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Thixotropy is a hot topic in the field of rheology of dispersed systems. Studying the
quantitative index and evaluation method for thixotropy of clay is of great significance
to evaluate the safety of foundation under long-term load. To explore the index system
and classification methods for the thixotropy of clay, unconfined compressive strength
tests were carried out on three groups of undisturbed soil and remolded soil that
were cured at different times after remodeling of the Zhanjiang Formation in China to
obtain the unconfined compressive strength values of the samples and establish the
relationship between unconfined compressive strength and curing time of the remodeled
soil. The concept of thixotropic sensitivity is introduced to reflect the relationship between
thixotropy and structure. According to the relationship between thixotropy sensitivity and
curing time and its logarithmic value, two indexes of structural recovery coefficient K
and structural recovery index K were established to evaluate the thixotropy of structural
clay in the Zhanjiang Formation. Following the structural classification method of soil, the
boundary values of structural recovery coefficients K; and Kj; are calculated to classify the
thixotropy of soil. When the value of K is less than that of K|, the thixotropy of soil is weak.
When the value of K is greater than that of K but less than that of K, the thixotropy of sail
is moderate. When the value of K is greater than that of Ky, the thixotropy of soil is strong.
The method is used to discuss the thixotropy of soil in the literature, and the rationality of
the method is verified. Results show that this method can be used to preliminary classify
the thixotropy of sail.

Keywords: clay, thixotropy, structure, thixotropy index, method for thixotropy evaluation

INTRODUCTION

Thixotropy of clay refers to the phenomenon that when soil is disturbed its original structure
is destructed and its mechanical strength drops sharply. After the disturbance stopped, part
of the mechanical strength of soil gradually recovers with lapsing time (Mitchell, 1961; Diaz-
Rodriguez and Santamarina, 1999; Feng et al, 2004; Li et al,, 2010). Boswell (1948) found
that thixotropy was widely present in sedimentary deposits, except for clean sand, through
investigation of a large amount of sedimentary deposits. Further studies by Kruyt (1952) indicated
that thixotropy generally exists in clay-water systems. Under the influence of the thixotropy
of soil, the strength and deformation characteristics of soil show strong time dependence
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(Shahriar and Jadid, 2018; Shahriar et al., 2018; Al-Janabi and
Aubeny, 2019; Kamil and Aljorany, 2019; Ruge et al., 2019; Alam
et al.,, 2020). Thixotropic evaluation of soil is one of the key
problems in safety evaluation of foundation engineering under
long-term load.

The thixotropy of clay is generally measured by studying the
variation rule in yield stress (Landrou et al.,, 2018), strength
(Chan, 2015), viscosity (Jeong et al., 2015), and ratio of strength
(Zhang et al, 2014b; Wang et al, 2015; Al-Rubaiee and Al
Salami, 2020) with time after clay has been disturbed to reflect
thixotropy. Du et al. (2020) proposed a model to explain the
effect of ionic strength on the thixotropy and yield stress
of sodium montmorillonite gel by reflecting the thixotropic
behavior of sodium montmorillonite through change in yield
stress increment with time. Shahriar et al. (2016) studied the
variation law in the shear strength of clay with time and found
that the thixotropy of soil was not obvious when water content
was above the liquid limit, and that the strength of clay increased
significantly with time when water content was below the liquid
limit. Larson and Wei (2019) reviewed the research progress
in thixotropy and accompanying rheological phenomenon and
pointed out that the change in viscosity with time can reflect
the strength of thixotropy. Zhang et al. (2017b) defined the
thixotropic strength ratio of clay as the ratio between the strength
at time ¢ after disturbance and the strength at time 0 after
disturbance, and compared the thixotropic strength ratio of clay
in different regions. These studies have established the indicators
to reflect the thixotropy of clay, which has laid a foundation for
quantitative description and evaluation of thixotropy. However,
these studies have not discussed how to compare the thixotropy
of different types of soil with different degrees of thixotropy, and
there is a lack of classification methods for different types of soil
with different degrees of thixotropy.

The thixotropy of clay has a great influence on engineering
practice (Kulchitskii, 1975; Lutenegger, 2017; Al-Janabi and
Aubeny, 2019). Engineering problems such as strength growth
of filling soil (Chan, 2015; Tsugawa et al., 2017), bearing capacity
of pile foundation in clay layer (Shen et al., 2005; Abu-Farsakh
et al.,, 2015; Rosti, 2016; Karlsson et al., 2019; Gong et al., 2020),
and time effect of anchoring force of anchor bolt (Zhang N.
et al., 2017) are closely related to the thixotropy of soil. For
soil with strong thixotropy, strength recovery is quite obvious
after resting. If the influence of thixotropy is ignored, the
calculation results of bearing capacity and settlement would have
a large deviation from measured value, and the applicability
of traditional experience and theory would become a problem.
The establishment of thixotropy evaluation method can provide
a basis for solving practical engineering problems. The clay
in the Zhanjiang Formation features strong structural property
(Shen et al., 2013b), high plasticity (Zhang et al., 2014a), micro
permeability (Zhang et al., 2012), strong acidity due to oxidation
hydrolysis (Zhang et al., 2017a), spatial distribution difference
(Shen et al., 2013a), creep property (Kong et al., 2012), thixotropy
(Zhang et al, 2017b), etc., and it is an extremely abnormal
type of soil with special properties resulting in rare engineering
characteristics. At present, there is no classification method
to measure the thixotropy of Zhanjiang Formation clay, and

the engineering circle cannot determine the impact of clay
thixotropy in the engineering practice. To explore the index
system and classification methods for evaluating the thixotropy
of Zhanjiang Formation clay, unconfined compressive strength
tests were carried out on three groups of undisturbed soil
and remolded soil that were cured at different times after
remodeling of the Zhanjiang Formation in China to obtain
the unconfined compressive strength values of the samples and
establish the relationship between the unconfined compressive
strength and the curing time of the remodeled soil. According
to the relationship between unconfined compressive strength
and curing time, an index to evaluate the thixotropy of clay
was proposed, and a method to evaluate the thixotropy of
clay was established using the index. Based on the results of
unconfined compressive strength tests, the relatively preliminary
evaluation method proposed in this study provides a reference
for comparison and classification of different types of soil with
different thixotropic properties.

UNCONFINED COMPRESSIVE STRENGTH
TEST

Through existing regional geological data and engineering
geological surveys, typical strata are selected for investigation,
drilling, and sampling. Three groups of undisturbed soil samples,
1, 2, and 3, from Zhanjiang Formation clay were obtained from
Baosteel Zhanjiang Iron and Steel Base, which is located in
Donghai island, Zhanjiang City, Guangdong province, China.
The thixotropy of soil at different depths is different (Li et al,
2010). To obtain soil samples with different thixotropy degrees,
different depths were selected for sampling. The depth for
soil sampling for sample groups 1, 2, and 3 is 2-3, 6-9, and
19.25-20.05 m, respectively. Sampling was carried out using a
stainless steel open thin-walled sampler with an inner diameter
of 100 mm, wall thickness of 2 mm, cutting edge angle of 60°, and
length of 300 mm. The 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. Basic physical
properties, such as natural moisture content, natural density, and
specific gravity of structural clay from the Zhanjiang Formation
were tested by drying, ring knife, and specific gravity flask
methods. The test methods were based on the relevant provisions
of Articles 5.2, 6.2, and 7.2 of “Standard for Geotechnical Test
Methods” (GB/T50123-2019, China), and the test results are
shown in Table 1.

The undisturbed soil was dried and crushed using a 0.5-mm
sieve. Then, according to the density and moisture content of
the undisturbed soil, a cylindrical remolded soil sample with a
diameter of 39.1 mm and a height of 80 mm was prepared by
taking the soil samples with a particle size of < 0.5mm. For
sample preparation, water requirement is calculated according
to the moisture content of undisturbed soil and dry soil, and
the moisture content of the soil samples is configured into the
moisture content of undisturbed soil. Then, according to the
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TABLE 1 | Physical properties test results.

Group Natural moisture Natural soil Specific gravity
content w (%) density p (g/cm?®) Gs
1 40.79 1.81 2.67
37.36 1.89 2.71
38.59 1.85 2.68

TABLE 2 | Test results of physical properties of remolded samples.

Group Moisture content Density
w (%) p (g/cmd)

1 41.32 1.8
36.96 1.86
38.17 1.83

density of the undisturbed soil and the volume of the samples,
the mass of the soil required for a sample was calculated. Weigh
the required soil for a sample and put it into a cylindrical sample
preparation with a diameter of 39.1 mm and rammed the soil
to a height of 80 mm. According to this method, remolded soil
samples with density and moisture content same as those of
the undisturbed soil were obtained by compaction. The sample
preparation method shall refer to the relevant provisions of
Articles 4.3.1 and 4.4.2 of “Standard for Geotechnical Test
Methods” (GB/T50123-2019, China). After the completion of
sample preparation, two samples from each group were taken.
The mass of the samples were weighed. The density of the
samples was calculated according to mass and volume. The
moisture content of the samples was tested by drying method.
The density and moisture content of the samples were averaged.
The results are shown in Table 2.

It can be seen from Table 2 that the moisture content and
density of the remolded samples are basically the same as those
of the undisturbed soil. To keep the moisture content constant,
the samples were wrapped using a preservative film and placed in
PVC tubes. Lids were put on the tubes. The tubes were sealed with
wax and then stored in an airtight moisturizing jar for curing.
Room temperature was controlled at 25 & 2°C. As suggested in
research studies that soil strength recovery is fast at the initial
stage and slow at the later stage (Feng et al., 2004; Li et al., 2010),
we set the curing time at 0, 1, 7, 30, and 60 days. Unconfined
compressive strength tests were carried out on undisturbed
soil samples and remolded soil samples with different curing
times. The test method was according to the relevant provisions
of Article 20 of “Standard for Geotechnical Test Methods”
(GB/T50123-2019, China). The curves of relationship between
axial strain and axial stress of the samples are shown in Figure 1.

In Figure 1, the peak stress of the three groups of undisturbed
soil samples and stress resulting in 15% strain of remolded soil
samples is the unconfined compressive strength of undisturbed
soil samples and remolded soil samples, as shown in Table 3. The
curve of relationship between unconfined compressive strength
and curing time of remolded soil samples is established, as shown
in Figure 2.
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FIGURE 1 | The curve of relationship between axial strain and axial stress

of the samples. (A) Curve of relationship between axial strain and

axial stress of soil sample 1. (B) Curve of relationship between axial strain

and axial stress of soil sample 2. (C) Curve of relationship between axial strain
and axial stress of soil sample 3.
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TABLE 3 | Unconfined compressive strength of undisturbed soil samples and remolded soil samples.

Group Undisturbed soil Remolded soil Remolded soil Remolded soil Remolded soil Remolded soil
sample q, (kPa) sample curing sample curing sample curing sample curing sample curing
for 0 day for 1 day for 7 days for 30 days for 60 days
q'u (0) (kPa) q'u (1) (kPa) q'u (7) (kPa) q'u (30) (kPa) q'u (60) (kPa)
1 123.14 27.24 27.8 30.37 32.44 33.64
155.39 26.06 26.56 30.7 36.65 36.76
138.28 28.04 28.51 33.53 40.68 41.85
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FIGURE 3 | Curve of relationship between unconfined compressive strength
and curing time of remolded soil samples [modified from Zhang et al. (2014Db)].
20 T T T T s T T T
0 10 20 30 40 50 60
t(d)
#— Groupl @ Group2 —4— Group 3 . . C .
P P P strength of the soil was 2.89 times the initial strength, as shown
FIGURE 2 | Curve of relationship between unconfined compressive strength n Flgure 3. . .
and curing time of remolded soil samples. It can be seen from Figures2, 3 that the influence of

As can be seen from Table 3, the mechanical properties of soil
samples changed remarkably before and after remodeling, which
was caused by structural destruction o and abrupt reduction
in strength of the soil. According to the ratio of unconfined
compressive strength of undisturbed soil samples to remolded
soil samples curing for 0 day, the sensitivity value for groups
1, 2, and 3 was 4.52, 5.96, and 4.93, respectively. The three
sets of soil were highly sensitive and had strong structural
properties. With the lapsing of curing time, the unconfined
compressive strength of the remolded soil samples gradually
increased. When the remolded soil samples were cured for
0-60 days, the unconfined compressive strength of remolded
soil sample 1 increased by 6.4 from 27.24 to 33.64 kPa, the
increment of which was 23.49% of that of 0 day. The unconfined
compressive strength of remolded soil sample 2 increased by 10.7
from 26.06 to 36.76 kPa, the increment of which was 41.09% of
that of 0 day. The unconfined compressive strength of remolded
soil sample 3 increased by 13.81 from 28.04 to 41.85 kPa, the
increment of which was 49.25% of that of 0 day. This shows
that Zhanjiang Formation clay has strong thixotropy. Zhang
etal. (2014b) reported an increase in the unconfined compressive
strength of remolded clay for 500 days. After 500 days, the

thixotropy can make the strength of soil recover to a certain
extent after structural failure. It can be seen from Figure 2 that
the unconfined compressive strength of remolded soil samples
increased rapidly in the period of 0-7 days, slowed down in 7-
30 days, and tended to be stable in 30-60 days. The thixotropy
of Zhanjiang Formation clay suggested that thixotropic recovery
was faster in the early stage, and slowed down and turned stable
in the later stage. Natural soil strength loss after disturbance and
the strength recovery process caused by thixotropy after standing
is a process in which the initial structure is destroyed into a
dispersed one, and the structure tends to flocculate because of
change in the force field of interaction between attractive and
repulsive forces in particles. This process requires the movement
of particles, water, and ions in a time-dependent manner. In
reference Zhang et al. (2017b), the relationship between energy
and grain spacing in the thixotropic process is given, as shown in
Figure 4.

The interaction in soil-water—electrolyte system resulted in
the formation of double electric layers on the surface of clay
particles. When the two particles were close to each other to
a certain distance, the double electric layers overlapped each
other to produce an interactive force field. As shown in Figure 4,
curve Ep represents the increase in repulsive energy when
two particles get close to each other. The curve Ej shows
how attractive energy changes. With repulsion as positive and
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FIGURE 4 | Energy-distance curves for thixotropic soil [modified from Mitchell (1961)]: (A) at initial, undisturbed configuration, Eg = Ea, flocculation structure, (B)
during remolding, Er > Ea, repulsive energy barrier prevents flocculation, and (C) at rest in the thixotropy, Er < Ea, particles attempt to flocculate.

attraction as negative, curve Et represents the relation between
total potential energy and particle spacing. When particles are
far apart, the attraction is dominant, the curve is below the
horizontal axis, and the total potential energy is negative. As the
distance between particles gets closer, the repulsive force takes
effect, and the total potential energy rises to a positive value.
When it reaches a certain distance, the total potential energy
reaches its maximum, and an energy peak Epax appears. The
rise of potential energy means that the two particles cannot
get any closer, or they will separate after getting closer. When
the peak energy Epmax is passed, the potential energy drops
rapidly, which means that the particles flocculate. It can be seen
from Figure 4A that the intergranular attraction and repulsion
of the undisturbed clay are in an equilibrium and stable state.
When the soil is disturbed, external energy is applied to the
soil system. Disturbance energy from the outside makes the
initial structure of the soil break and the flaky clay disperse,
which means that the repulsion between the particles resulting
from the internal forces of the double electric layer and the
external energy help the structure to disperse. Due to the effect
of external forces, the force energy between particles is at a high
level, the ions in the adsorption water layer and double electric
layer will redistribute, and the microstructure will be reorganized.
However, once the disturbance stops, the energy from the outside
that causes the internal repulsion between particles to form
a dispersed structure is consumed, so the repulsion between
particles decreases, and the structure adaptively adjusts to adapt
to the new force field, and particles shift and get close to each
other. When the attractive force exceeds the repulsive force
(Figure 4C) and the intergranular force exceeds the energy peak
Emax, the particles will flocculate. If the particles close to each
other consume part of the energy and fail to cross the energy
peak, the interaction between the soil particles will also reach
a new inter-particle equilibrium. At this time, the structure
will try to adjust to a new state of lower energy, and the
structure will gradually develop from dispersed to flocculated
one, and the strength of the soil will also gradually increase
with time.

THE THIXOTROPY INDEXES OF CLAY

It can be seen from the above tests that the strength of soil
varies with time while its structure changes with time during
the thixotropic process. The index reflecting soil structure is
sensitivity Sy, which is a constant value for a kind of soil, and
the sensitivity S; cannot describe the change in soil structure
with time. To do so, the concept of thixotropic sensitivity is
introduced, and that of soil is defined as

§ = 1 (1)

4,0

where S; (t) is the thixotropic sensitivity, dimensionless; g, is the
unconfined compressive strength of the undisturbed soil sample
in kPa; g,/ (t) is the unconfined compressive strength of the
remolded soil sample at the curing time ¢ in kPa.

It can be seen from Formula (1) that the value of thixotropic
sensitivity at 0 day after remolding is equal to the value of
sensitivity, namely,

qu _
9,0

S (0) = S 2)

The thixotropic sensitivity of soil reflects the change in soil
structure with time after disturbance. g, is constant, the larger
q/u (t) (the closer to g,), the smaller the thixotropic sensitivity
St (t), and consequently the greater the structural recovery of
the disturbed soil. According to Table 3, the value S; () of each
curing time can be calculated, and the relationship curve of
thixotropic sensitivity and curing time is established, as shown
in Figure 5.

As shown in Figure 5, the thixotropic sensitivity decreases
with lapsing of the curing time. In the period 0-7 days, the
thixotropic sensitivity decreases rapidly; in the period 7-30 days,
the decrease in speed slows down; and in the period 30-60 days,
the thixotropic sensitivity tends to be stable. The same trend can
be obtained from the data in the literature (Zhang et al., 2014b),
as shown in Figure 6.
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The shape of the S; (t) — t relationship curve may vary with
different clays. The steeper the curve, the more obvious the
reduction of thixotropic sensitivity within the same period, and
therefore the stronger the thixotropy of the soil; conversely,
the more stable the curve, the weaker the thixotropy of the
soil. Therefore, the tangent slope at any point on the curve
represents the intensity degree of the thixotropy of the soil at the
corresponding time f, namely,

_dsi

K= yr (3)

where K is the structural recovery coefficient of soil in days™'.
The minus sign indicates that thixotropic sensitivity decreases

with increase in curing time. The greater the value of K, the
stronger the thixotropy of soil, and conversely, the weaker the
thixotropy of soil. Since the tangent slope at each point on the
St (1) — t curve is different, the secant slope at certain periods
tiand #, can be chosen to measure the thixotropy intensity
degree of soil, namely,

CAS () Si() = S (1)
At fh—th

K =

(4)

where K is the structural recovery coefficient of soil in days—!;
t; and t; are the curing times in days; S; (f1) and S; (¢) are the
thixotropic sensitivity corresponding to ¢; and f,, dimensionless.

It can also be seen from Figure 4 that the thixotropic recovery
of Zhanjiang Formation clay tends to be stable at a curing time of
60 days. t; = 1 day and t, = 60 days are taken as substitution
into Formula (4) to calculate the structural recovery coefficient
K1, K3, and K3 of groups 1, 2, and 3, which are 0.0143, 0.0289,
and 0.0271 day ™1, respectively, and then

K2>K3>K1

It can be determined that the thixotropy of soil sample 2 is
stronger than that of soil samples 1 and 3. The thixotropy of soil
sample 3 is stronger than that of soil sample 1, so the structural
recovery coefficient K can be used to measure the thixotropy
intensity degree of soil.

In order to further explore the change in thixotropic
sensitivity of Zhanjiang Formation clay with time, the thixotropic
sensitivity S; (f) and the curing time ¢ were studied in the semi-
logarithmic coordinate, and the relation of S; (f) — logt was
curve fitted by selecting logt as the basic function. Since logt
is meaningless at 0, and, according to Table 3, the calculated
values of S; (0) and S; (1) of the three groups of the soil samples
have little change, the error between these two can be ignored.
Therefore, the data with the curing time of 1, 7, 30, and 60 days
are chosen for fitting, and the results are shown in Figure 7. The
same process was performed for the data of the literature (Zhang
etal., 2014b), as shown in Figure 8.

As shown in Figures7, 8, the R?> of the three groups of
soil are close to 1, indicating a good fitting degree. Thixotropic
sensitivity Sy (f) decreases with increase in logt, and there is a
linear relationship between them:

St (t) = — Kelogt + S; (1) (5)

where K, is defined as the structural recovery index of soil,
dimensionless, representing the change in thixotropic sensitivity
caused by every one logarithmic period (10 times) of change in
curing time; S; (1) is the thixotropic sensitivity of curing time of
1 day, dimensionless.

K,=— AS; (t) _ _St (tz) -8 (tl) (6)
A(logt) — logt, —logt

Similar to the structural recovery coefficient K, the greater the
value of K,, the stronger the thixotropy of the soil will be,
and conversely, the weaker the thixotropy of the soil will be.
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FIGURE 7 | Relationship between thixotropic sensitivity S; (t) and logt.
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FIGURE 8 | Relationship between thixotropic sensitivity S; (t) and logt
[modified from Zhang et al. (2014b)].

Supposing K1, K¢2, and K3 correspond to the structural recovery
index of soil samples 1, 2, and 3, respectively, according to the
fitting results (as shown in Figure 7), the values of K,;, K2, and
K3 are 0.4321, 0.9753, and 0.9109, respectively, then

KeZ > Ke3 > Kel

Therefore, it can be determined that the thixotropy of soil
sample 2 is stronger than that of soil samples 1 and 3 and that
the thixotropy of soil sample 3 is stronger than that of soil
sample 1, so the structural recovery index K, can be used to
measure the thixotropy intensity degree of soil. From the above
discussion, it can be seen that the structures of soil samples
1, 3, and 2 are enhanced in turn. The stronger the structure
of soil is, the higher the attractive energy between particles is.
After disturbance, particles are more likely to form a flocculating
structure, and strength recovery is more obvious than in soil with
lower sensitivity.

TABLE 4 | Classification standard of clay thixotropy.

K K<K K<K<Kjy Ki< K

Thixotropy classification Weak thixotropy Moderate thixotropy Strong thixotropy

By discussing the differences and similarities between the two
indexes, we can see that, after the introduction of the concept of
thixotropic sensitivity S; (t), the structural recovery coefficient K
has been defined as the secant slope of the S; (f) — t relationship
curve, which is determined by selecting a certain period [t;, ;] to
evaluate thixotropy, and the value of the recovery coeflicient K is
related to the selected time period, while the structural recovery
index K, is the slope of the straight line S; (f) — logt, obtained
by curve fitting through the data of unconfined compressive
strength tests of the Zhanjiang Formation clay. For the same
kind of Zhanjiang Formation clay, the value of K, is fixed and
independent of time. Both of them can be used to measure the
thixotropy intensity degree of Zhanjiang Formation clay.

EVALUATION METHOD OF THIXOTROPY

Studies have shown that soil thixotropy is closely related
to structure, and highly structural soil tends to have strong
thixotropy (Zhang et al., 2020), and that thixotropic recovery is
usually faster in the early stage, slower in the later stage, and
finally tends to be stable (Feng et al., 2004; Li et al.,, 2010).
According to the classification method of structure of clay, the
thixotropy grading method was established. When considering
thixotropy classification, the time interval [0,¢] of thixotropy
index should be selected from 0 to a certain resting time ¢
of thixotropy stability. According to the above definitions of
thixotropic sensitivity S¢ (t) and structural recovery coefficient K,
ift; = 0 day, t, = t, then

CAS () Si() =S () S () — Si(f2)
At Hh—h - fh—t
S (0) — S (1) _ St =S8 (1)
t t

K =

™)

where K is the structural recovery coefficient of soil in days™!;
t; and t, are the resting times in days; S; (f2) and S; (f) are the
thixotropic sensitivity corresponding to ¢;and f,, dimensionless;
t is a certain curing time of thixotropic stability, the upper
limit of the evaluation interval [0,f] in days; S ;(0) and
St (t) are thixotropic sensitivity corresponding to 0 day and
t, dimensionless.

According to Equation (7), for the same kind of soil, the
structural recovery coefficient K and the sensitivity S; are one-
to-one corresponding in the evaluation interval [0, t]. Therefore,
thixotropy of soil can be classified by referring to the classification
method of structure of clay. In engineering practice, according
to sensitivity, the structure of clay can be divided into three
categories: low sensitivity (1 < §; < 2), medium sensitivity
(2 < S < 4), and high sensitivity (4 < §;), among which
the limit value of sensitivity S; is 2 and 4. Referring to the
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TABLE 5 | Classification of thixotropy of clays in different regions.

Clay S qu kPa q’,(0) t days o’y(t) K Kydays™! K Classification
kPa kPa days ™’ days ™’

Zhanjiang clay’ 8.47 175 20.68 500 53.36 - 0.0014 0.0074 Strong

Tianjin clay? 6.25 12.5 2 360 6.8 - 0.006 0.0123 Strong

Detroit clay® 2.5 360 144 100 211.68 0.003 0.023 0.008 Moderate

Faoclay* 1.87 15.26 8.18 252 12.56 0.004 - 0.0035 Weak

1Zhang et al. (2017b); 2Huo et al. (2016); 3Skemption and Northey (1952); 4 Kamil and Aljorany (2019).

above classification method, K and Kj are set as the limit value
of the structural recovery coeflicient K for the classification of
thixotropy. According to Equation (7), we get

_2=85@

Ki . (8)
-S
Ky = 47;(0 9)

where Kjis the value of the structural recovery coefficient
K when §; = 2, dimensionless; t is the upper limit of
the evaluation interval [0,¢] in days; S; (f) is the thixotropic
sensitivity corresponding to t, dimensionless; and Kjis the
value of the structural recovery coefficient K when §; =
4, dimensionless.

The classification method of soil thixotropy intensity degree is
shown in Table 4.

To verify the rationality of the thixotropy classification
method, the thixotropy of soil was discussed by referring to the
data of literature, as shown in Table 5.

It can be seen from Table 5 that this method can preliminary
classify the thixotropy of soil, which can provide reference
for the thixotropy classification of soil. However, this
method is only a preliminary classification of thixotropy
of soil from the perspective of macroscopic strength, and
it considers only a single parameter and does not discuss
the classification of soil from the aspect of microscopic
mechanism of thixotropy, so it still needs further exploration
and verification.

CONCLUSION

In this study, unconfined compressive strength tests were carried
out on three groups of undisturbed soil and remolded soil
that were cured at different times after remolding of the
Zhanjiang Formation in China to get the unconfined compressive
strength values of the samples and establish the relationship
between the unconfined compressive strength and curing time
of remodeled soil. The thixotropy of clay in the Zhanjiang
Formation can be measured by structural recovery coeflicient
and structural recovery index, and a classification method of
thixotropy is given.

(1) The Zhanjiang Formation clay has obvious thixotropy. After
60 days of curing, the strength recovery of the remolded soil in
the three groups accounts for 23.49, 49.25, and 41.09% of the
initial strength, respectively.

(2) The thixotropy of soil can make the strength of soil recover
somewhat after structural failure, but this strength recovery
is relatively limited. Therefore, for the foundation soil with
high sensitivity and strong structure, the engineering disaster
caused by the strength loss caused by construction disturbance
should not be ignored.

(3) The thixotropy of structural clay in the Zhanjiang Formation
can be measured by the structural recovery coefficient K and
the structural recovery index K,. The larger the structural
recovery coefficient K and the structural recovery index K, are,
the stronger the thixotropy of soil will be, and vice versa.

(4) Following the method of the structural classification method
of soil, the boundary values of structural recovery coefficient
Krand Kj; are calculated to classify the thixotropy of soil.
When the value of K is less than that of Ky, the thixotropy of
soil is weak. When the value of K is greater than that of K
and less than that of Kjj, the thixotropy of soil is moderate.
When the value of K is greater than Kj;, the thixotropy of soil
is strong.
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