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The slope of coal-bearing strata distributed along the high-speed highway
(railway) is affected by the atmospheric dry-wet cycles (DWC), and the collapse
occurs many times during the construction of such highways, in Pingxiang city,
in the province of Jiangxi. The DWC affect the strength characteristics of the
unsaturated coal-bearing soil (CBS). In order to study the shear-strength
characteristics of the unsaturated CBS under the DWC, the relationship
between the shear strength and matric suction was analyzed by using direct
shear test of the unsaturated CBS, the filter paper method of the matrix suction
measurement, and the scanning electron microscope test. The internal reasons
of shear strength attenuation of unsaturated CBS under DWC are revealed from
microscopic perspective. The results show that the DWC at 0 to 4 times, with an
increase in the water content, the clay domains expanded unevenly. Further, the
clay minerals that served as the cementing junctions and soluble salts were
softened and dissolved, and the bonding strength between the basic units and
the cohesion of the samples decreased, so that the shear strength of
unsaturated CBS samples decreased with an increase in the water content,
and increased with the increase of matric suction. Under the influence of the
DWC, the CBS samples slaked, the quartz matrix between the fissures slaked,
and produce fragments and debris which reduced the size of large particles, and
the bonding strength between the basic units was low. Therefore, the matric
suction and the shear strength of the unsaturated CBS samples with the same
moisture content, under the same normal pressure, decreased gradually with an
increase in the number of the DWC. It is feasible to study the strength
characteristics of unsaturated CBS by combining the test methods of
macroscopic strength, matric suction and microstructure of soil.
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1 Introduction

There are many coal-measure strata along the expressway
(iron) road In Pingxiang City, in Jiangxi Province. Under the
action of the atmospheric DWC, the slope of coal measure strata
in expressway (railway) has collapsed many times during
construction (YANG and ZHENG, 2018). The coal-measure
strata and its weathered materials are generally referred to as
the CBS, which are characterized by uneven soft and hard soil
layers, poor interlayer cementation, loose structure, fast
weathering speed after excavation, softening, disintegration,
and loss of strength in the event of water-saturation (Han
et al, 2019). Therefore, it is of great theoretical and practical
significance to study the engineering properties of the
unsaturated CBS under the DWC for slope stability and soil
and water conservation.

The shear strength theory of the unsaturated soil has been
studied for several decades, amongst which the most accepted
shear strength formulae for the unsaturated soil are the Bishop
effective stress strength formula (BISHOP and BLIGHT,
1963) and the Fredlund double stress variable strength
formula (FREDLUND et al., 1978), both of which reflect
the contribution of the matric suction against the shear
the difficulties
calculating the matric suction, many studies have chosen

strength. Due to in measuring and
the water content or the saturation to replace matric
suction in the study of the unsaturated soil strength (Cui
and Si, 2014; Aqtash and Bandini, 2015; Hassan Marwan Adil
and Mohamad Ismail Mohd Ashraf, 2018; Qian et al., 2020;
Ma, Huang, Hu, Yang; Chou and Wang, 2021). However,
some studies have pointed out that there is no one-to-one
single value relationship between the matric suction and the
water content in unsaturated soil strength. Chengren (XIONG
et al., 2005) discussed the variation characteristics of matric
suction in the unsaturated soil water-density state space, and
discovered that there was neither direct correlation nor
definite corresponding relationship between the matric
suction and saturation, but that water and the soil structure
were two very important factors affecting the matric suction.
Therefore, matric suction is a combination of water content
and soil structure, which is more suitable for the analysis of
the shear properties of the unsaturated soils. Changguang
et al. (ZHANG et al,, 2012) divided the various unsaturated
soil shear strength formulas into five categories, among which
the formula index of the total stress shear strength has been
widely used in practical engineering. Therefore, with a change
in the moisture content and the soil structure of the CBS, the
filter-paper method could be used to transform the measured
matric suction into the total stress shear strength of the soil,
which has high application value in engineering practices.
The macroscopic physical and mechanical properties of the rock
and soil as well as their specific engineering properties all depend on
their microscopic structure (Zuo et al., 2016; NOWAMOOZ et al,,
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2016; Zhao et al., 2018; Zhou et al., 2021). However, most studies have
focused on the micro-structure of the red clay, expansive soil, loess,
and silty sand (ALDAOOD et al,, 2014; Jiang et al., 2014; AHMED,
2015; Lin and Amy, 2015; Sun and Cui, 2018; Xiao et al., 2020; Wang
etal, 2021), for instance. Some studies had also investigated the slope
protection and the reinforcement of the CBS, the physical and the
mechanical properties of the soil, and the micro-structure parameters
(Hang et al,, 2019; Huang and Zheng, 2021; Zhang et al., 2021). There
are few studies, however, on the relationship between the
microstructure and the macroscopic strength of the unsaturated
CBS under the wetting and drying cycles. In this paper, the
remolded samples of the CBS along the Changli Expressway were
taken as the research object. Based on the total stress strength, the
shear strength, and the microstructure characteristics, the unsaturated
CBS under the dry and wet cycling conditions were studied by the
direct shear test of the unsaturated CBS, matrix suction test by the
filter-paper method, and the microscopic scanning electron
microscope test. The relationship between the shear strength and
the matric suction of the unsaturated CBS was analyzed, and the
cause of the shear-strength attenuation of the unsaturated CBS under
the three DWC was revealed from the microscopic point of view,
which provided some important and beneficial supplements for the
study of engineering properties of the unsaturated CBS and slope
stability.

2 Methods

2.1 Basic characteristics of the test soil
samples

The CBS used in this test was taken from the landslide soil
in K213 section of the Changli Expressway in Jiangxi
Province. The specific physical and mechanical indexes are
shown in Table 1.

The particle composition of the CBS is shown in Table 2.
According to the classification of soil of the Highway
Geotechnical Test Regulations, the CBS belongs to clay-sand.

2.2 Testmethod

2.2.1 Soil samplepreparation

According to the compaction degree of the 93% of the
maximum dry density of the compaction test, the CBS sample
with the dry density of 669.1 g/cm® was prepared. In this
paper, the particles of the remolded samples were all passed
through a 2 mm screen, and the prepared soil was pressed into
alarge round sample with a diameter of 100 mm, and a height
of 40 mm by the sample pressing method. Then the samples
were placed on a water tray, and soaked and saturated with the
water absorption by using the principle of the capillary water
absorption. In the indoor constant temperature (20°C)
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TABLE 1 The main physical and mechanical indices of the CBS as used in this study.

Specific gravity Liquid limit Plastic limit Maximum dry density (g/cm3) Optimum moisture content (%)

2.68 31.8 17.8 1.795 18.36

TABLE 2 The particle gradation of the CBS.

Particle size/mm 2 1 0.5 0.25 0.075

The percentage of particles smaller than the particle size to the total weight (%) 100 94.8 78.3 64.6 29.5

X-ray diffraction analysis showed that the mineral composition of the sample is mainly quartz, muscovite, and calcium carbonate, but also contains a small amount of kaoliniteand chlorite
(about 18%).

Sample water absorption  Simulated rainfall
D

-

. i ‘o

—— -

Saturated sample after 3 DWC

Dry sample Dry sample after 3 DWC

FIGURE 1
The surface morphology of the large round samples with the hygroscopic, dehumidifying, and after three DWC. (A) Sample water absorption (B)
Simulated rainfall (C) Saturated sample (D) Dry sample (E) Dry sample after three DWC (F) Saturated sample after three DWC.

environment, the water loss was simulated by blowing the film was used to seal it for at least 24 h. The repeat cycles of
saturated sample surface with miniature electric fan. The mass DWC were also performed. Figure 1 shows the surface
of the unchanged CBS sample indicated that the morphology of the large round sample of the CBS prepared
dehumidification was finished. Then in the test, a by the sample pressing method after hygroscopicity,
humidifier was used to spray the surface of the sample, and dehumidification, and three DWC.

the capillary action was used to make the bottom surface of the

sample absorb water to simulate the process of the rain- 2.2.2 Test plan and procedure

moisture absorption. When the mass of the CBS sample did There were five DWC in this study, and the moisture content of
not increase, the water spraying was stopped, and the plastic the coal-measure soil samples in eachDWCwere 21%, 17%, 13%,
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Freeze drying machine
D

Scanningelectronmicroscope

The matric suction test sample (A). Freeze-dried sample (B). Freeze drying machine (C). Spray gold sample (D). Scanning electron microscope.

and 9%, with four samples in each group. A small ring knife was
used to take samples from the large round samples, and the
remaining intact samples were preserved with plastic film for the
scanning electron microscope test. The samples were placed in the
direct-shear instrument, and the overlaying loads of 50 kPa, 100 kPa,
150 kPa, and 200 kPa were applied until the deformation was
stabilized, and the undrained, fast shear was carried out at the
constant shear rate of 0.013 mm/s. After the direct shear test, the
matrix suction value was measured by the filter-paper method, along
the shear plane, which was approximately the average suction of the
sample in the shear process. The soil samples retained for the
scanning electron microscopy tests were gently broken into strips
of soil about 15 mm and 10 mm wide, and then frozen in a—80°C
refrigerator for more than 36 h to make the pore water in the soil
become amorphous ice without the volume expansion. The samples
were then treated by the freeze-vacuum sublimation drying method,
and the dried samples were sprayed with gold before the scanning
electron microscope test. The soil samples and instruments were

Frontiers in Earth Science

04

tested in each step, as shown in Figure 2. Images with magnification
of 2000 times were uniformly selected for this study.

3 Test results and analysis

3.1 The shear strength

In this test, the unsaturated CBS samples were subjected to
undrained fast shear, so the shear strength obtained was the total
stress strength. Figure 3 shows that there is a linear relationship
between the shear strength and the normal stress of the
unsaturated CBS samples under the different wetting and
drying cycles. In the same drying-wetting cycles, the shear
strength of the unsaturated CBS samples decreases gradually
with the increase of the moisture content. When the normal
stress of the 0 drying-wetting cycle was 200 kPa, and the moisture
content increased from 9% to 21%, the shear strength of the
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FIGURE 3

Relationship between the shear strength and the normal stress of samples with the different water contents (A). 0 DWC (B). One DWC (C). Two
DWC (D). Three DWC (E).Four DWC.

unsaturated CBS samples decreased from 128 kPa to 30 kPa, normal stress under the same drying-wetting cycles and the same
respectively, which reflects a reduction by 77%. In addition, the moisture content. For example, when the normal stress increased
shear strength of the soil increased with the increase of the from 50 kPa to 200 kPa, the shear strength of the soil with 9%

Frontiers in Earth Science 05 frontiersin.org


https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://doi.org/10.3389/feart.2022.1096980

10.3389/feart.2022.1096980

Fan et al.
A B
150 150
—a&— 5=50kpa —a— 5=50kpa
| —®—0=100kpa v | —®—0=100kpa v
125k o0 o=150kpa 125k o o=150kpa
- 6=200kpa - 6=200kpa
100 - A A
<
a
2
TAASE
o
50
25 F
0 1 1 1 1 1 1 J 0 1 1 1 1 1 1 J
0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000
u/kPa u/kPa
0DWC 1 DWC
Cc D
125 125 -
—&— 5=50kpa —a— o=50kpa
—® —c=100kpa —e —o=100kpa
100 - —a o=150kpa . - 100 | =4 o=150kpa ¥
g 0=200kpa: i - 6=200kpa
Sl e s et ]
&5 75 & 15F
> >
50 F 50
25 251
0 | 1 1 1 1 ] 0 1 1 1 1 1 J
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
u/kPa u/kPa
2DWC 3DWC
E 125
—a— g=50kpa
—e —o=100kpa
100 - —a— 6=150kpa e
e g=200kpa e
<75
¥
X2
o
50
25F
0 500 1000 1500 2000 2500 3000 3500
u/kPa
4 DWC
FIGURE 4

Relationship between the shear strength and the matric suction of the samples under the different DWC (A). 0 DWC (B). One DWC (C). Two
DWC (D). Three DWC (E). Four DWC.
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TABLE 3 The total stress shear strength indices and the matric suction of the samples under the different DWC.
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The moisture content /%
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The 0 DWC microcosmic structures of the CBS with the different moisture contents. (A) w = 9% (B) w = 13% (C) w = 17% (D) w = 21%.

moisture content for 0 drying-wetting cycles increased from
72 kPa to 128 kPa. The shear strength of the unsaturated CBS
samples, with the same moisture content, decreased with the
increase of the number of the drying and wetting cycles. For
example, for the unsaturated CBS samples with a moisture
content of 9% undergoing 0-4 drying-wetting cycles, when
the normal stress was 200kPa, the shear strength was
128 kPa, 110 kPa, 101 kPa, 99 kPa, 100 kPa.

Frontiers in Earth Science

3.2 The influence of the matric suction on
the shear strength

Linchang et al. (MIAO et al, 2000) reformulated the
expression for the shear strength of the unsaturated soil, into

a strength formula similar to Mohr-Coulumb (Eq. 1, as follows):

Tf = Cootal (Us) + Otan ¥, (14s) (1)
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where, 77 is the total stress shear strength; ci is total
cohesion; v, is the total internal friction angle; u; is the
matrix suction. The shear strength obtained in this test is the
total stress shear strength, the cohesion of soil is the total
cohesion, and the friction angle is the total internal friction
angle. Figure 4 shows the relationship between the total stress
shear strength and the matric suction of the coal-measure soil
samples under the different normal stress conditions and
different DWC. Over the DWCconditions at the same time,
the sample shear strength which increased with the increase
of the matrix suction, including the zero DWC, when the
increase of the matrix suction influence on the strength of soil
increased more clearly, the approximate to linear, the
influence of matric suction on the soil strength increases
gradually during one to four DWC. In addition, in the same
DWOGC, the corresponding shear strength of the matrix suction
was different when the matrix suction was the same,
indicating that the contribution of the matrix suction to
the different the
environment was different. The shear strength increased

shear strength was when stress
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with the increase of the normal stress applied to the coal
measure soil sample. Under the different drying and wetting
cycles, the matric suction and the shear strength of the soil
samples with the same moisture content, under the same
normal pressure, gradually decreased with the increase of the
number of drying and wetting cycles, indicating that there
was no definite one-to-one correspondence between the
water content or the saturation and the matric suction.
The contribution of the matric suction to shear strength
was influenced by the change of the soil structure and the
water content after the repeated DWC. And along with the
rise of DWC times, the coal-soil structure changed in the
matrix suction and the influence of the shear strength, than
the effects of the moisture content, change was bigger, which
makes it consistent with the conclusions as in a previous
study (Fu et al., 2019), The changes, namely, in the DWC and
the repeated wetting and drying cycles, affect the wetting
shear strength of the soil more than the water content, which,
in turn, is only caused due to the changes brough about in the
structure of the soil.
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Table 3 shows the total stress shear strength index and
matric suction of coal measure soil under different drying and
wetting cycles. It can be seen that there is a linear relationship
between the total stress shear strength index and the logarithm
value of matric suction under each drying and wetting cycle.
Therefore, the shear strength model of unsaturated coal
measure soil under drying and wetting cycle is as follows
(Eq. 2):

17 = (a + blgu) + o tan (c + dlgu;) (2)

where, a, b, c,d are the fitting parameters of Cotal, ¥/, and matrix
suction respectively.

3.3 Analysis of microstructure
characteristics

The influence of the soil structure on the matric suction and
shear strength of the CBS is greater than that of water content

Frontiers in Earth Science 09

under the DWC. The change in the soil structure at the macro
level is reflected in the change of soil structure at micro level.
The DWC with the zero moisture content 9% of the coal-soil
sample in the scanning electron microscope (SEM) image
(Figure 5)
structure form the soil sample matrix, the matrix surface has

show that the quartz-particle plate-shaped

cracks, and form a particle size difference than that of the of
quartz grains, the kaolinite and the chlorite form the clay
particles in the clay domain, which are in the form of
surface to surface connection attached to the surface of the
quartz substrate, or in the form of surface to surface connection
in the quartz matrix in the cracks and in the quartz-particle
joints. The lamellar quartz particles are mainly edge to edge,
edge to surface, and surface to surface contact. The interface
between the aggregates formed by the clay domain surface to
surface contact and the quartz particles is mainly edge to
surface, surface to surface contact. The connection is
cemented by clay minerals and soluble salts, or the contact

connection is formed by the direct contact between the basic
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units. At this time, the cementation strength between the basic
units is not high, and the particle connection is relatively loose.
The SEM images (Figure 5) of the CBS samples with the
moisture contents of 9%, 13%, 17%, and 21% during the
0 cycle of wetting and drying show that with the increase of
the moisture content, the particle morphology, and the
connection between the particles of the samples changed.
The overlap formed by the facetoface contact of the clay
expands with the increase of water content in the soil. Long,
flat, clay domains with thick middle and thin edges are observed
on the surface of the quartz matrix, between the cracks, and the
quartz grains. This happened because the surface of the clay
domain is generally negatively charged, while the connection
between the surface-and-surface of the clay domain is mainly
ion-electrostatic. As the water in the soil increased, the water
film thickened, the diffusion-double electric layer thickened,
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the the
predominated, resulting in the expansion of the polymer.
With the increase of the water content, the cemented clay
minerals, and the soluble salts at the junction of the basic
unit body softened and dissolved. At this time, the
cementation strength between the basic unit body decreased
greatly, and the cohesion of the sample somewhat decreased. In

and repulsion  between surface-and-surface

the scanning electron microscope images of the samples with
different moisture content in the first, second, third, and the
fourth drying and wetting cycles (see Figures 6, 7 for the third
and fourth dry and wet cycles), it can also be observed that the
uneven volume expansion of the clay domain occurs with the
increase of the water content, and the clay minerals and soluble
salts that play the role of cementing connection softened and
dissolve. Further, the basic unit body and the change of the pore
volume caused the gas-liquid interface in the change of the
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The variations of the soil particle abundances under the different DWC. (A) w = 9% (B) w = 13% (C) w = 17% (D) w = 21%.

meniscus water film, which caused the change of the matrix
suction. It was at the same time during the drying-wetting
circulation process, that the soil specimen macro performance
of the shear strength of the unsaturated coal decreased gradually
with the increase of the moisture content, and with the increase
of the matrix suction, which can all be seen microscopically.
With the 0, 1, 2, and 3 times of the DWC, the moisture
content is 9%, 4 times of the coal-soil sample in the electron
microscope scanning figures. With the increase of the DWC,
collapse happened in the coal soil sample, the cracks of the quartz
substrate collapse happened, the magnitude of the large particle
size decreased, and the clay minerals content in the DWC under
the influence of particle size reduced. Further, the cementation
strength between the basic units decreased, the particle
connections became looser, and there were more pores. This
is also the microscopic reason that the matric suction and the
shear strength of the unsaturated CBS samples with the same

Frontiers in Earth Science

1

moisture contents, and under the same normal pressure
gradually decreased with the increase of the number of DWC.

3.4 The influence of the drying and
wetting cycles on the characteristic
parameters of the microstructure

The image processing software IPP (Image-Pro Plus)
was used to analyze and process the SEM images of the CBS
with different water contents after 0-4 DWC, and the
microstructure information was extracted to analyze the
average particle average of the CBS after different
DWC.  The the
characteristic parameters, such as the diameter, particle

changes  in microstructural

abundance, and the particle orientation frequency were
examined.
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The directional frequency of the soil particles under the different DWC. (A) w = 9% (B) w = 13% (C) w = 17% (D) w = 21%.

3.4.1 The average particle diameter
The average particle diameter was used to represent the
particle size. The diameter of the circle is equal to the
particle area, S, and where Dis the average
diameter of the particle unit body. The calculation
formula is (Eq. 3):
p=y® ()
s
The average particle diameter was classified over a
certain range, and the percentage of the number of
particles in each interval of the soil samples with
the  different  moisture  contents  under  the
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different DWC was counted, and the results are shown
in Figure 8.

For the CBS with the moisture content of 9% and 13%
under the different drying and wetting cycles, and with the
increase of the drying and wetting cycles, the particle size was
less than 0.5 ym and between 0.5 ~ 1 ym, respectively. The
content of the particles betweenl ~ 2 ym and 2 ~ 5 um,
however, was in an increasing state, the content of particles
between 5 ~ 10 ym did not change much, and the content of
particles larger than 10 decreased. For the CBS with the
moisture content of 17% and 21%, under the different
DWC, and with the increase of DWC, the content of
particles with the particle size of less than 5 ym was in an
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increasing state, and the content of particles with the particle
size over five to 10 ym did not change much. The content of
the particles with the diameter greater than 10 ym decreased.
This was mainly related to the disintegration of the CBS
samples after the multiple DWC. As the number of DWC
increases, the content of particles with a particle size of less
the than five increased, the disintegration and the dispersion
of the large particles reduced their contents. The contents of
the small particles increased when the moisture content was
lower, however, and the smaller particles adhered to the
larger particles, which formed a larger particle, and which
reduced the percentage of the smaller particles over this
range. Yet, when the same is high, the number of the
DWC the the
cementation between particle

and high water content weakened
the the

connection was weaker, and the particles were more loose,

basic units,
so that the content of particles in the range of less than 5 ym
particles increased.

3.4.2 Particle abundance
The ratio of the short axis to the long axis of the particle is
the particle abundance C, and its calculation formula is
(Eq. 4):
B

C=1\~

I (4)

where B is the short axis of the particle, and L is the long axis of
the particle. The value of C ranges from 0 to 1, and the closer Cis
to 1, the more circular the particles tend to be on the plane, and
the more elongated they tend to be.

Figure 9 shows the particle abundance of the
reconstituted CBS with the different water contents
under the different DWC. With the
number of DWC, the abundance percentage of the
with
decreased, while

increase of the

particles abundance less than 0.6 gradually

the of the
particles with abundance greater than 0.6 showed an
increasing trend, indicating that the effect of the DWC

gradually changed the shape of the particles. From long

abundance percentage

strips to that of approaching the circle. Under the action of
the multiple DWC, the quartz matrix of the CBSsample
disintegrated, and the clay minerals dispersed and
disintegrated, so that the size of large particles decreased
more, the number of the small particles increased, and the
particles with the complex shapes tended to be simple,

which resulted in the soil erosion.

3.4.3 The particle orientation frequency

The particle orientation frequency is the frequency at which
the angle between the long axis and the X axis of the particle is
calculated into each equally divided orientation angle interval.
The orientation angle interval is at AG = 20, divide 180 into nine
orientation angle intervals, and F; («) represents the orientation
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frequency of the particle unit in ith orientation angle interval
(Eq. 5):

Fi(a)=" 5)
n

where #; is the number of particles whose long axis direction falls

in ith orientation angle interval, and # is the total number of

particles.

It can be seen from Figure 10 that the orientation angle of
the reshaped coal measures soil particle unit has a certain
distribution in each interval, but it is mainly concentrated in
the interval of —10°-10z, that is, the particles are mainly
arranged in the horizontal direction and have a certain
orientation. With the increase of the number of the drying
and wetting cycles, the orientation frequency of the particle
units increased significantly in the range of —10°-10°. The
percentage content was the highest, while the variation law of
orientation frequency in other orientation angle ranges is not
apparent. The remolded CBS was prepared by the compaction
method. During the compaction process, the soil particles
were arranged in the horizontal direction under the action of
the vertical force, that is, the angle between the main axis of
the particle unit and the X axis was in the horizontal direction
and. —10°-10° range. Under the action of the DWC, the
disintegration and the dissolution of the coal-measure soil
increased the number of the soil particles, decreased the
average particle diameter, weakened the inter-particle
cementation, and changed the contact mode between the
particles, which affected the soil mass to a large extent.
the
arrangement of particle units tends to be simpler and orderly.

Cohesion, soil particles are more loose, and

4 Conclusion

1) In 0 to four DWC, the clay domain expands unevenly with
the increase of water content, the clay minerals and
soluble salts that play the role of cementation and

the

strength between basic units decreases greatly, the

connection soften and dissolve, cementation
cohesion of the sample decreases, and the changes of
water, basic units and pores cause the changes of
meniscus water film at the gas-liquid interface, thus
causing the changes of matrix suction, The shear
strength of unsaturated CBS sample decreases with the
increase of water content in the same DWC, and increases
with the increase of matrix suction.

2) The CBS samples disintegrated under the action of DWC, and
the quartz matrix in the cracks disintegrated to produce
fragments and debris, and the particle size of large
particles decreased more. The diameter was also reduced,
the disintegrated and dispersed particles were scattered on the

surface of the quartz matrix and around the other particles
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and in the pores. The same was more loose and had more
pores, so that the matrix suction and the shear strength of the
unsaturated CBS samples with the same water content under
the same normal pressure condition gradually decreased with
the increase of the number of DWC.

3) Under the action of the DWC, the disintegration and
dissolution of the CBS increased the number of the soil
particles, reduced the average particle diameter, changed
the particle shape, weakened the inter-particle cementation,
and changed the contact mode between the particles. It is
shown here that the content of the particles with the average
diameter of less than 5 ym increased, while the content of the
particles larger than 10 ym decreased. The shape of the
particles gradually approached from a strip to a

circle, while the particle orientation was slightly more

apparent.
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