
Short Communication
Volume 8 Issue 5 - June 2024
DOI: 10.19080/JOJMS.2024.08.555747

JOJ Material Sci
Copyright © All rights are reserved by A.R. Anil Chandra

An Overview on Application of Machine 
 Learning to Emerging Frontiers in 

 Civil Engineering Science

A.R. Anil Chandra1*, S Mahesh1, L Ravikumar1 and T S Srivatsan2

1Department of Mechanical Engineering, B M S College of Engineering, India
2Department of Mechanical Engineering, The University of Akron, USA

Submitted: June 07, 2024; Published:  June 18, 2024

*Corresponding author: A.R. Anil Chandra, Department of Mechanical Engineering, B M S College of Engineering, India

JOJ Material Sci 8(5): JOJMS.MS.ID.555747 (2024)  001

Juniper Online
Journal Material Science
ISSN: 2575-856X

Introduction

Human beings rely on structures for their protection. In the 
days of the past, or the by-gone era, caves and rock formation were a 
source of protection. As time gradually advanced an understanding 
of the behaviour of materials and structures revealed noticeable 
improvement. The technology to assess, enhance and monitor the 
strength, integrity and life of a structure took a gigantic leap to a 
state as of this day wherein the application of machine learning 
(ML) are being safely considered for the purpose of automating a 
whole lot of intensive tasks specific to the human being involved. 
This has resulted in a better and more efficient usage of energy 
and resources while considerably increasing both safety and 
overall quality of life.

Current Research on Machine Learning Applications 
to Civil Engineering

Machine and deep learning include the various standard 
algorithms that can be effectively used for the prediction of  

 
various aspects of Civil Engineering at multiple levels. Application 
of Machine Learning (ML) in Civil Engineering is currently focused 
on aspects and intricacies specific to structural health monitoring 
(SHM), process optimization, disaster forecasting, mining and 
exploration, to name just a few important ones. The huge data 
from previous records can be put to effective use for the training 
of these models that can, in most cases, make fairly accurate 
predictions. For certain special cases both the model-based 
learning and physics-based algorithms are currently being used 
to achieve certain representation, which is often difficult using the 
standard algorithms.

Structural health monitoring

Machine Learning (ML) applications for Civil Engineering is 
useful and rather limited. Further, most of the available data in 
this connection is primarily concerned with Structural Health 
Monitoring (SHM) of structures. The idea of structural health 
monitoring (SHM) as a predictive maintenance up until failure, 
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Civil engineering has evolved from mere “constructing buildings” to “intelligent tailored structures” with the gradual introduction of advanced 
design and manufacturing tools such as additive manufacturing, computer aided design (CAD), structural health monitoring and more recently, 
internet-of-things (IoT). However, challenges in terms of optimizing the process parameters, selection of appropriate materials, standardization 
of the process, quality control coupled with predictive maintenance of ageing structures has in recent years doubled like never before. Hence, a 
multi-disciplinary approach involving a healthy synergism of data science, data analytics and civil engineering has made possible the applications 
of techniques machine learning (ML) to address several of the prevailing challenges. In recent years, several publications have successfully 
emerged surfaced in this direction and show much promise towards an exciting future specific to “intelligent tailored structures”. In this overview 
we briefly look at the prevailing scenario in terms of “valued”: application of machine learning to various sectors in the domain specific to civil 
engineering.
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wherein the health of a structure is continuously monitored 
using an array or collection of sensors (to include both direct 
and non-destructive). These sensors help in detecting flaws and 
other damages intrinsic to the structure, which can eventually 
be diagnosed using various methods. This approach enables in 
increasing the working life and safety of the desired structure 
while concurrently contributing to limiting costs incurred towards 
both maintenance and repair. The SHM of civil structures can be 
categorized as shown in the flowchart in Figure 1 [1]. The image 
based structural health monitories (SHM) employs an algorithm 
that aids in predicting the occurrence of vibrations in civil 

structures using computer vision technologies [2]. The vibration-
based SHM is primarily continuous monitoring of the signal during 
dynamic events. Up until recently, multiple machine learning (ML) 
algorithms have been used in each of these steps. However, this is 
no longer an issue with the application of deep neural networks 
[1]. Machine learning (ML) does find for itself restricted usage in 
applications specific to civil engineering due to lack of extensive 
quality data. To overcome this hurdle S. V. Reddy and co-workers 
have put forth and discussed the possible implementation and 
advantages of the physics-based models [3].

Figure 1: Structural health monitoring in civil engineering applications [1].

Machine learning (ML) integrated inspection for the purpose 
of structural health monitoring (SHM) of pipelines have the 
capability to pin-point both the presence and location of defects, 
which up until now an inspection gauge had to be manually moved 
over the entire length of the pipeline to both spot the defect and 
identify the same [4]. Machine learning (ML) algorithms can be 
used at every stage of structural health monitoring (SHM), namely:

a)	 damage detection

b)	 damage assessment

c)	 damage prediction [1-7]

This technology is being widely used in the mechanical 
industry for the purpose of structural health monitoring (SHM) of 
machinery [6,7].
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Mining and Exploration

Documentation of machine learning (ML) application for 
mining has been in use for quite some time. This has essentially 
been for the purpose of mineral exploration, exploitation and 
reclamation. Clustering algorithms, support vector machines and 
deep learning methods are chosen and used for the purpose [8]. 
A growing depletion of the resources has encouraged geologists 
to opt in favor of using machine learning (ML) techniques for 
processing satellite and airborne data (remote sensing data) for 
the purpose of ensuring efficient mineral exploration. This has 
contributed in a positive manner to enabling in

a)	 the mapping of various minerals, often referred to as 
mineral prospectively mapping

b)	 mineral processing [9,10]. Mineral prospectively/
resource mapping involves an integration of the various geological, 
geochemical, geophysical, and remote sensing data to assess the 
likelihood of mineralization in a given area. 

Additive Manufacturing

Additive manufacturing (AM), or 3-D printing, has brought 
a revolution due to its unique “user friendly approach”. Three-D 
printing of structures for homes and offices are becoming 
increasingly commonly these days [11]. This process uses various 
machine learning (ML) techniques during both construction 
and parameter optimization for the prime purpose of improving 
quality. This technology has noticeably transformed the process 
of construction. The process of construction that used to take 
months and in a few cases years, can now be achieved in a few 
days. Customized shapes and sizes with an increased focus on 
achieving high strength at vulnerable areas and/or locations of 
a structure can now be easily achieved using the technique of 
machine learning (ML) [12,13]. It safely allows for the physical 
components to be made from virtual three-dimensional (3D) 
computer models by building the component layer-by-layer until 
the entire structure is built or completed.

Disaster Forecasting

Prediction of natural disasters can be vital because thousands 
of human lives and animal lives can be saved, which otherwise 
would be in jeopardy. Also, property damage and infrastructure 
damage can be easily prevented or at least the desired precautions 
can be taken to minimize both the extent and severity of damage. 
A lot of effort can be seen this regard and machine learning (ML) 
application can be seen in six-disaster management areas which 
include the following

a)	 early warning damage

b)	 damage assessment

c)	 monitoring and detection

d)	 forecasting and predicting

e)	 post-disaster coordination and response

f)	 long-term risk assessment and reduction [14].

These disasters often include earth quakes, floods, forest-fires, 
tornadoes and hurricanes, and even volcanoes. A real-time flood 
prediction developed using a neuro-fuzzy model for the urban 
areas does accurately forecast the occurrence floods in an area in 
advance [15]. Such technologies contribute to improving both the 
lively hood and quality of living in disaster prone areas.

Conclusion

This overview article summarizes machine learning (ML) 
technologies that are currently in demand and their integration 
with various core problems in civil engineering and allied fields. 
The material presented and discussed highlights the capability 
and potential of machine learning (ML) to solving these problems. 
It is certain that an implementation of machine learning (ML) 
can improve the prevailing technologies by several order while 
concurrently reducing the risk and burden of several professions, 
thereby enabling in the creation of a safe working environment. 
The machine learning (ML) techniques also ensure an efficient 
use of energy, resources and capital towards improving quality of 
life and thus ensuring safety. Overall, it is safe to conclude that the 
prevailing era of machine learning (ML) integrated technologies is 
beginning to emerge as a promising simple, easy, safe, efficient and 
well-connected approach for the use of all concerned and involved.

Acknowledgement

The authors would like to thank the Principal and Head, 
Department of Mechanical Engineering, B.M.S. College of 
Engineering for constantly supporting the research activities at 
the College.

References
1.	 Liu J, Xiaoxiang Y (2018) Learning to see the vibration: a neural 

network for vibration frequency prediction. Sensors 18(8): 2530.

2.	 Amezquita SJPM, Valtierra R, Hojjat A (2020) Machine learning in 
structural engineering. Scientia Iranica 27(6): 2645-2656.

3.	 Vadyala SR, Betgeri SN, Matthews JC, Matthews E (2022) A review 
of physics-based machine learning in civil engineering. Results in 
Engineering 13: 100316.

4.	 Saurabh Z, Tushar J, Bishakh B (2019) Application of wavelet analysis 
and machine learning on vibration data from gas pipelines for structural 
health monitoring. Procedia Structural Integrity 14: 712-719.

5.	 Liu J, Xiaoxiang Y (2018) Learning to see the vibration: a neural 
network for vibration frequency prediction. Sensors 18(8): 2530.

6.	 Espinoza S, Natalia F, Jyoti KS (2021) Blind application of developed 
smart vibration-based machine learning (SVML) model for machine 
faults diagnosis to different machine conditions. Journal of Vibration 
Engineering & Technologies 9: 587-596.

7.	 Umbrajkaar AM, Krishnamoorthy A, Dhumale RB (2020) Vibration 
analysis of shaft misalignment using machine learning approach under 
variable load conditions. Shock and Vibration p. 1-12.

http://dx.doi.org/10.19080/JOJMS.2024.08.555746
https://pubmed.ncbi.nlm.nih.gov/30072647/
https://pubmed.ncbi.nlm.nih.gov/30072647/
https://scientiairanica.sharif.edu/article_22091.html
https://scientiairanica.sharif.edu/article_22091.html
https://www.sciencedirect.com/science/article/pii/S2590123021001171
https://www.sciencedirect.com/science/article/pii/S2590123021001171
https://www.sciencedirect.com/science/article/pii/S2590123021001171
https://www.sciencedirect.com/science/article/pii/S2452321619300952
https://www.sciencedirect.com/science/article/pii/S2452321619300952
https://www.sciencedirect.com/science/article/pii/S2452321619300952
https://pubmed.ncbi.nlm.nih.gov/30072647/
https://pubmed.ncbi.nlm.nih.gov/30072647/
https://link.springer.com/article/10.1007/s42417-020-00250-1
https://link.springer.com/article/10.1007/s42417-020-00250-1
https://link.springer.com/article/10.1007/s42417-020-00250-1
https://link.springer.com/article/10.1007/s42417-020-00250-1


How to cite this article: A.R. Anil Chandra, S Mahesh, L Ravikumar, T S Srivatsan. An Overview on Application of Machine Learning to Emerging Frontiers 
in Civil Engineering Science. JOJ Material Sci. 2024; 8(5): 555747. DOI: 10.19080/JOJMS.2024.08.555747004

Juniper Online Journal Material Science

8.	 Jung D, Yosoon C (2021) Systematic review of machine learning 
applications in mining: Exploration, exploitation, and reclamation. 
Minerals 11(2): 148.

9.	 Shrimad H, Ehsan FB, Dietmar MR, Rohitash C (2022) A review of 
machine learning in processing remote sensing data for mineral 
exploration. Remote Sensing of Environment 268: 112750.

10.	Ouanan H, Abdelwahed EH (2019) Image processing and machine 
learning applications in mining industry: Mine 4.0. In 2019 International 
Conference on Intelligent Systems and Advanced Computing Sciences 
(ISACS), IEEE p. 1-5.

11.	https://www.youtube.com/watch?v=_dO-DBYVIcg 

12.	Parisi F, Sangiorgio V, Parisi N, Mangini AM, Fanti MP, et al. (2023) A 
new concept for large additive manufacturing in construction: tower 

crane-based 3D printing controlled by deep reinforcement learning. 
Construction Innovation 24(1).

13.	Wei L, Lee NA, Buehler MJ (2023) Modeling and design of heterogeneous 
hierarchical bioinspired spider web structures using deep learning 
and additive manufacturing. Proceedings of the National Academy of 
Sciences 120(31): e2305273120.

14.	Rizki AR, Andi WRE (2019) Natural disaster application on big data 
and machine learning: A review. In 2019 4th International Conference 
on Information Technology, Information Systems and Electrical 
Engineering (ICITISEE), IEEE, pp. 249-254.

15.	Jun KH, Han KY, Kim HI (2020) Real-time flood disaster prediction 
system by applying machine learning technique. KSCE Journal of Civil 
Engineering 24(9): 2835-2848.

Your next submission with JuniperPublishers    
      will reach you the below assets

•	 Quality Editorial service
•	 Swift Peer Review
•	 Reprints availability
•	 E-prints Service
•	 Manuscript Podcast for convenient understanding
•	 Global attainment for your research
•	 Manuscript accessibility in different formats 

         ( Pdf, E-pub, Full Text, Audio) 
•	 Unceasing customer service

                   Track the below URL for one-step submission 
        https://juniperpublishers.com/submit-manuscript.php

This work is licensed under Creative
Commons Attribution 4.0 License
DOI:  10.19080/JOJMS.2024.08.555747

http://dx.doi.org/10.19080/JOJMS.2024.08.555746
https://www.sciencedirect.com/science/article/abs/pii/S0034425721004703
https://www.sciencedirect.com/science/article/abs/pii/S0034425721004703
https://www.sciencedirect.com/science/article/abs/pii/S0034425721004703
https://ieeexplore.ieee.org/document/9068884
https://ieeexplore.ieee.org/document/9068884
https://ieeexplore.ieee.org/document/9068884
https://ieeexplore.ieee.org/document/9068884
https://www.emerald.com/insight/content/doi/10.1108/CI-10-2022-0278/full/html
https://www.emerald.com/insight/content/doi/10.1108/CI-10-2022-0278/full/html
https://www.emerald.com/insight/content/doi/10.1108/CI-10-2022-0278/full/html
https://www.emerald.com/insight/content/doi/10.1108/CI-10-2022-0278/full/html
https://www.pnas.org/doi/full/10.1073/pnas.2305273120
https://www.pnas.org/doi/full/10.1073/pnas.2305273120
https://www.pnas.org/doi/full/10.1073/pnas.2305273120
https://www.pnas.org/doi/full/10.1073/pnas.2305273120
https://ieeexplore.ieee.org/document/9003984
https://ieeexplore.ieee.org/document/9003984
https://ieeexplore.ieee.org/document/9003984
https://ieeexplore.ieee.org/document/9003984
https://link.springer.com/article/10.1007/s12205-020-1677-7
https://link.springer.com/article/10.1007/s12205-020-1677-7
https://link.springer.com/article/10.1007/s12205-020-1677-7
http://dx.doi.org/10.19080/JOJMS.2024.08.555746

	_Hlk169604537
	_Hlk169604552
	_Hlk169604569
	_Hlk169604578
	_Hlk169604591
	_Hlk169604600
	_Hlk169604608
	_Hlk169604687
	_Hlk169604677
	_Hlk169604622
	_Hlk169604647

