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Abstract

Earthquakes impose lateral forces on structures that often lead to severe damage and collapse, especially in seismically
active regions. The geometry of a building significantly influences its seismic response due to the variation in mass
distribution and stiffness. This study investigates the seismic performance of three Reinforced Cement Concrete (RCC)
buildings with different shapes Square (Commercial), Rectangular (Residential), and Hollow-Rectangular (Educational)
located in Seismic Zone III. All buildings were modelled and analyzed in ETABS using identical loading conditions,
storey heights, and material properties to assure uniform comparison. The seismic responses including storey
displacement, storey drift, and shear deformation were evaluated as per IS 1893:2016. Results indicate that shape
configuration plays a crucial role in structural behaviour. The square-shaped building showed the least displacement due
to uniform stiffness, whereas the hollow-rectangular structure exhibited the highest deformation because of stiffness
discontinuity and torsional effects. The findings emphasize the importance of geometric planning in enhancing seismic
resistance and minimizing structural damage.
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1. Introduction

Earthquakes are unpredictable natural forces that subject structures to dynamic loading, producing lateral forces and
ground accelerations that can lead to collapse if not properly considered during design. India is divided into four major
seismic zones, and Zone III covers several rapidly developing regions with increasing urbanization and mid-rise
infrastructure demands. Structural failures during past earthquakes have highlighted that not only material quality, but
building shape configuration plays a major role in determining structural performance.

Modern structural engineering integrates high-precision software tools such as ETABS to analyze seismic response
parameters and enable performance-based design. Understanding the behaviour of buildings with varied plan geometries
helps engineers determine safe and economic forms during early planning. This research evaluates three RCC building
configurations (square, rectangular, and hollow-rectangular) to quantify how shape influences seismic performance in
Zone III conditions.

2. Methodology

The methodology is based on comparative seismic analysis of three buildings using ETABS Version 22.

Model Building Type Shape Floors Storey Height Seismic Zone
Model 1 Commercial ~ Square Gt3 335m I
Model 2 Residential Rectangular G+t3 40m I
Model 3 Educational ~ Hollow-Rectangular G+3 5.0 m I
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Loading Considerations

. Dead Load and Self-weight: Automated
. Live Load: As per IS 875 Part-2
. Seismic Loading: As per IS 1893:2016

Zone factor (Z) = 0.16

o Response reduction factor (R) =5
o Importance factor (1) = 1.0 (Residential & Commercial), 1.5 (Educational)
o Soil type = Medium

Analysis Parameters

. Equivalent Static Method

. Modal Response Spectrum

. Storey Displacement

. Shear Deformation and Drift

3. Results and Discussion
3.1 Storey Displacement

Maximum lateral displacement was recorded at the top storey for all three models.
Ranking (Highest to Lowest Displacement):

Building Displacement Behaviour
Hollow-Rectangular (Educational) Highest displacement due to stiffness irregularity and internal void
Rectangular (Residential) Moderate displacement due to aspect ratio

Square (Commercial) Lowest displacement due to symmetric geometry
3.2 Shear Deformation

Shear deformation varied among buildings based on geometry and lateral stiffness:

. Square building: Lowest deformation and stable deformation curve

. Rectangular building: Slightly greater deformation along the longer side

. Hollow-rectangular building: Sharp deformation increase around internal opening leading to torsional
effects

3.3 Structural Stability Interpretation

The deformation trends reveal:

. Symmetry enhances seismic safety
. Irregularity and internal voids increase stress concentration
. Higher storey height increases lateral acceleration effects
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4. Conclusion

This study clearly demonstrates that the shape of a building considerably influences its seismic performance. Based on
the ETABS analysis:

. Square-shaped structures exhibit superior seismic behaviour due to uniform stiffness and mass
distribution.

. Rectangular structures perform satisfactorily but are susceptible to increased drifts in the longer direction.
. Hollow-rectangular structures experience large displacement and shear deformation due to stiffness

discontinuity and torsional irregularity.

Recommendations
. Avoid irregular plan configurations in high seismic zones.
. Provide shear walls and bracings at critical torsional regions if hollow configurations are unavoidable.
. Adopt performance-based seismic design during conceptual planning.

5. Future Scope

Future studies can focus on:

. Time-history analysis with real earthquake records

. Influence of shear wall placement in hollow/irregular buildings

. Cost and material optimization for seismic enhancement
References

1. Borkar. R,V.D.Vaidya (2024),Sesmic Analysis Of RCC Building With Diff. Aspect Ratio And Different Soil
Types With Zones 3 ,Vol 11,Issue4.

2. Arumugam, S. (2022). Seismic evaluation of advanced reinforced concrete structures. Advances in Materials
Science and Engineering.

3. Bush, R.C., Shirkol, A.L., Sruthi, J.S. and Kumar, A., 2022. Study of seismic analysis of asymmetric building with
different shapes of staggered openings and without openings in Shear Wall. Materials Today: Proceedings.

4. Mujawar Z, Bhanu Prakash, Vijay Kumar,(2021) “Review On Comparative Study On RCC
And Steel Structure For Different Criteria” .

5. Sajed T. B, M.R.Mukhlis, (2021).Effects Of Plan Aspect Ratio On Seismic Responses Of RC Buildings By Time
History Analysis.

6. Gourav.B.N,Darshan.G.S (2021). “Analysis of High Rise Structures in Different Soil Type And Seismic Zones
7. Dahal, S., and Suwal, R. (2019). Seismic behavior analysis of composite buildings with respect to RCC buildings.
Journal of the Institute of Engineering, 15(1), 54-61.

8. Bourouaiah, W (2019). “Influence of the soil properties on the seismic response of
structures”.1JASC.

9. Jagadale S, M.R. Shiyekar, Y.M. Ghugal. July-2019 “Comparative study of Steel, RCC and

composite frame building”. ISSN: 2395-0072, Volume 6, Issue 7, IRJET.

10. Sayeed ur Rahman, Dr. Sabih Ahmad,(2018) , Dynamic Analysis of Tall Buildings Using Software, JETIR , Volume
5, Issue 11

11. K. C.Reddy, G.L.Kumar (2019), Seismic Analysis Of High Rise Buildings (G+30) By Using ETABS.

12. Amer Hassan, Shilpa Pal. (2018). “Effect of soil condition on seismic response of isolated base buildings”. IJASC.
13. Vinamra Bhushan Sharma. (2017).” Impact of Different Soils and Seismic Zones on Varying Height of Framed
Structures”.IJIRST.

14. Bhalchandra p. Alone, Dr. Ganesh Awchat. (2017). “Study on seismic analysis of high-rise

© 2025, IJSREM | https://ijsrem.com | Page 3



https://ijsrem.com/

!"\h

§ oo International Journal of Scientific Research in Engineering and Management (IJSREM)

w Volume: 09 Issue: 12 | Dec - 2025 SJIF Rating: 8.586 ISSN: 2582-3930

building by using software”. IJISDR

15. Girum Mindaye and Shaik Yajdani, (2016), Seismic Analysis of a Multi-storey RC Frame
Building in Different Seismic Zones, IJIRSET, Volume 5, Issue 9.
16. Tosun, H., 2015. Earthquakes and dams. In Earthquake Engineering-From Engineering

Seismology to Optimal.

17. Carpinteri, A., Corrado, M., Lacidogna, G. and Cammarano, S., 2012. Lateral load effects on tall shear wall
structures of different height. Structural engineering and mechanics, 41(3), pp.313-337.()

18. Panchal, D. R., and Marathe, P. M. (2011). Comparative study of RCC, steel, and composite (G + 30 storey)
building. Nirma University, Ahmadabad, India, 382(481).

19. Kaushik H. B., This state of the art review examined seismic code provisions across 16 countries concerning
masnory infilled RCC frames.
20. Ziyaeifar, M., 2005. Method of mass isolation in seismic design of structures.

© 2025, IJSREM | https://ijsrem.com | Page 4


https://ijsrem.com/

