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ABSTRACT: In this paper the behavior of five storied RC framed building subjected to 

earthquake located in seismic Zone- V is discussed briefly using SAP 2000 software. This 

document highlights a higher degree of damage in a five storied building is expected during 

an earthquake. If the seismic resistance of the building is inadequate then decision to 

strengthen it before an earthquake occurs. Depending up on the seismic deficient of building 

should be adequately strengthened, in order to attain the desired level of seismic resistance. 

Keeping the view of constant revision of SAP 2000 software in the seismic zone- V in India, 

lack of proper design and detailing of structure against earthquake is discussed.  
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1.0 INTRODUCTION: 

A large number of existing buildings (Yogendra Singh, 2003) in India are severely deficient 

against earthquake forces and the number of such buildings is growing very rapidly. This has 

been highlighted in the past earthquake. Retrofitting of any existing building is a complex 

task and requires skill, retrofitting of RC buildings is particularly challenging due to complex 

behavior of the RC composite material. The behavior of the buildings during earthquake 

depends not only on the size of the members and amount of reinforcement, but to a great 

extent on the placing and detailing of the reinforcement. There are three sources of 

deficiencies in a building, which have to be accounted for by the retrofitting engineer: (i) 

Inadequate design and detailing, (ii) Degradation of material with time and use, and (iii) 

Damage due to earthquake or other catastrophe. The three sources, suggest a retrofit scheme 

to make up for the deficiencies and demonstrate that the retrofitted structure will be able to 

safety resist the future earthquake forces expected during the lifetime of the structure. In 

particular, the seismic rehabilitation of older concrete structures in high seismicity areas is a 

matter of growing concern, since structures venerable to damage must be identified and an 

acceptable level of safety must be determined. (Kadid and Boumrkik, 2008) make such 

assessment, simplified linear-elastic methods are not adequate.  Basically, a pushover 

analysis is a series of incremental static analysis carried out to develop a capacity curve for 

the building. Based on the capacity curve, a target displacement which is an estimate of the 

displacement that the design earthquake will produce on the building is determined. The 

extent of damage experienced by the structure at this target displacement is considered 

representative of the damage experienced by the building when subjected to design level 

ground shaking. Many methods were presented to apply the nonlinear static pushover (NSP) 

to structures. These methods can be listed as: (1) Capacity spectrum method (CSM) (ATC, 

1996), (2) Displacement coefficient method (DCM) (FEMA-356, 2000) (3) Modal pushover 

analysis (MPA). The approach has been developed by many researchers with minor variation 

in computation procedure. Since the behavior of reinforced concrete structures may be highly 

inelastic under seismic loads, the global inelastic performance of RC structures will be 
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dominated by plastic yielding effects and consequently the accuracy of the pushover analysis 

will be influenced by the ability of the analytical models to capture these effects. In general, 

analytical models for the pushover analysis of frame structures may be divided into two main 

types: (1) Distributed plasticity (plastic zone) and (2) Concentrated plasticity (plastic hinge). 

Although the plastic hinge approach is simpler than the plastic zone, this method is limited to 

its incapacity to capture the more complex member behavior that involve severe yielding 

under the combined actions of compression and bi-axial bending and buckling effects. In this 

paper, presented the results of pushover analysis of RC framed building located in Seismic 

Zone V. 
 

1.2 NON LINEAR STATIC PUSHOVER ANALYSIS: 

As per (Krawinkler and Seneviratna, 1998) the pushover analysis of a structure is a static 

non-linear analysis under permanent vertical loads and gradually increasing lateral loads. The 

equivalent static lateral loads approximately represent earthquake induced forces. A plot of 

the total base shear versus top displacement in a structure is obtained by this analysis that 

would indicate any premature failure or weakness. The analysis is carried out up to failure, 

thus it enables determination of collapse load and ductility capacity. On a building frame, and 

plastic rotation is monitored, and lateral inelastic forces versus displacement response for the 

complete structure is analytically computed. This type of analysis enables weakness in the 

structure to be identified. 

 

1.3 NECESSITY OF NON LINEAR STATIC PUSHOVER ANALYSIS: 

According to (Krawinkler and Seneviratna, 1998) the existing building can become 

seismically deficient since seismic design code requirements are constantly upgraded and 

advancement in engineering knowledge. Further, Indian buildings built over past two decades 

are seismically deficient because of lack of awareness regarding seismic behavior of 

structures. The widespread damage especially to RC buildings during earthquakes exposed 

the construction practices being adopted around the world, and generated a great demand for 

seismic evaluation and retrofitting of existing building stocks. 

 

1.4 PURPOSE OF NON-LINEAR STATIC PUSHOVER ANALYSIS: 

The purpose of pushover analysis is to evaluate the expected performance of structural 

systems by estimating performance of a structural system by estimating its strength and 

deformation demands in design earthquakes by means of static inelastic analysis, and 

comparing these demands to available capacities at the performance levels of interest. The 

evaluation is based on (Krawinkler and Seneviratna, 1998) is that assessment of important 

performance parameters, including global drift, inter story drift, inelastic element 

deformations (either absolute or normalized with respect to a yield value), deformations 

between elements, and element connection forces (for elements and connections that cannot 

sustain inelastic deformations), The inelastic static pushover analysis can be viewed as a 

method for predicting seismic force and deformation demands, which accounts in an 

approximate manner for the redistribution of internal forces that no longer can be resisted 

within the elastic range of structural behavior. The pushover is expected to provide 

information on many response characteristics that cannot be obtained from an elastic static or 

dynamic analysis. The following are the steps stated below,  

 

1. Identification of location of weak points in the structure (or potential failure modes)  

2. Identification of the critical regions in which the deformation demands are expected to 

be high and that have to become the focus through detailing.  
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3.  Determination of force demands on brittle members, such as axial force demands on 

columns, moment demands on beam-column connections  

4.  The realistic force demands on potentially brittle elements, such as axial force 

demands on columns, force demands on brace connections, moment demands on 

beam to column connections, shear force demands in deep reinforced concrete 

spandrel beams, shear force demands in unreinforced masonry wall piers, etc.  

5.  Estimates of the deformations demands for elements that have to form in elastically 

in order to dissipate the energy imparted to the structure.  

6. Consequences of the strength deterioration of individual elements on behavior of 

structural system.  

7.  Consequences of the strength detoriation of the individual elements on the behavior 

of the structural system.  

8. Identification of the strength discontinuities in plan elevation that will lead to changes 

in the dynamic characteristics in elastic range.  

9. Estimates of the inter story drifts that account for strength or stiffness discontinuities 

and that may be used to control the damages and to evaluate P-Delta effects.  

10. Verification of the completeness and adequacy of load path, considering all the 

elements of the structural system, all the connections, the stiff non-structural elements 

of significant strength, and the foundation system.  

 

1.7APPLICATION OF NONLINEAR STATIC PUSHOVER ANALYSIS: 

According to (Shailesh and Ajay, 2003) suggested that Nonlinear static pushover analysis 

has become the most commonly used method to determine the nonlinear behavior of the 

building structures in the recent years. In this simplified method, a capacity curve is obtained 

which shows the relation of base shear and roof displacement. This curve represents the 

behavior of the building structure under increasing base shear forces. As the capacities of the 

members of the lateral force resisting system exceed their yield limits during the increasing of 

the base shear forces, the slope of the force-deformation curve will change, and hence the 

nonlinear behavior can be represented. In the pushover analysis, the applied lateral forces to a 

model are increased in a regular manner depending on the initial load pattern. Member forces 

are calculated for each step and the stiffness of the members whose capacities are exceeded is 

changed according to the hinge properties in the next step of the analysis. The pushover 

analysis can be performed considering the control over the force or displacement. Force 

control option is useful when the magnitude of the load is known clearly, and the structure is 

expected to support that load. The displacement control is useful when the magnitude of the 

load is unknown and displacements are searched. In this study, due to its simplicity and its 

computation power SAP2000 computer software is utilized to carry out the pushover 

analyses. While performing the pushover analysis of a building structure by SAP2000, the 

following steps are done, 


1. The model representing the building structure is created and vertical loads (dead load 

and live load), member properties and member nonlinear behaviors are defined and 

assigned to the model.  

2. Hinge properties are defined and these properties are assigned to the member ends 

considering end-offsets.  

3.  Lateral load patterns to be used in the pushover analyses are assigned.  

4.  An initial force controlled pushover loading to be used for the lateral load increment 

analyses, is applied to the model as a pushover case. This pushover load case is 

composed of the dead loads and reduced live loads.  
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5.  A new displacement controlled pushover case is defined considering the lateral load 

pattern which was defined above for the incremental pushover analysis starting from 

the initial pushover case.  

6. SAP2000 while assigning initial pushover case and displacement controlled lateral 

pushover case to the model. In those figures, “minimum and maximum saved step” 

options provide control over the saved steps in the pushover analysis. “Iteration 

tolerance” and “maximum iteration/step” options are the control parameters that are 

used in each step of the pushover analyses to check the equation equilibriums.  

7. The “maximum null steps” option is a counter during the analysis accounting for the 

non-convergence.  

8. Geometric nonlinearity effects may also be considered during the pushover analyses 

performed by SAP2000, considering P-Delta and P-Delta and Large displacements 

affect. 
 

1.8 TERMINOLOGY USED IN NON LINEAR STATIC PUSHOVER ANALYSIS: 

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 

analyses, superimposed to approximate a force-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 which is suggested by (Chopra and Goel, 2001). 

1.8.1 Capacity:  
It is the expected ultimate strength (in flexure, shear, or axial loading) of a structural 

component excluding the reduction factors commonly used in design of concrete members. 

The capacity usually refers to the strength at the yield point of the element or structure 
capacity curve. (Sasaki etc al, 1998) 

 1.8.2 Capacity Curve: 

It is the plot of the base shear (V) on a structure, against the lateral deflection, (d) of the roof 

of the structure. This is often referred to as the pushover curve.  

1.8.3 Capacity Spectrum:  
It is the capacity curve transformed from shear force vs. roof displacement (V vs. d) 

coordinates into spectral acceleration vs. spectral displacement (Sa vs Sd) coordinates. 

1.8.4 Demand: 

It is a representation of the earthquake ground motion or shaking that the building is 

subjected. In nonlinear static analysis procedures, demand is represented by an estimation of 

the displacements or deformation that the structure is expected to undergo. This is in contrast 

to conventional, linear elastic analysis procedure in which demand is represented by 

prescribed lateral forces applied to the structure. 

1.8.5 Demand Spectrum: 

The Locus of the demand points in the Acceleration Displacement Response Spectrum 

(ADRS) plot is referred to as the demand spectrum. The demand spectrum corresponds to the 

inelastic deformation of the building. 

1.8.6 Elastic Response Spectrum:  
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The 5% damped response spectrum for the seismic hazard level of interest, representing the 

maximum response of the structure, in terms of spectral acceleration Sa, at any time during 

an earthquake as a function of Period of vibration, T. 

1.8.7 Performance Point: 

The performance point is the point where the capacity curves crosses the demand curves. If 

the performance point exists and the damage state at this point is acceptable, the structure 

satisfies the target performance level. 

 

Figure.1 Determination of Performance Point (Agarwal, 1999) 

 

1.9 CALCULATION OF LATERAL LOADS AS PER IS 1893-2002 PART-1:  

The design lateral loads at different floor levels are calculated corresponding to fundamental 

time period and are applied to the model. The method of application of this lateral load varies 

for rigid and flexible floor diaphragms. In rigid floor idealization the lateral load at different 

floor levels are applied at center of rigidity of that corresponding floor in the direction of 

push in order to neglect the effect of torsion. The steps as follows, (Agarwal, 1999) 

1. Modal analysis is performed to obtain modal periods/frequencies. 

2. Calculate the Seismic weight of each floor: Which is its full dead load plus 

appropriate amount of imposed load. While computing the seismic weight of each 

floor, the weight of columns and walls in any storey shall be equally distributed to the 

floors above and below the storey.  

3. Calculate the total Base shear: Design seismic base shear (Vb) is calculated according 

to clause 6.2.4 of IS: 1893-2002.The response spectrum ordinates used are for Type –I 

(Medium soil) for 5% damping and for seismic Zone-V. The design seismic base 

shear (Vb) can also be calculated from SAP 2000 Nonlinear using Response Spectrum 

Analysis as per IS: 1893-2002. The total base shear is given by, 

 

Vb = Ah W            …...………..         (a) 

       

Ah = Z I (Sa/g)      ...…………...        (b) 

                                                    2R                                  
 

4. Calculation of Lateral Loads: The design Base Shear distributed along the building 

height as per IS code and ATC-40 for parabolic and triangular, uniform lateral load 

distributions.  IS parabolic lateral load (PLL) at floor 1 is given by, 

 

Qpi = Vb. Wi .hi
2
       …………….      (c) 

                                                  ∑ Wj hj
2 
 

 



International Journal of Emerging trends in Engineering and Development                                                             

Issue 2, Vol.4 (May 2012)                                                                                                              ISSN 2249-6149 
 

 Page 688 
 

Qpi = Vb .Wi .hi
2
      .…………….   (d) 

                                                            ∑ Wjhj 

             Qpi = Vb. Wi .hi
2
     ……………..      (e) 

                                                              ∑ Wj  

Where, 

Qpi = Lateral loads as per IS: 1893-2002 and ATC-40 at each floor level  

W = Total seismic weight the structure  

Wi = Seismic weight of floor i  

hi = Height of floor measured from base  

n = Number of levels at which the masses are lumped. 

Z = Zone factor given in table 2 of IS: 1893 -2002  

I = Importance factor given in table 6 of IS: 1893-2002  

R = Response reduction factor given in table 7 of IS: 1893-2002 

Sa/g = Average response acceleration coefficient.  

W = Total Seismic Weight of the Structure.  

Ah = is the design horizontal seismic coefficient. 

Vb = Total base shear. 

 

2.0 DEVELOPING PUSHOVER CURVE: 
As per (Kadid and Boumrkik, 2008) after assigning all properties of the models, the 

displacement-controlled pushover analyses of the models are carried out. The models are 

pushed in monotonically increasing order until target displacement is reached or structure 

loses equilibrium whichever occurs first. For this purpose, target displacement at roof level 

and number of steps in which this displacement must be defined. In this study, target 

displacement is taken 4% of building height. Pushover curve is a base shear force versus roof 

displacement curve. The peak of this curve represents maximum lateral load carrying 

capacity of the structure. The initial stiffness of the structure is obtained from the tangent at 

pushover curve at zero load level. The collapse is assumed when structure losses its 75% 

strength and corresponding roof displacement is called “maximum roof displacement”.  It is a 

plot drawn between base shear and roof displacement. Performance point and location of 

hinges in various stages can be obtained from pushover curve. The range AB is elastic range, 

B to IO is the range of immediate occupancy IO to LS is the range of life safety and LS to CP 

is the range of collapse prevention. When a hinge reaches point C on its force-displacement 

curve that hinge must begin to drop load. The way load is dropped from a hinge that has 

reached point C is that the pushover force (base shear) is reduced until the force in that hinge 

is consistent with the force at point D. As the force is dropped, all elements unload, and the 

displacement is reduced. Once the yielded hinge reaches the Point D force level, the pushover 

force is again increased and the displacement begins to increase again. If all the hinges are 

within the CP limit then the structure is said to be safe. However, depending upon the 

importance of structure the hinges after IO range may also need to be retrofitted. 
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Figure.2 Different stage of Plastic hinges (Kadid and Boumrkik, 2008) 

2.1BUILDING PLAN AND DIMENSIONS DETAILS: 

The following are the specifications of existing G+4 building and location is in zone V. 

1. Plinth Area: 150 m
2
 

2. Height of Ground floor : 4.0 m 

3. Remaining floors: 3.5 m each. 

4. Slab thickness=130mm 

5. Thickness of wall: 230mm 

6. Beam sizes:  230mm×300mm (Remaining) 

230mm×350mm (outer beams) 

7. Column sizes: 230mm×300mm (Remaining) 

230mm×350mm (corner columns) 

8. Materials: Grade of steel :HYSD (fy= 415 N/mm
2
) 

9. Grade of concrete :M25 (fck =25 N/mm
2
) 

10. Density on concrete = 25 KN/m
3
 

11. LL on floors = 2 KN/m
2
 

12. Density of wall = 19KN/m
3
 

13. Size of each room = 5x5 m 
 

              5m                             5 m                       5 m   

 

  
     5m          5m 

5m                                                                                             

                                                                                                    

 

 

 

5m                                                                                             5m 

 

 

 

                5m                             5 m                       5 m   

          Figure.2 Modified Plan of residential building 

 

2.2 RESULTS AND DISCUSSION: 

2.2.1 CALCULATION OF LATERAL FORCES AT EACH STOREY 

Table.1 Lateral force and Base shear of each storey 

Floor 

Level 

Wi   

(KN) 

hi  (m) Wi.hi
2
x10

-3
 Wi hi

2
 

∑ Wi hi
2
 

Qi=   Wi hi
2
.Vb 

    ∑ Wi hi
2
 

 

 Vi   

(KN) 
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1-1 2400 4 38400 0.024 25 25 

2-2 2400 7.5 135000 0.087 89.26 114.26 

3-3 2400 11 290400 0.187 191.86 306.12 

4-4 2400 14.5 504600 0.326 334.4 640.52 

5-5 1800 18 583200 0.375         384.75 1026 

Total   1551600  1026  

2.2.2 CALCULATION OF MASS DISTRIBUTION ALONG FLOOR HEIGHT: 

          

Table.2 Mass for various floor levels 

 

 

 

 

 

 

2.2.3 RESPONSE SEPCRUM: 

 

Figure.3 Showing response spectrum of five storied building in seismic zone v 

2.2.3 PLASTIC HINGE FORMATION: 

Floor 

levels 

Height in 

meters ‘m’ 

Mass 

KN-s
2
/m 

1-1 4 73.26 

2-2 7.5 72.66 

3-3 11 72.66 

4-4 14.5 72.66 

5-5 18 68.76 
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Figure.4 showing plastic hinge formation in step 10 

The Plastic hinge formation in step 9 and step 10 are formed up to fourth floor only but from 

first to third floor plastic hinges are beyond the collapse prevention level which is in  danger 

zone and some where life safety levels are also appeared. 

2.2.4 PUSHOVER CURVE: 

 
Figure.5 Pushover curve 

In Fig.4 shows that Pushover curve is linear up to immediate occupancy level beyond that the 

curve is Non linear up to collapse prevention level. And target displacement is 720×10
-3

 

2.2.5 ATC-40 CAPACITY SPECTRUM: 
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Figure.6 showing ATC-40 Capacity Spectrum 

 In Fig.5 shows that capacity and demand curves are intersected in life safety zone. This point 

of intersection is called performance point. Based on this performance point location the 

damage intensity will be calculated. Above green line is (pushover curve) is divided in to 

three stages, i.e. immediate occupancy, life safety, collapse prevention. If this point located in 

immediate occupancy the damage intensity is light. If the performance point lies in life saftey 

the damage intensity is moderate. Similarly if performance point lies in collapse prevention 

then damage intensity is severe. 

 

 

 

3.0 CONCLUSION: 

1. The pushover analysis is a useful tool for accessing inelastic strength and deformation 

demands and for exposing design weakness. The pushover analysis is a relatively simple way 

to explore the non linear behavior of buildings. The behavior of reinforced concrete framed 

building is adequate by indicating in terms of demand and capacity curves, and hinges are 

developed in beams. 

2. After completion of pushover analysis the pushover curve is obtained. In this study both 

capacity and demand curves are intersected in between immediate occupancy and life safety 

zone. Such that building experiences moderate damage when subjected to pushover loads in 

seismic Zone-V. 

3. For peak lateral load of 384.75 KN plastic hinges formation starts with beam ends and base 

columns of lower stories then propagates to upper stories and continue with yielding of 

interior intermediate columns in the upper stories. 

4. In this study, hence building is needed to be retrofit immediately from first to fourth floor 

because of plastic hinges are formed up to collapse prevention level.  
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