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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 buildings by using seismic control techniques. Total of 2 models, asymmetrical in plan (I-shape) are 

taken for analysis to cover the broader spectrum of medium building for the seismic control of the structures using 

pushover analysis, two different techniques were considered such as lead rubber bearing isolator and fixed support, 

the analysis has been carried out using SAP2000V15. The results of fixed support frame and other lead rubber 

isolator models have been compared, the presence of lead rubber base isolator, top story drift get reduced as 

compared with fixed support. For high rise buildings especially with the application of isolation systems due to the 

massive increase in the story displacements suggesting the ineffectiveness of the base isolators for high rise 

buildings successively 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 I-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 
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structure remaining undamaged even in a severe 

earthquake. 

1.2 RESPONSE OF THE BUILDING UNDER 

EARTHQUAKE: 

Seismic isolation separates the superstructure from 

the substructure and it prevents the transfer of ground 

motion from foundation to superstructure. Isolated 

structure has the fundamental frequency much lower 

than that of the fundamental frequency of fixed base 

structure. The technique of base isolation has been 

developed in an attempt to reduce response on the 

buildings and their contents during the earthquake 

attacks and has proven that it is one of the most 

effective methods for a wide range of seismic 

problems on buildings. Seismic isolation consists of 

the installation of mechanisms which decouple the 

structures from the possibly damaging earthquake 

induced ground motions. Base isolators lengthen the 

fundamental period of the structure to be controlled. 

Base isolators are flexible pads , whereas the 

structures protected by these devices are called base 

isolated buildings. The main feature of the base 

isolation technology is that it provides flexibility to 

the structure. The isolators are designed to absorb 

energy and thus add damping to the system. This 

helps in reducing the seismic response of the 

building. Mainly two types of isolators; they are 

elastomeric bearings and sliding bearings. 

Elastomeric isolators use low lateral stiffness of the 

material to increase the fundamental period whereas 

sliding systems use the characteristics of a pendulum 

to lengthen the period. Isolators are provided at the 

base of the building. 

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 nonlinear 

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,  IJETIE Vol. 2, Issue 8, August 2016 

COPYRIGHT TO IJETIE 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 

the structures from the predominant period of 

earthquake motion, heighten the damping capacity. 
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Izumi Masanory [1] 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. [2] 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 [3].  

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 [4].  

The Base isolation system has been introduced in 

some books of dynamic Engineering and the number 

of scholars has been increasing in the world. 

Objective and scope of present Investigation: 

Following objectives of the present study are arrived 

at based on the literature review presented in Section 

2: 

• To measure the Vibration Parameters (Natural 

Frequency, Mode Shapes, and corresponding 

Modal participating mass ratios) of a selected 

aluminum frame analytically by carrying out 

modal analysis method using computer program 

SAP 2000 v12.0.0, to validate the modal analysis 

results by experimental study with FFT Analyser 

and to observe the response of frame in shake 

table test. 

• To find out the response (i.e. Displacement, 

Velocity, and Acceleration) of the Aluminum 

frame subjected to a selected earthquake ground 

motion by nonlinear time history analysis. using 

SAP 2000 v12.0.0. 

• To compare the performance of a base isolated 

framed structure with a fixed base otherwise 

similar framed structure to conclude the 

effectiveness of base isolation using rubber 

bearing. 

 3. METHODOLOGY MODELING: 

In this study, a total number of 2 different 

models of 5story R.C framed buildings are 

considered for analysis, the building has seven bays 

in X direction and seven bays in Y direction with the 

plan dimension 27 m x 27 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 II. The building is founded on medium strength 

soil through isolated footing under the columns. 

Elastic moduli 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. The base isolation used in this study. 

Nonlinear static analysis is used on both of fixed base 

and base isolated buildings. In fixed base condition, 

all of structures are considered in elastic stage and in 

base isolated condition, the superstructure of the 

building is considered in elastic stage and base 

isolator is considered in inelastic stage. 



BEERAIAH B, et al, International Journal of Research Sciences and Advanced 
Engineering [IJRSAE]TM 
Volume 2, Issue 18, PP: 149 - 154, APR - JUN’ 2017. 
 

 

 

 
 

International Journal of Research Sciences and Advanced Engineering 

                             Vol.2 (18), ISSN: 2319-6106, APR - JUN’ 2017.                       PP: 149 - 154  

 
Fig-1: I Shape building model Plane  

 
Fig-2: I Shape building 3D model with Fixed 

Supports

 

Fig-3: I Shape building model with Rubber Isolator 

4. RESULTS AND DISCUSSION 

In this paper the results of the selected 

building models studies are presented. Analysis were 

carried out using SAP2000V15 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 

 

Fig 4: Deformed Shape of push Over Analysis 

 

Fig.5: Push over Curve for Base Shear Vs. 

Displacement from SAP 

 (For Rubber Isolator Support) 

Table-1: Maximum Story Displacement (mm) 

S.No Fixed Support 
Rubber Isolator 

Support 
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BASE 0 0 

STOREY 1 0.0028 0.0027 

STOREY 2 0.0082 0.008 

STOREY 3 0.0133 0.0128 

STOREY 4 0.0179 0.0173 

STOREY 5 0.0222 0.0213 

 

Fig.6: Graph for Story Displacements 

Table-2: Maximum Story Displacement (mm) 

S.No Fixed Support 
Rubber Isolator 

Support 

STOREY 1 0.000155 0.000156 

STOREY 2 0.000202 0.000138 

STOREY 3 0.000314 0.000154 

STOREY 4 0.000417 0.000197 

STOREY 5 0.000511 0.000235 

Table-3:  Maximum Story Shear (KN) 

S.No Fixed Support 
Rubber Isolator 

Support 

BASE 0 0 

STOREY 1 2593.37 2646.02 

STOREY 2 2593.37 2646.02 

STOREY 3 2591.26 2643.82 

STOREY 4 2582.82 2635.26 

STOREY 5 2563.82 2615.9 

 

Fig.7: Graph for Story Drift 

 

Fig.8: Graph for Story Shear 

CONCLUSION 

• Fundamental natural time period increases with 

the use of Lead Rubber Isolation, and decreases 

when fixed support is considered. 

• Flexibility of the system led to increase of the 

total displacements due to the existing isolation. 

• When fixed support is used the overall behavior 

of structures when subjected to lateral forces. 

Story displacements are considerably increased 

compared with base isolation. 

• Ductility ratio is maximum for Lead Rubber 

Isolation structure i-e model-2 and for full infill 

building it gets reduced. It indicates that these 

structures will show adequate warning before 

collapse. 
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• Rubber Isolation structures are having highest 

response reduction factor as compared to fixed 

frame. It indicates that Lead Rubber Isolation 

structures are capable of resisting the forces still 

after first hinge. 
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