
 

48   Journal of Engineering, Mechanics and Architecture                      www. grnjournal.us  

 
 

AMERICAN Journal of Engineering,  
Mechanics and Architecture 

Volume 3, Issue 1, 2025 ISSN (E): 2993-2637 

 
  

Artificial Intelligence and Big Data in Geotechnical Engineering:  

A Comprehensive Review 
 

Taghreed Flayyih Hasan 

College of Engineering, University of Samarra, Iraq 

 

Abstract: Geotechnical engineering is a critical field underpinning infrastructure development, 

but traditional methods face challenges due to data variability, complexity, and inefficiencies. 

The integration of artificial intelligence (AI) and big data technologies is revolutionizing this 

discipline, enabling enhanced prediction accuracy, real-time decision-making, and cost-efficient 

solutions. 

This review explores the transformative role of AI and big data in geotechnics, focusing on 

applications like site characterization, slope stability analysis, foundation design optimization, 

seismic hazard assessment, and subsurface modeling. Key AI techniques, including machine 

learning, deep learning, and expert systems, are analyzed for their effectiveness in addressing 

complex geotechnical problems. Big data sources, such as satellite imagery, remote sensing, and 

real-time monitoring, are examined for their contribution to improving predictive modeling and 

risk assessment. 

The review highlights the benefits of AI and big data, including improved safety, faster decision-

making, and cost savings, while addressing challenges such as data quality, model 

interpretability, and integration with traditional methods. Future directions, such as AI-

augmented digital twins, autonomous monitoring systems, advanced data fusion, and generative 

AI in design, are discussed as potential innovations shaping the field. 

Through case studies and real-world applications, this review emphasizes the importance of 

adopting data-driven approaches and interdisciplinary collaboration to overcome challenges and 

unlock the full potential of AI and big data in geotechnical engineering. This vision aims to 

achieve sustainable, efficient, and resilient infrastructure development in the coming decades. 
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1. Introduction to Geotechnical Engineering and AI 

Geotechnical engineering is a cornerstone of infrastructure development, addressing challenges 

related to soil and rock behavior. Traditional methods often struggle with data variability and the 

complexity of geotechnical conditions. The advent of artificial intelligence (AI) and big data 

technologies has introduced transformative approaches, offering enhanced predictive capabilities 

and decision-making processes (1,2). 
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2. Big Data in Geotechnical Engineering 

Sources of Big Data 

Geotechnical big data is derived from satellite imagery, geotechnical site investigations, remote 

sensing, and real-time monitoring systems. These sources provide extensive datasets that require 

effective processing to extract meaningful insights (3). 

Data Acquisition and Processing 

Advanced techniques, such as sensor networks and geospatial data integration, enable efficient 

collection and preprocessing of geotechnical data. These methods ensure data quality, 

consistency, and organization for analytical purposes (4). 

Applications of Big Data 

Big data applications include predicting soil behavior, assessing geotechnical risks, and 

supporting real-time decision-making during construction and infrastructure development (5). 

3. Artificial Intelligence Techniques in Geotechnical Engineering 

Machine Learning (ML) 

ML techniques, such as regression models, decision trees, and support vector machines (SVMs), 

are widely used for soil classification and slope stability analysis (6). 

Deep Learning (DL) 

Neural networks and convolutional models address complex geotechnical problems, such as 

subsurface modeling and seismic hazard prediction (7). 

Expert Systems 

AI-based expert systems leverage domain expertise to solve geotechnical problems, offering 

decision support and scenario simulations (8). 

4. Applications of AI and Big Data in Geotechnical Analysis 

Site Characterization 

AI models analyze soil and rock properties from large datasets, improving accuracy in site 

investigations (9). 

Slope Stability Analysis 

Predictive models assess landslide risks and slope failures, offering early warnings and 

mitigation strategies (10). 

Foundation Design Optimization 

AI-driven algorithms optimize foundation design by integrating multiple constraints and 

scenarios (11). 

Seismic Hazard Assessment 

AI models predict ground motion and liquefaction risks, aiding in seismic design and safety 

measures (12). 

Subsurface Modeling 

Geophysical data interpretation using AI creates accurate subsurface models for geotechnical 

applications (13). 

5. Benefits of Using AI and Big Data in Geotechnical Engineering 

 Improved Accuracy: Enhanced prediction of soil and rock behavior reduces uncertainties in 

design and construction (14). 
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 Real-Time Monitoring: Faster data analysis supports proactive decision-making and risk 

management (15). 

 Cost Efficiency: Streamlined data analysis reduces the cost of geotechnical investigations 

(16). 

 Enhanced Safety: AI enables predictive maintenance and risk mitigation for critical 

infrastructure (17). 

6. Challenges in Implementing AI and Big Data 

 Data Quality: Inconsistent or incomplete datasets limit model performance (18). 

 Model Interpretability: Understanding and validating AI predictions remain challenging for 

practitioners (19). 

 Integration: Combining AI insights with traditional geotechnical methods requires a 

balanced approach (20). 

 Cost and Expertise: High implementation costs and the need for skilled personnel are 

barriers to adoption (21). 

7. Future Directions and Innovations 

AI-Augmented Digital Twins 

Digital twins simulate real-time geotechnical conditions, enabling virtual testing and monitoring 

(22). 

Advanced Data Fusion 

Integrating diverse data sources improves accuracy in predicting geotechnical behaviors (23). 

Autonomous Monitoring Systems 

Robots and drones equipped with AI facilitate efficient site investigations and continuous 

monitoring (24). 

Generative AI Models 

Generative AI explores innovative designs and solutions for geotechnical challenges (25). 

8. Case Studies and Real-World Applications 

Success Stories 

Projects incorporating AI, such as slope stability analysis in landslide-prone regions and AI-

optimized foundation designs, demonstrate significant improvements in efficiency and safety 

(26). 

Comparative Analysis 

Studies comparing AI-driven and traditional methods highlight the advantages of data-driven 

approaches, including reduced risks and cost savings (27). 

Lessons Learned 

Global projects emphasize the importance of quality data, interdisciplinary collaboration, and 

phased implementation for successful AI adoption (28). 

9. Conclusion and Recommendations 

The integration of AI and big data in geotechnical engineering offers unparalleled opportunities 

to enhance efficiency, safety, and cost-effectiveness. Researchers and practitioners are 

encouraged to adopt a data-driven approach, focusing on robust data collection, interdisciplinary 

training, and scalable solutions. Future advancements in digital twins, generative AI, and 
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autonomous systems will redefine the field, enabling sustainable and resilient infrastructure 

development (29,30). 
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