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ABSTRACT 

Many buildings in the present scenario have irregular configurations both in plan and elevation. This in 

future may be subjected to devastating earthquakes. So it is also necessary to enhance the seismic performance of 

asymmetric sloped buildings by using seismic control techniques. In the present study a total of 2 models, 

asymmetrical in plan (L-shape) are taken for analysis to cover the broader spectrum of medium buildings for the 

seismic control of the structures using pushover analysis, the analysis has been carried out using ETABS. The results 

of bare frame and other building models have been compared, the presence of normal foundation, top story drift get 

reduced as compared with masonry infill wall. The plastic hinge pattern formed after carrying out the pushover 

analysis was also studied which indicated that structural performance was considerably improved. 

1. INTRODUCTION 

1.1 GENERAL  

The buildings with regular geometry and uniformly 

distributed mass and stiffness in plan as well as in 

elevation suffer much less damage compared to 

irregular configurations. The promise of nonlinear 

static analysis that is pushover analysis is to produce 

structures with predictable seismic performance. 

Seismic isolation is relatively recent and evolving 

technology. The main feature of the base isolation 

technology is that it introduces flexibility in the 

structures. Advantages of lead rubber isolator with 

RC framed buildings properly designed and detailed 

buildings with lead rubber base isolator shown good 

response in past earthquakes. Although infill panels 

considerably enrich both the strength and stiffness of 

the frame, because of lack of knowledge of the 

multiple behavior of the frame and infill, their 

influence is not taken into account. Hence the 

structural action of infill walls cannot be neglected. 

Therefore, masonry infill panel should be considered 

as structural element. The main aim of the present 

study is to illustrate the effect of base isolation and 

masonry infill wall as shell element on the response 

of low, medium and high rise L-shape asymmetric 

buildings. 

Earthquake is unpredictable to the engineers and after 

effects of such earthquake is severe. India has 

experienced most devastating earthquakes in the 

world and during this earthquake lot of people lost 

their lives and most structures have collapsed. 

Therefore it is essential to protect structures from 

future earthquakes. 

The existing building found inadequate for resisting 

future probable earthquake. The buildings with 

regular geometry and uniformly distributed stiffness 

and mass both plan and in elevation undergo much 

less damage as compared to the building with 

irregular configurations. To reduce the earthquake 

effects on building, certain seismic control techniques 

were adopted. 

Conventional seismic design of building attempt to 

make buildings that not to undergo compete collapse 

during strong earthquake shaking, but may sustain 

damage to non-structural elements and structural 

members in the building. Special techniques are 

required to design buildings such that structure 

remaining undamaged even in a severe earthquake.  

Two seismic control techniques are used to protect 

buildings from damaging earthquake effects are Base 

Isolation Devices and Seismic Dampers. The 

provision of isolators in the structure isolates the 

building from the ground, such that earthquake 

motions are not transmitted through the building. 

Seismic dampers are the special devices provided in 

the building to absorb the energy produced by the 

strong ground motion during earthquake. The main 
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concept of the base isolation and provision of 

dampers in building is to introduce flexibility in 

structures. The seismic improvement is helpful to 

withstand structure against collapse during severe 

earthquakes. 

The last decade or so has witnessed a clear trend 

towards “performance-based” seismic design, which 

can be thought of as an explicit design for multiple 

limit states (or performance levels, in US 

terminology). Analyzing structures for various levels 

of earthquake intensity and checking some local 

and/or global criteria for each level has been a 

popular academic exercise for the last couple of 

decades, but the crucial development that occurred 

relatively recently was the recognition of the 

necessity for such procedures by a number of 

practicing engineers influential in code drafting. In 

the US, following a number of recent earthquakes, 

particularly the 1994 Northridge earthquake, it was 

realised that while structures built in industrialized 

countries aware of the seismic risk are in general 

adequately safe, the cost of damage inflicted in these 

structures by earthquakes, as well as the indirect cost 

resulting from business interruption, need for 

relocation, etc., can be difficult to tolerate. This 

points to the need to address the problem of 

designing a structure for multiple performance levels 

(limit states), i.e. performance-based design (PBD) 

(Fajfar and Krawinkler, 1997; Priestley, 2000). 

Furthermore, the need to explicitly include 

displacement (or drift) as a seismic design parameter, 

rather than as a final verification of a structure 

already designed for a certain force level, is 

increasingly being recognized (Priestley, 2000). 

1.2 Importance of present study: 

Civil Engineers are still unable to rigorously predict 

even in a probabilistic way the loads which structures 

may have to withstand during their useful life. All 

structures are subjected to vibration. Recent 

destructive earthquakes in California and Japan have 

shown how vulnerable our structures and societies 

remain to natural phenomena. The enormous losses 

inflicted by such catastrophes have motivated ever 

more stringent requirements on the performance of 

structural systems, in an effort to reduce the cost of 

repair and disruption. The cost and performance 

requirements for both buildings and equipment have 

motivated advances in the  field of Structural Control, 

which deals with methodologies for the protection of 

high performance structural systems. The vibration 

isolator is a device that is designed to effectively 

isolate such structures from harmful vibrations. 

Vibration Control 

• Vibration control is the mechanism to mitigate 

vibrations by reducing the mechanical interaction 

between the vibration source and the structure, 

equipment etc. to be protected. 

• Structural control relies on stiffness (i.e. energy 

storage) and damping (i.e. energy 

absorption/dissipation) devices in a structure to 

control its response to undesirable excitations 

caused by winds and moderate earthquakes. This 

control has, in most cases, been achieved 

passively by means of bracing systems and shear 

walls, which do not require any additional 

external energy input. More recently, we have 

seen the emergence of more modem passive 

structural control systems. The tuned mass 

damper and base isolation systems are examples 

of such relatively modern passive systems. 

1.3 RESPONSE OF THE BUILDING UNDER 

EARTHQUAKE 

1.3.1 Building frequency and period: 

The magnitude of Building response mainly 

accelerations depends primarily upon the frequencies 

of input ground motions and Buildings natural 

frequency. When these are equal or nearly equal to 

one another, the buildings response reaches a peak 

level. In some cases, this dynamic amplification level 

can increase the building acceleration to a value two 

times or more that of ground acceleration at the base 

of the building. Generally buildings with higher 

natural frequency and a short natural period tend to 

suffer higher accelerations and smaller displacement. 

Buildings with lower natural frequency and a long 

natural period tend to suffer lower accelerations and 

larger displacement. When the frequency content of 

the ground motion is around the building’s natural 

frequency, it is  said that the building and the ground 

motion are in resonance with one another. Resonance 

tend to increase or amplify the building response by 

which buildings suffer the greatest damage from 

ground motion at a frequency close to its own natural 

frequency. 

1.3.2 Building stiffness: 
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Taller the building, longer the natural period and he 

building is more flexible than shorter building. 

1.3.3 Ductility: 

Ductility is the ability to undergo distortion or 

deformation without complete breakage or failure. In 

order to be earthquake resistant the building will 

possess enough ductility to withstand the size and 

type of earthquake it is likely to experience during its 

lifetime. 

1.3.4 Damping: 

All buildings possess some intrinsic damping. 

Damping is due to internal friction and adsorption of 

energy by buildings structural and non- structural 

components. Earthquake resistant design and 

construction employ added damping devices like 

shock absorbers to supplement artificially the 

intrinsic damping of a building. 

1.4 PUSHOVER ANALYSIS  

Pushover analysis method is a nonlinear 

static analysis method. The pushover analysis is a 

method used to observe the successive damage states 

of a building. This method is relatively simple to be 

implemented and provides information on strength, 

ductility and deformation of the structure and 

distribution of demands which help in identifying the 

critical members which reach limit states during the 

earthquake. This method also assumes a set of 

incremental lateral load over the height of the 

structure. Using this analysis local nonlinear effects 

are modeled and the structure is pushed until a 

collapse mechanism is developed. Two ways to do 

pushover analysis are forced controlled and 

displacement controlled. In forced controlled 

pushover analysis involves applying lateral or 

horizontal loads in triangular or uniform pattern to 

the structure i.e. pushing the structure in horizontal 

direction. The displacement controlled pushover 

analysis depends on target displacement of structure. 

Lateral loads are applied in the form of acceleration 

or displacement to the structure to reach the target 

displacement. 

2. REVIEW OF LITERATURE 

Mohammed Asim Khan and Prof. Shaik Abdulla 

explained the seismic performance of the building by 

analysing nine models of building with two different 

techniques such as lead rubber bearing isolator and 

masonry infill walls, and the analysis is done using 

the software SAP2000V15. From the study 

asymmetric R C framed building with Lead Rubber 

Isolation shows better performance than building 

with infill walls. Base shear, torsional moments, 

natural period and the displacement of the building 

with fixed base, building with lead rubber isolator 

and infill wall were analysed. The study shows that 

natural time period increases when base isolators are 

provided in the structure and storey displacements get 

reduced by the provision of infill walls.  

Dhananjay A. Chikhalekar and M. M. 

Murudi, In this paper, ten storey structures with fixed 

base and structure with high damping rubber bearing 

and viscous damper are considered and analysis is 

carried out using response spectrum method and non 

linear static analysis . Storey displacement, storey 

drift, natural time period and performance point of 

the structure were compared using the software SAP. 

Study shows that performance of base isolated 

structure against seismic effect is high when 

compared to the structure with viscous damper.  

Swathirani.K, Muralidhara.G.B and Santosh 

kumar.N.B ; In this paper comparison between the 

fixed base building and various isolation systems 

such as friction pendulum isolator , high damping 

rubber isolator and lead rubber isolator subjected to 

strong earthquakes were analysed. The study shows 

the high damping rubber isolated frame is performing 

better as compared to the other isolator stiffness. Julie 

S and Sajeeb R studied the seismic performance of 

the base isolators and mass dampers in the vibration 

control of the building.. Displacement, story drift and 

base shear of the structure is compared. The study 

shows that base isolators are superior in controlling 

the acceleration response. 

Introduction: - Thus the modal analysis of framed 

Structure is of great technical importance for 

understanding the behaviour of the framed Structure 

under applied dynamic loading. The study of 

response analysis methodology (Experimental or 

Analytical) of a base isolated framed structure with a 

fixed base otherwise similar framed structure is 

essential to conclude the effectiveness of base 

isolation using rubber bearing.  “Earthquake proof 

structures” generally mean the structures which resist 

the earthquake and save and maintain their functions. 

The key points for their design includes select good 

ground for the site, make them light, make them 

strong, make them ductile, shift the natural period of 
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the structures from the predominant period of 

earthquake motion, heighten the damping capacity. 

Izumi Masanory  studied on the remained literature, 

the first base isolated structure was proposed by 

Kawai in 1981 after the Nobi Earthquake (M=8.0) on 

journal of Architecture and building Science. His 

structure has rollers at its foundation mat of logs put 

on several steps by lengthwise and crosswise 

manually. After the San Francisco Earthquake 

(M=7.8) an English doctor J.A. Calantarients 

patented a construction by putting a talc between the 

foundations in 1909. The first base isolated systems 

actually constructed in the world are the Fudo Bank 

Buildings in Himeji and Simonoseki, Japan designed 

by R. Oka.After the world War-II, the U.S took a 

leading part of Earthquake Engineering.  

Garevski A et al. The primary school 

"Pestalozzi" in Skopje, built in 1969, is the first 

building in the world for which natural rubber 

isolators were used for its protection against strong 

earthquakes. The first base isolated building in the 

United States is the Foothill Communities of Law 

And Justice Centre completed in 1985 having four 

stories high with a full basement and sub-basement 

for isolation system which consists of 98 isolators of 

multilayered natural rubber bearings reinforced with 

steel plates. The Superstructure of the building has a 

Structural Steel frame stiffened by braced frames in 

some Bays .  

In India, base isolation technique was first 

demonstrated after the 1993 Killari (Maharashtra) 

Earthquake [EERI, 1999]. Two single storey 

buildings (one school building and another shopping 

complex building) in newly relocated Killari town 

were built with rubber base isolators resting on hard 

ground. Both were brick masonry buildings with 

concrete roof. After the 2001 Bhuj (Gujarat) 

earthquake, the four-storey Bhuj Hospital building 

was built with base isolation technique .  

The Base isolation system has been introduced in 

some books of dynamic Engineering and the number 

of scholars has been increasing in the world.  

2.2 General categories of literature review: The 

studies presented for literature review are 

categorized as: 

(i) Nonlinear dynamic Analysis of framed structure. 

(ii) Relative performance of Fixed-base and Base-

isolated concrete frames. 

(iii) Base Isolated Structures subjected to near-fault 

earthquakes 

(iv) Effect of Superstructure Stiffening on base 

isolation. 

(v) Seismic response of torsional coupled Base 

Isolated Structures 

2.3 Nonlinear dynamic Analysis of framed structure 

Constantinou et al described in this paper an 

analytical model and an algorithm to analyze multiple 

buildings on a common isolation system and the 

results are used to demonstrate the importance of 

analyzing the combined system as against analyzing 

individual buildings.  

Jain and Thakkar  explored the idea of superstructure 

stiffening is to enhance the effectiveness of base 

isolation for 10 to 20 storeys range of buildings. The 

superstructure stiffening may result in reduced fixed 

base period and such buildings, if base isolated may 

develop smaller seismic response.  

Jangid and Kulkarni made a comparison in this study 

of the seismic response of a multi-storey base-

isolated building by idealizing the superstructure as 

rigid and flexible. The top floor acceleration and 

bearing displacement of the system are plotted for 

different system parameters and compared with the 

corresponding response under rigid superstructure 

conditions to study the influence of superstructure 

flexibility. 

Naharajaiah and Sun carried out a study aimed to 

evaluate the seismic response of base isolated USC 

Hospital Building and Fire Command Control 

Building in Los Angles during the 1994 Northridge 

earthquake. Hang et al.presented the earthquake 

responses of the multifunctional vibration-absorption 

RC mega frame structures decrease significantly in 

comparison with the normal megaframe structures,  

namely 60-80 per cent decrease of the earthquake 

responses of the major frames and 70-90 per cent 

decrease of the ones of the minor frames. 

 Mazza and Vulcano compared different base-

isolation techniques, in order to evaluate their effects 

on the structural response and applicability limits 

under nearfault earthquakes. 

 Palazzo and Petti described rational methodology to 

evaluate behaviour factors for base isolated structures 

(BIS) code. The method used in this study is to 

directly derive q-factors by the nonlinear response 

analysis of 2 d.f. isolated models subject to strong 
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seismic excitations artificially generated according to 

EC8 design spectra.  

Dutta and Jangid investigated the reliability against 

the first passage failure of base-isolated and fixed 

base steel buildings frames due to earthquake ground 

motion and found base isolated structures are more 

reliable than fixed base frame. Mei applied Classical 

theories in modelling in-plane vibrations in planar 

frame structures. Analytical solution has been 

obtained using a wave vibration approach. The 

propagation, reflection, and transmission matrices, as 

well as the matrix relations between the injected 

waves and externally applied forces and moments are 

obtained using classical vibration theories. 

3. ANALYSIS OF STRUCTURE: 

Main features of seismic method of analysis 

according to IS1893 (Part 1): 2002 are described as 

follows  

• Equivalent Static Analysis (Linear Static)  

• Response Spectrum Analysis (Linear 

Dynamic)  

• Time History Analysis (Nonlinear Dynamic) 

• Pushover Analysis (Nonlinear Static) 

Suitable methods of analysis are provided in codes 

of practice; in general, the more complex and tall the 

building, the more stringent the analysis that is 

required.  

Regular buildings up to around 15 storeys in height 

can usually be designed using equivalent static 

analysis; tall buildings or those with significant 

irregularities in elevation or plan require modal 

response spectrum analysis. 

Description of Structural Models 

In this study, a total number of 2 different 

models of 5 story R.C framed buildings are 

considered for analysis, the building has seven bays 

in X direction and five bays in Y direction with the 

plan dimension 28 m x 20 m and a story height of 3.0 

m each in all the floors. The building is kept 

asymmetric in plan. The alignment and size of 

column is kept same throughout the height of the 

structure. The building is considered to be located in 

zone IV. The building is founded on medium strength 

soil through isolated footing under the columns. 

Elastic module of concrete and masonry are taken as 

25000 MPa and 3500 MPa respectively and their 

poisons ratio as 0.20 and 0.17 respectively. The unit 

weights of concrete and masonry are taken as 25.0 

KN/m3 and 20.0 KN/m3 respectively the floor finish 

on the floors is 1.0 KN/m2.  The live load on floor is 

taken as 3.5 KN/m2. In seismic weight calculations, 

50% of the floor live loads considered. Thickness of 

slab and masonry infill wall as 0.120 m and 0.23 m 

respectively. Nonlinear static analysis is used on both 

of fixed base buildings with and without slope.  

 

 

Fig-1: 3D Model of the sloped building 
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Fig-2: Elevation model of the sloped building 

 

 

Fig-3: Define material 

 

Fig-4: Define Frame Hinge Properties Form 

 

Fig-5: Assign Hinge Properties Form 

 

 

Fig-6: Static Nonlinear Case Data –PUSH1 

4. RESULTS AND DISCUSSION 

In this paper the results of the selected 

building models studies are presented. Analysis were 

carried out using ETABS and different parameters 

studied such as Fundamental natural time period, 

Base shear, torsional moment, story displacement and 

story drifts, the tables and figures are shown below. 

Model 1: Five story bare frame with fixed base. 

However masses of the walls (230mm thick) are 

included on all stories. 

Model 2: Five story bare frames with fixed base. 

However masses of the walls (230mm thick) are not 

included on all stories. 

Table-1: Fundamental Natural Time Period 

Fundamental Natural Time 

Period 

Model No  T in Sec 

1 0.816 

2 0.198 
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Fig-7: Graph of Fundamental Natural Time Period 

for PUSH Load 

Table-2: Story Drift for PUSH1 along X-Direction 

Story Item Load Drift-X 

STORY7 Max Drift X PUSH1 0.270 

STORY6 Max Drift X PUSH1 0.206 

STORY5 Max Drift X PUSH1 0.186 

STORY4 Max Drift X PUSH1 0.168 

STORY3 Max Drift X PUSH1 0.137 

STORY2 Max Drift X PUSH1 0.225 

STORY1-2 Max Drift X PUSH1 0.296 

STORY1-1 Max Drift X PUSH1 0.183 

STORY1 Max Drift X PUSH1 0.183 

Table-3: Story Drift for PUSH1 along Y-Direction 

Story Item Load Drift-Y 

STORY7 Max Drift Y PUSH1 0.283 

STORY6 Max Drift Y PUSH1 0.219 

STORY5 Max Drift Y PUSH1 0.209 

STORY4 Max Drift Y PUSH1 0.197 

STORY3 Max Drift Y PUSH1 0.186 

STORY2 Max Drift Y PUSH1 0.098 

STORY1-2 Max Drift Y PUSH1 1.025 

STORY1-1 Max Drift Y PUSH1 0.549 

STORY1 Max Drift Y PUSH1 0.519 

 

Fig-8: Graph of Story Drift for PUSH Load 

 

Fig-9: Push over Curve from ETABS 

 

Fig-10: Story Displacement for earth quake load 

along X & Y Direction 
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CONCLUSION 

1. Fundamental natural time period increases 

without use of masonry infill, and decreases when 

masonry infill wall is considered. 

2. Increased flexibility of the system led to increase 

of the total displacements due to the elasticity of 

the existing isolation. 

3. The presence of masonry infill influences the 

overall behavior of structures when subjected to 

lateral forces. Story displacements are 

considerably reduced while contribution of 

masonry infill wall is taken into account. 

4. From the above study we conclude that model-2 i-

e five story asymmetric R C framed building with 

slope shows better performance among the others 

for the given seismic parameters. 

5. Model 2 shows a maximum reduction in terms of 

torsional moment as compare to other models. 
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