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Abstract- Many urban multistorey building in India today 

have ground storey open and it is being utilized for parking 

space as there is population explosion and huge amount of 

increase in the number of the vehicles on the road. So it 

became necessity to keep ground storey open. Now a day it is 

necessary to provide soft storey at different level to resist 

earthquake load. Buildings are susceptible to the abrupt non-

ductile strength deterioration after reaching ultimate strength, 

which reduces energy dissipation capacity of building causing 

brittle failure. Thus enhancing seismic performance is 

essential. This paper aims to analyse the seismic behavior and 

performance of the reinforced concrete frame subjected to the 

earthquake load, lateral forces and non-linear static push-

over analysis. The non-linear properties of the elements of the 

structure are determined by using push-over analysis for 

modeling and analysis of structure using SAP 2000 software. 

Performance based seismic evaluation is the new trend to 

earthquake resistant design. 
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I. INTRODUCTION 

 

 Investigations of past and recent earthquake damage 

have illustrated that building structures are vulnerable to 

severe damage or collapse during moderate to strong ground 

motion. An earthquake of higher magnitude can cause severe 

damage to the structures such as buildings, fly-overs, bridges, 

industries and ports. During last decade we have seen several 

high magnitude earthquakes which have caused high damage 

to the structures due to their poor performance. Generally 

structures are designed to carry their own load. A soft storey is 

defined as a storey in a building that has less stiffness and 

inadequate ductility to resist the earthquake causing motion in 

building. According to IS 1893(part 1):2002 ‘a soft storey is 

one in which the lateral stiffness is less than 70% of that in the 

storey above or less than 80% of the average lateral stiffness 

of the three storey above’. The vertical irregularities in the 

building are common causes of failure of the building such as 

uneven distribution of mass, plan and elevation both 

presenting strength and stiffness, discontinuous members of 

the frame and masonry infill walls. The force and deformation 

is being concentrated at the junction point in the discontinuous 

member leads to failure and collapse of structure. The natural 

period of the building determines the total seismic base shear 

experienced by the structure during an earthquake. 

  

Masonry infill walls are extensively used throughout 

the world as a partition inside the building. Single 

compressive equivalent diagonal strut technique is widely 

used to design infill panel. According to FEMA-356 masonry 

infill walls are supposed to act as non-structural members or 

elements so that they are not considered while designing the 

building. Masonry infill walls act as stiff and brittle if taken 

separately but it acts as flexible and ductile when taken with 

the frame. The composite action of beam-column and masonry 

infill walls gives additional required strength and stiffness to 

the structure. The addition of stiffness from column, shear 

wall and bracing from each storey is the lateral strength of the 

building. The buildings without any lateral resisting element 

tend to fail or collapse during an earthquake. Evidences of the 

failure and collapse of intermediate soft storey during an 

earthquake are due to stiffness which is not properly 

distributed as there are no walls present in the intermediate 

soft storey. The bare frame is less stiff than that of masonry 

infilled frame as it can bear large amount of lateral forces. 

Seismic performance of the building can be increased by 

introducing shear wall, brick infill and steel X bracing. 

Retrofitting of the building alters its behavior from 

predominant force action to the predominant truss action and 

transfers its seismic load through diagonals.  

 

II. NON-LINEAR STATIC ANALYSIS 

 

Seismic analysis is a part of Structural analysis and is 

the response of the building during an earthquake. It is carried 

out while designing the structures, structural assessment and 

retrofitting in the areas where possibility of earthquake is 

prevalent. In non-linear analysis, a pattern of forces is applied 
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to structure and total force verses displacement is being 

plotted on a graph and is known as capacity curve. To reduce 

the problem of single degree of freedom system, capacity 

curve is combined with demand curve. This approach is also 

called as “pushover” analysis. 

 

Performance level of the building: 

 

It describes the limiting damage state of the structural 

systems and nonstructural systems. 

 

The performance levels are the discrete damage states 

identified from a continuous spectrum of possible damage 

states. The structural performance levels based on the roof 

drifts are as follows: 

 

Immediate occupancy(IO), Life Safety(LS), Collapse 

prevention(CP) are the three levels arranged in order 

according decreasing performance of the lateral load resisting 

systems. 

 

Point ‘A’ corresponds to the unloaded condition. 

Point ‘B’ corresponds to the onset of yielding. 

Point ‘C’ corresponds to the ultimate strength. 

Point ‘D’ corresponds to the residual strength. 

Point ‘E’ corresponds to the maximum deformation capacity 

with the residual strength.   

 

The three performance levels (IO, LS, CP) of the 

building are shown on the graph of load verses deformation 

curve. These levels represent the amount of damage, economic 

loss and disruption may occur. 

 

 
Fig.1 Performance level of pushover analysis 

 

Lateral load for pushover analysis 

 

In pushover analysis the building is pushed with a 

specific load distribution pattern along the height of the 

building. The magnitude of the total force is increased but the 

pattern of the loading remains same till the end of the process. 

Pushover analysis results are very sensitive to load pattern. 

The lateral load patterns should approximate the inertial forces 

expected in the building during an earthquake. 

 

Pushover analysis is an approximate 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 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 created and gravity loads are applied initially. 

Steps for pushover analysis 

 

In pushover analysis the lateral force or displacement 

is being applied to a nonlinear model of building. The 

nonlinear load-deformation pattern of each segment of 

building is modeled individually. The force is applied 

monotonically increasing such that either the selected node 

exceeds the target value or the segment reaches its collapse 

point. Latter is being considered convenient. The maximum 

displacement of the building is considered to be the targeted 

displacement which the building will experience during an 

earthquake.  

 

Initially, the gravity load is applied on the building 

until total load reaches target value in a force controlled 

system. In linear analysis the target value can be same as of 

the design gravity load. The load is distributed as in inverted 

parabolic pattern along the height of the building which can be 

termed as lateral load pattern of the gravity pushover. 

 

The direction of monitoring of behavior is same as the 

push direction. As the displacement is increased, building 

elements such as beams, columns and ‘equivalent struts or 

walls’ may undergo in-elastic deformation. The non-linear 

inelastic behavior in flexure, shear or axial compression is 

modeled through assigning appropriate load-deformation 

properties at potential plastic hinge locations. 

 

III. OBJECTIVES OF PROJECT 

 

To study the G+12 storey building located in the zone 

V and to determine seismic performance and behavior of the 

reinforced concrete building with soft storey at different 

height using SAP 2000 software.  

 

To study hinge formation pattern of the G+12 storey 

building. 

 

To calculate the natural time period of the building 

with soft storey and retrofitting methods. 
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To study performance of the building by using 

various retrofitting methods in SAP 2000 software. 

 

To suggest the most efficient method to strengthen 

the structure out of infill walls, shear wall and steel bracing 

system. 

 

IV. MODELLING AND ANALYSIS OF THE 

 BUILDING 

 

Description of the structure: 

 

Size of the building: 20metres x20metres. Floor to floor height 

is 3.20. The building is Special Moment Resisting Frame 

(SMRF) situated in zone V. Soil condition is medium. Plinth 

height above foundation: 2m, parapet height: 1.5m, slab 

thickness: 150mm, wall thickness: 230mm. 

Size of columns: 600mm x600mm 

Size of beam: 300mm x300mm 

Material properties are considered as follows: 

Grade of concrete: M25 

Grade of steel: Fe415 

Poisson’s ratio 0.20 

Density of concrete: 25 KN per cubic meter 

Density of masonry wall: 20 KN per cubic meter 

 

 

Load intensities are considered as follows: 

 

Live load on floor: 4 KN per meter square 

Floor finish: 1.5 KN per meter square 

Live load on roof: 1.5 KN per meter square 

 

 
Fig 2: Plan of building 

 

 
Fig 3: Elevation of building 

The modeling of the building is done in the various segments 

as: 

 

Case 1: Analyze the displacement pattern and force controlled 

push mechanism of the building with soft storey at different 

heights. 

Case1.1 G+12 storey building with soft storey at ground level 

and fourth floor 

Case 1.2 G+12 storey building with soft storey at ground level 

and eighth floor 

Case1.3 G+12 storey building with soft storey at ground level 

and twelfth floor 

Case2: Analyze the displacement pattern and force controlled 

push mechanism of the building with soft storey at different 

height and retrofit the floor with brick infill 

Case 2.1 G+12 storey building with soft storey at ground level 

and fourth floor retrofitted with brick infill 

Case 2.2 G+12 storey building with soft storey at ground level 

and eighth floor retrofitted with brick infill 

Case 2.3 G+12 storey building with soft storey at ground level 

and twelfth floor retrofitted with brick infill 

Case3: Analyze the displacement pattern and force controlled 

push mechanism of the building with soft storey at different 

height and retrofit the floor with Shear wall 

Case 3.1 G+12 storey building with soft storey at ground level 

and fourth floor retrofitted with shear wall 

Case 3.2 G+12 storey building with soft storey at ground level 

and eighth floor retrofitted with shear wall 

Case 3.3 G+12 storey building with soft storey at ground level 

and twelfth floor retrofitted with shear wall 

Case 4: Analyze the displacement pattern and force controlled 

push mechanism of the building with soft storey at different 

height and retrofit the floor with steel X bracing 

Case 4.1 G+12 storey building with soft storey at ground level 

and fourth floor retrofitted with steel X bracing 

Case 4.2 G+12 storey building with soft storey at ground level 

and eighth floor retrofitted with steel X bracing 

Case 4.3 G+12 storey building with soft storey at ground level 

and twelfth floor retrofitted with steel X bracing 
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Fig 4: Ground level, fourth floor and eighth floor soft storey 

Hinge formation pattern  

 

The following figures show the hinge formation 

pattern at performance point for the G+12 storied building 

with soft storey at different level along with the soft storey 

retrofitted with infill wall, steel bracing and shear wall. 

 

 
Fig5: Hinge formation for Ground level and twelfth storey at 

performance point 

 

 
Fig6: Hinge formation of Ground level and eighth floor 

retrofitted with infill wall 

 

V. RESULTS AND DISCUSSION 

 

 
Table1: Comparison of performance point for various 

retrofitting strategy 

From table 1 it is clear that as the soft storey is 

shifted to upper level the base shear increases. The building 

when retrofitted with shear wall results in higher performance 

compared to other retrofitting methods. The shear wall reduces 

the displacement of the building to much greater extent than 

other retrofitting methods. The performance of the steel X 

bracing is better in compared to infill walls and without 

retrofitting model. 

 

 
Table2: Comparison of natural time period at different levels 

with soft storey and of various retrofitting methods 

 

From table 2 it is clear that as the soft storey is 

shifted to upper level the natural time period decreases. The 

building retrofitted with shear wall performs better compared 

to other retrofitting models and non-retrofitted model. The 

time period of the retrofitted model with shear wall is in 

permissible limit. 

 

From table 2 it is clear that as the soft storey is 

shifted to upper level the natural time period decreases. The 

building retrofitted with shear wall performs better compared 

to other retrofitting models and non-retrofitted model. The 

time period of the retrofitted model with shear wall is in 

permissible limit. 

 

VI. CONCLUSION 

        

This study highlights the poor performance of the 

reinforced concrete building with soft storey at different level 

along with soft storey at ground level. The three models with 

soft storey at as such a) Ground level and fourth floor, b) 

Ground level and eighth floor, c) Ground level and twelfth 

floor are studied in SAP 2000 and Nonlinear static analysis is 

carried out. Buildings were found to be weak due to formation 

of hinges in columns at ground soft storey as well columns in 

upper soft storey. Hence buildings are failed due to plastic 

hinge formation and collapse mechanism of the storey and 

hence retrofitting is carried out. As a result different 

strengthening methods are applied and the best suitable one is 

found out.  

 

From the study it is concluded that the building model 

with shear wall strengthening measure is most suitable 

compared to the infill wall, steel bracing and non-retrofitted 
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model. The base has increased in order of soft story without 

retrofitting, soft storey with infill wall, steel bracing and shear 

wall. There is no formation of hinge mechanism in shear wall 

as it is present in the rest three models. The time period of the 

shear wall was lowest among steel bracing, infill wall and non 

-retrofitted soft storey respectively. 

 

VII. SCOPE FOR FUTURE WORK 

    

  In this work nonlinear behavior of building has 

studied by static pushover analysis method for soft storey with 

different level along with retrofitting measures to strengthen 

the building. In this study the soil surface interaction has not 

been considered. Hence by considering soil surface 

interaction, further study can be carried out. 

     

REFERENCES 

 

[1] ABAQUS, 1996. “Users' Manual & Theory Manual” V. 

5.5, Hibbitt, Karlsson & Sorensen, Inc., Pawtucket, RI. 

[2] Abou-Elfath, H. and Ghobarah, A, 2000. “Behavior of 

reinforced concrete frames rehabilitated with concentric 

steel bracing” Canadian Journal of Civil Engineering, N0. 

27, p 433-444. 

[3] American Concrete Institute (ACI), 1968. “Manual of 

concrete practice, part 2. Committee 318-IR-68.”, Detroit, 

USA. 

[4] ANSYS, Inc, 2002, South Pointe, Canonsburg (PA), 

Release 7.0 UP2002l0l0. 

[5] Almusallam, T.H. and A1-Salloum, Y, 2007. “Behavior 

of FRP strengthened infill walls under In-plane seismic 

loading” Journal of Composites for Construction, Vol.11, 

No.3, p 308-318. 

[6] Bakis C, Bank L, Brown V, Cosenza E; Davalos J, Lesko 

J; Machida A; Rizkalla S and Triaritafillou T., 2002. 

“Fiber-Reinforced Polymer Composites for Construction-

State-of-the-Art Review”. Journal of Composites for 

Construction, ASCE; 6(2):73-87. 

[7] Belmouden, Y. and Lestuzzi, P., 2007. “Analytical model 

for predicting nonlinear reversed cyclic behavior of 

reinforced concrete structural Walls” Journal of 

Engineering Structures, N0. 29, p 1263-1276. 

[8] Binici, B., Ozcebe, G. and Ozcelik, R., 2007. “Analysis 

and design of FRP composites for seismic retrofit of infill 

walls in reinforced concrete frames." Journal of 

Composites: Part B, No. 38, p 575-583. 

[9] Carr, A.J. 1996. RUAUMOKO the Maori god of 

volcanoes and earthquakes. Computer Program Library, 

27 January 1996 Release, Department of Civil 

Engineering, University of Canterbury, Christchurch, 

New Zealand. 

[10] Chen, P.F. and Powell, G.H., 1982. “Generalized Plastic 

Hinge Concepts for 3D Beam-Column Elements,” EERC 

Report No. 82-20, Earthquake Engineering Research 

Center, University of California, Berkeley, California. 

[11] Combescure, D, 2002. IAEA CRP-NFE Camus 

Benchmark: experimental results and specifications to the 

participants. Rapport DM2S. SEMT/EMSI/RT/02-047/A.  

[12] CSA, 1994. Design of concrete structures for buildings. 

Standard CAN-Al3.3-94, Canadian Standards 

Association, Rexdale, Ontario. 

[13] Dolsek, M. and Fajfar, P., 2002. “Mathematical modeling 

of an infilled RC frame structure based on the results of 

pseudo-dynamic tests.” Journal of Earthquake 

Engineering and Structural Dynamics, No. 31, p 1215-

1230. 

[14] FEMA 273/274, 1997.Commentary on the NEHRP 

Guidelines for the Seismic Rehabilitation of Buildings. 

 


