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,e desiccation cracks in expansive soil, which are a common natural phenomenon, have a significant negative impact on the
engineering properties of the soil and are the direct cause of many engineering problems and geological disasters. ,is study aims
to investigate the influences of sand content and particle size on desiccation cracks of the compacted expansive soil. First, samples
of compacted expansive soil with five sand contents and four sand size groups were prepared. ,en, a series of drying tests were
performed. ,e dynamic variation of geometric parameters of the surface crack network during evaporation was quantitatively
analyzed by using digital image processing technology and fractal theory.,e results demonstrated that the increase of the surface-
cracking areas in the early and later stages was manifested by the increase of the crack length and crack width, respectively. In the
same size of sand particle group (0.15, 0.3mm), as the sand content (dry weight ratio of soil sample) increased from 0% to 40%, the
surface-cracking ratio (the ratio of the crack area to the total surface area of the soil sample) showed a decreasing trend (13.20%,
11.42%, 10.50%, 8.98%, and 7.71%, respectively). When the sand content (40%) was the same, as the sand size groups increased
from [0.15mm, 0.3mm) to [1.18mm, 2.36mm), the surface-cracking ratio also presented a decreasing trend (7.71%, 7.69%, 4.35%,
and 3.73%, respectively). ,e changing law of the fractal dimension of cracks was the same as that of the surface crack ratio.
During the drying process, the deformation of the sample was characterized by centripetal shrinkage or cracking, which were
mainly affected by the boundary conditions of the sample. ,is research’s results verify the effectiveness of sand to improve the
dry-shrinkage characteristics of expansive soil, providing a reference for the improvement of roadbeds and the treatment of soil
slopes in expansive soil areas.

1. Introduction

Expansive soil is rich in minerals with strong hydrophilicity
such as montmorillonite and illite. It is a kind of clay with
significant swelling, shrinkage, and cracking properties,
widely distributed in the world [1]. ,e physical and me-
chanical properties of expansive soil are sensitive to climate
change. ,is is extremely harmful to engineering con-
structions such as roadbeds and slopes [2, 3]. In recent years,
due to global climate change, extreme arid climates have
occurred more frequently, and the damage caused by
shrinkage and cracking of expansive soils has become more
prominent.

Desiccation cracks caused by the evaporation of water in
soil are a common natural phenomenon. ,e desiccation
cracks in soil have adverse effects on several fields such as
agriculture, geology, and geotechnical engineering. ,e
cracks in farmland soil will aggravate drought, increase soil
strength, and adversely affect plant root growth, resulting in
the reduction of crop yields [4]. From another perspective,
the cracks cause preferential flow during irrigation or
rainfall, leading to a decrease in the efficiency of water and
fertilizer utilization, but an increase in the risk of ground-
water pollution [5, 6].,e cracking network on the soil slope
can destroy the integrity of the soil and provide convenient
conditions for rainwater infiltration, contributing to
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significantly weakening the shear strength of the soil and
inducing landslides [7–9]. Desiccation cracks in the foun-
dation or roadbed can reduce the bearing capacity of the soil,
inducing some problems such as uneven settlement and
pavement cracking [10].

A large number of studies have been conducted on the
influencing factors of soil desiccation cracks and the
quantitative analysis of crack morphology [11, 12]. Costa
et al. performed desiccation experiments on three materials:
clay, potato starch, and milled quartz sand. ,e results
suggested that the development process and final cracking
morphology of different materials are quite different [13].
Tang et al. explored the effects of temperature, soil layer
thickness, dry-wet cycle, and soil type on the geometric
parameters of desiccation cracks of the initial clay slurry
samples by using image processing technology [14]. Abou
Najm et al. researched the influence of the solute contents in
the pore water on the shrinkage deformation of the soil. ,e
results demonstrated that the evaporation rate of water,
shrinkage rate, and drying stress all decreased with the
increasing concentration of NaCl in the pore water [15].
Yesiller et al. investigated the desiccation cracking of
compacted liner soils. ,e results indicated that the surface-
cracking ratio increased with the increase of the fine-grained
soil content and the initial water content, as well as the effect
of the dry-wet cycles [16].

Expansive soil in engineering should be improved to
handle the hazards caused by its unstable engineering
properties. At present, the approaches to improve expansive
soil mainly include physical and chemical methods, bio-
logical, and solid waste improvement technologies [17, 18].
,e most commonly used method is a chemical improve-
ment, such as mixing lime, cement, and fly ash. AlZubaidi
et al. pointed out that the swelling potential, linear shrinkage
rate, and clay mineral content of expansive soil decreased
with the increase in cement percentage [19]. Stoltz et al.
explored the effects of wetting and drying paths on the
expansion and contraction of lime-treated expansive soil.
,e results revealed that lime-treated compacted expansive
soil could effectively prevent volume expansion during
initial wetting. However, the inhibition effect on shrinkage
during drying was limited [20]. Kalkan prepared compacted
soil samples under optimal water content conditions using
the mixture of silica fume and clay and conducted dry-wet
cycle and expansion tests. ,e results reflected that silica
fume could reduce the progressive deformation of improved
expansive clay under the action of dry-wet cycles [21]. Ikizler
et al. discovered that mixing sand with bentonite or placing
sand on top of bentonite could reduce the swelling force of
bentonite. Specifically, the swelling force of the sand-ben-
tonite mixture decreased as the sand content increased [22].

In the past, a considerable number of studies have been
conducted on the mechanical properties of the improved
expansive soils. Nevertheless, there is little research on the
desiccation shrinkage characteristics of improved expansive
soil. Compared with fine materials such as cement and fly
ash, sand has a certain hardness and larger particle size.
,us, the sands are easier to mix with soil. Moreover, the
construction is simple without environmental pollution.

,erefore, the sands were used as an improved material in
this study, and a series of drying tests were performed to
investigate the influence of sand content and particle size on
desiccation cracks of compacted expansive soil samples.
Image processing technology and fractal theory were
adopted to analyze the characteristics of the surface desic-
cation cracks of the expansive soil improved by sands.

2. Materials and Methods

2.1.Materials. Soil samples for the test were taken at a depth
of 0.8–1.5m below the land surface from a landslide-
monitoring site in Mian County, Shaanxi Province, China.
,e location of the collected soil is illustrated in Figure 1.,e
undisturbed soil samples were wrapped with plastic film and
sealed with adhesive tape to prevent water loss. ,e water
content and dry density of undisturbed soil samples were
determined by the ring knife method in the laboratory. ,e
soils were air-dried, crushed, and passed through a 2mm
sieve. ,e physical properties of the soil samples, such as
specific gravity limit, water content, and free swelling rate,
etc., were tested according to the Chinese standard for
geotechnical testing method (GB/T 50123–2019). Among
them, the free swelling rate, defined as the ratio of the in-
creased volume after stable deposition in water to the initial
volume of the oven-dried and crushed fine-grained soil, was
measured by a glass-measuring cylinder with the volume of
50mL and the division value of 1mL. ,e physical and
mechanical properties of soil are presented in Table 1. It can
be seen that the test soil is composed of fine-grained soil with
a liquid limit greater than 50%, according to the standard
(GB/T 50145–2007, GB 50112–2013); the test soil is high
liquid limit clay (CH) with weak expansibility. ,e particle
size distribution of the sample was measured with a laser
particle size analyzer (Bettersize 2000; measurement range:
0.02–2000 μm), as exhibited in Figure 2. ,e particle size
analyses of the testing soil indicated that its clay and silt
contents were 44.8% and 55.25%, respectively, with no sand
particles inside. ,e mineral composition and its approxi-
mate percentage of the soil sample were determined by an
x-ray diffractometer (Bruker D8 advance), as illustrated in
Table 1. ,e results showed that the main components of
clay minerals were 32.89% illite, 9.23% kaolinite, and 6.61%
smectite. ,e standard sand (China ISO Sand Co., Ltd.) was
used for the test, and its grading curve is displayed in
Figure 2.

2.2. Experimental Scheme and Process. ,e test process is
presented in Figure 3. ,e soil and standard sand used to
prepare the samples were dried at 105°C to the constant
weight. ,e soil was crushed and passed through a 2mm
sieve. ,en, different particle size groups of standard sands
were separated through a sieving test, as shown in
Figure 3(a). Besides, the samples were prepared with higher
initial water content and lower dry density to observe the
obvious development of desiccation cracks. Sand with a
specific particle size range and content was added to the soil
sample and mixed evenly. ,en, distilled water was sprayed
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to prepare a sand-soil mixture with an initial water content
of 25% and then sealed for 48 hours to ensure that the water
was fully diffused. Using the static pressure method, the
sample with a dry density of 1.35 g/cm3 was prepared in a
glass evaporating dish with a diameter of 100mm and a
height of 19.5mm. ,e surface of the soil samples was
smoothed with a stainless-steel knife. ,e prepared samples
were put into a ziplock bag for 24 hours to make the water in
the sample evenly distributed.

,e experimental design is illustrated in Table 2, with a
total of eight groups of experiments, three parallel samples in
each group. ,e prepared samples are presented in
Figure 3(b), in which S1–S5 and S5–S8 were used to in-
vestigate the influence of sand content and particle size on
the desiccation cracks of expensive soil, respectively.

,e oven-drying method was adopted to promote the
evaporation of water and shorten the test time with the
evaporation temperature at 50°C (Figure 3)(c). During the
drying process, the soil samples were taken out, weighed,
and photographed at 0.5-hour intervals. ,e digital
camera (Nikon D850 with a resolution of 45.7 megapixels)

was connected to the computer via Wi-Fi, and the ac-
quired images could be automatically stored in the
computer. In the process of image acquisition, the dis-
tance between the camera and the sample was fixed, and
all external light sources were blocked. Only led lighting
was applied to the consistent photographing environ-
ment. ,e test ended when the sample mass change was
less than 0.1 g.

2.3. Image Processing. ,e digital image processing tech-
nology was used to quantitatively analyze the evolution of
desiccation cracks during evaporation [23, 24]. ,e image
processing process is exhibited in Figure 4. In the first step,
the original image was extracted along the inner edge of the
glass container for analysis, with the irrelevant image in-
formation removed (Figure 4(a)). In the second step, the
weighted average method was used to obtain the gray image,
which converted RGB values to grayscale values by using
equation (1) to form a weighted sum of the R, G, and B
components (Figure 4(b)).
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Figure 1: Studied area and sampling location.

Table 1: Basic physical properties and mineral composition of clayey soil samples.

Soil properties Value Mineral composition (%)
Undisturbed soil density (g/cm3) 1.76 Illite 32.89
Undisturbed soil water content (%) 18.5 Kaolinite 9.23
Specific gravity 2.72 Chlorite 7.09
Atterberg limits Smectite 6.61
Liquid limit (%) 52 Quartz 29.63
Plastic limit (%) 25 Else 14.55
Plasticity index 26.5
Particle size analysis
Sand (%) 0
Silt (%) 55.2
Clay (%) 44.8
Free swelling ratio (%) 65.5
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Gray � i∗R + j∗G + k∗B, (1)

where R, G, and B represent the red, green, and blue color
components of a pixel, respectively, and i, j, and k are the
weight coefficients.

In the third step, Otsu’s method was adopted to calculate
the optimal threshold and convert the gray image into a
binary image [25], in which the black and white areas
represented cracks and soil blocks, respectively (Figure 4(c)).
,e optimal threshold (T) could be obtained by the fol-
lowing equations:

w1 �
n1

N
, (2)

w2 �
n2

N
� 1 − w1 � 1 −

n1

N
, (3)

u1 �


T
i�0 i∗Pi


T
i�0 Pi

, (4)

u2 �


255
i�T+1i∗Pi


255
i�T+1Pi

, (5)

u � u1 ∗w1 + u2 ∗w2, (6)

g � w1 ∗w2 ∗ u1 − u2( 
2
. (7)

,e optimal threshold T divides the image into two
groups: target and background, where N is the total number
of image pixels; i and Pi are the gray value and corresponding
numbers of the pixel; n1 and n2 are the numbers of pixels
whose grayscale value less than T or greater than T; w1 and
w2 are ratios of the number of pixels in target and back-
ground group to the image’s total pixels, respectively; u1 and
u2 are the average grayscale value of the target and back-
ground group; u is the average grayscale value of the entire

image; and g is the variance between the target and back-
ground group. Otsu’s threshold is used to determine the gray
value T that could maximize the variance g.

In the fourth step, the morphological method, such as
opening and closing operations on the morphology, was
used to remove noise, fill holes, and bridge cracks in the
binary image (Figure 4(d)). ,e main algorithms used in
image morphology processing mainly include dilation,
erosion, opening, and closing operation, which are defined
by the following equations, respectively.

A⊕B � z|(B)z ∩A≠∅ , (8)

A⊙B � z|(B)z⊆A , (9)

A ∘B � (A⊙B)⊕B, (10)

A • B � (A⊕B)⊙B, (11)

where A is a set of foreground pixels, B is a structuring
element, and B is the set of points in B whose (x, y) co-
ordinates have been replaced by (−x,−y). ,e opening can
smooth the target outline and break small connections, while
the closing can bridge fractures and fill holes. ,e character
of the cracking network in the binary image could be im-
proved by reusing opening and closing operations several
times. Finally, the skeleton of the cracking image with the
width of 1 pixel after denoising was extracted (Figure 4(e)).

,e analysis parameters of the surface-cracking network
were evaluated by the crack ratio, length, average width, and
fractal dimension. ,e crack ratio δc is defined as the ratio of
the crack area Sc to the surface total area STof the sample and
can be calculated from the ratio of the number of black pixels
nb in the denoised binary image to the total number of pixels
nT in the image, according to equation (12). Based on the
cracking skeleton image, the number of black pixels on the
skeleton line was calculated to obtain the approximate crack
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Figure 2: Particle size distributions of clayey soil and standard sand.
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length Lc. ,e average width d of the crack is defined as the
ratio of the crack area Sc to the crack length Lc, calculated by
equation (13). ,e fractal dimension (D) of the crack could
reflect the irregularity of the crack network and may be
calculated by the box-counting method [26]. ,e crack area
was covered by grids with a side length of ε, and the number
of the total grids N(ε) changes with the grid length ε. ,e
relationship between N(ε) and ε in the double logarithm
coordinate system is expressed by the linear fitting equation
(14), where D represents the value of the fractal dimension.

δc �
Sc

ST

�
nb

nT

, (12)

d �
Sc

Lc

, (13)

lgN(ε) � B − Dlg(ε). (14)

3. Results

3.1.Water EvaporationProcess. Figure 5 illustrates the curve
of the water content in the compacted soil sample during the
drying process under the conditions of different sand
contents and particle size groups. In Figure 5(a), the
changing trend of the drying curves of samples with the
same particle size group [0.15–0.3mm) was the same under
different sand contents. ,e decreasing trend of water
content was approximately linear with the evaporation time
in the initial stage of drying, which was the constant
evaporation stage. As the evaporation continued, the drying
curve gradually showed a concave shape, entering the failing
evaporation stage. Finally, the drying curve gradually
approached the horizontal line, and the water content no

longer changed, reaching the residual water content state. As
the sand content increased from 0 to 40%, the absolute value
of the slope of the drying curve increased, suggesting that the
water evaporation rate increased correspondingly. ,e time
t1-t5 for the drying curve to enter the failing stage decreased
in turn (18.4 h, 12.5 h, 11.4 h, 10.5 h, and 9.9 h, respectively).
At the end of the test, the residual water content of the
sample was 5.66%, 5.16%, 4.91%, 3.3%, and 3.17%, respec-
tively, decreasing gradually with the increase in sand
content.

Figure 5(b) presents the variation of the drying curve of
sand with different particle size groups at the same sand
content (40%). It also could be divided into three stages: a
constant evaporation stage, a failing evaporation stage, and a
residual water content stage. With the increase in sand
particle size groups, the absolute value of the slope of the
drying curve decreased successively, and the time t5-t8 to
enter the failing evaporation stage increased in turn (9.9 h,
11.01 h, 11.9 h, and 13 h, respectively). ,e residual water
contents of the samples were between 3.17% and 4.13%, with
no significant difference.

3.2. Quantitative Analysis of Surface Cracks. ,e surface
crack ratio could reflect the cracking degree of the sample as
a whole. Figure 6(a) exhibits the variation curve of crack
ratio over water content during the process of evaporation
under different sand contents with the same particle size
group sand [0.15–0.3mm). ,e cracking water contents (the
water content when cracks appeared) were all near the initial
water content of the samples. After the initiation of the
cracks, the surface crack ratio of the samples with different
sand contents rapidly increased and then tended to be stable
during the drying process. Subsequently, the crack area no
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Figure 3: Sample preparation and experimental process. (a) Soil and standard sand after sieving. (b) Compacted soil samples. (c) Drying of
soil samples. (d) Weighing and photographing device.
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longer changed, although the water content in the samples
was further reduced. As the sand contents increased from 0
to 40%, the crack ratio reached a stable state at a higher water
content, while the final crack ratio decreased sequentially
(13.20%, 11.42%, 10.50%, 8.98%, and 7.71%, respectively).
Compared with the control sample, the sample with 40%
sand content had a 41.7% reduction in surface crack ratio.

Figure 6(b) presents the variation of the crack ratio over
the water content under the same sand content (40%) but
different particle size groups. As the sand size group in-
creased from 0.15–0.3mm to 1.18–2.36mm, the final surface
crack ratio showed a downward trend (7.71%, 7.69%, 4.35%,
and 3.73%, respectively). Besides, the crack ratio would
reach a stable state more quickly as the particle size of the
sand increased, reflecting the final state where the cracks no
longer developed in the process of evaporation. Figure 6(c) is
a representative image of the final cracking state of the

samples in S1–S8. It could be observed that, in this exper-
imental design, the surface crack ratio decreased with the
increase in sand contents under the same particle size group
condition; when the sand content was the same, the crack
ratio decreased with the increase in sand particle size.

Take the sample with a sand content of 0 as an example;
Figure 7 shows the variation of crack ratio, crack length, and
average crack width over water content during the evapo-
ration process. ,e crack ratio continued to increase when
the water content was greater than 9%. ,e water content of
the cracking images I, II, and III inserted in Figure 7 was
23.52%, 22.03%, and 19.5%, respectively. Specifically, the
increasing crack ratio was characterized by the increase in
the crack length when the water content was greater than
19.5%. ,e crack length had remained stable and no longer
grew when the water content was greater than 9% and less
than 19.5%. At this time, the surface tensile stress was fully

Table 2: ,e information of different sets of compacted samples.

Sets Water content (%) Dry density (g/cm3) Particle size of mixing sand (mm) Sand mix proportion (%)
S1

25 1.35

0.15–0.3 0
S2 0.15–0.3 10
S3 0.15–0.3 20
S4 0.15–0.3 30
S5 0.15–0.3 40
S6 0.3–0.6 40
S7 0.6–1.18 40
S8 1.18–2.36 40

Image noises and holes

Enlarged image
(b)(a)

(d) (c)(e)

Figure 4: Procedure of digital image processing. (a) Original RGB image, (b) gray level image, (c) binary image, (d) binary image after
denoising, and (e) skeleton of the crack network.
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Figure 5: Variation of water content over time of soil samples under the effect of different sand contents and particle sizes. (a, b) Time (h).
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released, and the tensile strength of the soil gradually in-
creased, leading to a smaller possibility for new cracks in the
subsequent drying process. Consequently, the phenomenon
of increasing cracking area wasmanifested in the continuous
widening of the cracks. ,erefore, the development of
desiccation cracks in compacted soil samples was dominated
by the increase in crack length in the early stage. Further-
more, the increase in the crack area was controlled by the
increase in crack width when the crack network was
stabilized.

,e fractal dimension can reflect the irregularity of the
cracking network.,e larger the fractal dimension, the more
developed the cracks. Once cracks appeared in the com-
pacted soil sample, the basic morphology of the cracking
network was established, as illustrated in Figure 8(a).
,erefore, the fractal dimension of the surface crack in-
creased instantaneously after crack initiation, as presented in
Figures 8(a) and 8(b). During the drying process, the fractal
dimension increased with the development of the cracking
network. When the cracking development was stable, the
fractal dimension no longer changed. In Figure 8(a), the final
cracking fractal dimension decreased from 1.61 to 1.49 as the
sand content increased from 0 to 40%. In Figure 8(b), the
fractal dimension of the cracks decreased from 1.49 to 1.39
as the sand size increased from [0.15, 0.3) to [1.18, 2.36).,is
also suggested that the increase of sand content and sand
particle size group could inhibit the development of cracks
in compacted soil samples.

4. Discussion

Adding a proper amount of sand into expansive soil could
reduce the proportion of clay minerals, improve the gra-
dation of expansive soil, and change the physical and me-
chanical properties of expansive soil, such as the optimal

water content, maximum dry density, Atterberg limits, and
strength characteristics. Besides, the expansion and
shrinkage properties during the dry-wet cycle also change
[27, 28].

4.1. Effect of Sand Content and Particle Size on Water
Evaporation. ,e evaporation process of samples with
different sand contents and particle size groups could be
divided into three stages: constant evaporation, failing
evaporation, and residual water content stage. ,e external
factors affecting the evaporation rate mainly include tem-
perature, relative humidity, and wind speed, while the in-
ternal factors mainly include the mineral composition,
particle size, water content, and degree of compaction of the
soil [14, 29]. ,e initial water content, dry density, and
evaporation environment of the samples were the same in
the test. ,e main factor affecting the evaporation rate was
the changes in soil properties caused by the sand content and
particle size group in soil.

,e migration of water inside the soil to the surface is
mainly controlled by capillary action. Furthermore, the
migration of capillary water is influenced by the pore size
between particles in the soil. As the sand content in the
expansive soil increased, the macropores formed between
sand particles were not enough to be filled by fine-grained
soil. As a result, the water holding capacity of the samples
decreased, leading to a higher evaporation rate and lower
residual water content. Under the same sand content con-
dition, the strength of the soil sample skeleton and the
volume shrinkage capacity of the sample increased and
decreased, respectively, as the particle size of the sand in-
creased, causing a decrease in the surface desiccation crack
areas. ,erefore, the evaporation rate was smaller, and the
residual water content also exhibited an increasing trend as
the particle size groups increased. As the evaporation
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continued, the water evaporation mechanism of the soil
sample changed from the migration of capillary water to the
diffusion of water vapor and then entered the failing
evaporation stage. ,e evaporation stopped and entered the
residual water content stage when the vapor pressure inside
the sample was in equilibrium with the external
environment.

4.2. Effect of Sand Content and Particle Size on Desiccation
Cracks. At the beginning of the test, the soil sample surface
was the only evaporation channel. ,en, the water gradient
was generated along the axial direction in the sample. ,e
surface water content of the sample was less than the internal
of the sample, while the surface shrinkage was greater than
the internal soil under the action of matrix suction. Hence,
the tensile stress field formed on the sample surface. Cracks
appeared when the tensile stress is greater than the tensile
strength [30]. Besides, if the tensile stress is less than the
tensile strength, the shrinkage deformation of the compacted
soil sample mainly manifests as volume shrinkage until it
reaches the shrinkage limit of the soil [31].

After the addition of sand into the expansive soil, the
existence of large-size sand effectively improved the friction
between particles of the mixture and thus enhanced the
skeleton strength of sand-modified expansive soil. As the
sand contents increased, macropores in the soil were formed
between sand particles, and between sands and soil aggre-
gates. ,e existence of large pores can reduce the matrix
suction in the soil. ,erefore, the crack ratio of the soil
sample surface decreased as the sand contents increased.
When the sand content was the same, the larger the sand
particle size, the easier it was to induce the macroporous
structure between the particles, just like the effect of the
increase of sand content. Meanwhile, the friction between

the particles increased, leading to an increasing in the
strength of the soil skeleton. ,erefore, the surface crack
ratio decreased with the increase in the sand particle size
groups.

4.3. Effect of Boundary Conditions on Desiccation and
Shrinkage. Tensile stress would generate inside the material
when the shrinkage of the material is restricted. ,e mag-
nitude and distribution of tensile stress depend on the
stiffness of the material, the boundary conditions, and the
stress concentration effect caused by potential defects in the
material [13, 32]. In the test, the sample was prepared in a
glass container, in which the bonding force between wet soil
and glass was large initially and even larger after drying. ,e
bottom and surroundings of the sample were subject to the
constraints from the contacts of the glass container. ,is
may be the reason that only desiccation cracks appeared in
the above samples with no centripetal shrinkage. ,e
stainless-steel ring knives with the same inner diameter and
height of the glass container were customized to investigate
the influence of boundary conditions on the shrinkage of the
sample. Vaseline was smeared on the inner wall of the ring
knife to prepare compacted soil samples with the same initial
state as S1–S5 (namely, the initial water content was 25%, the
dry density was 1.35 g/cm3, the particle size of the group was
[0.15–0.3mm), and the sand content was 0–40%). Drying
tests were performed under the same conditions. ,e
samples eventually all presented volume shrinkage with no
desiccation cracks, as illustrated in Figure 9. ,e surface
shrinkage ratio is defined as the ratio of the reduction of the
surface area caused by sample shrinkage to the area of the
ring knife. With the increasing sand content from 0 to 40%,
the surface shrinkage ratio was 27.38%, 25.88%, 24.14%,
21.06%, and 17.45%, respectively. ,us, the expansive soil
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improved by sands effectively reduced the shrinkage
phenomenon.

5. Conclusions

In this study, a series of drying tests of compacted soil samples
with the same initial dry density and water content were
prepared to investigate the influence of sand content and
particle size group on the desiccation cracks of compacted
expansive soil. ,e following conclusions were obtained.

,e evaporation process of compacted soil could be
divided into three stages: constant evaporation, failing
evaporation, and residual water content stage. With the
increasing sand content and the sand particle group, the
evaporation rate and the residual water content increased
and decreased, respectively. ,e surface crack ratio de-
creased with the increase in the sand content. For the same
sand content, it also decreased with the increase in the sand
particle size. ,e variation of fractal dimension was con-
sistent with the crack ratio. ,e increase of the surface crack
ratio in the early stage was manifested as the increase of
cracking length, and that in the later stage was characterized
by the increase of cracking width. Affected by the boundary
conditions, the shrinkage deformation of compacted ex-
pensive soil samples could present the phenomenon of
centripetal shrinkage or cracking.

,e results of this study verify the effectiveness of sand in
restraining the shrinkage deformation of expansive soil.
However, the strength characteristics, permeability, and de-
formation characteristics of the sand-improved soil should be
further considered in conjunction with specific application
conditions to meet the engineering requirements.
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