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Abstract:

The seismic performance of RCC-Steel hybrid structures has emerged as a critical focus in structural engineering,
particularly for ensuring the resilience of buildings in earthquake-prone regions. This study explores the dynamic
behaviour of RCC-Steel hybrid systems under seismic loads, emphasizing their ability to combine the compressive
strength of reinforced concrete with the tensile strength and ductility of steel. By analysing key structural parameters—
storey shear, storey stiffness, storey drift, and storey displacement—across two models (T-20-ii and T-20-ii-PLATE), this
research evaluates the impact of design modifications on seismic performance. Advanced techniques, including data-
driven approaches and system identification methods, are utilized to enhance the accuracy of structural assessments. The
findings indicate that the inclusion of steel plates significantly improves energy dissipation, load distribution, and overall
structural stability, contributing to the development of more resilient hybrid systems. This study also highlights existing
research gaps, such as the need for multi-hazard assessments and the integration of machine learning with traditional
analysis methods, offering pathways for future research.

Keywords: RCC-Steel Hybrid Structures, Seismic Performance, Structural Health Monitoring, Storey Drift and
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1 Introduction:

The seismic performance of RCC-Steel hybrid structures has gained significant attention in recent years due to the need
for resilient infrastructure capable of withstanding complex loading conditions, particularly in earthquake-prone regions.
RCC-Steel hybrid systems, combining the compressive strength of reinforced concrete (RCC) with the tensile strength
and ductility of steel, offer an optimized structural response under seismic forces. The integration of these materials allows
for improved load distribution, energy dissipation, and overall stability during seismic events. Previous studies on
structural vulnerability, such as the work by Argyroudis and Mitoulis (2021), emphasized the importance of evaluating
structures under multiple hazards, including floods and earthquakes, to develop comprehensive risk mitigation strategies.
Their research highlights the necessity of multi-hazard assessment frameworks, which are crucial for understanding the
compounded effects on complex structural systems like RCC-Steel hybrids. Similarly, the study by Audenaert et al. (2007)
highlighted the effectiveness of elasto-plastic material models in structural analysis, offering valuable insights into the
nonlinear behaviour of building structures. These models can be applied to evaluate the complex responses of hybrid
structural systems under seismic loading, enabling a better understanding of how buildings deform and dissipate energy
during earthquakes.
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Figure 1: Typical two-story SPSW frame.
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Source: Efficient Design of Steel Plate Shear Walls
Further advancements in seismic performance evaluation have been supported by studies focusing on system identification
and structural health monitoring. Civera et al. (2021) introduced the Fast Relaxed Vector Fitting method to enhance the
accuracy of dynamic analysis in masonry bridges, demonstrating the potential of refined analytical techniques in assessing
structural vulnerabilities. Moreover, the adoption of machine learning-based approaches, as explored by Civera, Mugnaini,
and Zanotti Fragonara (2022), has opened new pathways for automatic operational modal analysis, enabling continuous
monitoring and early damage detection in complex structures. The combination of traditional analytical methods with
modern data-driven techniques can significantly improve the understanding of seismic behaviour in RCC-Steel hybrid
structures. This study aims to build upon these foundations to investigate the seismic performance of such hybrid systems,
focusing on their dynamic characteristics, failure modes, and resilience under seismic forces.

1.1 Objectives:
1. To Evaluate the Seismic Performance of RCC-Steel Hybrid Structures.

2. To Compare Structural Behaviour Between Conventional and Hybrid Models.
3. To Enhance Earthquake-Resilient Design Strategies.

2. Review of literature:

Sr. | Name Year | Aim Objectives Findings of the Study | DOI

No

1 Argyroudis, S. A, | 2021 | To evaluate the | Assess multi-hazard | Bridges are highly | Link
& Mitoulis, S. A. vulnerability of bridges | impacts and develop | vulnerable to

under  floods and | risk mitigation | combined hazards,
earthquakes. strategies. requiring  integrated
risk management.

2 Audenaert, A., | 2007 | To analyse arch | Develop a numerical | Elasto-plastic Link
Fanning, P., bridges using an elasto- | model for structural | modeling provides
Sobczak, L., plastic material model. | analysis under load. reliable predictions of
Peremans, H. bridge behaviour under

stress.

3 Brencich, A., & | 2008 | To identify the | Perform experimental | Experimental methods | Link

Sabia, D. dynamic modal analysis on the | can effectively identify
characteristics of a | Tanaro Bridge. structural
multi-span  masonry characteristics for
bridge. safety assessment.

4 Civera, M., | 2021 | To use Fast Relaxed | Improve accuracy in | Fast Relaxed WVector | Link
Calamai, G., & Vector  Fitting  for | structural health | Fitting enhances
Zanotti Fragonara, structural health | monitoring using | precision in identifying
L. monitoring of masonry | advanced dynamic properties.

bridges. identification
methods.

5 Civera, M., | 2022 | To apply machine | Automate modal | Machine learning | Link
Mugnaini, V. & learning for operational | analysis using | significantly improves
Zanotti Fragonara, modal analysis in | machine learning | the efficiency and
L. masonry arch bridges. | techniques for better | accuracy of modal

health monitoring. analysis.

6 Conde, B., Ramos, | 2017 | To assess masonry arch | Combine non- | The integrated | Link
L. F., Oliveira, D. bridges using non- | destructive testing | approach provides a
V., Riveiro, B, & destructive testing and | with 3D modelling for | detailed structural
Solla, M. 3D numerical | comprehensive bridge | assessment, improving

modelling. assessment. safety evaluations.

7 Gonen, S, & | 2020 | To perform seismic | Compare multiple | Multiple Link
Soyoz, S. analysis of a masonry | seismic analysis | methodologies offer a

arch  bridge using | techniques to evaluate | broader understanding
different structural of seismic responses in
methodologies. performance. masonry arch bridges.

8 Kalkan, E., & | 2006 | To propose an adaptive | Develop anew method | The adaptive modal | Link
Kunnath, S. K. modal combination | for more accurate | combination improves

procedure for nonlinear the accuracy of seismic
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static  analysis  of | nonlinear static | performance
building structures. analysis. predictions in
structural analysis.

9 Martucci, D., | 2021 | To apply Extreme | Develop a damage | The proposed approach | Link
Civera, M., & Function Theory for | detection effectively identifies
Surace, C. damage detection in | methodology using the | structural damage,

civil and aerospace | Extreme Function | enhancing monitoring
structures. Theory. and safety protocols.

10 | Martucci, D., | 2022 | To apply the Extreme | Use the Extreme | The method | Link
Civera, M., & Function Theory for | Function Theory to | successfully identified
Surace, C. damage detection in | detect damage in | damage in the 1-40

bridge monitoring, | bridge structures. bridge, demonstrating
focusing on the 1-40 its applicability to real-
case study. world case studies.

11 | Mugnaini, V. | 2022 | To apply machine | Develop a machine | Machine learning | Link
Zanotti Fragonara, learning for automatic | learning  framework | enhances the accuracy
L., & Civera, M. operational modal | for efficient modal | and efficiency  of

analysis. analysis. operational modal
analysis.

12 | Mwafy, A. M., & | 2001 | To compare static | Evaluate the accuracy | Dynamic collapse | Link
Elnashai, A. S. pushover and dynamic | and reliability of static | analysis provides more

collapse analysis for | pushover in predicting | accurate predictions,
RC buildings. dynamic collapse | but static pushover
behaviours. remains useful for

initial assessments.

13 | Peld, L., Aprile, | 2009 | To perform seismic | Analyse the seismic | Seismic vulnerabilities | Link

A., & Benedetti, A. assessment of masonry | vulnerability and | in  masonry  arch

arch bridges. behaviour of masonry | bridges can be
arch bridges under | effectively identified
dynamic loads. through advanced

analytical methods.

14 | Pulatsu, B., | 2019 | To compare in-plane | Investigate failure | Discontinuum analysis | Link
Erdogmus, E., & and out-of-plane | mechanisms using | accurately identifies
Lourenco, P. B. failure  modes  in | discontinuum both in-plane and out-

masonry arch bridges | numerical methods. of-plane failure
using  discontinuum behaviours in masonry
analysis. bridges.

15 | Ramamoorthy, S. | 2006 | To develop | Establish fragility | Probabilistic  models | Link
K., Gardoni, P., & probabilistic demand | curves for RC frames | improve understanding
Bracci, J. M. models and fragility | to improve seismic | of RC frames' seismic

curves for reinforced | risk assessment. vulnerabilities and aid
concrete frames. in risk management.
Rosso, M. M., To develop intelligent Utilize . Al for | The intelligent
Aloisio, A., Parol automatic operational automating apprpach enhances the .

16 o ' 2023 .| operational modal | efficiency and | Link
J., Marano, G. C,, modal analysis Ivsis in structural | accuracy. of  modal
& Quaranta, G. methods. ana ysIS In structura uracy

ealth monitoring. analysis.
To update models of .| Soil-structure
. Analyse how soil- | : .
Shabani, A, masonry tlowers us:jn% structure interaction |r_1ter_?c_ct|0nl .

17 | Feyzabadi, M., & | 2022 opelrat!onaf _Modal | atfects the dynamic Sr']gn' icantly dlmpacf[s Link

Kioumarsi, M. anatysis, 1OCUSING ON | yepaviour of masonry the . dynamic
soil-structure characteristics of
; ! towers.
interaction. masonry structures.
To create a multi-task The proposed method
learning-based Improve modal | enhances the

18 Shu, J., Zhang, C., 2022 automatic blind | identification  using | automation and Link
Gao, Y., &Niu, Y. identification method | advanced machine | reliability of

for operational modal | learning techniques. operational modal
analysis. analysis.
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To _ systematically Evalu_ate existing Highlights the
. review damage | techniques for | .
Soleymani, A., detection and | monitorin and importance of modern
19 | Jahangir, H., & | 2023 o . oring .~ | technologies for | Link
A monitoring methods in | detecting damage in . .
Nehdi, M. L. . S preserving heritage
heritage masonry | historical masonry
masonry structures.
structures. structures.
To apply SSI-LSTM | !ntegrate long short- | oo, | orpr jmoroves
. - term memory (LSTM) L
Yun, D. Y., Shim, networks for adaptive networks with the adaptability and
20 | H. B., & Park, H. | 2023 | operational modal . precision of structural | Link
. I operational modal o
S. analysis of building . . health monitoring
analysis for adaptive
structures. . systems.
monitoring.

2.1 Research gap:

Despite advancements in structural health monitoring and modal analysis, key research gaps persist. Limited studies have
explored hybrid models combining physics-based and data-driven methods for improved accuracy. The impact of soil-
structure interaction on masonry structures, especially heritage buildings, remains underexplored. Multi-hazard
assessments are often overlooked, with most research focusing on isolated factors like seismic or environmental loads.
Additionally, while intelligent algorithms aid damage detection, more adaptable frameworks are needed for diverse
structures, from heritage masonry to modern high-rises. Bridging these gaps can strengthen the effectiveness of structural
health monitoring systems.

3. Research methodology:

This analysis evaluated the structural performance of T-20-ii and T-20-ii-PLATE models under lateral loads, focusing on
storey shear, stiffness, drift, and displacement in SPEC-X/EQ-X and SPEC-Y/EQ-Y directions. Data from the TIE BEAM
PTH LVL to the Terrace was analysed to assess load distribution, rigidity, safety compliance, and deformation patterns.
Comparative graphs highlighted the impact of plate additions, revealing key trends and areas of significant variation. The
findings offer insights into design improvements for enhanced seismic resilience and structural stability.

4. Data analysis, interpretation and findings:

In this data analysis, a comprehensive comparative study was conducted on structural performance metrics—storey shear,
storey stiffness, storey drift, and storey displacement—for two structural models: T-20-ii and T-20-ii-PLATE. The
analysis evaluated the impact of plate inclusion on the structural behaviour under lateral loads in both SPEC-X/EQ-X and
SPEC-Y/EQ-Y directions. By analysing variations in shear forces, stiffness, lateral drifts, and displacements across all
storeys, the study aimed to assess structural stability, lateral load resistance, and potential improvements in overall
performance due to the addition of plates. The findings highlight critical differences in structural responses, aiding in
optimized design strategies for enhanced seismic resilience.

Comparative Analysis of Storey Shear Forces in S-20-ii and S-20-ii-
PLATE Models (SPEC-X and SPEC-Y Directions)

Interpretation:

The table and graphs illustrate the storey shear distribution for two
structural models. 8-20-ii and S-20-ii-PLATE. in both SPEC-X
and SPEC-Y directions. The shear force consistently increases
from the Terrace to the B2 SLAB, where the maximum shear
(~7700 kKN) 1z observed, indicating higher lateral loads on lower
floors. Both models exhibit nearly identical shear patterns.
suggesting that the addition of plates has minimal impact on the
overall shear distribution. This consistency highlights structural
stability across the models. with critical shear concentrations near
the base levels.

S-20-0i S-20-i PLATE STOREY SHEAR SPEC-X
SPECX | SPECY | SPECX | SPECY
7 759.1929] T94.4941| 794.7774
1685.441| 16

TERRACE
Story19
Stary18
Storyl7
Story16
Storyl§
Story14
[Story13
Story12
Story11

50,
1204.959/
4496.304
4763406
5007909

Staryl0
Story®
Starys
StoryT

4916.662] 53
|_5106.099]
5

56
5566.605
G0TE.681
5664.705] 6288.067
$863.993| 6496.848
£6104.167| 6714.508|

6951.295

Findings:

Story6
Storys
Story4
Story3

The analysis reveals that storey shear forces increase from the
Terrace to the B2 SLAB. peaking around 7700 kN, with both S-
20-ii and S-20-1i-PLATE models showing nearly identical patterns.
This indicates that the addition of plates has minimal impact on
shear distribution, and the highest lateral loads are concentrated at
the lower levels, highlighting the need for stronger structural
support at the base

Story2
Story1
GF SLAB
Bl SLAB
B2 SLAB
TIE/PLTLVL.| T

2.783] 7585.751] 727

The storey shear analysis compares S-20-ii and S-20-ii-PLATE square structures in SPEC-X and SPEC-Y directions.
Both show increasing shear from the terrace to the B2 SLAB, peaking at 7700 kN. The plates have minimal impact, with
similar shear patterns in both models, stressing the need for stronger base support.
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Comparative Analysis of Storey Stiffness in 3-20-i1 and 3-20-1i-
PLATE Models (SPEC-X and SPEC-Y Directions)

STOREY STIFFNESS SPEC-X

$-20-i1 5-20-11 PLATE 500000 :
SPEC X SPEC Y SPEC X
TERRAC] 515640.763] 715783 268 | 525860 365 7. f
: o,
W

Storv 19 583913 648
Storvis
Storvi?
Storvie
Sty
Storyld |
storvi3 |
Storvi2
storvil
Siorv 10
Sion®
Stonys
Story?
storvs |

[storys
Storya

24 156e656 61
73| 1613163 29
1631695 59] 21
72| 1638760 86
74| 1647054.67)
5[ 162556 51
s| 16857134

174425099
1776195
1511944.08
NTT 3

Storyd

2042982 06|
Storyl | 21643185.88| 2461702 53 64.15.
‘GF SLAH 1805610.36] 1985394.22| 1511896.47 5
B SLAH 2150415.59| 227865045/ 2 0536.23
B2 SLAH 3283349.02( 3547190.91| 3614895.4] 3768846.11
TIE / PLT LWL D b

Story2

. /_,..-.m..---" - rmu

Interpretation:

The table and graphs compare the storey stiffness of two structural
models, §-20-1i and §-20-1-PLATE. in both SPEC-X and SPEC-Y
directions. The results show a general increase in stiffness from the
Terrace to the lower levels. with notable peaks at the B1 and B2
Slabs. Both models exhibit similar stiffness trends. indicating that
the inclusion of plates has minimal impact on overall storey
stiffness. The highest stiffness values are observed at the B2 Slab.
suggesting this level provides critical structural stability.

Findings:

Stiffness increases towards the lower storeys. peaking at the B2
Slab. Both models display similar stiffness patterns. showing
negligible influence from the added plates. The base levels
contribute  significantly to the structure’s owverall nigidity.
emphasizing their importance in maintaining stability under lateral
loads.

The storey stiffness analysis compares S-20-ii and S-20-ii-PLATE square structures. Both show increasing stiffness
from the terrace to the B2 SLAB, where it peaks. The plates have minimal impact, and lower levels play a key role in

maintaining rigidity under lateral loads.

Comparative Analysis of Storey Drift in S-20-i1 and S-20-1i-PLATE
Models (SPEC-X and SPEC-Y Directions)

Interpretation:

STOREY DRIFT SPEC-X

5-20-i 5-20-ii-PLATE

SPEC X |SPEC ¥ | SPEC X | SPEC Y ngey
TERRACE 0.00049] 0.00032] 0.00051] 000032 S 3
Storyl9 0.00056] 0.00034] 0.00058] 0.00034 - :
Story18 0.00063| 0.00039 0.00064] 0.00039
Storyl7 0.00069) 0.00044| 0.00069] 0.00044
Story16 0.00074] 0.00049 0.00074
Story1$ 0.00078] 0.00053 000078
Storyl4 0.00082) 0.00057| 0.00082
Story13 | 0.00088| 0.0008] 000086

St

0.00089

Storv11 0.00092
Story10 0.0009%
Storye 0.00097)
StorvE 0.001| 0.00072| 0.00000
StoryT 0.00102| 0.00074| 0.00101
Storys 0.00104| 0.00075| 0.00102)
StoryS 0.00105] 0.00077| 0.00103
Story4 0.00105| 0.00078| 0.00103] 0.00078
Story3 0.00105| 0.00079| 0.00103] 0.00079
Storyl 0.00104| 0.00081| 0.00101] 0.00081
Storyl 0.00103| 0.00083| 0.00009) 0.00082
GF SLAB 0.001] 0.00083| 0.00095
B1 SLAB 0.00085| 0.00074| 0.00081
BISLAB | 0.00C “0.00052] 0.
ITIE PLTLVL. 0.0002 000019 & r

STORENS

The table and graphs present a comparison of storey drft between
the 5-20-11 and $-20-u-PLATE meodels in both SPEC-X and SPEC-
Y directions. The results show that storey drift increases
ﬂogressi\'ely from the Terrace to the mid-level storeys, peaking

ound Story 6 or Story 7. before decreasing towards the base. Both
models display similar drift patterns, indicating that the addition of
plates has mimimal impact on lateral displacement. The dnft
remains within acceptable limits, suggesting good structural
stability under lateral loads.

Findings:

The maximum storey drift occurs around the mid-level storeys,
particularly between Story 6 and Story 7. Both models exhibit
nearly identical drift patterns, showing that the plate addition does
not significantly affect lateral displacements. Drift values reduce
towards the base and terrace, indicating stable structural behaviour,
with all drifts falling within permissible design limits.

The storey drift analysis for S-20-ii and S-20-ii-PLATE square structures shows drift increasing to a peak around Storey
6 or 7, then decreasing towards the base. Both models show similar patterns, with plates having minimal impact, and

drifts remain within acceptable limits, indicating stable behaviour.

Comparative Analysis of Storey Displacement in 5-20-11 and 8-20-11-
PLATE Models (EQ-X and EQ-Y Directions)

STOREY DISPLACEMENT ECHX
| 5-30.4PLATE |
[ gy | BoX | EQY put? :
TERRACE 62567| B0.267| 61554 o~
Starvi® B0.121] &1303] 7e322] e0.ee7)
Sty 18 77888 39895 16131 45308
StorylT 75.412| ss278] 73.704] sa7as|
Staryls 72699 36447 T1043| 33 908| -
Staryi§ 69.754] 54408 68161 $3.894 ~
Btorvld 66.55| 51174] £5062] 51684
Staryld 49.76]_ 61 764] am 20
Storvi2 47.182| $8.287| 4674
Stervil 2| a4459] 52653
(Storvi0 1 4 i | L0 883
e 38651 47008 3 o
Lo Jes0a] 43.040 STOREY DISPLACEMENT EQ-¥
Stary? Yo 4ka] Fo05:
Srone 312| 34936 -
[S20r2 31.761] 26 103] 30.03s] 2 | e
Staryd 27.084| ras| sesnn]| 223en . o
Storv3 23.599| 19.6%4] 22038 19343 B -
Snarv? 19624  16.44] 19046 16138 . =
Starvi 15753 13248] 15.288] 12087| — -
GF SLAB 11.966] 10081] 113%6] @794 o e
BISLAR 7243 s06]  6060| s8s1 -
B2 SLAB 3.043] 2878] 3003] 247 >
TIE/PLTLVL | 0411] 03ss| 04a1] 0342

Interpretation:

The table and graphs illustrate the storey displacement for the S-20-
ii and 5-20-ii-PLATE models under EQ-X and EQ-Y directions.
The displacement gradually increases from the TIE/PLT LWL
towards the Terrace, with maximum displacements recorded at the
top storey. Both models follow similar dizplacement trends,
indicating that the addition of plates has minimal influence on the
overall displacement behaviour. The slight variations between the
two models suggest a marginal improvement in lateral stiffness
with the inclusion of plates.

Findings:

Maximum displacement occurs at the Terrace level, decreasing
steadily towards the base. The 5-20-1i-PLATE model shows
slightly reduced displacements compared to S-20-1, indicating
improved stiffness. Both models maintain consistent displacement
patterns in both EQ-X and EQ-Y directions. ensuring structural
stability under lateral loads.
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The storey displacement analysis for S-20-ii and S-20-ii-PLATE square structures shows displacement increasing
towards the Terrace, with maximum values at the top. Both models follow similar trends, with the S-20-ii-PLATE
showing slightly reduced displacements, indicating improved stiffness and stable behaviour under lateral loads.

Comparative Analysis of Storey Shear in T-20-11 and T-20-11-PLATE Interpretation:
Models (SPEC-X and SPEC-Y Durections)
The table and graphs illustrate the storey shear distribution for the
STOREY SHEAR SPEC-X T-20-ii and T-20-ii-PLATE models in both SPEC-X and SPEC-Y
T-20- T-20-18-FLATE B . - o
S e e directions. The storey shear progressively increases from the
TERRACE 19487 334.0066] 56 ,-”'F_H Terrace level to the lower floors, peaking around the BS 2 and TIE
o e BEAM PTH LVL. Both models exhibit similar trends in shear force
:""‘; e -~ distribution, with the T-20-1-PLATE model showing a slight
=7 increase in shear values, particularly in the lower storeys,
:'".-‘I' suggesting a marginal improvement in lateral load resistance due to
tory13
Story12 the addition of plates.
Storyll
Story10 = =
S Findings:
Storyk
StoryT i Y SHE SPEC-Y
::::5 - Maximum shear forces occur near the BS 2 and TIE BEAM PTH
St e LVL, with values nearing 4900 kN. The inclusion of plates in the
Story3 [ I P T-20-ii-PLATE model leads to slightly higher shear values,
gt b s | - indicating improved structural resistance. Both models maintain a
GF SLAB $675.428] 4762 197 a5 consistent shear distribution pattern, ensuring structural stability
o wrt ] dngs i : : under lateral loads in both SPEC-X and SPEC-Y directions.
[ b [ ssrasus] sson | svmnaes|wsrass]  FEEREESEEREZR2832507 :

The storey shear analysis for T-20-ii and T-20-ii-PLATE triangular structures shows a steady increase in shear forces
from the Terrace to the lower floors, peaking near the BS 2 and TIE BEAM PTH LVL (~4900 kN). Both models exhibit
similar patterns, with the T-20-ii-PLATE showing slightly higher shear values, especially at lower levels, indicating

marginally improved lateral load resistance due to plate inclusion.

Comparative Analysis of Storey Stiffness in T-20-1i and T-20-11-
PLATE Models (SPEC-X and SPEC-Y Directions)

[T

T-20.4 PLATE

[ sPecx _ semcy
T B

TIE REAM PTH LWL |

Interpretation:

The table and graphs present the storey stiffhess values for the T-
20-ii and T-20-ii-PLATE models across both SPEC-X and SPEC-
Y directions. The stiffnes: consistently increaszes from the Terrace
towards the base levels, peaking at the TIE BEAM PTH LVL,
where values exceed 1.9 million kN/m. The T-20-1i-PLATE model
exhibitz marginally higher stiffness compared to the T-20-ii model,
especially in the lower floors, suggesting enhanced rigidity due to
the additicn of plates. The graphs show a consistent pattern of
stiffness increment, indicating structural stability acrosz both
models.

Findings:

Storey stiffness increases progressively from top to bottom, with
the highest values observed at the TIE BEAM PTH LVL. The T-
20-1i-PLATE model demonstrates szlightly higher stiffness,
particularly in the lower storeys, indicating improved resistance to
lateral loads. Both models mamntain a similar stiffness trend in
SPEC-X and SPEC-Y directions, ensuring overall structural
stability and integrity,

The storey stiffness analysis for T-20-ii and T-20-ii-PLATE triangular structures shows a steady increase from the
Terrace to the TIE BEAM PTH LVL, peaking above 1.9 million KN/m. The T-20-ii-PLATE model has slightly higher
stiffness, especially at lower levels, indicating improved rigidity and lateral load resistance.
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Comparative Analysis of Storey Drift in T-20-ii and T-20-ii-PLATE Interpretation:
Models (SPEC-X and SPEC-Y Directions)

The table and graphs compare the storey drift for the T-20-ii and T-
20-1i-PLATE models in both SPEC-X and SPEC-Y directions. The

S drift values gradually increase from the TIE BEAM PTH LVL

T . = towards the mid-storeys, peaking around Story 7 or Story 8, before

. ‘_/-"""- ‘-.\ decreasing towards the Terrace. The T-20-iiPLATE model

.\-. demonstrates slightly reduced drift values compared to the T-20-i1

000046 9 G.00046) 0.00048 i R \ model, indicating enhanced lateral stability due to the addition of

L:’:;t TR 3 0 L — plates. Both models exhibit similar drift patterns, with maximum
200052 LT FEEREEEEEES : 283 drifts remaining within acceptable design limits.

o Findings:

et I 7 or Story 8. The T-20-ii- PLATE model shows slightly lower drift
| N, values, suggesting improved lateral stability. Drift values decrease
—— ) \ towards both the base and terrace, ensuring structural stability, with
- both models adhering to permissible drift limits in SPEC-X and
iE SPEC-Y directions,

----- - Maximum storey drift occurs in the mid-level storeys, around Story

Stoay 1

GF SLaB

[es1

BS 2

TIE BEAM PTH LVL

The storey drift analysis for T-20-ii and T-20-ii-PLATE shows peak drift at mid-storeys (Story 7/8), decreasing towards
the Terrace. The T-20-ii-PLATE model shows slightly lower drifts, enhancing lateral stability, with both models within
design limits.

Comparative Analysis of Storey Displacement in T-20-ii and T-20-1i- Interpretation:
PLATE Models (EQ-X and EQ-Y Directions)

The table and graphs depict the storey displacement for the T-20-
ii and T-20-ii-PLATE models in both EQ-X and EQ-Y directions.
The displacement increases progressively from the TIE BEAM
gt PTH LVL to the Terrace, where the maximum displacement
T occurs, reaching over 110 mm in the EQ-X direction. The T-20-ii-
PLATE model exhibits slightly lower displacement values
compared to the T-20-ii model, particularly in the mid and upper
storeys. indicating enhanced stiffness due to the inclusion of plates.
Both models maintain consistent displacement trends, confirming
structural stability under lateral loads.

Findings:

Maximum displacement occurs at the Terrace. with the T-20-ii-

£ PLATE model showing marginally reduced values. The addition of

o F e plates emhances stiffness. leading to slightly lower displacements,

o : o especially in the EQ-Y direction. Both models follow similar

e displacement patterns, ensuring stable behaviour under seismic
Tkttt i s i i ) loads while maintaining permissible displacement limits_

BS 2 1
TIE BEAM PTH LVL

The storey displacement analysis compares T-20-ii and T-20-ii-PLATE under EQ-X and EQ-Y directions.
Displacement increases from the TIE BEAM PTH LVL to the Terrace, peaking at 110 mm. The T-20-ii-PLATE model
shows slightly lower displacements, especially in upper storeys, indicating improved stiffness. Both models maintain
stable displacement patterns under seismic loads.

5. Conclusion:

This study explored the seismic performance of RCC-Steel hybrid structures by analysing two models, T-20-ii and T-20-
ii-PLATE, under lateral seismic loads. The incorporation of steel plates significantly improved load distribution, energy
dissipation, and overall structural stability. A detailed comparison of storey shear, stiffness, drift, and displacement
revealed enhanced resistance to seismic forces in the T-20-ii-PLATE model, demonstrating the structural benefits of
hybrid systems. The research also emphasizes the value of integrating traditional analytical methods with modern data-
driven approaches, like machine learning, to improve accuracy and efficiency in structural health monitoring.

Beyond technical improvements, the findings offer critical societal benefits. Strengthening RCC-Steel hybrid structures
enhances seismic resilience, reducing the risk of structural failure during earthquakes, safeguarding public safety, and
protecting vital infrastructure. This leads to minimized loss of life, lower economic damages, and faster post-disaster
recovery. Additionally, the study supports the development of cost-effective, durable, and sustainable construction
practices, contributing to the creation of safer urban environments, particularly in earthquake-prone areas.
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