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This study presents a comprehensive comparative analysis of reinforced cement concret@(RCC) and various
composite buildings subjected to wind and seismic forces. RCC members, while prone, to buckling, experience creep
and shrinkage over time, which can affect long-term stability and perform@nce.; Conversely, steel members,
composed of slender plate elements, are susceptible to local and lateral buckling, whi€h™€am compromise structural
integrity during wind and seismic events. Composite buildings effectively combinestrengths of both materials, utilizing
the robustness of RCC and the flexibility of steel to optimize performance and resilienge. In the present study, (G+25)
storey high-rise regular building and (G+25) storey high-rise building withyvertical geometric irregularity considering
RCC and composite concrete elements (columns, beams and slabs) are madelled using ETABS 2021 and analysed
for lateral forces. Response spectrum analysis is adopted to provide insightsiinto dynamic response of buildings
under wind and seismic loads. The study aims to evaluate strugtural behaviour of RCC, and composite buildings
located in Greater Noida, India for lateral forces. Key dynami€response parameters such as storey drift, storey
stiffness, storey displacement and base shear of RCC and compesite buildings are compared. Building model with
concrete encased I-section composite column, RCC beam and RCE slab observed to exhibit better performance
over conventional RCC buildings with higher story stiffness, lesser storey displacements and story drifts for both
regular and geometrical vertical irregular buildings. The study finds its application in high-rise regular and vertical
geometric irregular buildings taking the advantage of réduced overall weight and improved response to lateral forces.

Keywords: composite structural elements, reinforcgd cemént concrete, ETABS 2021, response spectrum analysis,
vertical geometric irregularity

HIGHLIGHTS

—  Structural behaviour of regular and vettical geometric irregular high-rise buildings considering RCC and
composite concrete elements (columns, beams and slabs) is evaluated for lateral forces.

— Critical differences in the performance of RCC and composite structures are identified by analyzing key
parameters such as storey drift, stokey stiffness, storey displacement and base shear to evaluate the
structural response to latefal forces.

— Each structural element has been considered as composite in combination with conventional RCC element
to check their behaviour to lateralfferces and to arrive at the best performing combination.

NOMENCLATURE

RCC — Reinforced cement c@ncrete

CEIS - Concrete encased | section

CESIS - Concrete encased similar | section
CEDIS - Concrete encasedydifferent | section
RBS — beam and'siab.

1 Introduction

The c@nstructioh, landscape is predominantly characterized by reinforced concrete (RC) members in low-rise
buildings due to \their economic advantages. However, rapid urban population growth and limited land availability
have inereased the demand for mid to high-rise buildings. To meet this demand, composite construction, which
combinestadvantages of steel and concrete, is emerging as a more efficient and cost-effective alternative to the
conventional RC construction (Divya & Murali, 2021). RCC members, while prone to buckling, experience creep and
shrinkage over time, which can affect long-term stability and performance. Conversely, steel members, composed of
slender plate elements, are susceptible to local and lateral buckling, which can compromise structural integrity during
wind and seismic events. Composite structures synergistically combine the strengths of concrete and steel, making
them ideal for high-rise buildings by effectively sharing forces between the two materials. Thus, composite structures
offer enhanced energy dissipation, better performance under lateral forces, and economical design.

Regular buildings experience minimum disruptions as compared to irregular buildings. Vertical irregularity either in
plan or in elevation due to mass, stiffness and/or geometry reduces the ability of the building to withstand lateral
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forces, thus compromising structural integration. Building’s response to lateral forces is significantly influenced by
vertical geometric irregularity (Sandeep et al., 2024). As per Indian standard code IS 1893 (Part 1):2016, “A building
is considered to have a vertical geometric irregularity when the horizontal dimension of the lateral force-resisting
system in any storey exceeds 125% of the storey below”. Also, code suggests for dynamic analysis if vertical
geometric irregular buildings are in higher seismic zones. In the present study, dynamic analysis is performed on
RCC and composite buildings of regular and vertical geometric buildings to compare their dynamic rgsponse to lateral
forces.

Considerable studies have been done that are dedicated to the seismic and structural behaviour of high-rise RCC,
steel, and composite buildings. Composite columns, like concrete-filled steel tubes and encased sections, provide
robust support, efficiently handling axial compression and buckling, thus enhancingfstructural performance
(Farajpourbonab et al., 2018). The impact of vertical irregularities on seismic stability has beengssessed to provide
a comprehensive understanding of building performance under earthquake conditions (Tiemer & Bhandari, 2023).
(Zaveri et al., 2016) conducted research comparing RCC, steel and composite lows rise stru€tures in seismic
conditions, and concluded the RCC is preferred for low rise due to its stiffness and cost-efficacy. (Chaudhary and
Khan, 2021) analyzed composite systems for high-rise structures, identifying thatthey provide high ductility and
strength. The weight/strength ratio of RCC structure is high, making them lessfsuitable for super high-rise buildings
with large shear forces (Wang et al., 2023). Steel-concrete composites are“having higher load-carrying capacity,
high stiffness, and a durative system; hence they find valuable application for highsrise buildings (Xue, Yang & Yu,
2019). Composite structures can be more complex to construct, especially with cast-in-place methods, but they
provide better efficiency and quality when using precast components (XuejYang & Yu, 2019).

Composite structures have superior performance over conventional RCC in high-rise buildings under seismic loads.
(Singh et al., 2024) conducted a dynamic analysis of various laterdlload-resisting systems in a G+16 RCC building,
identifying the diagrid system as most effective for seismic perfosimance, (Laddha et al., 2021) analytically compared
RCC and composite G+7 buildings, concluding that compositesysiéms reduce self-weight and increase ductility,
making them preferable. (Phatale and Parekar, 2019) compared RCC, steel, and composite G+8 frames and found
composite structures performed better in resisting lateral loads. (Zhangyand Zhang, 2024) introduced a novel plastic
deformation method for nonlinear seismic analysis of RCC and composite structures, proving the composite model
had better durability and energy absorption under botlpcommon and rare earthquakes. A comparative investigation
was carried out by (Abhijeet et al., 2021) to analyze thie dynamic performance of steel, RCC, and composite moment-
resisting frames under seismic loading conditions @and concluded that composite structures are economical.

In the present study, (G+25) storey regular building and building with vertical geometric irregularity considering RCC
and composite concrete encased I-section elements (columis, beams and slabs) are modelled and analyzed using
Extended Three-Dimensional Analysis of Building system (ETABS 2021) software for wind and seismic parameters
as per IS 875 (Part 3):2015 and IS 1893 (Part 1):2016 respectively. The study aims to identify critical differences in
the performance of RCC and compositestructuies,bypanalyzing key parameters such as storey drift, storey stiffness,
storey displacement and base shear to evaluate the structural response to lateral forces. Unlike previously available
studies, each structural element has been considered as composite in combination with conventional RCC element
to check their behaviour to lateral forces and to arrive at the best performing combination.

2 Materials and methods

The study aims to provide the response of RCC and composite structures under seismic and wind loads. (G+3) storey
structure has been considered for preliminary checks while (G+25) storey structure has been considered for actual
comparative analysis for laterahloads{Fig. 1 shows plan and elevation of (G+3) storey model considered in the study.
Fig. 2 and Fig. 3 show plan viewfand elevations of (G+25) structural models with regular and vertical irregular
structures respectiveljpconsidered'in the study. Methodology adopted for the study is depicted in Fig. 4. Reference
models, Model-1, 4 and*eonsist of conventional RCC columns, beams, and slabs, while the comparative composite
models, Model 42m8m5u6m/, 8, 9, and 10 incorporate composite columns, beams, and slabs in various combinations.
Composite structures are modelled as per IS 11384:2022.
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Fig. 3. Elevation of G+25 Storey Building model (a) Regular ding (b) Vertically irregular building.

Table 1. Geometric specifications of structural e nts considered in the study.

Building type Model Column Beam Slab
RCC i
Model-1 (RC-CB) (300X400) RCC 150 thick
(G+3) storey Model-2 (EN- Steel beam Composite Deck slab
building 300SB) (ISMB 300) 150 thick
Model-3 (EN- RCC Composite Deck slab
300CB) (300X400) 150 thick
RCC .
Model-4 (RC-CB, (600X800) (500X600) RCC 150 thick
(G+25) storey Model-5 (EN- EIS (Concrete encased RCC Composite Deck slab
building 600CB ISMB 600) (500X600) 150 thick
Model-6 - CEIS (Concrete encased RCC .
1600C, RBS ISMB 600) (500X600) RCC 150 thick
RCC .
Model-7 (RC-CB) RCC (600X800) (500X600) RCC 150 thick
CEIS (Concrete encased RCC :
ISMB 600) (500X600) RCC 150 thick
(G+25) storey
- . CESIS (Concrete
building with encased double I-sections RCC RCC 150 thick
vertical geometric 1400x400C) of ISMB 400) (500X600)
iregularity CEDIS (Concrete
Model-10 (EN- encased double I-sections RCC .
00X400C,RBS) | with one ISMB 600 and |  (500X600) RCC 150 thick
one ISMB 400)
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Fig. 4. Methodology of the study

The study has been divided into three phases focusing on the type of three key structural elements considered:
columns, beams, and slabs ™ {ypicalLolumn, beam and slab sections considered in the study are shown in Fig. 5.
Geometric specifications of structural’ elements considered are tabulated in Table 1. Phase-1 focuses on (G+3) storey
building models (Model— 1, 2 and 3) to evaluate their structural behaviour for preliminary checks. Conventional RCC
building labelled as RC=CB (building with conventional RCC beam, column and slab), and Composite buildings with
two configurationsgaresconsidered. EN-300SB (building with Concrete encased ISMB 300 column, ISMB 300 steel
beam and composite deck slab) and EN-300CB (building with concrete encased ISMB 300 column, RCC beam and
composite deck slabyare adopted. Phase-2 focuses on evaluating the structural behaviour of (G+25) storey building
models (Model — 4, 5 and 6) based on the performance of building models from phase-1 by considering RC-CB, and
compogite builldings with concrete encased I-section columns. Two configurations of composite building models i.e.,
EN-600CB (building with concrete encased ISMB 600 column, RCC beam, and composite deck Slab) and EN-1600C,
RBS (concrete encased ISMB 600 column, RCC beam and RCC slab) are adopted. Phase-3 focuses on evaluating
(G+25)'sterey bdilding models (Model — 7, 8, 9 and 10) with vertical geometric irregularity and four distinct composite
element configurations. The first configuration is a conventional RC-CB building. Second configuration, EN-1600C,
RBS, is RCC composite building with concrete encased I-section columns, specifically using ISMB 600 sections, and
RCC beams and RCC slabs. Third configuration, EN-1400x400C, RBS, is RCC composite building with concrete
encased double I-section columns using two ISMB 400 sections. Beams and slabs are of RCC. Fourth configuration,
EN-1600x400C, RBS, consists of concrete encased double I-section columns with one ISMB 600 and one ISMB 400
sections. Beams and slabs are of RCC. The use of different I-section sizes and combinations allows for tailored
solutions to meet specific structural requirements. For all the building models, M30 grade of concrete, Fe 500 grade
steel for longitudinal reinforcement and Fe415 grade steel for transverse reinforcement has been adopted.
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5. Typical structural element (Column, beam and slab) sections considered in the study

e analyzed for wind and seismic parameters as per IS 875 (Part 3):2015 and IS 1893 (Part 1):2016
ey performance indicators such as storey drift, storey displacement, storey stiffness and base
shear values*are compared for RCC and composite building models to determine the structural efficiency of each
model. Loads and parameters considered for modelling RCC, and composite buildings are tabulated in Table 2 along
with relevant Indian Standard codes. Preliminary lower storey buildings are considered to verify modelling accuracy
and to understand structural behaviour, thereby ensuring better precision and reliability when transitioning to high-
rise buildings.

ETABS models a
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Table 2. Loads and parameters considered for modelling RCC and composite buildings.

Load /Parameter Reference code
Floor finish 2.5 kN/m2 IS 875 (Part 1):

Dead Loads Masonry wall éifmlg;\l/m (applied on all IS 875 (Part

Live Loads Live load 5 kN/m2 IS 875 (Part 2): 198
Seismic zone I
Soil type Medium soil

E:rr;?‘?gta;: Impo)r/thce factor 1.2 'S " § 2016
Response reduction factor 5
Wind speed 39 m/s

i Terrain categor 3

\F;\Q:ladmeters Windward cgeff)i/cient 0.8 'S 875 (Part 3): 2015

Leeward coefficient 0.25

3 Results and Discussion

RCC and Composite Models, 1 to 10 are analysed for seismigfand d forces in 3 phases and base shear, story
stiffness, story drift and story displacements are compared. Mo 3 are considered for preliminary checks while
Models 4 to 10 are considered for comparative analysis.

3.1 Phase-1

Phase-1 involves preliminary analysis of (G+3) store
storey stiffness, storey drifts and storey displacem
and two configurations of composite building mod

ilding models, Model — 1, 2 and 3 to evaluate base reactions,
eral forces in both x and y directions. Conventional RCC
idéred for the analysis.
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Fig. 6. Base reactions ofy(G+3) storey buildings for Fig. 7. Base reactions of (G+3) storey buildings by response

ds spectrum analysis along x and y directions

building models shown in Fig. 6 and Fig. 7 for RC-CB, EN-300SB, and EN-300CB models
consistently exhibits higher values across the output cases. For the gravity loads, the base

Base reactions of
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ight significant variations in RC-CB,
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EN-300CB shows a stiffness superiority of

about 44% and 42% as compared to EN-300SB respectively.
three models considered in phase-1.
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Storey drifts of (G+3) b g models along x and y directions reveal notable differences in structural performance

of RC-CB, EN- -300CB buildings. As shown in Fig. 10 and Fig. 11, EN-300SB exhibits higher storey
drifts compared C-CB, with percentage differences ranging from 8.74% to 3.12%, indicating a potential
disadvantage in stability under lateral loads. Similarly, EN-300CB also demonstrates increased storey drifts
compared.to. RC-CB, with differences ranging from 6.97% to 2.38%. Similar trends are observed along y-direction. It

is impoifa pte that the variation in storey drifts between EN-300SB and EN-300CB is very low, with EN-300CB
i i less drift values. RC-CB offers greater advantage in lowering storey drift values as compared to
ing models in phase-1.

respectively. For wind along x direction, RC-CB and EN-300CB show significantly lower story displacements of 23%
and 14% as compared to EN-300SB. For wind in y direction, similar trends are observed with RC-CB and EN-300CB
demonstrating notable improvements over EN-300SB in controlling story displacements. As shown in Fig. 14 and 15,
for response spectrum in x and y directions, RC-CB shows improved performance in reducing story displacements
as compared to EN-300CB and EN-300SB. But storey displacement variations of EN-300CB and EN-300SB are very
less, with EN-300CB offering marginally less displacement values.
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Fig. 14. Storey displacements of 3) storey buildings
along x direction by response sp m analysis.

From the analysis of (G+3) storey building models in phase-1, RC-CB and EN-300CB models show better
performance than EN-3 . Since EN-300SB shows lower story stiffness, higher story displacements and story
drifts, steel section as a onent in composite buildings has been discarded. Further, (G+25) storey
composite buildings with comp olumn and RCC beam have been considered for dynamic analysis.

3.2 Phase-2

Phase-2 involv
stiffness, storey
out based on the
configurations of comp

G+25) storey building models, Model — 4, 5 and 6 to evaluate base reactions, storey
and storey displacements for lateral forces in both x and y directions. The analysis is carried
ormance of building models from phase-1 by considering conventional RCC and two
ite building models.
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Fig. 16. Base reactions of (G+25) storey buildings for Fig. 17. Base reacti
gravity load response spectrum

+25) storey buildings by
ong x and y directions

RBS of (G+25) storey building
t cases. Specifically, for the

EN-1600C, RBS. From response spectrum analysis in x direction, the ba
higher than RC-CB. Similarly, from response spectrum analysis in y direction;dEN-600CB's base reaction is about
19.89% higher than RC-CB. These increased values for the EN-600CB model are due to its higher self-weight.
Story Stiffness values of (G+25) storey building models by res ctrum analysis shown in Fig. 18 and Fig. 19
highlight significant differences in RC-CB, EN-600CB, and EN- RBS buildings. It is evident from both figures
that EN-1600C, RBS buildings consistently exhibit higher stiffness ¢ ared to RC-CB and EN-600CB. Along x and
y directions, EN-I600C, RBS demonstrates a storey stiffness advantage’of approximately 2.5% and 6.67% over EN-
600CB along x and y directions respectively.
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e spectrum analysis reveal notable
differences in structural performance of RC-CB, EN-600CB, and EN-1600C, RBS*buildings. As shown in Fig. 20 and
Fig. 21, EN-1600C, RBS exhibit lower storey drifts compared t , With percentage differences ranging from
7.36%, indicating potential advantages in stability under later . Along y direction, EN-I600C, RBS generally
outperforms RC-CB with 4.31%. EN-600CB offers least resistanc torey drifts among all the three building models
considered in the study along both x and y directions.

, RBS show significantly lower story displacements of 4.2%

respectively. For wind along y direction, similar trends are
i ts for RC-CB and EN-1600C, RBS respectively
lling story displacements. As shown in Fig. 24 and
Fig. 25, storey displacements of (G+25) storey building
EN-1600C, RBS shows improved performanée&jin reducing story displacements by 6.3% and 50.8% as compared to
RC-CB and EN-600CB respectively in x directio d 1.7% and 34.65% respectively in y direction.
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outperformed other two models and hence the combination
observed to offer better resistance to lateral loads. Further, (G
irregularity have been considered with composite column and
analysis.

3.3 Phase-3

omposite column, RCC beam and RCC slab is
y composite buildings with vertical geometric
beam and RCC slabs in phase-3 for dynamic

Phase-3 involves analysis of (G+25) storey vertica
evaluate base reactions, storey stiffness, storey
directions. The analysis is carried out based on th
conventional RCC and three configurations of composi

Base reactions of (G+25) storey vertical ge tric irregular building models due to gravity loads and by response
spectrum analysis are shown in Fig. 26 and Fi . Fig. 26 reveals that EN-1600C, RBS and EN-1400X400, RBS
exhibit considerably higher values as -CB and EN-1600X400, RBS. The difference between EN-
I600C, RBS and EN-1400X400, RBS is negligible. From response spectrum analysis in x and y directions,
variations in the base reactions of all models sidered in the present phase are minimal.

ric irregular building models, Model — 7, 8, 9 and 10 to
storey displacements for lateral forces in both x and y
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Fig. 27. Base reactions of (G+25) Storey vertical
geometric irregular building by response spectrum
along x and y directions

eactions of (G+25) storey vertical geometric
gular building for gravity load.
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Fig. 28. Story stiffness of (G+25) Storey vertical geometric
irregular building along x direction by response spectrum
analysis response spectrum analysis

Story Stiffness of (G+25) building models, RC-CB, EN-I600C, RBS, -1400X400, RBS and EN-1600X400, RBS
along x and y directions by response spectrum analysis are shown in Fig. 28 and Fig. 29 respectively. The variations
indicate minimal differences. But EN-I600C, RBS ibit higher storey stiffness along x direction, whereas EN-
1400X400, RBS exhibit higher storey stiffness alon i n, both approximately around 3% as compared to storey
stiffness of RC-CB.

. Story stiffness of (G+25) Storey vertical
etric irregular building along y direction by

sis are shown in Fig. 30 and Fig. 31 respectively. In line with storey
stiffness, the variations in storey drifts are mini But EN-1600C, RBS exhibit least storey stiffness along x direction,
around 11.5% as compared to RC-CB, 00X400, RBS exhibit least storey stiffness along y direction.

Storey displacements of (G+25) storey vertical geometric irregular building along x and y directions due to wind and
by response spectrum analysis are shown in
RBS along y direction show the least values fo

building models considered in the p t phase.
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—EN-600C, RBS --RC-CB —--EN-600C, RBS
X400, RBS - EN-1600X400, RBS -—EN-1400X400, RBS -—EN-1600X400, RBS
Fig. 30. Storey drifts of (G+25) Storey vertical Fig. 31. Storey drifts of (G+25) Storey vertical
geometric irregular building along x direction by geometric irregular building along y direction by
resonse spectrum analysis resonse spectrum analysis
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Fig. 32. Storey displacements of (G+25) storey vertical
geometric irregular building for wind along x direction
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Fig. 34. Storey displacements of 5) storey vertical Fig. 35. Storey displacements of (G+25) storey
irection by vertical geometric irregular building along y direction
by resonse spectrum analysis

resonse spectrum anaIyS|

From the analysis of (G+25) storey building models with vertical geometric irregularity in phase-3, EN-I600C, RBS
model offers better perfor direction and EN-1400X400, RBS along y direction with higher story stiffness,
lower storey displacements y drifts as compared to other building models. Composite building models
outperformed RC-CB, building models and hence the cautious combination of composite elements is observed to
offer better lateral re nce to wind and seismic loads by utilizing steel-concrete synergy that combines the
strengths of co

two materials.

composite column, RCC beam and RCC slab is observed to offer better resistance to lateral loads.

In (G+25) vertical irregular building models subjected to dynamic lateral loadings, EN-1600C, RBS model offers better
performance along x direction and EN-1400X400, RBS along y direction with higher story stiffness, lower storey
displacements and story drifts as compared to other building models. Hence the combination of composite column,
RCC beam and RCC slab is observed to offer better resistance to lateral loads like that of phase-2. Therefore, the
composite building with concrete encased I-section columns, RCC beams, and RCC slabs proves to be more
effective than all other building models with various combinations considered in the study in offering better lateral
resistance to wind and seismic loads.
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In general, from the comparison between RCC and composite buildings considered in the study, the composite
building with cautious selection of suitable concrete encased steel column, RCC beam and RCC slab performs
significantly better than conventional RCC building in terms of resistance to lateral loads because of superiority
attributed due to the inherent properties of composite materials and the structural integrity achieved.

The methodology of the present study can be extended to high-risk zones. Various combinations of slender
composite members can be considered with high performance concrete, fibre reinforced polymersonerete or ultra-
high strength steel to further enhance resistance to lateral forces. Life cycle assessment®and Sustainability
approaches can be extended for composite systems.
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