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ARTICLE INFO ABSTRACT 
 The behaviour of RCC-Steel hybrid systems under lateral loads plays a vital role 

in ensuring the safety and resilience of modern infrastructure, particularly in 
earthquake-prone areas. This study focuses on analysing the lateral load 
behaviour of RCC-Steel hybrid systems, specifically evaluating storey shear, 
stiffness, drift, and displacement. By comparing two structural models, T-40-ii 
and T-40-ii-PLATE, the research investigates the effects of steel plate 
integration on load distribution, rigidity, and deformation patterns. 
Emphasizing the lateral response rather than structural health monitoring 
(SHM) or machine learning (ML) techniques, the study provides valuable 
insights into how steel plates enhance energy dissipation and improve seismic 
resistance. The results reveal that incorporating steel plates increases structural 
stability and minimizes deformation risks, contributing to the design of more 
durable and resilient hybrid structures suitable for earthquake-resistant 
infrastructure.  
 
Keywords: RCC-Steel Hybrid Structures, Lateral Load Analysis, Structural 
Health Monitoring (SHM), Machine Learning in Structural Engineering, Seismic 
Performance Evaluation 

 
 

1. Introduction: 
 
The structural behaviour of RCC-Steel hybrid systems under lateral loads has become an area of significant 
research interest due to the unique combination of ductility, strength, and stiffness provided by integrating 
reinforced cement concrete (RCC) with structural steel components. Understanding the complex interactions 
between these materials under lateral forces, such as seismic or wind loads, is critical for enhancing structural 
resilience and safety. Recent advancements in structural analysis and machine learning have enhanced the 
evaluation of building lateral load systems. Abdeljaber et al. (2017) demonstrated the effectiveness of 1-D 
Convolutional Neural Networks (CNNs) in capturing non-linear behaviour caused by lateral forces. Similarly, 
Avci et al. (2021) highlighted how machine learning (ML) and deep learning (DL) models outperform 
traditional methods in predicting dynamic responses. These approaches are particularly valuable for RCC-Steel 
hybrid systems, where material heterogeneity and complex load paths challenge conventional analysis, 
focusing solely on lateral load behaviour without involving structural health monitoring (SHM). 
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Figure 1. Cross-sectional dimensions and distributed steels of specimens (unit: mm) 

 
Source: https://www.mdpi.com/2076-3417/9/4/687 
 
Moreover, the role of hysteretic damping in the energy dissipation of hybrid structures has been a focal point 
in recent studies. Bajrić and Høgsberg (2018) emphasized the significance of accurate damping estimation 
using stochastic subspace identification techniques, which are essential for predicting the non-linear response 
of hybrid systems under cyclic lateral loading. In addition, data-driven models, such as Support Vector 
Machines (SVMs) optimized for damage detection, as presented by Gui et al. (2017), further enhance the 
predictive capabilities in SHM applications. The integration of advanced data science techniques, as reviewed 
by Bao et al. (2019), not only improves the accuracy of structural assessments but also facilitates real-time 
monitoring, enabling proactive maintenance strategies. As lateral loads pose significant risks to the integrity of 
RCC-Steel hybrid systems, leveraging these modern analytical and computational tools is vital for developing 
robust design frameworks and improving the overall safety and longevity of such structures. 
 
1.1 Objectives: 
1. To Evaluate Seismic Performance. 
2. To Compare Structural Models. 
3. To Enhance Design Strategies for Resilience. 
 

2. Review of literature: 
 

Sr. 
No 

Name Year Aim Objectives Findings of the 
Study 

DOI 

1 Abdeljaber, O., 
Avci, O., 
Kiranyaz, M. S., 
Boashash, B., 
Sodano, H., & 
Inman, D. J. 

2017 To develop 1-D CNNs 
for effective 
structural damage 
detection using 
benchmark data. 

Validate CNN 
performance in 
identifying 
structural damage 
from SHM data. 

1-D CNNs 
accurately detected 
structural damage, 
confirming their 
effectiveness in 
SHM. 

Link  

2 Avci, O., 
Abdeljaber, O., 
Kiranyaz, S., 
Hussein, M., 
Gabbouj, M., & 
Inman, D. J. 

2021 To review traditional 
and modern 
vibration-based 
damage detection 
methods in civil 
structures. 

Compare 
traditional, 
Machine Learning, 
and Deep Learning 
techniques in 
damage detection. 

Machine Learning 
and Deep Learning 
significantly 
enhance vibration-
based damage 
detection methods. 

Link  

3 Bajrić, A., & 
Høgsberg, J. 

2018 To estimate 
hysteretic damping 
in structures using 
stochastic subspace 
identification. 

Develop a reliable 
method for 
estimating damping 
characteristics in 
complex structures. 

Stochastic subspace 
identification 
provides accurate 
damping estimates 

Link  

https://www.mdpi.com/2076-3417/9/4/687
https://doi.org/10.1016/j.neucom.2017.09.069
https://doi.org/10.1016/j.ymssp.2020.107077
https://doi.org/10.1016/j.ymssp.2017.11.042
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in structural 
analysis. 

4 Bao, Y., Chen, Z., 
Wei, S., Xu, Y., 
Tang, Z., & Li, H. 

2019 To explore the role of 
data science and 
engineering in 
structural health 
monitoring. 

Identify trends and 
challenges in data-
driven structural 
health monitoring 
systems. 

Data-driven 
approaches 
significantly 
improve monitoring 
accuracy and 
decision-making in 
SHM. 

Link  

5 Gui, G., Pan, H., 
Lin, Z., Li, Y., & 
Yuan, Z. 

2017 To implement SVM 
with optimization 
techniques for 
efficient structural 
health monitoring 
and damage 
detection. 

Optimize SVM 
algorithms to 
improve damage 
detection accuracy 
and efficiency. 

Optimized SVM 
models effectively 
identified structural 
damages with 
improved 
prediction rates. 

Link  

6 Hakim, S. J. S., 
Abdul Razak, H., 
& Ravanfar, S. A. 

2016 To diagnose faults in 
beam-like structures 
using artificial neural 
networks. 

Enhance fault 
detection in beam-
like structures 
through AI. 

Artificial neural 
networks effectively 
identified faults in 
beam structures. 

Link 

7 He, Y., Yang, J. 
P., & Li, Y.-F. 

2022 To develop a three-
stage framework for 
automated modal 
identification of 
bridge parameters. 

Improve accuracy in 
modal identification 
despite frequency 
uncertainties. 

The three-stage 
framework 
enhanced modal 
identification 
accuracy. 

Link 

8 Hernández-
González, I. A., 
García-Macías, 
E., Costante, G., 
& Ubertini, F. 

2024 To implement AI-
driven blind source 
separation for fast 
operational modal 
analysis. 

Accelerate 
operational modal 
analysis using AI 
techniques. 

AI methods 
significantly 
reduced 
computation time in 
modal analysis. 

Link 

9 Hou, R., & Xia, 
Y. 

2021 To review 
advancements in 
vibration-based 
damage 
identification in civil 
structures from 
2010-2019. 

Summarize recent 
techniques and 
challenges in 
vibration-based 
damage detection. 

Vibration-based 
methods showed 
increased efficiency 
with ML 
integration. 

Link 

10 Kiranyaz, S., 
Avci, O., 
Abdeljaber, O., 
Ince, T., 
Gabbouj, M., & 
Inman, D. J. 

2021 To survey 
applications of 1D 
convolutional neural 
networks in various 
fields. 

Review 1D CNN 
applications across 
engineering fields. 

1D CNNs 
demonstrated 
versatility in 
multiple 
engineering 
applications. 

Link 

11 Kita, A., 
Cavalagli, N., & 
Ubertini, F. 

2019 To analyse 
temperature effects 
on the static and 
dynamic behaviour 
of Consoli Palace. 

Assess structural 
behaviour changes 
due to temperature 
variations. 

Temperature 
changes impact 
both static and 
dynamic responses. 

Link 

12 Li, J., Bao, T., & 
Ventura, C. E. 

2021 To create an 
automated 
operational modal 
analysis algorithm 
for concrete dams. 

Simplify 
operational modal 
analysis for large-
scale concrete 
structures. 

The automated 
algorithm improved 
dam safety 
assessments. 

Link 

13 Liu, Y., Cao, R., 
Xu, S., & Deng, 
L. 

2023 To develop a deep 
learning-based 
method for structural 
modal analysis using 
computer vision. 

Utilize computer 
vision for 
automated modal 
analysis. 

Deep learning 
models achieved 
high accuracy in 
modal analysis. 

Link 

14 Lucà, F., 
Manzoni, S., 
Cigada, A., & 
Frate, L. 

2021 To propose a 
vibration-based 
health monitoring 
approach for tie-rods 

Develop reliable 
health monitoring 
under 
environmental 
variability. 

The proposed 
method reliably 
detected tie-rod 
health issues. 

Link 

https://doi.org/10.1016/j.eng.2018.11.027
https://doi.org/10.1007/s12205-017-1518-5
https://doi.org/10.1016/j.measurement.2015.08.021
https://doi.org/10.1016/j.engstruct.2022.113891
https://doi.org/10.1016/j.ymssp.2024.111267
https://doi.org/10.1016/j.jsv.2020.115741
https://doi.org/10.1016/j.ymssp.2020.107398
https://doi.org/10.1016/j.ymssp.2018.10.021
https://doi.org/10.1016/j.ymssp.2021.108707
https://doi.org/10.1016/j.engstruct.2023.117285
https://doi.org/10.1016/j.ymssp.2021.108547
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under uncertain 
conditions. 

15 Malekloo, A., 
Ozer, E., & 
Girolami, M. 

2021 To provide an 
overview of machine 
learning applications 
in structural health 
monitoring. 

Highlight the role of 
emerging 
technologies in 
SHM. 

ML techniques 
enhanced SHM 
effectiveness with 
high-dimensional 
data. 

Link 

16 Park, H. S., & 
Oh, B. K. 

2024 To utilize CNNs for 
model updating 
using dynamic 
structural response 
data. 

Improve model 
accuracy through 
CNN-based 
updating 
techniques. 

CNNs provided 
accurate structural 
updates in dynamic 
conditions. 

Link 

17 Santos, A., 
Figueiredo, E., 
Silva, M. F. M., 
Sales, C. S., & 
Costa, J. C. W. A. 

2016 To apply kernel-
based machine 
learning algorithms 
for damage 
detection. 

Optimize kernel 
methods for 
efficient structural 
damage detection. 

Kernel-based 
methods improved 
damage detection 
precision. 

Link 

18 Yun, D. Y., Oh, 
B. K., Park, K., & 
Park, H. S. 

2024 To identify modal 
damping ratios in 
buildings using an 
LSTM-based 
approach. 

Apply LSTM 
networks for stable 
damping ratio 
identification. 

LSTM networks 
stabilized damping 
ratio predictions. 

Link 

19 Zhang, Q., Cai, 
X., Zhong, Y., 
Tang, X., & 
Wang, T. 

2024 To predict dynamic 
responses of high-
speed trains on 
cable-stayed bridges 
using AI. 

Integrate AI 
methods for 
predictive modeling 
of dynamic 
responses. 

AI integration 
enhanced predictive 
capabilities for 
bridge dynamics. 

Link 

20 Zhang, Y., 
Wang, L., & 
Xiang, Z. 

2012 To detect structural 
damage using mode 
shape squares 
extracted from a 
passing vehicle. 

Validate mode 
shape-based 
damage detection 
techniques. 

Mode shape 
analysis 
successfully 
identified structural 
damages. 

Link 

 
2.1 Research gap: 
Despite significant advancements in structural health monitoring (SHM) and damage detection using artificial 
intelligence (AI) and machine learning (ML) techniques, notable research gaps remain. Current studies 
predominantly focus on specific structural types or controlled environments, often neglecting the complex 
interactions present in real-world conditions, such as varying environmental factors and multi-hazard impacts. 
Additionally, while deep learning models like CNNs and LSTMs have enhanced accuracy in damage detection, 
challenges persist in their generalization and adaptability to different structural configurations and loading 
scenarios. Moreover, the integration of AI-driven methods with real-time data processing for large-scale 
structures remains underexplored, limiting their practical implementation in continuous monitoring systems. 
Bridging these gaps is essential for developing more robust, adaptable, and scalable SHM solutions that can 
operate effectively under diverse and dynamic conditions. 
 

3. Research methodology: 
 
The research methodology for this data analysis focuses on evaluating the seismic performance of RCC-Steel 
hybrid structures by systematically comparing two structural models, T-40-ii and T-40-ii-PLATE. The study 
involves the collection of key structural data, including storey shear, storey stiffness, storey drift, and storey 
displacement across all storeys, from the terrace to the basement levels. These parameters were analysed under 
lateral loading conditions in both X and Y directions to assess the structures' ability to withstand seismic forces. 
A comparative approach was employed to examine the impact of incorporating plates into the design, with 
graphical representations created to visualize differences in load distribution, rigidity, and deformation 
patterns. The analysis aimed to evaluate the models' lateral load resistance, stability, and compliance with 
seismic safety standards, with particular attention given to storey drift and displacement limits. The findings 
were then interpreted to identify performance trends, structural vulnerabilities, and improvements introduced 
by the addition of plates, offering insights into optimizing hybrid structural designs for enhanced seismic 
resilience and overall safety. 
 
4. Data analysis and interpretation: 
The data analysis focuses on evaluating the seismic performance of two structural models, T-40-ii and T-40-ii-
PLATE, by examining key parameters such as storey shear, stiffness, drift, and displacement. By comparing 

https://doi.org/10.1177/14759217211036880
https://doi.org/10.1016/j.engstruct.2024.117880
https://doi.org/10.1016/j.jsv.2015.11.008
https://doi.org/10.1155/2024/6645626
https://doi.org/10.1016/j.engstruct.2024.117869
https://doi.org/10.1016/j.jsv.2011.09.004
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these models under lateral loading conditions, the analysis aims to assess the impact of plate incorporation on 
the overall structural behaviour. This comparative study helps identify improvements in load distribution, 
structural stability, and seismic resilience, providing insights into optimizing design strategies for enhanced 
performance during seismic events. 
 

 
 

The analysis compares the storey shear performance of S-40-ii and S-40-ii-PLATE square structures under 
lateral loads. Both models show increasing shear from terrace to base, with the S-40-ii-PLATE showing 
slightly higher values, indicating better load distribution and enhanced stability, especially in lower storeys. 
 

 
 

The storey stiffness analysis compares S-40-ii and S-40-ii-PLATE square structures under lateral loads. The 
S-40-ii-PLATE consistently shows higher stiffness, especially in lower storeys and near the foundation, 
indicating improved structural rigidity due to the added plates. 
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The storey drift analysis compares S-40-ii and S-40-ii-PLATE square structures under lateral loads. The S-
40-ii-PLATE shows consistently lower drift values, with maximum drift at mid-height, typical in high-rise 
buildings. The added plates reduce lateral deformations, improving structural stability. 
 

 
 

The storey displacement analysis compares S-40-ii and S-40-ii-PLATE square structures under seismic 
loading. The S-40-ii-PLATE shows consistently reduced displacements, with values increasing towards the 
terrace, typical in high-rise buildings. The added plates enhance rigidity, minimizing lateral movements. 
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The storey shear analysis compares T-40-ii and T-40-ii-PLATE triangular structures. Both show increasing 
shear from terrace to base, peaking at the foundation. The T-40-ii-PLATE has slightly higher shear, especially 
in lower storeys, indicating better lateral load resistance. 
 

 
 

The storey stiffness analysis compares T-40-ii and T-40-ii-PLATE triangular structures under lateral 
loads. Both show increasing stiffness from terrace to base, peaking near the ground level. The T-40-ii-PLATE 
shows higher stiffness, enhancing structural rigidity and stability, especially under seismic forces. 
 

 
 
The storey drift analysis compares T-40-ii and T-40-ii-PLATE triangular structures under lateral loads. 
Both show peak drift at mid-height, with the T-40-ii-PLATE consistently exhibiting lower drift, indicating 
better lateral stability. The added plates reduce deformations, enhancing seismic performance and structural 
resilience. 
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The storey displacement analysis compares T-40-ii and T-40-ii-PLATE triangular structures. 
Displacements increase with height, peaking at the terrace. The T-40-ii-PLATE shows reduced displacement 
in EQ-X but slightly higher values in EQ-Y at upper levels, indicating balanced lateral control. 
 

6. Conclusion: 
 
This study provides a comprehensive evaluation of the seismic performance of RCC-Steel hybrid structures, 
focusing on their behaviour under lateral loading conditions. By analysing key parameters such as storey shear, 
stiffness, drift, and displacement, the research demonstrates that incorporating steel plates significantly 
improves structural rigidity, enhances load distribution, and reduces lateral deformations. The findings reveal 
that the T-40-ii-PLATE model consistently outperforms the T-40-ii model in terms of seismic resilience, 
offering better energy dissipation and stability under lateral forces. This advancement not only contributes to 
the structural integrity and longevity of hybrid systems but also enhances their capacity to withstand seismic 
events. The integration of modern techniques, such as machine learning and data-driven approaches, further 
refines damage detection and real-time monitoring, paving the way for more adaptive and intelligent structural 
health monitoring systems. From a societal perspective, the insights gained from this research contribute to 
the development of safer and more resilient infrastructure, ultimately protecting lives, minimizing economic 
losses during seismic events, and promoting sustainable urban development. 
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