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Abstract 

A desire to create an aesthetic and functionally efficient structure drives architects to conceive wonderful and 

imaginative structures. Sometimes the shape of the building catches the eye of the visitor, sometimes the 

structural system appeals, and in other occasions both shape and structural system work together to make the 

structure a marvel. However, each of these choices of shapes and structure has significant bearing on the 

performance of the building during strong earthquakes. Thus, it is important to perform rigorous dynamic 

analysis to evaluate the performance of buildings with different shapes in plan to ensure minimum damage 

during an earthquake event. Aim of this paper is to study the dynamic behavior of a multi-storey building 

having two different shapes i.e. square and circular. To achieve this objective, two 15 storied commercial 

buildings are modeled out of which one is having square shape and the other having circular shape using 

software package ETABS 2017 for Seismic Zone III & IV in India. The analysis is performed as per IS 1893 (Part 

1):2016. Here response spectrum method is used to perform the dynamic analysis. It has been observed from 

the results that the displacement demands of circular shaped building are lesser than the square shaped 

building. 
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Base Shear 

 

1. INTRODUCTION 

The behavior of a building during an earthquake depends critically on its overall shape, as well as on how the 

earthquake forces are transmitted from the ground. It is found that the building configuration plays an 

important role in determining the fundamental period of the building which also affects the amount of seismic 

forces. The overall layout of the building is one of the most important elements in building design. The shape 

determines the magnitude of the seismic forces which act on the building and their distribution. Distribution is 

important in the vertical direction in section as well as the horizontal direction in plan. Therefore in the 
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planning stage, it is very important that architects and engineers work together to ensure that a good building 

configuration has been designed and unsuitable features are avoided. Although traditional buildings are often 

damaged in even moderate earthquakes, some shapes of buildings show superior performance even when 

located in regions of high seismic risk such as India, etc. The dimensional proportion of the building is one of 

the factors likely to lead to building damage during an earthquake. A building of wrong size or shape can be 

easily damaged by lateral and adulatory motions. The behavior of a  building during earthquakes depends 

critically on its overall shape, size and geometry, in addition to how the earthquake forces are carried to the 

ground. The shape of the building has significant bearing on the performance of the building during strong 

earthquake. Therefore it is absolutely necessary to analyze the performance of the structures with different 

shapes and sizes subjected to dynamic loading by using proper methods of dynamic analysis. 

 

1.1 Methods of Analysis 

A. Equivalent Static Method: All design against seismic loads must consider the dynamic nature of the 

load. However, for simple regular structures, analysis by equivalent linear static methods is often sufficient. 

In this method, only one mode is considered for each direction. This is permitted in most codes of practice for 

regular, low- to medium-rise buildings. It begins with an estimation of base shear load and its distribution on 

each story calculated by using formulas given in the code. Equivalent static analysis can therefore work well 

for low to medium-rise buildings. Tall buildings where second and higher modes can be important, or 

buildings with torsional effects, are much less suitable for this method, and require more complex methods to 

be used in these circumstances. 

 

B. Response Spectrum Method: In this concept the multiple modes of vibration of a structure can be used. 

This analysis can be used for tall simple or complex structures. The vibration of a building is defined as the 

combination of many special modes that are in a vibrating string corresponding to the “harmonics”. Computer 

aided structural analysis is used to determine these mode shapes for the structure. For every mode shape, from 

design spectrum responses are studied, with the help of parameters such as modal participation mass and 

modal frequency, and then they are combined to provide an evaluation of the total responses of the structure. 

 

1.2 Objective of the Study 

The main objective of this paper is to study the dynamic behavior of concrete reinforced buildings having 

circular and square shape which are subjected to dynamic loading due to earthquake forces. Also analysis of 

the two shapes of the buildings in zones III and IV has been surveyed. The pertaining structure of 15 stories 

commercial building has been modeled by keeping the plan area, height of building, column and beam sizes 

and the slab depth same for both shapes. The dynamic analysis has been done by using response spectrum 

method based on IS 1893:2016. The maximum displacement results have been obtained and compared to 

obtain the displacement demand of building. 
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2. MODELING & ANALYSIS 

For the analysis of multi-story RC building having circular and square shape, 15-story building has been 

modeled in ETABS 2017 and response spectrum analysis has been carried out. The following dimensions 

and design parameters are considered. 

Table -1: Geometrical and Structural Details 

Sr. 

No. 

 

Particular 

 

Dimension/Size/Value 

1 Floor Height 3.6 m 

2 Foundation Depth 2 m 

3 Total Height of Building 52.4 m 

4 Dimension of Building  

 
i. Square Building 

External-44X44 m; 

Internal-22X22 m 

 
ii. Circular Building 

External-50 m dia.; 

Internal-25.5 m dia 

5 
Total Area of Square and 

Circular Building 

1452 sq. m 

 

6 

 

Size of Columns 

C600X1200 mm; 

C530X1200 mm; 

C300X530 mm 

 

7 

 

Size of Beams 

B380X830 mm; 

B380X530 mm; 

B230X230 mm 

8 Depth of Slab 140 mm 

9 Wall Thickness 230 mm 

10 Grade of Concrete M40 

11 Grade of Steel Fe500 

12 Live Load 4 kN/m2 

13 Floor Finish 1.5 kN/m2 

14 Earthquake Load As per IS 1893:2016 

15 Importance Factor, I 1.2 

16 
Response Reduction Factor, R 

5 

17 Seismic Zone III and IV 

18 Type of Soil Type II-Medium Soil 

 

In the present work, total four models are analyzed and compared in zone III and IV. Models are considered 

for the analysis as Special Moment Resisting Frame. Out of four, two models analyzed in zone III are: 

1. Response spectrum analysis of 15 storied square building. 2. Response spectrum analysis of 15 storied circular 
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building. Similarly, two models analyzed in zone IV are: 

1. Response spectrum analysis of 15 storied square building. 

2. Response spectrum analysis of 15 storied circular building. 

 

Fig -1: Plan of square building 

 

                          Fig-2: Plan of circular building
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Fig-3: Deformation of square building in X direction      Fig-5: Deformation of circular building in X direction  

  

Fig-4: Deformation of square building in Y direction       Fig-6: Deformation of circular building in Y direction 

 

3. RESULTS & DISCUSSIONS 

 

The above RCC structures are analyzed and the results are compared for the building parameters such as 

story displacement, story drift, story shears, time period etc. for Zone III and IV. 
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3.1 Results for Zone III 

 

 

 

 

 

 

 

 

 

 

Fig-7: Story displacements along X direction                             Fig-10: Story drift along Y direction 
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Fig-8: Story displacements along Y direction           Fig-11: Story Shear along X direction 

 

 

 

 

 

 

 

 

 

 

 

Fig-9: Story drift along X direction                                       Fig-12: Story Shear along Y direction 
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Fig-13: Time Period 

3.2 Results for Zone IV 

   

 

 

 

 

 

 

 

 

 

 

Fig-14: Story displacements along X direction                                 Fig-17: Story drift along Y direction 

 

 

 

 

 

 

 

 

 

 

 

 Fig-18: Story Shear along X direction 
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Fig-15: Story displacements along Y direction 
 

                                      

 

Fig-19: Story Shear along Y direction 

 

Fig-20: Time Period 
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3. CONCLUSIONS 

In the present research, an attempt has been made to compare the seismic behavior of multi-storied RC 

structure having square and circular plan shape. This study is focused on the dynamic performances under the 

effect of earthquake forces of RC multi-story buildings, which are commonly used all over the world. The seismic 

performances were estimated through the comparison between various parameters obtained by the response 

spectrum analysis performed on square and circular shaped buildings in Zone III and Zone IV and following 

conclusions are drawn out. 

 

1. The story displacement for square building in X direction is slightly higher than circular building but in Y 

direction, there is significant increase in story displacement for square building than the circular building in 

both Seismic Zone III and IV. 

2. The difference of values for story drift between square building and circular building in X direction is 

insignificant but this difference increases considerably in Y direction and square building model gives much 

higher values of story drift than the circular building model in Zone III and IV. 

3. Base shear is calculated by using response spectrum method as specified in IS 1893:2016 for all four 

models. By comparing the base shear, it is found that circular building is having more base shear than square 

building in both Zone III and IV. More the base shear more is the stiffness of the building. The square 

building is found to have higher value of fundamental natural period of oscillation than the circular building 

which represents that circular building is having more stiffness against lateral loads than the square building. 

4. The displacement demand of the square building model is found to be more than the circular building 

model. 

5. By performing dynamic analysis on square and circular building model, it can be concluded that the 

circular building perform more efficiently during an earthquake when compared with the square building 

model in both Zone III and IV. 

 

REFERENCES 

[1] Dr. Shriram H. Mahure, Khan Md. Muhatesam Azhar, “Analysis of Different Shape of Building with 

Same Area”, IRJET, Volume 05, Issue 11, Nov 2018. 

[2] Pushkar Rathod, Rahul Chandrashekar,”Seismic Analysis of Multistoried Building for Different Plans 

Using ETABS 2015”, IRJET, Volume 4, Issue 10, Oct-2017. 

[3] Suchi Nag Chaudhary, Dr. P. S. Bokare, “Dynamic Analysis of Multistory Building Using Response 

Spectrum Method and Seismic Coefficient Method”, IJISET, Vol 4, Issue 6, June 2017. 

[4] B. Rajesh, Mr. Sadat Ali Khan, Mr. Mani Kandan, Dr. S. Suresh Babu, “Comparison of Both Linear 

Static and Dynamic analysis of Multistoryed Buildings with Plan Irregularities”, IJSEAS, Volume-, 

Issue-7, October 2015. 

[5] Moammed Rizwan Sultan, D. Gouse Peera, “Dynamic Analysis of Multi-Storey Building for Different 



 

 
 

10 | P a g e   

Shapes”, IJIRAE, Volume 2, Issue 8, August 2015. 

[6] IS 456:2000, “Plain and Reinforced Concrete-Code of Practice”, Bureau of Indian Standards, New 

Delhi. 

[7] IS 1893 (Part 1):2016, “Criteria for Earthquake Resistant Design of Structures”, Bureau of Indian 

Standards, New Delhi. 

[8] IS 13920:2016, “Ductile Design and Detailing of Reinforced Concrete Structures Subjected to Seismic 

Forces – Code of Practice”, Bureau of Indian Standards, New Delhi. 

[9] Manish Shrikhande, Pankaj Agarwal, “Earthquake Resistant Design of Structures”. 


