is
phenomenon may be attributed to the partially drained

Table 1: Physical properties of Wenzhou soft clay.

Index properties Values
Specific gravity, Gs (g/cm3) 2.71
Natural water content, wn (%) 59.7
Initial density, ρ0 (g/cm3) 1.65
Initial void ratio, e0 1.62
Liquid limit, wL (%) 60
Plasticity index, Ip 37
Clay fraction (%) 41
Silt fraction (%) 55
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Figure 1: Compression curve of samples from odometer test.

Advances in Civil Engineering 3



(a)

Servo
motor

Back pressure
controller

DSG

4

5

1

3Confining
pressure

controller

Oil 
pump

2

Computer

1: Soil specimen
2: Pore water pressure tranducer
3: Confining pressure tranducer

4: Axil stress tranducer
5: Duplex fitting

(b)

Figure 2: (a) General view of the apparatus. (b) Schematic diagram of advanced cyclic triaxial device.

3

1

VCPCCP

ηampl

qampl

pampl
p (kPa)

q 
(k

Pa
)

0

1

Figure 3: Stress paths of the tests in p-q space.

4 Advances in Civil Engineering



Table 2: Scheme of CCP and VCP tests.

Number of tests p´0 (kPa) qampl (kPa) CSR ηampl Number of load cycles
D01 100 15 0.208 3 3000
D02 100 15 0.208 1.0 3000
D03 100 15 0.208 0.5 3000
D04 100 20 0.278 3 3000
D05 100 20 0.278 1.0 3000
D06 100 20 0.278 0.5 3000
D07 100 20 0.278 0.4 3000
D08 100 20 0.278 0.3 3000
D09 100 25 0.347 3 3000
D10 100 25 0.347 1.0 3000
D11 100 25 0.347 0.5 3000
D12 100 35 0. 486 3 3000
D13 100 35 0.486 1.0 3000
D14 100 35 0.486 0.5 3000
D15 100 35 0.486 0.4 3000
D16 100 45 0.625 3 3000
D17 100 45 0.625 1.0 3000
D18 100 45 0.625 0.5 3000
D19 100 55 0.764 3 3000
D20 100 60 0.833 3 3000
D21 100 65 0.903 3 3000
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Figure 4: Typical stress–strain hysteretic loops: (a) CSR� 0.347, ηampl � 3; (b) CSR� 0.347, ηampl � 0.5; (c) CSR� 0.625, ηampl � 1;
(d) CSR� 0.625, ηampl � 0.5.
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Figure 5: Typical time-history curves of axial strains: (a) CSR� 0.278; (b) CSR� 0.486.
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Figure 6: Typical time-history curves of axial strains: (a) ηampl � 1; (b) ηampl � 0.5.
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Figure 7: Relationships between permanent axial strains and cycle numbers: (a) ηampl � 3; (b) CSR� 0.278.
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effect. During cyclic loading, the specimens were compacted
continuously through water removal, and the compaction
effect began to decrease until a particular number of cycles
(i.e., N≥ 1,000).

A better view of the permanent axial strain εap influenced
by the magnitude of deviatoric stress, for tests with ηampl � 1
and 0.5, εap at selected cycle numbers (e.g., N� 10, 50, 100,
500, 1,000, and 3,000) versus CSRs, is presented in Figure 8.
It can be found that εap is linearly varied with CSR in a log-
log plot. For a given number of cycles, the relationship
between εap and CSRs can be written as follows:

εp
a � ACSR

B
, (1)

in which A and B are fitting parameters depending on the
applied cycle numbers and ηampl values.

According to the previous CCP and VCP tests on
granular materials [9], A consistent pattern was observed
between εap and stress path length, L, which can be used to
characterize the influence of cyclic confining pressure on the
development of permanent axial strain εap. )erefore, the
effect of L on εap of soft clay in this study is presented in
Figures 9(a) and 9(b). It can be seen that the trends of εap
with L at different cycle numbers or CSR values are similar.
For a given value of CSR and N, the amount of εap increases
with L, which can be expressed by a logarithmic expression
of y� aln (x)+b. Figure 9 also indicates that the effect of L on
the magnitude of εap depends on both the CSR values and N.
εap is found to increase with the increase of both N and CSR
at the same L values. )is observation further indicates the
significant influence of deviatoric stress magnitude and cycle
numbers on the strain accumulation in soft clay.

Figure 10 further presents the normalized result of
Figure 9(b), indicating that the normalized permanent axial
strain after 1000 cycles (εp

a,1000/ε
p,CCP
a,1000 ) is logarithmically

related to the normalized stress path length (L/LCCP), re-
gardless of the CSR values.

Figure 11 plots the permanent axial strain at N� 1000,
εp

a,1000 versus the amplitude of cyclic confining pressure
σampl
3 , wn in each test according to the data processing

method of Cai et al. [10]. As can be seen, for tests with the
same CSR value, εp

a,1000 at N� 1000 is basically proportional
to σampl

3 , and the-σampl
3 lines for different CSR values are

almost parallel to each other (i.e., identical inclinations).
Figure 12 further plots the increment of the permanent

axial strain Δεp
a,1000 versus the corresponding increment of the

amplitude of cyclic confining pressure Δσampl
3 . It can be seen

that Δεp
a,1000 is generally proportional to Δσ

ampl
3 regardless of

the CSR values, indicating that one-unit increment in the
amplitude of cyclic confining pressure will induce an incre-
ment of 0.0213% in the permanent axial strain at N� 1000,
independent of the CSR values. )e relationship established
between Δεp

a and Δσampl
3 allows the prediction of permanent

axial strain at a given cycle number and stress path.
To achieve a better view of the importance of cyclic

confining pressure, the influence of ηampl values on the
permanent axial strain εap is quantified. As can be seen from
the comparisons of εap between VCP and corresponding

CCP tests in Figure 13, (a) linear relationship was observed
when the VCP permanent axial strain, εpa,VCP (ηampl � 1, 0.5,
0.4 and 0.29), was plotted against the counterparts εpa,CCP in
CCP tests (ηampl � 3). Furthermore, the fitting parameters k
represent the ratios of εap to εpa,CCP plotted versus the ηampl

values and are shown in Figure 14. To investigate the effects
of the ηampl values, the k- ηampl relationship can be closely
approximated using the following form:

k � a ηampl/3 
b

+ c, (2)

in which a, b, and c are fitting parameters. According to
equation (2), the regression analyses of these data resulted in
the following equation, which can be used to predict the
permanent axial strains of saturated soft clays under a
certain combination cyclic deviator stress and cyclic con-
fining pressure if the permanent axial strains in CCP tests are
known.

εp
a � 0.206 ηampl/3 

− 0.855
+ 0.794 εP

a,CCP. (3)

3.3. Cyclic Deviator Stress Ratio 6reshold. Shakedown an-
alyses provide a theoretical basis for pavement designs and
safety assessments [16]. According to the shakedown con-
cept, the soft clay due to repeated loading can be divided into
stable (i.e., shakedown or resilient behavior) and unstable
response (i.e., excessive permanent deformation occurs).
Based on the cyclic response (i.e., permanent deformation,
resilient modulus), a cyclic stress threshold can be deter-
mined to compute the load-carrying capacity of the soft clay
subgrades or limit the subgrade stress for prevention of
excessive plastic strain. )erefore, a better insight into the
deformation behavior of soft clay under repeated loading is
imperative to reach a more definite and reliable classification
of shakedown response.

)rough the above mentioned analysis, it can be found
that VCP tests resulted in a larger permanent axial strain
than the corresponding CCP tests. )e threshold of cyclic
deviatoric stress ratio determined by the CCP test results can
be used as an upper bound of criterion to discerning whether
the growth of plastic strains will eventually level off or
exhibit an incremental failure. Because the permanent axial
strain has reached a stable state after 1,000 cycles, herein, the
permanent axial strain of specimens at 1,000 cycles, εpa,1000,
was plotted against the CSR values in Figure 15. An ap-
proach similar to that used by Mitchell et al. [17] (i.e., by
locating the points at which the experimental stress–strain
curves showed a marked bend) was used to determine the
threshold of cyclic deviatoric stress ratio from the diagram in
Figure 15; it consists basically in locating the marked bend
point at the intersection of the rectilinear extrapolations of
the pre- and postincrease portions of the εpa,1000–CSR curve,
while it should be noted that some subjectivity was un-
avoidable in locating the marked bend point as the curves
were nonlinear from the beginning. In this study, the
threshold of cyclic deviatoric stress ratio corresponding to
the marked bend point of the εpa,1000–CSR curve in Figure 15
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is about 0.7, and that of the corresponding cyclic deviator
stress threshold is 50.4 kPa. As expected, the permanent axial
strain would exceed 5%, while cycle time increases, which is
occasionally adopted as a sign of failure [18]. Once the
threshold of cyclic deviatoric stress ratio (0.7) was exceeded,
small increases in cyclic deviator stress could trigger the
rapid deterioration and failure of the previously stable soft
subsoil, and such behavior corresponds to the incremental
collapse stage of the shakedown concept. It is suggested that
CSR� 0.7 could be suggested as a warning before subgrade
invalidation in soft clay area of Wenzhou. )is value has
coincided with the allowable CSR obtained by cyclic triaxial
tests on the same soil in undrained condition after isotropic
consolidation [7].
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confining pressure.
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Table 3: Regression parameters C1 and C2 in equation (4).

Test number CSR C1 C2

D01 0.208 6.7094 0.0026
D04 0.278 4.8348 0.0058
D09 0.347 3.7465 0.0100
D12 0.486 2.0861 0.0216
D16 0.625 1.6655 0.0489
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Figure 17: Continued.
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3.4. Permanent Axial Strain Empirical Model. Power modes
and logarithmic models are the two most wide-spread ap-
proaches to describe the increase of permanent axial strain
εpa with increasing number of cycles N [19]. Wichtmann
et al. [19] have suggested that a logarithmic model is more
appropriate for the residual strain description of soil in
drained condition. Hence, a logarithmic model was used to
fit the experimental data with CSR values below 0.7 in
Figure 16, which is expressed as

εp

a,CCP � ln 1 + C1C2N( /C1. (4)

in which C1 and C2 are fitting parameters depending on the
CSR values and are listed in Table 3.)eC1-CSR andC2 –CSR
relationship can be expressed by a constitutive expression and
a linear function of the following form, respectively:

C1 � 0.8712CSR
− 1.321

, (5)

C2 � 0.1555CSR
2.5998

. (6)

Setting equations (5) and (6) into equation (4), the final
prediction equation for the permanent axial strain in CCP
tests below CSR� 0.7 is

εp

a,CCP �
ln 1 + 0.8712CSR

− 1.321
× 0.1555CSR

2.5998
N 

0.8712CSR
− 1.321 .

(7)

Furthermore, setting Eq. (7) into equation (3), the
permanent axial strain empirical model considering the
effect of stress paths can be written as follows:
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Figure 17: Comparison of the measured and calculated permanent axial strains. (a) CSR � 0.208. (b) CSR � 0.278. (c) CSR � 0.347. (d) CSR
� 0.486. (e) CSR � 0.625.
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εp
a � 0.206 ηampl/3 

− 0.855
+ 0.794 

×
ln 1 + 0.8712CSR

− 1.321
× 0.1555CSR

2.5998
N 

0.8712CSR
− − .321 .

(8)

Figure 17 shows the comparison between measured
permanent axial strain and the calculated data by Eq. (8),
indicating that the empirical model formulation used here
was able to well capture the permanent axial strain re-
sponse of soft clay in partially drained conditions as a
function of cyclic deviator stress, stress paths, and loading
cycles. )is model can be used to predict the permanent
deformation that is expected in a coastal subgrade soil
condition. However, it should be noted that the proposed
formulation provided good predictions are due to the
correlation coefficients used in the empirical model was
derived from the same measured permanent axial strain
response data against whom the comparisons were made.
Owing to the limited amount of similar laboratory test
data available, the applicability of this formula remains to
be further verified, but the modeling method is worth
considering.

4. Conclusions

A series of one-way CCP and VCP tests on an intact sat-
urated soft marine clay were performed in this study. )e
combined effects of the vertical and horizontal stress changes
to which subgrade soils are subjected are simulated by the
combination of cyclic deviator stress and cyclic confining
pressure. Based on the experimental results, the major
conclusions are summarized as follows:

(1) )e generation of axial strain is significantly affected
by cyclic loading levels and stress paths. However, for
all loading patterns considered, the normalized
permanent axial strain at a given number of cycles
can be uniquely related to the normalized stress path
length, L, regardless of the CSR values.

(2) )e increment of the permanent axial strain at a
given number of cycles is generally proportional to
the increment of the amplitude of cyclic confining
pressure. One-unit increment in the amplitude of
cyclic confining pressure will induce an increment of
0.0213% in the permanent axial strain at N� 1000,
independent of the CSR values.

(3) Based on CCP test results and shakedown theory, a
CSR threshold of 0.7 was determined for Wenzhou
soft marine clay, which can be suggested as a basis for
controlling subgrade settlement in soft marine area.

(4) A logarithmic model of permanent axial strain
provided an extremely good simulation of the
measured permanent axial strain data of CCP and
VCP test by not only accounting for the combined
effects of cyclic deviatoric and confining stresses, but
also accounting for the effects of cycle numbers.

(5) Future work in this area should address the effects of
wave form, frequency, cyclic intermediate principal
stress, rotation of principal stress, and a larger
number of loading cycles on permanent strain po-
tentials of soft marine clays.
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