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% check for specimen that contained epoxy at a ratio of 8%.
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1. Introduction

Depending on the use case, soil properties may not have the desired or expected qualities. In such a situation,
to make the desired properties suitable for the use case, the geotechnical properties of the soil can be improved.
The method of soil improvement varies based on the type and condition of the soil in the area. The purpose of all
improvement (stabilization) techniques is to achieve a certain soil density, reduce the soil’s permeability and
subsidence, and increase its strength. As one of such improvement methods, compaction is used to increase the
density and bearing capacity and lower its permeability [1].

In the compaction of soil in the field, vibratory, sheepsfoot, and rubber-tired rollers are used. In the laboratory,
compaction is achieved by using the standard and modified Proctor experiments. In general, the compaction of
clayey soils is dependent on the dry unit weight, water content, compaction energy, and the granulometry of the
soil.

The most important point on the compaction curve is the peak point which is also called the optimum
compaction point (OCP). This point determines two main parameters. These are the maximum dry density or dry
unit weight (ydmax) and the corresponding optimum water content (wopt).

To determine the engineering and index properties of the soil, data that are obtained as a result of various
experiments in the laboratory are used. However, in this practice, the results that are obtained remain inadequate
due to factors such as time, cost, equipment, and the difficulty of specimen collection. For this reason, in the
literature, researchers have used correlation and regression analysis that can determine soil properties more
easily and image processing methods that are constantly becoming more prevalent today. The approaches allow
researchers to reach results on soil properties with fewer data points, at a low cost, and in the shortest time.

Until now, several scientific studies have been conducted on the image processing technique and compaction.
Joslin [2] developed a highly popular method with the help of a water content-dry unit weight point determined
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with the Standard Proctor experiment consisting of 26 different compaction curves. Latta and Leonard [3]
reported that stabilization can be achieved by injecting epoxy into the soil at the optimum water content value.
This is why they concluded that such an application can be made for the subbase, base, and surface layers of roads
or airport runways. Nagaraj [4] developed a linear regression model that allows the approximation of the
compaction curve of the soil based on its liquid limit value for liquid limits (WL) of 38-78%. Frost and Kuo [5]
described an automated application of Oda’s model that uses advanced image processing techniques. The
proposed model eliminates the decision of the operator and manual operation and allows the confirmation of both
the replicability and efficiency of the local void ratio distribution based on 2D plane cross-sections. Blotz et al. [6]
determined the relationship between wopt and ydmax by using the experimental results of 22 clayey soil samples
atdifferent compaction energies for fine-grained soils. Using their data and other data in the literature for Standard
Proctor compaction experiments on fine-grained soils, Sridharan and Nagaraj [7]| obtained empirical formulae
relating wopt and ydmax to WL and WP. Onal and Ozden [8] investigated granulometric parameters according to
sieve analysis results using the digital image analysis method. Soycan [9] used compaction parameters obtained
from Standard and Modified Proctor experiments on fine-grained soils and the index properties of soils to
determine the maximum dry unit weight and optimum water content of the soils through artificial neural network
analysis. Deb et al. [10] investigated changes in the compaction parameters of poorly graded sandy soil with the
addition of fine-grained soil. Sezer et al. [11] examined changes in the local void ratios of granular soils compacted
at different compaction energies by conducting experiments. The voids of the compacted soils were filled with
epoxy, and void ratios were determined through image processing analysis. Bessa et al. [12] conducted various
studies to characterize the microstructures of aggregates and hot mix asphalts by digital image processing.
Cankaya et al. [13] produced a compressive strength prediction model with the image processing technique for
determining concrete strength. They examined the parameters affecting concrete strength and their effect
percentages. They observed that the image analysis results and the actual concrete strength values were very
close. Oren [14] conducted analysis to predict the compaction parameters of fine-grained soils based on Atterberg
limits and clay percentages. Santos et al. [15] established prediction models by analyzing the relationship between
water content and the spectral response of the soil. In recent years, the number of studies on the determination of
soil parameters using various methods has been increasing [16-28].

In this study, the compaction parameters of soil brought from an aggregate quarry located in the Karaémerler
area of the province of Konya in Tiirkiye were identified in the laboratory environment. The parameters obtained
based on the experimental results were compared to those obtained with image processing methods.

2. Material and Method

The aggregate that was used in the experiments, which was obtained from the Karadmerler aggregate quarry
in Konya, was characterized based on methods specified in the Turkish Technical Specification for Highways (KTS).
It was seen that the material did not contain residual materials such as vegetal earth, wood, organic matter, waste
material, debris, or rubble. To determine the index properties of the soil, sieve analysis, consistency limit analysis,
and specific gravity analysis were carried out. The Los Angeles abrasion test was also conducted.

The sieve analysis was conducted in compliance with the ASTM D1140-17 standard, and a granulometric curve
was drawn (Figure 1). The physical properties of the soil are given in Table 1.
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Figure 1. Granulometric curve.
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Table 1. Physical properties of the soil.

Specific Gravity 2.65
Liquid Limit, Wr, (%) 24.82
Plastic Limit, Wp (%) 21.52
Plasticity Index (IP) (%) 3.30
Soil Class (USCS) GM
Optimum Water content, wopt (%) 7.4
Maximum Dry Density, ramax (g/cm3) 2.2
Los Angeles Abrasion, (%) 36.16

The experimental results of the sieve analysis and the limit values in the specification are given in Table 2. It
was seen that the sieve analysis values satisfied the grading limits in KTS 2013.

Table 2. Sieve analysis test results and specification limits [29].

KTS Grading Limits
Sieve Aperture Tip-A Tip - B Sieve Analysis
mm inch % Passing % Passing Results
75 3 100 100 100
50 2 100 100 100
37,5 3/2 85-100 80-100 100
25 1 - 60-90 89.50
19 3/4 70-100 45-80 85.10
9.5 3/8 45-80 30-70 65.00
4.75 No. 4 30-75 25-55 4497
2 No. 10 - 15-40 28.29
0.425 No. 40 10-25 10-20 18.89
0.075 No. 200 0-12 0-12 13.06

The properties of the material to be used in the granular subbase (GSB) according to KTS 2013 are presented
in Table 3. The properties of the soil that was used in the study complied with KTS 2013.

Table 3. Limit values of the GSB material [29].

Experiment Specification Limit Values Experimental Standards
Liquid Limit, % <25 TS 1900-1, AASHTO 89
Plasticity Index, % <6 TS 1900-1, AASHTO 90
Los Angeles Abrasion, % <45 TS EN 1097, AASHTO 96

The compaction properties of the soil that was used in the study were also determined using the Standard
Proctor experiment. The maximum dry unit weight of the soil (Ydmax) was found 22 kN /m3, while its optimum water
content (wopt) was 7.4% (Figure 2).
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Figure 2. Standard Proctor compaction curve.
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To more clearly observe the differences in void ratios in the image analysis, experiments were conducted on
the soil specimens with different water contents. For this reason, specimens were prepared at water content
values lower than and higher than the optimum water content (4%, 6%, 8%, 10%). The dry unit weight values of
the specimens prepared at these values are shown in Table 4.

Table 4. Maximum dry unit weight values at different water contents.
Water Contents (%)

Exp.

No. 4 6 8 10
Dry Unit Weight (kN/m3)
1 19.38 20.92 21.46 20.90
2 19.05 20.10 21.02 20.40
3 19.20 20.30 21.54 20.65
Mean 19.21 20.44 21.34 20.65

Using the maximum dry unit weight values obtained at different water content values, eglobal values were
determined (Equation 1). By comparing the eglobal values to the void ratios that were found in the image
processing analysis, the reliability of the image processing analysis was determined.

ERCEN]

d,max

€ (1)

global —

Here;

eglobal  : Expected void ratio

gdmax  : Maximum unit weight (kN/m?3)
gs : Unit weight of solid (kN/m?3)

In the image processing analysis, to determine the void ratios of the soil, compaction specimens were prepared
by using an epoxy that had a unit weight close to that of water. To observe the changes in the void ratios, the cross-
sections of the compacted soil specimens were photographed, and the horizontal distributions of the void ratios
were examined. The specimens that were removed from the molds were kept in the same environment for 24
hours. The specimens that were prepared are shown in Figure 3.

Figure 3. Specimens prepared with epoxy.

As seen in Figure 4, all specimens were cut into 5 pieces with a specimen cutting machine device at the lowest
speed. The schema of the horizontal sections is given in Figure 5. The reason for cutting from the regions shown
in Figure 5 as Layer 1, Layer 2, and Layer 3 was the aim to identify the compaction in these regions. Calculations
and image analysis were not carried out on the top and bottom pieces considering disturbances that occurred after
specimen cutting and during compaction.
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3 photos
were taken,

Each photo was taken
from a distance of 15 cm.

Figure 5. Sample preparation process for image analysis.

The images that were used in this study were taken using a camera with a resolution of 20MP. The obtained
images had the dimensions of 3864x5152, a resolution of 350 dpi, and a 24-bit color depth. Eighteen photographs
were taken for each void ratio. The simulation results obtained with 18 images for the 8% water content that was
found to provide the best outcome are presented in two different sections as visual and statistical results. The
flowchart of the method that was used in the study is presented in Figure 6.

Original Image

¥

Image Resizing

RGB to Grey
Level Conversion

\ 4
Thresholding

\ 4
Region
Growing
Hole Rate

Figure 6. Flowchart of the method.
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As seen in Figure 6, in the method, first, the original image is downscaled. After this, the image is converted to
grayscale. Thresholding is performed on the grayscale image. An epoxy region is selected on the image that is
subjected to thresholding using the Region Growing [30] algorithm. The void ratio is calculated using the selected
epoxy. The detailed analysis of the method shown in Figure 6 is presented in Figure 7 and Figure 8. While the
detailed analysis of the processes carried out until the selection of the epoxy region is given in Figure 7, the details
of the void ratio calculation are given in Figure 8.

(a) Original Image (b) Resized Image (¢) Grey Level Image
3864x5152x3 773x1031x3 773x1031
56 , i

(d) Thresholding Result (¢) Point Selection
Figure 7. Detailed analysis of epoxy selection.

In the computer vision system that was established, the original image was resized first (Figure 7b). Next, the
resized image was converted to grayscale (Figure 7c). The image that was converted to grayscale was subjected to
thresholding using the Adaptive Thresholding [31] algorithm (Figure 7d). After thresholding, a point was selected
on the epoxy in the image. This point was selected as the starting point of the Region Growing algorithm (Figure
7e). The output image of the Region Growing algorithm, namely the selected epoxy, is seen in Figure 7f. After
identifying the epoxy, the void ratio on it was calculated. The details of the void ratio calculations are given in
Figure 8.

(a) Creating of the Mask  (b) The Created Mask (c) The Selected Epoxy

Figure 8. Calculation of void ratios.
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After identifying the epoxy, to create a mask with the same dimensions as the epoxy, first, the surroundings of
the epoxy and the area of occupies are determined (Figure 8a). Afterward, this area is formed as seen in Figure 8h.
On the mask, the white points represent the pixels containing the epoxy, whereas the black points represent the
pixels not containing the epoxy. By comparing the two images given in Figure 8b and Figure 8c pixel by pixel, the
percentage of the white pixels in the image is found. The void ratio of the epoxy is found by subtracting the obtained
value from 100. The visual results that were obtained with the method that was applied are given in Figure 9.

Main Image The result Main Image The result

&
-

Hole Rate:

Hole Rate: 17.419% Hole Rate: 23.8475%

Figure 9. Visual results obtained for different images.

2.1. Experiment Design

The Taguchi method investigates the impacts of parameters on results by conducting a limited number of
experiments with the most appropriate orthogonal index chosen by using factors that are effective on the result
and can be controlled for an experimental study. Using this method, the cost of the experiment may be kept to a
minimum while maximum and lowest values can be approximated from the results of unconducted experiments.
In the Taguchi method, specially developed orthogonal index tables are used for designs.

The geotechnical properties of the lightweight fill, which includes EPS (Expanded Polystyrene Foam), waste
tires, sand, and cement components, were examined in this study. Using the L2s design table with the Taguchi
method-specific 5 parameters and 5 levels, experimental studies were carried out. The weight cement/mixture
(EPS + waste tire + sand) ratios for the designs shown in Table 5 are 8/1,10/1,12/1, 14/1,and 16/1. The amount
of waste tire and EPS in the combination ranged from 10% to 50% by weight while the cement/mixture ratio was
kept constant.

2.2. Sample Preparation and Experiments

While samples of lightweight fill were being prepared for each design in Table 5, To ensure that the mixes were
homogeneous, cement, waste tire, and sand were blended dry in the first stage. The required water was then added
to each mixture and well mixed to achieve homogeneity. EPS were added and mixed again (homogeneously)
according to the technical specifications of the EPS beads obtained in the laboratory, and the specimens were
compacted in three layers in volume-controlled PVC molds of 5 cm diameter and 10 cm height (Figure 10).

Airtight packaging was used for test samples compacted in PVC molds. 7 and 28-day-old spheroids were left at
room temperature in a plastic rectangular storage container. 90 unconfined pressure test specimens were
prepared for the samples that were extracted from the PVC molds at the end of the curing periods, three for each
design, with curing times of 7 and 28 days (Figure 11).
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Table 5. Mixtures ratios.

Mixture Cement/ Mixture

No (EPS+ Tire+ Sand) EPS (%)/(Mixture) Tire (%)/(Mixture)
1 8/1 10 10
2 8/1 20 20
3 8/1 30 30
4 8/1 40 40
5 8/1 50 50
6 10/1 10 20
7 10/1 20 30
8 10/1 30 40
9 10/1 40 50
10 10/1 50 10
11 12/1 10 30
12 12/1 20 40
13 12/1 30 50
14 12/1 40 10
15 12/1 50 20
16 14/1 10 40
17 14/1 20 50
18 14/1 30 10
19 14/1 40 20
20 14/1 50 30
21 16/1 10 50
22 16/1 20 10
23 16/1 30 20
24 16/1 40 30
25 16/1 50 40

Figure 10. Sample preparation process.

According to ASTM D2166 standard, the unconfined compressive strength test was conducted [28]. The
samples (D=50mm; L=100mm) were taken out of their molds and placed into the testing dvice. 0.5 mm/min was
selected as the loading speed tests were carried out after the samples had been cured for 7 and 28 days,
respectively. The computer was used to keep a record of the load and penetration changes during the experiment.

It was deemed sufficient for the 7-day strength to be more than 0.3 MPa and the 28-day strength to be less than
1.0 MPa since back-cutting is a possibility after the use of lightweight fill materials. CBR and freeze-thaw tests were
conducted for the designs (numbered 3-9-10-15-20), whose strengths ranged from 0.3 MPa to 1.0 MPa as a result
of the unconfined compressive test. A deep freezer was used to determine the freeze-thaw behavior of the samples.
Between -18 and -21 °C the freezing procedure was used. The thawing procedure was completed at working room
temperature of +21 °C. There have been 12 freeze-thaw cycles, with 12 hours of waiting between each
temperature. After the detached parts of the samples were removed after the freeze-thaw test, unconfined
compressive test and CBR tests were performed on the samples before and after freezing-thawing to determine
the freeze-thaw behavior. CBR tests were conducted in accordance with TS 1900-2 [29]. Prepared in molds with
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a diameter of 150 mm. They were held for cure times of 7 and 28 days. A CBR test equipment with an adjustable
piston speed between 0.5 and 5 mm/min was used for the experiments, which were conducted using a digital data
acquisition and control unit.

Figure 11. Prepared test samples.

3. Results

The statistical results of the method that is proposed in this study are reported in this section. The proposed
method provided the best performance for the 8% water content in Experiment 2. Therefore, the statistical results
are presented for Experiment 2 at 8%. The proposed method included two different thresholding methods, manual
and adaptive thresholding. In manual thresholding, the images were subjected to thresholding based on a specific
value, while the Adaptive Thresholding algorithm was used in the adaptive thresholding process. Table 6 shows
the results of the manual thresholding method.

Table 6. Best results for each image.

Image Simulation Result Threshold
1st-layer top 1 ph. 23.31 93
1st-layer top 2 ph. 21.03 95
1st-layer top 3 ph. 25.71 70
1st-layer bottom 1 ph. 25.01 70
1st-layer bottom 2 ph. 24.62 63
1st-layer bottom 3 ph. 24.17 75
2nd-layer top 1 ph. 24.38 62
2nd-layer top 2 ph. 24.36 70
2nd-layer top 3 ph. 24.81 70
2nd-layer bottom 1 ph. 23.57 82
2nd-layer bottom 2 ph. 24.95 73
2nd-layer bottom 3 ph. 24.84 62
3rd-layer top 1 ph. 2211 93
3rd-layer top 2 ph. 24.27 75
3rd-layer top 3 ph. 24.93 85
3rd-layer bottom 1 ph. 22.89 45
3rd-layer bottom 2 ph. 2293 58
3rd-layer bottom 3 ph. 26.63 65
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Table 7 shows the best results for 18 images at different threshold values. A single threshold value was
determined by taking the average of the threshold values. Using this threshold value, all images were analyzed
again. After the analysis, the void ratio values that were found experimentally and those that were found in
simulations were compared, and the accuracy levels of the manual and adaptive thresholding methods in finding
the void ratios were obtained.

Table 7. Success rates of the manual and adaptive thresholding methods.

Method Images Threshold Success
Manuel 18 images 72 78.68%
Adaptive 18 images -- 86.12%

As seen in Table 7, the void ratio could be determined at a mean accuracy rate of 78.68% by manual
thresholding. In adaptive thresholding, the mean accuracy rate was found 86.12%. Using the adaptive thresholding
method, approximately 8% better prediction was achieved. Detailed results are shown in Table 8.

Void ratios were also determined for the specimens containing 4%, 6%, and 10% epoxy by applying the same
methods. Based on the proportion of the void ratio values that were obtained as a result of the analysis of 18
photographs taken for each specimen to the egobal values, their safety factor values were determined. The results
of the image processing analysis that were carried out at different water content values are presented in Table 9.
As seen in Table 9, the highest rates in the prediction of the void ratios were achieved in the specimens containing
8% epoxy. High rates were also obtained in the prediction of the void ratios in all other specimens, except for the
specimens with a 10% water content. Detailed results are shown in Table 10-13.

Table 8. Image analysis results of the specimens containing 8% epoxy.
Void Ratio (e)

Mean Squared Error

Photograph Detail Expected Image Analysis Results

(eglobar) Exp. 1 Exp. 2 Exp. 3 Exp. 1 Exp. 2 Exp. 3
1st-layer top 1 ph. 2441 30.8 13.35 12.96 18.78 20.44 20.69
1st-layer top 2 ph. 2441 27.88 12.16 16.03 13.47 21.17 18.41
1st-layer top 3 ph. 24.41 28.66 11.19 17.41 15.01 21.69 17.11
1st-layer bottom 1 ph. 2441 21.48 26.9 16.77 11.59 11.3 17.74
1st-layer bottom 2 ph. 2441 22.28 30.35 17.86 9.97 18.04 16.64
1st-layer bottom 3 ph. 2441 23.29 24.17 17.18 7.31 3.41 17.34
2nd-layer top 1 ph. 24.41 14.24 33.8 12.95 19.83 23.38 20.69
2nd-layer top 2 ph. 2441 9.74 27.53 12.25 22.38 12.73 21.11
2nd-layer top 3 ph. 2441 12.69 33.26 12.01 20.85 22.59 21.25
2nd-layer bottom 1 ph. 2441 17.83 2442 20.76 16.67 0.7 12.84
2nd-layer bottom 2 ph. 24.41 20.65 23.98 22.28 13.01 4.56 9.97
2nd-layer bottom 3 ph. 2441 1441 23.61 22.75 19.7 6.2 8.85
3rd-layer top 1 ph. 24.41 11.36 14.09 18.97 21.61 19.93 15.36
3rd-layer top 2 ph. 24.41 10.37 24.27 18.99 22.09 2.61 15.34
3rd-layer top 3 ph. 2441 11.93 18.32 18.79 21.3 16.13 15.58
3rd-layer bottom 1 ph. 2441 23.05 19.95 18.23 8.03 14.07 16.23
3rd-layer bottom 2 ph. 2441 23.28 18.19 19.49 7.34 16.28 14.7
3rd-layer bottom 3 ph. 2441 22.84 19.51 19.73 8.61 14.67 14.37
Mean 15.41 13.88 16.34

Table 9. Image analysis results of the experimental specimens at different epoxy content values.
Void Ratio (e)

: Safety Factor (GF)
Water Content (%)  Expected Image Analysis Results (Mean)
(eglobal) Exp. 1 Exp. 2 Exp. 3 Exp. 1 Exp. 2 Exp. 3
4 37.95 25.81 2543 25.81 0.68 0.67 0.68
6 29.65 22.53 16.60 20.16 0.76 0.56 0.68
8 2441 19.28 22.21 17.58 0.79 091 0.72
10 28.33 14.17 15.30 13.88 0.50 0.54 0.49
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Table 10. Image analysis results of the specimens containing 4% epoxy.
Void Ratio (e)

Mean Squared Error

Photograph Detail Expected Image Analysis Results
(egloba) Exp. 1 Exp. 2 Exp. 3 Exp. 1 Exp. 2 Exp. 3
1st-layer top 1 ph. 37.95 22.18 18.14 17.40 0.58 0.48 0.46
1st-layer top 2 ph. 37.95 24.59 32.98 16.60 0.65 0.87 0.44
1st-layer top 3 ph. 37.95 24.12 31.46 12.26 0.64 0.83 0.32
1st-layer bottom 1 ph. 37.95 27.33 24.37 29.54 0.72 0.64 0.78
1st-layer bottom 2 ph. 37.95 23.38 28.99 27.81 0.62 0.76 0.73
1st-layer bottom 3 ph. 37.95 36.22 28.87 26.36 0.95 0.76 0.69
2nd-layer top 1 ph. 37.95 28.89 20.93 26.52 0.76 0.55 0.70
2nd-layer top 2 ph. 37.95 29.72 22.29 28.32 0.78 0.59 0.75
2nd-layer top 3 ph. 37.95 28.10 19.84 30.83 0.74 0.52 0.81
2nd-layer bottom 1 ph. 37.95 30.60 28.74 29.12 0.81 0.76 0.77
2nd-layer bottom 2 ph. 37.95 33.89 29.01 28.23 0.89 0.76 0.74
2nd-layer bottom 3 ph. 37.95 27.12 28.00 32.44 0.71 0.74 0.85
3rd-layer top 1 ph. 37.95 12.35 18.44 22.15 0.33 0.49 0.58
3rd-layer top 2 ph. 37.95 16.90 23.74 20.84 0.45 0.63 0.55
3rd-layer top 3 ph. 37.95 32.59 22.87 28.90 0.86 0.60 0.86
3rd-layer bottom 1 ph. 37.95 21.82 22.97 24.61 0.58 0.61 0.65
3rd-layer bottom 2 ph. 37.95 23.54 32.48 35.06 0.62 0.86 0.92
3rd-layer bottom 3 ph. 37.95 20.92 25.02 26.60 0.55 0.66 0.70
Mean 0.68 0.67 0.68

Table 11. Image analysis results of the specimens containing 6% epoxy.
Void Ratio (e)

Mean Squared Error

Photograph Detail Expected Image Analysis Results

(eglobar) Exp. 1 Exp. 2 Exp. 3 Exp. 1 Exp. 2 Exp. 3

1st-layer top 1 ph. 29.65 24.92 22.97 17.52 0.84 0.77 0.59
1st-layer top 2 ph. 29.65 28.57 21.14 14.93 0.96 0.71 0.50
1st-layer top 3 ph. 29.65 27.49 22.39 19.92 0.93 0.76 0.67
1st-layer bottom 1 ph. 29.65 20.34 23.05 23.23 0.69 0.78 0.78
1st-layer bottom 2 ph. 29.65 22.75 23.41 26.06 0.77 0.79 0.88
1st-layer bottom 3 ph. 29.65 21.92 23.76 25.45 0.74 0.80 0.86
2nd-layer top 1 ph. 29.65 23.71 12.41 25.62 0.80 0.42 0.86
2nd-layer top 2 ph. 29.65 21.59 14.32 28.08 0.73 0.48 0.95
2nd-layer top 3 ph. 29.65 22.75 12.86 28.29 0.77 0.43 0.95
2nd-layer bottom 1 ph. 29.65 15.10 11.39 19.34 0.51 0.38 0.65
2nd-layer bottom 2 ph. 29.65 20.15 11.70 22.30 0.68 0.39 0.75
2nd-layer bottom 3 ph. 29.65 24.69 11.81 17.75 0.83 0.40 0.60
3rd-layer top 1 ph. 29.65 3191 12.37 19.73 1.08 0.42 0.67
3rd-layer top 2 ph. 29.65 27.79 13.04 20.80 0.94 0.44 0.70
3rd-layer top 3 ph. 29.65 27.16 12.77 21.15 0.92 0.43 0.71
3rd-layer bottom 1 ph. 29.65 10.59 16.40 11.90 0.36 0.55 0.40
3rd-layer bottom 2 ph. 29.65 18.73 15.22 11.03 0.63 0.51 0.37
3rd-layer bottom 3 ph. 29.65 14.81 15.75 11.70 0.50 0.53 0.39
Mean 0.76 0.56 0.68

4. Conclusion

In this study, the compaction parameters of soils brought from the aggregate quarry located in the Karaémerler
area of the Saricilar Neighborhood in the Selcuklu District of Konya were determined by conducting compaction
experiments in the laboratory environment. The parameters obtained as a result of the experiments were
compared to the results of the image analysis. For this purpose, photographs were taken to predict the void ratios
of the soil that was compacted in Standard Proctor molds. By subjecting the images to a set of processing steps,
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their properties in grayscale and in terms of color shades were revealed. These processes were referred to as the
Image Analysis Technique throughout the article. The void ratios of the compacted soil specimens were predicted
by carrying out regression analysis of the pixel/pixels constituted by the color gray and its shades that were
obtained following a set of arithmetic operations on the digital images of the objects (specimens compacted at
different water content values). While taking the photographs, the distance between the camera and the objects
was kept constant at 15 cm, while the photographs were taken from three different points on each object. Based
on these photographs that were obtained from the specimens compacted at different water content values, the
void ratios of the specimens were calculated in the computer environment using the MATLAB program.

Table 12. Image analysis results of the specimens containing 8% epoxy.
Void Ratio (e)

Mean Squared Error

Photograph Detail Expected Image Analysis Results
(egloval) Exp. 1 Exp. 2 Exp. 3 Exp. 1 Exp. 2 Exp. 3
1st-layer top 1 ph. 24.41 30.80 13.35 12.96 1.26 0.55 0.53
1st-layer top 2 ph. 24.41 27.88 12.16 16.03 1.14 0.50 0.66
1st-layer top 3 ph. 24.41 28.66 11.19 17.41 1.17 0.46 0.71
1st-layer bottom 1 ph. 24.41 21.48 26.90 16.77 0.88 1.10 0.69
1st-layer bottom 2 ph. 2441 22.28 30.35 17.86 091 1.24 0.73
1st-layer bottom 3 ph. 2441 23.29 24.17 17.18 0.95 0.99 0.70
2nd-layer top 1 ph. 24.41 14.24 33.80 12.95 0.58 1.38 0.53
2nd-layer top 2 ph. 2441 9.74 27.53 12.25 0.40 1.13 0.50
2nd-layer top 3 ph. 24.41 12.69 33.26 12.01 0.52 1.36 0.49
2nd-layer bottom 1 ph. 24.41 17.83 24.42 20.76 0.73 1.00 0.85
2nd-layer bottom 2 ph. 24.41 20.65 23.98 22.28 0.85 0.98 0.91
2nd-layer bottom 3 ph. 24.41 14.41 23.61 22.75 0.59 0.97 0.93
3rd-layer top 1 ph. 2441 11.36 14.09 18.97 0.46 0.58 0.78
3rd-layer top 2 ph. 2441 10.37 24.27 18.99 0.42 0.99 0.78
3rd-layer top 3 ph. 2441 11.93 18.32 18.79 0.49 0.75 0.77
3rd-layer bottom 1 ph. 24.41 23.05 19.95 18.23 0.94 0.82 0.75
3rd-layer bottom 2 ph. 24.41 23.28 18.19 19.49 0.95 0.74 0.80
3rd-layer bottom 3 ph. 24.41 22.84 19.51 19.73 0.93 0.80 0.81
Mean 0.79 0.91 0.72

Table 13. Image analysis results of the specimens containing 10% epoxy.
Void Ratio (e)

Mean Squared Error

Photograph Detail Expected Image Analysis Results
(eglobal) Exp. 1 Exp.2  Exp.3 Exp.1 Exp.2  Exp.3
1st-layer top 1 ph. 28.33 11.11 26.61 5.00 0.39 0.94 0.18
1st-layer top 2 ph. 28.33 10.29 25.73 5.66 0.36 0.91 0.20
1st-layer top 3 ph. 28.33 12.62 25.25 5.21 0.45 0.89 0.18
1st-layer bottom 1 ph. 28.33 24.19 11.26 19.31 0.85 0.40 0.68
1st-layer bottom 2 ph. 28.33 24.56 12.81 19.36 0.87 0.45 0.68
1st-layer bottom 3 ph. 28.33 24.36 12.80 19.39 0.86 0.45 0.68
2nd-layer top 1 ph. 28.33 8.65 13.95 21.89 0.31 0.49 0.77
2nd-layer top 2 ph. 28.33 8.31 11.39 22.09 0.29 0.40 0.78
2nd-layer top 3 ph. 28.33 8.67 11.64 2212 0.31 0.41 0.78
2nd-layer bottom 1 ph. 28.33 14.63 14.76 11.76 0.52 0.52 0.42
2nd-layer bottom 2 ph. 28.33 14.6 14.38 11.07 0.52 0.51 0.39
2nd-layer bottom 3 ph. 28.33 14.39 14.17 13.98 0.51 0.50 0.49
3rd-layer top 1 ph. 28.33 17.74 13.38 13.07 0.63 0.47 0.46
3rd-layer top 2 ph. 28.33 17.35 13.39 13.32 0.61 0.47 0.47
3rd-layer top 3 ph. 28.33 18.66 13.41 12.95 0.66 0.47 0.46
3rd-layer bottom 1 ph. 28.33 8.74 13.38 10.19 0.31 0.47 0.36
3rd-layer bottom 2 ph. 28.33 9.22 13.28 10.65 0.33 0.47 0.38
3rd-layer bottom 3 ph. 28.33 9.26 13.29 10.40 0.33 0.47 0.37
Mean 0.50 0.54 0.49
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In geotechnical engineering, the relationships of the compaction parameters with the optimum water content
and the maximum dry unit weight are important. In preliminary design steps, using these parameters, correlation
equations can be calculated in a very short time based on analysis when time is limited, and the resources are
insufficient.

In this study, by providing the properties of a granular material that is used in base filling in the foundations of
buildings and granular subbases (GSB), reliable results were obtained to a certain extent using image analysis and
compaction parameters.

By taking photographs from the horizontal sections of the specimens that were prepared for examination with
the Image Analysis Technique (IAT), generally reliable results were obtained with codes prepared using the
MATLAB program. The general rate of reliability was approximately 67%.

In the image processing analysis, the highest safety factor values were obtained with the specimens with a
water content value of 8%. The prediction accuracy for the void ratios of these specimens was 79.67%.

The reliability rates of the specimens with water content values of 4%, 6%, and 10% were 67.67%, 66.67%,
and 51%, respectively. In the experiments that were performed under the same conditions, different safety factor
results were observed. The reason for this was that the voids between the grains of the granular material had an
irregular structure during compaction.
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