


Original Research Article

Integration of Gum Arabic Into Geotechnical Materials For Shear Strength Improvement





.     
.
              . 
                     
	.
..


.

____________________________________________________________________________________________

*Corresponding author: Email: XYZ@ABC.COM


ABSTRACT

	Background: The goal of soil stabilization, a crucial component of geotechnical engineering, is to increase the performance and stability of soils used in building. Conventional stabilizers, including cement and synthetic chemicals, frequently provide financial and environmental difficulties. The goal of this study was to assess gum Arabic's potential as a substitute soil stabilizer. Gum Arabic is a naturally occurring polysaccharide. The main objective is to evaluate how well gum Arabic improves the soil's consolidation qualities.
Aims: This study aims to ascertain the effect of gum Arabic on soil stability and to discover the best doses for various uses by incorporating it into different types of soil. 
Methodology: Gum Arabic was applied in different dosages (0% to 1.0%) to two types of soil: brownish fine-grained clayey soil (Sample B) and greyish sandy gravelly soil (Sample A). To ascertain the impact of stabilization, the soil's shear strength was examined..
Results: According to the findings of this study, moderate dosages of gum Arabic considerably enhanced the qualities of the soil. The stabilization effects peaked at 0.7% for Sample A (54%) and 0.7% for Sample B (40%), indicating a significant increase in the soil samples' shear strength.
Conclusion: The study's conclusion highlights the ideal treatment amount of 0.7% Gum Arabic, which increases soil strength.
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1. INTRODUCTION 

[bookmark: _Hlk177083483]In geotechnical engineering, the stability and safety of structures such as buildings, bridges, roads, and embankments heavily depend on the properties of the underlying soil (Surendra, et. al., 2017). Geotechnical materials, such as soils, often require modification to enhance their consolidation properties to meet engineering standards for construction and foundation applications (Islam, et. al., 2022; Cheng, et. al., 2020; Eberemu, 2011). The cost of constructing pavements can be significantly higher when dealing with soils that have poor engineering properties. Clays with subpar engineering properties pose a challenge in terms of supporting traffic loads, as their subgrade strength is insufficient. The strength and serviceability of the pavement over a design period are dependent on the structural condition of the subgrade soil, which is crucial for the highway infrastructure. Constructing efficient and long-lasting pavements on problematic fine-grained soil poses a significant engineering challenge. The cost of reconstructing a failed pavement due to deeper rutting deformation is INR 3000/m2 (Vishweshwaran et al., 2024). Efficient compaction techniques may not always result in the desired increase in soil strength for flexible pavement construction, even when applied to fine-grained soils. One of the main challenges faced when dealing with subpar geomaterials is the increase in material costs, along with the associated pollution and the lack of nearby soils with desirable engineering properties. Soils that have naturally poor engineering properties do not necessarily need costly deep foundations or soil replacement (Bouassida et al., 2022). Enhancing soil properties is essential for achieving the desired geotechnical engineering properties for pavement applications. It is important to ensure that sustainable construction practices prioritize the protection of groundwater and soil without compromising energy and resource savings (Vishweshwaran et al., 2024). 
Traditionally, soil improvement has been achieved using chemical stabilisers such as cement, lime, and various synthetic polymers (Verma, et. al., 2021; Huang, et. al., 2021). While effective, these methods pose significant environmental and sustainability challenges (Gunarathne, et, al., 2020; Sánchez-Garrido, et. al., 2022). Conventional methods of soil improvement, including the use of chemical stabilisers like cement and lime, are often associated with environmental concerns, such as carbon emissions and soil degradation (Verma, et. al., 2021; Gunarathne, et, al., 2020). The production of cement, for example, is responsible for a substantial portion of global carbon dioxide emissions, contributing to climate change (Tracy and Novak, 2023; Belaïd, 2022; Mohamad, et. al., 2022; Khaiyum, et. al., 2023). Lime stabilisation, although less carbon-intensive, can alter the pH of the soil, potentially leading to negative ecological impacts, including disruption of local flora and fauna. Additionally, the extraction, processing, and transportation of these chemical stabilisers consume large amounts of energy and resources, further exacerbating their environmental footprint. Moreover, the use of non-biodegradable synthetic polymers raises concerns about long-term soil and groundwater contamination (Bodor, et. al., 2024; Wanner, 2021). These polymers can endure for long periods of time in the environment, leading to microplastic pollution and potential harm to ecosystems (Ali, et. al., 2024; Ziani, et. al., 2023). Alternative soil stabilizing techniques that are both efficient and ecologically benign are desperately needed as environmental regulations tighten and the building industry is under growing pressure to embrace sustainable practices.
[bookmark: _Hlk177034174]Ecologically friendly and sustainable substitutes that can effectively improve the strength properties of geotechnical materials are required. In response to these challenges, there has been growing interest in the use of natural, biodegradable materials as alternatives to traditional chemical stabilizers (Novoskoltseva, et. al., 2022; Rahgozar et. al., 2017; Ajagbe et al., 2024). Using biological methods is a sustainable approach to enhancing soil parameters. Biopolymers are naturally occurring polymers made up of repeated monomeric units found in plants, animals, and microorganisms (Vishweshwaran et al., 2024). They have the capacity to create interconnected networks and gels as a result of their molecular structure. They have the ability to create hydrogels and have a high molecular weight. Due to their unique biological and functional characteristics, biopolymers have found extensive applications in food, packaging, manufacturing, and paper, and have proven to be a viable alternative to synthetic polymers (Gheorghita et al, 2021). Gum Arabic, a natural gum obtained from the Acacia tree, presents a promising solution because of its distinct chemical and physical characteristics (Soldo, et. al., 2020; Fatehi, et. al., 2021; Rimbarngaye, et. al., 2022). As a biopolymer, Gum Arabic is highly soluble in water, non-toxic, and readily biodegradable, making it an ideal candidate for sustainable soil stabilization (Prasad, et. al., 2022; Rimbarngaye, et. al., 2022). Its ability to form strong films and improve cohesion between soil particles suggests that it could effectively enhance the strength properties of soils without the adverse environmental impacts associated with conventional stabilizers (Rimbarngaye, et. al., 2021).
The potential of Gum Arabic as a natural, biodegradable additive for soil improvement has not been fully explored. Understanding its impact on the mechanical properties of soils and determining the optimal dosage for maximum efficacy can provide a sustainable solution to current soil improvement challenges. Current research on the use of natural polymers for soil improvement has primarily focused on other biopolymers, such as starch, cellulose, and chitosan, with limited studies specifically investigating Gum Arabic (Wang and Li, 2018; Almajed et. al., 2022; Bozyigit, et. al., 2023). The lack of comprehensive research on its effectiveness, optimal dosage, and impact on the strength properties of soils represents a significant knowledge gap that hinders its adoption in practical applications. The problem is compounded by the variability in soil types and conditions across different geographical regions. Soils exhibit a wide range of physical and chemical properties, which can affect the performance of any stabilizing agent. Therefore, a thorough investigation into the interaction between Gum Arabic and various soil types is needed to develop standardized guidelines for its use in diverse geotechnical applications.
2. methodology

2.1 Soil Sample Collection
In this study, suitable geotechnical materials were identified and selected. These materials included clay (laterite) and sand, which represent typical soil compositions encountered in civil engineering projects. The materials were sourced from two different locations, Ebebi (7 47’ 14.402’’ N 4 28’25.075’’ E), Egbedore Local government area of Osun state and Panada (7 38’ 09.191’’ N 4 11’ 40.510’’ E), Iwo local government of Osun state. These soils were characterized to establish baseline properties before treatment. The soil samples were obtained as disturbed soil samples, carefully packed in sealed containers to prevent contamination and moisture losses, and then transported to the laboratory.
2.2 Gum Arabic Preparation
Gum Arabic was sourced from reputable suppliers to ensure quality and purity. The Arabic gum was then prepared by dissolving it in water to create a uniform solution. This solution was used for integrating the Gum Arabic into the geotechnical materials, with the concentration carefully controlled to ensure consistent results across different dosages.
[image: ]
Fig. 1: Sample of Gum Arabic
2.3 Sample Preparation
Gum Arabic was mixed with the selected geotechnical materials at varying dosages to assess its impact on consolidation properties. The mixing process ensured thorough homogenization of the Gum Arabic solution with the soil samples. The treated samples were then subjected to a series of consolidation and mechanical tests. Different proportions of Gum Arabic (0%, 0.2%, 0.4%, 0.7%, 0.8% and 1%, by weight of dry soil) were mixed with the soil to create stabilized specimens.
2.4 Laboratory Testing
Preliminary tests were carried out on the soil samples to determine the initial characterization of the soil. These tests include moisture content analysis, specific gravity test, plastic limit test, liquid limit test, sieve analysis and compaction. California Bearing Ratio (CBR) and Consolidation was the carried out on the treated and untreated soil samples to determine the effect of dosages on the improvement of the geotechnical properties of the soil
2.5 Moisture Content
A representative sample of the soil was obtained. The sample was placed in a container, weighed and recorded as W1. The sample was then dried in an oven at a temperature of 105℃ for 2 hours. This is no ascertain that the sample no longer loses weight with further drying. The final weight of the container and dried sample was taken and recorded as W2. The moisture content of the soil was then calculated using the equation below.
		Moisture Content (%)		=	
	Where; W1 is the wet weight of the sample and the container and W2 is the dry weight of the sample and the container. 
2.6 Specific Gravity
To determine the specific gravity of the soil, the pycnometer method was used. Specific gravity (Gs) is the ratio of the mass of a unit volume of soil solids to the mass of an equal volume of gas-free distilled water at 20°C. A representative soil sample was obtained, dried thoroughly in an oven and cooled in a desiccator. A clean and dried pycnometer was weighed and noted as W1. The oven-dried soil sample was placed into the pycnometer, weighed and noted as W2. Distilled water was then added to the pycnometer, ensuring that it was filled to the mark. A vacuum pump was used to remove any entrapped air bubbles. The weight of the pycnometer, soil and water was determined and noted as W3. The pycnometer was then emptied, cleaned, filled with water and weighed. The weight was recorded as W4. The specific gravity of the soil was then determined using the equation below
Specific gravity
Where; W1 is the weight of the empty pycnometer; W2 is the weight of pycnometer and dried soil; W3 is the weight of pycnometer, soil and water; and W4 is the weight of pycnometer and water.

2.7 Liquid Limit
The liquid limit of the soil sample was determined by the Casagrande method, which involved measuring the moisture content at which a soil grove closes under 25 blows of a standard apparatus. The liquid limit (LL) is the moisture content at which a soil transitions from a liquid state to a plastic state when subjected to a standard test. It's a key parameter in soil mechanics, used to assess soil behavior and guide construction practices.
Air-dried soil was passed through a 425-micron sieve. The soil was mixed with water to form a uniform paste, which was then placed in a nylon and left for 2 hours to ensure complete saturation of the soil sample. The soil paste was placed in a standard cup of the Casagrande apparatus, then the surface of the soil in the cup was smooth to a depth of about 8mm. Using a grooving tool, the soil was cut along the center of the soil pat. The cup was then lifted and dropped using a crank-operated cam at a rate of 2 revolutions per second, while counting the number of blows (N) required for the two halves of the soil cake to come in contact for a length of about 12.7mm by flow not by sliding. The tests were repeated with different moisture contents, ensuring that the number of blows (N) falls between 1 and 50. For each trial, a sample was collected from the closed part of the cup for moisture content determination. Finally, the moisture content (w%) was plotted against number of blows (N), a best fit straight line through the plotted points was drawn, and the moisture content corresponding to 25 blows (N = 25) on the flow curve was determined as the liquid limit (LL) of the soil.
2.8 Plastic Limit
The plastic limit of soil, a key indicator of its plasticity, is determined by finding the water content at which a soil sample, when rolled into a thread, just begins to crumble when the thread reaches a 3 mm diameter. The plastic limit (PL) is the moisture content at which a soil transitions from a plastic state to a semi-solid state. It's a crucial parameter in soil classification and assessing the suitability of soil for various engineering applications, along with the liquid limit, to determine the plasticity index. A soil sample was prepared by adding water and kneading until it reached a workable consistency. The soil was then rolled into a thread using a ground glass plate or other acceptable surface until it reached a diameter of approximately 3 mm (1/8 inch). The water content at which the thread just begins to crumble is defined as the plastic limit.
2.9 Plastic Index
The Plasticity Index (PI) of soil, a measure of its plasticity. It represents the range of water content over which a soil remains in a plastic state, indicating its ability to deform without cracking. The plasticity index (PI) is calculated by subtracting the plastic limit from the liquid limit (PI = LL - PL).
2.10 Liquidity Index
The Liquidity Index (LI) of soil, a measure of its consistency, is determined by dividing the difference between the natural water content and the plastic limit by the plasticity index (PI). The Liquidity Index (LI) is a ratio that helps determine the relative consistency of a soil, indicating how close the soil's natural water content is to its liquid limit.
LI 	= 	 
Where; LI is the liquidity index; Mc is the natural moisture content, PL is the plastic limit, and PI is the liquid limit minus the plastic limit.
2.11 Consistency Index
The Consistency Index (CI) of soil, a measure of its firmness or shear strength, is determined by dividing the difference between the liquid limit and the natural moisture content by the plasticity index. The Consistency Index (CI) or Relative Consistency (IC) is a ratio that indicates the relative firmness or shear strength of a soil, especially fine-grained soils.
			CI	=	 
Where; CI is the consistency index; LL is the liquid limit; Mc is the natural moisture content, and PI is the liquid limit minus the plastic limit.
2.12 Linear Shrinkage
Linear shrinkage in soil, a crucial property for geotechnical engineering, is determined by measuring the decrease in length of a soil sample when dried, typically using a shrinkage box test or a bar shrinkage test, and expressed as a percentage of the original length. Linear shrinkage refers to the decrease in length of a soil sample when it dries, starting with a moisture content at the liquid limit. It's a key indicator of a soil's potential for volume changes due to moisture fluctuations, which can lead to cracking, settlement, and other issues in structures and pavements. A representative soil sample was obtained and passed through a 425-micron sieve. The soil at its liquid limit was placed in a container of known height. The soil sample was dried in a oven at a controlled temperature of 105oC for 2 hours. The length of the soil sample before and after drying was measured. The Linear shrinkage was calculated using the equation below.
			LS	=	
Where; LS is the linear shrinkage; Ol is the original length; and Dl is the dry length
2.13 Sieve Analysis
Sieve analysis is a method that is used to determine the grain size distribution of soils that are greater than 0.075 mm in diameter. It is usually performed for sand and gravel but cannot be used as the sole method for determining the grain size distribution of finer soil. For soil samples lesser than 0,075mm, hydrometer analysis is carried out
2.14 Hydrometer Analysis
The hydrometer analysis of soil, based on Stokes' law, calculates the size of soil particles from the speed at which they settle out of suspension from a liquid. Results from the test show the grain size distribution for soils finer than the No. 200 (75µm) sieve. The test specimen was placed in a 250ml glass beaker and mixed with water and sodium hexametaphosphate, a dispersion agent that prevents fine particles in suspension from clumping together. This slurry was rinsed into a dispersion cup for agitation with the string apparatus for one minute. An alternate air-jet device was permitted for dispersion. After washing the second slurry into the glass sedimentation cylinder, the cylinder was filled to the calibrated 1,000ml mark with water. The solution was mixed in the sedimentation cylinder with a soil agitator. The cylinder was then covered and allowed to condition and equilibrate overnight in an area of stable ambient temperature or a constant temperature water bath.
2.15 Compaction
The compaction test, also known as the Proctor test, determines the relationship between soil moisture content and its resulting dry density, crucial for evaluating compaction quality in construction. About 6kg of soil was collected. The weight of the empty compaction mold was then determined, along with the mol’s height and diameter in order to calculate the volume of the mold. The weighed soil samples was placed in a mixing tray, and water was gradually added to the soil sample to achieve the desired moisture content. The soil was mixed thoroughly until a uniform consistency and moisture content was achieved. The moist soil was then placed in the compaction mold in 3 layers while compacting by applying 25 blows per layer using a proctor hammer. The collar of the mold was carefully removed and the excess soil was trimmed with a straight edge. The weight of the mold with the compacted soil was determined. The soil was carefully extruded from the mold and the moisture content of the soil sample at the top, middle and bottom was determined. These steps was repeated with different moisture contents to create a compaction curve. The dry density was plotted against the moisture content to create a compaction curve, and the maximum dry density and corresponding optimum moisture content was identified form the compaction curve.
2.9 Direct Shear Strength Test
The direct shear test is a simple, laboratory-based method to determine soil shear strength, where a soil sample is placed in a shear box and subjected to a controlled normal stress and then sheared along a predefined horizontal plane. The test involves applying a vertical load, then a horizontal shear force, measuring the resulting displacements and forces, and analyzing the data to determine shear strength parameters like cohesion and friction angle. A representative soil sample was obtained and prepared to the desired moisture content and density. The soil sample was placed within a shear box (a typical metal box split horizontally at mid-height, allowing for a controlled shear place). The direct shear machine was set up with the shear box, loading frame and measuring instruments. Porous plates was placed at the top and bottom of the soil samples to allow for drainage during the test. A predetermined vertical load (normal stress) was applied to the soil sample simulating the overburden pressure in the field. A controlled horizontal shear force was applied to the top half of the shear box, while the bottom half is fixed, causing the soil to shear along the horizontal plane. The applied normal and shear forces, as well as the corresponding displacements (horizontal and vertical) at regular intervals during the test was measured and recorded. The shear stress versus shear strain (or displacement) was plotted to determine the peak shear strength. The cohesion (c) and angle of internal friction (φ) was then determined from the Mohr's circle or by plotting the peak shear stress against the normal stress. The tests was repeated with different normal stress to obtain a more data.
3. results and discussion
Initial Soil Characterisation
For the geotechnical characteristics of Samples A and B, the preliminary characterization tests listed in Table 1 offer crucial baseline information. These findings lay the groundwork for assessing how they might behave in various engineering scenarios and if stabilization methods are appropriate. A notable discrepancy was found in the samples' average moisture content: Sample A had a low moisture content of 3.80%, suggesting comparatively dry circumstances and little water retention. Sample B, on the other hand, had a much greater average moisture content (19.93%), indicating a considerable capacity for water retention. The consolidation behavior of the samples under applied loading may be considerably impacted by this variance. Measurements of specific gravity showed that Sample A recorded 2.60 and Sample B slightly lower at 2.57%, which are normal values for inorganic soils.  
These findings imply that the mineralogical compositions of the two samples are comparable, with small variations that might be explained by variations in the proportions of fine and coarse particles.  The consistency and behavior of the soil were demonstrated by the Atterberg limits. The plastic limit (PL) was measured at 34.08 and the liquid limit (LL) at 62.00% for Sample B. According to the classification results, Sample B was further classified as organic clay and inorganic silt with high compressibility, which is consistent with its strong plasticity and shrinkage properties. These intrinsic characteristics emphasize the necessity of stabilization in order to improve the geotechnical performance of the soil. 


Table 1: Preliminary Tests
	S/N
	Parameters
	                Values

	
	
	Sample A
	Sample B

	1.
	Average Moisture Content (%)
	3.80%
	19.93%

	2.
	Average Specific gravity of Soil Sample 
	2.60
	2.57%

	3.
	Plastic Limit (%)
	-
	34.08%

	5.
	Liquid limit (%)
	-
	62.00%

	6.
	Plastic Index of Soil Sample (%)
	-
	27.92%

	7.
	Liquidity index (%)
	-
	0.51%

	8.
	Consistency Index
	-
	1.51

	9.
	Linear Shrinkage (%)
	-
	7.14%

	10.
	Classification
	-
	Inorganic silts of high compressibility and organic clay



Particle Size Analysis
Figures 2 and 3 show the classification findings for the soil samples. 38.51% gravel and 58.03% sand make up Soil Sample A, which is classified as a greyish fine sandy gravelly soil with a preponderance of coarser particles and only 3.46% silt. The Coefficient of Gradation (Cc) of 2.82 and the Coefficient of Uniformity (Cu) of 5.67 further support the particle size parameters' well-graded character. According to the Unified Soil Classification System (USCS), these values meet the criteria for well-graded soils, classifying the soil as either SW (well-graded sand) or GW (well-graded gravel). The lack of AASHTO categorization implies that the gradation does not meet AASHTO requirements, even though the soil is appropriate for subbase or structural fill applications due to its high load-bearing capacity and advantageous compaction qualities.  Soil Sample B, on the other hand, has a considerably different composition and is categorized as a brownish fine-grained clayey soil with 45.85% silt, 32.10% sand, and 22.05% gravel. Higher plasticity and poor drainage are caused by the high silt and clay concentration. The sample's mixed texture and preponderance of fine-grained particles lead the USCS to classify it as SC (sandy clay with gravel). It is classified as A-7-5 by AASHTO, which indicates that it is suitable for subgrade applications in a medium to bad manner because of its low strength and susceptibility to deformation under wet conditions. A lack of varied particle sizes is further highlighted by the "poorly graded" designation, which restricts the soil's capacity for compaction and stability. Therefore, in order to improve its geotechnical performance for use in building, stabilization or blending with other materials could be necessary. The differential applicability of Soil Samples A and B is illustrated by these classifications; Sample A's coarser, well-graded composition makes it more suitable for structural applications, whereas Sample B's high silt concentration restricts its potential without additional treatment. 

	[image: ]
Fig. 2: Particle Size Analysis for Sample A	Fig. 3: Particle Size Analysis for Sample B

Compaction Test
With consequences for their engineering applications, the compaction properties of soil samples A and B, as indicated by their Maximum Dry Density (MDD) and Optimum Moisture Content (OMC), show notable variations in their capacity to reach maximum compaction under particular moisture conditions. Sample A, as depicted in Figure 4, has an optimal moisture content (OMC) of 12.60% and a maximum dry density (MDD) of 1915 kg/m³. Its dense particle arrangement and preponderance of coarser particles (sand and gravel) are reflected in its comparatively high MDD. According to earlier analyses, the sample's well-graded character allows for improved packing and interlocking, which raises the compaction capacity. The moisture content at which the soil reaches its maximum density with little pore water interference is indicated by the mild OMC.  These attributes imply that Sample A is ideal for structural uses where a high load-bearing capacity is essential, such as subgrade or base material for highways and foundations.  In contrast, Sample B, as depicted in Figure 5, has an Optimum Moisture Content (OMC) of 17% and a Maximum Dry Density (MDD) of 1636 kg/m³. The finer particle size distribution and higher silt and clay content, which prevent the soil from achieving a densely packed structure during compaction, are reflected in the lower MDD. The more water needed to lubricate the fine particles for ideal compaction, the higher the OMC. However, this also highlights the soil's increased susceptibility to moisture-related issues, such as swelling or shrinkage, under varying environmental conditions. For dependable use in building projects, Sample B might need to be stabilized in order to increase its strength and lessen its sensitivity to moisture.
	
Fig. 4: Figure of MDD and OMC for 		Fig. 5: Figure of MDD and OMC for 
Sample A (PANADA)				Sample B (EBEDI)
 

Shear Strength of Soil Samples
The shear strength behavior of soil samples A and B shown on Table 2 and Table 3 reflect the effects of varying treatment dosages on their geotechnical properties, particularly the cohesion and angle of shearing resistance. It shows their response to various treatment dosages, reflecting changes in parameters such as apparent cohesion, angle of shearing resistance, and overall shear strength. These observations are essential for determining the optimal stabilization dosage and understanding soil characteristics under different treatment levels.
For Sample A, shown on Figures 6, which is classified as a well-graded sandy-gravelly soil, the initial shear strength properties reflect low apparent cohesion, indicating its granular, cohesionless nature. The shear strength values increase notably with treatment up to 0.7%, reflecting enhancements in peak shear stress, apparent cohesion (C′), and angle of shearing resistance (ϕ). At 0% treatment, the angle of shearing resistance (ϕ) is 41°, and the shear strength is 173.86 kN/m². Treatment improves these values, with peak enhancements observed at 0.7% dosage. The apparent cohesion reaches 15.01 kN/m², and the shear strength increases to 238.54 kN/m². Additionally, the angle of shearing resistance peaks at 48.18°, suggesting improved particle interlocking and frictional resistance. However, at dosages higher than 0.7%, these properties decline, likely due to saturation effects or excessive binder interfering with particle cohesion and friction. By 1.0%, the shear strength reduces to 193.91 kN/m².
For Sample B, a poorly graded clayey soil, as shown on Figure 6, the baseline characteristics demonstrate significantly higher apparent cohesion, at 43.24 kN/m², due to its fine-grained, cohesive nature. The initial shear strength of 248.19 kN/m² and angle of shearing resistance (ϕ) of 45.7° further indicate the substantial contribution of cohesive forces in this sample. Treatment enhances these properties, with notable improvements up to 0.7% dosage. At this level, apparent cohesion peaks at 50.73 kN/m², shear strength rises to 292.75 kN/m², and the angle of shearing resistance reaches 50.43°, representing optimal conditions for stabilization. However, beyond 0.7%, these parameters deteriorate. At 1.0% dosage, cohesion and shear strength drop to 27.7 kN/m² and 238.68 kN/m², respectively, likely due to excessive binder disrupting the natural clayey matrix or inducing brittleness.
The shear strength behavior of the soil samples observed in this study is consistent with findings from existing research on the use of natural biopolymers in soil stabilization. The results demonstrated that Gum Arabic treatment significantly improved shear strength parameters, apparent cohesion (C′), angle of shearing resistance (ϕ), and overall shear strength, up to an optimal dosage of 0.7%. Beyond this level, strength values declined, likely due to excess binder disrupting inter-particle bonding. This trend aligns with previous studies where Arabic gum and similar biopolymers enhanced soil strength through mechanisms such as pore filling, hydrogen bonding, and improved particle interlocking. For instance, studies on Acacia gum (Arabic gum) reported notable improvements in unconfined compressive strength (UCS) and California Bearing Ratio (CBR), attributing these enhancements to the binding and stiffening effects of the gum on soil matrices (Vishweshwaran et al., 2024; Ajagbe, et al., 2024). Similarly, research on xanthan and agar gums demonstrated more than a two-fold increase in shear strength of treated soils, emphasizing the effectiveness of natural additives in improving soil resistance to deformation (Verma et al., 2023). Furthermore, consolidation studies on clayey soils stabilized with Arabic gum confirmed reduced settlement and enhanced structural stability, supporting the settlement reduction trends observed in this work (Kabakuş and Tarhan, 2025; Tunç et al., 2022). While some studies explored higher dosages, such as 3%, to achieve significant CBR improvements, the consensus across the literature highlights the existence of an optimal dosage window beyond which performance deteriorates (Ajagbe et al., 2024).
When comparing both samples, the sandy-gravelly Sample A shows significant benefits from the treatment, primarily through improved cohesion, as granular soils typically lack cohesive properties. Conversely, clayey Sample B demonstrates higher initial strength and cohesion but is more sensitive to excessive dosages due to its fine-grained composition. Both samples exhibit peak enhancements at 0.7% treatment, emphasizing this dosage as the optimal level for soil stabilization. The 0.7% treatment is effective for both samples, significantly enhancing their geotechnical properties. However, excessive dosages beyond the optimal limit led to strength reductions, likely due to oversaturation or adverse additive-soil interactions. The response of soil samples A and B to varying treatment dosages highlights the role of optimising binder content. While treatment significantly improves shear strength and stability at optimal levels, excessive dosages can undermine these benefits. 

Table 2: Shear strength values of soil sample A
	Parameters
	Treatment

	
	0%
	0.2%
	0.4%
	0.7%
	0.8%
	1.0%

	Apparent Cohesion C’ (kN/m2)
	0.0
	2.1
	3.33
	15.01
	13.33
	10.0

	Angle of shearing resistance 
	41
	41.84

	44.87
	48.18
	44.13
	42.6

	Shear Strength
	173.86
	181.172
	212.40
	238.54
	207.35
	193.91



Table 3: Shear strength values of soil sample B
	Parameters
	Treatment

	
	0%
	0.2%
	0.4%
	0.7%
	0.8%
	1.0%

	Apparent Cohesion C’ (kN/m2)
	43.24
	46.53
	48.39
	50.73
	31.6 
	27.7

	Angle of shearing resistance 
	45.7
	47.92
	48.63
	50.43
	47.6
	46.53

	Shear Strength
	248.19
	268.03
	275.49
	292.75
	250.63
	238.68




Fig. 6: Shear strength of soil samples

4. Conclusion

This study evaluated the impact of Gum Arabic dosages on the strength properties of soil. Two soil samples, greyish sandy gravelly soil (Sample A) and brownish fine-grained clayey soil (Sample B) were used in this study. Shear strength showed steady increases with dosage, peaking at 0.7%, where apparent cohesion (C) and angle of shearing resistance (ϕ) reached their maximum values. However, over-treatment at 0.8%-1.0% caused a decline due to reduced particle friction and cohesion.
Total settlement decreased significantly with increasing Gum Arabic dosage up to 0.4%, stabilizing at 0.7%. For both soil samples, settlement slightly increased at dosages beyond 0.7%. CBR improved substantially for both samples, with peak values achieved at 0.4% for Sample A (54%) and 0.7% for Sample B (40%), before declining at higher dosages. The study identifies 0.7% of Gum Arabic as the optimal dosage for improving the shear strength of soils where the soil samples demonstrated peak performance and higher dosages led to decline.
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