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Abstract— It’s a very big challenge that building or structure 

must withstand lateral forces such as earthquake and wind 

load. Irregular buildings constitute a large portion of the 

modern urban infrastructure. Structures are never perfectly 

regular and hence the designers routinely need to evaluate 

the likely degree of irregularity and the effect of this 

irregularity on a structure during an earthquake. The 

proportional distribution of lateral forces evolved through 

seismic action and wind load also in each storey level due to 

changes in stiffness of frame on irregular frame is analyzed.  

The objective of the project is to carry out Response 

spectrum analysis (RSA) of vertically irregular RC building 

frames.  In the present work, the comparative analysis of 

various structures is performed using ETABS. The main aim 

of the project is comparative study of the stiffness of the 

structure by considering the three models that is Regular 

Structure, structure with ground storey as the soft storey and 

vertical irregular structure. All these three models are 

analysed with static and dynamic earthquake loading. The 

results are tabulated and graphs are plotted for displacement, 

drift, base shear and time period. Based on the results and 

discussion the structural behaviour and stiffness is 

concluded for regular and irregular structures and it was 

found that Vertical irregular building frames experience 

larger base shear than similar regular building frames. The 

stiffness irregular building experienced lesser base shear and 

has larger inter storey drifts. The storey shear force was 

found to be maximum for the first storey and it decreased to 

a minimum in the top storey in all cases. 
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I. INTRODUCTION 

During an earthquake, failure of structure starts at points of 

weakness. This weakness arises due to discontinuity in 

mass, stiffness and geometry of structure. The structures 

having this discontinuity are termed as Irregular structures. 

Irregular structures contribute a large portion of urban 

infrastructure. Vertical irregularities are one of the major 

reasons of failures of structures during earthquakes. For 

example, structures with soft storey were the most notable 

structures which collapsed. So, the effect of vertically 

irregularities in the seismic performance of structures 

becomes really important. Height-wise changes in stiffness 

and mass render the dynamic characteristics of these 

buildings different from the “regular building”. 

IS 1893 definition of Vertically Irregular structures:  

The irregularity in the building structures may be 

due to irregular distributions in their mass, strength and 

stiffness along the height of building. When such buildings 

are constructed in high seismic zones, the analysis and 

design becomes more complicated.  

 

A. Objective of the Study 

 The main objective of this project is to comparative 

study of the regular and vertically irregular building 

under earthquake forces as per below Table.1 

Irregularity limits prescribed by IS 1893:2002. 

 Reinforced 13 story’s framed structure is considered in 

the study. 

 Both the regular RC building and irregular RC building 

is considered for this comparative study 

 To study the performance level of the structure. 

 In this project the comparative study of the various 

seismic parameters of different types of reinforced 

concrete moment reserving frames with types of 

irregular building. 

 Comparison to be done between regular & vertical 

irregular frame on the basis of shear force, bending 

moment, story drifts, node displacement etc. 

 The reduction in drift, deflection and fundamental time 

period of the regular and irregular building studied. 

 The results of different parameters such as 

displacement, drift, base shear and time period to be 

studied. 

II. LITERATURE REVIEW 

Raja Madhukar et al. carried out research on linear static 

analysis and response spectrum analysis considering an 

unsymmetrical building plan of T shape and G+30 storeys. 

They connected braces within the storey to the structure and 

concluded that X, inverted V braces provides good stiffness 

control displacements but the time period decreases. 

Sarkar et al. proposed a new method of quantifying 

irregularity in vertically irregular building frames, 

accounting for dynamic characteristics (mass and stiffness). 

The salient conclusions were as follows:  

1) A measure of vertical irregularity, suitable for stepped 

buildings, called regularity index is proposed, 

accounting for the changes in mass and stiffness along 

the height of the building.  

2) An empirical formula is proposed to calculate the 

fundamental time period of stepped building, as a 

function of regularity index.  

Karavasilis et al. studied the inelastic seismic 

response of plane steel moment-resisting frames with 

vertical mass irregularity. The analysis of the created 

response databank showed that the number of storeys, ratio 

of strength of beam and column and the location of the 

heavier mass influence the height-wise distribution and 

amplitude of inelastic deformation demands, while the 

response does not seem to be affected by the mass ratio.  

Athanassiadou, concluded that the effect of the 

ductility class on the cost of buildings is negligible, while 
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performance of all irregular frames subjected to earthquake 

appears to be equally satisfactory, not inferior to that of the 

regular ones, even for twice the design earthquake forces. 

DCM frames were found to be stronger and less ductile than 

the corresponding DCH ones. The over strength of the 

irregular frames was found to be similar to that of the 

regular ones, while DCH frames were found to dispose 

higher over strength than DCM ones. Pushover analysis 

seemed to underestimate the response quantities in the upper 

floors of the irregular frames.  

Sadjadi et al. presented an analytical approach for 

seismic assessment of RC frames using nonlinear time 

history analysis and push-over analysis. The analytical 

models were validated against available experimental results 

and used in a study to evaluate the seismic behavior of these 

5-story frames.  It was concluded that both the ductile and 

the less ductile frames behaved very well under the 

earthquake considered, while the seismic performance of the 

GLD structure was not satisfactory. The retrofitted GLD 

frame had improved seismic performance.  

Poonam et al. Results of the numerical analysis 

showed that any story, especially the first story, must not be 

softer/weaker than the story’s above or below. Irregularity in 

mass distribution also contributes to the increased response 

of the buildings. The irregularities, if required to be 

provided, need to be provided by appropriate and extensive 

analysis and design processes.  

III. MODELLING OF THE BUILDING 

The entire analysis has done for all the 3D models using 

ETABS software. Three types of Asymmetrical buildings 

were considered. All the three structures were 13 storeyed.  

 Regular structure. 

 Structure with ground story as the soft story. 

 Vertically geometric irregular building.  

 
Fig. 1: Plan of Regular Structure (13 story’s). 

 
Fig. 2: 3D view of Regular Structure (13 story’s). 

 
Fig. 3: 3D view of Vertically Geometric Irregular Structure 

(13 story’s). 

IV. METHODOLOGY 

The software used for the present study is ETABS 15.2.2. It 

is product of Computers and Structures, Berkeley, USA. 

ETABS 15.2.2 is used for analyzing general structures 

including bridges, stadiums, towers, industrial plants, 

offshore structures, buildings, dam, silos, etc. It is a fully 

integrated program that allows model creation, modification, 

execution of analysis, design optimization, and results 

review from within a single interface. ETABS 15.2.2 is a 

standalone finite element based structural program for 

analysis and design of civil structures. It offers an intuitive, 

yet powerful user interface with many tools to aid in quick 

and accurate construction of models, along with 

sophisticated technique needed to do most complex projects. 

Response Structure analysis was performed on regular and 

various irregular buildings. The story shear forces were 
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calculated for each floor and graph was plotted for each 

structure as per the specifications are tabulated below: 

Live Load 3kN/m2 

Density of RCC 

considered: 
25kN/m3 

Thickness of slab 180mm 

Depth of beam 450mm 

Width of beam 300mm 

Dimension of column 450x600mm 

Density of infill 20kN/m3 

Thickness of outside wall 230mm 

Thickness of inner partition 

wall 
150mm 

Height of each floor 3.5m 

Earthquake Zone II 

Damping Ratio 3% 

Importance factor 1 

Type of Soil Soft 

Type of structure 
Ordinary Moment Resisting 

Frame 

Response reduction Factor 3 

Table 1: Specifications used for Modeling. 

V. RESULTS AND DISCUSSIONS 

Results obtained by each models are discussed, the analysis 

is carried out by equivalent static method and response 

spectrum method. The parameters discussed in this study 

include displacement, drift, base shear and time period. 

Parameters of different models of regular building are 

compared with the parameters of different models of vertical 

irregular building. In addition to this all models are 

evaluated with different types of irregularities are discussed. 

 
Graph 1: Displacement along X-Dir. for Model-1, Model-2 

and Model-3 

 
Graph 2: Storey Drifts along X-Dir. for Model-1, Model-2 

and Model-3 

The above graph shows the displacement of the 

structure in X direction, as the percentage of vertical 

irregularity changes the lateral displacement also changes. 

The regular frame shows the displacement of 83.767mm, 

but due to change in vertical irregularity it increases to 

90.459mm for stiffness irregularity and which goes up to 

95.863mm for vertical geometry. 

Graph 2 shows the plot of maximum drift values in 

X-direction, the maximum drift of the Regular structure it 

was found to be 4.343894, 5.72847 for stiffness irregularity 

structural building and 4.724812 for the vertical irregularity 

of the structural building. 

 
Graph 3: Base Shear Graph for Model 1 and Model 2 

 
Graph 4: Base Shear Graph for Model 1 and Model 3 

Base shear of Regular and Stiffness Irregular 

Structure and also Base shear of Regular and Vertical 

Irregular Structure shown in the graph. It was found that 

regular building frames experience larger base shear than 

Vertical irregular building frames. 
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Graph 5: Mode v/s Period Graph for all the 3 Models. 

Time period graph for regular building, stiffness 

irregular and vertical irregularity of the structure in the 

above graph. Mode v/s Period graph tells that stiffness 

irregular building shows maximum time 2.285 seconds, 

regular structure shows minimum value time of 2.046 

seconds and vertical irregularity of the building shows the 

time period of 1.766 seconds as all of these values is shown 

in the above time period graph. The reduction percentage for 

Regular structure is 7.46% and for the vertical irregular 

structure as reduction factor 7.11. 

VI. CONCLUSIONS 

Two types of irregularities namely stiffness irregularity and 

vertical geometry irregularity were considered. All two 

kinds of irregular RC building frames had plan symmetry. 

Response spectrum analysis (RSA) was conducted for each 

type of irregularity and the storey shear forces obtained were 

compared with that of a regular structure. The results can be 

summarized as follows. 

 According to results of RSA, the storey shear force was 

found to be maximum for the first storey and it 

decreased to a minimum in the top storey in all cases. 

 According to results of RSA, it was found that regular 

building frames experience larger base shear than 

Vertical irregular building frames. 

 According to results of RSM, the stiffness irregular 

building experienced lesser base shear and has larger 

inter storey drifts. 

 Buildings with irregular structural configurations are 

subjected to severe damage than simple regular 

buildings during earthquakes in high seismic zones.  

 Dynamic method of analysis is more accurate than 

static method hence the results obtained using response 

spectrum gives more realistic values.  

 The fundamental time period for regular structure was 

found to be least and maximum for vertical irregular 

structure. 

 Irregularity in the structure should be avoided however, 

sometimes due to architectural requirement or any other 

reasons irregularity needs to be provided. In such cases 

the structural arrangement should be such that 

deflection, drift and under permissible limits. 

 The analysis proves that irregularities are harmful for 

the structures and it is important to have simpler and 

regular shapes of frames as well as uniform load 

distribution around the building. Therefore, regular and 

symmetrical structures exhibit more favorable and 

predictable seismic response characteristics than 

irregular structures. 

 Now-a-days, complex shaped buildings are getting 

popular, but they carry a risk of sustaining damages 

during earthquakes. Therefore, such buildings should be 

designed properly taking care of their dynamic 

behavior. 

VII. SCOPE FOR FUTURE WORK 

The Scope of the study can be extended as below 

1) Comparative study by providing shear wall at different 

location. 

2) Comparative study by providing bracings and base 

isolation. 

3) Non-linear time history analysis can be performed on 

the structure. 
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