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Abstract— In the recent time we come across many structures 

which are irregular in shape, this type of cannot be avoided 

due to the functional and architectural requirements. These 

types of structures have irregular distribution of centre of 

mass and centre of rigidity which causes the torsional effect 

on the structures which is one of the most important factors 

influencing the seismic damage of the structure. Structures 

with asymmetric distribution of mass and rigidity undergoes 

torsional motions during earthquake. To assess the torsional 

effect on the structures in the present study four types of 

structures are considered with varying eccentricity subjected 

to Pushover Analysis and Response spectrum analysis. The 

performance of the structures are assessed as per the 

procedure prescribe in ATC-40 and FEMA-356. The analysis 

was carried out in STADD PRO. The results have shown that 

the structures is evident that structures with mass irregularity 

are very much affected than the vertically irregular structures. 

The maximum base shear, displacement and time period is 

experienced by G+ 3 structure. 
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I. INTRODUCTION 

Earthquakes are the most unpredictable and devastating of all 

natural disasters, which are very difficult to save over 

properties and life, against it. In order to overcome these 

issues we need to identify the seismic performance of the 

built environment through the development of various 

analytical procedures, which ensure the structures to 

withstand during frequent earthquakes. In recent years, a 

large number of high-rise buildings have been constructed 

throughout. Some of these buildings were irregular and do not 

follow traditional structural design concepts. From the past 

experience, it has been shown that structural irregularities 

could directly or indirectly cause the collapse or severe 

damage to these structures under strong earthquakes. There 

are several guidelines all over the world which has been 

repeatedly updating on this topic. The method of analysing 

the structure varies from linear to non-linear. The behaviour 

of a building during an earthquake depends on several factors, 

stiffness, adequate lateral strength, ductility, simple and 

regular configurations. The buildings with regular geometry 

and uniformly distributed mass and stiffness in plan as well 

as in elevation suffer much less damage compared to irregular 

configurations. But nowadays need and demand of irregular 

structures have increased. Due to its simplicity pushover 

analysis, described in FEMA-356 and ATC-40 is used. It is 

widely accepted that, when pushover (PO) analysis is used 

carefully, it provides useful information. In this paper, the 

result of PO analysis of steel frames designed has been 

presented. This paper deals with the study of steel structures 

having vertical irregularity .G+3,G+6,G+9 and G+12 steel 

structures are analysed as per IS codes and Federal 

Emergency Management Agency (FEMA 356). 

II. LITERATURE REVIEW 

Detailed literature survey has been carried out in order to 

learn the basic methods of analysis used and the codes 

followed for different conditions all over the world. 

Shahrooz, et al (1990), undertook an experimental 

and analytical study to understand the earthquake response of 

setback structures. The experimental study involved design, 

construction, and earthquake simulation testing of a quarter- 

scale model of a multistory, reinforced concrete, setback 

frame. The analytical studies involved design and inelastic 

analysis of several multistory frames having varying degrees 

of setbacks. Among the issues addressed were: (1) The 

influence of setbacks on dynamic response; (2) The adequacy 

of current static and dynamic design requirements for setback 

buildings; and (3) Design methods to improve the response of 

setback buildings. 

Mahdi and SoltanGharaie (2010), studied the 

applicability of the 3D pushover analysis for predicting the 

seismic response of intermediate moment-resisting frame 

structures with plan irregularity. The results from push-over 

analyses have been compared to those from nonlinear 

dynamic analyses for two selected earthquake records, each 

scaled to achieve predetermined values of roof drift.  The 

results of pushover analyses confirm the validity of designs 

based on IS2800. Additional nonlinear time history analysis 

need to be performed. Pushover techniques still require 

further refinement in order to provide reliable estimates of the 

dynamic response of 3D asymmetrical structures care must 

be taken in the selection of an appropriate time history record 

for a given site. 

Poonam, Anil Kumar and Ashok K. Gupta (2012), 

studied the behaviour of various frames having different 

irregularities but with same dimensions have been analysed 

to study their behaviour when subjected to lateral loads. All 

the frames were analysed with the same method as stated in 

IS 1893-part-1: 2002. The base frame (regular) develops least 

storey drifts while the building with floating columns shows 

maximum storey drifts on the soft storey levels. Hence, this 

is the most vulnerable to damages under this kind of loading. 

The other buildings with irregularities also showed 

unsatisfactory results to some extent. The frame with heavy 

loads develops maximum storey shears, which should be 

accounted for in design of columns suitably.  

Ankesh Sharma and BiswobhanuBhadra (2013), 

studied the effects of various vertical irregular RC building 

frames on the seismic response of a structure under Response 

spectrum analysis (RSA) and Time history Analysis (THA) 

and to carry out the ductility based design using IS 13920 

corresponding to Equivalent static analysis and Time history 
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analysis. Comparison of the results of analysis and design of 

irregular structures with regular structure was done. 

Govind, Kiran K. Shetty and Anil Hegde, studied the 

performance of reinforced concrete frames using the 

pushover Analysis. The plan configurations of structure have 

significant impact on the seismic response of structure, in 

terms of displacement and Base shear. 3. When earthquake 

load is applied in X direction, it is found that rectangular plan 

structure can resist more base shear than irregular plan 

structure. 4. When earthquake load is applied in Y direction, 

it is found that irregular plan structure can resist baser shear 

than rectangular plan structure. This is because the number of 

column are increased in y direction in order to stabilize the 

structure, when the plan is modified to irregular 5. Capacity 

and Demand spectra shows the performance of the structure 

under the earthquake loads.   

III. METHODOLOGY AND MODELLING 

The behaviour of irregular framed steel structural system 

under RS and PO analysis is studied. The methodology to be 

adopted and the modeling to be carried out are described in 

this chapter.  

STAAD.Pro V8iis an analysis and design software 

that is widely used. The analysis and design can be carried 

out according to the requirements of different codal 

provisions. 

The work involves detailed analytical investigation 

by making use of structural analysis software with following 

components: 

1) Review of existing literatures by different researchers. 

2) Selection of types of structures. To carry out RS analysis. 

3) Ductility based design of the buildings as per the analysis 

results. 

4) Optimising the structures. 

5) To carryout pushover analysis for the designed structure. 

6) Introduce vertical stiffness irregularity and mass 

irregularity. 

7) To carryout pushover analysis for the regular and 

irregular structures. 

8) Comparison of results for regular and irregular 

structures. 

A. Pilot Model of the Structure  

A pilot model was developed initially which being a regular 

G+3 structure with the dimensions 20m ×12m ×13.7m. 

Response Spectrum (RS) analysis was performed. Floor load 

and trapezoidal loads converted into equivalent uniformly 

distributed load (EUDL) were used. The conversion of 

trapezoidal load to UDL is done since there is no provision 

for defining trapezoidal load under seismic definition in the 

software.The time period and base shear values were 

compared. 

Live load 3kN/m2 

Density of RCC considered 25kN/m3 

Thickness of slab 150mm 

Density of infill 19kN/m3 

Thickness of outside wall 230 mm 

Thickness of inner partition wall 150 mm 

Earthquake Zone III 

Damping Ratio 0.03 

Importance factor 1 

Type of Soil II (Medium) 

Type of    structure SMRF 

Reduction Factor 5 

Table 1: Specifications of the pilot model 

 
Fig. 1: Isometric view of the regular structure 

B. Description of the Analyzed Building 

Live load 
3 kN/m2 (class room) 

4 kN/m2 (corridor) 

Thickness of slab 140 mm 

Thickness of exterior wall 230 mm 

Thickness of interior wall 115 mm 

Density of infill material 19 kN/m3 

Earthquake zone IV (0.24) 

Soil type II (Medium) 

Damping ratio 0.03 

Grade of concrete M25 

Grade of steel Fe250 

Importance factor 1 

Response reduction factor 5 

Type of structure 
Special moment 

resisting steel frame 

Table 2: Building description 

C. Vertical Irregularity 

Vertical irregularity is introduced in all the structures by 

introducing bracings in each floor. The behaviour of the 

structure is studied. Base shear, displacement and time period 

results under RS and PO analysis are compared for all the 

structures under study. The vulnerable cases are identified. 

Fig. 3 shows the vertical irregularity in a G+9 structure for 

easy understanding. 

 
Fig. 2 Stiffness irregularity in G+9 structure braced at sixth 

floor 

D. Mass Irregularity 

Mass irregularity is studied when the area mass is distributed 

differently within the floor as well as at different storey 

levels. Four different loading cases are considered within the 

floor and the same is considered at different storey levels.RS 

and PO analysis results are compared and the most critical 

cases are identified.  
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C1   C2 

    
C3             C4 

   
Fig. 3: Different Loading Cases under Mass Irregularity 

Where, 

C1 - when the equipment occupies 2.75m of the 

span. 

C2 – when the equipment occupies 5.5m of the span 

C3 – when the equipment occupies 5.5m of the span 

from the other end. 

C4 – when the equipment occupies 2.75m of the 

span from the other end. 

IV. RESULTS 

A pilot model of G+3 regular building was developed and RS 

analysis was performed. The time period and base shear 

values of floor load and EUDL are compared. The trapezoidal 

loads were converted to EUDL using the equations shown 

below 

A. Long Span 

Wlong = 
Wlx

6
[3 − (

lx

ly
)] 

B. Short Span 

Wshort =    
Wlx

3
   (2) 

Where, 

W = load on slab 

lx= shorter span dimension 

ly = longer span dimension 

The longer span and shorter span of the slab are 

shown in the Fig. 4 

 
Fig. 4: Dimensions of slab 

C. Time Period and Base Shear 

The time period and base shear is calculated as per IS 

1893:2002. 

1) Time period, 

 Px = 0.275 s 

 Pz = 0.355 s 

2) Design horizontal acceleration spectrum, 

Ah = 0.04 

Base Shear, 

3) Floor load condition 

Base shear, 

VB= 185kN (x-dir) = 120kN (z-dir) 

4) Equivalent Uniformly Distributed Load (EUDL) 

Base shear =132 kN (x-dir) = 161 kN (z-dir) 

The modal time periods for the actual trapezoidal 

distribution and the EUDL (based on max. BM criteria) 

obtained after analysis have been compared. 

 
Table 3: Comparison of analysis results 

D. Vertical Irregularity 

G+3, G+6, G+9 and G+12structures are modeled with 

irregularity in the form of bracing in each floor. Channel 

sections are used for bracing. The pushover results of 

different structures in the form of capacity curve, beam 

hinges are shown in the Figs.5, 6, 7 and 8. The green, blue 

and red dots indicate the formation of hinges, rotation and 

member failure respectively. 

 
Fig. 5: Pushover results of G+3 structure 

 
Fig. 6: Pushover results of G+6 structure 

 
Fig. 7: Pushover results of G+9 structure 

 
Fig. 8: Pushover results of G+ 12 structures 
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E. Mass Irregularity 

Four cases are considered for each floor under mass 

irregularity.an equipment is considered to be placed at 

different places occupying different percentage area as 

explained in the previous chapter. The following figs.9, 10, 

11 and 12 shows the pushover results of different structures 

in the form of capacity curve and beam hinges. 

 
Fig. 9: Pushover results of G+3 structure 

 
Fig. 10: Pushover results of G+6 structure 

 
Fig. 11: Pushover results of G+ 9 structures 

 
Fig. 12: Pushover results of G+ 12 structures 

V. CONCLUSION 

A. Vertical Irregularity 

1) Base Shear 

The base shear ratio under RS analysis varies from 1.054 to 

1.082, likewise under PO analysis the ratio varies from 2.64 

to 1.159 for different structures. For a typical G+6 structure 

the PO base shear is 2.64 times higher than that of the RS base 

shear. The variation of base shear with reference to the 

location of irregularity in G+12 is erratic indicating the 

transition of structural behavior from shear mode to that of 

bending mode. The height of building increases the effect of 

stiffness irregularity on the quantum of base shear diminishes 

which is attributable to the increase in the flexibility of the 

building with height. 

2) Displacement 

For G+ 6 structures the peak displacement is at the fifth storey 

for RS analysis. The maximum displacement and maximum 

base shear for G+12 structure occurs when the stiffness 

irregularity is at the fourth floor. The displacement ratio 

varies from0.911 to 0.985 under RS analysis and 0.6 to 0.473 

under PO analysis. For a typical G+3 structure the PO 

displacement is 0.6 times lesser than that of RS displacement. 

3) Time Period 

For G+6 and G+9 structure the time period peaks when the 

irregularity is at the ground floor for PO analysis. For G+12 

structure the time period is maximum when the irregularity is 

at the second floor for both RS and PO analyses. The time 

period ratio varies from 1 to 0.987 under RS analysis and 1.24 

to 1.011 under PO analysis. For a typical G+9 structure the 

PO time period is 1.018 times higher than that of RS time 

period. 

B. Mass Irregularity 

1) Base Shear 

The base shear under RS analysis varies from 1.054 to 1.016, 

similarly under PO analysis it varies from 2.362 to 0.845 for 

different structures. For a typical G+3 structure the PO base 

shear is 2.363 times higher than that under RS base shear. 

2) Displacement 

The displacement ratio varies from 1.039 to 1.02 under RS 

analysis and 0.695 to 0.207 under PO analysis for different 

structures. For a typical G+6 structure the PO displacement is 

0.424 times less than that under RS analysis. 

3) Time Period 

The time period ratio varies from 1.048 to 1.015 under RS 

analysis and 1.343 to 1.043 under PO analysis for different 

structures. For a typical G+12 structure the PO time period is 

1.043 times higher than that under RS analysis. 

From design considerations medium rise buildings 

up to G+6 are more vulnerable under both irregularities.  

The building clearly behaves like the strong column- 

weak beam mechanism. 

From this analysis it is evident that structures with 

mass irregularity are very much affected than the vertically 

irregular structures. The maximum base shear, displacement 

and time period is experienced by G+ 3 structure. 
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