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ABSTRACT: Bentonite-lime mixtures are essential in geotechnical engineering for soil 
stabilization. Predicting their compressive strength is crucial for ensuring the stability and 
performance of geotechnical structures. This study explores the use of polynomial regression, a 
machine learning technique, to predict the compressive strength of Mostaganem bentonite-Saida 
lime mixtures. Different polynomial degrees was evaluated, and their performance was compared 
using statistical metrics. The results demonstrate the effectiveness of polynomial regression, 
particularly higher-degree models, in accurately predicting compressive strength, offering 
valuable tools for geotechnical design and promoting sustainable construction practices. 
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1. INTRODUCTION 
Bentonite-lime mixtures are widely used in various geotechnical applications, such as liners for 
landfills and waste containment facilities, backfill for retaining walls, and foundation stabilization 
[1, 2].  

Adding lime to bentonite enhances its engineering properties, leading to increased strength, 
reduced permeability, and controlled plasticity [3]. Accurate prediction of compressive strength 
is vital for ensuring the long-term performance and stability of geotechnical structures. 

Traditional methods for predicting compressive strength rely on time-consuming and 
expensive laboratory testing. However, the emergence of machine learning techniques like 
polynomial regression offers promising alternatives for efficient and accurate prediction [4]. 
Polynomial regression can capture non-linear relationships between variables, making it well-
suited for modeling the complex behavior of soil-additive mixtures. 

This study focuses on applying polynomial regression with varying degrees to predict the 
compressive strength of bentonite-lime mixtures specifically using Mostaganem bentonite and 
Saida lime, common materials in Algeria.  

The present work  aims to evaluate the effectiveness of different polynomial degrees, identify 
the optimal model, and provide insights into the applicability of this technique in geotechnical 
engineering. 

2. MATERIALS AND METHODS 

2.1Materials: 

Bentonite: Sourced from Mostaganem, Algeria, known for its high-quality bentonite deposits [5, 
6]. 

Lime: Commercially available Saida lime from Saida, Algeria, commonly used in soil 
stabilization [7]. 

Water: Distilled water was used to ensure consistency and avoid impurities affecting strength 
development [8]. 
 
 
 



2.2 Sample Preparation and Testing: 

Mixture Preparation: Bentonite-lime mixtures with varying lime percentages (0-8% by dry 
weight of bentonite) were prepared with constant water content [9, 10]. 

Compaction: Mixtures were compacted into cylindrical molds using standard Proctor compaction 
effort for consistent density [11]. 

Curing: Specimens were cured in a humid room at 20-22°C for various durations (1, 3, 7, 14, 21, 
28, 35, and 42 days) to observe strength gain over time [12]. 

Compressive Strength Testing: Unconfined compressive strength (UCS) tests were conducted on 
the specimens following ASTM standards [13]. 

3. DATA COLLECTION AND ORGANIZATION: 

3.1 Data collected included: 

Input variables: Bentonite content, lime content (0-8%), and curing time (1-42 days). 

Output variable: Compressive strength (UCS) in MPa. 
The data was organized for analysis using Python and the scikit-learn library. 

Feature Engineering and Model Development: 

Feature Engineering: Scikit-learn's PolynomialFeatures was used to create polynomial features of 
degrees 2 to 6 from the input variables, enabling the models to capture non-linear relationships 
[14]. 

Polynomial Regression Models: Polynomial regression models of degrees 2 to 6 were developed 
using scikit-learn's LinearRegression, combined with PolynomialFeatures in a pipeline. 

Data Splitting and Cross-Validation: 

Data Splitting: The dataset was split into 80% for training and 20% for testing to evaluate model 
generalizability [15]. 

Cross-Validation : 5-fold cross-validation used to assess model robustness and prevent overfitting 
[16]. 

3.2Model Evaluation 

Model performance was evaluated using: 
 
Coefficient of determination (R²): Measures the proportion of variance in compressive strength 
explained by the model [17]. 
 
Root mean squared error (RMSE): Quantifies the average magnitude of errors between 
predictions and actual values [18]. 
 
Mean absolute error (MAE): Measures the average absolute difference between predictions and 
actual values [19]. 

4. RESULTS AND DISCUSSION 

4.1 Model Performance Evaluation 

The table below summarizes the performance of each polynomial regression model on the testing 
dataset, along with training and cross-validation scores: 
 
 
 



 
Table 01: R2 score. 

Model   R² (Test Data) Train Score (R²) Cross-Validation Score (R²)

Polynomial (Degree 2) 0.91 0.93 0.91 

Polynomial (Degree 3) 0.93 0.95 0.93 

Polynomial (Degree 4) 0.96 0.97 0.95 

Polynomial (Degree 5) 0.97 0.98 0.93 

Polynomial (Degree 6) 0.94 0.98 0.89 

4.2 Observations 

Impact of Polynomial Degree: Increasing the polynomial degree generally improved the R² 
values, indicating better capturing of non-linear relationships between input variables and 
compressive strength. 

Potential Overfitting: The 6th-degree model showed a slight decrease in cross-validation score, 
suggesting potential overfitting despite good performance on training and testing data. 
Analysis of Key Factors Influencing Compressive Strength: 
Further analysis using techniques such as examining polynomial coefficients and visualizing 
partial dependence plots can provide insights into the specific contributions of each input variable 
and the nature of non-linear relationships. 

Discussion of Findings: 
The results demonstrate the effectiveness of polynomial regression in predicting the compressive 
strength of bentonite-lime mixtures, particularly with higher-degree models (degrees 4 and 5). 
However, considering the trade-off between model complexity and generalizability is crucial. The 
study suggests that polynomial regression can be a valuable tool for geotechnical engineers, 
enabling efficient and accurate prediction of compressive strength and informing design 
decisions. 

4.3 Comparison with Existing Literature 

The findings align with previous research highlighting the potential of machine learning 
techniques for predicting soil behavior and engineering properties [20]. Other studies have also 
demonstrated the effectiveness of polynomial regression and other machine learning algorithms 
for predicting various geotechnical parameters [21, 22]. 

5. CONCLUSION 

This study demonstrates the effectiveness of polynomial regression as a valuable tool for 
predicting the compressive strength of Mostaganem bentonite-Saida lime mixtures. Higher-
degree polynomial models (degrees 4 and 5) achieved high accuracy and generalizability, 
capturing the non-linear relationships between input variables and compressive strength. These 
findings contribute to advancing geotechnical engineering practice by providing efficient and 
data-driven methods for material characterization and design optimization. The use of polynomial 
regression aligns with the increasing emphasis on sustainable construction practices by reducing 
the need for extensive laboratory testing and enabling informed decision-making for optimizing 
material usage and structural performance. 
The study's results offer several implications for geotechnical engineering: 
Optimized Mixture Design: Polynomial regression models can assist engineers in optimizing the 
proportions of bentonite and lime in mixtures to achieve desired strength and performance 
characteristics, leading to more efficient material utilization and cost savings. 
Reduced Testing Costs: Reliable polynomial regression models can minimize the need for 
extensive laboratory testing, leading to reduced project costs and faster turnaround times while 
maintaining confidence in the material properties. 
Improved Performance and Sustainability: By enabling more informed design decisions and 
optimized material selection, polynomial regression models can contribute to developing 



geotechnical structures with enhanced performance, durability, and sustainability, aligning with 
the growing focus on sustainable construction practices. 
Data-Driven Decision Making: The use of polynomial regression models promotes data-driven 
decision-making in geotechnical engineering, allowing engineers to leverage the power of data to 
inform their design choices and optimize project outcomes. 
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