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The rapid development of expansive soil fissures and the attenuation of strength under the action of repeated atmospheric
wetting-drying cycles have a very adverse impact on the shallow stability of expansive soil slope. In this study, shear strength
test and fissure observation test were performed on typical residual expansive soil specimens at various wetting-drying cycles
and low stress. The results show that the shear strength index of residual expansive soil should be obtained according to the
high and low stress sections, respectively. The cohesion of the three residual expansive soils decreased to a similar low value
range (0~5kN) at multiple wetting-drying cycles and low stress; the attenuation of cohesion is the main cause of shallow slope
collapse. The fissure rate of the specimen surface increases with the increasing number of wetting-drying cycles, and increasing
the dry density can significantly inhibit the development of fissures. The repeated wetting-drying cycles leads to the rapid
development of slope fissures from the surface to the inside, destroys the internal natural structure of undisturbed expansive
soil, reduces the cementation between soil particles, and leads to the decrease of soil cohesion. For slope stability analysis of
residual expansive soil, the strength parameters of the specimens with multiple wetting-drying cycles and internal fissure
network should be selected according to the overburden pressure of the slope sliding surface. The research results provide a

theoretical basis for the stability analysis of shallow landslide of expansive soil slope and slope protection design.

1. Introduction

Expansive soil is widely distributed in China. More than 300
million people live in expansive soil distribution areas. The
geological environment in these areas is fragile, and the eco-
nomiic loss caused by expansive soil landslide disaster exceeds
tens of billions of yuan every year [1-3]. Due to the existence
of montmorillonite clay minerals with strong hydrophilicity,
the expansive soil is extremely sensitive to humidity and heat
change. The numerical analyses could be inconsistent with
the actual stability of the slope as the uncertainties of its
strength contribute to the slope instability in practice [4, 5].

Many researchers almost study the slope stability of
expansive soil from the two aspects of shear strength param-

eters and the development of fissures [6-11]. Li et al. [12]
believe that for expansive soil embankment, the influence of
wetting-drying cycles on residual strength parameters should
be properly considered when selecting strength parameters.
Cheng et al. [13] emphasized that the shear strength param-
eters measured under low stress conditions should be
selected to analyze the slope stability in order to obtain rea-
sonable calculation results, but it did not closely link the
strength attenuation with the wetting-drying cycle effect.
Xiao et al. [14, 15] carried out indoor direct shear and triaxial
tests and found that after multiple wetting-drying cycles, the
saturated slow shear strength of expansive soil is very small
or even tends to zero in the low stress section. Selecting the
strength parameters under this condition to analyze the slope
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stability can get more practical results. There are also some
differences in the simulation methods of wetting-drying
cycles process in the shear strength test of expansive soil car-
ried out by previous researchers [16-20]. Considering that
the actual sliding surface of expansive soil slope is under dif-
ferent overlying pressure conditions, there must be a differ-
ence between the deformation of expansive soil after
moisture absorption and its expansion without load. There-
fore, it is considered that the simulation of moisture absorp-
tion conditions in the preparation of expansive soil
specimens should be changed to the loaded state. The actual
overburden pressure at the shallow sliding surface of expan-
sive soil slope is generally less than 50 kPa, which does not
match the overburden pressure that can be applied by the
conventional direct shear test, so the shear application condi-
tions in the shear test need to be improved accordingly.

The influence of fissures must be considered in the sta-
bility analysis of expansive soil slope [21] .Yin et al. [22]
believe that the existence of fissures makes the shear strength
of slope soil clear, the fissure depth will be stable at a certain
value after repeated wetting-drying cycles, the strength of
soil within the fissure development depth will be reduced,
while the deeper soil has no fissures and the strength is
higher. Therefore, it is proposed that the slope stability anal-
ysis should be replaced by corresponding strength parame-
ters in layers to obtain the collapse failure results of
expansive soil slope. Secondary fissure refers to the newly
generated fissure affected by climate change such as weather-
ing and dry wet cycle, which has a significant impact on the
strength of expansive soil. The shallow secondary fissure sur-
face and deep primary fissure surface constitute the unstable
sliding surface of expansive soil slope [23] . Moreover,
researchers initially treated expansive soil slope as ordinary
cohesive soil slope, and the results obtained by limit equilib-
rium method are quite different from the actual situation.
For example, the average slope of Nanyang expansive soil
slope in China is 1:2, and the calculated stability coefficient
is 2.7, but there are still landslides. Some even slow down the
slope to 1:4, and the landslide phenomenon still exists [24].

This highlights the complexity and uncertainty of the
selection of strength parameters in the stability analysis of
expansive soil slope. In addition, there are few existing stud-
ies to discuss the selection of expansive slope stability analy-
sis parameters combined with the strength attenuation and
fissures development of expansive soil under the action of
atmospheric wetting-drying cycles. Therefore, studying the
strength attenuation and fissures development characteris-
tics of expansive soil under dry wet cycle and low stress con-
ditions are of great significance to clarify the causes of
frequent shallow collapse of slope and determine the reason-
able value of slope stability analysis parameters and effective
engineering treatment measures.

Nanning, Baise, Shangsi, and other places in Guangxi
Zhuang Autonomous Region are typical distribution areas
of residual expansive soil in China. The properties of resid-
ual expansive soil in these areas are complex and bring many
engineering disasters.

In order to study the relationship between strength
attenuation and fissure development of residual expansive
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soil and explore the selection of soil parameters in Shallow
Stability Analysis of expansive soil slope, the representative
residual expansive soil specimens from Nanning, Baise,
and Shangsi in Guangxi Zhuang Autonomous Region are
selected for shear strength test under wetting-drying cycles
and low stress. Moreover, the Baise residual expansive soil
is selected for fissure observation test.

2. Materials and Test Methods

2.1. Soil for Test. Three representative residual expansive soil
specimens of Nanning, Baise, and Shangsi in Guangxi
Zhuang Autonomous Region were selected for experimental
research. The basic soil property test indexes of the three
soils are shown in Table 1.

2.2. Specimen Preparation. In this test, remoulded soil was
used for specimen preparation. Three types of soil taken
from the three selected areas were dried by natural air,
crushed, and screened for 2 mm and then mixed into wet soil
to achieve a natural moisture content of 17.0%. After 24 hrs
of stuffing, the soil specimens were prepared by static pres-
sure method. The dry density of the specimens was main-
tained at 1.70g/cm’, and the test errors of moisture
content and dry density were limited within +0.5% and
+0.02 g/cm’, respectively, to ensure that the initial state of
each soil specimen was basically the same before the imple-
mentation of the wetting-drying cycles. In addition, Baise
expansive soil specimens with dry densities of 1.5g/cm’,
1.6g/cm’, and 1.7g/cm® were prepared according to the
above methods as fissure observation specimens.

2.3. Wetting-Drying Cycles Methods. The selected numbers
of wetting-drying cycles were 0, 2, 4, and 6. Four groups of
soil specimens were prepared, and one group of eight speci-
mens was tested with load wetting-drying cycles. A total of
32 specimens were prepared. Filter paper and permeable
stone were used to cover the upper and lower sides of each
specimen so as to prevent the soil particles on the surface
from scattering after water absorption and specimen expan-
sion, respectively. Five specimens from each group were
placed in the water tank, and vertical loads of 5, 15, 30, 50,
and 75kPa were applied, as shown in Figure 1. In the mois-
ture absorption process, in order to simulate the critical state
that the soil is completely saturated by moisture absorption
in the process of rainfall infiltration, the saturated moisture
content is controlled above 97%. The tank was filled with
water to the same level as the permeable stone on the spec-
imen. The specimen was left standing for 3-4 days for water
absorption and saturation. The other three specimens in
each group were humidified via vacuum pumping for
24 hrs, and the volume of each specimen was controlled to
be constant during the saturation process according to the
expansion force of the specimen. The saturations of the
specimens obtained by the two methods were basically the
same which is equal or more than 97%. Then, the weights
of the specimens were determined. In the dehumidification
process, in order to simulate the extreme high temperature
of the natural environment, the temperature in the control
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FIGURE 2: Strain controlled direct shear apparatus.

box is 40 °C, and the sample is taken out for weighing in time
during the dehumidification process, and the moisture con-
tent of dehumidification is controlled to 13% of the shrink-
age limit moisture content of the sample.

2.4. Direct Shear Test. After unloading the water saturated
specimens with the proposed number of wetting-drying
cycles, they were loaded into the shear box. The test instru-
ment was a four-way direct shear instrument produced by
Nanjing Soil Instrument Factory (see Figure 2). The corre-
sponding vertical pressure was applied to minimize the
impact of the unloading and loading process by conducting
the test quickly. The shear strength of each group was mea-
sured with slow shearing, with a shearing rate of 0.02 mm/
min. For a group of eight specimens, 5, 15, 30, 50, 75, 100,
200, and 300kPa of corresponding moisture absorption
loads were applied. In order to reduce the deviation of test
results, three samples are selected as a group for parallel test
in this shear strength test. The average value of the test
results of the three samples is taken as the final result, and
the test results are accurate to 0.01 kpa. The whole test pro-
cess is carried out in strict accordance with the requirements
of Chinese specification highway geotechnical test specifica-
tion (JTG 3430-2020) [25].

2.5. Fissure Observation Test. After unloading the load on
the saturated specimen that has completed the proposed
number of wetting-drying cycles, the permeable stone and
specimen are put into a 50 °C incubator to continue dehu-
midification. The specimen is weighed to monitor its humid-
ity change. The fissure changes of different dehumidified
specimens were photographed by a camera, and the fissure
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observation tests of specimens under wetting-drying cycles
for 1, 2, 3, 5, and 6 times were completed.

3. Results and Discussion
3.1. Analysis of Shear Strength Test Results

3.1.1. Peak Shear Stress Results. The final shear data of the
residual expansive soil measured in slow shear tests are listed
in Table 2.

3.1.2. Effect of Vertical Load on Shear Strength. The absolute
attenuation rate of the strength of the expansive soil is used
as follows to facilitate the quantitative analysis of the atten-
uation law of the shear strength of soil specimens under dif-
ferent loads relative to the number of wetting-drying cycles:

= |T"’T;T°"| % 100. (1)
,0

A

1,0

In Equation (1), i is the number of wetting-drying cycles,
o denotes the vertical load, 7;,, is the shear strength after i
wetting-drying cycles (kPa), and 7, is the shear strength
of expansive soil without wetting-drying cycles under verti-
cal load o (kPa).

For the convenience of research, only the measured
values of the three groups of soil specimens in Table 2 under
the level 4 vertical load of 5, 50, 100, and 300 kPa are selected
for analysis. The results calculated by substituting the corre-
sponding data into Equation (1) are listed in Table 3. When
the vertical load is fixed, the absolute attenuation rate of the
strength of the three types of expansive soil gradually
increases with the increasing number of wetting-drying
cycles. However, after every two wetting-drying cycles, the
attenuation rate gradually decreases, thus indicating the con-
siderable impact of the initial wetting-drying cycles on the
strength attenuation. When a number of wetting-drying
cycles are the same, the greater the vertical load of the same
soil specimen is, the smaller the absolute attenuation rate of
the strength is. Therefore, increasing the overburden pres-
sure can reduce the influence of the wetting-drying cycles
on the strength attenuation of the expansive soil. It indicates
that the load can effectively inhibit the strength attenuation
of expansive soil during the wetting-drying cycles [26, 27].

3.1.3. Determination of Shear Strength Parameters. Many
experiments have been pointed out that the shear strength
line of expansive soil measured under the condition of low
stress is nonlinear, which is dominant when the overburden
pressure is smaller [28, 29]. The more significant the over-
burden pressure is, the larger the volume expansion is and
the smaller the corresponding maximum shear stress is.
However, if the direct shear test is carried out according to
the method specified in the code and only the shear force
under the condition of high stress is measured and analyzed,
then the true value of shear strength at the shallow sliding
surface of the expansive soil slope cannot be obtained.

In view of the characteristics of the shallow failure of
expansive soil slope, the effective approach is to take the
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TABLE 2: Results of Shear Strength Tests.

Vertical stress during shearing [kPa]

The peak shear stress of
Nanning expansive soil [kPa]
Number of cycles

The peak shear stress of Baise
expansive soil [kPa]
Number of cycles

The peak shear stress of Shangsi
expansive soil [kPa]

Number of cycles

0 2 4 6 0 2 4 6 0 2 4 6

5 12.09 7.85 5.46 4.10 12.56  6.32 5.66 5.12 11.27  6.62 5.48 4.86

15 1584 13.60 1342 12.74 2530 1722 14.63 12,10 15.17 12.05 11.14 10.01
30 26.74 22.12 2046 19.15 29.05 1947 18.16 1643 2591 21.01 18.65 16.94
50 3541 31.68 29.80 28.01 42.15 33.01 2848 26.73 36.72 30.10 27.21 25.29
75 45.14 40.57 37.34 36.65 4991 4527 4024 3896 48.78 4042 3690 34.72
100 55.08 50.29 4737 47.03 6035 55.84 5397 5183 5725 4786 4332 41.05
200 94.14 89.68 86.13 8393 99.02 94.69 89.26 8434 96.09 88.21 8336 79.35
300 139.28 131.70 12826 127.40 127.06 118.44 116.72 110.94 130.25 120.33 113.67 110.92

TaBLE 3: Shear strength reduction ratio of expansive soil with different wetting-drying cycles and loadings.

Vertical load [kPa] "8 3(214,[ o o Ave ans SOHA[Z’]J Aoo Ago SAh:,n e [/ 0 o
5 0 34.70 54.24 65.43 0 49.22 54.38 58.67 0 41.25 51.38 56.88
50 0 10.43 15.69 20.70 0 21.48 32.11 36.22 0 18.03 25.90 31.13
100 0 8.61 13.86 14.48 0 7.41 10.45 13.98 0 16.40 24.33 28.30
300 0 5.39 7.83 8.44 0 6.71 8.05 12.56 0 7.62 12.73 14.84

high-stress and low-stress sections into consideration sepa-
rately obtain the strength parameters in different sections.
Five measuring points of 5, 15, 30, 50, and 75kPa and four
measuring points of 75, 100, 200, and 300 kPa are divided
into two sections. As shown in Figure 3(a), straight-line fit-
ting is carried out, and the corresponding ¢ and ¢ values
are shown in Table 4. For the convenience of comparison,
a single straight-line strength line is also drawn in
Figure 3(b). The correlation coefficient R of each soil spec-
imens fitting segmented strength line is greater than 0.94,
which indicates that expressing the shear strength of expan-
sive soil with either a single line or a double line is reason-
able and feasible. However, the ¢ value of a single line is
much larger than that of a double line for the low-stress sec-
tion. Therefore, in the stability analysis of expansive soil
slope, the ¢ and ¢ values should be, respectively, varied
according to the possible sliding surface depth, and the cor-
responding index of the stress section can help obtain prac-
tical results.

3.1.4. Test Results of ¢ and ¢. According to the data in
Table 4, regardless of the type of expansive soil and its
high-stressor low-stress sections, the cohesion ¢ value
decreases continuously with the increasing number of
wetting-drying cycles. However, the change range of the
internal friction angle ¢ is relatively small. To further
explore the change rule of the cohesion ¢ value, the number
of wetting-drying cycles is designated as the abscissa, and the
cohesion is designated as the ordinate for curve fitting in the
high- and low-stress sections, respectively, and the analysis
results are shown in Figure 4.

The attenuation curve of the ¢ value in Figure 4 is fitted
numerically, and the attenuation of cohesion of the three

types of soil with the increasing number of wetting-drying
cycles is an exponential-type relationship. The correlation
for the high-stress section is high, and the correlation coeffi-
cient is larger than 0.9. The correlation coefficient of the low-
stress section of Nanning soil is greater than 0.95, and that of
Baise soil is the lowest of 0.91. In summary, the relationship
between the strength index ¢ of expansive soil and the num-
ber of wetting-drying cycles N can be expressed as ¢ = ae™*N
(where a and b are constant).

Under the condition in which the internal friction angle
¢ does not decrease significantly with the increasing number
of wetting-drying cycles, the average values of the four inter-
nal friction angles of each group of specimens under several
wetting-drying cycles are taken in high-stress and low-stress
sections, which are shown in Figure 5. The variation of the
measured internal friction angle in five places is relatively
small especially in Nanning soil and Baise soil, except for
the low-stress section of Shangsi soil (see Figure 5). The
deviation of the low-stress section of Shangsi soil is because
that the measured internal friction angle of the soil specimen
is relatively large when it is not subjected to the wetting-
drying cycles. The difference may also be related to the small
maximum dry bulk density of the soil. Therefore, within the
test error, the value of the internal friction angle of each type
of soil under the condition of low stress is replaced by the
average value, which should meet the requirements of engi-
neering applications.

3.2. Analysis of Fissure Observation Test Results

3.2.1. Change of Apparent Fissure of Specimen under
Wetting-Drying Cycles. Figure 6 shows the photos of appar-
ent fissure development of Baise expansive soil with dry
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FIGURE 3: Line of shear strength of expansive soil with 0 wetting-drying cycles.

TaBLE 4: Shear strength parameters of high and low stresses.

Nanning soil specimen under

dry-wet conditions

Stress interval Number of cycles

Parameters of strength

Baise soil specimen under
dry-wet conditions
Number of cycles

Shangsi soil specimen under
dry-wet conditions
Number of cycles

0 2 4 6 0 2 4 6 0 2 4 6
High stress o [] 22,58 22.00 2190 21.76 19.02 1818 1851 17.46 20.07 19.88 19.26 19.07
¢ [kP] 13.17 982 697 632 2230 1433 1071 9.83 2144 13.18 1033 8.19
Low stress o [°] 25.78 25.13 2403 2413 2690 2796 2520 25.16 28.79 2581 24.02 23.01
¢ [kP] 1012 6.72 567 444 1402 564 495 341 834 511 428 3.50

density of 1.5g/cm’, 1.6g/cm’, and 1.7g/cm’ under the
action of wetting-drying cycles (n=2, 3, 4, 5, and 6).

According to the Figure 6, under the same dry density,
the apparent fissure development of the specimen becomes
more intense with the increase of the number of wet dry
cycles, and the depth of fissure development also gradually
increases. The above findings are broadly consistent with
the previous results reported in the literature (e.g., Luo
et al. [30] and Xu et al. [31]).

This is because when the tensile force generated under
the wetting-drying cycles exceeds the tensile force of the soil,
the specimen surface will crack. Even if the fissure heals with
water, the tensile strength of the soil cannot be fully restored
with the healing of the fissure, so this place becomes the
weak place of the soil. In the next dehumidification process,
the weak place is easy to produce stress concentration and
small tension, resulting in cracking. Therefore, with the
increasing number of wetting-drying cycles, the fissure of
the specimen continues to expand in the original weak posi-
tion, gradually forming a fissure with larger area and deeper
fissure depth until it is connected. However, the larger the
dry density of the specimen, the slower the development of

the apparent fissure under the same wetting-drying cycles
conditions, which shows that increasing the dry density
can significantly inhibit the development of the specimen
fissure [32] .The dry density of the actual expansive soil
slope soil increases gradually with the increase of soil depth,
and the development of the apparent fissure also slows down
from the surface to the inside under the action of atmo-
spheric wetting-drying cycles, which is just consistent with
the conclusion of the test.

In order to quantitatively analyze the influence of dry
cycle action on the fissure development of Baise expansive
soil specimen, the image pro plus image processing software
is used to obtain the characteristic parameters of the appar-
ent fissure of Baise expansive soil specimen, and the varia-
tion curve of the fissure area ratio of the specimen with the
number of wetting-drying cycles is drawn (see Figure 7).
The formula for calculating the fissure area ratio of the spec-
imen is written as

k
S=) AJA,,

i=1

(2)
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FIGURE 5: ¢ range of three types of expansive soil.

where S is the fissure area ratio; A, is the area of the
specimen when the humidity is w; A; is the area of the i fis-
sure; and k is the total number of fissures in the specimen.

It can be seen from Figure 7 that the fissure area ratio of
the specimen increases with the increase of the number of
wetting-drying cycles and finally tends to be stable. When
the dry density is 1.5g/cm3 and N =1 ~ 6 times, the fissure
area ratio are 0.00%, 0.26%, 3.38%, 4.43%, 5.50%, and
5.88%, respectively. The largest increase in the fissure area
ratio of the specimen occurs in n = 3, which is 12 times that
of n=2. The fissure area ratio of n =6 is only 6.9% higher

than that of n=5. The increase of specimens with higher
dry density is more gentle than those with lower dry density,
and the fissure area ratio is also smaller after six wetting-
drying cycles. When #n = 6, the fissure area ratio of the spec-
imen with dry density of 1.7 g/cm® is 1.68%, which is only
29% of that of the specimen with dry density of 1.5 g/cm”.

4. Discussion

4.1. The Relationship between Strength Attenuation of
Expansive Soil and Fissure Development. Expansive soil is a
typical clayey soil with many fissures. One of its typical char-
acteristics is that the swelling shrinkage deformation is much
larger than that of ordinary clayey soil. The swelling and
shrinkage deformation of newly excavated expansive soil
slope occurs continuously under the action of dry and wet
cycle. The wetting-drying cycles leads to the generation
and development of fissures in the slope and finally forms
a chaotic fissure network after repeated times, especially in
the high-temperature, humid, and hot areas in the south.
The internal natural structure and initial integrity of undis-
turbed expansive soil are damaged due to the development
of fissures, which immediately has a significant impact on
the shear strength of soil. Therefore, the fissure factor in
expansive soil cannot be ignored when analyzing the causes
of shear strength attenuation.

From the perspective of fissure, the reason for strength
attenuation is mainly the repeated expansion and contraction
of soil specimens under the action of wetting-drying cycles.
When the tensile force exceeds the tensile force of soil, the
soil surface will crack [33]. However, the tensile strength of
soil is a function of effective cohesion and matrix suction.
The cohesion of soil will gradually decrease with the progress
of wet dry cycle and finally tend to be stable. At this time, the
tensile strength of soil is a function of matrix suction. In
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FIGURE 6: Apparent fissure images of Baise expansive soil specimens with different dry densities (N represents the number of wetting-drying

cycles).
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addition, matrix suction is mainly affected by water content
[34] .With the increase of fissure depth, the distance between
soil particles increases and the viscosity decreases after wet

dry cycle. As a result, the moisture in the lower part is easier
to evaporate, the moisture content gradient of the shallow
surface soil of the specimen gradually decreases, the tensile
strength decreases, and the fissures continue to develop and
form a network inside. The continuously expanding and pen-
etrating fissures reduce the cementation ability between soil
particles, greatly reduce the cohesion, and aggravate the dam-
age to the integrity of soil specimens, resulting in the reduc-
tion of its shear strength.

4.2. Suggestions on Strength Value during Stability Analysis
of Expansive Soil Slope. Shallow collapse is a common geo-
logical problem faced by exposed expansive soil slopes in
Southwest China, especially in Guangxi Zhuang Autono-
mous Region. Practice has shown that it has a certain rela-
tionship with the types and causes of expansive soil, but
the severity of its damage is more closely related to the local
atmospheric dry and wet cycle. In order to explore the main
cause of shallow collapse of slope, the final shear strength of
expansive soil must be determined.

Due to the remarkable characteristics of high peak
strength and low residual strength of expansive soil, some
scholars believe that the change process of expansive soil
slope from stability to failure is from the peak of shear
strength to the attenuation of residual strength [35]. The
residual strength value of expansive soil is recommended
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for slope stability checking calculation. However, residual
strength is the stress drop after reaching the peak value. It
is proposed for ordinary cohesive soil slope, which is suitable
for analyzing the progressive failure of slope. Expansive soil
is a special clay which is particularly sensitive to the external
water temperature. Its strength variation characteristics are
mainly determined by its own expansion and contraction
properties, and its actual attenuation reason is not directly
related to the residual strength. Liu et al. [36] concluded that
the residual strength of expansive soil is not equal to the
strength after wetting-drying cycles by using the specific data
obtained from the test. The repeated change of the volume of
expansive soil reduces the compactness of the soil, and the
fissure development affects the initial integrity of the soil.
The existence of small fissures leads to the reduction of
strength, and large fissures directly disconnect the soil with-
out strength.

The three soil specimens selected in this study are typical
and representative expansive soils in Guangxi. After six
wetting-drying cycles, the cohesion of residual expansive soil
specimens in Nanning, Baise, and Shangsi in the low stress
section (representing the shallow layer of the slope) is
4.48kpa, 3.44kpa, and 1.60kpa, respectively. According to
the rapid development of apparent fissures of the specimen
with dry density of 1.5g/cm” (representing the shallow soil
of the slope) under the action of six wetting-drying cycles,
it is not difficult to find that the strength of the sliding sur-
face is also in the extremely low strength range of 0 ~
5kpa when the shallow soil of the expansive soil slope is
damaged. Therefore, according to the actual environment,
the strength index value of specimens with fissure network
after many wetting-drying cycles should be used in the sta-
bility calculation of expansive soil slope.

In the construction of slope in expansive soil area, the
shallow protection of expansive soil slope should be
strengthened. In particular, for some cutting slopes dis-
turbed by excavation, timely covering and water sealing
measures should be taken to delay the development of sec-
ondary fissures on the slope, so as to avoid shallow damage
of exposed expansive soil on the excavated expansive soil
slope caused by atmospheric dry wet cycle for a long time.

5. Conclusion

(1) The shear strength parameters (cohesion) of the soil
in the shallow layer (less than 50 kPa) and deep layer
(100~200KPa) of the expansive soil slope are very
different. Generally, the slope stability analysis based
on the deep soil strength parameters obtained from
the conventional shear test will overestimate the sta-
bility of the actual expansive soil slope

(2) Although the expansion and shrinkage grades of
expansive soil are different, as long as they are placed
under the same climatic environment and load con-
ditions (less than 50kPa), the final shear strength
will fall to a similar low value range (0~5kN) after
multiple wetting-drying cycles and low stress, which

is also the key reason for the shallow collapse of
slope in expansive soil area

(3) The strength decline of expansive soil under wetting-
drying cycles is closely related to the development of
fissures in the soil. The continuous development of
fissures reduces the cementation ability between soil
particles, greatly reduces the cohesion, and inten-
sifies the damage to the integrity of soil specimens,
resulting in the reduction of its shear strength. The
strength index value of specimens with fissure net-
work after many wetting-drying cycles should be
used in the stability calculation and protection
design of expansive soil slope

(4) The object of this study is the residual expansive soil
in Guangxi Zhuang Autonomous Region of China.
The general adaptability of its conclusion needs to
be further verified by relevant tests of different
expansive soils in other regions
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