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Abstract- Earthquakes have severely damaged the 

structures which are already built. Due to this there is 

large number of deaths, injuries and economic loss. 

Therefore, there is an urgent need for seismic evaluation 

of structures. The concept of performance based seismic 

engineering using pushover analysis is a modern and 

popular tool to earthquake resistant design due to its 

simplicity and better seismic assessment of existing and 

new structures. It gives better understanding of the 

structural behavior during the strong earthquake 

ground motion. The present study gives an effect of 

increase in number of storeys on seismic responses by 

performing pushover analysis. Reinforced concrete 

structures of have been modeled and analyzed using 

ETABS software. Comparison of seismic responses of 

the structure in terms of base shear, time period and 

displacement has been done by performing nonlinear 

static pushover analysis.To consider the effect of higher 

modes in predicting the seismic responses of buildings, as 

well as the progressive changes in the dynamic 

characteristics during the nonlinear analysis, an 

adaptive force-based multimode pushover (AFMP) 

procedure is presented. This procedure is an adaptive 

version of the single-run multimode pushover (SMP) 

procedure that it is envisaged to be an enhancement of 

the previously proposed procedure. Analysis also shows 

location of plastic hinges at performance point of the 

structures with different number of storeys. This paper 

concentrate on the comparative study between two type 

of analysis in mid rise and the irregular RC building 
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I. INTRODUCTION 

One of the emerging fields in seismic design of structures 

is the performance-based design. The subject is still in the 

realm of research and academics and is only slowly 

emerging out into the practitioner’s field. Seismic design is 

slowly transforming from a stage where a linear elastic 

analysis for a structure was enough for both its elastic and 

ductile design, to a stage where a specially dedicated non- 

linear procedure is to be done, which finally influences the 

seismic design. There are the different methods are adopted 

for the seismic analysis of the structures. The main methods 

that are in use are nonlinear and linear methods that are then 

divided into static and dynamic. The main method that used 

in the analysis are response spectrum method, time history 

analysis and pushover analysis. 

 
A. Pushover Analysis 

Pushover is a static-nonlinear analysis method where a 

structure is subjected to gravity loading and a monotonic 

displacement-controlled lateral load pattern which 

continuously increases through elastic and inelastic 

behavior until an ultimate condition is reached. Lateral load 

may represent the range of base shear induced by 

earthquake loading, and its configuration may be 

proportional to the distribution of mass along building 

height, mode shapes, or another practical means. Output 

generates a static-pushover curve which plots a strength- 

based parameter against deflection. For example, 

performance may relate the strength level achieved in 

certain members to the lateral displacement at the top of the 

structure or bending moment may be plotted against plastic 

rotation. Results provide insight into the ductile capacity of 

the structural system, and indicate the mechanism, load 

level, and deflection at which failure occurs. 

 

B. About ETABS Software 

The innovative and revolutionary new ETABS is the 

ultimate integrated software package for the structural 

analysis and design of buildings. Incorporating 40 years of 

continuous research and development, this latest ETABS 

offers unmatched 3D object based modeling and 

visualization tools, blazingly fast linear and nonlinear 

analytical power, sophisticated and comprehensive design 

capabilities for a wide-range of materials, and insightful 

graphic displays, reports, and schematic drawings that 

allow users to quickly and easily decipher and understand 

analysis and design results. 
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II. METHODOLOGY 

 Different models are modelled using ETABS software 

and the different models that are used in this study are 

o An irregular building (IRC) 

o Low rise building (LRC) G+4 

 Normal loading (i.e., dead load and live load are as per 

the IS codes) are applied on the structure. 

 The modal cases and the mass sources are defined, and 

the load patterns and the load cases are defined on each 

model. 

 The normal pushover analysis is done on the different 

model by giving the load pattern as push load in X and 

Y directions. 

 The storey drift, displacement in the structure, and the 

different outputs are taken from the analysis by the 

ETABS software. 

 The adaptive pushover analysis is done on this 

different structure by first determining the number of 

the iteration steps. 

 On each iteration the load factor and the modal 
participation factor are calculated 

 On each iteration, by updating the lateral loading the 

analysis is done on each model. 

 As in the conventional pushover analysis the results are 

obtained 

 The analysis is completed by performing each iteration 

and the results are obtained 

 The detailed study of the pushover analysis is to be 

done and the limitations are identified 

 The results are compared with the conventional 

pushover analysis and the advantages and 

disadvantages are identified and that are noted down. 

 

III. SEISMIC DATA ADOPTED 
 

 

Seismic zone V 

Seismic zone factor 0.36 

Soil type Medium soil 

Response reduction factor 5 

Importance factor 1 

 

IV. LOAD CASE DETAILS AND SECTION PROPERTY 

 

Section details; 

Beam - 230 x 450 mm 

Column – 450 x 450 mm 

Slab – 120 mm thick 

 

Material properties; 

M20 concrete 

Fe 415 steel 

 

Loading; 

  Live load - 3 kN/m2  

   Floor finish - 1 kN/m2 

The loading in the model is given as in the IS codes. The 

supports that are assigned for the structure is fixed type. 

 

V. DETAILS OF BUILDING MODEL 

A. Irregular Building 

Fig.1 and fig.2 represents the plan and the 3D view of 

the irregular building that selected for the analysis 

 

Fig.1 Plan of irregular building 
 

Fig.2 3D view of the building 

 

The loading in the model is given as in the IS 456 :2000. 

The supports that are assigned for the structure is fixed 

type. 
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B. Midrise Building 

Fig.3 and fig.4 shows the plan and the 3D view of the 

midrise that selected for the analysis. 

 

 

Fig.3 Plan of midrise building 

 

 

Fig.4 3D view of the mid-rise building 

 

The different structures are modelled using ETABS by 

inputting the section and the material properties. The grid 

that provided on the ETABS is used for this purpose. All 

loads are assigned to each of the structural member as per 

the IS codes. The analysis that to be done is Pushover 

analysis and the adaptive pushover analysis. Pushover 

analysis is done on each structure by giving the lateral load 

as push x and push y. After analysis by the conventional 

pushover method each of the model is analyzed with the 

adaptive pushover analysis by changing the loading 

conditions and the load factor. Also, the modal cases are 

changed for getting more accurate results. 

VI. RESULTS AND DISCUSSIONS 

Fig.5 to fig. 12 shows the different results that obtained 

after the conventional and adaptive pushover analysis in 

the models. 

A. Graph Obtained for Irregular RC Building 
 

Fig.5 Storey shear diagram 

 
 

Fig.6 Storey drift diagram 
 

After completing the conventional pushover analysis 

on the IRC structure, the storey shear displacement and 

the storey drift graphs are obtained. Drift is defined as 

the lateral displacement. Storey drift is the drift of one 

level of a multistorey building relative to the level 

below. Storey displacement is the absolute value of 

displacement of the storey under action of the lateral 

forces. 

Maximum storey displacement - 

394.311 mm Base shear – 1985.56 kN 

After completing the pushover analysis on this model,  
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the adaptive pushover analysis is done on the same model. 

The load is given as the increment and the modal conditions 

are changed. 

 

 

Fig.7 Base shear diagram after adaptive pushover analysis 
 

Fig.8 Storey drift after adaptive pushover analysis 

 

While comparing the storey drift that are obtained in the 

conventional and the adaptive pushover analysis the 

pushover analysis shows less capacity a high drift compared 

to the adaptive pushover analysis in the case of the irregular 

multistoried building. The difference that are obtained in 

the results that obtained from the adaptive pushover 

analysis is due to the higher mode shapes and the updated 

lateral load patterns. 

B. Results Obtained For A Mid-Rise Building 

 

 

Fig.9 Base shear diagram 

 

 

Fig.10 Storey drift diagram 
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Fig.11 Base shear diagram after adaptive pushover 

analysis 

 

 
Fig.12 Storey drift diagram after adaptive pushover 

analysis 

 

After doing the pushover analysis in the different structures 

the storey displacement and the storey shear are obtained. 

These results are compared with the adaptive pushover 

analysis and the limitations and the advantages and the 

disadvantages of the two methods must be identified. The 

adaptive pushover analysis is done by using the higher modes 

and by changing the load factor that are accompanied  

with the lateral forces and the push forces. The results that are 

obtained from the two methods are tabulated and the 

comparison is done based on the outputs. 

 

Table 1 Base shear comparison 

 

 

 
Fig. 13 Base shear comparison 

 

 

Table 2 Storey drift comparison 

 

 

 

 
 

 

Fig .14 Storey drift comparison 

 

 

 

 

  PUSHOVER ANALYSIS 
ADAPTIVE PUSHOVER 

ANALYSIS 

IRC 0.0072 0.00425 

MRC 0.04 0.0255 

 PUSHOVER ANALYSIS ADAPTIVE PUSHOVER 

ANALYSIS 

IRC 1985.57 kN 2835 kN 

MRC 1962.99 kN 1986.5 kN 
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VII. CONCLUSIONS 

1. The changes in mode shapes in the adaptive 

approach occur due to stiffness degradation, as the 

plastic hinge formation progresses. 

2. It is observed from the results that pushover 

analysis shows less capacity and higher inter storey 

drift ratio compared to adaptive pushover analysis. 

3. By the comparison between adaptive pushover 

analysis and conventional pushover analysis results 

except in high rise building the conventional 

pushover analysis does not give the correct 

assessment.  

4. The adaptive pushover analysis is somewhat time 

consuming, but it is found to be more accurate than 

the conventional pushover analysis. 

5. Thus, the adaptive pushover analysis using ETABS 

can be effectively used for the seismic assessment of 

the midrise and irregular building where the 

pushover analysis is not enough. 
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