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MACHINE LEARNING METHODS IN CIVIL ENGINEERING:
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ABSTRACT. Machine learning has found applications across a range of com-
mercial enterprises. One of the exciting industries impacted by Al has been
civil engineering. The aim of this paper is to review recent developments in Al
as they relate to civil engineering. We highlight potential applications as well
as the risks.

1. INTRODUCTION

The recent advances in Al has catalyzed its adoption in many industries. In
particular, the potential of Al in civil engineering can not be underestimated.
Despite the vast potential benefits, there exist risks and challenges in implement-
ing Al in civil engineering. The goal of this paper is to review recent trends in
advances in applying Al and machine learning in civil engineering. We discusses
opportunities for success and highlight potential pitfalls.

AT and machine learning have various applications in civil engineering, includ-
ing structural engineering, transportation engineering, geotechnical engineering,
and more [1]. These technologies can improve the efficiency of civil engineering
projects by providing solutions to challenges such as damage inspection, safety
risk management, and information modeling [1]. However, there are also chal-
lenges in applying Al and machine learning to civil engineering, such as the need
to define the interface between humans and Al, collect detailed behavioral data,
and address ethical considerations [39, 19, 34].

To address these challenges, researchers are exploring the integration of intel-
ligent technologies like neural networks, big data, and deep learning throughout
the full life cycle of civil engineering projects [39]. This cross-integration can
promote the synergistic development of AI research in civil engineering .

In terms of future prospects, AI and machine learning have the potential to
profoundly transform the development of civil engineering in areas such as urban
planning, architectural design, structural design, engineering construction, ser-
vice operation and maintenance, and disaster prevention and mitigation [?]. The
use of Al techniques, such as deep learning, computer vision, UAV, 3D print-
ing, BIM, virtual reality, and augmented reality, can lead to unmanned, fully

Date: Received: Dec 8, 2023; Accepted: Feb 12, 2024.
* Corresponding author.
Key words and phrases. machine learning, deep learning, civil engineering, design, structural
optimization.
181



182

S. KAMOLOV

automatic, intelligent urban and regional planning, as well as new technologies
for civil engineering design, construction, maintenance, and disaster management

[6]-

Overall, the integration of Al and machine learning in civil engineering offers
many possibilities for improving efficiency and addressing challenges. However,
it is important to consider ethical considerations and continue research and de-
velopment to fully realize the potential of these technologies in the field [19, 34].
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2. DESIGN AND CONSTRUCTION OF CIVIL ENGINEERING STRUCTURES

AT and machine learning have various applications in optimizing the design
and construction of civil engineering structures. We discuss the key points in the
following passages:

2.1. Civil engineering for structural design optimization. The current ap-
plications of Al in civil engineering for structural design optimization include:

e Al and machine learning techniques are being used in structural engineer-
ing, transportation engineering, and geotechnical engineering to address
challenges such as damage inspection, safety risk management, and infor-
mation modeling [1].

e Al algorithms assist engineers in creating optimal structural designs by
considering factors like cost limits, environmental circumstances, and ma-
terial qualities [41].

e Al-based computational tools and information technology have become
widely utilized for sustainable and effective design in civil engineering,
particularly in seismic impact optimization and environmental sustain-
ability [41].

One of the key challenges in many scenarios in civil engineering and beyond is
the optimal feature set. Since, in the age of big data, not all the collected data is
useful, it has become paramount to identify the optimal features in a subset [?].
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2.2. Challenges. The challenges and limitations of using Al and machine learn-
ing in civil engineering for optimizing the design and construction of structures
include:

e Challenges include data availability and effectiveness, defining AT models,
ethical considerations, and the need for collaborative partnerships [16].

e The integration of Al in civil engineering poses questions about the future
role of human engineers and the importance of engineering intuition and
creativity [17].

2.3. Efficiency and sustainability. Contribution of Al and machine learning
algorithms to the efficiency and sustainability of civil engineering structures in-
clude:

e Al technology, such as deep learning, machine learning, and reinforce-
ment learning algorithms, is applied to civil engineering for urban intelli-
gent planning, structural design, construction, maintenance, and disaster
prevention [6].

e Al-driven robotics and autonomous machines contribute to enhanced ef-
ficiency and safety during construction by automating tedious jobs and
continuously monitoring site conditions (Singh et al., 2023).

e Al-based methods in structural design optimization can decrease negative
environmental impacts, improve resource allocation, and create a more
time- and cost-effective design process [18].

Machine learning is bound to play an important role in sustainable develop-
ment in many areas including civil engineering [?]. By utilizing the data-driven
approach Al algorithms have the potential to uncover sustainable solutions that
have hitherto escaped human detection.

2.4. Future prospects. The future prospects of Al and machine learning in
revolutionizing the design and construction of civil engineering structures include:

e The use of Al in civil engineering has the potential to improve the effi-
ciency, safety, and sustainability of infrastructure systems [16].

e Al can bring digitalization in the construction industry to a new level and
create new services and business models [19].

e The ongoing research and development of Al-based methods in civil en-
gineering indicate a growing interest in leveraging Al for contemporary,
intelligent, safe, and resilient infrastructure [19].

AT and machine learning have diverse applications in civil engineering for op-
timizing structural design and construction. These technologies contribute to
efficiency, sustainability, and safety in the field. However, challenges such as data
availability and ethical considerations need to be addressed. The future prospects
of Al in civil engineering are promising, with the potential to revolutionize the
industry and create innovative solutions for infrastructure development.
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3. PREDICTION AND MITIGATION OF NATURAL DISASTERS

AT and machine learning have the potential to greatly impact the prediction
and mitigation of natural disasters on civil engineering infrastructure. We discuss
some of the key research uncovered in the literature:

3.1. Disaster management. There are several applications of Al in disaster
management. Al is being utilized in various fields and industries, including disas-
ter management. It is used in geospatial analysis, robotics, machine learning, and
remote sensing, among others [20]. AI can provide quick and efficient responses
characterized by increased speed, precision, and readiness in disaster manage-
ment (Abid et al., 2023). It can also improve planning and analysis capabilities,
facilitate situational awareness, and accelerate recovery efforts [20].

3.2. Challenges. There exist several challenges in using Al for predicting nat-
ural disasters. The use of Al for disaster risk analysis presents potential pitfalls
that society must be cautious of [26]. Challenges that need to be overcome
include the need for high-quality and diverse data, compatibility with existing
systems and technologies, ethical and social implications, and ongoing research
and development [27].

3.3. Accuracy. One of the key facets is improving accuracy of predicting nat-
ural disasters. Al models have shown remarkable success in handling huge and
nonlinear data, making them perfect tools for disaster monitoring and manage-
ment [28]. By leveraging Al techniques such as big data, machine learning, and
deep learning, tasks in visualizing, analyzing, and predicting natural disasters
can be facilitated [29].

3.4. Ethical considerations. Ethical considerations and risks of Al must be
take into serious consideration. The use of Al in disaster management raises
ethical considerations and potential risks. Data privacy and security are critical
issues, as the use of Al often involves the collection and analysis of sensitive
information . Additionally, there is a need to ensure that Al is developed and
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used in ways that are fair, equitable, and effective in reducing the impact of
disasters [27].

3.5. Key technologies. The progress in Al applications is driven by the key
technologies and methodologies. Al techniques such as machine learning and
deep learning are commonly used in disaster management for tasks such as dis-
aster and hazard prediction, risk assessment, early warning systems, and damage
assessment [30, 62] . These technologies have the potential to enhance accuracy,
decrease calculation time, and reduce model creation costs [38].

There exists a significant capacity for Al to improve the accuracy of predicting
natural disasters and their impact on civil engineering infrastructure. However,
there are challenges to overcome, including the need for high-quality data and
addressing ethical considerations. Key technologies such as machine learning and
deep learning are commonly used in disaster management for various tasks. It is
important to ensure that Al is developed and used responsibly to mitigate the
risks associated with natural disasters [27].

4. MAINTENANCE AND MONITORING

The use of Al and machine learning algorithms in civil engineering systems and
infrastructure maintenance and monitoring has the potential to bring numerous
benefits, but also poses certain challenges and limitations. We summarize below
the key issues:

(1) Current challenges in maintenance and monitoring of civil engineering
systems and infrastructure:
e Traditional methods fall short in adequately accounting for the com-
plexity of infrastructure systems [16].
e Limited visibility into how Al technology works and performs [33].
e Barriers to collecting detailed behavioral data from humans and con-
textual environments [34].
e Issues with data availability and effectiveness, defining AT models,
and ethical considerations [16].
(2) Key applications of Al and machine learning in civil engineering systems
and infrastructure maintenance:
e Structural health monitoring, damage inspection, and safety risk
management [?].
e Optimization of construction processes, project scheduling, resource
allocation, and risk assessment [10].
e Accurate estimation of soil properties, foundation construction, and
transportation planning [16].
e Infrastructure monitoring, including bridge inspection, pipeline in-
tegrity assessment, and defect detection [16, 35].
e Condition assessment, health state prediction, and maintenance op-
timization (Cline et al., 2017).
(3) Potential benefits of using Al and machine learning for monitoring civil
engineering systems and infrastructure:
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e Improved efficiency, safety, and sustainability of infrastructure sys-
tems ([16].

e Enhanced decision-making based on meaningful insights from data
(Shandilya et al., 2022).

e Reduction of errors and quick results through quick decision-making
[38].

e Automation of structural inspection and assessment tasks [35].

(4) Limitations and risks associated with the use of AT and machine learning
in civil engineering systems and infrastructure maintenance:

e Uneven development of intelligence at various stages and limitations
in practical applications (Liu et al., 2024).

e Challenges with data availability, AI model definition, and ethical
considerations [16].

e Need for collaborative partnerships and overcoming knowledge gaps
[34].

e Potential impacts on job site injuries and industry business models
[40].

AT has the potential to significantly improve the maintenance and monitoring
of civil engineering systems and infrastructure. However, challenges such as data
availability, model definition, and ethical considerations need to be addressed.
Collaborative efforts and further research are necessary to fully harness the ben-
efits of Al in civil engineering.

5. STRUCTURAL DESIGN OPTIMIZATION

Using Al algorithms to optimize the structural design of civil engineering
projects has the potential to improve efficiency and sustainability. Several types
of AI algorithms can be applied in this context, including natural language pro-
cessing, machine learning, neural networks, and deep learning [41, 18, 42, 43].
However, there are key challenges and ethical considerations to consider when
using Al algorithms in this field.

Key challenges in using Al algorithms to optimize the structural design of civil
engineering projects include the need for improvement in requirement documents
and information management [44]. Additionally, there is a need for method devel-
opment and knowledge gap identification in this field [44]. Ethical considerations
and potential risks associated with using AI algorithms include the need for data
privacy and security, potential bias in algorithmic decision-making, and the im-
pact on employment in the construction industry [45, 16].

In terms of comparing Al algorithms to traditional methods in optimizing the
structural design of civil engineering projects, Al algorithms offer advantages
such as enhanced decision-making, automation of tedious tasks, and the ability
to consider multiple aspects such as cost limits, environmental circumstances,
and material qualities (Singh et al., 2023). Traditional methods may fall short
in adequately accounting for the complexity of civil engineering projects [19].
However, it is important to note that AI algorithms should not replace human
engineers, but rather serve as tools to assist and enhance their work [17].
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There is an enormous potential to optimize the structural design of civil engi-
neering projects by improving efficiency, sustainability, and decision-making using
modern Al technology. However, there are challenges and ethical considerations
that need to be addressed. Al algorithms offer advantages over traditional meth-
ods, but should be seen as tools to assist human engineers rather than replace
them.

6. FORECASTING THE LIKELIHOOD AND SEVERITY OF NATURAL DISASTERS

Forecasting has become one of the key applications of machine learning in many
areas of scientific endeavour [?]. Using Al and machine learning algorithms to an-
alyze historical data can help predict the likelihood and severity of future natural
disasters on civil engineering infrastructure. However, there are several key chal-
lenges and ethical considerations associated with this approach as summarized
below.

Data quality and diversity plays a crucial role. High-quality and diverse data
are crucial for accurate predictions. However, obtaining such data can be chal-
lenging, as it may be limited or incomplete [416]. Additionally, integrating different
types of data, such as geospatial data, social media data, and wireless network
sensor data, can be complex [46].

Another key issues is compatibility with existing systems. Integrating AI and
machine learning algorithms with existing civil engineering infrastructure can
be challenging. It requires ensuring compatibility and interoperability between
different systems and technologies (Adams et al., 2022).

Ethical considerations and biases must be taken into account. The use of Al
and machine learning algorithms for predicting natural disasters raises ethical
considerations and potential biases. There is a need to ensure fairness, trans-
parency, and accountability in the algorithms and models used [60]. Biases can
arise from biased training data or algorithmic biases.

Different types of AI and machine learning algorithms that can be used to
predict the likelihood and severity of natural disasters on civil engineering infras-
tructure include:

(1) Machine learning algorithms, such as supervised, unsupervised, and rein-
forcement learning, can be used for disaster prediction, risk assessment,
and early warning systems [38, 62].

(2) Deep learning algorithms, a subset of machine learning, can be used for
tasks such as hazard prediction, risk assessment, disaster detection, and
damage assessment [62].

(3) Artificial neural networks, including recurrent neural networks and con-
volutional neural networks, are effective in processing spatial information
and can be used for weather forecasting, healthcare, and flood detection
[61].

There exist several ethical considerations and potential biases associated with
using Al and machine learning for predicting natural disasters on civil engineering
infrastructure. Ensuring fairness and transparency in the algorithms and models
used is crucial to avoid biases and discrimination [60]. Biases can arise from biased
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training data, which can lead to inaccurate predictions and unfair outcomes [60].
There is a need for accountability in the development and use of Al and machine
learning algorithms to ensure responsible and ethical practices [60].

Integrating Al and machine learning algorithms with existing civil engineer-
ing infrastructure can improve disaster preparedness. There exist multiple ap-
proaches in this field. Al algorithms can provide quick and efficient responses
characterized by increased speed, precision, and readiness, improving decision-
making in disaster management [20]. Utilizing remote sensing, geographic infor-
mation systems, and Al analyses can improve planning and analysis capabilities,
facilitate situational awareness, and accelerate recovery efforts [20]. AT can help
address challenges in disaster management by integrating with climate modeling
and traffic management systems, leading to more efficient systems for emergency
management operators and improved resilience [59].

REFERENCES

[1] Plevris, V., Ahmad, A., & Lagaros, N. D. (2023). Artificial Intelligence and Machine Learn-
ing Techniques for Civil Engineering. https://doi.org/10.4018/978-1-6684-5643-9

[2] Liu, H., Zhang, F., Chen, Z., & Wang, L. (2022). Applied research status and prospects of
artificial intelligence in civil engineering field. J. Civ. Environ. Eng, 16, 1-20.

[3] Naser, M. Z., & Ross, B. (2022). An opinion piece on the dos and don’ts of artifi-
cial intelligence in civil engineering and charting a path from data-driven analysis to
causal knowledge discovery. Civil Engineering and Environmental Systems, 39(1), 1-11.
https://doi.org/10.1080/10286608.2022.2049257

[4] Zhang, C., Kim, J., Jeon, J., Xing, J., Ahn, C., Tang, P., & Cai, H. (2021). To-
ward integrated human-machine intelligence for civil engineering: An interdisciplinary
perspective. Computing in Civil Engineering 2021, 279-286. https://doi.org/10.1061/
9780784483893.035

[5] Yang, X., Xiaowei, J., & Hui, L. (2022). State-of-the-art and prospect of intelligent science
and technology in civil engineering. Journal of Building Structures, 43(9), 23.

[6] Bao, Y., & Li, H. (2019). Artificial intelligence for civil engineering. Chin Civil Eng J, 52(5),
1-11.

[7] Singh, D. P., Srivastava, D., & Tiwari, A. K. (2023). A Critical Review on Sustainable
Structural Optimization using Computational Approach.

[8] Thabtah, F., Kamalov, F., & Rajab, K. (2018). A new computational intelligence approach
to detect autistic features for autism screening. International journal of medical informatics,
117, 112-124. https://doi.org/10.1016/j.1ijmedinf.2018.06.009

[9] Thabtah, F., Kamalov, F., Hammoud, S., & Shahamiri, S. R. (2020). Least Loss: A
simplified filter method for feature selection. Information Sciences, 534, 1-15. https:
//doi.org/10.1016/j.ins.2020.05.017

[10] Kamalov, F. (2018, December). Sensitivity analysis for feature selection. In 2018 17th IEEE
International Conference on Machine Learning and Applications (ICMLA) (pp. 1466-1470).
IEEE. https://doi.org/10.1109/ICMLA.2018.00238

[11] Kamalov, F., Moussa, S., Zgheib, R., & Mashaal, O. (2020, December). Feature selec-
tion for intrusion detection systems. In 2020 13th international symposium on computa-
tional intelligence and design (ISCID) (pp. 265-269). IEEE. https://doi.org/10.1109/
ISCID51228.2020.00065

[12] Kamalov, F., Thabtah, F., & Leung, H. H. (2023). Feature selection in imbal-
anced data. Annals of Data Science, 10(6), 1527-1541. https://doi.org/10.1007/
s40745-021-00366-5


https://doi.org/10.4018/978-1-6684-5643-9
https://doi.org/10.1080/10286608.2022.2049257
https://doi.org/10.1061/9780784483893.035
https://doi.org/10.1061/9780784483893.035
https://doi.org/10.1016/j.ijmedinf.2018.06.009
https://doi.org/10.1016/j.ins.2020.05.017
https://doi.org/10.1016/j.ins.2020.05.017
https://doi.org/10.1109/ICMLA.2018.00238
https://doi.org/10.1109/ISCID51228.2020.00065
https://doi.org/10.1109/ISCID51228.2020.00065
https://doi.org/10.1007/s40745-021-00366-5
https://doi.org/10.1007/s40745-021-00366-5

MACHINE LEARNING METHODS IN CIVIL ENGINEERING 189

[13] Kamalov, F. (2021). Orthogonal variance decomposition based feature selection. Expert
Systems with Applications, 182, 115191. https://doi.org/10.1016/j.eswa.2021.115191

[14] Kamalov, F., Sulieman, H., Moussa, S., Reyes, J. A., & Safaraliev, M. (2023). Nested
ensemble selection: An effective hybrid feature selection method. Heliyon, 9(9). https:
//doi.org/10.1016/j.heliyon.2023.e19686

[15] Kamalov, F., Elnaffar, S., Sulieman, H., & Cherukuri, A. K. (2023). XyGen: Synthetic
data generator for feature selection. Software Impacts, 15, 100485. https://doi.org/10.
1016/j.simpa.2023.100485

[16] Harle, S. M. (2023). Advancements and challenges in the application of artificial intelligence
in civil engineering: a comprehensive review. Asian Journal of Civil Engineering, 1-18.
https://doi.org/10.1007/s42107-023-00760-9

[17] Mélaga-Chuquitaype, C. (2022). Machine learning in structural design: an opinionated
review. Frontiers in Built Environment, 6. https://doi.org/10.3389/fbuil.2022.815717

[18] Mathern, A., Ek, K., & Rempling, R. (2019, September). Sustainability-driven struc-
tural design using artificial intelligence. In Proceedings of the IABSE Congress New York
City—The Evolving Metropolis, New York, NY, USA (pp. 4-6). https://doi.org/10.
2749/newyork.2019.1057

[19] Naser, M. Z. (Ed.). (2022). Leveraging Artificial Intelligence in Engineering, Management,
and Safety of Infrastructure. CRC Press. https://doi.org/10.1201/9780367823467

[20] Abid, S. K., Chan, S. W., Sulaiman, N., Bhatti, U., & Nazir, U. (2023, October). Present
and Future of Artificial Intelligence in Disaster Management. In 2023 International Con-
ference on Engineering Management of Communication and Technology (EMCTECH) (pp.
1-7). IEEE. https://doi.org/10.1109/EMCTECH58502.2023.10296991

[21] Kamalov, F., Santandreu Calonge, D., & Gurrib, 1. (2023). New era of artificial intelligence
in education: Towards a sustainable multifaceted revolution. Sustainability, 15(16), 12451.
https://doi.org/10.3390/su151612451

[22] Kamalov, F., Pourghebleh, B., Gheisari, M., Liu, Y., & Moussa, S. (2023). Internet of
medical things privacy and security: Challenges, solutions, and future trends from a new
perspective. Sustainability, 15(4), 3317. https://doi.org/10.3390/su15043317

[23] Gurrib, 1., Kamalov, F., Starkova, O., Makki, A., Mirchandani, A., & Gupta, N. (2023).
Performance of Equity Investments in Sustainable Environmental Markets. Sustainability,
15(9), 7453. https://doi.org/10.3390/su15097453

[24] Kamalov, F., Rajab, K., Cherukuri, A. K., Elnagar, A., & Safaraliev, M. (2022). Deep
learning for Covid-19 forecasting: State-of-the-art review. Neurocomputing, 511, 142-154.
https://doi.org/10.1016/j.neucom.2022.09.005

[25] Zgheib, R., Chahbandarian, G., Kamalov, F., El Messiry, H., & Al-Gindy, A. (2023). To-
wards an ML-based semantic IoT for pandemic management: A survey of enabling technolo-
gies for COVID-19. Neurocomputing, 528, 160-177. https://doi.org/10.1016/j.neucon.
2023.01.007

[26] Guikema, S. (2020). Artificial intelligence for natural hazards risk analysis: Potential, chal-
lenges, and research needs. Risk Analysis, 40(6), 1117-1123. https://doi.org/10.1111/
risa.13476

[27] Velev, D., and P. Zlateva. ”Challenges of artificial intelligence application for disaster
risk Management.” The International Archives of the Photogrammetry, Remote Sens-
ing and Spatial Information Sciences 48 (2023): 387-394. https://doi.org/10.5194/
isprs-archives-XLVIII-M-1-2023-387-2023

[28] Tan, L., Guo, J., Mohanarajah, S., & Zhou, K. (2021). Can we detect trends in natural
disaster management with artificial intelligence? A review of modeling practices. Natural
Hazards, 107, 2389-2417. https://doi.org/10.1007/s11069-020-04429-3

[29] Arinta, R. R., & WR, E. A. (2019, November). Natural disaster application on big data
and machine learning: A review. In 2019 4th International Conference on Information Tech-
nology, Information Systems and Electrical Engineering (ICITISEE) (pp. 249-254). IEEE.
https://doi.org/10.1109/ICITISEE48480.2019.9003984


https://doi.org/10.1016/j.eswa.2021.115191
https://doi.org/10.1016/j.heliyon.2023.e19686
https://doi.org/10.1016/j.heliyon.2023.e19686
https://doi.org/10.1016/j.simpa.2023.100485
https://doi.org/10.1016/j.simpa.2023.100485
https://doi.org/10.1007/s42107-023-00760-9
https://doi.org/10.3389/fbuil.2022.815717
https://doi.org/10.2749/newyork.2019.1057
https://doi.org/10.2749/newyork.2019.1057
https://doi.org/10.1201/9780367823467
https://doi.org/10.1109/EMCTECH58502.2023.10296991
https://doi.org/10.3390/su151612451
https://doi.org/10.3390/su15043317
https://doi.org/10.3390/su15097453
https://doi.org/10.1016/j.neucom.2022.09.005
https://doi.org/10.1016/j.neucom.2023.01.007
https://doi.org/10.1016/j.neucom.2023.01.007
https://doi.org/10.1111/risa.13476
https://doi.org/10.1111/risa.13476
https://doi.org/10.5194/isprs-archives-XLVIII-M-1-2023-387-2023
https://doi.org/10.5194/isprs-archives-XLVIII-M-1-2023-387-2023
https://doi.org/10.1007/s11069-020-04429-3
https://doi.org/10.1109/ICITISEE48480.2019.9003984

190 S. KAMOLOV

[30] Sun, W., Bocchini, P.; & Davison, B. D. (2020). Applications of artificial intelligence
for disaster management. Natural Hazards, 103(3), 2631-2689. https://doi.org/10.1007/
$11069-020-04124-3

[31] Linardos, V., Drakaki, M., Tzionas, P., & Karnavas, Y. L. (2022). Machine learning in
disaster management: recent developments in methods and applications. Machine Learning
and Knowledge Extraction, 4(2). https://doi.org/10.3390/make4020020

[32] Kumar, V. S., Alemran, A., Gupta, S. K., & Haralayya, B. (2022). Extraction of SIFT
Features for Identifying Disaster Hit areas using Machine Learning Techniques. IEEE Inter-
national Conference on Knowledge Engineering and Communication Systems, ICKES 2022.
https://doi.org/10.1109/ICKECS56523.2022.10060037

[33] N. Zaman, E. Apostolou, Y. Li and K. Oister, "Explainable AI for RAMS,” 2022 An-
nual Reliability and Maintainability Symposium (RAMS), Tucson, AZ, USA, 2022, pp. 1-7,
https://doi.org/10.1109/RAMS51457.2022.9893970

[34] Zhang, C., Kim, J., Jeon, J., Xing, J., Ahn, C., Tang, P., & Cai, H. (2021). To-
ward integrated human-machine intelligence for civil engineering: An interdisciplinary
perspective. Computing in Civil Engineering 2021, 279-286. https://doi.org/10.1061/
9780784483893.035

[35] Mondal, T. G., & Chen, G. (2022). Artificial intelligence in civil infrastructure health
monitoring—Historical perspectives, current trends, and future visions. Frontiers in Built
Environment, 8, 1007886. https://doi.org/10.3389/fbuil.2022.1007886

[36] Cline, B., Niculescu, R. S., Huffman, D., & Deckel, B. (2017, January). Predictive main-
tenance applications for machine learning. In 2017 annual reliability and maintainability
symposium (RAMS) (pp. 1-7). IEEE. https://doi.org/10.1109/RAM.2017.7889679

[37] Shandilya, T., Agrawal, V., & Gupta, R. (2022, September). Role of Artificial Intelligence
in improving structural performance: A Review. In IOP Conference Series: Earth and
Environmental Science (Vol. 1086, No. 1, p. 012002). IOP Publishing. https://doi.org/
10.1088/1755-1315/1086/1/012002

[38] Kumar, A., & Mor, N. (2021). An approach-driven: Use of artificial intelligence and its
applications in civil engineering. Artificial Intelligence and IoT: Smart Convergence for Eco-
friendly Topography, 201-221. https://doi.org/10.1007/978-981-33-6400-4_10

[39] Liu, H., Zhang, F., Chen, Z., & Wang. (2024). Applied research status and prospects of
artificial intelligence in civil engineering field. Journal of Civil and Environmental Engineer-
ing.

[40] Demertzis, K., Demertzis, S., & Iliadis, L. (2023). A Selective Survey Review of Compu-
tational Intelligence Applications in the Primary Subdomains of Civil Engineering Special-
izations. Applied Sciences, 13(6), 3380. https://doi.org/10.3390/app13063380

[41] Singh, D. P., Srivastava, D., & Tiwari, A. K. (2023). A Critical Review on Sustainable
Structural Optimization using Computational Approach.

[42] Wang, C., Song, L. H., Yuan, Z., & Fan, J. S. (2023). State-of-the-Art AI-Based Computa-
tional Analysis in Civil Engineering. Journal of Industrial Information Integration, 100470.

[43] Kraus, M. A., & Drass, M. (2020). Artificial intelligence for structural glass engineering
applications—overview, case studies and future potentials. Glass Structures & Engineering,
5(3), 247-285.

[44] Kjellgren, A., Kettil, P., Karlsson, M., & Rempling, R. (2023). Opportunities in Civil
Projects with Artificial Intelligence. In TABSE Symposium: Long Span Bridges, Istanbul,
Turkey, 26-28 April 2023 (pp. 22-32).

[45] Shandilya, T., Agrawal, V., & Gupta, R. (2022, September). Role of Artificial Intelligence
in improving structural performance: A Review. In IOP Conference Series: Earth and
Environmental Science (Vol. 1086, No. 1, p. 012002). IOP Publishing. https://doi.org/
10.1088/1755-1315/1086/1/012002

[46] Pang, G. (2022). Artificial Intelligence for Natural Disaster Management. IEEE Intelligent
Systems, 37(6), 3-6. https://doi.org/10.1109/MIS.2022.3220061


https://doi.org/10.1007/s11069-020-04124-3
https://doi.org/10.1007/s11069-020-04124-3
https://doi.org/10.3390/make4020020
https://doi.org/10.1109/ICKECS56523.2022.10060037
https://doi.org/10.1109/RAMS51457.2022.9893970
https://doi.org/10.1061/9780784483893.035
https://doi.org/10.1061/9780784483893.035
https://doi.org/10.3389/fbuil.2022.1007886
https://doi.org/10.1109/RAM.2017.7889679
https://doi.org/10.1088/1755-1315/1086/1/012002
https://doi.org/10.1088/1755-1315/1086/1/012002
https://doi.org/10.1007/978-981-33-6400-4_10
https://doi.org/10.3390/app13063380
https://doi.org/10.1088/1755-1315/1086/1/012002
https://doi.org/10.1088/1755-1315/1086/1/012002
https://doi.org/10.1109/MIS.2022.3220061

MACHINE LEARNING METHODS IN CIVIL ENGINEERING 191

[47] Kamalov, F. (2020). Forecasting significant stock price changes using neural net-
works. Neural Computing and Applications, 32, 17655-17667. https://doi.org/10.1007/
s00521-020-04942-3

[48] Kamalov, F., Smail, L., & Gurrib, I. (2020, November). Stock price forecast with deep
learning. In 2020 International Conference on Decision Aid Sciences and Application
(DASA) (pp. 1098-1102). IEEE. https://doi.org/10.1109/DASA51403.2020.9317260

[49] Kamalov, F., Gurrib, I., & Rajab, K. (2021). Financial forecasting with machine learning:
price vs return. Kamalov, F., Gurrib, I. & Rajab, K.(2021). Financial Forecasting with
Machine Learning: Price Vs Return. Journal of Computer Science, 17(3), 251-264. https:
//doi.org/10.3844/jcssp.2021.251.264

[50] Gurrib, I., & Kamalov, F. (2019). The implementation of an adjusted relative strength
index model in foreign currency and energy markets of emerging and developed economies.
Macroeconomics and Finance in Emerging Market Economies, 12(2), 105-123. https://
doi.org/10.1080/17520843.2019.1574852

[51] Gurrib, I., & Kamalov, F. (2022). Predicting bitcoin price movements using sentiment
analysis: a machine learning approach. Studies in Economics and Finance, 39(3), 347-364.
https://doi.org/10.1108/SEF-07-2021-0293

[52] Rajab, K., Kamalov, F., & Cherukuri, A. K. (2022). Forecasting COVID-19: vector
autoregression-based model. Arabian journal for science and engineering, 1-10. https:
//doi.org/10.1007/s13369-021-06526-2

[63] Kamalov, F., Smail, L., & Gurrib, I. (2020, December). Forecasting with deep learning:
S&P 500 index. In 2020 13th International Symposium on Computational Intelligence and
Design (ISCID) (pp. 422-425). IEEE. https://doi.org/10.1109/ISCID51228.2020.00102

[54] Kamalov, F., & Gurrib, 1. (2022). Machine learning-based forecasting of significant daily
returns in foreign exchange markets. International Journal of Business Intelligence and Data
Mining, 21(4), 465-483. https://doi.org/10.1504/IJBIDM.2022.126505

[65] Gurrib, I., Kamalov, F., & Smail, L. (2021, August). Bitcoin price forecasting: Linear dis-
criminant analysis with sentiment evaluation. In The 7th Annual International Conference
on Arab Women in Computing in Conjunction with the 2nd Forum of Women in Research
(pp. 1-5). https://doi.org/10.1145/3485557 .3485561

[56] Kamalov, F., & Thabtah, F. (2021). Forecasting Covid-19: SARMA-ARCH approach.
Health and Technology, 11, 1139-1148. https://doi.org/10.1007/s12553-021-00587-x

[57] Kamalov, F., Sulieman, H., Moussa, S., Avante Reyes, J., & Safaraliev, M. (2024).
Powering Electricity Forecasting with Transfer Learning. Energies, 17(3), 626. Chicago
https://doi.org/10.3390/en17030626

[58] Gurrib, I., Kamalov, F., Starkova, O., Elshareif, E. E., & Contu, D. (2023). Drivers of
the next-minute Bitcoin price using sparse regressions. Studies in Economics and Finance.
https://doi.org/10.1108/SEF-04-2023-0182

[59] Adams, J., Hasan, M., & Thorp, J. (2021). Al (artificial intelligence)-assisted planning
within emergency management operations. Journal of Emergency Management (Weston,
Mass.), 20(1), 41-52. https://doi.org/10.5055/jem.0622

[60] Gevaert, C. M., Carman, M., Rosman, B., Georgiadou, Y., & Soden, R. (2021). Fair-
ness and accountability of Al in disaster risk management: Opportunities and challenges.
Patterns, 2(11). https://doi.org/10.1016/j.patter.2021.100363

[61] Goel, A., Goel, A. K., & Kumar, A. (2023). The role of artificial neural network and
machine learning in utilizing spatial information. Spatial Information Research, 31(3), 275-
285. https://doi.org/10.1007/s41324-022-00494-x

[62] Linardos, V., Drakaki, M., Tzionas, P., & Karnavas, Y. L. (2022). Machine learning in
disaster management: recent developments in methods and applications. Machine Learning
and Knowledge Extraction, 4(2). https://doi.org/10.3390/make4020020

'FACULTY OF ENGINEERING, TAJIK TECHNICAL UNIVERSITY, DUSHANBE, TAJIKISTAN.
Email address: said.kamolov@ttu.tj


https://doi.org/10.1007/s00521-020-04942-3
https://doi.org/10.1007/s00521-020-04942-3
https://doi.org/10.1109/DASA51403.2020.9317260
https://doi.org/10.3844/jcssp.2021.251.264
https://doi.org/10.3844/jcssp.2021.251.264
https://doi.org/10.1080/17520843.2019.1574852
https://doi.org/10.1080/17520843.2019.1574852
https://doi.org/10.1108/SEF-07-2021-0293
https://doi.org/10.1007/s13369-021-06526-2
https://doi.org/10.1007/s13369-021-06526-2
https://doi.org/10.1109/ISCID51228.2020.00102
https://doi.org/10.1504/IJBIDM.2022.126505
https://doi.org/10.1145/3485557.3485561
https://doi.org/10.1007/s12553-021-00587-x
https://doi.org/10.3390/en17030626
https://doi.org/10.1108/SEF-04-2023-0182
https://doi.org/10.5055/jem.0622
https://doi.org/10.1016/j.patter.2021.100363
https://doi.org/10.1007/s41324-022-00494-x
https://doi.org/10.3390/make4020020

	1. Introduction
	2. Design and construction of civil engineering structures
	2.1. Civil engineering for structural design optimization
	2.2. Challenges
	2.3. Efficiency and sustainability
	2.4. Future prospects

	3. Prediction and mitigation of natural disasters
	3.1. Disaster management
	3.2. Challenges
	3.3. Accuracy
	3.4. Ethical considerations
	3.5. Key technologies

	4. Maintenance and monitoring 
	5. Structural design optimization
	6. Forecasting the likelihood and severity of natural disasters
	References

