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Abstract

Urban areas in Bangladesh are facing a serious land shortage because of quick urbanization and a high population
which means high rise structures have to be built. This study analyzes the performance of RCC and SCC structures
in response to wind and earthquake loads, in accordance with the BNBC 2020. Using ETABS-18 software, the
study analyzes RCC and SCC buildings 10,15,20,25, 30 stories. Key structural parameters, including base shear,
horizontal displacements, storey drift, wind sway, torsional irregularities, and the P-A effect, are examined. The
results indicate that while composite structures are lighter, with an average weight reduction of 2.24%, they exhibit
higher wind sway (8.88% in the X-direction, 11% in the Y-direction), and greater horizontal displacements under
earthquake loads (6.57% in the X-direction, 9.23% in the Y-direction). Space efficiency improves greatly with
composite structures, as the column area is reduced by 41.2%, making the usable floor area larger. At the same
time, there are several challenges that come with composite systems. It is important to design and build composite
steel connections precisely to ensure both steel and concrete transfer the load properly. Because of their sensitive
nature, designs and implementations for composite systems can be challenging and may require additional
attention to durability and ongoing maintenance. For buildings that prioritize rigidity and stability, the report
suggests using RCC systems, especially in low seismic zones and in high seismic areas, it suggests using composite
systems since they provide more flexibility and can save space.

Keywords: Composite Structures, Highrise Building, Steel Concrete Composite; Reinforced Cement Concrete;
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1 Introduction

In Bangladesh, population is growing highly and the land available is not very much. This has necessitated the
need to construct a taller structure to accommodate more people in a small piece of land especially in the cities.
The main material being used in construction works in Bangladesh since long ago has been RCC because of low
cost and the availability of local materials. The major limitation, however, with RCC systems in high-rise
construction is that construction of larger cross-section areas of columns and beams is necessary, resulting in a
larger footprint of the structure, leaving a smaller floor area to be utilized (Chowdhury ef al., 2024). The steel-
concrete composite structures address the problem and create a good solution as they might use the tensile strength
and the ductility of steel together with compressive resistance of concrete and eventually build lighter and efficient
structures with high seismic resistance. Whereas RCC is still popular due to its low cost, composite systems offer
a lower weight and enhanced stiffness at the cost above 15 storeys (Begum and Salekin, 2013).

1.1 High rise

As per BNBC (HBRI 2020, Part 3, Ch. 1, Sec. 1.5.2), High-rise building is considered to be a building that is over
33 meters or 10 stories.

1.2 RCC Structure

RCC structures contain steel bars and concrete; whereby concrete has a high compressive strength but it has low
capacity in tension, so the steel bars are added to overcome this problem of tension.

1.3 Composite Column
Composite columns are combinations between concrete, which has compressive strength and steel, which has

tensile strength and ductility that make it a strong efficient and durable system in a high-rise building. They usually
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work on W-section (Wide Flange) steel members, which are well worth their strength-to-weight ratio and load
bearing capacity.

1.4 ETABS Software

ETABS (Extended Three-dimensional Analysis of Building Systems) is an advanced programme used to analyse
structural design and building structures.

1.5 Objectives of the Study

1. Perform an analysis of RCC and composite members subjected to wind and earthquakes loads according to
BNBC 2020 with respect to the safety parameters as well as serviceability parameters like base shear, horizontal
displacement under wind and earthquake, storey drift, soft storey and stiffness, wind action and sway, torsion
irregularity and P-delta effects.

2. Evaluate the benefits of composite structure on high-rise buildings, emphasizing optimized column sizes and
improved space efficiency.

2 Literature Review

Concrete is strong under compression but weak under tension whereas steel is very strong under tension. With such
a combination, RCC enjoys the benefits of both so that the overall bearing capacity is increased(Shirsath and Rathi,
2022). Steel Concrete Composite (SCC) buildings are a combination of steel and concrete where the spaces in
between parts and pieces of steel are filled with cement and this can consist of beams forming I or hollow sections.
The resultant outcome is that, the composite will have a structural component that considers the compressive
strength of concrete and tensile strength and ductility of steel. They possess SCC which in principle is mainly used
in the construction of high-rise buildings and other big monuments which are stronger in the bearing strength, have
good resisting to fire and they also take less time to construct as compared to conventional RCC buildings(Lan,
Zhang and Li, 2017). The development of an increasingly urbanized world is presupposing the popularity of steel-
concrete composite (SCC) systems due to their efficiency and seismic stability. Recent studies on the double steel
plate concrete (DSC) composites have also reported that DSC best suits high-rise structural construction in
earthquake prone areas since they are characterized with optimized load bearing structure, as well as having
excellent energy dissipation capabilities by virtue of their reinforced lumped ductile systems property(Wang et al.,
2025). In Bangladesh, RC construction has been the most common mode of construction but the recent tendencies
to shift towards the use of Steel-Concrete Composite (SCC) high-rise building designs can be attributed to the fact
that SCC has consequently demonstrated a higher strength-weight ratio, accelerary construction process, and better
seismic resistant structure, a major concern in seismic-vulnerable terrains(Chowdhury et al, 2024). The
Reinforced Concrete (RCC) has heavier dead loads and lower flexibility as compared to the reinforced concrete
resulting in it not being the best suited to tall buildings. Compared to them, Steel-Concrete Composite (SCC)
buildings are more flexible and lighter and make it possible to build medium- and high-rise buildings with ease.
The SCC systems also facilitate weight reduction in foundation load and seismic inertia. Also, SCC structures are
designed with greater lateral stiffness, smaller storey drift, less base resistance and they are controlled better during
Earthquake(Li et al., 2022; Wang et al., 2025). The SCC systems also exhibit a better energy dissipation behavior
than RCC. Composite moment-resisting frames offer stiffer ductility and seismic resilience, and introduction of
shear walls and moment frame sway grids plays an impressive role regarding seismic resistance of the whole
construction as well.(Katsimpini, Papagiannopoulos and Hatzigeorgiou, 2025). In addition, SCC structures have
better resistance to wind loads because they are stiffer, and this is vital in tall and dense urban environments.(Wang
et al., 2025). Composite structures have the benefits of economy of space, economy of flexibility provided that
displacements and connection detailing are carefully detailed particularly in tall buildings and in earthquake prone
areas. RCC is still a very good option in case of less earthquake-prone areas.
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3 Methodology

3.1 Flowchart of Methodology

[ Building Configuration and Design Criteria }

I

[ Material Selection and Specifications ‘J

]

Load Considerations }

I

[ Structural Modeling and Analysis }

U

[ Design and Optimization ]

Il

[ Conclusion }

Figure 3.1: Flowchart of the methodology followed during study

3.2 Building Overview:

Table 3.1: Building Overview and Load Considerations

o s Storey . . . . .
Building Type Variants Location Code f'c (psi) | fy (psi) Load Considerations
Residential 10, 15, 20, Sylhet, BNBC 4000 50.000 Dead Load, Live Load,
High-Rise 25, 30 Bangladesh [2020 ’ 'Wind Load, Seismic Load

3.3 Structural Dimensions for ETABS Modeling

Table 3.2: Structural Dimensions for ETABS Modeling

Storey Beam/Slab/Shear (all RCC Column Composite Column Steel
Storey) (in) (in) Section
10 16x24/6.5/12 20 x 20 16 x 16 W10 x 60
15 16x24/6.5/12 22 x 22 18 x 18 WI10 x 68
20 16x24/6.5/12 24 x 24 18 x 18 WI12 x 65
25 16x24/6.5/12 30x30 20 x 20 WI12 x 65
30 16x24/6.5/12 32x32 24 x 24 W14 x 132

4 Result and discussion

4.1 General

In this paper, the authors compare RCC and composite high-rise buildings in the Sylhet region of Bangladesh, in
terms of seismic and wind load, according to the BNBC 2020. The major parametric studies covered are base-
shear, displacement, storey-drift, stiffness, and overall structural performance at stories of 10,15,20, 25,30. The
outcomes indicate that composite buildings are better than RCC in the high-rise buildings because of the lower
weight and higher rigidity.

4.2 Base Shear

On both the RCC and composite buildings, base shear rises as building height increases, with RCC slightly
higher due to the increased mass, and composite buildings built lighter and more material-efficient overall.

Base Shear(kip)
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Figure 1: Comparison Base Shear of RCC and Composite Buildings
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4.3 Horizontal Displacement due to wind and Earthquake

There is slightly larger horizontal displacement of composite structures compared to that of RCC during wind and
earthquake load because the mass of the structure is smaller, but all the values are under the accepted limits. RCC

structures have lower displacement due to their increased mass but also have higher base shear.
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Figure 4.2: Maximum displacement in X and Y-
direction due to earthquake load with respect to storey
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Figure 4.3: Maximum displacement in X and Y-
direction due to Wind load with respect to storey

4.4 Storey Drift

The systems are both within the limits of drift but the RCC structures have reduced drift because of the extra mass.

The composite systems have desirable performance and are suitable to high-rise applications.
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Figure 4.6: X and Y direction Storey Drift Comparison RCC vs Composite
4.6 Soft Storey and Stiffness

Both buildings have greater stiffness of lower storeys. Composite buildings achieve satisfactory performance with
less mass than RCC buildings, which are stiffer throughout due in part to heavier mass.
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Figure 4.7: Variation of 30 Storey Stiffness of X and Y
Direction Across Building Floors of RCC and Composite
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4.8 Wind Response and Sway

The two systems have almost similar effects of wind load. Composite buildings experience a little more sway, but
they hold within BNBC limits.
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Figure 4.9: Comparison of Wind Sway Effects on X and Y-Direction
Displacement in RCC and Composite Structures

4.9 Torsional Irregularity and P-Delta Effects

Irregularities in torsions are on acceptable code limits. Effects of P-Delta effects are more pronounced in the mid-
levels of a composite structure and need to be addressed in design with respect to stability.
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Figure 2: Influence of P-Delta Effect on Displacement in RCC and Composite Structure

4.10 Weight Analysis and Column Area Reduction
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Because of the strength earned through composite construction, the cross-sectional area of columns can be reduced
by 33 percent to 56 percent, which results in usable space and material savings.
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Figure 4.8: Comparison of Building Weight Figure 4.3: Percentage of Column Area
for RCC and Composite Structures Across decrease composite structures compared to
Different Stories RCC (Reinforced Cement Concrete) structures

4.11 Summary

Composite buildings are better performing building during seismic and wind forces in high rise buildings.
Although RCC systems are suitable to be used with low rise buildings, the composite systems give more material
efficiency, safety, and comply with BNBC 2020 thus it is suitable with high-rise buildings in areas like Sylhet.

5 Conclusion

As part of this research, an ETABS and BNBC 2020-based comparative analysis was conducted between
reinforced cement concrete (RCC) and steel concrete composite (SCC) high-rise buildings in Sylhet, one of the
most seismically active areas in Bangladesh. Analysis of 10, 15, 20, 25 and 30 storey buildings focused on
serviceability parameters such as base shear, horizontal movement of a building under winds and earthquakes,
storey drift, soft storey, stiffness, wind behavior and torsional irregularity, p- delta effects. It was found that RCC
structures offer higher stiffness and less drift, but the SCC systems are much more beneficial in case of decreased
weight and occupation of space. Composite structures recorded an average of 2.24 percent weight reduction and a
41.2 percent reduction in area of column, which improved the floor area to be used. Even though SCC structures
exhibited a bit more displacement and wind sway, they were well under BNBC parameters. In addition, SCC
systems displayed a better seismic performance, effective management of base shear and better energy dissipation
characteristics because of their ductility. In general, the RCC can be more adaptable to low-rise or low earthquake
areas but SCC stands out as best suited to medium- to high-rise building and to improve safety, efficiency, and
code compliance in the seismic prone cities.
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