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(ixotropy is a hot topic in the field of rheology of dispersed systems. Many researchers have proposed different models and
hypotheses to explain the thixotropy of clay. In this paper, the strength recovery model of Zhanjiang Formation clay in the process
of thixotropy is studied. Firstly, through unconfined compressive strength test, the influence of soil sensitivity, moisture content,
and density on the strength growth of remolded soil was studied.(e results show great influence of sensitivity, moisture content,
and density on the thixotropic strength of the Zhanjiang Formation clay: the higher the sensitivity and the density, the stronger the
thixotropy of soil; the higher the moisture content, the weaker the thixotropy of soil. Based on the test results, a strength recovery
model of Zhanjiang Formation clay in the process of thixotropy was established.(emodel was verified by the validation test data
and the data obtained from the existing literature. (e results suggest that the model prediction is in good agreement with the
verification test data and data from existing literature, which proves the confidence of the model in predicting the degree of
strength recovery in the process of thixotropy of Zhanjiang Formation clay. (e model provides basis for stability calculation of
surrounding soil after construction disturbance of underground structures in this stratum.

1. Introduction

With the rapid development of urban construction in China,
there are more and more underground structures that ex-
ploit and utilize underground space. During the construc-
tion of underground structures, the surrounding soil is
disturbed and its strength reduced [1]. After completion of
construction, the strength of soil will gradually recover due
to thixotropy. (ixotropy is one of the complex rheological
properties. (e thixotropy of soil refers to the phenomenon
that the structural strength of soil decreases sharply or even
flows under the action of external forces, and the structure
and strength gradually recover with the lapse of time after
the external force stops [2]. In 1949, Boswell [3] made a
thixotropic study on a large number of sedimentary ag-
gregates and found that all materials except clean sand
showed thixotropic characteristics. Dı́az-Rodŕıguez and

Santamarina [4], Xiuli et al. [5], and Li et al. [6], respectively,
studied the thixotropy of Mexican soil, Yellow River Delta
silt, and Cuihu wetland soft soil. (ese results show that the
influence of thixotropy can increase the strength of
remolded soil to 100% or even higher. (e study of thix-
otropy is of great guiding significance to deeply understand
the mechanical mechanism of soil, solve the problem of
engineering foundation stability, and prevent geological
disasters. Some researchers have studied this from different
aspects.

In terms of influencing factors of thixotropy, the
moisture content of soil has an important influence on the
thixotropy of soil [7–11]. Mitchell [12] pointed out that,
compared with chemical factors, the moisture content of soil
has an important influence on changing the intergranular
force, then affecting the thixotropy of soil. Wang et al. [13]
studied the thixotropy of dredged silt from Taihu Lake and
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Baima Lake with different moisture content and found that
the smaller the moisture content, the greater the thixotropy.
(ixotropic agents can change the thixotropy of materials to
a great extent, and the thixotropy is related to the density of
materials [14–16]. Quanji et al. [17] found that adding a
small amount of nanoclay can significantly promote the
reflocculation or structural reconstruction of particles and
effectively improve the thixotropy of cement paste. Qian and
De Schutter [18] used nanoclay and moisture reducing agent
to change the thixotropy of cement paste at the same time,
and these two additives greatly accelerate the microparticle
agglomeration of cement paste. Appellants’ researches on
the influencing factors of thixotropy are mostly qualitative
and lack quantitative description.

In terms of thixotropy mechanism, thixotropy is the
result of the interaction between microscopic particles
[19–22]. Li et al. [23] analyzed the change law of interparticle
force and particle network structure with measurement
time, measurement rate in paste yield process in mesolevel,
and explained the thixotropy mechanism of whole tailings
paste. Zhang et al. [24] used scanning electron microscope
and mercury intrusion experiment to study the change law
of microstructure and pores with time after clay remodeling
in Zhanjiang Formation and attributed the strength increase
to the adaptive adjustment of microstructure caused by the
change of force field. Huo et al. [25] think that clay is an
energy dissipation system. Upon shearing, one part of the
energy input from the outside makes the particles slightly
adjusted, rubbed, and then dissipated, while the other part is
transferred to heat energy, which intensifies the thermal
movement of particles. After curing for a period of time, the
energy dissipates, and the particles converge again until a
new balance is reached.(ese researchers have discussed the
thixotropy mechanism from the aspects of microstructure,
self-adaptive adjustment of microstructure, and energy
dissipation, but the understanding of the mechanism of soil
thixotropy still stays in the stage of incomplete qualitative
explanation, lacking reliable test data support, and it is
difficult to explain the nature of the occurrence and de-
velopment of soil thixotropy in the root.

In terms of constitutive models, many researchers have
proposed empirical models or semiempirical and semi-
theoretical constitutive models to describe the thixotropy of
materials based on experiments or existing constitutive
models of materials [26–33]. Mendes [34] put forward a
constitutive model of structural fluid, which can well predict
the thixotropy, viscoelasticity, and yield behavior of mate-
rials. Wei et al. [35] extended the previous pure scalar
thixotropic “multilambda” model and combined it with the
isotropic motion hardening (IKH) model, which reflected
well the complex transient rheological behavior of the
thixotropic viscoelastic plastic (TEVP) fluid. (ese models
are more or less contradictory between the number of model
parameters and the calculation accuracy, which makes it
difficult to obtain general analytical solutions and accurate
numerical solutions. Moreover, most of these models are

proposed for some specific fluids, and it is difficult to apply
them to engineering practice.

(e above work has promoted the research progress of
thixotropy of soil, but there are still some drawbacks in
previous studies. First of all, there are a great many of the
complex factors affecting thixotropy, and the current re-
search has not studied the influence degree of these factors
from a quantitative point of view. In addition, the existence
of soil thixotropy has a great influence on the engineering
practice [36–39]. For example, the construction processes
such as pipe jacking and pile sinking will disturb the sur-
rounding soil and reduce its strength. After completion of
construction, the strength of the soil will gradually recover,
showing timeliness [40–42]. (e clay of Zhanjiang For-
mation features strong constitutive property [43], high
plasticity [44], micropermeability [45], strong acidity pro-
duced by oxidation hydrolysis [46], spatial distribution
difference [47], creep property [48], thixotropy [24], etc.,
and it is an extremely abnormal soil with special properties,
resulting in its rare engineering characteristics. But the
problems about the strength recovery law of structural clay
in Zhanjiang Formation during thixotropy are still unclear,
and a model which can accurately reflect the soil thixotropic
strength recovery has not yet been established to guide the
engineering practice. To find the thixotropic recovery model
of clay strength, this paper studies the growth law of soil
strength with curing time based on the unconfined com-
pressive strength test of remolded soil of Zhanjiang For-
mation clay, discusses the influence of soil sensitivity,
moisture content, and density on thixotropy, and puts
forward a model to predict the strength growth of remolded
soil during thixotropy. (e parameters of the model are few
and easy to obtain, which simplifies the previous model
calculation and is convenient for engineering applications.

2. Basic Physical Property Tests

(rough existing regional geological data and engineering
geological surveys, typical strata are selected for investiga-
tion, drilling, and sampling. (ree groups of undisturbed
soil samples 1, 2, and 3 of Zhanjiang Formation clay were
taken from Baosteel Zhanjiang Iron and Steel Base in
Donghai Island, Zhanjiang City, Guangdong Province,
China. (e depth for soil sampling for sample groups 1, 2,
and 3 is 33.25–34.05m, 53.25–54.05m, and 65.25–66.05m,
respectively. Sampling was carried out by using a stainless
steel open thin-walled sampler with an inner diameter of
100mm, a wall thickness of 2mm, a cutting edge angle of
60°, and a length of 300mm. (e upper end of the sampler
was connected with a drill stem by screws and was provided
with an exhaust (drain) hole and a spherical valve, to release
air and water pressure during sampling, prevent water from
reentering, and maintain a vacuum above the soil sample
during lifting. (e drying method, ring knife method,
pycnometer method, and liquid-plastic limit combined
method were used to test the basic physical properties such

2 Advances in Civil Engineering



as natural moisture content, natural density, specific gravity,
liquid limit, and plastic limit of the Zhanjiang Formation
clay. For the test methods, refer to the relevant provisions of
Articles 5.2, 6.2, and 7.2 of Standard for Geotechnical Test
Methods (GB ∕ T50123-2019), and the test results are shown
in Table 1.

As shown in Table 1, the physical properties of structural
clay in Zhanjiang Formation are inferior, with the charac-
teristics of high water content and high plasticity.

3. Influence of Sensitivity on Thixotropy

(ixotropic property is caused by the restoration of soil
structure with the lapse of standing time after the internal
structure of the soil is destroyed. To study the influence of
soil sensitivity St on strength recovery, three groups of
undisturbed soil samples 1, 2, and 3 with different sensitivity
were remolded and the internal structure was destroyed to
obtain remolded samples. (e remoulding pattern is a
homogeneous soil simulating the shape of undisturbed soil,
which is obtained by drying and crushing the undisturbed
soil, and then remoulding it according to the density and
moisture content of the undisturbed soil. For the sample
preparation method, refer to the relevant provisions of
Articles 4.3.1 and 4.4.2 of Standard for Geotechnical Test
Methods (GB ∕ T50123-2019). Wrap the sample in preser-
vative film, place it in PVC tubes, put on the lids, and seal
with wax; store it in an airtight moisturizing jar for curing
and control the room temperature at 25± 2°C. As shown in
the researches that the soil strength recovery is fast at the
initial stage and slow at the later stage [4, 5], we set the curing
times at 0 d, 1 d, 7 d, 30 d, and 60 d. Unconfined compressive
strength tests were carried out on three groups of Zhanjiang
Formation clay with different sensitivity at different curing
times, and the unconfined compressive strength values of
undisturbed soil and remolded soil samples of different
curing times were obtained. For the unconfined compressive
strength test method, refer to the relevant provisions of
Article 20 of Standard for Geotechnical Test Methods (GB/T
50123–2019), and the test results are shown in Table 2.

Table 2 suggests that the structural clay of Zhanjiang
Formation has high strength, but the strength decreases
greatly after remolding. With lapse of curing time, the
strength increases obviously, and it has strong constitutive
property and thixotropy. (e structural clay of Zhanjiang
Formation has inferior physical properties and superior
mechanical properties, which makes rare engineering
characteristics for the clay in Zhanjiang Formation.

To study the strength recovery law of Zhanjiang For-
mation clay during thixotropy, the relation between the
unconfined compressive strength of remolded soil samples
and the logarithm of curing time qu

′(t) − log t was estab-
lished, whereaslog t is meaningless at 0 d, and Table 2 shows
that the values of qu

′(0) and qu
′(1) of the three groups of soil

samples have little change and the error between them can
be ignored. (erefore, the data with curing times of 1 d, 7 d,
30 d, and 60 d in Table 2 are selected to fit the curve of the
relation between unconfined compressive strength of

remolded soil samples and logarithm of curing time
qu
′(t) − log t, and the results are shown in Figure 1.
As can be seen from Figure 1, qu

′(t) grows with log t. (e
reason the strength of soil increases with the increase of
curing time is the remolding input energy to the soil, part of
which destroys the internal structure of the soil, and the
other part of which is converted into heat energy, which
intensifies the thermal movement of particles, and the
particles are separated from each other, thus reducing the
acting force between particles. After curing for a period of
time, the energy dissipates, and the particles converge again
until a new balance is reached, and the strength increases
accordingly [25]. And there is a linear relation between qu

′(t)

and log t:

qu
′(t) � A log t + B, (1)

where B is the intercept of the straight line qu
′(t) − log t,

namely, B � qu
′(1), in kPa. Because qu

′(1) ≈ qu
′(0) in Table 2,

we can approximately assume that

B � qu
′(1) � qu

′(0) �
qu

St

. (2)

A is the slope of the straight line qu
′(t) − log t, in kPa,

which is related to the rate of strength recovery in the
thixotropic process. Let A � qua, where qu is the unconfined
compressive strength of undisturbed soil, in kPa. a is the
coefficient related to the slope of a straight line qu

′(t) − log t,
dimensionless. When t � 0, it is true that

A � qua � qu
′(0)Sta. (3)

(e sizes of A and a reflect the thixotropy intensity
degree of soil. (e greater the A and a, the stronger the
thixotropy, whereas the weaker the thixotropy. According to
the ratio of qu and qu

′(0) in Table 2, the sensitivity St of the
three groups of samples is 4.07, 5.53, and 4.39, respectively. It
can be seen from Figure 1 that the greater the sensitivity is,
the greater the A and the stronger the thixotropy of the soil
is, which is consistent with the hypothetical results of (3).

To determine the coefficient a, the next section will
discuss the influence of the basic physical properties of soil
on the coefficient a.

4. Influence ofMoisture Content on Thixotropy

Taking another group of Zhanjiang Formation clay from the
field to study the influence of moisture content on thixot-
ropy, the sampling method is the same as that in Section 2.
(e undisturbed soil has an unconfined compressive
strength of qu � 138.28 kPa, a moisture content of 45%, and
a density of 1.71 g/cm3. (e undisturbed soil was remolded
to prepare remolded soil samples with the same density
(1.71 g/cm3) but different moisture content (40%, 45%,+ and
50%). (e sample preparation method was the same as in
Section 3. After curing the remolded soil samples for 1 d, 7 d,
30 d, and 60 d, the unconfined compressive strength was
measured, respectively, and the test method was the same as
in Section 3. (e test results are shown in Table 3. Establish
the qu
′(t) − log t relation curves of remolded soil samples
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with different moisture content according to Table 3, as
shown in Figure 2.

It can be seen from Figure 2 that the slope A of the
straight line qu

′(t) − log t decreases with the increase of
moisture content, indicating that the thixotropy of Zhan-
jiang Formation clay decreases with the increase of moisture
content [13]. (e reason is that the original cementation
between particles is destroyed by remodeling. As a solvent,
moisture will dissolve some cementation substances, and the
concentration in samples with low moisture content is
higher than that in samples with high moisture content.
(erefore, after curing, the connection between particles of
samples with lower moisture content is more obvious than
that of samples with higher moisture content. It can be seen
from formula (3) that, A � qua, the value of a can be cal-
culated by formula a � A/qu according to Figure 2, and

qu � 138.28 kPa, and the a − w relation can be fitted linearly,
as shown in Figure 3.

It can be seen from Figure 3 that a decreases with the
increase ofw and there is a linear relation between them:

a � αw + β, (4)

where α is the slope of the a − w relation curve, dimen-
sionless; β is the intercept of the a − w relation curve, di-
mensionless; the moisture content w is in decimal form.

5. Influence of Density on Thixotropy

Taking a group of Zhanjiang Formation clay from the field to
study the influence of density on thixotropy, the sampling
method is the same as that in Section 2. (e undisturbed soil
has an unconfined compressive strength of qu � 154.91 kPa,
a moisture content of 46.59%, and a density of 1.85 g/cm3.
(e unaltered soil was remolded to prepare remolded soil
samples with the same moisture content (46.59%) but dif-
ferent densities (1.89 g/cm, 1.85 g/cm3, and 1.77 g/cm3). (e
sample preparation method was the same as in Section 3.
After curing the remolded soil samples for 1 d, 7 d, 30 d, and
60 d, the unconfined compressive strength was measured,
respectively, and the test method was the same as in Section
3. (e test results are shown in Table 4. Establish the qu

′(t) −

log t relation curves of remolded soil samples with different
densities according to Table 4, as shown in Figure 4.

It can be seen from Figure 4 that the slope A of the
straight line qu

′(t) − log t increases with the increase of
density ρ, indicating that the thixotropy of Zhanjiang For-
mation clay increases with the increase of density. (e
smaller the pore ratio of soil, the greater the thixotropy of
soil [11], and the smaller the pore ratio of soil, the higher its
density, the smaller the spacing between soil particles, and
the larger the contact area. After curing, the connection
between particles is more obvious than that of less dense soil,
so the thixotropy of dense soil is stronger. (erefore, the
thixotropy of soil with high density is stronger. It can be seen
from formula (3) that, A � qua, the values of a can be
calculated by a � A/qu according to Figure 4 and

Table 1: Test results of physical properties of Zhanjiang Formation clay.

Group Moisture content ω (%) Natural density ρ (g/cm3) Specific gravity Gs Liquid limit wL (%) Plastic limit wp (%)

1 48.79 1.75 2.67 63.06 32.70
2 38.01 1.76 2.71 52.10 31.23
3 46.59 1.77 2.68 58.30 32.40

Table 2: Unconfined compressive strength test results of samples with different sensitivity at different curing times.

Group Undisturbed soil
sample qu(kPa)

Remolded soil
sample curing for

0 d
qu
′(0)(kPa)

Remolded soil
sample curing for

1 d
qu
′(1)(kPa)

Remolded soil
sample curing for

7 d
qu
′(7)(kPa)

Remolded soil
sample curing for

30 d
qu
′(30)(kPa)

Remolded soil
sample curing for

60 d
qu
′(60)(kPa)

1 122.88 30.19 30.48 36.12 37.28 40.05
2 183.65 33.21 33.56 41.24 54.37 56.42
3 154.91 35.26 35.71 38.65 47.02 49.32

Group 1 q′u (t) = 4.9958log t + 30.8613
q′u (t) = 13.6087log t + 32.4473
q′u (t) = 7.9975log t + 34.4769

R2 = 0.9539
R2 = 0.9664
R2 = 0.9636

Group 2
Group 3
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Figure 1: (e qu
′(t) − log t relation curve of samples with different

sensitivity.
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qu � 154.91 kPa, and the a − ρ relation can be fitted linearly,
as shown in Figure 5.

As can be seen from Figure 5, a increases with the in-
crease of ρ, demonstrating a linear relation between them:

a � cρ + η, (5)

where c is the slope of the a − ρ relation curve, dimen-
sionless; η is the intercept of the a − ρ relation curve, di-
mensionless; for ρ, the value with dimension removed is
taken.

Figures 3 and 4 show a linear relation between a and
moisture content w, density ρ within a certain range, and the
corresponding values ofw, ρ, and a in Figures 3 and 4 shown
in Table 5.

On the ground that both moisture content w and density
ρ have a linear relation with a within a certain range, we can
use a binary linear regression method to carry out regression
analysis and determine their quantitative relation, assuming
that the quantitative relation among them is

a � k0 + k1w + k2ρ, (6)

where k0, k1, and k2 are regression parameters,
dimensionless.

(e results of regression analysis are shown in Tables 6
and 7.

According to Table 6, the linear regression coefficient
multiple R� 0.8995, indicating that w, ρ, and a are corre-
lated. (e value of significance F is 0.0834, showing a sig-
nificant regression effect. As shown in Table 7, the values of
k0, k1, and k2 in (6) are −0.1777, −0.3291, and 0.2143, re-
spectively; then,

a � −0.1777 − 0.3291w + 0.2143ρ. (7)

6. Thixotropic Strength Recovery Model

In terms of prediction model, Zhang Xianwei studied the
strength growth law of different curing times after clay
remolding through unconfined compressive strength test
and penetration test and put forward the empirical formula
of strength recovery as a power function form [24].

qu
′(t) � Ct

D
. (8)

Because the parameter meaning of the power function is
not clear, the logarithm of the power function is used to
make the parameter meaning clear. In this paper, the em-
pirical formula in logarithmic form (1) is obtained by data
fitting. According to the above analysis, sensitivity, moisture
content, and density have obvious influences on thixotropic
recovery. Substituting (2), (3), and (6) into (1), the thixo-
tropic strength recovery model of Zhanjiang Formation clay
can be obtained:

Table 3: Unconfined compressive strength of remolded samples with different moisture contents at different curing times.

Moisture content
(%)

Remolded soil sample
curing for 1 d

qu
′(1)(kPa)

Remolded soil sample
curing for 7 d

qu
′(7)(kPa)

Remolded soil sample curing
for 30 d

qu
′(30)(kPa)

Remolded soil sample curing
for 60 d

qu
′(60)(kPa)

40 28.51 33.22 40.68 41.85
45 18.17 21.34 26.67 30.17
50 8.54 10.64 13.17 15.75
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Figure 2: Relation curve qu
′(t) − log t of samples with different

moisture content.

a = –0.2946w + 0.1770 R2 = 0.9570
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Figure 3: Relation curve a − w.
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qu
′(t) � qu

′(0)St k0 + k1w + k2ρ( log t +
qu

St

, (9)

where qu
′(t) is the unconfined compressive strength corre-

sponding to the curing time t, in kPa; qu
′(0) is the unconfined

compressive strength corresponding to the curing time at
0 d, in kPa; qu is the unconfined compressive strength of
undisturbed soil, in kPa; w takes its decimal form; ρ takes the
value with dimension removed; k0, k1, and k2 are model
parameters, dimensionless, determined by referring to the
determination method in Section 4.

Substituting the values of k0, k1, and k2 into (9), we get

qu
′(t) � qu

′(0)St(−0.1777 − 0.3291w + 0.2143ρ )log t +
qu

St

.

(10)

It can be seen from formula (10) that themodel considers
the influence of moisture content, density, and sensitivity on
thixotropy, where the coefficient of moisture content is
negative, and the greater the moisture content, the smaller
the soil strength growth, and vice versa. (e coefficient of
sensitivity and density is positive, and the greater the sen-
sitivity and density, the more obvious the soil strength
growth. Deriving t from (9), we get

dqu
′(t)

dt
�

qu
′(0)St k0 + k1w + k2ρ( 

t ln 10
. (11)

By substituting the test data of groups 1, 2, and 3 into
formula (11) according to Table 1, the curves of thixotropic

Table 4: Unconfined compressive strength of remolded samples with different densities at different curing times.

Density
(g/m3)

Remolded soil sample curing
for 1 d

qu
′(1)(kPa)

Remolded soil sample curing
for 7 d

qu
′(7)(kPa)

Remolded soil sample curing
for 30 d

qu
′(30)(kPa)

Remolded soil sample curing
for 60 d

qu
′(60)(kPa)

1.89 28.94 35.69 43.13 53.66
1.83 26.17 30.56 36.91 41.59
1.77 26.15 28.79 32.45 36.52
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u (t) = 5.4899log t + 25.3498

R2 = 0.9080
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Density of 1.77g/cm3
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Figure 4: Relation curve qu
′(t) − log t of samples with different

densities.
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a = 0.3955ρ – 0.6660 R2 = 0.9876

a
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ρ 

Figure 5: Relation curve a − ρ.

Table 5: (e test values of w ρ, and a.

Indicators Values
w 0.4 0.45 0.4659 0.4659 0.4659 0.5
ρ 1.71 1.71 1.77 1.83 1.89 1.71
a 0.0573 0.0480 0.0354 0.0546 0.0829 0.0279

Table 6: Regression statistics.

Regression parameters Values
Multiple R 0.8995
R square 0.8091
Adjusted R square 0.6818
Standard error 0.0109
Significance F 0.0834
Observed value 6

Table 7: Regression parameters.

Coefficients Values
Intercept −0.1777
w variable 1 −0.3291
ρ variable 2 0.2143

6 Advances in Civil Engineering



recovery rates of the three groups soil samples changing with
time can be obtained, as shown in Figure 6.

It can be seen from Figure 6 that the thixotropic recovery
rate of the three groups of soil samples decreases with the
increase of curing time. Specifically, it decreases rapidly
within 0 to 60 days and, after 60 days, tends to be stable and
keeps stable at a smaller value, indicating that the thixotropic
recovery is very slow after 60 days of curing time, and the
strength of the soil cannot be restored to the strength of the
original soil in a short time after the structure of the soil is
destroyed.

7. Model Verification

To verify the rationality of the model, three different groups
of undisturbed soil 4, 5, and 6 of Zhanjiang Formation clay
were taken for verification test. (e depth of soil sampling
for specimens 4, 5, and 6 is 2.00–3.00m, 6.00–9.00m, and
19.25–20.05m, respectively. (e basic physical properties
such as natural moisture content, natural density, and
specific gravity of the soil samples taken for the verification
test were measured. Sampling and testing methods are the
same as those in Section 2, and the results are shown in
Table 8.

Unconfined compressive strength tests were carried out
on undisturbed soil samples and remolded soil samples with
different curing times (0 d, 1 d, 5 d, 10 d, 15 d, 30 d, and 60 d)
for the three groups 4, 5, and 6 of Zhanjiang Formation clay,
and the unconfined compressive strength values of undis-
turbed soil and remolded soil samples with different curing
times were obtained. (e testing method is the same as that
in Section 3, as shown in Table 9.

Using formula (10) to predict the intensity recovery of
groups 4, 5, and 6, substituting the initial conditions of soil
groups 4, 5, and 6 into formula (10) according to Tables 8
and 9, we get the strength recovery prediction curves for
groups 4, 5, and 6 as follows:

qu
′(t) � 0.1951 log t + 5.11, (12)

qu
′(t) � 4.8554 log t + 27.02, (13)

qu
′(t) � 10.6613 log t + 49.68. (14)

(e test data in Table 9 are compared with the prediction
results of formulas (12)–(14), and the results are shown in
Figure 7.

To further verify the rationality of the model, the test
data of the literature [24] is quoted to verify the model, and
the data of the literature [24] are shown in Tables 10 and 11.

Substituting the physical and mechanical indexes into
formula (10) according to Tables 10 and 11, the strength
recovery prediction curve is as follows:

qu
′(t) � 2.65 log t + 25, (15)

qu
′(t) � 7.96 log t + 20.68, (16)

qu
′(t) � 51.31 log t + 94.15. (17)

Comparing the test data in Table 11 with the prediction
result of formulas (15)–(17), the result is shown in Figure 8.

It can be seen from Figures 7 and 8 that the test data are
in good agreement with the predicted results of the model,
and the theoretical curve calculated by this model can reflect

Group 1
Group 2
Group 3

0.00
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0.10

0.15

0.20
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0.40
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′ u 

(t)
/d

t (
kP

a/
d)

20 40 60 80 1000
t (d)

Figure 6: (e relation curve of thixotropic strength recovery rate and curing time.
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Table 8: (e test results of physical properties of Zhanjiang Formation clay.

Group Moisture content ω (%) Natural density ρ (g/cm3) Specific gravity Gs

4 55.38 1.71 2.67
5 45.79 1.72 2.71
6 42.26 1.71 2.72

Table 9: Unconfined compressive strength test results of samples at different curing times.

Group qu (kPa) qu
′(0) (kPa) qu

′(1) (kPa) qu
′(5) (kPa) qu

′(10) (kPa) qu
′(15) (kPa) qu

′(30) (kPa) qu
′(60) (kPa)

4 30.02 5.11 5.11 5.35 5.41 5.54 5.60 5.73
5 120.78 27.02 27.54 28.42 32.88 34.74 35.20 35.66
6 214.62 49.68 50.62 53.46 58.79 62.64 67.38 69.75

Soil sample 4
Soil sample 5
Soil sample 6

–10
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Figure 7: Comparison of test data and model prediction.

Table 10: (e physical and mechanical indexes of clay of the literature [24].

Group Moisture content ω (%) Natural density ρ (g/cm3) Sensitivity St
7 50.00 1.67 7
8 40.13 1.70 7
9 35.00 1.73 7

Table 11: Strength at different curing times of clay of the literature [24].

Group qu
′(0) (kPa) qu

′(5) (kPa) qu
′(10) (kPa) qu

′(15) (kPa) qu
′(30) (kPa) qu

′(60) (kPa)

7 25.00 27.17 28.46 29.31 31.02 33.14
8 20.68 27.12 29.03 30.05 33.01 35.32
9 94.15 129.52 143.25 156.37 168.90 187.26
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the law of strength recovery of structural clay in Zhanjiang
Formation during thixotropy.

8. Conclusion

In this paper, Zhanjiang Formation clay of undisturbed soil
and remolded soil at different curing times is taken as re-
search object. (rough a series of unconfined compressive
strength tests, the relation between thixotropic strength
growth and curing time and the relation of sensitivity,
moisture content, density of soil, and its thixotropy are
studied, and the strength recovery model considering the
influence of sensitivity, moisture content, and density on
thixotropy is established.

(1) Curing for 60 days after remolding, the strength of
Zhanjiang Formation clay increased by 30% of its
initial strength, showing obvious thixotropy. (e
relation between the logarithm of curing time and
strength is fitted, and the fitting parameters R2 are all
greater than 0.95. (e logarithmic form can reflect
the law of strength growth.

(2) Sensitivity, moisture content, and density have great
influence on the thixotropic strength of the Zhan-
jiang Formation clay, and the higher the sensitivity
and density are, the stronger the thixotropy of soil is.
(e higher the moisture content is, the weaker the
thixotropy of soil is.

(3) Based on the test results, considering the effects of
sensitivity, moisture content, and density on thix-
otropy, a strength recovery model of remolded soil in
Zhanjiang Formation was established:
qu
′(t) � qu

′(0)St(k0 + k1w + k2ρ)log t + qu/St. (e
model could be used to predict the degree of strength
recovery in the process of thixotropy of Zhanjiang
Formation clay.

(4) (e model is validated by the validation test data and
the existing literature data, and the model prediction
data is in good agreement with the validation test
data and the existing literature data.
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