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Desiccation cracks form on the surface of foundation soils due to matric suction and surface shrinkage with water loss. This paper
investigates the effect of tea waste on the change of water content and cracking characteristics of foundation soil during drying. Digital image
processing was carried out based on laboratory experiments. The characteristics are monitored with a variation in water content. The effects
of different amounts of tea waste on soil drying and cracking were obtained, in order to provide an efficient and new green sustainable
material for improving soil evaporation cracking under drought conditions. The results show that the development of cracks of soil samples
with tea waste can be categorized into three stages in accordance with the fractal dimension of the desiccation cracks: Stages I, IT, and III. The
desiccation cracks in Stage III are wider and longer than those in Stages I and II, however, the maximum fractal dimension and stability are
also obtained in Stage ITI. The residual water content of the sample without tea waste is 1.5%. The residual water content of the samples
containing 4% and 8% tea waste is 4.6% and 5.4%, respectively, which shows that the tea waste can effectively improve the residual water
content of the foundation soil and the water holding capacity of the soil. The fractal dimension of cracks on the soil samples increases
gradually with drying. The total length of cracks increases and the development of cracks is more complex. The cracking time of soil samples
with different tea waste contents is different. The soil samples with 8% tea waste content crack first. Combined with the variation
characteristics of water content, tea waste has water absorption and improves the water holding capacity and stability of foundation soil.

1. Introduction

Soil moisture evaporation is one of the main processes of
soil atmosphere material and energy exchange, and it is
also an important part of surface heat and water balance.
For the soil in nature, the driving force of evaporation
comes from climate, especially arid climate [1, 2]. As
evaporation will change the content and distribution of
water in soil, resulting in changes in the engineering
properties of soil, many engineering and environmental
problems are directly or indirectly related to evaporation
[3, 4]. The problem of soil water evaporation involves
many disciplines, such as geology, geotechnical, water
conservancy, road, environment, and atmosphere [5, 6].
Especially in recent years, affected by global climate
change, extreme arid climate occurs frequently, related
disasters are becoming more and more prominent, and
economic losses are becoming more and more huge [7, 8].

For example, under the action of evaporation, the soil will
shrink and deform, causing land settlement and damaging
the infrastructure on the ground [9-11].

Under drought conditions, due to evaporation and water
loss, soil is prone to dry shrinkage cracking, and a crisscross
crack network is formed on the surface. Soil dry shrinkage
cracking is very common in nature [12-14]. The existence of
cracks will destroy the integrity of soil, make its structure loose
and reduce its mechanical properties, and then cause various
engineering geological problems [15, 16]. For example, soil
cracking is one of the key factors affecting the stability of
foundation soil. While destroying the integrity of soil, it will
also weaken the structure of soil and provide convenient
conditions for the infiltration of rainwater. When cracks occur,
the shear strength of soil and the safety factor of the foundation
will decrease greatly, inducing the occurrence of foundation
settlement disaster [17-19]. In slope engineering, cracks will
provide a convenient channel for rainwater to infiltrate into the
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soil. And the shear strength of the soil will be reduced, which
will lead to slope instability and also may lead to the increase of
landslide and other projects, resulting in the sharp weakening
of its barrier function [20-22]. In hydraulic engineering, cracks
will form a preferential diversion channel in the soil em-
bankment, increasing the permeability and reducing the
strength of the dam, and threatening the stability of the dam
[23-25]. Therefore, the study of soil shrinkage cracking is of
great significance to prevent engineering and environmental
geological problems in arid climate environment.

The drying and cracking of clay are closely related to the
shrinkage of soil. The stronger the shrinkage of soil, the easier
it is to produce drying and cracking. The shrinkage is con-
trolled by the type and content of clay minerals in soil [26, 27].
The development process of cracking of soil under natural
environmental conditions has been studied by many scholars.
And the changes of some basic physical quantities such as
suction, water content, and temperature with time and their
distribution in soil have been detected [28, 29]. The problem of
soil drying and cracking involves many fields and a wide range.
In order to prevent the drying and cracking of engineering soil,
it is necessary to carry out systematic research on the key
scientific problems such as the causes, development laws, and
mechanisms of drying and cracking. Selecting appropriate
research methods is an important premise to solve the above
key scientific problems [30]. Tea waste is a very green, low-
cost, and effective adsorbent, which can be used to remove
various impurities in water [31]. In recent years, abandoned
tea has been widely used in engineering [32, 33]. Savas ozturk
and Mucahit Sutcu added different concentrations of tea waste
into clay mixture to study their effects on the properties of
sintered brick. The results show that bricks with high porosity
can be produced by using tea waste [34].

Sadam Hussain Jakhrani and Hong Gi Kim studied the
control effect of black tea waste and perlite on the rapid heat
of early hydration of high-strength cement mortar. The
curing effects of tea waste and perlite at different ratios were
studied. The results show that the samples prepared with
coarse tea waste and perlite are more conducive to con-
trolling early rapid hydration than those prepared with fine
particles. After chemical activation, tea waste can be used as
an adsorbent for harmful metal ions in wastewater [35].

In this paper, a scheme of using tea waste to improve the
foundation soil is proposed. In order to study the influence of
this technology on the evaporation characteristics and crack
development characteristics of the improved foundation soil,
a series of evaporation tests is carried out on the tea waste
improved soil, and the drying and cracking characteristics of
the tea waste improved foundation soil are analyzed by using
digital image processing technology. The influence law and
mechanism of tea waste content on foundation soil evapo-
ration and crack development are obtained.

2. Materials and Methods
2.1. Materials

2.1.1. Soil Samples. The soil sample used in this experiment
is the foundation soil in the Yellow River Basin of Henan
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Province, China (113°E, 35°N). The appearance of the soil
sample is light yellow, tasteless, and has no obvious inclu-
sions. The climate of different regions in the basin is sig-
nificantly different. In winter, affected by the dry and cold air
flow from inland, the weather is cold, dry, and less rain. In
summer, affected by the warm and humid air flow from the
ocean, it is hot, humid, and rainy. The high temperature
period is consistent with the rainy period, and the tem-
perature is appropriate, which is very beneficial to the
growth of crops.

Due to the high humidity of the soil sample, the soil
sample shall be air-dried until it is easy to be crushed, and the
soil sample shall be crushed by a wooden hammer. Then, the
soil sample is dried in an electric oven at 105°C-110°C, and
the dried soil is then taken out. According to the quality of
soil samples, the dried soil samples are filtered through a
standard sieve with an aperture of 2mm, and then soil
samples with a particle size of less than 2 mm were obtained.
200 g soil samples after screening are taken out and placed in
multiple square containers to prepare for subsequent tests.
The basic physical properties of natural soil samples mea-
sured in the test are shown in Table 1.

2.1.2. Tea Waste. The tea waste used in this experiment is
from the tea waste in daily life. In the past, the tea waste was
often used as fertilizer for plant potting, but the decom-
position cycle is long.The collected tea waste is dried until it
becomes dry; then, the dried tea waste is crushed with a
pulverizer; and the crushed tea waste powder is placed in a
sealed container.

2.2. Experimental Process. In order to study the effect of tea
waste content on the evaporation and cracking characteristics
of soil samples, three groups of samples with different tea
waste contents (0%, 4%, and 8% by weight) were designed,
and two parallel tests in each group were compared with each
other, as listed in Table 2. 200 g weighed soil sample and tea
waste with different contents were poured into a square
container. And an appropriate amount of water was added to
the mixture so as to fully integrate the tea waste and soil
sample. And then, water is added to mix it into a saturated
slurry with a water content of 150%, as shown in Figure 1. In
order to completely precipitate the sample, the soil sample
was sealed for 48 hours. Then, the sample is placed on the
electronic balance, and it naturally dried at room temperature
of 25°C to lose water. In the display screen of the electronic
balance, the mass of the sample can be read in real time, and
then the change of the water content of the sample can be
obtained. In order to obtain the cracking characteristics of the
sample during evaporation, the sample is weighed every 3
hours, and the time recorded before the sample is cracked.
After the sample is cracked, it shall be weighed every 5
minutes and photographed directly above the sample with a
digital camera to record the crack degree of the sample.

After the test, the recorded time, the mass of the square
container, the total mass of the sample, the soil sample, and
the crack image are imported into the computer to obtain
the water content change data.
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TaBLE 1: Physical properties of soil samples.
Particle distribution (%
Density (g/cm?) Liquid limit Plastic limit Plasticity index . u (%)
Clay particle Silt Sand
2.74 34.8 17.1 17.3 58 32 10

TaBLE 2: Design parameters of evaporation test.

No. Tea waste content Remarks

1 0

2 0 Comparative experiment
3 4%

4 4% Comparative experiment
5 8%

6 8% Comparative experiment

FIGURE 1: Saturated mud sample.

2.3. Digital Image Processing Technology. The crack image
recorded by the digital camera is transmitted to the computer.
After the required images are collected, the next step is to
preprocess the images and remove some interference, which
makes the crack information prominent so as to lay a good
foundation for analyzing the numerical value of crack images.
The image processing includes segmentation threshold, gray
image, and median filtering. For each crack image, firstly, the
image is cut to remove the boundary part of the image and
reduce the influence of boundary conditions. In order to
exclude the boundary, the image was cut to a size of
16 x 16 cm which is the center of the digitally recorded image.
Before calculating the parameters of the digital images, the
crack images should be transformed into a binary image.

A large amount of color information is included in the
crack image information, which is very unfavorable to the
calculation of crack image. Gray image is expressed by
brightness, and the same gray is usually divided into 256 levels
[36]. The numbers from 0 to 255 are used to represent colors,
respectively. The darkest one is represented by 0, that s, black.
The brightest one is represented by 255, that is, white. The
remaining numbers are used to represent the numbers be-
tween 0 and 255. In this case, only one parameter is left for
each pixel, and an image can be represented by a two-di-
mensional matrix. The three parameter values of each pixel of

the color image are R, G, and B. The effect of converting a
color image into a gray image is shown in Figure 2(b). After
the color image converts the crack image into a gray image,
the image has only a very small loss, and the crack is clearer.
Selecting an appropriate threshold, that is, the gray value, is to
effectively compare the gray level of each pixel with the
threshold. If the pixel gray level is greater than the threshold,
the gray level becomes 255. If the pixel gray level is smaller
than the threshold, the gray level becomes 0. As shown in
Figure 2(c), after the image is binarized by threshold seg-
mentation, only white and black are left in the image, and the
crack can be obviously separated from the background.
Selecting the threshold is an important part of dividing the
image into binary images, and the accuracy of identifying the
edge of the crack image is directly affected by it [37].

After binary processing of the image, there are still large
and small noise in the background, and the crack edge is still
unclear. Therefore, it is necessary to deeply process the
image denoising. The value filter is effectively used to denoise
the crack image [38]. The median filter belongs to the low-
pass filter. The pixels in the field can be arranged according
to the gray level, and the intermediate value can be taken out
as the output object so that the image edge can be effectively
protected. Not only the noise should be controlled well but
also the edge should be clear and not blurred. The median
filter needs to select a sliding window, and the containing
points need to be odd. The gray value of each point in the
window is used to replace the specified points, usually the
center point of the window. After the median filter, if the
discretely separated noise still exists, using manual erasure,
the final image is shown in Figure 2(d).

Finally, box counting is used to calculate the fractal
dimension of the crack image [39]. A small box is taken with
side length r and the fractal curve is curved. Then, some
small boxes are empty, and some small boxes the cover part
of the curve. The number of boxes covering cracks obtained
is recorded as N(r). Then, the size of the box is reduced, and
the resulting N(r) naturally increases. When r——0, the
fractal dimension is obtained as follows:

log N ()

D = - lim
log r

r—0 ( l)

In the actual calculation, only a limited r can be taken. The
usual method is similar to the size method. a series of r and
N(r) is found, and then the least square method is used to fit
the straight line in the double logarithmic coordinates. The
slope of the straight line is the calculated fractal dimension.

3. Results

3.1. Effect of Tea Waste on Soil Water Content. Figure 3 shows
the variation characteristics of sample water content under
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(c) Binary image

F1GURE 2: Image processing process.

different tea waste contents. The soil sample is made into
supersaturated sample by adding excess water. With the
change of water content, firstly, the water on the soil surface
begins to evaporate. This part is free water, which leads to
rapid evaporation. As shown in Figure 3, the slope of the
curve is relatively large. When the sample evaporates to 84 h,
the water content of the sample gradually tends to be stable.
At this time, the remaining water content of the sample is
called the residual water content. At this time, the surface of
the sample is in equilibrium, the evaporation and absorption
of water in the air are in equilibrium, and the water content
of the sample basically does not change. The residual water
content of the sample without tea waste is 1.5%, and the
residual water content of the sample with 4% and 8% tea
waste is 4.6% and 5.4%, respectively, which shows that tea
waste can effectively improve the residual water content of
soil and the water holding capacity of soil.

In the evaporation process, the soil sample without tea
waste reached equilibrium at 82 h, and the water content of
the soil sample did not change, reaching the residual water
content. The soil sample containing 4% tea waste reached
equilibrium after 86h, and the water content of the soil
sample did not change but also reached the residual water

content. The soil sample containing 8% tea waste reaches the
equilibrium state after 106 h, and the water content of the
soil sample does not change. At this time, it also reaches the
residual water content. The tea waste with 8% content can
effectively improve the water holding capacity of the soil and
effectively inhibit the evaporation of the soil under dry
conditions, which has an important impact on the stability of
the engineering soil under dry conditions.

3.2. Effect of Tea Waste on Soil Cracking. Figure 4 shows the
volume shrinkage of the soil caused by water loss during the
evaporation process of the sample, resulting in cracking. The
soil cracks have an important impact on the stability of the
project. Figure 4 shows that the drying crack of soil sample
has experienced the development process of three-level
crack. The first-level crack is also called the main crack, and
this crack developed first. As the water evaporates, the
volume of the soil sample shrinks, and the secondary cracks
begin to develop. The secondary cracks are mainly the
branches of the primary cracks. As shown in Figure 4, the
secondary cracks begin to develop near the primary cracks.
With the progress of drying, the soil volume continues to
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Water content (%)

0 10 20 30 40 50 60 70 80 90 100 110 120 130
Time (h)

—m— Tea waste content = 0
—o— Tea waste content = 4%
—A— Tea waste content = 8%

FiGure 3: The water content versus different tea waste contents of
samples.

Tertiary crack and

Primary crack crack network

Secondary crack

FIGURE 4: Tertiary crack development of sample.

shrink, and the secondary cracks begin to develop, like the
strut of the “tree”. After continuous evaporation and drying,
the third-order cracks begin to appear, and intersect with the
second-order cracks and the first-order cracks, and finally
form a crack network. After cracking, evaporation is pro-
moted and soil drying is accelerated.

The crack development on the surface of the soil sample
is calculated, and the variation characteristics of the fractal
dimension of the crack surface are obtained, as shown in
Figure 5. In the process of drying, the fractal dimension of
cracks increases gradually with the progress of drying,

1.8 1

1.7 A

1.6 1

1.5

1.4

1.3

Fractal dimension of cracks

1.2 1

1'1 T T T T T T T T T T 1
30 40 50 60 70 80 90 100 110 120 130

Time (h)

—m— Tea waste content = 0
—o— Tea waste content = 4%

—A— Tea waste content = 8%

F1GURE 5: The fractal dimension of cracks versus different tea waste
contents.

indicating that the total length of cracks increases and the
development of cracks is more complex. The development of
cracks of soil samples with tea waste can be categorized into
three stages in accordance with the fractal dimension of the
desiccation cracks. The desiccation cracks in Stage III are
wider and longer than those in Stages I and II; however, the
maximum fractal dimension and stability are also obtained
in Stage III. The cracking time of soil samples with different
tea waste contents is different. The soil samples with 8% tea
waste content crack first. Combined with the change
characteristics of water content, tea waste has the ability to
absorb water and maintain a certain amount of water, which
leads to the loss of water in the soil first. Finally, with the
increase of tea waste concentration, the cracking time of soil
samples is advanced, and the final crack network is formed.
The complexity of the crack network with 8% tea waste
content is greater than that of soil samples with 4% tea waste
and without tea waste. However, according to the change of
curve slope in the figure, the cracking rate of soil samples
with 8% tea waste content is lower than that of soil samples
with 4% tea waste and without tea waste, which shows that
the fractal dimension of soil samples with 8% tea waste
content increases slowly.

4. Discussion

When the water content reaches 18%, the shrinkage begins
to slow down, and residual contraction takes place. At this
time, water escapes from the pores of the soil structure. The
fractal dimension and rate of cracking are also reduced.
Finally, the water content remains unchanged at about 6%,
while in the soils, there is a loss of free, capillary and weakly
bound water, and shrinkage stops. The average width of the
cracks is first increased and then decreased, and the length of
the cracks continued to grow.
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FIGURE 6: Drying and cracking of tea waste mixed with soil.

Based on the above results and the changes of water
content and crack development characteristics of soil
samples with different tea waste contents, the mechanism of
tea waste on improved soil evaporation cracking is simply
discussed. As shown in Figure 6, after tea waste is mixed with
soil, there is tea waste on the soil surface, which increases the
color of soil sample, and may increase the soil sample
temperature and promote water evaporation. As a result, the
crack network of soil samples with more tea waste is more
developed. In the later stage, tea waste and soil form soil
polymer together. The water content in tea waste increases
the water content in soil polymer, and the residual water
content increases.

5. Conclusion

The basic physical properties of the soil samples are obtained
in advance. The collected tea waste is simply processed as a
soil modifier. Through the indoor drying test, the evapo-
ration cracking characteristics of soil samples with different
tea waste content are studied, and the effects of different tea
waste contents on the water content of soil samples and the
cracking characteristics of soil samples are obtained.

The residual water content of the sample without tea waste
is 1.5%, and the residual water content of the sample with 4%
and 8% tea waste is 4.6% and 5.4%, respectively, which shows
that tea waste can effectively improve the residual water
content of soil and the water holding capacity of soil. The
drying and cracking of the soil sample have experienced the
development process of three-level cracks. The first-level
crack is also known as the main crack, which developed first.
With the evaporation of water, the volume of soil sample
shrinks, and the secondary cracks begin to develop. The
secondary cracks are mainly the branches of the primary
cracks. In the process of drying, the fractal dimension of
cracks increases gradually with the progress of drying, in-
dicating that the total length of cracks increases and the
development of cracks is more complex. The cracking time of
soil samples with different tea waste contents is different. The
soil sample with 8% tea waste content cracks first. Combined
with the change characteristics of water content, tea waste has
the ability to absorb water and maintain a certain amount of
water, which leads to the loss of water in the soil first.
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