Iraqgi National Journal of Earth Science, Vol. 26, No. 2, 2026 (196-212)

Geotechnical Evaluation of Soil in Taza District, Southeast of
Kirkuk, Iraqg: Correlation Between Chemical and Some Physical
Properties

Mohammed S. Ahmed ¥ *&7, Burkan S. Othman 2°%, Fouad A. Al-jalabi ®

!Department of Applied Geology, College of Science, University of Kirkuk, Kirkuk, Irag.
2 Department of Applied Geography, College of Arts, University of Kirkuk, Kirkuk, Irag.
3 Department of Civil Engineering, College of Engineering, University of Kirkuk, Kirkuk, Irag.

Article information

ABSTRACT

Received: 28- Nov -2024
Revised: 04- Jan -2025
Accepted: 16- Feb -2025
Available online: 01-Apr -2026

Keywords:
Taza,

Soail,
Plasticity,
Correlation,
Regression,

Correspondence:

Name: Mohammed Shahab
Ahmed Hussein

Email:
mosh781161228@gmail.com

Soil is one of the most important natural resources. A comprehensive
geotechnical soil assessment must be performed when starting any
engineering project to avoid future damage. The properties of soil and
concrete are greatly affected by the chemical composition, which makes
understanding statistical relationships between soil properties essential in
the study, planning, and preliminary design stages of engineering projects,
saving time and money. This research aims to evaluate some geotechnical
properties of the soil in Taza district, SE of Kirkuk for ten locations
distributed across the district and use mathematical relationships to
predict the physical properties (fines ratio, LL, PL, PI) based on the
chemical properties of the soil (pH, TDS, OM, SOs, CI, gypsum) Using
simple and multiple linear regression analysis. The results of particle size
analysis show that coarse soils predominate in sites T1, T2, and T10(1),
while fine soils, especially silt, in sites T3-T10, with an average of
50.53% for all sites. The soil can be classified into low-plastic clay (CL)
and low-plastic silt (ML) according to the plasticity chart, with medium
liquidity and plasticity index values ranging from low to medium. The
results of the standard compaction test show similar values for the
optimum moisture content and maximum dry density. Specific gravity
values range between 2.64 and 2.81, and chemical tests show that site T10
recorded clear increases in most properties. The results of Simple Linear
Regression Analysis (SLRA) show an inverse relationship between the
chlorine percentage and some physical properties, while Multiple Linear
Regression Analysis (MLRA) shows stronger relationships between the
variables.
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Introduction

As soon as humans started building structures such as homes, tombs, or temples, they
treated the soil as a foundation material and selected the right soil to sustain the building they
desired (Al-Kasabi, 1993). The necessity to build massive facilities has arisen as a result of
urbanization and the overcrowding of buildings and facilities in cities. In nature, soils can be
classified as soft and weak with low bearing capacity, medium stiff with high bearing capacities,
or very stiff with high bearing capacities (Aljuboori and Cetin, 2019; Mohamed et al., 2024a).
Building engineering structures on difficult soils has become essential due to the rise in demand
and the decline in locations with adequate usable foundation soil. Problematic soils typically
have insufficient bearing capacity and can lead to significant liquefaction or settlement rates
(Mohamed et al., 2024b). In addition, one of the most crucial ideas in geotechnical engineering
is the stability of natural structures such as slopes and engineered structures, including
buildings, tunnels, bridges, and dams (Roodposhti et al., 2019). A set of engineering parameters
can be provided without the requirement for in-depth soil investigations by using the
statistically derived connections between soil characteristics (Al-Kahdaar and Al-Ameri, 2010).
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Concrete and soil are significantly impacted by chemical properties. Predictive mathematical
correlations between chemical and physical qualities can be developed to comprehend the
relationship between them, saving effort and money.

Ibrahim and Tokmachy (2023) studied the evaluation of the suitability of clays from the
Injana Formation in the Laylan and Dibs areas, Kirkuk Governorate, for making building
blocks. The findings demonstrated that the research area's soil has low to medium plasticity,
with over 50% of the samples collected from the area being fine-grained. Al-Sultani et al.
(2023) studied geotechnical properties of soil slopes of the Great Musaiyab Project, Babylon,
Middle of Iraq, and according to the study's findings, the majority of the soils are sandy poor
grade (SP), silty clay with limited plasticity (CL-ML), and clayey with low plasticity (CL). The
soil's proportion of organic matter varied from 1.407 to 3.869% with low levels of gypsum,
sulfate, and total dissolved solids. There aren't many studies in the Arab world that use physical
properties to predict the chemical properties of soil. However, there are some worldwide
studies, like Khairul et al. (2016), who studied the correlations between chemical and index
properties for soft clay of Peninsular Malaysia and obtained a good relationship between the
percentage of organic matter and moisture content as well. Karira et al. (2018) carried out a
geotechnical correlation between the chemical properties and index properties of the soil in the
Hyderabad region in Pakistan. The results showed that the highest value of the coefficient was
between organic matter and the liquidity limit of 0.4198, and a relative improvement in the
correlation is obtained when using multiple linear regression analysis (MLRA) compared to
simple linear regression analysis (SLRA). The main aim of this paper is to use the geotechnical

prediction to estimate the chemical properties of soil through the physical properties.

Location and Geology of the Study Area

The study area is located in the Taza district in the southeastern part of Kirkuk
Governorate. It is considered a strategic location as it is located on the road connecting Kirkuk
and Baghdad governorates, close to some industrial facilities. It is about 25 km? away from the
center of Kirkuk City, between longitudes (44° 18' 30") and (44° 21' 0") east and latitudes (35°
16' 30") and (35° 20' 30") north.

Understanding the geology of any area is crucial because it can reveal information about
the rich past of the area, including the discovery of oil and groundwater, concentrations of raw
materials, and understanding the geometry of the formation if a dam or other project were built
there (Karim, 2011).

Fouad (2015) divided Iraq into two parts: one is located within the Arabian Plate and the
other is within the Iranian Eurasian Plate; moreover, the part located within the Arabian Plate
was divided into internal shelf and external shelves, and the external shelf was divided into:
Low Folded Zone, High Folded Zone, Imbricate Zone, and Suture Zone. Therefore, the study
area is located in the Low Folded Zone. Structurally, the Alpine movements of the Late Tertiary
had an impact on this area. This region is characterized by a thick sedimentary layer and long
and narrow anticlines with parallel axes separated by wide concave folds with deep faults
parallel to the anticlines, which divide the region into two secondary belts: Hamrin-Makhul
Subzone and Chemchemal-Butmah Subzone) (Buday and Jassim, 1987). The study area is
located within the Hamrin-Makhul belt.

In Kirkuk, a variety of exposed geological formations are observed; some others are
covered by more recent sediments of Middle Miocene to Holocene (Ali et al., 2021).

Pleistocene-Holocene sediments cover most parts of the region represented by Quaternary
sediments, while the edges of the region are covered by sedimentary rock formations of
Miocene-Pliocene age represented by Fatha-Injana-Muqdadiya-Bai Hassan formations (Fig. 2).
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More than a third of Irag's land area is covered by Quaternary sediments, most of which
are located in the Mesopotamian plain. These deposits contain varying amounts of gravel, sand,
clay, and silt. The types of deposits widespread in the study area are: valley filling deposits
(Holocene), flood plain deposits (Holocene), river terrace deposits (Pleistocene), and topsoil.

Materials and Methods

The initial phase of fieldwork, lasting over a month, has comprised four site visits, during
which all necessary tools were gathered and prepared (drilling equipment, hammers, measuring
tapes for determining depth, plastic bags for preserving moisture content, and molds for
assessing field density). Additionally, the coordinates of the study area were recorded using
GPS. Five soil samples were collected from five distinct locations, with depths ranging from
approximately 15 cm to 3.5 m. Following the field density measurements at each site, the
samples were prepared for laboratory testing and analyses, including physical property tests
such as moisture content, specific gravity, grain size distribution, and Atterberg limits. These
tests were conducted in the Geotechnical Laboratory at the Department of Applied Geology,
College of Science, Kirkuk University. Furthermore, the data collected from the five locations
were integrated with additional data obtained from the Kirkuk Construction Laboratory, derived
from school building reports. These supplementary data points are marked on the map in green
and coded as (T6, T7, T8, T9, T10) as shown in Figure 1.
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Fig. 1. Site maps of the study area showing sampling locations; (a) Map of Irag; (b) Map of Kirkuk; (c)
Aerial photo (Bing map) of Taza district using the Sas Planet program.
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Fig. 2. Geological map of northern Iraqg showing the location of the studied area (Modified from Sissakian,
2000).

Physical Properties

Grain size distribution test is conducted in both types (dry and wet) according to the
standard (ASTM D-422, 2004). Soil particle sizes directly affect other soil properties such as
porosity, permeability, specific gravity, and void ratio (Verma et al., 2017).

Field Density was conducted following (ASTM D2937-10, 2016). The density is checked
on site by pushing a metal ring with known dimensions at the required depth, cutting off the
excess parts, obtaining undisturbed samples, and then fixing their weight and dimensions. Many
factors, such as soil type, moisture content, and sampling techniques, affect the results of field
density testing (Certified MTP, 2024).

Moisture content represents the proportion of the weight of water to the weight of solid
soil particles, indicated by the symbol %Mc. The test was carried out in accordance to standard
(ASTM D2216-80, 2004).

Specific gravity is the ratio between the weight of soil in a certain volume and the
equivalent weight of the same volume of distilled water at a temperature of 20 °C. The samples
were measured according to (ASTM D854-14, 2014).

Atterberg limit is the consistency of the soil, mainly affected by the percentage of water
content, as it controls the extent of fraction and cohesion of its particles. Liquid and plastic
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limits are tested according to the American standard (ASTM D4318-14, 2004). Plasticity index
is expressed in the following relationship:

Pl=LL-PL-———————— 1)
Where: PI: Plasticity index; LL: Liquid limit; PL: Plastic limit
Engineering Properties

Standard Proctor is conducted according to the American standard (ASTM D-698, 2004).
Compaction is the process of soil condensation through the application of mechanical force
(Holtz and Kovacs, 1981). Compression increases the soil's bearing capacity, density, and shear
resistance, but reduces porosity, permeability, void ratio, and settling, and this helps stabilize
the site's soil when constructing airstrips, roads, and earth dams (Prakash and Jain, 2002).

Chemical Properties

Chemical tests provide the necessary information about the suitability of using soil in
construction or engineering projects in general. All tests are conducted according to British
standards (BS 1377-3-1990).

pH: It is a measure of the acidity or alkalinity of soil. When the pH value is high (i.e.,
alkaline), this reduces water infiltration and increases compaction in the soil (Dewangan et al.,
2023).

Gypsum content (Gyp): When the percentage of gypsum in the soil increases, this
weakens the plasticity of the soil and reduces its ability to swell, and when it dissolves, it leaves
voids and the resulting problems in these soils (Al-Abdullah, 2015).

Organic Materials Content (OMC): Organic matter is defined as a mixture of the remains
of living organisms, whether plant or animal, in addition to other microorganisms. Sheikhil et
al. (1999) mentioned that organic materials reduce compressibility, bearing capacity, and shear
resistance, and they affect moisture content, leading to consolidation.

Chlorine (CI): Although it does not often cause chemical damage to concrete, it can
deteriorate concrete through a physical process that involves the crystallization of chloride salts
near the concrete surface. This is sometimes referred to as salt weathering (BRE, 2005).

Sulfates (SO3): One of the structural problems faced by concrete works is the attack of
sulfate ions (Abbas, 2002). The durability of concrete may be attacked by liquids and soils
containing sulfates, a phenomenon known as “sulfate attack.” Damage occurs if the mortar or
concrete is not resistant enough to the sulfate ions that attack it (Skalny et al., 2003).

Total Dissolved Salts (TDS): It is a measurement of the concentration of all dissolved
salts in the soil. The presence of salts and their dissolution in the soil leads to major engineering
problems, as they affect most of the geotechnical properties and cause corrosion of foundation
concrete. Rocks found in the geological layers are the main source of salts in the soil (Tanji,
2004).

Correlation and Regression

It is the statistical relationship between variables to support the local construction
industry; it is important to develop appropriate formulas that accurately represent soils to
understand the geotechnical properties of soils in the study area (Karira et al., 2018). Correlation
can be used to predict the chemical properties of soil from its physical properties, thus
improving engineering design and saving time and money. Simple linear regression and
multiple linear regression are used.

Simple Linear Regression Analysis (SLRA): It is the analysis of the relationship between
two variables, one of which is dependent, and the other is independent.
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Multiple Linear Regression Analysis (MLRA): It is the analysis of the relationship
between more than two variables, one of which is dependent and the other variables are
independent.

The chemical property is a function of the other properties according to the equation:
Y =by Xy + b2 Xo+ b3 Xz +bsaXs +......6n Xn (Moore et al., 2007)--------- (2)
where: Y: dependent variable; b: constant; X: independent variable.

Physical properties were considered dependent (Finer percent, PL, LL, PI) and chemical
properties independent (pH, Gyp, OM, TDS, SOs, C1 ).

Results and Discussion

The United Soil Classification System (USCS) is relied upon to classify the soils of the
study area. The grain size distribution results across the study area highlight a clear distinction
between coarse soils in sites T1, T2 and T10 (1), where sand constitutes over 60% in sites T1
and T2 while gravel ratio reaching 43% in one of the samples from Site 10, and fine soils
predominant in sites T3—T10, with an average silt content of 50.53% as demonstrated in Table
(1) and Figure (3). Coarse soils, characterized by their high permeability and poor gradation,
are more suitable for drainage but may require treatment for load-bearing applications. In
contrast, fine soils exhibit cohesive properties, making them more stable under certain
conditions but potentially problematic due to shrink-swell behavior. These findings align with
the objectives of the study to evaluate soil suitability for engineering purposes.

Table 1: Results of grain size distribution.

Location Gravel % Sand % Silt % Clay % USCS Sym *
T1 7 63 17 13 SM
T2 0 62 23 15 SM
T3 2 33 49 16 ML
T4 0 28 56 16 CL
T5 19 24 32 25 CL
T6 0 6 58 36 CL

0 11 52 37 CL
T7 0 8 54 38 CL
T8 0 10 70 20 CL
2 39 39 20 CL
T9 0 7 93 0 ML
43 26 28 3 GC
10 0 5 86 9 ML

*SM = Silty Sand; ML = Silt; CL = Clay; GC = Clayey Gravel
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The results in Table 2 provide a key overview of the soil physical properties, including
specific gravity, moisture content (Mc%), field density, and Atterberg limits. The field density
results range from 1.47 gm/cm3 (T1) to 1.64 gm/cm? (T5), indicating site-specific variations in
compaction and soil properties. T1 shows the lowest density, likely due to poor compaction or
high organic content, while T3 (1.82 gm/cm?3) exhibits the highest, reflecting optimal
compaction and favorable soil conditions. T2, T4, and T5 display intermediate densities
influenced by factors such as moisture content, soil type, and compaction effort. These
variations highlight differences in the load-bearing capacity and stability of the sites. Specific
gravity values range from 2.64 to 2.81, indicating variations in mineral composition, with
higher values observed in locations T3 and T5. Moisture content varies significantly; the lowest
values are in T1 and T2 due to their coarse soil texture, while the fine-grained soils in T3-T5
exhibit higher moisture retention. Atterberg limit results classify most of the soils as cohesive
(CL) except for T1, which exhibited non-plastic behavior due to its high sand content. These
findings suggest that while coarse soils in T1 and T2 are suitable for drainage, fine soils in other
locations may exhibit shrink-swell behavior requiring stabilization for engineering applications.

The plasticity chart illustrates the classification of soils based on Atterberg limits. Most
samples are plotted within the CL (low plasticity clay) and ML (low plasticity silt) zones,
indicating cohesive soils with moderate to high plasticity. Samples from T1 and T2,
characterized by low liquidity indices, fall outside the cohesive zones, reflecting their sandy
nature. These results align with the grain size distribution data and demonstrate that while CL
and ML soils provide moderate stability, their plasticity requires careful consideration during
construction, especially in areas prone to moisture changes, as shown in Figure 4. Table 2
represents the results of the Atterberg limits.

Table 2: Results of physical properties.

Location Specific gravity Mc% PL% LL% P1% Field dens;ty
(gm/cm?)
T1 2.64 8.48 Non P. 1.47
T2 2.74 6.82 23.34 28.345 5.005 1.59
T3 2.71 13.36 27.26 36.742 9.482 1.82
T4 2.74 14.81 17.33 30.911 13.581 1.53
T5 2.81 17.74 24.27 39.751 15.481 1.64
T6 / 15 22 49 27
T7 / 20 / / /
T8 / / 18 32 14
T9 2.72 21 27 42 15
T10 2.61 4.4 18 33 15
60 b
- Plasticity Chart
- “A" Line; Pl = 0.73 (LL-20); LL> 255
50 4 *U" Line; PI = 0.9 (LL-8); LL> 16 A i
l. CL = Low-plastic clay S 4
=" - ML = Low-plastic silt
Q 40 4 OL = Low-plastic organic soil
x I CL-ML = Dual classification .
> I CH = High-plastic clay 5 ]
< I. MH = High-plastic silt 7 4
>.30 - OH = High-plastic p
‘S L organic soil s ]
= - LL and PL are ’ B
= 20 | expressed e - CLorOL 1
o L in% ’ 4
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Fig. 4. Plasticity chart.
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The results presented in Table 3 show slight variations in the optimum moisture content
and maximum dry density across the five sites. The optimum moisture content ranges from 7%
(T2 and T3) to 9.5% (T5), while the maximum dry density varies from 1.58 gm/cm3 (T5) to
1.69 gm/cm3 (T3). These differences can be attributed to the similarity in granular distribution
and mineral composition across the sites. The higher moisture content in T4 and T5 may be due
to the presence of higher salt content or organic materials, which require more moisture to
achieve optimal compaction. Overall, the results indicate that the soil characteristics are
relatively similar across the sites, which is reflected in the comparable values of dry density and
moisture content.

Table 3: Results of standard compaction test.

Location Optimum moisture  Maximum dry density

content (%) (gm/cm?)
T1 8.8 1.64
T2 7 1.676
T3 7 1.69
T4 9.4 1.568
T5 9.5 1.58

The soil pH levels varied across the study sites. Locations T1 to T7 exhibited a neutral
to alkaline pH, while location T8 is classified as highly alkaline. Location T9 shows a moderate
to slightly acidic pH, and location T10 is characterized as highly acidic, as per the classification
by Raine et al. (2003). In terms of Gyp%, the soil in location T8 is found to be non-gypsum,
whereas locations T1, T4, T6, and T7 have very low gypsum levels. Locations T2, T3, T5, and
T9 are classified as low in gypsum, while location T10 is identified as having medium gypsum
content based on the criteria established by Barzanji (1973).

According to Mahmood (1997), OMC in locations T3, T4, T6, T7, and T8 was
considered ineffective, whereas locations T1, T2, T5, and T9 showed relatively significant
levels, with values exceeding 2% in location T10. CI- concentrations were reported to be high
in locations T2, T3, and T5, while the other locations exhibited normal levels, as per (NCCL,
2001). Concerning SOg, all sites except for location T10 were within normal limits according
to (NCCL, 2001). Finally, TDS in all samples from the study sites were within permissible
limits, also in accordance with (NCCL, 2001). The detailed results of the chemical tests are
summarized in Table 4.

Table 4: Results of chemical properties

Location Gypsum% O.M% S0:% pH Cl'% T.D.S%
T1 19 112 0.88 8.02 0.091 2.14
T2 4.19 0.89 1.95 7.98 0.117 5.2
T3 38 0.43 1.77 8.03 0.120 4.1
T4 2.2 0.16 1.02 7.85 0.087 34
T5 48 1.67 2.25 8.05 0.116 5.28
T6 0.58 0.15 0.27 8 0.023 1.55
T7 0.789 0.35 0.367 8 0.005 1.47
T8 0.24 0.27 0.11 9 0.07 0.61
T9 6.390 0.997 2.972 5 0.065 6.686
T10 12.34 2.931 5.738 49 0.043 6.679

In light of the results of correlation and regression relationships between the physical
properties as dependent variables and the chemical properties as independent variables, the
results of simple regression (SLRA) showed that there are weak relationships between the
percentage of sulfate, pH, TDS, OM, and gypsum with the dependent variables separately, as
the R? value did not exceed 0.2 in most cases. The relationships shown in the figures below
(Fig. 5-Fig. 28), except for chlorine, where R? for the relationship between chloride and the
plasticity index was (0.62) as presented in Figure 7, and between chlorine and the percentage
of fines was (0.478) as indicated in Figure 5.
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On the other hand, the results of the multiple linear regression analysis (MLRA) presented
in Table 5 reveal strong correlations between plastic limit (PL), as the independent variable,
and several dependent variables. The relationships included plastic limit (PL), with the
TDS+pH+S03+Gyp, yielding an R? value of 0.9810; (PL) with TDS+SO3+pH, also 0.9810;
percentage of fines (F%) with CI+SO3+OM+pH, a value of 0.9605; and PL with two variables
(SOs-pH%), achieving an R? of 0.9061. These findings suggest that other variables are
significantly influenced by PL variations.

Additionally, a strong correlation was observed between plastic limit and TDS, SOs, pH,
and Gyp (R? = 0.9513), and between plasticity index (PI) with (SO3z-pH-CI"%) (R? = 0.9423).
The relationship between total dissolved solids (TDS) and the dependent variables yielded a
correlation coefficient exceeding 0.8, indicating a high level of accuracy. The study by Arasan
and Yetimoglu (2008) found that increasing salt concentration raises the plastic limit of clay,
while a decrease in salt concentration reduces it.

Regarding sulfate, organic matter, and gypsum content, and their relationships with
dependent (physical) variables, the R? values ranged from 0.43 to 0.59, suggesting a low level
of interpretation. Gu et al. (2022) reported that the liquid limit and plasticity index decrease
with increasing sulfate content. Odell et al. (1960) observed that Atterberg limits increase with
higher organic matter content, while Busch and Keller (1981) found a positive correlation
between Atterberg limits and organic matter content. Ahmed et al. (2023) further explained that
the plasticity index decreases with an increase in gypsum content.

It is noted that the strongest relationships when using simple and multiple regression are
those for chlorine. Mahmoud and Jaafar (2017) mentioned that the Atterberg limits decrease
with the increase in the percentage of chlorine.
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Fig. 20. Relationship between PL% vs. pH%.
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Fig. 22. Relationship between LL% vs. SO3%.
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Table 5: Results of MLRA

Correlation

RZ

LL%=11.10 (TDS)-3.75 (Gyp)

0.8038

P1%=-1.14 (TDS)+2.67 (Gyp)-3.54 (SO4)+1.95 (pH)

0.8342

P1%=1.69 (pH) +0.35 (Gyp)

0.8271

P1%=0. 59(OM) +3.62 (SOs)

0.4390

PL%=1.96 (SO3)+2.44 (pH)

0.9601

PL%=211.92 (C1")+3.07 (OM)

0.8919

LL%=5.60 (pH) -77.66 (CI)

0.9313

Finer%=400.05 (CI") +6.43 (TDS)

0.7203

Finer%=8.52(pH)+1.65 (Gyp)

0.9034

LL%=1.77 (TDS)-31.26 (SOs) +3.75 (pH)+ 14.77(Gyp)

0.9513

PL%=2.87 (TDS)-1.63 (SO3) +1.80 (pH)

0.9810

P1%=1.52 (SO4)+3.40 (pH)-173.98 (CI)

0.9423

Finer%=8.47 (pH)-22.16(0OM) +6.63 (Gyp)

0.9136

Finer%=323.25 (CI) +10.51(TDS) -5.45 (SO3)

0.7231

LL% =294.36 (CI) -1.52 (OM) +4.48 (SO5)

0.8018

P1%=-2.86 (Gyp)+4.11 (TDS) +6.74 (OM)

0.6260

LL%=11.10 (TDS)-3.75 (Gyp)

0.8038

PL%=2.91 (TDS)+12.10 (Gyp) -27.71 (SO3)+1.80 (pH)

0.9810

Finer%=-537.60 (C[)-30.01 (OM) +20.38 (SO3)+13.74 (pH)

0.9605

P1%=-1.14 (TDS)+2.67 (Gyp)-3.54 (SO4)+1.95 (pH)

0.8342

P1%=1.69 (pH) +0.35 (Gyp)

0.8271
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PL%=-8.32 (OM)+10.50 (SOs) 0.5921

LL%=-7.72 (OM)+14.12 (SOy) 0.5488

Finer%=-27.87 (OM)+32.72 (SO3) 0.4885
Conclusions

Grain size analysis reveals a predominance of fine particles. Field density values varied,
reflecting differences in soil composition and moisture content. Sandy soils, being less dense
than clay soils, exhibit larger particle sizes and higher porosity. Standard Proctor test results
indicated a relative consistency in maximum dry density and optimal moisture content, likely
due to the presence of low-activity minerals like kaolinite, sample homogeneity, and higher salt
concentrations. Chemical tests demonstrated that site T10 exhibits a significant increase in most
measured properties.

Simple regression shows no strong relationships between the properties, except for a
moderate correlation between chlorine and physical properties. However, multiple regression
analysis improved the correlations, particularly between pH and chlorine. MLRA provides that
suggested variations in pH could influence Atterberg limits. While relationships between
physical properties and gypsum, TDS, organic matter, and sulfate percentages are observed,
showing weaker R2 values, likely due to the low concentrations of these properties in the study

area's soil.
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