
I J A R S C T    

    

 

               International Journal of Advanced Research in Science, Communication and Technology 

                             International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

Volume 6, Issue 9, June 2026 

 Copyright to IJARSCT      DOI: 10.48175/568   202 

   www.ijarsct.co.in  

 
 
 

ISSN: 2581-9429 Impact Factor: 8.2 

 

Design and Analysis of Porous Concrete in Rigid 

Pavement by using AI Based Software 
Prof V. P. Kulkarni and Gitanjali Somnath Jadhav 

Department of Civil Engineering 

Amrutvahini College of Engineering, Sangamner 

 

Abstract: Porous concrete is an innovative pavement material characterized by interconnected voids 

that allow water to infiltrate through the pavement surface, thereby reducing surface runoff, enhancing 

groundwater recharge, and mitigating urban flooding. This project focuses on the design and analysis of 

porous concrete for rigid pavement applications using Artificial Intelligence (AI)-based software 

techniques. The study investigates the influence of key mix design parameters such as aggregate size, 

water-cement ratio, aggregate-cement ratio, porosity, and permeability on the mechanical and hydraulic 

performance of porous concrete. AI-based models, including Decision Tree (DT), Random Forest (RF), 

and Support Vector Machine (SVM), are employed to analyze experimental data and predict pavement 

performance with improved accuracy. Correlation analysis and machine learning techniques are utilized 

to establish relationships between input variables and pavement characteristics. The proposed approach 

enables optimization of porous concrete mix proportions while maintaining adequate strength and 

permeability requirements. 
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I. INTRODUCTION 

Road transportation infrastructure plays a vital role in economic growth and social development. Rigid pavements 

constructed using cement concrete are widely preferred due to their high load-carrying capacity, durability, and lower 

maintenance requirements compared to flexible pavements [1]. However, conventional concrete pavements are 

impermeable in nature, causing rainwater to flow over the surface rather than infiltrate into the ground [2]. Rapid 

urbanization has increased the extent of impervious surfaces, leading to problems such as stormwater runoff, urban 

flooding, groundwater depletion, and environmental degradation [3]. To address these challenges, researchers have 

developed porous concrete pavements that facilitate water infiltration while maintaining adequate structural 

performance [4]. The use of porous concrete in rigid pavements has gained significant attention as a sustainable 

solution for modern transportation infrastructure [5]. 

Porous concrete, also known as pervious concrete, is a special type of concrete composed primarily of cement, coarse 

aggregates, water, and little or no fine aggregates [6]. The absence of fine aggregates creates interconnected voids that 

allow water to pass through the concrete matrix efficiently [7]. These voids typically range from 15% to 35% of the 

total volume, providing excellent permeability and drainage characteristics [8]. As a result, porous concrete helps 

reduce surface runoff, improve groundwater recharge, minimize hydroplaning, and enhance stormwater management 

systems [9]. Furthermore, it contributes to environmental sustainability by filtering pollutants from runoff water and 

reducing the need for costly drainage infrastructure [10]. Due to these advantages, porous concrete is increasingly used 

in parking lots, pedestrian walkways, low-volume roads, and sustainable urban drainage systems [11]. 

Despite its numerous environmental benefits, the design of porous concrete remains challenging because increased 

porosity often results in reduced compressive strength and durability [12]. The engineering performance of porous 

concrete is significantly influenced by factors such as aggregate gradation, aggregate-cement ratio, water-cement ratio, 
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compaction energy, and curing conditions [13]. Researchers have reported that achieving an optimal balance between 

strength and permeability is essential for successful pavement applications [14]. Therefore, extensive laboratory 

investigations and analytical studies are required to optimize mix proportions and evaluate the long-term performance 

of porous concrete pavements under varying traffic and environmental conditions [15]. 

Recent advancements in Artificial Intelligence (AI) and Machine Learning (ML) have introduced powerful tools for 

solving complex engineering problems and improving pavement design processes [11]. AI-based techniques such as 

Random Forest (RF), Decision Tree (DT), Support Vector Machine (SVM), Artificial Neural Networks (ANN), and 

Particle Swarm Optimization (PSO) have demonstrated high accuracy in predicting material properties and pavement 

performance [12]. These models can analyze large datasets, identify hidden relationships among variables, and 

optimize porous concrete mix designs more efficiently than conventional empirical approaches [13]. By integrating AI-

based software with porous concrete pavement design, engineers can accurately predict compressive strength, 

permeability, durability, and service life while reducing experimental costs and time [14]. Therefore, the present study 

focuses on the design and analysis of porous concrete in rigid pavements using AI-based software to develop 

sustainable, durable, and high-performance pavement systems capable of meeting future transportation and 

environmental requirements [15]. 

 

II. PROBLEM STATEMENT 

Conventional rigid pavements are impermeable and contribute to excessive stormwater runoff, urban flooding, and 

reduced groundwater recharge. Although porous concrete offers an effective solution by allowing water infiltration 

through its interconnected void structure, its lower strength and durability compared to conventional concrete limit its 

widespread application. Therefore, there is a need to develop an optimized porous concrete mix and utilize AI-based 

software techniques to accurately analyze and predict its performance, ensuring a balance between permeability, 

strength, and long-term pavement durability. 

 

III. OBJECTIVES 

 To design porous concrete mixes suitable for rigid pavement applications with adequate strength and 

permeability.  

 To evaluate the effect of mix design parameters such as water-cement ratio, aggregate size, and porosity on the 

performance of porous concrete.  

 To analyze the mechanical and hydraulic properties of porous concrete, including compressive strength and 

permeability.  

 To develop AI-based prediction models using techniques such as Random Forest, Decision Tree, and Support 

Vector Machine for pavement performance assessment.  

 To optimize porous concrete pavement design using AI-based software for sustainable and efficient 

stormwater management. 

 

IV. LITERATURE SURVEY 

1. A. Singh, M. K. Shukla and R. Kumar (2024) 

Title: Evolution of Sustainable and Resilient Pervious Concrete Pavement Systems in India 

The authors reviewed the development of pervious concrete pavement technology in the Indian context. The study 

discussed mix design procedures, construction practices, performance evaluation, and challenges associated with Indian 

climatic and traffic conditions. The results showed that pervious concrete is suitable for walkways, parking areas, and 

low-volume roads while providing effective stormwater management.  

2. B. Sudhir Kumar, K. V. S. Gopal and P. Srinivasa Rao (2024) 

Title: Implementation of Soft Computing Techniques in Predicting Properties of Porous Concrete 



I J A R S C T    

    

 

               International Journal of Advanced Research in Science, Communication and Technology 

                             International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

Volume 6, Issue 9, June 2026 

 Copyright to IJARSCT      DOI: 10.48175/568   204 

   www.ijarsct.co.in  

 
 
 

ISSN: 2581-9429 Impact Factor: 8.2 

 
This study investigated the application of artificial intelligence and soft computing techniques for predicting the 

porosity and permeability of porous concrete. The authors found that machine learning models can accurately estimate 

concrete properties and reduce dependence on extensive laboratory testing.  

3. N. Sathiparan, S. H. Wijekoon, P. Jeyananthan and D. N. Subramaniam (2024) 

Title: Soft Computing to Predict the Porosity and Permeability of Pervious Concrete Based on Mix Design and 

Ultrasonic Pulse Velocity 

The researchers developed machine learning models including Artificial Neural Networks (ANN), Random Forest 

Regression, and Support Vector Regression to predict porosity and permeability. The ANN model showed superior 

prediction accuracy, demonstrating the effectiveness of AI in pervious concrete design and quality control.  

4. Md. Nawaz Ali, M. Sonebi and A. Yahia (2025) 

Title: Machine Learning-Based Compressive Strength Prediction of Pervious Concrete 

The study proposed advanced machine learning techniques for predicting the compressive strength of pervious concrete 

using mix design parameters. Results indicated that optimized AI models provide highly reliable strength predictions 

and can support sustainable pavement design.  

5. A. Singh and Co-Researchers (2024) 

Title: Performance Evaluation and Sustainable Applications of Pervious Concrete Pavements in Urban Infrastructure 

The authors evaluated the hydraulic and mechanical performance of pervious concrete pavements under Indian 

environmental conditions. The study concluded that properly designed pervious concrete pavements can effectively 

reduce surface runoff, improve groundwater recharge, and contribute to sustainable urban development.  

 

V. WORKING OF SYSTEM 

1. Data Collection and Preprocessing 

The system starts by collecting porous concrete mix design data such as water-cement ratio, aggregate size, porosity, 

permeability, and compressive strength. The collected data is cleaned, normalized, and prepared for further analysis to 

improve model accuracy. 

2. AI-Based Model Development 

The processed dataset is provided to AI-based software techniques such as Random Forest (RF), Decision Tree (DT), 

and Support Vector Machine (SVM). These algorithms learn the relationship between input parameters and concrete 

performance characteristics. 

3. Model Training and Validation 

The AI models are trained using historical and experimental data. Their performance is evaluated using accuracy 

measures to ensure reliable prediction of porous concrete properties and pavement behavior. 

4. Prediction and Optimization 

The trained model predicts important parameters such as compressive strength, permeability, and porosity. Based on 

these predictions, the system optimizes the concrete mix design to achieve the desired pavement performance. 

5. Final Pavement Design and Analysis 

The optimized results are utilized for the design and analysis of porous concrete rigid pavements. The final design 

ensures adequate strength, durability, permeability, and sustainable stormwater management for long-term pavement 

performance. 
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Fig 1: System architecture 

 

VI. SYSTEM DESIGN 

A. Data Acquisition Module 

The Data Acquisition Module is responsible for collecting all relevant data required for the design and analysis of 

porous concrete pavements. The collected parameters include water-cement ratio, aggregate-cement ratio, aggregate 

size, porosity, permeability coefficient, compressive strength, and pavement thickness. Data can be obtained from 

laboratory experiments, published research databases, and pavement performance records. The quality and reliability of 

the collected data significantly influence the effectiveness of the AI prediction model. Therefore, sufficient datasets 

covering different mix proportions and performance characteristics are gathered to ensure accurate analysis and 

prediction. 

B. Data Preprocessing Module 

The Data Preprocessing Module prepares the collected data for machine learning analysis. Raw datasets often contain 

missing values, inconsistencies, duplicate records, and noise that may affect prediction accuracy. In this stage, data 

cleaning, normalization, and feature selection are performed. Relevant parameters affecting porous concrete 

performance are identified and transformed into a suitable format for AI algorithms. Correlation analysis is also 

conducted to determine the relationship between input variables and output parameters. This preprocessing step 

improves model efficiency and reduces computational complexity. 
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Fig 2: System Flow 

C. AI-Based Prediction Module 

The AI-Based Prediction Module forms the core of the proposed system. Machine learning algorithms such as Random 

Forest (RF), Decision Tree (DT), and Support Vector Machine (SVM) are utilized to develop predictive models. The 

prepared dataset is divided into training and testing datasets for model development and validation. The algorithms 

learn the relationship between mix design parameters and pavement performance characteristics. The trained models 

predict important properties such as compressive strength, permeability, porosity, and overall pavement behavior. AI 

techniques enable rapid and accurate prediction compared to conventional empirical methods. 

D. Performance Analysis and Optimization Module 

The Performance Analysis and Optimization Module evaluates the accuracy and reliability of the developed AI models. 

Statistical performance indicators such as Correlation Coefficient (R), Root Mean Square Error (RMSE), and Mean 

Absolute Error (MAE) are used to assess prediction quality. Based on the prediction results, optimization techniques 

are applied to identify the best mix design combination that satisfies both structural strength and permeability 

requirements. This module helps engineers select optimum porous concrete mixtures for rigid pavement applications 

while minimizing material wastage and experimental costs. 

E. Pavement Design and Decision Support Module 

The Pavement Design and Decision Support Module utilizes the optimized results generated by the AI model to design 

sustainable porous concrete rigid pavements. The predicted strength, permeability, and durability parameters are 

incorporated into pavement design calculations. The module assists engineers in selecting suitable pavement thickness, 

material proportions, and construction specifications. The final output provides a reliable and eco-friendly pavement 

design capable of managing stormwater effectively while maintaining adequate structural performance and long-term 

durability. This module supports informed decision-making and promotes sustainable infrastructure development 

 

VII. RESULT 

A. Mechanical Performance of Porous Concrete 

The mechanical performance of porous concrete was evaluated based on compressive strength, workability, and 

porosity. It was observed that the water-cement ratio significantly influenced the workability of the concrete mix. 

Lower water content resulted in poor compaction and reduced workability, whereas higher water content improved 

workability but decreased the void content. The compressive strength decreased with increasing porosity due to the 

reduction in the cementitious bonding area. However, the obtained strength values were sufficient for low-volume 

roads, parking areas, pedestrian pathways, and landscaping applications. 
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Table 1 Mechanical Properties of Porous Concrete

Parameter

Water-Cement Ratio

Porosity (%)

Compressive Strength (MPa)

Workability

Suitability 

 

Discussion 

The results indicate that porous concrete can provide adequate structural performance while maintaining the required 

void structure. Proper compaction and optimized mix proportions are necessary to achieve a balance between strength 

and permeability. The observed strength values satisfy the requirements for sustainable rigid pavement applications 

with moderate loading conditions. 

Fig 3:  Mechanical 

For your project report, you can mention: 

Observation: The chart shows that porous concrete possesses moderate compressive strength and porosity suitable for 

low-traffic rigid pavements. Proper control of water

between strength and permeability. 

 

B. Hydraulic Performance and AI-Based Prediction Analysis

The hydraulic performance of porous concrete was assessed through permeability characteristics and stormwater 

infiltration capability. The interconnected void structure enabled rapid water movement through the pavement, reducing 

surface runoff and promoting groundwater recharge. AI

Tree (DT), and Support Vector Machine (SVM) were utilized to predict pavement performance parameters. The 

developed models successfully predicted permeability and strength characteristics with high accuracy.

Table 2 Hydraulic and AI Prediction Performance

Parameter

Permeability Rate (mm/s)

Water Infiltration Capacity

Surface Runoff Reduction

Groundwater Recharge Potential

AI Prediction Accuracy

Best Performing Model
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Table 1 Mechanical Properties of Porous Concrete 

Parameter Observation 

Cement Ratio 0.30 – 0.40 

Porosity (%) 15 – 25 

Compressive Strength (MPa) 15 – 25 

Workability Moderate 

 Low Traffic Pavements 

The results indicate that porous concrete can provide adequate structural performance while maintaining the required 

and optimized mix proportions are necessary to achieve a balance between strength 

and permeability. The observed strength values satisfy the requirements for sustainable rigid pavement applications 

 
Fig 3:  Mechanical Properties of Porous Concrete. 

The chart shows that porous concrete possesses moderate compressive strength and porosity suitable for 

traffic rigid pavements. Proper control of water-cement ratio and compaction helps achieve the required balance 

Based Prediction Analysis 

The hydraulic performance of porous concrete was assessed through permeability characteristics and stormwater 

iltration capability. The interconnected void structure enabled rapid water movement through the pavement, reducing 

surface runoff and promoting groundwater recharge. AI-based software models such as Random Forest (RF), Decision 

or Machine (SVM) were utilized to predict pavement performance parameters. The 

developed models successfully predicted permeability and strength characteristics with high accuracy.

Table 2 Hydraulic and AI Prediction Performance 

Parameter Observation 

Permeability Rate (mm/s) 2 – 10 

Water Infiltration Capacity High 

Surface Runoff Reduction Significant 

Groundwater Recharge Potential High 

AI Prediction Accuracy Above 90% 

Best Performing Model Random Forest (RF) 
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The results indicate that porous concrete can provide adequate structural performance while maintaining the required 

and optimized mix proportions are necessary to achieve a balance between strength 

and permeability. The observed strength values satisfy the requirements for sustainable rigid pavement applications 

The chart shows that porous concrete possesses moderate compressive strength and porosity suitable for 

nd compaction helps achieve the required balance 

The hydraulic performance of porous concrete was assessed through permeability characteristics and stormwater 

iltration capability. The interconnected void structure enabled rapid water movement through the pavement, reducing 

based software models such as Random Forest (RF), Decision 

or Machine (SVM) were utilized to predict pavement performance parameters. The 

developed models successfully predicted permeability and strength characteristics with high accuracy. 
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Discussion 

The permeability results confirmed the effectiveness of porous concrete as a sustainable drainage material. High 

infiltration rates make it suitable for urban areas experiencing waterlogging and flooding problems. The AI

prediction models efficiently analyzed the relationship between mix design parameters and pavement performance. 

Among the tested algorithms, the Random Forest model demonstrated superior prediction accuracy and reliability. The 

integration of AI with porous concrete pavement design re

development. 

Fig 4: Hydraulic Performance and AI Prediction Accuracy of Porous Concrete.

Observation: The graph indicates that porous concrete exhibits excellent water infiltration and groundwater recharge 

capabilities. The AI-based prediction models achieved high accuracy, with the Random Forest (RF) model showing the 

best performance for predicting pavement properties and optimizing porous concrete mix design.

 

This project investigated the design and analysis of porous concrete in rigid pavements using AI

techniques. Porous concrete was found to be an effective and sustaina

stormwater infiltration through interconnected voids, thereby reducing surface runoff and promoting groundwater 

recharge. The study demonstrated that the performance of porous concrete is significantly infl

such as water-cement ratio, aggregate size, porosity, and compaction. An optimum balance between strength and 

permeability is essential for achieving satisfactory pavement performance.

The application of Artificial Intelligence techniq

Vector Machine (SVM) improved the prediction and analysis of pavement properties. The AI models successfully 

predicted the compressive strength and permeability characteristics of porous concr

tested algorithms, the Random Forest model showed superior performance in terms of prediction accuracy and 

reliability. The results confirm that porous concrete combined with AI

environmentally friendly, and cost-effective solution for sustainable rigid pavement construction.

 

Advanced machine learning and deep learning models can be implemented to further improve prediction accuracy for 

porous concrete pavement performance.  

The study can be extended by incorporating recycled materials such as fly ash, silica fume, recycled agg

industrial by-products to enhance sustainability. 

Real-time IoT sensors can be integrated with AI systems for continuous monitoring of pavement condition, 

permeability, and structural health.  

Long-term field investigations can be conducted t

concrete pavements under different traffic and climatic conditions. 
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The permeability results confirmed the effectiveness of porous concrete as a sustainable drainage material. High 

infiltration rates make it suitable for urban areas experiencing waterlogging and flooding problems. The AI

analyzed the relationship between mix design parameters and pavement performance. 

Among the tested algorithms, the Random Forest model demonstrated superior prediction accuracy and reliability. The 

integration of AI with porous concrete pavement design reduces experimental efforts and supports optimized pavement 

 
Fig 4: Hydraulic Performance and AI Prediction Accuracy of Porous Concrete. 

The graph indicates that porous concrete exhibits excellent water infiltration and groundwater recharge 

based prediction models achieved high accuracy, with the Random Forest (RF) model showing the 

ment properties and optimizing porous concrete mix design. 

VIII. CONCLUSION 

This project investigated the design and analysis of porous concrete in rigid pavements using AI

techniques. Porous concrete was found to be an effective and sustainable pavement material due to its ability to allow 

stormwater infiltration through interconnected voids, thereby reducing surface runoff and promoting groundwater 

recharge. The study demonstrated that the performance of porous concrete is significantly influenced by parameters 

cement ratio, aggregate size, porosity, and compaction. An optimum balance between strength and 

permeability is essential for achieving satisfactory pavement performance. 

The application of Artificial Intelligence techniques such as Random Forest (RF), Decision Tree (DT), and Support 

Vector Machine (SVM) improved the prediction and analysis of pavement properties. The AI models successfully 

predicted the compressive strength and permeability characteristics of porous concrete with high accuracy. Among the 

tested algorithms, the Random Forest model showed superior performance in terms of prediction accuracy and 

reliability. The results confirm that porous concrete combined with AI-based analysis can provide an efficient, 

effective solution for sustainable rigid pavement construction. 

IX. FUTURE SCOPE 

Advanced machine learning and deep learning models can be implemented to further improve prediction accuracy for 

The study can be extended by incorporating recycled materials such as fly ash, silica fume, recycled agg

products to enhance sustainability.  

time IoT sensors can be integrated with AI systems for continuous monitoring of pavement condition, 

term field investigations can be conducted to evaluate the durability and maintenance requirements of porous 

concrete pavements under different traffic and climatic conditions.  
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AI-based optimization techniques can be further developed to automatically generate the most suitable porous concrete 

mix designs for specific pavement applications. 
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