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Abstract - This review article discusses the various applications of artificial intelligence (AI) in structural engineering. The paper presents a comprehensive overview of the latest research in AI and its use in prediction, risk analysis, decision-making, resources optimization, classification and selection, construction, maintenance, and management of structural engineering problems. The review highlights the significant benefits of using AI, including improved accuracy, efficiency, and cost-effectiveness, compared to conventional methods. It also discusses the limitations and challenges associated with AI in structural engineering and future directions for research. The paper concludes that AI has enormous potential in structural engineering and will transform the field in the coming years.
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INTRODUCTION

Background
The study of AI has been in development since 1956, when the term "Artificial Intelligence" was coined at a meeting at Dartmouth College in the United States. AI is an interdisciplinary field that combines computer science, cybernetics, information theory, psychology, linguistics, and neurophysiology to create intelligent computer systems. The goal is to mimic human brain functions and apply them to technology and theories. The history of AI can be divided into four steps: the first being the rise and fall in the 1950s, followed by a new upsurge with the emergence of expert systems in the late 1960s and 1970s, significant progress in the 1980s with the development of fifth-generation computers, and a new upsurge in the 1990s with the emergence of network technology and distributed AI. The main approaches to AI are symbolism, behaviourism, and connectionism. In this article, we will discuss the latest advancements in AI technology in the field of civil engineering and their relationship, according to Pengzhen Lu, Shengyong Chen, and Yujun Zheng (2012). [19]

Development of artificial intelligence
John McCarthy coined the term "Artificial Intelligence" in the 1940s to describe human thinking as a mechanical manipulation of symbols. Soft computing consists of neural networks, evolutionary algorithms, probability reasoning, and fuzzy logic. In structural engineering, artificial neural networks (ANNs) have many potential applications, including designing, planning, constructing, and managing infrastructure such as highways, bridges, airports, railroads, buildings, dams, and utilities. ANNs have been used to predict tender bids, construction cost, and construction budget performance. Artificial intelligence plays a role in project cash flow, maintenance construction demand, and labor productivity. Genetic algorithms are used in structural optimization and resource allocation in building problems. Fuzzy logic is useful in handling uncertainty in materials, structural reliability, and control techniques. ANNs have also been used to conduct crane type and model selection and plan the work breakdown structure for projects. [1]

Intelligent optimization methods in structural engineering
Artificial intelligence is a science that studies and applies human intelligence. It has made great progress in the past 50 years and is now used in various fields such as expert systems, intelligent databases, and intelligent robots. Expert systems are the most extensively used and fruitful area of AI. They are used for knowledge management and decision-making. AI has the advantage of being able to solve complex problems by imitating experts. AI has broad applications in civil engineering, including adaptive structures and modelling complex systems using neurofuzzy inference systems. AI can efficiently model the behavior of cement-based materials undergoing different types of damage. Neuro-fuzzy prediction models have also been developed for the durability of self-consolidating concrete.

In 2009, Prasad et al. introduced an artificial neural network (ANN) capable of predicting the 28-day compressive strength of normal and high strength self-compacting concrete (SCC) and high-performance concrete (HPC) with high volume fly ash. Lee et al. utilized back-propagation neural networks, an artificial intelligence technique, to assess slope failure in an article from an unspecified year. Numerical results showed the efficacy of artificial neural networks in evaluating slope failure potential. In 2009, Shaheen et al. put forth a methodology for creating fuzzy expert system rules through information extraction from experts. They used a tunnelling case study to demonstrate the system's integrated features. Das et al. (2011) explained two artificial intelligence techniques for forecasting the maximum dry density (MDD) and unconfined compressive strength (UCS) of cement stabilized soil. Forcael et al. (2012) presented the outcomes of a study that included computer simulations in a civil engineering course to teach linear scheduling concepts and techniques. They statistically compared students' evaluations and questionnaire responses to assess the impact of incorporating computer simulation. Krcaronemen and Kouba (2012) suggested a methodology for developing ontology-backed software applications that allow the ontology to evolve while being used by one or more applications. In the civil engineering field, expert systems have achieved significant progress over the last two decades, according to Pengzhen Lu et al. (2012). These systems have been mainly utilized for project evaluation, diagnosis, decision-making, and prediction, as well as building design and optimization, road and bridge health monitoring, and other specialized areas due to numerous uncertain and complicated factors in civil engineering projects. [1][2][3][4][5][6][7][8]

APPLICATIONS OF ARTIFICIAL INTELLIGENCE IN STRUCTURAL ENGINEERING

General
In the civil engineering field, Artificial Intelligence (AI) methods have been widely applied over the past 20 years. These methods have been used in various areas, including construction management, building materials, hydraulic optimization, geotechnical and transportation engineering, and more recently in EHS. Expert systems have been developed and used for project evaluation, diagnosis, decision-making, prediction, building design and optimization, project management, construction technology, road and bridge health detection, and other specialized areas. Among the AI-based computational techniques, adaptive neuro-fuzzy inference systems are particularly useful for modeling complex systems with known input-output datasets, specifically to study the behavior of cement-based materials under various damage factors. These models help construction planners generate and evaluate optimal or near-optimal construction scheduling plans that minimize project time and cost. AI has also played a crucial role in the development of robots and automated systems. Furthermore, AI has been used to design smart materials that can sense changes in their environment and make an optimal response by changing their material properties, geometry, mechanical or electromagnetic response.

Structural health monitoring: It involves embedding sensors within structures to monitor stress and damage. This approach has been used in over forty bridges worldwide to reduce maintenance costs and increase lifespan. Zhang et al. (2017) proposed a CNN-based architecture, called CrackNet, for automatic detection of cracks on three-dimensional asphalt pavement. CrackNet comprises five layers and includes more than one million parameters trained in the learning process to ensure pixel-level accuracy. [10][11]

Self-repair materials: They involve embedding thin tubes containing uncured resin into materials. When damage occurs, these tubes break, exposing the resin which fills any damage and sets. Self-repair technology could be particularly useful in inaccessible environments such as underwater or in space. [1]

Smart materials and structures: They are utilized in the field of structural engineering to assess durability and monitor the integrity of bridges, dams, and offshore oil-drilling towers. Fibre-optic sensors embedded in the structures are used to identify trouble areas. The manual disassembly of waste is challenging, expensive, and time-consuming, but smart materials have the potential to automate the process, even in food waste management. [1]

Concrete mix design: It is a complex process that involves workability of fresh concrete, desired strength, and durability. The water cement ratio law governs the desired strength and durability of concrete. The strength of the concrete is determined by the characteristics of the mortar, coarse aggregate, and the interface. Different types of coarse aggregate with different shape, texture, minerology, and strength may result in different concrete strengths, even for the same quality mortar. [1]

 Artificial neural networks (ANN’s): They are particularly well-suited to developing decision aids with analogy-based problem-solving capabilities in estimation. In 1994, Professors Tarek Hegazi and Osama Moselhi published a technical paper that presented a methodology for deriving analogy-based solutions to a class of unstructured problems in civil engineering. Such problems require simultaneous assessment of a large number of quantitative as well as qualitative factors that influence the solution. Traditional algorithmic and reasoning-intensive techniques are not adequate to model the problem, and solutions are usually developed based on analogy with previous cases, intuition, and experience. Artificial neural networks are particularly well-suited to developing decision aids with analogy-based problem-solving capabilities for this class of problems. The methodology was used to develop a practical model for mark-up estimation using knowledge acquired from contractors in Canada and the U.S. The model design, training, and testing are described along with the generalization improvements made using the genetic algorithms technique. [1] [9]

Neuromodex – Neural Network System for Modular Construction Decision Making: In 2017, Akshata Patil et al. published a paper discussing the use of a neural network to determine whether a conventional "stick-built" method or modularization should be used when constructing an industrial process plant. The decision was based on various decision attributes, categorized into five categories: plant location, environmental and organizational factors, labor-related issues, plant characteristics, and project risks. The neural network was trained using cases from engineering and construction firms and owners of industrial process plants. The paper provided an overview of modular construction and discussed the reasons for using a neural network. It also described the architecture, representation, and training procedure of the selected neural network paradigms. Finally, the performance of the trained neural network system was compared with the recommendations of human experts. [1]

Neuroform – Neural Network System for Vertical Formwork Selection: The computer system called Neuroform is utilized to choose vertical formwork systems for a building site, and it uses a neural network approach instead of a traditional expert system. The article discusses the reasons behind this choice and describes the selection of an appropriate neural network model, its architecture, representation of the network training examples, and the network training procedure. It also presents details about the user interaction with the trained neural network system. Neuroform's performance is validated by comparing its recommendations with those of Wallform, a rule-based expert system for vertical formwork selection. Additionally, the system's fault-tolerant and generalization properties are demonstrated through a statistical hypothesis test conducted on its recommendations when partial inputs are given. [9][12]

Building KBES for Diagnosing PC Pile with Artificial Neural Network: In foundation engineering, identifying damage to prestressed concrete piles during driving is a crucial issue. This paper outlines an attempt to create an expert system to address this problem. To overcome the challenge of acquiring knowledge, the authors employ an artificial neural network as a learning mechanism to transform engineering experience into practical knowledge. The back-propagation learning algorithm is used to train the network to extract knowledge from training examples. The study examines the effects of various control parameters (e.g., learning rate and momentum factor) and network architecture factors (e.g., number of hidden units and hidden layers). The results indicate that the artificial neural network can effectively function as a knowledge acquisition tool for diagnosing this problem. The authors also propose a reasoning strategy that integrates forward- and backward-reasoning schemes to apply the knowledge in the trained network and realize the inference mechanism. [9][13]

Modelling Initial Design Process using Artificial Neural Networks: According to a source from 2016, the preliminary design model plays a crucial role in creating an acceptable solution for a design problem. However, the initial design process is challenging to computerize because it relies on human intuition, and it has been difficult to express this intuition and past experience through declarative rules. The paper explores the use of artificial neural networks to model the initial design process and reports the development of a network for designing reinforced-concrete rectangular single-span beams. The network provides a good initial design based on input parameters such as span, dead load, live load, concrete grade, and steel type, predicting the required tensile reinforcement, depth of beam, width, cost per meter, and moment capacity. The paper also discusses various stages of development and performance evaluation concerning the rate of learning, fault tolerance, and generalization. [14]

Intelligent Planning of Construction Projects: In 1988, Kartam and Levitt explored the effectiveness of AI planners for construction project planning by using the interactive planning and execution (SIPE) system. This system utilizes knowledge representation and reasoning techniques derived from artificial intelligence research to explicitly represent knowledge about generating plans for construction projects. SIPE can generate logically correct activity networks for multistorey building construction through the use of a frame hierarchy, generic operators, and a constraint-based approach. Kartam and Levitt demonstrated the usefulness of underlying principles for establishing ordering relationships among the project components involved in construction activities. Their study focused on modelling a multistorey office building project for construction planning and describing SIPE's performance in planning the construction of large-scale multistorey buildings. This system permits computers to generate plans, not just analyze plans created by humans, by representing knowledge about initial and goal states, descriptions of actions with preconditions and effects, and a control structure for selecting new actions to insert into a project plan. [9][15]

Construction Robot Fleet Management System: Researchers and practitioners worldwide are increasingly interested in utilizing robotic equipment for construction tasks. Construction companies and manufacturers have developed working prototype systems that have been implemented on job sites. According to Akshata Patil et al., several Japanese construction firms have already created their own construction fleets. In response to the need to effectively manage diverse robots on future construction sites, Skibniewski and Russel developed a HyperCard prototype of the Construction Robotic Equipment Management System (CREMS). This system optimizes robot performance for work tasks across a contractor's portfolio of construction projects, allowing for economic benefits of robot use to be achieved more easily. This results in faster recovery of robot development costs, and the ability to distribute robot use over more applications and types of construction tasks. [1][16]

Bridge Planning Using GIS and Expert System Approach: When planning a new road network, it is important for the planner to take into account the potential locations of bridges and tunnels. The selection of the best route requires an investigation into the effect of the placement of each bridge on the appropriate type of bridge to use for that location. This has not been done previously due to the complexity of the task and the extensive data required. However, including this task in the early stages of road alignment planning can lead to a more reasonable design. To aid in the comparison of potential sites and types of bridges, geographic information systems and expert systems are recommended. By using these methods, quantitative comparisons can be made more accurately and efficiently than with traditional simplified methods. This could result in an improved design for the road network, with bridges that meet the requirements for construction, maintenance, driving comfort, and aesthetic appeal. [1]

Artificial Neural Network Approach for Pavement Maintenance: The primary goal of using an Artificial Neural Network (ANN) approach for pavement maintenance, as stated by Akshata Patil et al. (2017), is to aid decision-makers in selecting the appropriate maintenance and repair action for a damaged pavement. This process involves collecting condition data, analyzing it, and choosing the most suitable maintenance and repair measures. [1]

ANN for EHS: According to Akshata Patil et al. (2017), AI has the potential to make significant contributions in various areas of Environment, Health, and Safety (EHS), including the use of robots in construction to eliminate human errors and accidents. However, to ensure effective compliance with the Occupational Safety and Health Administration (OSHA), there is a need for innovation and governance. [1]

 Tidal forecasting: It is crucial for determining the feasibility of construction or other activities in maritime areas. Akshata Patil et al. (2017) state that the Kalman filtering method, proposed by Kalman in 1960, is a better alternative to least squares analysis for calculating harmonic parameters. Mizumura (1984) also demonstrated that the Kalman filtering method could accurately determine harmonic parameters from a small amount of historical tidal data, which is useful for tide level forecasting. [1][17]

Estimation of earthquake-induced liquefaction potential: It is critical in the design of structures to withstand earthquakes. According to Akshata Patil et al. (2017), artificial intelligence can be immensely helpful in this regard, as it assists civil engineers in designing structures that can protect against liquefaction-induced foundation failure and structural damage during an earthquake. [1]

FUTURE TRENDS AND BASIC ADVANTAGES

It should be noted that swarm-based methods and artificial immune systems are still in their early stages of development, and are therefore expected to attract more research attention. In the field of civil engineering, artificial intelligence is just beginning to be explored, and has not yet fully played its intended role. Research on the use of artificial intelligence in civil engineering is focused on the following aspects:

1. Incorporating fuzzy processing, integrated intelligent technology, and intelligent emotion technology. [18]

2. The primary task is to deepen understanding of uncertainty problems and to develop appropriate reasoning mechanisms. To develop practical artificial intelligence technology, it is necessary to thoroughly understand the field of artificial intelligence technology. [18]

3. Continuous research and development of artificial intelligence technology in civil engineering is necessary to meet the demands of practical engineering applications. Due to the unique characteristics of civil engineering, artificial intelligence technology is needed in many areas, such as civil building engineering, bridge engineering, geotechnical engineering, underground engineering, road engineering, geological exploration, and structure health detection. [18]

4. Research is being conducted on hybrid intelligence systems and large civil expert systems. [18]

5. Early artificial intelligence technologies need improvement in terms of knowledge, reasoning mechanisms, and man-machine interface optimization as artificial intelligence technology continues to develop. [18]

6. Many single functions of artificial intelligent systems can be integrated to create a comprehensive artificial intelligence system with expanded problem-solving abilities. [18]

7. The reliability and effectiveness of artificial intelligence technology can only be tested through practical application. This will help artificial intelligence technology to evolve and become commercialized. [18]

Advantages of AI:
1. Efficiency: AI can perform tasks more quickly and accurately than humans, especially when it comes to repetitive or complex tasks.

2. 24/7 Availability: Unlike human workers, AI systems can operate around the clock without taking breaks, which can increase productivity and efficiency.

3. Decision-making: AI systems can analyze large amounts of data and make decisions based on that data, which can help businesses and organizations make more informed decisions.

4. Predictive Analysis: AI can be used to predict future outcomes based on past data, which can be useful in fields such as finance and healthcare.

5. Improved safety: AI can be used in dangerous environments, such as in nuclear power plants or space exploration, to reduce the risk of harm to human workers.

Disadvantages of AI:
1. Job loss: As AI becomes more prevalent, there is a risk that it will replace human workers, leading to job loss and a potential increase in income inequality.

2. Lack of creativity: While AI can perform tasks efficiently, it lacks the creativity and problem-solving abilities that humans possess.

3. Bias: AI systems can be biased based on the data they are trained on, which can lead to discriminatory outcomes.

4. Dependence: As humans become more reliant on AI, there is a risk that they will become too dependent on the technology, leading to a loss of essential skills and knowledge.

5. Security risks: AI systems can be vulnerable to hacking and cyber-attacks, which could lead to significant data breaches and other security risks.

CONCLUSIONS
Based on the present study, it can be concluded that artificial intelligence has proven to be successful in various areas of structural engineering, such as prediction, risk analysis, decision-making, resources optimization, classification and selection. It has become an integral part of constructing, maintaining, and managing different aspects of structural engineering problems.

Additionally, AI has shown its potency to perform better than conventional methods and has several significant benefits that make it a powerful and practical tool for solving many problems in the field of structural engineering. It is expected to be more widely applicable in the near future, using sophisticated instruments based on algorithms and databases to reduce the efforts and cost of construction and management.

Artificial intelligence can help inexperienced users solve engineering problems and experienced users improve work efficiency. Moreover, it can facilitate teamwork by enabling members to share their experiences through AI technology.

As AI technology advances, it will continue to transform structural engineering, and it holds broad prospects in this field, with more applications expected in the future.
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