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Abstract: In this paper, an attempt was made to evaluate the effects of thickness and coarse-grained sand
additive on cracking of Kaolinite clay using digital image processing (DIP). To minimize the errors which
can occur in using DIP, control point selection (CPS) technique was applied. To determine the quantity of
soil cracking, images of cracked soil after converting to binary were used to quantify crack parameters by
automatically applying a written program. The measurements showed that the variation of most crack
parameters is described as a power function of thickness with the high regression coefficient, more than
0.99, except area of fracture, by using the fitting curve method. In addition, the variations of length of
cracks, width of cracks, area of cracks, number of pattern and number of fractures are inversely
proportional while those of characteristic distance as well as mean cell area are directly proportional to
the percentage of coarse-grained sand additive.
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1. Introduction

Up to now, DIP has become a powerful tool and a useful technique to apply to many researched fields
[1-6]. DIP is a computerized technique by which a scene is captured electronically, digitized into a two-
dimensional pixel image, and then processed so that pictorial information about the scene can be extracted.
There have been several publications using DIP even in soil cracking [7-12]. Using DIP, quantitative
measurements of soil cracking were quantified.

Generally, soil cracking is a natural phenomenon and frequently observed in many natural and man-
made structures such as buildings, dams, etc. Cracking in soils due to drying is controlled by partly soil
suctions and partly soil properties including mainly the physical and the chemical properties. Theoretical
and phenomenological studies have been investigated [13,14]. Solutions for cracking due to drying have
been introduced and developed based on (i) elasticity theory, (ii) the transition between tensile and shear
failure, and (iii) linear elastic fracture mechanics [13]. Cracks occur when soils are restrained while
undergoing volume change produced as a result of the soil suction generated within the desiccating soil
matrix. A review of the available and emerging theories of desiccation cracking of clay containing some
laboratory tests has been presented.

As reported in references [15-18], the results showed that cracking of clay generally depended on
experiment conditions such as base material, soil density, the desiccation rate and thickness of the sample.
Conditions that govern the characteristics of soil cracking may be categorized as two separate terms:
extrinsic and intrinsic conditions. Extrinsic conditions fundamentally include the temperature, relative
humidity, and wind velocity whereas moisture condition, structure of material, degree of packing, physical
and chemical compositions, etc belong to intrinsic conditions. In addition, cracking formation also can be
affected by the microbial contribution. These effects were assessed by quantifying the heterogeneity and
connectivity of cracks developed following the addition of substrate differing in quantity and quality to a
sandy loam soil. Furthermore, it was concluded that soil cracking has effects on the properties of clay soils.

Although there have been many studies on the theory, behavior as well as the effects of soil cracking;
however, it was known obviously that the characteristics of soil cracking depend basically on the type and
properties of the soil tested. The properties of the soil can be influenced considerably by the materials which
were used to be added. For example, the properties of residual soil have been affected by adding the coarse-
grained sand and the porosity has influenced the shear strength of granular material-clay mixture [19,20].
Nevertheless, an attempt of researching soil cracking has been required continuously, especially on
Kaolinite clay because of its important role in various engineering purposes.
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In this paper, the experiment was conducted on Kaolinite clay in the laboratory to present the characteristics
of its cracking response. An attempt was made to evaluate the quantitative effects of the sample thickness
and coarse-grained sand additive on soil cracking due to drying naturally. Images of soil cracking were
captured by a digital camera and then converted to binary images. These images, subsequently, were used
to quantify soil cracking by using DIP including an application of CPS technique. A program was written
in Matlab software to calculate the quantity of soil cracking automatically.

2. Materials and method
2.1 Properties of materials

Figure 1 shows representatively the container used to contain the soil sample. It was made of steel
and had three dimensions of 220 mm long, 165 mm wide and 50 mm in height. Before each experiment,
the container was cleaned carefully and bounded by a rectangular box consisting of 4 markers for applying
CPS technique (will be discussed in the next section). The rectangular box has the same ratio between sides
as the container.

Kaolinite clay was mixed thoroughly with water to make a slurry of initial water content as 70%. The
properties of the studied Kaolinite are shown in Table 1 and Figure 2. The slurry was, then, mixed once
using a mixer to constitute a homogeneous specimen. The specimen was poured slowly and spread carefully
into the container and allowed to dry naturally in the laboratory. We vary the thickness of the specimen
from the smallest as 5 mm to the largest as 25 mm. As drying time increases, water in the specimen will be
lost from the soil surface. Consequently, the gravimetric water content of the system will decrease. As the
gravimetric water content reaches a critical value, crack initiates. After the several following days, as the
development of cracking finishes completely, an image of the final cracked soil was captured by a digital
camera with the experimental conditions fixed.

To investigate the effects of coarse-grained sand additives on cracking Kaolinite clay, Jumoonjin
sand was used. The specific gravity of Jumoonjin sand is 2.665 and the grain-size distribution is presented
in Figure 3. The sand was mixed with the mixture of Kaolinite clay and water in various ratios by weight.
The sand-mixture ratios are set from 0 percent to 30 percent at an interval of 10 percent.

2.2 Digital image processing
2.2.1 Image analysis

Images of the specimen were captured by a digital camera (Olympus C-5050 zoom). To unify totally
testing conditions, two 300-W halogen lamps were used and positioned at a fixed location. In addition, the
camera’s position was fixed to capture the whole region of the specimen. To reduce the errors which can
occur in using DIP, CPS technique might be used. The procedure of CPS technique is summarized generally
in Figure 4.

Firstly, the base image and the unregistered image were read automatically. To use CPS technique,
the base image (Figure 5a) including the base points and the input image with the selected input points are
required compulsorily. The base points are considered as four points near the corners. Figure 5b shows an
example of an unregistered image consisting of the four input points. One should note that the base points
and the input points are selected manually; hence, the selection must be made carefully.

Secondly, to transform the unregistered image, a type of transformation must be required. The type
of transformation is used to transform the unregistered image based on the input points and the base points.
The transformed image resulted from the base image (Figure 5a) and the unregistered image (Figure 5b) is
presented in Figure 5¢. To eliminate the effects of the border, the image was cropped to obtain the properly
inside region (Figure 5d). To perform quantitative measurements in the image, the final expected image
was converted to binary image.

2.2.2 Calculation of crack parameters

A part of the image is shown in Figure 6 to illustrate the definitions of fracture and pattern. As
presented in this figure, cracks are denoted as black color while white color is considered as the background
of cracking image. A fracture is defined by a set of pixels limited by two ends and a pattern is a set of
separately continuous connected-neighbor pixels. Based on these basic definitions, several crack
parameters are calculated as follows (Figure 6).
2.2.2.1 Area of cracks

Area of cracks is computed automatically by counting the total number of black pixels as shown in
Figure 7a.

2.2.2.2 Length of cracks
218 Journal of the Polish Mineral Engineering Society, No 1(55) 2025, January - June, Volume 2


https://doi.org/10.29227/IM-2025-01-02-019

https://doi.org/10.29227/IM-2025-01-02-019 Received: 30 Oct 2024, Accepted: 05 Mar 2025, Published: 01 Sep 2025

To measure the length of cracks, the color of cracks must be converted from black to white (Figure
7b) for applying an algorithm ‘thin’ defaulted in the program. The command ‘bwmorph’ was used to
calculate the length of cracks with the ‘thin’ option. Using this algorithm, cracks were thinned to lines
automatically as presented in Figure 7c. Length of cracks is calculated by the sum of distances from black
pixels.

2.2.2.3 Mean width of cracks

For simplicity, let us assume that the shape of the fracture is rectangular and the distribution of width
at all positions on each fracture is regular. Consequently, the mean width of cracks is defined as a ratio of
area of cracks to length of cracks.

2.2.2.4 Number of patterns and number of fractures

Generally, after initiating, cracks will develop toward both directions at their tips. When it touches
either another crack or the border of the container, it stops increasing its length. As a result, that constitutes
a new pattern and a new fracture in the system of cracks. As mentioned above, the number of patterns and
number of fractures are determined by counting the total pattern and fracture in the system of cracks
respectively.

2.2.2.5 Characteristic distance
We define the characteristic distance between fractures as below:

A

N
where A is the area of the whole image region and N is the number of patterns.
2.2.2.6 Mean cell area

To characterize the size of pattern resulting from soil cracking, mean cell area is calculated by a ratio
of area of patterns to number of patterns.

3. Results and discussion
3.1 The effects of thickness on crack parameters

Test results indicate that the soil thickness has a significant influence on the resulting crack
parameters. This is first illustrated in Figure 8 for length of cracks, mean width of cracks and area of cracks.
It is clear that as thickness increases length of cracks decreases significantly with a regular trend. It is
suggested that the variation can be described by a function. Experimentally, in cracking for Kaolinite clay,
length of cracks is described as a power function of thickness as shown in Figure 8a by using fitting curve
method. A high regression coefficient, more than 0.99, strongly proves the validity of the expression.
Nevertheless, different from the length of cracks, areas of cracks calculated from various thicknesses seem
to be the same as given in Figure 8b. It concludes that the quantity of area of cracks is not dependent on the
soil thickness. As a result of the variations of length and area of cracks, the relationship between thickness
and mean width of cracks obeys a power law. The resulting relation is presented in Figure 8c consisting of
a high value of regression coefficient.

In addition, Figure 9 gives other considerations of crack parameters influenced by thickness of the
soil specimen. They are shown in Figures a, b, ¢ and d for number of patterns, number of fractures,
characteristic distance and mean cell area, respectively. As can be seen from Figures 9a and 9b, the number
of patterns and number of fractures decrease as thickness increases. A new pattern and a new fracture are
constituted by either an apparition of a new crack or a connection of a crack to another. Hence, decreasing
length of cracks with an increase of the soil thickness results in a decrease of number of pattern and number
of fractures with an increase of thickness. Similar to the variations of length and mean width of cracks, the
variations of number of pattern and number of fractures give the regular trends. These trends are fitted by
power functions as shown in Figures 9a and 9b, respectively. The regression coefficients are also high.

As defined above, characteristic distance was calculated by square root of ratio between the total area
of the image region and number of patterns; therefore, a smaller thickness produces a small characteristic
distance. It might be expected that the variation of characteristic distance can, also, be described as a power
function of thickness. It is found experimentally to have a good observed relation, a power law, between
thickness and characteristic distance. Figure 9c presents the experimentally observed relation in this study
by using the fitting curve method through high value of regression coefficient.

Finally, as with most relationships between thicknesses and crack parameters discussed above, mean
cell area varies regularly with thickness, described by a power function as given in Figure 9d. It is easy to
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understand this result. First, the mean cell area was computed as the area of pattern divided by the number
of patterns. Second, areas of cracks with various thicknesses are the same. Therefore, combining these two
reasons explains why mean cell area increases with an increase of thickness. Figure 9d shows a power
variation between them.

3.2 The effects of coarse-grained sand additive on crack parameters

The effects of coarse-grained sand additive on crack parameters including length of cracks (Figure
10a), area of cracks (Figure 10b) and width of cracks (Figure 10c). As coarse-grained sand was mixed with
fine-grained clay, the macro pores around the sand particles were filled by clay particles. This results in
better contact between coarse- and fine-grained particles comparing to that between the fine- and fine-
grained particles. Therefore, the appearance of weak planes where cracks can occur will become
decreasingly with higher percentage of coarse-grained sand added. Consequently, as can be seen from
Figures 10a and 10b, as a higher percentage of coarse-grained sand was added to Kaolinite clay, length of
cracks and area of cracks will decrease.

Because length of cracks as well as area of cracks decrease with an increase of coarse-grained sand
additive in percentage, so it is likely that mean width of cracks does not decrease clearly as percentage of
coarse-grained sand additive increases as shown in Figure 10c. This also can be explained by an addition
of coarse-grained sand leading to an increase in the width of cracks. However, if we consider a maximum
width of the largest fracture, it presents the same trend of variation as coarse-grained sand is added. That
means the maximum width of fracture decreases with higher coarse-grained sand added (Figure 10c).

Additionally, decreasing the length of cracks as well as area of cracks lead to a decrease of number
of pattern and number of fractures as shown in Figures 11a and 11b, respectively. Consequently, as a result,
characteristic distance together with mean cell area will increase with a high percentage of coarse-grained
sand added. Figures 11c and 11d present these experimental variations for the studied materials.

4. Conclusions

The soil thickness influenced significantly the quantitative measurements of cracking described
through crack parameters. Among them, length of cracks, area of cracks and width of cracks have been
known as the principal parameters. Length of cracks decreased as the thickness increased while area of
cracks appeared to be constant. This results in an increase of mean width of cracks as the soil thickness
increases. Conclusively, most of the variations of crack parameters with the soil thickness are described by
power functions, except area of cracks, by using the fitting curve method. The high regression coefficient,
more than 0.99, strongly proves the validity of the suggestion.

Furthermore, the quantity of soil cracking was also affected by the addition of coarse-grained sand.
As the percentage of coarse-grained sand added increases, crack parameters can either increase or decrease
depending on the characteristic of their definitions. In summary, length of cracks, width of cracks, area of
crack, number of pattern and number of fractures vary inversely proportional to high percentage of coarse-
grained sand additive while those are directly proportional in cases of characteristic distance and mean cell
area.

Tables and Figures (with descriptions)

B=165mm
L=220mm

A
H=50mm
Y

Fig. 1. Dimensional illustration of the container
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Tab. 1. Properties of Kaolinite clay

Liquid Limit Plastic Limit  Plasticity Index  Specific gravity

Clayey soil
LL (%) PL (%) Pl (%) G,

Kaolinite 42.07 25.40 16.67 2.646
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Fig. 2. The grain-size distribution curve of Kaolinite clay
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Fig. 3. The grain-size distribution curve of Jumoonjin sand studied
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Read the images
« The base image

< The unregistered image

Specify the base points >ie Specify the input points

Specify the type of transformation

\J

Transform the unregistered image

Fig. 4. lllustration of control point selection (CPS) technique

The base points

Fig. 5. Transformation of the unregistered image: (a) the base image and points, (b) the unregistered

image and the input points, (c) the transformed image, and (d) the finally expected image

A set of pixels limited by two ends
(denoted as black color}

| I~ T _—

Fig. 6. Definitions of fracture and pattern
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Fig. 7. Images for calculating area of cracks and length of cracks: (a) area of cracks, (b) converted image,

and (c) length of cracks.
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