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Abstract — In recent years, the application of computational/artificial intelligence (CI/Al) in concrete structures
and materials has gained popularity as evident in the search in the SCOPUS database using these keywords. The
integration of CI/Al in concrete structures marks a significant advancement in civil engineering, offering innovative
solutions across various stages of infrastructure development. From analysis and design to construction,
monitoring, and maintenance, CI/Al technologies revolutionize traditional practices, enabling engineers to
optimize concrete structures for enhanced performance, durability, and sustainability. Material design and
optimization in concrete have also been propelled forward by CI/Al technologies. Traditional methods rely on trial-
and-error, but CI/Al models analyze vast datasets to identify optimal mixtures with superior properties and
resistance to environmental factors. Utilization of supplementary cementitious materials and industrial wastes
introduces complexities, addressed by CI/Al's predictive capabilities for short- and long-term concrete properties.
By minimizing waste and energy consumption, CI/Al-driven design fosters environmentally friendly formulations
while ensuring structural integrity. Overall, CI/Al enhances prediction, optimization, and monitoring, ushering in
a new era of resilient and sustainable concrete materials. These advancements also contribute to sustainable
development by optimizing material usage, reducing waste, and improving energy efficiency, underscoring CI/AI’s
transformative potential in shaping the future of concrete structures and materials.

Copyright © 2024 UNIMAS Publisher. This is an open access article distributed under the Creative Commons Attribution-NonCommercial-ShareAlike 4.0
International License which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Keywords: artificial intelligence, computational intelligence, concrete structure, concrete material, SCOPUS

1.0 INTRODUCTION

In recent years, there has been an increasing utilization of computational/artificial intelligence (CI/Al)
methodologies in addressing civil engineering challenges, e.g., structural engineering [1-6], concrete materials [7—
14], water distribution system [15-17], construction management [18-21], transportation [22, 23], and geotechnical
engineering [24-27]. These studies showed that CI/Al is generally effective for design optimization and prediction
purposes in solving various real-world engineering problems. In publications, CI/Al is occasionally referred to as
machine learning or soft computing.

Figure 1 shows the trend of publication in the area of application of CI/Al in the discipline of concrete structures
in the past ten years based on the SCOPUS search engine. It can be observed in Figure 1 that the trend of growth
in publication is exponential, indicating the popularity of this area of research. It is anticipated that the number of
publications will continue to expand in the years ahead.
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Figure 1 Number of publications based on SCOPUS search engine with keywords: “computational” OR “artificial” AND
“intelligence” AND “concrete” AND “structures”

As for concrete materials, Figure 2 illustrates an exponential increase in publications within this domain over the
past decade based on the SCOPUS search engine. This suggests that this field of research has experienced a surge
in popularity over the last ten years and is predicted to show further growth in publication volume.
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Figure 2 Number of publications based on SCOPUS search engine with keywords: “computational” OR “artificial” AND
“intelligence” AND “concrete” AND “materials”

2.0 COMPUTATIONAL/ARTIFICIAL INTELLIGENCE IN CONCRETE STRUCTURES

The application of CI/Al in concrete structures represents a significant advancement in the field of civil
engineering, offering innovative solutions to enhance the analysis, design, construction, monitoring, and
maintenance of infrastructure. This integration of technology revolutionizes traditional practices, enabling
engineers to optimize concrete structures for improved performance, durability, and sustainability.

Computational/artificial intelligence proves beneficial in structural analysis tasks, such as the prediction of tendon
stress in external prestressing as demonstrated by Lau et al. [4]. The study illustrates that the CI/Al system proposed
in the study can accurately predict the stress in the external tendon, which is dependent of a few parameters. In a



separate study [28], chained machine learning model was used for the prediction of load capacity and ductility of
steel fiber—reinforced concrete beams.

One of the primary areas where CI/Al techniques are making a profound impact is in the design phase of concrete
structures. Sophisticated algorithms have the capability to process extensive datasets concerning material
characteristics, structural burdens, environmental circumstances, and design limitations, thereby producing refined
designs [29]. Through machine learning algorithms, CI/Al systems can learn from past design experiences and
adapt to evolving project requirements, resulting in more efficient and cost-effective structural solutions.
Additionally, CI/Al-driven design tools can facilitate the exploration of innovative design concepts and help
engineers uncover novel approaches to address complex engineering problems.

In addition to analysis and design, CI/Al technologies are revolutionizing the construction phase of concrete
structures. Autonomous construction equipment equipped with CI/Al systems can streamline construction
processes, enhance productivity, and improve safety on construction sites. Robotics and automated systems
powered by CI/Al algorithms can perform tasks such as concrete mixing, placement, and finishing with precision
and efficiency, reducing labour costs and accelerating project timelines. Furthermore, CI/Al-driven monitoring
systems can continuously assess construction quality, detect defects, and provide real-time feedback to construction
crews, enabling proactive interventions to address potential issues before they escalate [30].

The integration of CI/Al technologies also offers significant advantages in the monitoring and maintenance of
concrete structures throughout their service life [31]. Sensor networks embedded within concrete elements can
collect data on structural performance, environmental conditions, and material degradation over time. With the
incorporation of internet of things (IoT), data can be collected in real-time without the hindrance of distance and
time. Computational/artificial intelligence algorithms can analyze this data to assess the health and condition of the
structure in real-time, identify early signs of deterioration or damage, and predict future maintenance needs. By
implementing predictive maintenance strategies based on CI/Al-driven insights, asset owners can optimize
maintenance schedules, extend the service life of concrete structures, and minimize lifecycle costs [32].

Furthermore, CI/Al-powered monitoring systems can enhance the resilience of concrete infrastructure to natural
and man-made hazards. By continuously monitoring structural health and performance, these systems can provide
early warning of potential hazards such as seismic activity, excessive loading, or corrosion-induced deterioration.
In the event of an emergency, CI/Al algorithms can facilitate rapid decision-making by providing real-time data
and predictive analytics to aid emergency response and recovery efforts [33]. This proactive approach to risk
management helps to enhance the safety and resilience of concrete structures, protecting lives and property in
vulnerable communities.

Additionally, the application of CI/Al in concrete structures opens up new opportunities for sustainable
development and environmental stewardship. By optimizing material usage, reducing construction waste, and
improving energy efficiency, CI/Al-driven design and construction processes contribute to the creation of more
cost-effective infrastructure [34]. Furthermore, CI/Al algorithms can optimize the operation of smart concrete
systems equipped with embedded sensors and actuators, enabling adaptive responses to changing environmental
conditions and user requirements. These intelligent concrete systems have the potential to revolutionize the way
we design, build, and maintain infrastructure, ushering in a new era of sustainable and resilient construction
practices.

3.0 COMPUTATIONAL/ARTIFICIAL INTELLIGENCE IN CONCRETE MATERIALS

One of the primary areas where CI/Al technologies have made significant strides is in material design and
optimization. Traditional concrete mix designs rely on trial-and-error methods and experience-based approaches,
often resulting in suboptimal outcomes. However, computational models powered by CI/Al can analyze vast
datasets and simulate various material compositions, enabling engineers to identify optimal mixtures that exhibit
superior mechanical properties, durability, and resistance to environmental factors [9]. By incorporating machine
learning algorithms, these models can continuously learn from experimental data, refining their predictions and
accelerating the development of innovative concrete formulations tailored to specific applications.

Over recent years, there has been a growing trend towards the increased utilization of supplementary cementitious
materials (SCMs) in concrete mixtures, making the area of concrete materials even more complex. Furthermore,
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the incorpopration of waste materials as SCMs has introduced additional challenges to concrete mix design [9].
Through the application of CI/Al, it becomes feasible to predict both short-term and long-term properties of
concrete [7, 8, 10-14].

Moreover, CI/Al technologies facilitate the integration of advanced materials and smart functionalities into
concrete materials, paving the way for the development of next-generation infrastructure solutions. For instance,
self-healing concrete, equipped with microcapsules containing healing agents activated upon crack formation,
exemplifies the transformative potential of CI/Al-driven innovation in concrete materials. Machine learning
algorithms analyze environmental data and structural conditions to optimize the deployment of self-healing
mechanisms, ensuring timely repairs and prolonging the service life of concrete elements [14, 35].

Furthermore, CI/Al approaches offer novel solutions for addressing sustainability challenges in concrete materials
and construction practices. By optimizing material usage, minimizing waste, and reducing energy consumption
during production and transportation, CI/Al-driven design methodologies contribute to the development of more
environmentally friendly concrete formulations. Additionally, machine learning algorithms can optimize the
performance of concrete over their lifecycle, considering factors such as energy efficiency, carbon footprint, and
resilience to climate change impacts. Through data-driven decision-making and predictive modeling, stakeholders
can make informed choices that prioritize sustainability without compromising structural integrity or functionality.

In short, CI/Al is revolutionizing the field of concrete materials by providing innovative solutions for prediction,
optimization, and monitoring of concrete properties. By leveraging vast datasets and sophisticated algorithms,
CI/Al techniques can accurately forecast various concrete properties, including compressive strength, durability,
and workability. These predictive models analyze factors such as material composition, curing conditions, and
environmental influences to generate precise estimations, enabling engineers to optimize concrete mix designs and
enhance performance. Moreover, CI/Al algorithms facilitate real-time monitoring of concrete properties during
construction and service life, enabling early detection of anomalies or deterioration. By integrating CI/Al into
concrete property analysis, researchers and practitioners can unlock new insights, improve efficiency, and develop
more resilient and sustainable concrete materials for the future.

4.0 CONCLUSION

The application of CI/Al in concrete structures and materials has emerged as a transformative force in the
field of civil engineering. By harnessing advanced algorithms and data-driven techniques, researchers and
practitioners can optimize concrete mix designs, predict structural behavior, and monitor the health of
concrete infrastructure with unprecedented accuracy. Computational/artificial intelligence methodologies
enable engineers to simulate complex interactions within concrete materials, leading to the development
of innovative formulations that exhibit enhanced mechanical properties, durability, and sustainability.
Furthermore, CI/Al-driven structural analysis techniques provide valuable insights into the performance
of concrete structures under various loading and environmental conditions, guiding design optimization
and risk mitigation efforts. Through the integration of sensors, 10T devices, and CI/Al algorithms,
stakeholders can monitor concrete structures in real time, detect defects or deterioration early, and
implement proactive maintenance strategies. Overall, the application of CI/Al technologies in concrete
structures and materials promises to revolutionize construction practices, paving the way for safer, more
resilient, and sustainable built environments.
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