
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ABSTARCT: Base isolation has become one of the 

reliable tools for earthquake resistant design of 

thestructure. Researchers have done various 

important researches on the base isolation system, 

which has been fully accepted in the engineering 

field. Nowadays, a full-scale test is being done on 

the shake table to test the different features of 

different isolators. The present review essence 

literature and theoretical aspect available on base 

isolation system. Some of the research papers also 

deal with the effectiveness of variously available 

isolator and their applicability. It is stated in this 

review paper that its main objective is to focus on 

the background of different isolators and also to 

provide the useful guideline for making suitable 

choices between a large numbers of available 

isolators. The main objective of the present paper is 

to focus on the background of different isolators 

and provide useful guidelines in making a suitable 

choice between a large numbers of available 

isolators.The concept and theory of base isolation 

system are widely accepted at the present. To 

accomplish the predicted behaviours of the base- 

 

 

 

 

 

 

 

 

 

isolated buildings, the design for base isolation 

system is regarded as the dominant factor of the 

success of isolated buildings  In this thesis totally 

eight models (8) models  and are compared  with 

symmetrical(i.e rectangle  building ) and 

unsymmetrical buildings ( i.e I shaped buildings, L 

shaped buildings and S shaped buildings ) with 

fixed supports at base and with rubber isolator at 

the base by using commercial software  by ETABS  

and compared for the storey displacement, storey 

shear, story  moments, storey over turning moments, 

are compared . 

Keywords :  storey drifts, storey shear , storey 

moments , storey moments ,  ETABS etc 

 

 

COMPARATIVE ANALYSIS AND DESIGN OF SEISMIC 

BEHAVIOUR OF SYMMETRIC AND UNSYMMETRIC 

STRUCTURE FIXED WITH RUBBER BASE ISOLATED SYSTEM 

Mohammad Abdul Mannan1, Syed Omer Ahmmed2, Syed Farrukh Anwar3 

1 Pg Student, M.Tech in Structural engineering, Department of Civil Engineering, Nawab Shah 

Alam Khan College of Engineering and Technology, 6-4-1, New Malakpet, Near Railway Station, 

Hyderabad, Telangana 500024 

2 Assistant Professor, M.Tech in Structural engineering, Department of Civil Engineering, Nawab 

Shah Alam Khan College of Engineering and Technology, 6-4-1, New Malakpet, Near Railway 

Station, Hyderabad, Telangana 500024 

3Head of the Department (PHD) , Vice Principal ,M.Tech in Structural engineering, Department of 

Civil Engineering, Nawab Shah Alam Khan College of Engineering and Technology, 6-4-1, New 

Malakpet, Near Railway Station, Hyderabad, Telangana 500024 

International Journal of Management, Technology And Engineering

Volume 8, Issue XII, DECEMBER/2018

ISSN NO : 2249-7455

Page No:2968



                             I.INTRODUCTION 

The earthquake resistant structures can be 

categorized into rigid structures and flexible 

structures. In rigid structures, the control methods 

that are applied to withstand extreme loads are 

basically reducing the interstory displacement with 

the help of diagonal bracing, the installation of shear 

walls and the use of composite materials. In flexible 

structures, such as base-isolated buildings, the key 

control approach is to reduce the excitation input 

with the use of dampers and isolators. The control 

strategies of rigid structures were preferred to be 

earthquake hazard mitigation alternatives due to 

long-lasting established knowledge and the maturity 

of technologies pertinent to structural stiffening. 

However, significant interstory drift and floor 

accelerations of highly stiffening structures raise 

risks of severe devastation of the building, especially 

under large scale of earthquake. Flexible structures 

such as high-rise buildings can avoid resonant 

condition and effectively reduce structural 

responses.In the last few years, using base isolation 

systems as a mean of a seismic design of structures 

has attracted considerable attention. Different designs 

for base isolators have special features in common, 

the most important of which are the horizontal 

flexibility and the energy dissipation capacity. Base 

isolation can greatly reduce earthquake intensity and 

losses, which directly reduces the shaking intensity 

and damage that permanent equipment and building 

contents experience during earthquake ground 

shaking. Base Isolation is one of the passive energy 

dissipation techniques for earthquake resistant 

designs of a structure. It is useful to controlling 

energy, which is passing from foundation or ground 

to the upper stories. Base isolation is an anti-seismic 

design strategy that can reduce the effect of 

earthquake ground motion by uncoupling the 

superstructure from the foundation. The structure can 

be decoupled from the horizontal components of the 

ground motion by interposing structural elements 

with low horizontal stiffness between the foundation 

and superstructure. the performance of base-isolated 

buildings, subjected to a large scale earthquake has 

proven to be excellent as predicted. Hence, engineers 

have devoted tome and research to this topic and the 

isolation system technologies have been well 

developed and established in terms of theory, design 

and construction phases 

BASE ISOLATIONS 

Base isolation has to be the most effective device and 

primary option to reduce ductility demand of 

structural subjected to earthquake in seismic zones  

The base isolation system is considerably effective to 

employ on structural building that located on 

relatively firm soil that the structural building 

typically have short natural period and make the 

building vulnerable to seismic excitation 

There are two major types of base isolation, namely, 

elastomeric and sliding. Both systems are designed to 

take the weight of the building and let the 

foundations move sideways during an earthquake. 

This paper deals with the laminated rubber bearing 

isolator, which falls under the first category. . A layer 

of rubber with much lower horizontal stiffness is 

introduced between superstructure and the 

foundation. After the isolation, the system has a 

natural period much longer than the fixed base 

natural period. A typical low damping natural rubber 

bearing isolator. 

Principle of Base Isolation 

The basic principle behind base isolation is that the 

response of the structure or a building is modified 

such that the ground below is capable of moving 

International Journal of Management, Technology And Engineering

Volume 8, Issue XII, DECEMBER/2018

ISSN NO : 2249-7455

Page No:2969



without transmitting minimal or no motion to the 

structure above. A complete separation is possible 

only in an ideal system. In a real world scenario, it is 

necessary to have a vertical support to transfer the 

vertical loads to the base. 

The relative displacement of ground and the structure 

is zero for a perfectly rigid, zero period structure, 

since the acceleration induced in the structure is same 

as that of ground motion. Whereas in an ideal flexible 

structure, there is no acceleration induced in the 

structure, thus relative displacement of the structure 

will be equal to the ground displacement. 

Basic requirements of an isolation system are 

 Flexibility 

 Damping 

 Resistance to Vertical or other service loads. 

Type of Base Isolation Systems 

Elastomeric Rubber Bearings 

Bearings formed of horizontal layers of synthetic or 

natural rubber in thin layers bound between steel 

plates. These bearings are capable of supporting high 

vertical loads with very small deformations. These 

bearings are flexible under lateral loads. Steel plates 

prevent the rubber layers from bulging. 

Elastomeric Rubber Bearings 

Roller and Ball Bearings 

For isolation applications in machinery isolation, 

roller and ball bearing are used. It includes 

cylindrical rollers and balls. It is sufficient to resist 

service movements and damping depending on the 

material used. 

 

Springs 

Steel springs are most likely used in mechanical 

applications as in roller bearings. It is not adopted in 

structural applications because it is flexible in both 

vertical and horizontal directions. This will increase 

service deflections. 

Sliding Bearing 

Sliding systems with a predefined coefficient of 

friction can provide isolation by limiting acceleration 

and forces that are transferred. Sliders are capable of 

providing resistance under service conditions, 

flexibility and force-displacements by sliding 

movement. Shaped or spherical sliders are often 

preferred over flat sliding systems because of their 

restoring effect. Flat sliders provide no restoring 

force and there are possibilities of displacement with 

aftershocks. 
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OBJECTIVE OF THE STUDY 

 The material is stiff under low service loads 

like wind and small tremors.  

  Period of vibration of the system is 

increased sufficiently so as to reduce the 

seismic force response.   

 It should have the ability to with stand the 

large  displacement and pulse-type base 

motions from near fault earthquakes. 

   It should have a parallel damping 

mechanism such that the relative 

deflection between the building and the 

ground is reduced 

 Dynamic analysis was performed for the 

moment resisting frame with base isolation 

and the results were compared with the 

results obtained for moment resisting frame 

without base isolation 

 The isolating elastomer is a rubber and its 

total stiffness is calculated to be 3169 kN/m. 

The spectral displacement for the first mode 

suffered by the isolated building was 

calculated using the response spectrum 

curve, and found to be 0.121 m/sec2 . The 

thickness of required rubber material is 

calculated to be 0.121 m, assuming 100% 

maximum shear strain. 

SUMMARY 

High seismicity at many locations in the 

world causes the application of massive 

structures which induce large inertial forces. 

This results in severe damage, partial or total 

demolition of all types of structures. 

Conventional aseismic design is based on 

the concept of increasing capacity of 

resistance of ductile structures using vertical 

elements and other stiffeners. By applying 

the base isolation in combination with a 

system for dissipation of energy, seismic 

protection of building is enabled without 

using an optional external energy, with 

relatively long service life of the system. 

The paper presents the basic concepts of the 

base isolation system, a description of the 

method of designing mentioned system in 

order to reduce the damage and ensure 

adequate performance of the structure. In 

addition it provides a wide review of the 

literature in the field of base isolation of 

buildings. 
II.LITERATURE REVIEW 

Kelly (1990) illustrated through a linearised theory of 

base isolation the effect of superstructure flexibility 

using two degrees of freedom system.Fan and 

Ahmadi (1990) observed that use of base-isolation 

system eliminates the resonance peak of the floor 

spectra, which occurs at the natural frequency of the 

fixed base system for earthquake' ground excitation. 

In their study they had modeled the superstructure as 

a shear type building. 

Koh and Kelly (1990) presented a fraction Kelvin 

model to define the force-deformation relation of 

elastomeric bearings: An efficient numerical 

integration scheme is presented for the solution of the 

equation of motion for a base isolated system. The 

numerical examples reveal a good performance of the 

algorithm developed. In addition, a shaking table test 

indicated that the fractional derivative model agrees 

well with the experimental model. 

Lin Su et al (1991) In this paper Lin Su, Goodarz 

Ahmadi and Iradj G. Tadjbakhsh, discussed the 

analysis on a new combination of base isolator 
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obtained after combining the properties of electricity 

de France (EDF) base isolator and resilient base 

isolator(R-FB1) device, and new isolator formed 

which named sliding resilient base isolation system 

(SR-F). For these isolator response spectra, a curve is 

generated and compared with that which is finding by 

EDF and R-FB1 isolator system. Whatever results are 

received, they are compared with fixed base system. 

For various conditions and various earthquake 

records, we found Base shear, spectral acceleration, 

and spectral displacement. Different results obtained 

from this different earthquake records were then 

compared with SR-F new proposed isolator. Peak 

response of all earthquakes for EDF and R-FB1 were 

recorded and obtained results are compared to the 

SRF system. Therefore, maximum responses almost 

ended without large base displacement and the peak 

response of this isolator was also not too much 

serious in frequency and amplitude content. 

III.METHODOLOGY 

Statement of the Project 

 
Fundamentals of isolation 
The fundamental principle of base isolation is to 

modify the response of the building so that the 

ground can move below the building without 

transmitting these motions into the building[1].The 

building must behave like a rigid body such that all 

the points in the building move in the same direction 

and by same amount as the ground. This method of 

base isolation works by interposing structural 

elements with low horizontal stiffness between the 

structure and the foundation. This gives a 

fundamental frequency that is much less than both its 

fixed base frequency and the predominant 

frequencies of the ground motion. . The first dynamic 

mode of the isolated structure involves deformation 

only in the isolation system, the structure above being 

to be rigid. The higher modes that are orthogonal to 

the first mode, do not participate the motion and thus 

ground motion cannot be transmitted into the 

structure[3].The natural period of the fixed-base 

structure undergo a jump and the new base-isolation 

structure has a new natural period. 

RESPONSE SPECTRUM ANALYSIS  

The representation of maximum response of idealized 

single degree freedom system having certain period 
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and damping, during earthquake ground motions. 

This analysis is carried out according to the code IS 

1893-2002 (part1). Here type of soil, seismic zone 

factor should be 

entered from IS 1893-2002 (part1). The standard 

response spectra for type of soil considered is applied 

to building for the analysis in ETABS 9.7.4 software. 

Following diagram shows the standard response 

spectrum for medium soil type and that can be given 

in the form of time 

period versus spectral acceleration coefficient (Sa/g). 

 
Response Spectrum Analysis Graph for Medium type 

of soil 
LOADS ON THE STRUCTURE 

The types of loads acting on structures for buildings 

and other structures can be broadly classified as 

vertical loads, horizontal loads and longitudinal 

loads. The vertical loads consist of dead loads, live 

load and impact load. The horizontal loads comprises 

of wind load and earthquake load. The longitudinal 

loads i.e. tractive and braking forces are considered 

in special case of design of bridges, gantry girders 

etc.In a construction of building two major factors 

considered are safety and economy. If the loads are 

adjusted and taken higher then economy is affected. 

If economy is considered and loads are taken lesser 

then the safety is compromised.So the estimation of 

various loads acting is too calculated precisely. 

Indian Standard code IS: 875-1987 and American 

Standard Code ASCE 7: Minimum Design Loads for 

Buildings and Other Structures specifies various 

design loads for buildings and structures. 

Types of loads acting on the structure are: 

 Dead loads 

 Imposed loads 

 Wind loads 

 Snow loads 

 Earthquake loads 

 Special loads 
 

MODELS IN ETABS  
I shaped building 

 

Elevation 

 
I-Shaped Plan and Elevation Fitted with rubber 
isolator 
L shaped building 
Plan  

 
Elevation 

 

L-Shaped Plan and Elevation Fitted with rubber 

isolator 

Rectangle shaped building 
Plan  

 
Elevation 
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 Rectangular-Shaped Plan and Elevation Fitted with 
rubber isolator 
 
S shaped building 
Plan  

 
Plan  

 
S-Shaped Plan and Elevation Fitted with rubber 

isolator 
I shaped builidIng 
Plan 

 
 

Elevation 

 
I-Shaped Plan and Elevation Fitted without rubber 

isolator 
L shaped building 
Plan 

 

Elevation 

 
 L-Shaped Plan and Elevation Fitted without 

rubber isolator 
Rectangle shaped building 

Plan and elevation 

 

 

Rectangular-Shaped Plan and Elevation Fitted 

without rubber isolator 
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S shaped building  
Plan 

 
Elevation 

 

S-Shaped Plan and Elevation Fitted without rubber 

isolator 

IV.RESSULTS AND ANLYSIS 

A. STRUCTURE WITH FIXED SUPPORTS AT 

BASE 

DRIFT IN X DIRECTION

 

DRIFT  IN Y DITRECTION

 
SHEAR FORCE IN X  DIRECTION 
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SHEAR FORCE IN Y DIRECTION 

 

BUILDING TORSION 

 

 
BUILDING MOMENT IN X DIRECTION 
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BUILDING MOMENT IN Y DIRECTION 

 

 

B.STRUCTURE WITH RUBBER BASE 
ISOLATION 
DRIFT  IN X DIRECTION 

 
DRIFT IN Y DIRECTION 
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SHEAR FORCE IN X DIRECTION SHEAR FORCE IN Y DIRECTION
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BUILDINING TORSION

 
STOREY MOMNT IN X DIRECTION 

 

 
STOREY MOMNT IN Y DIRECTION 

 

 
V.CONCLUSIONS 

 The characteristics and type of base isolation 

system plays a vital role on the performance 

of structure during the effect of earthquake.  

 So there arises a need to design a system 

that puts this concept into practice. Along 

with many other engineers doing 

independent work in other countries, have 

produced a wealth of information about base 

isolators and have become common 

knowledge to structural engineers. 

 The other factors like mass asymmetry, 

interlaying ground condition, geometry of 

structure and height of super structure also 

defines the response of structure during 
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shocks. The effect of soil structure 

interaction is the widest area of research. 

 Based on the above literature survey it is 

clear that the performance of fixed base and 

isolated base structure is depends on the 

type of underlying soil on which the 

structure rests. 

 By introducing base isolators the maximum 

expected lateral force that will occur due to 

seismic ground motion at the base of a 

structure is considerably reduced. This 

concept has created a breakthrough in 

structural design and as years go by will 

prove to be a life-saving innovation of 

historic proportions 

 All the design procedures are related directly 

to different types of structural control. In 

order to reach the optimal design, it is 

crucial to understand all possible control 

schemes and they can further be 

implemented to the design. 

 Based on the above study it is clear that the 

performance of fixed base and isolated base 

structure depends on the type of underlying 

soil on which the structure rests.  

 the efficiency of isolators is good. The 

response of the structure is different because 

of the different types of changes due to the 

changes in physical properties of an isolator. 

  By comparing the with and without base 

isolators the base iasolators shows less 

deflection and shear momnts\\ 
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