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Abstract— Seismic Excitations are the most devastating 

natural hazards in terms of life and property loss of any 

region. About 60% of the land area of our country is likely 

to damaging levels of seismic hazard. The response of the 

structure during earthquake greatly depends on the size, 

geometry and shape of the structure. The earthquake 

investigators repeatedly confirm that the irregular structure 

suffer more damage than the regular structure. The present 

study is to evaluate the seismic performance of G+6 RCC 

building frame subjected to earthquake forces. The 

structures are modelled and analysed using SAP 2000 

software. Comparison of seismic response of the structure in 

terms of base shear and displacement along with the location 

of the plastic hinges at the performance point of all the 

models are considered. Based on the above response 

parameters, the results and conclusions are drawn. 
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I. INTRODUCTION 

Pushover analysis is an approximate analysis method in 

which the structure is subjected to monotonically increasing 

lateral forces with an invariant height-wise distribution until 

a target displacement is reached. Pushover analysis consists 

of a series of sequential elastic analysis, superimposed to 

approximate afforce-displacement curve of the overall 

structure. A two or three dimensional model which includes 

bilinear or trilinear load-deformation diagrams of all lateral 

force resisting elements is first created and gravity loads are 

applied initially. A predefined lateral load pattern, which is 

distributed along the building height, is then applied. The 

lateral forces are increased until some members yield. The 

structural model is modified to account for the reduced 

stiffness of yielded members and lateral forces are again 

increased until additional members yield. The process is 

continued until a control displacement at the top of building 

reaches a certain level of deformation or structure becomes 

unstable. The roof displacement is plotted with base shear to 

get the global capacity curve. Pushover analysis can be 

performed as force-controlled or displacement-controlled. In 

force- controlled pushover procedure, full load combination 

is applied as specified, that is, force- controlled procedure 

should be used when the load is known. Also, in force-

controlled pushover procedure some numerical. Problems 

that affect the accuracy of results occur since target 

displacement may be associated with a very small positive 

or even a negative lateral stiffness because of the 

development of mechanisms and P-delta effects. Pushover 

analysis is the preferred tool for seismic 

Performance evaluation of structures by the major 

Rehabilitation guidelines and codes because it is 

conceptually and computationally simple. Pushover analysis 

allows tracing the sequence of yielding and failure on 

member and structural level as well as the progress of 

overall capacity curve of the Structure as per Girgin. et 

2007. 

 
Fig. 1: Tremendous Loss of Property 

A. Definition of Pushover Analysis as per FEMA 273 and 

ATC 40 

Pushover analysis is a static, nonlinear procedure using 

simplified nonlinear technique to estimate seismic structural 

deformations. It is an incremental static analysis used to 

determine the force-displacement relationship, or the 

capacity curve, for a structure or structural element. The 

analysis involves applying horizontal loads, in a prescribed 

pattern, to the structure incrementally, i.e. pushing the 

structure and plotting the total applied shear force and 

associated lateral displacement at each increment, until the 

structure or collapse condition. Dynamic behavior of such 

tanks must take into account the motion of the water relative 

to the tank as well as the motion of the relative to the 

ground. 

B. The Plastic Hinge 

The Plastic Hinges are used for performing the pushover 

analysis. The plastic hinges are induced at the edges of each 

structural member such that they divide the frame into the 

individual members. The beams have an M3 type hinge at 

the end that take only the moment into account while the 

Columns have the P2-M2-M3 hinge type assigned to them 

which include the effect of axial force and the effects of bi-

axial bending. Their primary purpose is to serve as an 

energy-damping device for allowing deformations of 

seemingly rigid sections in earthquake engineering. 

C. Static Pushover Analysis 

The Pushover analysis is a Nonlinear Static analysis in 

which the structure is subjected to a displacement controlled 

lateral load pattern which continuously increases till the 

structure is forced form its elastic behaviour to nonelastic 

behaviour till the collapse condition is reached. There is also 

another variant of the static pushover analysis in which the 

structure is first subjected to the lateral load in one direction 

and then the same stressed structure is subjected to similar 

loading in the opposite direction. This approach is known as 
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a Cyclic Pushover Analysis it has been replaced by the use 

of Time History Analysis using periodic functions. 

II. METHODOLOGY  

 

 

 
Fig. 2: Plan of Building 

The following are Steps Involved in analysis using SAP 

2000. 

1) Step (1). Define grid System  

Defining data consist of the input the each coordinate in the 

each direction, which is under consideration. There are two 

function in which the values can be defines first one as the 

ordinate system in which you can assigning the values in the 

cumulative sequence and in the spacing system you can 

define the spacing between two object wise. 

2) Step (2). Define Materials 

Taking M20 grade of concrete in the designing with unit 

weight 25 kN/m3. Other details like mass per unit volume, 

Modulus of elasticity, poisons ration and specified 

compressive strength of concrete are as usual. 

Taking Fe415 high yield deformed bars (Rebar) in the 

designing with unit weight 78.50 kN/m3 other details like 

mass per unit volume, Modulus of elasticity, minimum and 

maximum yield strength and specified compressive strength 

of steel are as usual. 

3) Step (3). Define Sections  

Columns- There are number or concrete columns on the 

basis of requirement are provided in the structure which is 

specified also in the methodology section with their 

dimensions. In the software we need to put the 

reinforcement detailing as mentioned above and the 

diameters of main bar and distribution bars along with their 

clear covers. 

Beams-There are number or concrete beams based 

on requirement are provided in the structure, which is 

specified also in the methodology section with their 

dimensions. In the software we need to put the 

reinforcement detailing as mentioned above and the 

diameters of main bar and distribution bars along with their 

clear covers. 

4) Step (4). Define Load Pattern 

 
Fig. 3: Define Load Pattern 

5) Step (5). Define Mass Source 

Mass source defined as the whole mass of the building 

applied on a certain point of portion of the building. This 

includes the half portion above and half portion below of 

slab under consideration. 

6) Step (6). Define Area Section & Constrains 

Automatic area mesh divides the whole are mass in the 

numbers of section to distribute the load in the better 

manner. In the our case there are several meshes defines one 

of them 5x6 which means a shorter span of the slab panel 

divides in the five part in respective of its length and vice-

versa. 

7) Step (7). Apply Earthquake Loads 

Applying the earthquake in our cases in the software based 

on considered some data as per the specified Indian standard 

code provisions. There are two load direction consider in the 
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applying direction one is global X-direction another is 

global Y-direction. With diaphragm eccentricity as 0.05. 

 
Fig. 4: Apply Earthquake Loads 

8) Step (8). Load Combinations and Envelope 

 
Fig. 5: Load Combinations and Envelope Loading 

III. RESULTS & DISCUSSIONS 

A. Resultant Base Shear Vs Monitored Displacement 

It is the graph between the Base Reaction and Displacement. 

As shown in the graph below as the base reaction increases 

the displacement of the storeys also increased up to a certain 

limits after that the graph showing the downfall in the curve 

which shows the displacement of the storey are much lesser 

then before. 

 

B. ATC-40 Capacity Spectrum 

 

C. Hinge Generation 

The scale which indicates the hinges in the various colours. 

They are used to indicate the state of the hinges when 

viewing the results of the analysis, but they do not affect the 

behaviour of the structure. Different type of colour indicates 

the different meaning of structure collapse. IO refers 

Immediate Occupancy, LS refers Life Safety, CP refers 

Collapse Prevention are the values of deformation that have 

been normalized by the same deformation scale factors used 

to specify the load deformation curve and typically located 

between point B and C and point B’ and C’ on the curve. 
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IV. CONCLUSION 

The concluded results of code compliance approach 

(Envelope Loading) v/s Pushover approach (Pushover 

Loading) discussed in previous (Refer table 14 & 17) 

chapter are as 

The storey drift calculated in code compliance 

approach is 44.27% greater than the pushover approach. The 

resultant major shear force calculated in code compliance 

approach is 59.86% greater than the Pushover approach. 

The resultant minor shear force calculated in code 

compliance approach is 46.15% greater than the Pushover 

approach. The resultant major Bending Moment calculated 

in code compliance approach is 83.34% greater than the 

Pushover approach. 

The resultant minor Bending Moment calculated in 

code compliance approach is 61% greater than the Pushover 

approach. The resultant axial force calculated in code 

compliance approach is 34.50% lesser than the pushover 

approach. 
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