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Soil stabilization remains a critical concern in geotechnical engineering particularly 
for clay soils exhibiting low shear strength and high compressibility. This study 
investigates the synergistic effects of magnesium chloride (MgCl₂) and saw dust ash 
(SDA) on the strength behavior of clay soil. An experimental program was conducted 
on clay soil samples treated with varying dosages of MgCl₂ (7%, 8%, and 9% by weight) 
combined with SDA (2%, 4%, 6%, 8%, and 10% by weight). Physical characterization 
included particle size distribution, Atterberg limits, specific gravity, linear shrinkage, 
and free swell index were determined according to British Standard (BS) and 
American Society for Testing and Materials (ASTM). Compaction characteristics were 
evaluated using standard proctor methods while strength behavior was assessed 
through California bearing ratio (CBR) which was conducted to measure a soil's ability 
to support loads. Unconfined compression strength (UCS) was carried out to 
determine the compressive strength of soil and direct shear box testing was 
conducted to determine the shear strength of soil. Together, they related to the soil's 
strength performance under different conditions. The 8% MgCl₂ treatment 
consistently outperformed both 7% and 9% treatment across all strength parameters. 
Results showed a very high correlation between CBR, UCS and cohesion. The analysis 
revealed a strong positive correlation with an R2 value of 0.8296 (CBR=0.0114 and 
UCS=0.2235), 0.8728 (cohesion=0.0747 and UCS=-10.955) as well as 0.9153 
(CBR=0.1495 and cohesion=1.9479). The study confirms that the cohesion shows the 
strongest and most consistent strength performance. Thereby, this practical 
approach is cost-effective and environmentally friendly. 

 
1. Introduction 
 

Soil stabilization could be defined as the improvement of soil properties through chemical or 
physical modification, which represents one of the most common solutions in geotechnical 
engineering practice. Traditional approaches, particularly cement, lime and fly ash stabilization, have 
demonstrated effectiveness but raise concerns regarding environmental sustainability and cost-
effectiveness, as noted by Gudeta and Patel [1] and Alhakim et al., [2]. Consequently, extensive 
research focuses on developing improved, sustainable, and affordable soil stabilization techniques, 
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particularly those utilizing locally accessible materials, to mitigate these risks, as reviewed by 
Ikeagwuani and Nwonu [3] as well as Gidebo et al., [4]. Clay soils are characterized by high plasticity 
and low permeability, present challenges in foundation engineering and earthwork applications. The 
problems associated with clay soils include excessive settlement, low bearing capacity, high 
compressibility, and significant volume change upon moisture variation, as discussed by Mahdavian 
et al., [5]. 

Magnesium chloride has emerged as a promising chemical stabilizer for clayey soils offering 
distinct advantages over conventional approaches. Recent studies have explored using MgCl₂ to 
enhance the physical and chemical properties of problematic soils. Furthermore, magnesium chloride 
offers greater economic efficiency for its performance level than either sodium chloride or calcium 
chloride, as highlighted by Sharma et al., [6]. MgCl₂ is globally recognized as an environmentally 
friendly soil stabilizer due to its safe and anti-corrosive properties, according to Habibbeygi and 
Nikraz [7]. Research indicates that MgCl₂'s effectiveness as a stabilizer is concentration-dependent, 
as demonstrated by Latifi et al., [8] and Muhammad et al., [9]. Its mechanism involves reducing soil 
swelling by influencing osmotic pressure and promoting ion exchanges within clay structures, with 
efficiency tied to the soil's exchange capacity and cation characteristics, as explained by Hachichi and 
Fleureau [10]. Studies have also observed that the incorporation of MgCl₂ leads to an increase in the 
maximum dry density and a decrease in the optimum moisture content of treated soils, as reported 
by Waheed [11]. Additionally, other studies demonstrate that applying an MgCl₂ solution can reduce 
both the swell potential and dispersity of clay, as shown by Turkoz et al., [12] and Vakili et al., [13]. 

Agricultural waste has emerged as a promising, sustainable, and cost-effective alternative for soil 
stabilization. These materials address the crucial need to improve subgrade soil properties while 
simultaneously managing waste disposal issues that can harm the environment [14-18]. Agricultural 
wastes are favored for their innovative, user-friendly, and environmentally friendly nature, offering 
a viable substitute for more expensive and industrially intensive stabilizers like cement, which carry 
higher environmental risks [3,19-21]. Among these, saw dust ash (SDA), a readily available byproduct 
of the timber industry which is particularly effective due to its pozzolanic properties. Its silica content 
chemically reacts with moisture and soil components, enhancing soil strength and significantly 
improving mechanical properties like California Bearing Ratio (CBR) and Unconfined Compressive 
Strength (UCS), while also reducing shrinkage and cracks in expansive soils are taken from previous 
studies [17,18,22-24]. Although saw dust ash non-cementitious on its own, saw dust undergoes a 
chemical reaction with water to produce cementitious compounds. This process improves the soil 
engineering parameters, namely compressive strength and compressibility, according to Bunyamin 
et al., [25]. Therefore, this study focused on the synergistic effects of clay soil mixed with varying 
percentages of magnesium chloride (MgCl₂) and saw dust ash (SDA) on the strength behavior. 
 
2. Methodology  
2.1 Sample Preparation 
 

Soil samples were collected from a depth of 1.5 meters in Kota Bharu, Kelantan as shown in Figure 
1 and stored in plastic bags. The sample exhibited a yellowish color. Following the BS1377-2:2022 
standard, the soils were oven-dried at 110°C for 24 hours to remove moisture and then sieved 
through a 0.425 mm mesh. Based on the Unified Soil Classification System (USCS), the soil is classified 
as high plasticity clay (CH). The summary of soil properties of natural soil is tabulated in Table 1. 
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Fig. 1. Geological map of Kota Bharu, Kelantan [26] 

 
 Table 1  
 Soil properties of natural soil 

Soil properties Values 

Grain size distribution 
Gravel 
Sand 
Fine material (Clay, Silt) 

 
0% 

45.54% 
52.19% 

Liquid limit 51.23% 
Plastic limit 29.45% 

Plasticity index 21.78% 

Moisture content 37.16% 

Specific gravity 2.72 
pH 4.76 
Linear shrinkage 13.33% 
Free swell index 41.94% 

Maximum dry density 1.38 g/cm3 
Optimum moisture content 23.58% 

 
This study employed magnesium chloride (MgCl₂) as an environmentally sustainable stabilizing 

agent, recognized in the literature as a promising green stabilizer by Latifi et al., [8]. The specific 
compound used was magnesium chloride hexahydrate (MgCl₂·6H₂O), sourced from R&M Chemicals. 
This material typically appearing as white flakes was applied in a dissolved solution form. Saw dust 
for this research was sourced from a local sawmill in Kota Bharu, Kelantan. This material consists of 
fine wood particles and chips generated during wood cutting. To produce saw dust ash (SDA), the 
saw dust was burned in a furnace chamber at 600°C for three hours. The resulting SDA was then 
passed through a 0.425 mm sieve to remove any unburned material, lumps, or coarse particles. 
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This study was carried out the varying percentages such as 7%, 8% and 9% of magnesium chloride 
and 2%, 4%, 6%, 8% and 10% of saw dust ash. The soil and saw dust ash were first blended in a mixing 
container until uniformly combined. Subsequently, the magnesium chloride solution was introduced 
incrementally during continuous mixing to achieve a consistent and homogeneous mixture. 
 
2.2 Geotechnical Properties 
 

The geotechnical laboratory tests was performed following standardized methods such as particle 
size distribution, liquid limit was carried out using Casagrande apparatus, specific gravity was carried 
out using pycnometer method, pH test was conducted using pH meter and linear shrinkage were all 
conducted in accordance with BS 1377:2022; the free swell index was determined per 
ASTM D5890-1; Standard Proctor compaction test was carried out to determine the maximum dry 
density (MDD) and optimum moisture content (OMC), California bearing ratio (CBR), unconfined 
compression strength (UCS) and direct shear box testing was carried out to obtain cohesion and 
friction angle were followed as per BS 1377:2022. 
                        
3. Results and Discussion  
3.1 Physical Properties  
3.1.1 Particle size distribution 

 
The particle size distribution curve presented in Figure 2 demonstrates that the soil sample is 

predominantly composed of fine-grained materials, with a relatively balanced composition between 
sand and fines materials. This reveals that fine materials (clay and silt) constitute 52.19% representing 
the dominant fraction in the sample. Sand particles make up 45.54% of the composition, which is 
nearly equivalent to the fine material content. Notably, gravel-sized particles are completely absent 
from the sample, accounting for 0%. Based on the Unified Soil Classification System (USCS), the soil 
sample is classified as SC (Clayey sand) with a high plasticity (CH). 

 
               Fig. 2. Particle size distribution curve of soil sample 
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3.1.2 Atterberg limit 
 

Figure 3 presents Atterberg limit for natural soil and treated soils with MgCl₂ and SDA at varying 
dosages. Natural soil exhibited a high liquid limit (LL=51.23%) and plasticity index (PI=21.78%), 
classifying it as a highly plasticity soil. The liquid limit shows a consistent decreasing trend as saw dust 
ash content increases across all soil samples. Natural soil exhibits the highest LL value of 51.23%, 
indicating greater water absorption capacity. With 7% MgCl₂ stabilization, the LL decreases from 
48.26% at 2% SDA to 43.10% at 10% SDA. Similarly, 8% MgCl₂ samples show a reduction from 46.13% 
to 38.64%, while 9% MgCl₂ samples decline from 49.16% to 38.48%. This downward trend suggests 
that this could be due to the effects of MgCl₂ on cation exchange, as suggested by Habibbeygi and 
Nikraz [7]. 

The plastic limit (PL) generally decreases as the amount of SDA increases across all MgCl₂ 
concentrations. For the natural soil, PL starts at 29.45%. Soil treated with 7% MgCl₂ addition, PL 
values range from 23.27% at 2% SDA to 23.89% at 10% SDA showing a general declining trend despite 
some fluctuation at 10%. The 8% MgCl₂ samples demonstrate a more consistent decrease starting at 
26.11% and declining to 26.48%. The 9% MgCl₂ samples exhibit the most dramatic reduction in PL 
which beginning at 36.35% with 2% SDA and decreasing substantially to 25.95 at 10% ash indicating 
that higher MgCl₂ concentrations paired with increased SDA influence reducing plasticity. 

The plasticity index (PI) shows a consistent declining trend compared to PL. The natural soil begins 
at 21.78% and this value drops significantly with MgCl₂ and SDA additions. The 7% MgCl₂ samples 
show PI values declining from 25.00% to 19.21%, while 8% MgCl₂ samples drop from 20.03% to 
12.36%. Most notably, 9% MgCl₂ samples display the reduction which falling from 12.81% to just 
12.54%. Overall, PI shows the most significant and consistent decrease across all combinations except 
for 7% MgCl₂ where it remains relatively high. This improvement could be attributed to the soil being 
enhanced as the addition of saw dust ash helps to remove some water from the saturated clay 
minerals, as noted by Oguche et al., [27]. 
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                           Fig. 3. Atterberg limit of stabilized soil 

 
3.1.3 Linear shrinkage 
 

The graph in Figure 4 shows a linear shrinkage of stabilized soil. The natural soil exhibited a linear shrinkage 
of 13.33%. The addition of MgCl₂ and SDA generally reduces linear shrinkage, indicating an improvement in 
soil stability. At 7% MgCl₂ with 2% SDA, the linear shrinkage decreased to 10.00%, declining further to 7.14% 
at 10% SDA. Soil treated with 8% MgCl₂ demonstrated similar trends, with linear shrinkage values decreasing 
from 10.71% at 2% SDA to 6.90% at 10% SDA. However, this could be due to the available silica from SDA, 
combined with Mg²⁺ from the salt, may promote the formation of magnesium-silicate-hydrate (M-S-H) type 
gels, which are stronger and more water-resistant than gels formed with SDA alone. This indicates fewer cracks 
when it dries out and enhances suitability for geotechnical construction projects, as reported by Blayi et al., 
[28]. 

In contrast, soil treated with 9% MgCl₂ shows a different trend which is linear shrinkage initially decreases 
with SDA but then increases at 8% and 10% SDA, reaching 9.05%. This suggests that 9% MgCl₂ may represent 
an overly high concentration where further SDA addition becomes less effective. Overall, the most effective 
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combination for minimizing linear shrinkage in this experiment appears to be 8% MgCl₂ with 10% SDA, yielding 
the lowest recorded shrinkage of 6.90%. 
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                                                    Fig. 4. Linear shrinkage of stabilized soil 

 
3.1.4 Free swell index 
 

As shown in Figure 5, the graph illustrates the free swell index of stabilized soil. The natural soil 
exhibited a free swell index of 41.94%, indicating significant swelling potential. The application of 
magnesium chloride dramatically reduced this swelling characteristic. At 7% MgCl₂, the free swell 
index decreased to 23.81% (2% SDA), declining further to 11.76% at 10% SDA, representing an 71% 
overall reduction. The 8% MgCl₂ treatment produced even more substantial swelling reduction, with 
free swell index values declining from 18.92% (2% SDA) to 4.35% (10% SDA). Notably, the 9% MgCl₂ 
treatment demonstrated variable performance, with values ranging from 21.95% (2% SDA) to 22.58% 
(10% SDA), suggesting that 9% MgCl₂ concentration may exceed optimal conditions for swelling 
reduction. 

The dramatic reductions in free swell index indicate that the swelling index of clay decreases 
when clay particles clump together, as explained by Arasan et al., [29]. The maximum reduction of 
90% was achieved with 8% MgCl₂ and 10% SDA combination, resulting in free swell index of only 
4.35%. These substantial improvements in swelling characteristics indicate that the treated soils 
would demonstrate best performance in moisture-variable environments and would be suitable for 
construction applications previously precluded due to excessive swelling potential. 
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                        Fig. 5. Free swell index of stabilized soil 

 
3.2 Compaction Characteristics 
 

As depicted in Figure 6, the compaction curve displays the relationship between moisture content 
and dry density for natural soil and treated soil samples and the variation of MDD and OMC of 
stabilized soil were illustrated in Figure 7. The addition of MgCl₂ as a soil stabilization significantly 
affected the compaction curves of the soil samples. The natural soil exhibited a maximum dry density 
of 1.38 g/cm3 and an optimum moisture content of 23.58%.  

The samples treated with 7% MgCl₂ combined with varying percentages of show remarkably 
different compaction curves. The treatments with 4% to 10% SDA additions produce peak dry 
densities from 1.32 to 1.40 g/cm³ at 27.27 to 21.88% moisture content. The zero-air void line shows 
the dry density could be all air voids were eliminated at given moisture contents. The gap between 
actual compaction curves and this line represents the minimum air void ratio achievable. The 
treatment of 8% MgCl₂ with 2% to 10% SDA show improved compaction curves compared to natural 
soil which with the treated materials achieving higher densities across most moisture ranges. The 8% 
MgCl₂ with 10% SDA treatment reaches the highest density peak at approximately 1.53 g/cm³ at 
21.77% moisture content which suggesting optimal stabilization at lower moisture levels. The zero-
air void curve showed at full saturation which is no air voids. Besides, the 9% MgCl₂ treatment 
demonstrated increase values in MDD from 1.28 to 1.39 g/cm³ which closely to the natural soil while 
the OMC for 9% MgCl₂ treatment showed the behavior with a peak of 30.95% (at 2% SDA). However, 
the 9% MgCl₂ with 10% SDA illustrated the lines peak at high densities which is 1.39 g/cm³ at 24.14% 
OMC. 

Interestingly, increasing SDA percentages generally led to decreased OMC values across all MgCl₂ 
concentrations which suggesting that higher SDA dosages progressively reduced the moisture 
retention capacity of the stabilized soil. Therefore, this suggests that 8% MgCl₂ concentrations 
appeared as the optimal stabilization level for maximize the soil density particularly at higher SDA 
dosages caused MDD increased steadily compared to other treatments. This trend attributed to the 
particle flocculation and aggregation, according to Yeganeh Rikhtehgar and Teymür [30]. 
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                         Fig. 6. Compaction curves of stabilized soil 

 

 
                              Fig. 7. Variation of MDD and OMC of stabilized soil 

 
3.2 Strength Behavior 
3.2.1 California bearing ratio 
 

Based on the graph in Figure 8, it shows the California bearing ratio of stabilized soil. The 
California bearing ratio test revealed substantial improvements in bearing capacity consequent to 
stabilization treatment. The natural soil exhibited a CBR value of 3.32%, indicating poor bearing 
capacity. The 7% MgCl₂ treatment with 2% SDA increased the CBR to 4.27%, with further 
improvements to 5.14% achieved at 10% SDA.  

The 8% MgCl₂ treatment proved substantially more effective, with 2% SDA producing a CBR of 
4.83%, increasing progressively to 5.73% at 10% SDA. This represents an increase of 73% compared 
to the natural soil. The 9% MgCl₂ treatment produced comparable but slightly lower results, with CBR 
values reaching a maximum of 4.18% at 8% SDA. 
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The CBR improvements demonstrate that the combined MgCl₂-SDA stabilization substantially 
enhances soil bearing capacity. The optimal performance was achieved with the 8% MgCl₂ and 10% 
SDA combination, yielding a CBR of 5.73%, which represents a practical improvement. The 
improvement mechanisms are likely to involve due to the reduction of plasticity, as noted by Sefene 
[31] and the SDA particles act as filler within the pores and voids of the soil, according to Blayi et al., 
[28]. 
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                   Fig. 8. California bearing ratio of stabilized soil 

 
3.2.1 Unconfined compression strength 
 

The graph in Figure 9 shows the unconfined compression strength of stabilized soil. The 
unconfined compression strength testing was conducted at 7, 14, and 28-days curing periods to 
assess both initial strength development and long-term strength evolution. The natural soil exhibited 
a 7 days UCS of 223.07 kPa, increasing modestly to 271.96 kPa at 14 days and 308.63 kPa at 28 days. 
The 7% MgCl₂ treatment with 2% SDA produced a 7 days UCS of 220.02 kPa, which is slightly lower 
than the natural soil, suggesting that the initial stabilization effect may require longer curing periods 
to exist. However, by 28 days this combination achieved 398.27 kPa, exceeding the natural soil 
strength. 

The 8% MgCl₂ treatment demonstrated more substantial early strength development, with 7 days 
UCS values ranging from 253.63 kPa (2% SDA) to 266.87 kPa (10% SDA). By 28 days, these values had 
increased from 428.83 kPa (2%) to 461.42 kPa (10%) which represents improvements of 39% and 
50% compared to the natural soil. The optimal strength performance was achieved with the 8% MgCl₂ 
and 10% SDA combination, which produced a 28-day UCS of 461.42 kPa nearly 50% higher than the 
natural soil. The strength development across all time periods was consistent with a curing curve 
with accelerated strength gain observed between 7 and 14 days and 28 days. 

The 9% MgCl2 treatment exhibits a clear negative effect, particularly at early curing stages and 
higher SDA values. It produced more slight results with 7 days UCS values of approximately 246.50 to 
259.74 kPa, increasing to 302.52 to 304.56 kPa at 14 days and 417.62 to 433.92 kPa at 28 days at 4% 
and 2% SDA. These results confirm that the 8% MgCl₂ concentration provides best strength 
performance compared to both 7% and 9% MgCl₂ concentrations. The consistent strength 
improvements across all curing periods confirm that the stabilization mechanisms are durable and 
progressive. This improvement is typically attributed to the pozzolanic reaction, where the Al2O3 and 
SiO2 in the soil react with the CaO from the ash to form cementing gels (hydrates), thereby causing 
the soil particles to agglomerate, as described by Salahudeen et al., [32]. 
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Fig. 9. Unconfined compression strength of stabilized soil 

 
3.2.2 Shear strength 
 

Figure 10 reveals a clear trend where MgCl₂ concentration with SDA significantly influences soil 
behavior. The direct shear box testing results demonstrated substantial improvements in shear 
strength parameters consequent to MgCl₂ and SDA stabilization. The natural soil exhibited a cohesion 
of 11.40 kPa and a friction angle of 22.50°. The application of 7% MgCl₂ with 2% SDA resulted in 
cohesion increasing to 13.67 kPa and friction angle decreasing to 16.34°. Increasing the SDA dosage 
to 10% with 7% MgCl₂ produced cohesion of 16.82 kPa with a friction angle of 21.12°. 

The 8% MgCl₂ treatment proved highly effective, with 2% SDA producing cohesion of 18.08 kPa 
and friction angle of 24.44°. Maximum cohesion improvement was achieved at 8% MgCl₂ with 8% 
SDA, yielding cohesion of 24.46 kPa with friction angle of 20.19°. Further SDA increase to 10% 
resulted in cohesion of 24.79 kPa, representing a 117% increase compared to the natural soil with 
friction angle of 17.25°. The 9% MgCl₂ treatment demonstrated more variable results, with cohesion 
values ranging from 16.65 kPa (2% SDA) to 10.55 kPa (10% SDA), suggesting that 9% MgCl₂ 
concentration may constitute excessive dosage with diminishing stabilization effectiveness. 

The 8% MgCl₂ concentration with 8% to 10% SDA appears optimal for maximizing overall shear 
strength which primarily through a substantial boost in cohesion. This indicates that soil shear 
strength improves initially due to the results from the pozzolanic reaction that generates a strong 
matrix to bind particles together to strengthen the soil structure and combined with the soil particles 
flocculation and agglomeration, as reported by Fawaz et al., [33]. Thus, the synergistic effect between 
MgCl₂ and SDA is clearly evident in the superior cohesion improvements achieved with combined 
treatment compared to individual stabilizer application. 
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                      Fig. 10. Shear strength of stabilized soil 

 
3.2.3 Regression model analysis of strength behavior 
 

The graphs show in Figure 11 were the relationship between unconfined compressive strength 
(UCS) and California bearing ratio (CBR) of stabilized soil with all 7% MgCl₂. As UCS increases, CBR 
also tends to increase which indicating that higher compressive strength corresponds to improved 
bearing capacity. The regression equation y = 0.0118x - 0.0853 demonstrates that CBR increases 
proportionally with UCS with a slope of 0.0118. The coefficient of determination R² = 0.824 signifies 
a strong linear correlation explaining about 82.4% of the variability in CBR through UCS. This 
demonstrates that UCS can serve as a reliable predictor of CBR in MgCl₂-stabilized soil under the 
tested conditions. 

For all soil treated with 8% MgCl₂, the trend shows clear positive linear relationship between UCS 
and CBR. This relationship is quantified by the linear regression equation y = 0.0114x + 0.2235, with 
an R² value of 0.8296 indicating that approximately 83% of the variance in CBR can be explained by 
UCS. CBR increases by approximately 0.0114%. Compared to the 7% MgCl₂ treatment, the 8% mixture 
demonstrates a marginally stronger correlation and a slightly different intercept with underscoring 
the influence of stabilizer dosage on the strength of bearing capacity relationship. 

For soil stabilized with all 9% MgCl₂, a positive but comparatively weaker linear trend is observed, 
as indicated by the equation y = 0.0066x + 1.6598 where the slope of 0.0066 is notably lower than 
those for the 7% and 8% treatments. This suggests that increases in UCS result in smaller 
corresponding gains in CBR at this higher stabilizer dosage. The coefficient of determination R² = 
0.5782 reveals that only about 57.82% of the variation in CBR is explained by UCS which indicating a 
moderate correlation and greater data scatter around the trend line. 
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                                                         Fig. 11. Relationship between UCS and CBR 

 
The relationship between UCS and cohesion were demonstrated in Figure 12. For all soil treated 

with 7% MgCl₂, the linear trend line indicates a positive correlation between UCS and cohesion 
represented by the equation y = 0.0339x + 1.6416 which demonstrates that cohesion increases 
proportionally with UCS values by approximately 0.0339 kPa. However, the coefficient of 
determination R² value of 0.6493 suggesting that approximately 65% of the variance in cohesion can 
be explained by changes in UCS. 

Based on the regression graph for soil treated with 8% MgCl₂, the analysis shows a strong positive 
linear relationship between UCS and cohesion. The linear equation y = 0.0747x - 10.955 quantifies 
this relationship indicating that cohesion increases by approximately 0.0747 kPa. The regression line 
exhibits an R² value of 0.8728 demonstrates that around 87.28% of the variability in cohesion is 
explained by UCS which reflecting a much stronger and more reliable correlation compared to the 
7% treatment. 

The regression graph for 9% MgCl2 treatment reveals a markedly weaker relationship between 
UCS and cohesion compared to the 7% MgCl2 and 8% MgCl2 treatment. While the linear equation y = 
0.0279x + 2.5306 indicates a positive relationship where cohesion increases by only approximately 
0.0279 kPa. Most notably, the R² value of 0.2555 indicates that only about 25.55% of the variation in 
cohesion can be explained by changes in UCS which demonstrating a notably weaker correlation. 
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               Fig. 12. Relationship between UCS and cohesion 

 
As shown in Figure 13, the graph shows the relationship between cohesion and CBR. This 

demonstrates a strong positive linear for all soil treated with 7% MgCl₂ as indicated by the regression 
equation y = 0.2899x + 0.1956 and a high coefficient of determination R² value of 0.8812. This 
relationship shows that CBR increases consistently with increasing cohesion. The CBR increases by 
approximately 0.29%. The very high R² value indicates that approximately 88.12% of the variability in 
CBR can be explained by changes in cohesion which suggesting that cohesion is a reliable and 
dominant predictor of CBR within the tested range. 

The regression graph illustrates the relationship for all the 8% MgCl2 treatment shows a strong 
and highly reliable positive linear correlation between the cohesion and CBR. The trendline is defined 
by the equation y = 0.1495x + 1.9479 where the CBR increases by approximately 0.15%. With an R² 
value of 0.9153, these explains approximately 91.53% of the variation in CBR is accounted for by 
changes in cohesion. 

For all the 9% MgCl2 treatment reveals a weak positive linear relationship which described by the 
equation y = 0.1103x + 2.7306.  While an increase in cohesion corresponds to a slight rise in CBR 
approximately 0.11%. The predictive strength is notably lower than that observed in other 
treatments. This is indicated by the coefficient of determination R² value of 0.4945 meaning that only 
about 49.46% of the variation in CBR can be attributed to changes in cohesion. 
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                                                    Fig. 13. Relationship between cohesion and CBR 
 
4. Conclusions 
 

In conclusion, this research investigated the synergistic effects of combined MgCl₂ and SDA 
stabilization on clay soil strength behavior across varies mechanical properties and curing periods 
which demonstrating that the interaction between both stabilizers produces enhanced performance 
substantially exceeding individual treatment approaches. California Bearing Ratio testing revealed 
that combined stabilization significantly improves soil bearing capacity with the optimal 8% MgCl₂ 
and 10% SDA combination achieving a 73% increase compared to natural soil while unconfined 
compression strength results showed consistent and progressive strength development with nearly 
50% improvement in 28 days UCS at the same optimal dosage. Direct shear box testing confirmed 
these trends with an increase in value of cohesion which establishes that soil shear strength 
improvements are driven primarily through pozzolanic reactions that create strong binding matrices 
between soil particles.  

Overall, the research clearly establishes that 8% MgCl₂ concentration combined with 10% SDA 
represents the optimal proportion for maximizing soil strength behavior. Based on the regression 
analysis, the relationship between cohesion and CBR for all the 8% MgCl₂ treatment demonstrates 
the strongest correlation which is the highest R² value of 0.9153 (91.53%). This indicates that 
cohesion is a more reliable predictor of CBR than UCS. The consistent strength development across 
all testing methods and curing periods confirms that the stabilization mechanisms are durable and 
sustainable which offers practical benefits for geotechnical engineering by pointed specific 
proportions that maximize strength with minimal material usage and providing a pathway for cost-
effective, environmentally responsible soil stabilization that reduces material consumption while 
maintaining superior mechanical properties. Future research should explore the effect of adding 
natural or synthetic fibers such as polypropylene or coir to the MgCl₂-SDA stabilized soil to improve 
ductility and reduce brittleness. 
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