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Abstract 

 

This study investigates using Coconut Shell Charcoal (ABK) as a stabilizing agent for clayey soils, aiming to enhance their suitability for 

road subgrade applications. The primary objective is to evaluate the effect of varying ABK concentrations (0%, 5%, 10%, and 15%) on 

the geotechnical properties of clay soil, particularly its compaction and load-bearing capacity. Laboratory tests, including compaction and 

California Bearing Ratio (CBR), were conducted to assess the influence of ABK on soil strength and stability. The results reveal that 

adding ABK significantly improves the soil's compaction characteristics and CBR values. The highest improvement was observed at 

15% ABK, where the CBR value reached 22.22%, well above the minimum threshold required for road subgrade materials. Coconut 

shell charcoal has a good influence on increasing the CBR value of clay soil subgrade with each additional material. The R value of 

0.963 obtained shows a very high correlation. Adding coconut shell charcoal to the subgrade soil positively affects the California Bearing 

Ratio value, increasing each variation. The study demonstrates that ABK, a sustainable agricultural waste product, provides an affordable 

and effective solution for enhancing the strength and stability of clay soils, making it a promising alternative to traditional stabilizers 

such as lime and cement. The findings have significant implications for road construction in regions with expansive and weak soils, 

offering a cost-effective and environmentally friendly method for soil stabilization. This research contributes to the growing body of 

knowledge on the use of agricultural waste in infrastructure development, emphasizing the potential of ABK in providing sustainable 

solutions for soil improvement in civil engineering applications. 
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1. Introduction 

The stability of road subgrades is a fundamental component in maintaining the durability and performance of transportation 

infrastructure, particularly in regions characterized by expansive and weak soils. [1][2][3]. Among the various challenges encountered in 

road construction, the low bearing capacity of clayey soils is particularly prevalent.[4] [5] [6]. These soils often display high plasticity 

and diminished strength, resulting in significant issues such as excessive settlement and deformation when subjected to load. [7][8][9]. 

Such problems not only jeopardize the structural integrity of roads but also necessitate frequent maintenance and costly repairs, 

highlighting the need for innovative solutions that enhance their structural properties. [10] [11]. In areas like Pekanbaru, Riau, where 

clayey soils are prominently found, stabilizing these soils is vital for establishing reliable and sustainable road infrastructure. [12]. As 

urbanization and infrastructure demands escalate, it becomes imperative to identify cost-effective strategies that can effectively improve 

the geotechnical properties of these problematic soils [13].  

One promising methodology for ameliorating clay soil characteristics includes utilizing stabilizing agents derived from agricultural 

waste, such as coconut shell charcoal (ABK). Research indicates that coconut shell charcoal has a high silica content, which contributes 

to the enhancement of soil strength while simultaneously reducing plasticity [14] [15][16] [17]. Despite its promising attributes, the 

efficacy of ABK as a soil stabilizer in road subgrade applications remains under-researched, particularly concerning its impact on crucial 

parameters like soil compaction, California Bearing Ratio (CBR), and overall soil performance under load [16]. Bridging this knowledge 

gap is the primary motivation for the current study, which explores how varying percentages of ABK affect these essential soil 

properties. 
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Prior studies have investigated the impact of various materials on soil stabilization, such as lime, cement, and fly ash. For instance, 

research conducted by Agussalim assessed the influence of coconut shell charcoal on soil properties, revealing that a mixture containing 

up to 10% charcoal significantly enhanced soil strength. [18][19]. Similarly, research evaluating how ABK affected soil compaction 

discovered improved dry density with added mixtures. [11][17]. These findings indicate the potential for ABK to be utilized effectively 

in various soil improvement applications. Nonetheless, a comprehensive assessment delineating the connection between ABK content, 

CBR values, and overall performance in road subgrade contexts remains scarce. 

This research uniquely differentiates itself from prior investigations by encompassing a broader exploration of how diverse percentages 

of ABK—specifically 0%, 5%, 10%, and 15%—influence the soil characteristics of clay soils designated for subgrade stabilization in 

road construction. Though earlier studies have established ABK's advantageous effects on soil compaction and strength, few have 

conducted extensive analyses considering a range of ABK concentrations and their direct impacts on CBR, which is vital for ascertaining 

the bearing capacity of subgrade soils [20]. By undertaking a series of methodical laboratory tests using local clay soils from Pekanbaru, 

the present study seeks to enhance understanding concerning the optimal quantity of ABK necessary for effective soil stabilization in 

road construction applications. Excessive settlement will cause structural damage to the building frame [21]. 

The underlying hypothesis of this inquiry is predicated on the assumption that incorporating coconut shell charcoal will substantially 

upgrade both the strength and compaction attributes of clay soils, thereby augmenting CBR values and the overall suitability of these 

soils for usage as subgrade materials. The anticipated findings of this research endeavor hold the potential to yield practical 

recommendations aimed at enhancing the performance of clayey soils, offering a sustainable and economically viable solution tailored 

for road construction, especially in regions replete with coconut shell waste. 

While significant strides have been made in understanding various soil stabilization techniques, considerable gaps remain, particularly 

regarding the application of agricultural waste products like coconut shell charcoal in regions with clayey subgrades. As methodologies 

evolve, integrating sustainable solutions into infrastructure development practices becomes increasingly essential, aligning economic and 

environmental considerations to forge a resilient groundwork for future road networks across challenging terrains. 

2. Method 

This research investigates the enhancement of clay soil using coconut shell charcoal (ABK) for road subgrade stabilization. The analysis 

unit in this study is the clayey soil taken from the Tenayan Raya District of Pekanbaru, Riau, which is commonly used as subgrade 

material in road construction. The methodology applied is experimental, focusing on the laboratory-based testing of soil properties after 

the addition of different concentrations of ABK. 

2.1. Research Approach 
The research follows a quantitative experimental approach, where controlled laboratory tests are used to assess the impact of varying 

percentages of ABK on the geotechnical properties of the clay soil. The experiment is designed to evaluate the physical and mechanical 

characteristics of the soil, specifically its California Bearing Ratio (CBR), compaction, and consistency limits. Four different 

concentrations of ABK are tested: 0%, 5%, 10%, and 15%. The primary data collected include measurements of soil strength, density, 

and moisture content, while secondary data are obtained from literature on previous studies of soil stabilization techniques. 

 

2.2. Data Sources 
The primary data are derived from the laboratory tests performed on the soil samples and ABK mixtures. The tests conducted include: 

1. Sieve Analysis: To determine the particle size distribution of the soil. 

2. Specific Gravity Test: To measure the density of the soil particles. 

3. Atterberg Limits Test: To evaluate the plasticity characteristics of the soil. 

4. Compaction Test (Standard Proctor Test): To determine the maximum dry density (MDD) and optimum moisture content (OMC) of 

the soil. 

5. California Bearing Ratio (CBR) Test: To assess the soil's load-bearing capacity with and without ABK addition, under both soaked 

and unsoaked conditions. 

 

The secondary data are gathered from previous studies, scientific journals, and books on soil stabilization and using coconut shell 

charcoal (ABK) as a stabilizing agent. These sources provide context and comparison for the results obtained in the laboratory tests. 

 

2.3. Data Collection 
The data collection process involves the following steps: 

1. Soil Sampling: Clayey soil is collected from the Tenayan Raya District, Pekanbaru, which is known for its expansive clay soils. The 

soil is collected from the topsoil layer to ensure consistency with typical road subgrade materials. 

2. Preparation of ABK Mixtures: Coconut shell charcoal is processed and mixed with the clay soil at different ratios: 0%, 5%, 10%, and 

15%. The mixtures are thoroughly homogenized to ensure uniform distribution of the ABK. 

3. Laboratory Testing: The prepared soil-ABK mixtures are subjected to various laboratory tests, including compaction, sieve analysis, 

Atterberg limits, and CBR testing, to evaluate the changes in soil properties at each ABK concentration. 

2.4. Data Analysis 
The collected data are analyzed using statistical methods to determine the correlation between the ABK concentration and the soil 

properties. The analysis includes: 

1. Descriptive Statistics: To summarize the results of each test (e.g., mean, standard deviation) and compare the properties of soil at 

different ABK concentrations. 

2. Correlation Analysis: To determine the relationship between the addition of ABK and the soil's CBR, compaction, and plasticity. 
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3. Graphical Analysis: The data are presented in graphical formats to visualize soil performance trends with varying ABK percentages. 

 

3. Results and Discussion 

The results of this study were derived from a series of laboratory tests aimed at evaluating the effect of coconut shell charcoal (ABK) on 

the geotechnical properties of clay soil, particularly focusing on compaction, California Bearing Ratio (CBR), and consistency limits. 

The results are detailed below, supported by relevant tables and graphical representations. 

3.1. Soil Physical Properties 
Before the addition of ABK, the physical properties of the clay soil were analyzed, and the specific gravity of the soil was found to be 

2.527 g/cm³, which is typical for clayey soils. The Atterberg limits were measured, revealing a liquid limit (LL) of 24%, a plastic limit 

(PL) of 14.89%, and a plasticity index (PI) of 9.11%. These results indicate that the soil is a low-plasticity clay, generally favorable for 

stabilization using additives like ABK. 

3.2. Compaction Characteristics 
The compaction test results demonstrated the effects of ABK on the soil's maximum dry density (MDD) and optimum moisture content 

(OMC). The following table presents the compaction results for each ABK concentration: 

 

Table 1: compaction results for each ABK concentration 

 

ABK Percentage Maximum Dry Density (MDD) (g/cm³) Optimum Moisture Content (OMC) (%) 

0% ABK 1.60 9.6 

5% ABK 1.45 17 

10% ABK 1.44 22 

15% ABK 1.40 19 

 

The results of Table 1 indicate that with the addition of ABK, the maximum dry density decreases while the optimum moisture content 

increases. This trend is typical for soil stabilization using organic materials, as the addition of ABK increases the porosity of the soil, 

requiring more moisture for optimal compaction. 

3.3. California Bearing Ratio (CBR) 
The California Bearing Ratio (CBR) test measures the load-bearing capacity of soil, which is crucial for assessing its suitability as a 

subgrade material in road construction. The CBR values for each ABK concentration at different penetrations (10, 30, and 65 blows) are 

shown in the table below: 

Table 2: California Bearing Ratio (CBR) test 

ABK Percentage CBR (100% MDD) CBR (95% MDD) CBR (10 Blows) CBR (30 Blows) CBR (65 Blows) 

0% ABK 2.10% 1.71% 1.40% 2.00% 2.73% 

5% ABK 5.23% 4.20% 3.42% 6.89% 8.22% 

10% ABK 18.00% 9.80% 3.42% 7.78% 20.00% 

15% ABK 21.00% 13.00% 5.33% 13.33% 22.22% 

 

The results of Table 2 indicate that ABK significantly enhances the CBR of the clay soil. The CBR value at 100% Maximum Dry 

Density (MDD) increases from 2.10% for the soil without ABK to 21.00% for the soil with 15% ABK, well above the minimum 

requirement of 6% for subgrade materials in road construction. The CBR values at 65 pukulan show a similar trend, with the maximum 

improvement observed at 15% ABK, reaching 22.22%. 

3.4. Graphical Representation of CBR vs. ABK Content 
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Fig 1. Graphical Representation of CBR vs. ABK Content 

Graph one shows an upward trend in CBR with increasing ABK content, particularly in the 65-blows test, which is the most significant 

for determining the soil's bearing capacity for subgrade applications. The CBR value of the soil without the addition of ABK is 2.1%, at 

5% ABK, the CBR reaches a value of 5.23% and at 10% ABK, the CBR reaches a value of 18% and at 18% ABK, the CBR reaches the 

highest value of 22.22% 

Adding coconut shell charcoal (ABK) significantly improved the soil's compaction and bearing capacity. The most notable improvement 

was observed at 15% ABK, where the soil's CBR reached 21%, well above the minimum requirement for road subgrade materials. These 

results confirm that ABK can be used effectively to enhance the geotechnical properties of clay soil, making it a viable and sustainable 

option for road subgrade stabilization. 

The equation graph above obtained an R2 value of 0.9288, so that an R correlation value of 0.964 was obtained, which, when viewed on 

the graph, shows a sound effect of coconut shell charcoal in line with the increase in the CBR value of the clay subgrade at each 

additional material. The R value of 0.964 obtained shows a very high correlation. 

 

This study aimed to address one of the most pressing challenges in road construction: stabilizing clayey soils with low bearing capacity. 

The results presented here highlight the significant improvements in clay soil's compaction and load-bearing capacity (CBR) by 

incorporating coconut shell charcoal (ABK). These findings have substantial implications for improving soil quality for road subgrade 

applications, particularly in regions like Pekanbaru, Riau, where clayey soils predominate. The results confirm the hypothesis that ABK 

can enhance the geotechnical properties of clay soils and provide new insights into the optimal concentration of ABK required to achieve 

the best soil stabilization. 

The primary research problem addressed by this study is the low bearing capacity of clayey soils, which poses significant challenges in 

road construction. When subjected to load, these soils typically exhibit high plasticity, low strength, and excessive settlement. These 

characteristics often result in deformation and frequent maintenance requirements, particularly in expansive soils like those found in 

Pekanbaru, Riau. [10], [12], [20]. Effective soil stabilization methods that improve the strength and compaction of these soils are critical 

for ensuring the durability and performance of transportation infrastructure. 

This study's findings confirm that adding ABK, a byproduct of coconut shells, significantly enhances clayey soils' compaction and CBR 

values. The results demonstrate that 15% ABK is the optimal concentration for improving soil strength, with the CBR value reaching 

22.22% in the 65-pukulan test, far exceeding the minimum requirement of 6% for subgrade materials. The use of ABK addresses the core 

issue of low-bearing capacity by enhancing the soil's ability to bear loads, making it more suitable for use in road subgrades. [11], [13]. 

The research is directly relevant to the pressing need for sustainable, cost-effective, and environmentally friendly solutions to soil 

stabilization, especially in areas with abundant coconut waste. By utilizing ABK, this study offers a viable alternative to conventional 

stabilizers, which are often expensive and environmentally harmful. 

This study builds on previous research exploring various stabilizing agents for clay soils, such as lime, cement, and fly ash. [18]. 

Previous studies have also demonstrated that ABK has the potential to improve soil strength and compaction. [11], [19]. For instance, 

Agussalim et al. [18] ABK enhanced soil strength significantly when mixed with 10% ABK; similarly, Won et al. [11] observed 

improved soil dry density with ABK addition, supporting the idea that ABK is an effective stabilizing agent. 

However, unlike these studies, which mainly focused on soil compaction or strength improvements, this study is more comprehensive in 

its assessment. It explores a broader range of ABK concentrations (0%, 5%, 10%, and 15%). It evaluates its impact on the California 

Bearing Ratio (CBR), a critical parameter for determining the load-bearing capacity of subgrade materials. This is especially important 

because CBR is a more direct measure of a soil's suitability for road construction than other indicators such as dry density. The study's 

focus on CBR helps to fill the knowledge gap regarding the specific effect of ABK on soil performance under load, which has been 

underexplored in previous literature [16]. 

Additionally, while earlier studies have explored the effects of ABK on soil properties in isolation, this study offers a more holistic 

perspective by systematically analyzing the relationship between ABK content and CBR values at different penetration levels (10, 30, 

and 65 pukulan). This comprehensive approach provides valuable insights into the optimal ABK content for road subgrade stabil ization, 

a factor that has not been fully explored in previous research. 

The findings of this study hold significant implications for road construction and soil stabilization practices, particularly in regions with 

expansive and problematic soils. The improvement in CBR values with ABK addition indicates a substantial increase in the soil 's ability 

to bear loads, which is crucial for the performance and longevity of road infrastructure. The results show that 15% ABK is the most 
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effective concentration for enhancing the CBR, reaching a maximum value of 22.22% at 65 pukulan. This improvement exceeds the 

minimum required CBR of 6% for road subgrade materials, confirming that ABK is a viable solution for soil stabilization. 

These findings also align with the growing demand for sustainable and cost-effective solutions in infrastructure development. As 

urbanization continues to escalate, particularly in regions like Pekanbaru, where coconut waste is abundant, ABK offers an 

environmentally friendly alternative to traditional soil stabilizers like lime and cement. The use of ABK not only improves the soil's 

properties but also contributes to the circular economy by utilizing agricultural waste materials that would otherwise be discarded. 

Moreover, this study's results underscore the economic feasibility of using ABK as a stabilizing agent, particularly in developing regions 

where costs and sustainability are significant concerns. Incorporating ABK can reduce the costs associated with purchasing traditional 

stabilizers and the environmental footprint of soil stabilization, making it an ideal solution for cost-conscious and environmentally aware 

construction projects. [12]. 

While conventional stabilizing agents such as lime, cement, and fly ash have been widely used in soil stabilization, they have several 

drawbacks, including high costs, energy consumption, and carbon emissions. [18]. In contrast, ABK is an agricultural byproduct, making 

it an affordable, sustainable, and low-carbon alternative. Unlike lime or cement, which require significant energy inputs for production, 

ABK offers a low-carbon stabilization method, aligning with global sustainability trends. [19]. 

Using ABK as a stabilizing agent offers additional environmental benefits, particularly by reducing waste generated from coconut 

processing. This aligns with the waste minimization principles and resource efficiency central to sustainable development practices. 

Furthermore, unlike some chemical stabilizers, ABK does not produce harmful emissions or waste products. 

This study demonstrates that incorporating coconut shell charcoal (ABK) into clay soils significantly improves their compaction and 

load-bearing capacity (CBR), making them more suitable for road subgrade applications. The optimal ABK concentration for achieving 

the best soil stabilization is 15%, which resulted in the highest CBR values and is well above the minimum required threshold for road 

construction materials. 

The results of this study contribute to the growing body of knowledge on the use of sustainable and cost-effective stabilizers like ABK in 

soil improvement. This research addresses the practical challenges associated with the low bearing capacity of clay soils and offers an 

environmentally friendly alternative to conventional soil stabilizers. The findings highlight the importance of integrating sustainable 

solutions in infrastructure development, particularly in regions with abundant agricultural waste like Pekanbaru. 

Future research could explore the long-term durability of ABK-treated soils under real-world conditions and the synergistic effects of 

combining ABK with other sustainable materials, such as lime or fly ash, to enhance soil performance further. Additionally, investigating 

the economic feasibility of large-scale ABK application in road construction would be valuable in evaluating its potential for widespread 

adoption. 

4. Conclusion  

This study presents a significant advancement in soil stabilization by exploring the effectiveness of coconut shell charcoal (ABK) as a 

stabilizing agent for clay soils, particularly in road subgrade applications. The novelty of this research lies in its comprehensive 

examination of how varying percentages of ABK (0%, 5%, 10%, and 15%) impact critical soil properties such as compaction, California 

Bearing Ratio (CBR), and overall soil performance under load. 

The findings demonstrate that adding ABK notably enhances clay soils' compaction characteristics and bearing capacity, with the most 

pronounced improvement observed at 15% ABK. The CBR value has increased, far exceeding the minimum % requirement for road base 

material, which is 6%. This makes ABK an effective solution for improving the strength and stability of clay soils, providing a cost-

effective and sustainable alternative to traditional stabilizers like lime and cement. 

What sets this research apart from previous studies is the holistic approach of analyzing ABK concentrations across multiple soil 

parameters, including the comprehensive evaluation of CBR, which has been insufficiently explored in past studies. By addressing a 

critical gap in the literature, this study offers a deeper understanding of the optimal concentration of ABK necessary for soil stabilization 

in road construction. 

Moreover, the results emphasize the environmental benefits of using ABK, a waste product from the coconut industry, for soil 

improvement. This approach offers a sustainable and cost-effective solution and contributes to reducing agricultural waste, aligning with 

the principles of a circular economy. 

The outcomes of this research provide practical implications for road construction in regions with clayey soils, offering a scalable, 

environmentally friendly, and economically viable solution to soil stabilization. Using ABK can potentially revolutionize how 

problematic soils are treated, especially in developing regions with limited access to expensive stabilizing agents. 

Future studies could focus on the long-term performance of ABK-stabilized soils under real-world traffic loads and environmental 

conditions. Additionally, research exploring the combination of ABK with other sustainable stabilizers could further improve soil 

properties, paving the way for more innovative and green solutions in civil engineering and infrastructure development. 

This study provides compelling evidence that ABK can effectively enhance the geotechnical properties of clay soils, offering a promising 

pathway toward more sustainable and cost-effective soil stabilization methods for road construction. 
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