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Abstract- Earthquakes have resulted in enormous destruction 

of life and property in couple of decades all around the globe, 

including India. The major factor contributing to this 

destruction is attributable to failure of structures due to 

earthquakes. Responsiveness is now being given to the 

assessment of the sufficiency of strength in framed RCC 

structures to resist solid ground motions. The seismic reaction 

of RCC building frame in terms of performance point and the 

earthquake forces on Reinforced building frame with the help 

of pushover analysis is carried out in this project. In this 

method of analysis, a model of the building is exposed to a 

lateral load. Pushover analysis can afford a substantial 

insight into the weak links in seismic concert of a structure, 

and we can know the weak zones in the structure. In this 

project, effort has been made to investigate the effect of Shear 

wall n lateral displacement and Base Shear in RCC Frames. 

RCC Frames with G+13 is considered, one with soft storey 

and other with normal building in L-shape. The pushover 

analysis of the RCC building frame is carried out by structural 

analysis and design software ETABS. Also, comparison of 

simulation results for models with and without shear wall is 

included as the part of the project report 
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I. INTRODUCTION 

 

 The term earthquake can be used to describe any kind 

of seismic event which may be either natural or initiated by 

humans, which generates seismic waves. Earthquakes are 

caused commonly by rupture of geological faults; but they can 

also be triggered by other events like volcanic activity, mine 

blasts, landslides and nuclear tests. There are many buildings 

that have primary structural system, which do not meet the 

current seismic requirements and suffer extensive damage 

during the earthquake. According to the Seismic zoning Map 

of IS:   1893-2002, India is divided into four zones on the 

basis of seismic activities. They are zone II, zone III, zone IV 

and zone V.  

 

 Generally, loads on these structures are only gravity 

loads and result in elastic structural behaviour. However, 

under a Strong seismic event, a structure may actually be 

subjected to forces beyond its elastic limit. Since. To make or 

attain this objective, simplified linear elastic methods are not 

suitable. Thus the structural designer has developed a new 

method of design and seismic procedure that include 

performance based structure towards nonlinear technique. 

 

Analysis methods are classified as linear static, linear 

dynamic, nonlinear static and nonlinear dynamic analysis. In 

these the first two is appropriate only if the structural loads are 

low and stress strains within elastic limit. During earthquake 

the structural loading can reach to collapse load and therefore 

the material stresses are on top of yield stresses. Therefore 

during this case material nonlinearity and geometrical 

nonlinearity must to be incorporated into the analysis to 

acquire good results. Pushover analysis provides simple 

approach to analyze nonlinear static behavior of the building. 

So in this paper discus about pushover analysis with the help 

of performance levels, pushover curve, and pushover analysis 

procedure. 

 

1.1 OBJECTIVES 

 

 To study the performance of RC plane frames under 

lateral loads (Earthquake loads). 

 To perform Linear Analysis and Non-Linear Analysis. 

 To study the performance of R.C.C structure with or 

without soft storey with respect to Different parameters 

such as story drift, story displacement, base shear, etc. 

 To study the variation of pushover curve for a framed 

structure with shear wall and for a framed structure with 

soft storey. 

 

II. LITERATURE REVIEW 

 

Sangeetha.S “Pushover Analysis for Seismic Assessment of 

RCC Building” (IRJET) Volume: 04 Issue: 06 | June -2017  

 

The rapid discharge of energy in the earth’s crust 

forms seismic waves which arrive at various instance of time 

with different intensity levels are called as earthquake. It 

causes the random ground motion in all directions, radiating 
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from epicenter, which causes structure to vibrate due to which 

induce inertia forces in them. Many existing structures are 

seismically deficient due to lack of awareness regarding 

seismic behavior of structures. Due to this, there is vital 

requirement to converse this situation and do the seismic 

assessment of existing and proposed structures. The seismic 

reaction of RCC building frame in terms of performance point 

and the earthquake forces on Reinforced building frame with 

the help of pushover analysis is carried out in this project. In 

this method of analysis, a model of the building is exposed to 

a lateral load and the force of the lateral load is slowly 

increased. With the result the series of cracks, yielding, plastic 

hinge establishment, and failure of numerous structural 

components is recorded. Pushover analysis can afford a 

substantial insight into the weak links in seismic concert of a 

structure, and we can know the weak zones in the structure. In 

the present study an existing building frame is designed and 

evaluated as per Indian standard and suggests the 

recommended retrofitting methods to strengthen the existing 

structure. The pushover analysis of the RCC building frame is 

carried out by structural analysis and design software SAP 

2000 

 

Akshay V. Raut “Pushover Analysis of G+3 Reinforced 

Concrete Building with soft storey” ISSN: 2320-334X, 

Volume 11, Issue 4 Ver. I (Jul- Aug. 2014) 

 

This paper highlights the importance of explicitly 

recognizing the presence of the open first storey in the 

analysis of the building and for immediate measures to prevent 

the indiscriminate use of soft first storey in buildings. 

Alternate measures, involving stiffness balance of the open 

first storey and the storey above, are proposed to reduce the 

irregularity introduced by the open first storey. The structural 

engineering profession has been using the nonlinear static 

procedure (NSP) or pushover analysis. Modeling for such 

analysis requires the determination of the nonlinear properties 

of each component in the structure, quantified by strength and 

deformation capacities, which depend on the modeling 

assumptions. Pushover analysis is carried out for either user-

defined nonlinear hinge properties or default-hinge properties, 

available in some programs based on the FEMA-356 and 

ATC-40 guidelines. This paper aims to evaluate the zone –II 

selected reinforced concrete building to conduct the non-linear 

static analysis (Pushover Analysis). The pushover analysis 

shows the pushover curves, capacity spectrum, plastic hinges, 

and performance level of the building. This non-linear static 

analysis gives better understanding and more accurate seismic 

performance of buildings of the damage or failure element. 

 

 

 

III. SYSTEM DEVELOPMENT 

 

 Presently three building models of G + 13 has been 

modeled for RCC, for different position of shear wall situated 

in zone III with subsoil Type medium -II, having shear wall 

thickness of 200mm. The modelling is done in ETAB 

software. All the buildings are subjected to same earthquake 

loading to check their seismic behavior for same storey and 

storey height. For the analysis of these models’ various 

methods of seismic analysis are available but for present work 

both linear static and non-linear static method is used. Details 

of the methods are as given below. 

 

 Design Lateral Force at Each Floor in Each Mode : 

 

  Qik= Ak∅ikPk Wi 

 

Where,  

 

Ak = Design horizontal acceleration spectrum value 

∅ik = Mode shape coefficient at floor i in mode k 

Wi = Seismic weight of floor i.   

Pk  = Modal participation factor . 

 

 Modal Participation Factor: 

  

Γ =  

 

 Story Shear Force in Each Mode:                      

 

Acting in story i in mode k is given by   

 

Vik= ∑𝐐𝐢𝐤𝒏𝒋=𝒊+𝟏 

 

 Story shear force due to all modes considered. The 

peak story shear force (Vi) in story i due to all modes 

considered is obtained by combining those due to the 

individual modes by various methods such as SRSS, CQC or 

absolute sum method etc.   

 

3.1 Response Spectrum Method 

 

 This method is also known as modal method or 

modal superposition method. The method is applicable to 

those structures where modes other than the fundamental one 

significantly affect the response of the structure. In particular, 

it is applicable to analysis of forces and deformations in multi-

story buildings due to medium intensity ground shaking, 

which causes a moderately large but essentially linear 

response in the structure. There are computational advantages 



IJSART - Volume 7 Issue 8 – AUGUST 2021                                                                                    ISSN  [ONLINE]: 2395-1052 
 

Page | 239                                                                                                                                                                     www.ijsart.com 

 

in using the response spectrum method of seismic analysis for 

prediction of displacements and member forces in structural 

systems. The method involves the calculation of only the 

maximum values of the displacements and member forces in 

each mode using smooth design spectra that are the average of 

several earthquake motions. 

 

 In seismic coefficient method (single mode method), 

only one mode of vibration was considered. The time period 

for this mode was obtained in a very simplistic fashion 

without performing the free vibration analysis. In response 

spectrum method, the natural periods and mode shapes 

obtained using free vibration analysis are used to obtain 

seismic force. 

 

3.2 Push Over Analysis 

 

Pushover analysis is an iterative procedure, looked 

upon as an alternative for the conventional analysis 

procedures. Pushover analysis of multi-storied RCC framed 

buildings subjected to increasing lateral forces is carried out 

until the desired performance level (target displacement) is 

reached. The promise of performance based seismic 

engineering (PBSE) is to produce structures with predictable 

seismic performance. Pushover analysis is a static non-linear 

procedure in which the magnitude of the structural loading 

along the lateral direction of the structure is incrementally 

increased in accordance with a certain pre-defined pattern. 

With increase in magnitude of lateral loading, the progressive 

non-linear behavior of various structural elements is captured, 

and the weak links and failure modes of the structure are 

identified. After this progressive post elastic analysis of the 

structure the designer can make necessary changes in the 

design configuration to obtained desired plastic hinge 

sequence under the applied lateral loads. In addition, pushover 

analysis is also used to ascertain the capability of the structure 

to withstand a certain level of input motion defined in terms of 

a response spectrum. 

 

 

 
Fig 2: Performance levels with pushover curve 

IV. RESULTS AND OBSERVATIONS 

 

4.1 MODELS IN ETABS 2016 

 

Model Details 

Bay Size: 40 x 40 m 

Storey: G+13 

Concrete: M25 

Steel: Fe500 

Column Size: 380 x 400 mm 

Beam Size: 250 x380 mm 

Slab Thickness: 150 mm 

Shear Wall: 200 mm 

 

 
Fig 3: L shape building G+13 without soft storey 

 

 
Fig 4: L shape building G+13 with soft storey at 5th floor 

 

 
Fig 5:  L shape building G+13 with soft storey at 8th floor 
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Fig 6: L shape building G+13 with soft storey at 10th floor 

 

A. RESULTS OF THE MODELS 

 

Table 1 Storey Displacement PUSH-X 

 
 

 
Graph 1 Storey Displacement PUSH-X 

 

 

 

 

 

 

 

Table 2 Storey Displacement Push-Y 

 

 

 
Graph 2 Storey Displacement Push-Y 

 

4.2 Storey Drift 

 

Storey Drift PUSH-X 

 

Table 3 Storey Drift Push-X 
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Graph 3: Storey Drift PUSH-X 

 

Table 4 Storey Drift Push-X 

 
 

 
Graph 4: Storey Drift PUSH-Y 

 

4.3 Base Shear 

 

 

 

 

 

Table 5 Base Shear PUSH-X 

 
 

 
Graph 5: Base Shear at PUSH-X 

 

Table 6 Base Shear PUSH-Y 
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Graph 1: Base Shear at PUSHY 

 

4.4 Static Pushover Results 

 

Results of Pushover analysis for 8th and 10th floor 

demonstrate maximum stability and maximum tolerance 

against seismic events on structures. 

 

Result of the same are graphically represented as below: 

 

 
Graph 5: Pushover Curve PUSHX for 8th floor 

 

 
Graph 6: Pushover Curve PUSHX for 10thth floor 

 

V. CONCLUSION 

 

 Design Pushover analysis was carried out on 13 

storey building models as per IS 1893: 2002 (part 1). 5 

different models were selected, and analysis was done using 

ETABs 2016. Storey displacement, storey drift, Storey 

stiffness and Base shear of each model are obtained as results 

and comparative study was carried out for finding model with 

better performance.  

 

1. Maximum yielding occurs at the soft storey, because of 

soft stories maximum plastic hinges are forming though 

the base force is increasing.  

2. As we shifted soft storey to higher level, yielding is less 

than lower-level soft storey and lower intensity hinges are 

forming after maximum number of pushover steps.  

3. As we shift soft storey to higher level it can be seen from 

pushover and capacity spectrum curve that period goes on 

reducing from 0.716 Sec. for 3rd floor soft storey to 0.446 

Sec. at 10th floor soft storey.  

4. Which means soft storey is safer at higher level in high 

rise building. Most of the hinges developed in the beams 

and few in the columns.  

5. It is observed that plastic hinges are developed in columns 

of ground level soft storey which is not acceptable criteria 

for safe design.  

6. Shear wall gives high stiffness to the structure so as the 

structure will be stable. Applying shear wall can 

effectively reduce the displacement and Storey-drift of the 

structure. This will reduce the destruction comes from 

lateral loads such as an earthquake. Earlier studies 

showed that shear wall gives different performance based 

on its position in structures.  

7. Based on the analysis, the placement of shear wall at the 

corners of structure symmetrically gives the best 

performance to reduce the displacement. It can reduce the 

displacement up to 25% (X-dir.) and 35% (Y-dir.), so we 

can suggest assigning shear wall while using soft storey at 

low and mid-level of the building.  
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