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Abstract

As the global climate warms, the soil is much easier to crack. In order to study the method of detecting the soil
crack depth, a desiccation soi/ crack experiment was performed indoors. First, the soil-water characteristic
curve (SWCC) of kaolin was measured by the filter paper method. During the desiccation process, the variation
process of suction and volumetric water content was studied. For soil surface cracks, the propagation process of
cracks was measured using a camera. Anisotropy index (Al) of apparent electrical resistivity was measured by a
multi-layer electrode array. Based on the electrical resistivity method (ERM) and a numerical simulation of a
multi-layer electrode array for a single crack, a new method to detect the crack depth was proposed. This method
was used to predict the depth of cracks during the desiccation experiment, and the results were compared to crack
depths obtained using the crack-tip opening angle (CTOA) method. The results show that this method is simpler
and can detect the soil crack depth well. This research provides a method to detect the crack depth, which can be
used to monitor the crack depth in some soil structures, such as landfill cover and dams.

Keywords: Desiccation crack depth, Electrical resistivity method, Anisotropy index, Crack-tip opening angle

l. Introduction

Due to the impact of global warming, the desiccation caused by the extreme climate is one of the most important
factors that make the soil crack. Cracks are common in clayey and expansive soils in many construction sites and
irrigated areas [1]. Some studies have already shown that cracks have significant impacts on the mechanical and
hydraulic properties of soil [2, 3]. In general, soil cracks could cause various geotechnical and environmental
issues, such as landslides and mudflow [4], creating preferential flow paths for rainfalls and contaminants in
landfill covers and liners [5, 6], and reducing the stability and performance of earth infrastructures [7]. Wang et al.
[8] compared cracked soil with intact soil and found that the hydraulic conductivity of the former was several
orders of magnitude higher than that of the latter. Therefore, the soil structures of low permeability need to prevent
cracking and conduct crack monitoring. In liners and covers of landfill and nuclear waste isolation, the crack depth
has the greatest influence on the sealing performance [9], so detecting crack depth is very important.

In recent years, many different approaches have been proposed to map and quantify soil crack geometry
characteristics [10], while the effective approaches in situ detection of crack dynamics are still difficult to be found
up to now. The quantification of cracks on the soil surface was often manually observed and recorded in the past
[11]. Because the measurement results depend on the subjectivity of observers, those often have large errors. In
order to avoid errors caused by manual measurement, image analysis techniques are currently used for soil surface
cracks. Image analysis technology has proven to be a useful tool, which can be used to determine the geometric
characteristics of the crack width, length, area, etc. more accurately [12]. However, due to the influence of the
surface vegetation, it is difficult to monitor the cracks on the soil surface with observation and image analysis
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techniques [7]. Moreover, some cracks propagate within the soil and develop upwards, so the cracks are often not
detected in real time.

Compared with the detection of soil surface cracks, the detection of crack depth is more important and more
difficult. The crack depth is an important factor in determining the damage of the soil structure, such as landfill
cover and dams. The detection methods of soil crack depth can be classified into two groups: destructive and non-
destructive techniques. Serial sectioning of soil [13], digging soil trenches [14], pushing a probe wire into the crack
[15] and pouring liquid latex [16], etc. are the destructive techniques. These methods cannot detect the crack depth
in real time, and may also destroy the original crack pattern in the measurement process. The non-destructive
techniques can solve these problems, such as ground penetration radar (GPR) [17], non-contact laser scanner
system [18] and electrical resistivity method (ERM) [19, 20]. In recent years, non-destructive technology has
become an attractive method for detecting desiccation cracks in soil. In particular, the resistivity method has good
application prospects in the detection of soil crack propagation.

The quantitative studies of geometric characteristics of soil cracks have extremely important practical implications,
especially in detecting the crack depth. Samouéian et al. [21] used the anisotropy index (Al) of apparent electrical
resistivity as the detection index to detect the cracks. Greve et al. [22] combined electrical resistivity tomography
(ERT) technology to further explain Al changes with water content and cracks. Hassan et al. [23] demonstrated that
Al provides a way to detect subsurface through resistivity measurement. Qin et al. [24] studied the relationship
between Al and vertical strain during compression of compacted loess. As an index, the applicability of using Al to
detect the crack depth or crack propagation area needs to be studied. The objective of this paper is to detect the
crack depth in clay using the electrical resistivity method which is achieved by anisotropy index (Al) of apparent
electrical resistivity. This paper establishes a non-destructive and real-time detection method of soil crack depth,
which can detect the crack depth quickly and accurately, and it is less affected by external interference during the
detection process.

I1. Materials and Method

2.1 Soil

In this study, we aim to detect the crack depth of clay soil. Kaolin clay has typically been used as the landfill cover
soil. Pure kaolin was used in this experiment. Its specific gravity, liquid limit, plastic limit and maximum dry
density are 2.69, 55.2%, 30.3% and 1.28 Mg/m?, respectively. The particle size distribution curve of the studied
kaolin reveals that the silt content is 23% and the clay content is 77% (Fig. 1). According to the Unified Soil
Classification System (USCS), the soil is classified as highly plastic clay (CH).
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Fig 1: Particle size distribution curve of the studied kaolin

2.2 Filter paper method

The soil-water characteristic curve (SWCC) is determined by the basic properties of the soil, and it is important for
the study of unsaturated soils. The filter paper method has a larger test range, and it is cheaper and simpler to use
than the tensiometer method and centrifuge method. In this study, we used the filter paper method to measure the
SWCC of the kaolin. The principle of the filter paper method is that the water in the soil is absorbed by the dry
filter paper to reach suction equilibrium, and the matrix suction of the soil is determined from the water content of
the filter paper at suction equilibrium [25]. The common filter paper is the Whatman No.42, and we used it to get
SWCC. The procedure for the filter paper method and Whatman's rate curve can be found in ASTM. The
calibration functions are shown below (ASTM D5298-10 2013):

5.327 0.0 7@, <,
gy =

1
2.412-0.0135w,, W,, > 45.3% @

Where y (kPa) is soil matric suction, and ws, is the gravimetric water content of filter paper.
2.3 Electrical resistivity method

The apparent electrical resistivity is a material parameter of soil, and the unit is Q-m. There are two methods for
measuring the apparent electrical resistivity of soil, including the two-electrode method and the four-electrode
method. Although the two-electrode method is relatively simple, it is susceptible to the influence of contact
resistance, which leads to larger data errors than four-electrode method. Therefore, the four-electrode method was
used to measure the apparent electrical resistivity in this experiment. The current | (A) is injected into the soil
through two electrodes C1 and C2 (Fig. 2), and the resulting potential difference AU (V) is measured by the other
two electrodes P1 and P2 (Fig. 2). Anisotropy index (Al) was first proposed by Samouéian et al. to study the
anisotropy degree of soil [21], which is based on square arrays to characterize the influence of soil cracks on soil
anisotropy. Resistivity p and Al are calculated by the following equations:
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where K is the geometric coefficient that considers the correlation between the current flow within the material and
the geometry of the electrodes, as well as the arrangement of electrodes. The p, and pg indicate the apparent
electrical resistivity of « array and g array [22]. The configurations of « array and § array are shown in Fig. 2.
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Fig 2: Plan view of a square array: (a) a array, (b) f§ array
2.4 Desiccation cracks experiment and measuring resistivity

The soil model size is 400 mm long, 400 mm wide, and 440 mm deep in a chamber. The bottom of the chamber
was filled with a 40 mm sand cushion, and then the kaolin was evenly filled into the chamber with a dry density of
1.2 Mg/m3. In order to collect the distribution of suction and volumetric water content in the soil during the
desiccation, four high capacity tensiometers (HCT) were installed, and their burial depths are 15 mm, 60 mm, 120
mm and 180 mm, respectively. The four EC-5 moisture sensors were symmetrically arranged at the same buried
depth as HCT. These sensors were about 50 mm away from the boundary of the chamber to reduce the boundary
effect in the process of soil desiccation shrinkage.

Twelve copper sheet electrodes were fixed to a cylindrical plexiglass tube with a diameter of 15 mm at 30 mm
intervals. Wires and a tube with electrodes make up the electrode string. A square area with a side length of 200
mm was marked on the soil surface, and then it was divided into four same squares. Nine electrode strings were
installed at nine vertices of square region, which was divided into four cells (I, Il, IlI, 1V) in Fig.3. During the
experiment, the electrical resistivity of the crack soil was measured by twelve electrode layers. In order to clarify
the direction of surface cracks, the coordinate system was established to describe the propagation direction of
surface cracks in Fig. 3.

In order to reduce the influence of dry-wet cycles on soil cracks, we added about 100 mm of water above the soil to
make the soil saturated before the desiccation [26]. A fan was placed above the model to accelerate the evaporation
process and to make the evaporation relatively homogeneous after the soil was saturated [27]. The soil was at a
constant temperature and humidity environment. The temperature was about 20°C, and the humidity was about
80%. Due to the low temperature and high humidity, we predicted that the soil would be difficult to crack [28].
Therefore, a high-temperature sodium lamp was used for local heating above cell 111 to promote local evaporation
rate. During the desiccation process, it was heated six times and for one and a half hours each time. During the
laboratory desiccation experiment, a camera was fixed above the chamber to take pictures of the soil surface at
different desiccation times. The camera used in this study is the Cannon A640 optical camera, and this camera can
be controlled by the program and stored in the computer synchronously.
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Fig 3: Top view of the arrangement of electrode strings, the tensiometers and moisture sensors.

2.5 Numerical Simulation of a multi-layer electrode array

In order to verify the hypothesis of measuring crack depth based on Al, we established a numerical model of a
multilayer electrode array based on the finite element method. The side length of the square electrode array is a,
and the distance between the electrode arrays of different layers is 0.1a. In this study, a total of 21 layers of
electrodes are set. The simulated crack depths are 0.6a, 0.7a, 0.9a, 1.0a, 1.6a, 1.7a, 1.8a and 1.9a, respectively. The
resistivities obtained by numerical simulation are further calculated to get Al by Equation (3). The frequency of the
alternating current is 50 Hz (Chinese civil power frequency). In this case, the electric field was assumed to be a
quasi-static electric field, so Poisson equation is used to describe the electrical field. The Poisson equation [29] is
as follows:

VU =-p, /s, 4
Where U is the electric potential, p, is charge density, and &, is permittivity.

The setting of boundary conditions is one of the most important steps in the numerical simulation calculation. This
study established the soil in a limited area. It is assumed that the boundary condition of the study area is the
insulating boundary in an ideal state [30], and it is shown as follows:

ou/on=0, onT 5)

The geometry of the crack part also needs to be given material and boundary conditions. In the case of actual
current conduction, it can be considered that the crack part is an insulator, and the current needs to flow around the
boundary conditions. Therefore, it can be assumed that the crack is non-conductive, which satisfies Equation (5).

2.6 The method of crack-tip opening angle

Previous studies showed that crack-tip opening angle (CTOA) was a special property of material failure, and it was
assumed to remain unchanged at the desiccation process [31]. Therefore, when the maximum crack width on the
soil surface is known, the CTOA could be used to estimate the maximum crack depth. The maximum cracking
width (w) was measured using a vernier caliper for each cell, and the widest place was excavated at the same time
to measure the depth of crack (h) after the experiment. According to the maximum crack width and depth, the
CTOA can be calculated according to Equation (6):

CTOA = 2arctan(w/ 2h) (6)

I11. Results and Discussions

3.1 SWCC of kaolin
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At present, based on the test data of matrix suction and water content, some soil-water characteristic curve fitting
models are used for parameter fitting. The VG model is commonly used, and its expression is shown in the
following equation [32].
0, =6, Pl (7
[+ (-y)'T"
Where 6w is the volumetric water content; &s is the saturated water content; 6 is the residual water content; v is
the matric suction; a, n and m are the curve parameters; m = 1-1/n.

This study used the contact filter paper method to determine the SWCC of kaolin [33]. This method directly
contacts and seals the test filter paper with the soil sample. Under relatively constant temperature and humidity
conditions, the water in the soil sample migrates to the dry filter paper in the form of liquid water flow. When the
suction of the filter paper is equal to the suction of the soil sample, the matrix suction of the soil sample is
indirectly determined by the corresponding relationship between the water content of the filter paper and the
suction (Equation 1). The experimental results of the filter paper method are shown in the Fig. 4. The horizontal
axis is the matrix suction, the vertical axis is the volumetric water content, the black squares are the experimental
data points of kaolin SWCC, and the red line is the VG fitting curve. It can be seen that the distribution of test
points fits well with the VG fitting curve. The fitting parameters are 6s= 57.70%, 6r= 13.39%, a = 0.00567, n =
1.68, respectively. According to the SWCC, the air entry value of this kaolin is about 100 kPa.
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Fig 4: Soil-water characteristic curve of kaolin
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3.2 The variations of suction and water content in soil

The desiccation process lasted for 18 days, and the suctions at different depths in the soil are shown in Fig. 5a.
The suctions at different depths changed very slightly during the desiccation process. The moisture contents
measured at different depths in the soil are shown in Fig. 5b. During the 18 days desiccation process, the moisture
content only changed by about 3%. The reason for this phenomenon may be that the laboratory temperature is
low, the humidity is high, the total suction is low, and the water loss of soil is relatively difficult. The soil sample
can be considered saturated all the time, because the air intake value of the kaolin is about 100 kPa, which means
that the kaolin sample is saturated if it is lower than it [34]. According to Fig. 4, the water contents corresponding
to the suction of 15 mm and 60 mm burial depth are greater than the water content actually measured in Fig. 5b.
This may be because there are cracks on the surface and inside of the soil, making the soil produce a greater
change in water content than the non-fractured soil within the same suction change range [35]. After the
experiment, 10 points were taken on the soil surface to measure the volumetric moisture content. The volumetric
water content on the soil surface of cell T and cell III was about 40% to 44%. The volumetric water content on
the surface of cell 1I cell IV was approximately 48%.
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Fig 5: (a) The change of suction; (b) The change of volumetric water content in different depth of soil

3.3 The propagation of surface cracks

Due to the inhomogeneous distribution of water content on the soil surface during desiccation, the parts of the soil
with a low water content shrink more than the parts in the soil with a relatively higher water content [36]. As a
result, some cracks of the soil surface can be seen in Fig. 6, and the cracks are greater in cell T and cell IIT with
lower water content. During the desiccation process of the soil sample, the change of surface cracks can be
recorded by the camera to analyze the propagation of soil surface cracks. The pictures of the soil surface that has
just been desiccated and the soil surface that has been desiccated for 17.3 days are shown in Fig. 6. Because the
soil sample is uniform and saturated for a long time, there are no cracks in Fig 6 a. After 17.3 days of desiccation,
many cracks have appeared on the soil surface (Fig. 6b). The cell I and cell III both have a crack with the largest
width and the longest length, which can be called primary cracks. The other cracks are called the secondary
cracks because they are shorter and narrower [20].

Fig 6: (a) Soil surface desiccated crcks at 0 day, (b) Soil surface cracks at 17.3 day

It can be seen from the pictures of soil surface cracks that the width of cracks in cell 111 is the widest, and the
number of cracks is the largest among the four cells due to the placement of the sodium lamp above unit 11 for
heating. It is easy to distinguish between primary cracks and secondary cracks in unit | and unit I1l. For the study
of surface crack morphology, previous studies have shown that cracks mainly intersect at 90<and 120<[36] and
this rule can be clearly obtained from Fig. 6. Wang et al. [37] analyzed the stress field based on digital image
correlation technology. The result showed that desiccation cracks belong to mode I, and the surrounding stress
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is redistributed, causing adjacent cracks to intersect orthogonally. Measuring the width of the crack, and then the
CTOA method can be used to analyze the depth of cracks at different times during soil desiccation. During the
desiccation process, we measure the maximum crack width of each cell at different times to provide width data
for the subsequent prediction of the crack depth using the CTOA method. The maximum cracks width of each
cell at different desiccation times are provided in Table 1.

Table 1 Maximum widths of four cell cracks in different drying times

Desiccation time Maximum crack width (mm)
(d) I cell II cell 111 cell IV cell
3.1 1.16 0.67 1.16 1.16
6.0 2.12 1.73 2.12 1.64
9.9 3.47 1.93 3.78 1.87
13.3 4.81 3.37 5.30 2.79
17.3 5.78 3.95 6.44 3.10

3.4 The measurement of Al during desiccation

This study focused on the variations of anisotropy indexes (Als) distributed along the burial depth during the
desiccation and proposed a method to detect the crack depth according to it. Therefore, the Als of apparent
electrical resistivity were measured at different times in the experiment. During the eighteen-day evaporation
process, the distributions of Al along the electrodes burial depth in four cells were tested on day 3.1, day 6.0, day
9.9, day 13.3, and day 17.3, respectively. The surface crack widths of the cell T and cell III are larger than those
of the cell II and cell IV, so the cracks of the cell T and cell III propagate more completely. Taking the cell I
and cell III as an example, the Als of the two cells are shown in Fig. 7.
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Fig 7: Als at different depths during desiccation: (a) cell I, (b) cell I11

There are some irregular points of test data in Fig. 7, which may be caused by manual measurement errors. Most of
the Als corresponding to the burial depth of the electrode layer in the upper soil decrease with time increases,
which suggests that the anisotropy of the soil increases due to the crack propagation. However, we can also see that
the measured Als of some electrode layers keep increasing during the desiccation process, such as 0 mm in Fig.7a
and 30 mm in Fig.7b. The occurrence of these two phenomena shows that the cracks are propagating in the soil,
but the different directions of cracks cause this phenomenon. In the case of the electrode array arrangement in this
study (Fig. 3), when the crack direction is the y direction, the increase of the crack depth will reduce the Al, and
when the crack direction is the x direction, the increase of the crack depth will increase the Al. In the study of soil
surface cracks, we found that most of the primary cracks and secondary cracks intersect perpendicularly, which
will make Al change differently. However, the depth of the primary crack is generally much greater than that of the
secondary crack. We can use this property to judge the propagation of the primary cracks and secondary cracks in
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the soil. The anisotropy of soil apparent resistivity is related to electric field and conductor properties. The
formation of cracks causes directional dependence of the current flow, which makes Al promising for detecting
cracks.

3.5 Exploring the method of detecting crack depth

The cracks in the soil are full of air which is not conductive, so the cracks in the soil can be regarded as insulators
[38]. The Al of the soil is related to the electric field distribution and the properties of the soil. For a multi-layer
electrode array in the soil, the propagation of cracks will affect the Al measured by each electrode plane array.
Predictably, the Al measured by the electrode plane array closest to the leading edge of the crack is most affected.
For a multi-layer electrode array, when the leading edge of the crack passes through an electrode plane array (Fig.
8), the change of Al (AAI) measured by it should be the largest among all electrode plane arrays. We make a
following assumption: in the process of using a multi-layer electrode array to measure AAI if the AAI of a certain
electrode plane array is the largest, indicating that the crack is near this electrode plane array.

Soi i i Crack
: i T
|
|
I
| <
| N
Electrode nea/r}/
crack tip I
|
|
| _
|
|
|
|
|

Electrode string

Fig 8: Schematic diagram of multi-layer electrode measuring single fissure

In order to verify the correctness of the above assumption, we build a numerical model as shown in Fig. 8. A total
of 11 layers of electrode arrays are arranged, the spacing of each layer of electrode arrays is 0.2a, and a is the side
length of the planar square electrode array. The width of the crack is set to 0.05a, and the length is a. Measuring
the Als of each layer of electrode array when the crack depths are 0.6a, 0.7a, 0.9a, 1.0, 1.6a, 1.7a, 1.8a and 1.9a,
respectively. The eight crack depths are divided into four groups, and the Al of each group is subtracted to obtain
the AAI Fig. 9 shows the AAI of each electrode array layer corresponding to the combination of different crack
depths.
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According to the above analysis, the crack direction in the numerical model is the y direction. As the crack depth
increases, Al should continue to decrease, that is, AAI is negative, which is shown in Fig. 9. The peak of each
group of AAI is approximately equal to the depth of its corresponding crack combination in Fig. 9. Because the
distance between the electrode array layers is 0.2a, the error of the predicted depth could be 0.1a. We can see that
the error of the predicted depth is less than 0.1a. Therefore, we might think that Al could be used to measure the
crack depth. In order to verify the applicability of this method in actual fracture depth measurement, taking the Al
measured by I and III cells as an example, each cell can get four groups of AAI after subtraction of two adjacent
measurements of Al. The results are shown in Fig. 10.
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Fig 10: 4A41 distributions at different measurement times: (a) cell 1, (b) cell 111

In Fig. 10, some peaks are existed in each set of AAI data. Based on the above conclusions, the electrode burial
depth corresponding to the AAI peak is the crack depth at this point. However, multiple peaks are present in some
sets of AAI data, it should be caused by the propagation of secondary cracks. Because the depth of the primary
crack is deeper than that of the secondary crack, the maximum depth corresponding to peak is the primary crack
depth. For the electrode array in this study, if the directions of secondary cracks are perpendicular to the primary
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crack, the Al will increase with the deepening of the secondary crack depth. As shown in Fig. 10a, Al at the
electrode burial depth of 0 mm increases as the desiccation progresses. In Fig. 10b, Al at the electrode burial depth
of 30 mm also increases as the desiccation progresses. For a certain electrode array, the primary cracks and
secondary cracks have different effects on Al, which will cause different peaks of AAI The depth of the primary
crack is much greater than that of the secondary crack, and we only need to detect the maximum crack depth.
Therefore, the burial depth of the electrode array corresponding to the deepest Al peak is roughly the largest crack
depth.

3.6 Comparation of the Al method and the CTOA method

After the experiment, the soil model was excavated to obtain the CTOA of the soil [39]. Measure the width of the
widest crack in each cell, and get the depth corresponding to the widest crack according to the excavation results
(Table 2). Using Equation (6) can get the CTOA of the soil. The CTOA of the soil used in this experiment is about
2.99< Using Als measured on day 3.1 and day 6.0 of the cell | as an example (Fig. 7a), the Als measured in these
two days were subtracted to get the AAI (Fig. 10a). From the aforementioned results, because the burial depth of
the electrode corresponding to the AAI peak is 30 mm, we think the crack depth is 30mm on the 6th day. At this
time, it is necessary to measure the widest surface crack width on the 6th day and to get the crack depth according
to CTOA of 3°. The crack depth predicted by the AAI peak in cell I and cell III at different times and the crack
depth obtained by CTOA are plotted in Fig. 11 to verify the effectiveness of this new method in detecting the soil
crack depth. It can be seen that the depth obtained by the two methods is almost the same. The differences of crack
depths obtained by the two methods are less than the allowable error, which is 0.5 times the electrode spacing (15
mm). Based on the above analysis, it can be considered that the method of detecting crack depth is useful.

Table 2 Results of soil excavation after the experiment
Cell I II 11 IV
Maximum crack width (mm) 5.92 4.04 6.63 3.27
Maximum crack depth (mm) 103.86 8594 109.4 75.00

CTOA (9 3.27 2.70 3.48 2.50
CTOA mean (9 2.99
120 5
— yx .
—y=x-15
90 y=x+15 s
e [cell J#
= Il cell 4

60

30

Measured depth by CTOA (mm)

0 1 1 1
0 30 60 90 120

Measured depth by Al (mm)
Fig 11: Depth comparison of Al prediction and CTOA prediction
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This method could be used to detect crack depth of impermeable clay liner in landfill cover. When constructing
the landfill cover, the electrode strings are arranged to form some multi-layer square electrode arrays in some
positions of the clay liner that need to be monitored. During the service period of the landfill cover, an
appropriate time interval can be selected to measure Als. If Als of different depths are not largely unchanged in
different measurements, it indicates that there are no cracks in the clay liner and its sealing performance is good.
If the distributions of Als along the burial depth are different at different measuring moments, it indicates that
cracks have occurred. By subtracting the Als distribution sequences of two adjacent measurements, the burial
depth of the electrode plane corresponding to the largest Al change (AAI) can be obtained. From the above
analysis, it can be considered that the burial depth of the electrode plane corresponding to the AAI peak is the
approximate depth of the crack. In order to ensure the accuracy of the measurement, the appropriate electrode
layer spacing and measurement time interval should be selected. Too large electrode layer spacing will make the
measurement error of the crack depth larger. If the crack develops quickly and the measurement time interval is
too long, the electrode burial depth corresponding to the Al peak will be smaller than the actual crack depth.

1V. Conclusions

In this study, a desiccation experiment was performed to monitor soil crack in the laboratory, and the morphology
of soil cracks during desiccation was analyzed. The changes of suction, water content and anisotropy index (Al) of
apparent electrical resistivity during the crack propagation are studied. The AAI could be used to detect the soil
crack depth. The major conclusions are as follows:

(1) The volumetric moisture content sensors and suction sensors are used to study the moisture migration in the
process of soil desiccation, and it is found that cracks gradually expand with the decrease of water content and the
increase of matric suction. During the desiccation process, since the water of the soil surface evaporates quickly,
cracks appear on the surface of the soil first. During the evaporation process, the water content and suction of the
soil in the horizontal and vertical directions are different, which causes uniform shrinkage of the soil. This is the
reason for the desiccation cracks in the soil. During the desiccation process, the expansion of soil surface cracks
was recorded by a camera, which verified the previous summary of soil surface crack morphology.

(2) This paper proposes a method for detecting the crack depth based on the anisotropy index (Al) of apparent
electrical resistivity. For a multi-layer electrode array, when the leading edge of the crack passes through an
electrode plane array, it has the greatest effect on the Al measured by the electrode plane array, which has been
proved by a numerical simulation of a multi-layer electrode array in detecting the crack depth. Therefore, the crack
depth can be detected by using the Al measured by a multi-layer electrode array, and the burial depth of the
electrode plane array corresponding to the largest Al change (AAI) is the depth of the crack at this time. This
method was compared with the CTOA method, which proved the effectiveness of this method in the measurement
of crack depth. In order to make the measurement results more accurate, the distance between the electrodes should
be selected appropriately, and the time interval between two adjacent measurements should not be too long. Using
this method, the approximate crack depth can be obtained without inverting the measured apparent electrical
resistivity. It is simpler than the electrical resistivity tomography method.

(3) In this paper, we use Al to detect the soil crack depth, and the experimental conditions are ideal. The actual
soil crack measurement should be more complicated, which is specifically shown in the soil heterogeneity,
complex crack networks, dry-wet cycle of soil. The duration of the laboratory experiment should be extended to
further examine the applicability of Al in detecting the depth of natural cracks. In addition, the development of
secondary cracks will also affect the Al. How to better distinguish the primary cracks and secondary cracks from
the test results needs to be further researched. The applicability of this method for outdoor soil crack
measurement needs to be further studied.
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