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Abstract: The performance of structure during seismic action mainly depends on strength, 

stiffness, ductility, regularity and irregularity of the structure. So far irregularity has caused 

tremendous devastation during past catastrophic earthquakes, mainly due to large stress 

concentrations. So far tremendous research and efforts have been laid in order to understand 

the effect of irregularity on the dynamic characteristics of the structure. Present study mainly 

emphasize on irregularity of the structure considering plan irregularity. Old and new code of 

earthquake resistant design has been compared to study irregularity in depth. The nonlinear 

performance of the considered RC buildings has been performed for the structure designed 

using above codes. Lastly, Response reduction factor for the considered building models is 

calculated using nonlinear static pushover analysis.  
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I. Introduction: 

 
So far irregularity has been studied by many researchers and important recommendations has 

also been laid in the Indian codes, so as to avoid the major devastation during seismic actions. 

Different types of irregularity seen practically 

a. Vertical stiffness irregularity 

b. Mass irregularity  

c. Vertical geometric irregularity 

d. In plane discontinuity 

e. Out of plane offsets 

f. Discontinuity in capacity (weak storey) 

g. Torsional sensitivity 

h. Non-orthogonal systems 

This causes obstruction in the flow of forces and stress concentration increases in the critical 

areas. Torsional forces occurs as CM and CR (Centre of mass and rigidity) do not lie at same 

points. The torsional stresses are quite dangerous, causing complete failure of the 

structure.Static method i.e seismic coefficient method mentioned in IS 1893: 2016 Part I may 

not be useful as it is based on regular distribution of stiffness and mass in a structure, and 

hence it becomes less accurate. Figure 1 shows different plan irreguality arrangements which 

are observed, which are proved to be dangerous, Indian codes on earthquake resistant design 

laid some stringent clauses for the design of irregualr buildings 
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Figure 1 Plan irregularity in buildings 

 

II. Literature Review: 

 
Shelke and Ansari (2017) studied about the irregularities which we need to consider for the 

structure by using dynamic method Response Spectrum analysis. This Study concerned with 

the effects of various vertical irregularities on the seismic response of a structure. Comparison 

of the results of analysis and design of irregular structures with regular structure was done. 

Three types of irregularities namely mass irregularity, stiffness irregularity and vertical 

geometry irregularity were considered. The mass irregular structures were observed to 

experience larger base shear than similar regular structures. The stiffness irregular structure 

experienced lesser base shear and has larger inter-story drifts. The absolute displacements 

obtained from time history analysis of geometry irregular structure at respective nodes were 

found to be greater than that in case of regular structure for upper stories but gradually as we 

moved to lower stories displacements in both structures tended to converge. Lower stiffness 

results in higher displacements of upper stories. 

Darshale and Shelke (2016) studied about how to control the seismic response of the structure 

having vertical irregularities if it is under base isolation. This study is concerned with the effects 

of various vertical irregularities on the seismic response of a structure and controls this 

response using base isolation. The objective of the study is to carry out response spectrum 

analysis and time history analysis of fixed base and base isolated vertically irregular RCC 

structure according to IS 1893 (part 1):2002. Three types of vertical irregularities namely mass 

irregularity, stiffness irregularity and vertical geometry irregularity were considered. From the 

modal analysis of G+14 regular RCC structure, first mode time period of fixed base building 

is found to be 1.762 sec. whereas the first mode time period of isolated building is found to be 

4.343 sec. Base isolation reduced the lateral displacement, shear forces, bending moments, base 

shear, storey acceleration, interstorey drift as compared to the conventional fixed base 

structure. Which shows the effectiveness of base isolation and concluded that base isolation is 

very effective seismic response control device. 

Shaikh and shinde (2016) studied about the seismic analysis by considering mass 

irregularities given in the specific codes. Uncertainties involved and behaviour studies are vital 

for all civil engineering structures. The presence of vertical irregular frame subject to 

devastating earthquake is matter of concern. The present paper attempts to investigate the 

proportional distribution of lateral forces evolved through seismic action in each storey level 
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due to changes in mass of frame on vertically irregular frame. As per the Bureau of Indian 

Standard (BIS) IS 1893 (part 1):2002 provisions, a G+10 vertically irregular building is 

modelled as an simplified lump mass model for the analysis with mass irregularities at third & 

seventh floor. To response parameters like story drift, story deflection and story shear of 

structure under seismic force under the linear static and dynamic analysis is studied. This 

analysis shows focuses on the base shear carrying capacity of a structure and performance level 

of structure under sever zone of India. The result remarks the conclusion that, a building 

structure with mass irregularity provides instability and attracts huge storey shear. A 

proportionate amount of mass is advantageous to control over the storey and base shear. The 

soft computing tool and commercial software CSI-ETABS is used for modelling and analysis. 

Bhosale,et al. (2016) examined the seismic performance of buildings with irregular 

distribution of mass, stiffness, and strength along the height may be significantly different from 

that of regular buildings. It is generally believed that the regular buildings have a dominant 

fundamental mode participation in their seismic response and as the irregularity increases the 

contribution of higher mode increases. Accordingly, previous studies have proposed 

methodologies to quantify the vertical irregularity of the buildings in terms of their fundamental 

mode properties. This paper checked the adequacy of fundamental mode properties for the 

quantification of vertical irregularity. Further, this study attempts to check the correlation 

between existing vertical irregularity indicators and the seismic risk. Seismic risks of selected 

vertically irregular buildings in terms of fragility curve, annual probability of collapse, and drift 

hazard curve indicates that there is no correlation between existing vertical irregularities 

Indicator based on fundamental mode properties and seismic risks. Results of seismic risk 

analysis show building frames with open-ground story and floating columns are found to be 

more vulnerable than a similar regular building. However, stepped and setback building frames 

perform even better than a regular frame. Therefore, stepped and setback buildings under the 

category of vertical geometric irregularity needs to be investigated in detail to validate the 

special design requirements recommended by design codes. 

Mohod (2015) examined the effect of shape and the plan of the structural building on the 

response of seismic analysis. Buildings with irregular geometry respond differently against 

seismic action. Plan geometry is the parameter which decides its performance against different 

loading conditions. The effect of irregularity on structure have been carried out by using 

structural analysis software STAAD Pro. V8i. There are several factors which affect the 

behaviour of building from which storey drift and lateral displacement play an important role 

in understanding the behaviour of structure. Results are expressed in form of graphs and bar 

charts. It has been observed from the research that simple plan and configuration must be 

adopted at the planning stage to minimize the effect of earthquake. 

Kumar et el.(2015) studied specifically about the response of a setback structure while 

analyzing it for a seismic response. A structure can be considered as irregular, if it has irregular 

distributions due to irregular geometrical configurations i.e. set-back, strength, mass and 

stiffness. This set-back affects the mass, strength, stiffness, center of mass and center of 

stiffness of building as compare to regular building. In this present paper lateral storey 

displacement of different three types of models (nine cases) with constant in bay length i.e. 

5x5m and with change in storey height is examined. Nodal displacement criteria were 

considered for the best value of critical set-back ratio. The most favourable value of set-back 

ratio comes out to be A/L=0.75 and H=8/25 where nodal displacement value are affect structure 

in small amount with comparison to other set-back ratio values. 
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Mahesh and Rao (2014) presented a paper in which a G+11 multi-storey building with regular 

and irregular configuration had been considered for earthquake and wind loads using ETABS 

and STAAD PRO V8i. Assuming that the material properties are linear, static and dynamic 

analysis were performed. Different response like the storey drift, displacement, base shear were 

plotted and the inference was that when both regular and irregular configurations were 

compared, the storey drift and the base shear value were found to be more for regular 

configuration. 

Athanassiadou C.J. (2008) addressed multi-storey reinforced concrete (R/C) frame buildings, 

irregular in elevation. Two ten-storey two-dimensional plane frames with two and four large 

setbacks in the upper floors respectively, as well as a third one, regular in elevation, have been 

designed to the provisions of the 2004 Eurocode 8 (EC8) for the high (DCH) and medium 

(DCM) ductility classes, and the same peak ground acceleration (PGA) and material 

characteristics. All frames have been subjected to both inelastic static pushover analysis and 

inelastic dynamic time-history analysis for selected input motions. The assessment of the 

seismic performance is based on both global and local criteria. It is concluded that the effect of 

the ductility class on the cost of buildings is negligible, while the seismic performance of all 

irregular frames appears to be equally satisfactory, not inferior to (and in some cases superior 

than) that of the regular ones, even for motions twice as strong as the design earthquake. As 

expected, DCM frames are found to be stronger and less ductile than the corresponding DCH 

ones. The over strength of the irregular frames is found to be similar to that of the regular ones, 

while DCH frames are found to dispose higher over strength than DCM ones. Pushover analysis 

seems to underestimate the response quantities in the upper floors of the irregular frames. 

Sarkar (2010) studied about how to deal with the vertical irregularities in stepped building. 

Stepped building frames, with vertical geometric irregularity, are now increasingly 

encountered in modern urban construction. This paper proposes a new method of quantifying 

irregularity in such building frames, accounting for dynamic characteristics (mass and 

stiffness). The proposed `regularity index' provides a basis for assessing the degree of 

irregularities in a stepped building frame. This paper also proposes a modification of the code 

specified empirical formula for estimating fundamental period for regular frames, to estimate 

the fundamental time period of the stepped building frame. The proposed equation for 

fundamental time periods is expressed as a function of the regularity index. It has been 

validated for various types of stepped irregular frames.  

 

III. Conclusions 

 

Following important observations are made with the study of irregular buildings 

1. Irregularity affects the dynamic characteristics of the structure i.e. time period and mode shapes 

2. Seismic coefficient method may not be accurate for earthquake force calculations 

3. Proper calculation of regularity index is necessary for assessment of irregularity buildings 

4. There is a loss of strength, stiffness and ductility of the irregular buildings subjected to base 

excitation 
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