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1. INTRODUCTION 

Artificial Intelligence (AI) in civil engineering is a 
specialized field of computer science that focuses 
on the development and application of intelligent 
systems. AI plays a crucial role in advancing 
digitalization, enhancing automation, and 
improving performance and reliability in civil 

engineering. By bridging the gap between physical 

and digital construction, AI enables more efficient 
and intelligent engineering solutions. The primary 
objective of AI in this domain is to replicate aspects 
of human cognitive functions to drive 
technological advancements and establish relevant 

theories. The fundamental AI theories and 
techniques include symbolism, behaviorism, and 
connectionism. Since its emergence in the 1950s, 
AI has evolved through several developmental 
phases, including the preliminary research phase, 
incubation phase, formation phase, dark phase, 
knowledge application phase, and the integrated 
development phase, which continues to the 
present day. 

With rapid advancements in data collection and 
processing technologies, AI has introduced Deep 
Learning (DL), a powerful machine learning 
technique that enhances automation and decision-
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making in civil engineering. The construction 
industry, as a key contributor to economic growth, 
is increasingly adopting AI to improve efficiency 
and sustainability. Governments worldwide are 
also investing in AI-driven innovations to gain a 
competitive advantage in infrastructure 
development. AI relies on big data to train complex 
algorithms, which are then applied to various 
aspects of civil engineering, such as design, 
construction, maintenance, and risk management. 
Once trained, AI systems can analyze vast amounts 
of data, make rapid predictions, and solve complex, 
non-linear problems related to digital 
construction. 

The application of AI in civil engineering 
extends to several key areas, including 
construction materials and equipment 
optimization, surveying and design techniques, 
construction and maintenance processes, and 
structural health monitoring. AI-driven tools help 
enhance precision in planning, improve efficiency 
in construction, and ensure the safety and 
longevity of infrastructure. AI has also proven to be 
highly beneficial in research, particularly in 
structured technology development, data analysis, 
health monitoring, risk management, and decision-
making. On construction sites, AI contributes to 
increased productivity, improved quality 
standards, and enhanced safety measures. 
Additionally, Artificial Neural Networks (ANNs) 
are widely used for data storage, processing, and 
analysis, enabling engineers to optimize designs, 
predict failures, and assess risks in infrastructure 
projects such as road construction, pavement 
repairs, and structural hazard evaluations. 

The integration of AI in civil engineering 
significantly reduces risks, enhances 
computational capabilities, and optimizes various 
construction processes. By leveraging AI’s 
capabilities, the industry is transforming towards 
a more efficient, intelligent, and sustainable future, 
ensuring long-term progress and development in 
infrastructure projects. 

2. LITERATURE REVIEW 
 
Pengzhen Lu, Shengyong, and YujunZheng: This 
research presents an overview of intelligent 
technologies in civil engineering, incorporating 
recent findings and practical applications. The 
study thoroughly examines the implementation of 
artificial intelligence (AI) in civil engineering from 
multiple perspectives. Various potential uses of AI 
in this field are highlighted based on the research 
outcomes. The study concludes that AI holds 
significant promise for the future of civil 
engineering, contributing to enhanced efficiency 
and productivity at both individual and collective 
levels. 

This paper reviews the evolution and 
application of artificial intelligence (AI) in civil 
engineering over time. AI algorithms and neural 
networks have been widely utilized in areas such 
as geotechnical engineering, bridge analysis, 
health monitoring, structural optimization, and 
condition assessment. Recently, Big Data 
technologies and Deep Learning have played a 
crucial role in various civil engineering 
applications. Notably, advancements in Big Data 
have significantly improved structural 
maintenance, while rapid developments in Deep 
Learning-based computer vision have enhanced 
the ability to monitor structural health. The study 
concludes that the integration of Big Data and Deep 
Learning represents a promising new research 
direction for AI in civil engineering. 

This study primarily focuses on safety 
management in civil engineering, conducting a 
detailed analysis of the entire emergency 
management process, including prevention, 
planning, response, and recovery of construction 
safety incidents. It enhances the theory of 
construction safety incident management while 
promoting the practical development of 
emergency response capabilities. A key aspect of 
the research is the application of artificial 
intelligence (AI) and machine vision technology to 
monitor worker activities on construction sites, 
ensuring safety compliance. Additionally, the study 
explores the establishment of a quantitative 
relationship between image pixel coordinates and 
actual distances, improving accuracy in tracking 
worker movements and potential hazards. 

This paper introduces the Knowledge-
Based Expert System (KBES), a methodology that 
provides an intellectual framework for solving 
heuristic problems in civil engineering that 
traditional programming techniques cannot 
effectively address. KBES is structured around 
well-defined algorithmic formulations and 
incorporates various artificial intelligence (AI) 
methodologies. The system's requirements are 
categorized into four key areas: reasoning with 
geographical relations and features, interaction 
with algorithmic components, and interface with 
databases. Experiments with the current 
generation of KBES have demonstrated its ability 
to refine traditional engineering knowledge. The 
study concludes that KBES will significantly 
enhance computer-aided engineering by 
transitioning it from purely computational 
processes to true reasoning-based problem-
solving. 

This study demonstrates that artificial 
neural network (ANN) models with a three-layer 
neural architecture achieve the highest accuracy in 
predicting the required concrete and 
reinforcement for constructing integrated road 
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bridges. The accuracy of the models is measured 
using the Mean Absolute Percentage Error (MAPE). 
The research highlights that increasing the amount 
of data in the database enhances the forecasting 
model’s accuracy. The study concludes that the 
model’s applicability could be broadened by 
incorporating specific structural features such as 
cross-section types, cross-section height, number 
of spans, number of piers, and structural system. 
Furthermore, the forecasting model allows 
contractors to estimate material requirements 
based solely on drawings, without needing to 
develop a preliminary design, which is particularly 
beneficial in competitive bidding scenarios. 
The literature highlights the environmental 
challenges and benefits of metro rail projects, with 
a strong emphasis on proper planning, mitigation 
measures, and sustainable practices to ensure a 
positive environmental impact. 

3. DIFFERENT TECHNIQUES AND METHODS  

 

A. Genetic Algorithms 
Genetic Algorithms (GAs) are 

evolutionary algorithms that simulate natural 

selection principles to optimize construction 

planning and scheduling in civil engineering. They 

help minimize project time and costs by generating 

near-optimal schedules, improving efficiency, and 

optimizing resource allocation. With 

advancements in computing, GAs have become 

increasingly effective in solving complex 

engineering problems, particularly in linear 

construction projects. Their ability to handle 

uncertainties and improve decision-making makes 

them valuable tools for modern construction 

management. By integrating genetic algorithm-

based optimization models, engineers can enhance 

project execution, streamline workflows, and 

achieve higher productivity, ultimately leading to 

more cost-effective and sustainable infrastructure 

development 

B. Artificial Immune System (AIS) 

The Artificial Immune System (AIS) is an 

optimization method inspired by the adaptive 

immune system of living organisms. It addresses 

the limitations of conventional and neural 

network-based approaches in civil engineering by 

integrating evolutionary algorithms with the least 

square method to identify feasible structures and 

key parameters. AIS is effective in solving complex 

engineering optimization problems, though its 

application in civil engineering is still evolving. 

Various immune algorithms have been proposed, 

but further research is needed to fully harness 

immune system traits for structural analysis and 

design. Continued development will enhance AIS’s 

role in improving construction efficiency and 

reliability. 

C. Expert System 

The Expert System is one of the earliest 

and most successful applications of artificial 

intelligence, built on knowledge derived from 

human experts and structured within established 

knowledge systems. This technology is widely 

used in various fields of civil engineering, including 

roads, bridges, construction engineering, 

geotechnical engineering, material engineering, 

and the petroleum and chemical industries. In 

structural selection, expert systems provide an 

innovative approach to organizing and 

systematizing knowledge and expertise. As AI 

continues to advance, the application of expert 

systems in civil engineering is expanding, making 

them valuable tools for construction management 

and human assistance in the 21st century. 

D. Artificial Neural Networks (ANN) 

Artificial Neural Networks (ANNs) are 
systems composed of interconnected, adaptable 
processing units known as artificial neurons or 
nodes. These networks perform massively parallel 
computations for knowledge representation and 
data processing. ANNs are inspired by biological 
neural networks, aiming to replicate certain 
intelligent functions of the human brain to solve 
real-world problems. Their applications in civil 
engineering include structural optimization, 
health monitoring, structural control, material 
characterization, construction engineering, and 
highway engineering. The ANN structure consists 
of input, hidden, and output layers, making it 
particularly effective for handling incomplete 
datasets, uncertain information, and complex 
decision-making scenarios that often require 
human intuition. 

E. Big Data 

The rapid advancement of big data 
technology has significantly impacted science, 
technology, industry, and government operations 
worldwide. In engineering, big data involves 
integrating information from various sources, such 
as sensors, wireless devices, GPS, and machine-to-
machine streaming communication. Unlike 
traditional structured data stored in rows and 
columns, big data is often unstructured and 
continuously generated, making conventional data 
processing methods insufficient. The application of 
big data in civil engineering is essential for 
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handling large-scale, real-time information 
efficiently. A key feature of big data systems is their 
autonomous nature, operating through distributed 
and decentralized controls, where each data 
source independently collects and processes 
information without relying on a central authority. 

F. Deep Learning 

Deep Learning is an advanced machine 
learning technique that processes data through 
multiple layers, extracting increasingly complex 
features from raw input. In civil engineering, deep 
learning is primarily used for structural health 

monitoring through computer vision. Traditional 
shallow neutral networks struggle to extract high-
level features and often require additional post-
processing to interpret high-dimensional data. 
Deep learning, however, overcomes these 
limitations by utilizing larger training datasets and 
more complex network architectures, enabling 
precise and automated detection, analysis, and 
prediction of structural conditions. This 
technology enhances accuracy in damage 
detection, material assessment, and infrastructure 
monitoring, making it a valuable tool in modern 
civil engineering. 

Figure 1: Framework

4. APPLICATIONS  

A. Construction Engineering and Management 
Artificial Intelligence (AI) is transforming 

construction engineering and management by 
introducing advanced computational techniques 
that enhance efficiency, accuracy, and decision-
making. One of AI’s critical applications is 
modelling the behaviour of cement-based 
materials under different forms of damage. 
Through Nero-Fuzzy Inference Systems, which 
integrate neural networks with fuzzy logic, 
engineers can analyse material behaviour using 
well-defined input and output datasets. This 
predictive capability helps optimize material 
selection, improve durability, and mitigate 
potential structural failures. 

Beyond material modelling, AI is also 
revolutionizing construction management by 
optimizing project planning, scheduling, and cost 
estimation. AI-driven algorithms analyse historical 

project data, identify potential risks, and provide 
optimized solutions to minimize delays and cost 
overruns. Automated machines equipped with AI 
can assess construction sites, gather crucial 
geospatial and environmental data, and generate 
highly accurate 3D models and blueprints in just a 
few hours. This automation drastically reduces the 
time required for site analysis, a process that 
traditionally took weeks to complete. 
Moreover, AI enhances real-time project 
monitoring by utilizing drones, IoT sensors, and 
machine learning algorithms to track construction 
progress, detect safety hazards, and improve 
resource allocation. By integrating AI into 
construction engineering and management, 
companies can improve efficiency, reduce costs, 
and enhance overall project success, ensuring safer 
and more sustainable infrastructure development.
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B. Structural Engineering 
Artificial Intelligence (AI) is widely 

applied in structural engineering to develop 
computational models that simulate human 
cognitive processes, enhancing the precision of 
structural assessments. AI-driven sub-structuring 
techniques and harm recognition approaches 
enable engineers to identify, quantify, and analyze 
damaged structural components using both static 
and dynamic substructure methods. These 
advanced techniques improve the accuracy of 
damage detection, allowing engineers to predict 
potential failures before they become critical. 

By leveraging AI-powered analysis, 
structural engineers can optimize maintenance 
strategies, improve safety protocols, and design 
more resilient infrastructure. AI not only enhances 
structural health monitoring but also contributes 
to cost-effective and sustainable engineering 
solutions, ensuring long-term infrastructure 
reliability. 

C. Transportation Engineering 

Artificial Intelligence (AI) plays a crucial 
role in transportation engineering by enhancing 
failure analysis and optimizing transportation 
networks. AI-driven empirical models are widely 
used to assess potential failures of highway slopes, 
enabling engineers to implement predictive 
maintenance strategies that prevent landslides 
and structural failures. These models analyse 
geological, climatic, and traffic data to predict 
instability, improving the safety and longevity of 
transportation infrastructure. 

One of the most advanced AI techniques in 
transportation engineering is Agent-Based 
Modelling (ABM), which surpasses traditional 
modelling approaches by simulating the behaviour 
of individual agents, such as vehicles and 
pedestrians, within complex transportation 
systems. ABM allows for more accurate traffic 
predictions, route optimizations, and congestion 
management, making transportation networks 
more efficient. 

Additionally, Knowledge-Based Systems (KBS) are 
employed to tackle transportation challenges by 
providing intelligent solutions for traffic flow 
management, infrastructure planning, and road 
safety. These systems use AI to analyse real-time 
data, optimize signal timings, and enhance 
emergency response planning. As AI continues to 
evolve, its integration in transportation 

engineering will lead to safer, smarter, and more 
sustainable mobility solutions 

D. Structural Damage Detection 

Artificial intelligence (AI) and neural 
networks have revolutionized structural damage 
detection by leveraging advanced image 
recognition techniques. Among these, the Faster 
Region-Based Convolution Neural Network (Faster 
R-CNN) serves as a powerful real-time inspection 
tool capable of identifying various surface defects, 
such as bolt corrosion, delamination, steel 
corrosion, and concrete cracking. 

By automating damage assessment, AI 
significantly enhances both the speed and accuracy 
of inspections, reducing dependence on manual 
evaluations. This AI-driven approach not only 
minimizes human error but also improves 
infrastructure maintenance by enabling proactive 
decision-making, optimizing repair schedules, and 
extending the lifespan of structures. As AI 
technology advances, its role in structural health 
monitoring will continue to expand. 

E. Quantity Surveying 

Artificial Neural Networks (ANNs) have 
revolutionized quantity surveying by providing 
advanced decision-support systems capable of 
analogy-based problem-solving. These AI-driven 
models help surveyors analyze historical project 
data, identify cost patterns, and make precise 
predictions for cost estimation, resource 
allocation, and financial planning. By leveraging 
machine learning techniques, ANNs enhance the 
accuracy of budget forecasts, reducing cost 
overruns and ensuring better financial 
management in construction projects. 

The design, training, and testing of these AI models 
are further optimized using Genetic Algorithms 
(GAs), which refine predictive accuracy by 
selecting the best-performing models through an 
evolutionary process. This combination of AI 
techniques improves the efficiency of construction 
budgeting, minimizes human errors, and 
streamlines financial planning. 

Additionally, AI-driven surveying tools automate 
data collection, process large datasets faster, and 
provide real-time insights into material costs and 
project expenditures. As AI technology continues 
to advance, its integration into quantity surveying 
will lead to more data-driven, efficient, and cost-
effective construction management. 
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Figure 2: Application of AI in Civil Engineering 

F. Geotechnical Engineering  

Neural network regression plays a 
significant role in geotechnical engineering, 
particularly in evaluating complex, non-linear 
behaviours such as soil liquefaction. By utilizing a 
general neural network model, engineers can 
accurately assess the potential for liquefaction 
under varying soil and seismic conditions. These 
AI-driven models analyze vast datasets, identifying 
patterns and relationships that traditional 
methods may overlook. This advanced modelling 
approach enhances prediction accuracy, allowing 
geotechnical engineers to make more informed 
decisions regarding soil stability and foundation 
design. As AI technology evolves, neural network 
regression will continue to improve risk 
assessments, optimize ground improvement 
strategies, and enhance overall geotechnical 
engineering practices. 

 
CONCLUSION 

This study has provided a comprehensive 
overview of the role of intelligent technologies in 
civil engineering, emphasizing recent 
advancements and real-world applications. The 
exploration and analysis of various AI applications 
in the field have demonstrated its potential to 
revolutionize engineering practices. AI serves as a 
valuable tool for both novice and experienced 
engineers, aiding in problem-solving, improving 
efficiency, and fostering seamless knowledge 
transfer within teams. 

With the continuous evolution of AI and its 
increasing integration into engineering workflows, 
its impact on the industry is expected to grow 
significantly. AI-driven solutions are enhancing 

design processes, optimizing resource allocation, 
and improving predictive maintenance strategies, 
ultimately leading to more efficient and cost-
effective construction practices. As technology 
advances, AI will further streamline engineering 
processes, minimize human error, and contribute 
to the development of more resilient 
infrastructure. 

Looking ahead, the future of AI in civil engineering 
appears promising, with emerging innovations 
poised to address industry challenges and improve 
overall productivity. As engineers continue to 
adopt AI-powered tools and data-driven 
methodologies, the construction industry will 
experience significant transformation, paving the 
way for smarter, safer, and more sustainable built 
environments. 
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