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Artificial intelligence (AI) has emerged as a key driver of modern technological development, with widespread
applications across various domains, including civil engineering. Structural engineering, a subdiscipline of civil
engineering, requires the evaluation of the suitability of different structural components before final construction
phase and during recycling processes. Traditionally, this evaluation relies on laboratory experiments and highly
complex numerical simulations, which are often impractical due to space and time constraints, equipment
complexity, and high costs. To address these challenges, researchers worldwide have developed Al-based solu-
tions for applications such as structural damage detection and the prediction of failure loads and patterns. These
solutions offer predictive accuracy comparable to that of experimental and numerical analyses. This review
presents a detailed analysis of around 100 Al-integrated studies in structural engineering conducted between
2020 and 2024, with a focus on concrete, steel, and composite structures, particularly building frames. The study
summarizes the performance benchmarking of commonly used Al algorithms, such as neural networks, genetic
algorithms, tree-based algorithms, and boosting methods, reporting accuracy scores above 0.80 (out of 1.00), and
highlights average accuracy values of 0.90 for optimized and hybrid AI approaches. Additionally, the review
explores emerging Al applications, including retrofitting technologies, buckling-restrained braces, dampers,
column-beam connections, and life-cycle assessment. Critical analysis identifies key limitations of recent Al-
based research, especially those implemented regionally, and proposes novel solutions to overcome existing
challenges.

From the 1980s, Al experienced a resurgence driven by the evolution of
some early methods (e.g., expert systems and cybernetics) and practical

1. Introduction

Artificial Intelligence (AI) was first conceptualized by a group of
scientists at a conference at Dartmouth College in 1956 [1] to develop
intelligent systems capable of reasoning and exhibiting human-like in-
telligence [2]. Significant interest and growth in Al emerged through U.
S. Defense Advanced Research Projects Agency (DARPA) funding from
1962 [3] (Fig. 1). However, between 1970 and 1980, Al research stag-
nated due to limited high-performance computing resources, and
DARPA funding was discontinued following the critical “Lighthill
Report”, which reported Al to have failed to achieve its purpose [4].
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industrial applications [2]. Nevertheless, between 1987 and 1993, Al
faced another decline caused by unrealistic expectations and limited
computational power [5]. Later, subsequent advances in Information
Technology (IT) and the industrial revolution enabled significant prog-
ress in Al [6]. Today, the availability of faster, cost-effective, and more
powerful processing systems has facilitated the widespread adoption of
Al [7].

Al encompasses a broad range of methods, including—but not
limited to—machine learning (ML), neural networks (NN), deep
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learning (DL), data mining, knowledge discovery and advanced ana-
lytics, rule-based modeling and decision making, fuzzy logic, knowledge
representation, reasoning under uncertainty, expert systems, case-based
reasoning, text mining and natural language processing, visual ana-
lytics, computer vision and pattern recognition, hybrid approaches, and
optimization techniques [8]. These techniques are closely associated
with disciplines such as computer science, information theory, cyber-
netics, linguistics, and neurophysiology [9]. By integrating the capa-
bilities of these methods, AI can mimic human intelligence and apply
human-inspired reasoning and algorithms to solve complex engineer-
ing problems [10]. Researchers worldwide are actively developing
innovative Al approaches that are cost-effective, rapid, robust, and
highly accurate [11]. Sarker [8] provided a comprehensive review of
Al-based modeling in real-world applications.

In recent years, ML, DL, and NN have been extensively applied in
civil engineering subfields, including structural, geotechnical, trans-
portation, water supply, and hydraulic engineering. Recent studies have
reviewed Al developments and applications in these areas. Pan and
Zhang [12] conducted a scientometric analysis of Al-related publica-
tions from 1997 to 2020, highlighting AI's potential in automation and
construction engineering and management. Manzoor et al. [13]
reviewed 105 studies from 1995 to 2021, focusing on AI’s role in sus-
tainable development. Xu et al. [11] presented a systematic review on
intelligent architectural design, structural health monitoring, and
disaster prevention, emphasizing computer-vision-based advancements.
Vadyala et al. [14] investigated the integration of ML methods with
physics-based models to address data shift problems in supervised
learning and proposed a physics-informed ML approach. Rezania et al.
[15] discussed pioneering software, Al-related terminology, and pa-
rameters affecting progressive structural collapse. More recently, Harle
[16] provided an overview of Al applications across some areas of civil
engineering, including analysis and design, construction management,
geotechnical engineering, and transportation planning, with a focus on
ML and genetic algorithms.

Al has been applied in structural engineering for decades,
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particularly in the design of structural systems that account for critical
factors such as load application characteristics, service life expectancy,
durability against environmental effects, and fire-induced issues
[17-20]. It serves as a powerful tool for generating efficient and accu-
rate preliminary structural design predictions, reducing the reliance on
cumbersome experimental setups, and enhancing safety measures dur-
ing laboratory testing. Moreover, AI reduces the demand for
high-precision instruments, which are often unavailable in many in-
stitutions and industries. For example, large-scale fire tests on structural
frames cannot typically be conducted in laboratory settings, forcing
researchers to rely on small-scale experiments and assumptions. Al can
overcome such limitations by processing large-scale variable inputs and
producing highly accurate predictions. However, as emphasized in this
review, Al-based results must be validated against experimental and
code-based outcomes, particularly in light of challenges such as data
shift, domain shift, and extrapolation risk [18,21]. As illustrated in
Fig. 1, Al was first applied to structural engineering in the early 1990s
through expert systems, particularly for concrete, steel, and composite
structures. In subsequent years, advanced methods such as ML, DL with
NN were increasingly adopted in structural engineering. Following the
first major Al revolution in 2012, DL has become increasingly prevalent
in structural health monitoring (SHM) and structural damage detection.

In terms of AI's development and application within structural en-
gineering, a review study examined four novel ML algorithms in struc-
tural system identification, SHM, structural vibration control, and
structural design and prediction between 2017 and 2020 [22]. Another
review [23] on fundamental ML techniques addressed a wide range of
applications, including structural analysis and design, SHM, damage
detection, fire resistance assessment, evaluation of mechanical proper-
ties, and concrete mix design. A more recent review [24] focused
exclusively on ML applications in SHM. A comprehensive literature re-
view [25] covering Al, ML, and DL discussed commonly used algorithms
in structural engineering across >200 sources. Although the study
conducted a scientometric analysis to map the best practices from
several scholarly works, its primary focus was on supervised learning
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learning] [2016: deep learning]

®( 198 )

Steel Structures
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Fig. 1. Historical timeline and evolution of artificial intelligence (Al) in structural engineering.
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