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ABSTRACT 

The base isolation is technique that has been used to protect the structures from the damaging effects of 

earthquake. The installation of isolators at the base increases the flexibility of the building structures. The aim of this 

research is to study the seismic behavior of different structures under fixed condition and base isolated condition. In 

present study Modeling and analysis of G+5 storey RC building is done in ETABS software for two cases. The first 

one is fixed base and the second one is base isolated. The Lead rubber bearing (LRB) is designed as per UBC 97 

code and the same was used for analysis of base isolation system. Lead rubber isolator are provided to both the 

structures and then analysis are carried out for both fixed base and base isolated buildings under zone II and soil 

type II i.e. medium soil (according to IS 1893(part 1):2002). The results obtained from analysis were Storey 

displacement. Storey shear, storey acceleration, and Inter storey drift. Due to the presence of isolators the inter 

storey drift, storey accelerations and storey shear is greatly reduced and storey displacement is increased in both X 

and Y directions compared to fixed base structures. 

 

1. INTRODUCTION 

1.1 GENERAL  

A natural calamity like an earthquake cause 

significant loss of life and destruction to property 

every year. A disturbance that causes shaking of earth 

surface due to movement at underground along fault 

plane or from volcanic activity is called earthquake. 

The seismic forces produced are harmful and lasts 

only for a small duration of time. Yet, humans are 

confused with uncertainty in terms of its time of 

occurrence and its nature. However with advances 

made in varies areas of sciences it has been learned 

how to pinpoint the locations of earthquake and how 

to accurately measure their sizes, however, this 

solves only one part of the problem to protect a 

structure. The other part is seismic design of the 

structures. Since from the last century, this part of 

problem has taken various forms, and improvements 

in design philosophy and methods have been done. 

There are two types of methods for the seismic 

design of structures,  

 1) Conventional method: This is the traditional 

method to resist lateral force is by increasing the 

design capacity and stiffness. Ex- Shear wall, Braced 

frames or Moment resisting frames.  

2) Non-conventional method: Based on reduction of 

seismic demands instead of increasing capacity. Ex- 

Base isolation, Dampers. 

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 
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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 

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). Analysing 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 

practising 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 industrialised 

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 BASE ISOLATION: 

Base Isolation or Seismic Isolation is an Earth 

quake resistant design which uncouples structure 

from effects of ground motion. When the seismic 

isolation system is located under the structure, it is 

referred as Base Isolation. It isolates the super 

structure from ground. Building stays stationary to 

the disturbed configuration by providing relatively 

small motion by making structure isolated to the 

ground disturbances. The disturbances caused by the 

ground are possibly reduced by reducing natural 

frequency using Base isolation system. One of the 

most widely implemented and accepted seismic 

protection systems is Base Isolation. Seismic 

isolation is a design/strategy, which uncouples the 

structure for the damaging effects of the ground 

motion. The term isolation refers to reduced 

interaction between structure and the ground. Base 

isolation has a strategy to protect structure from 

earthquake in several aspects such as Period-shifting 

of structure, Mode of vibration, Damping and 

Minimum rigidity.  

1.2.1. Purpose of Base Isolation  

The basic criteria while providing superior 

seismic resistance of a building is the difficulty in 

minimizing the inter storey drift and floor 

accelerations simultaneously. Large interstorey drifts 

cause damage to non-structural components. These 

drifts can be minimized by stiffening the structure, 

but this leads to amplification of the ground motion, 

which leads to high floor acceleration, which can 

damage non-structural components. Making the 

system more flexible can reduce floor acceleration, 

but this leads to large interstorey drifts. The only 

practical way of reducing interstorey drift and floor 

acceleration simultaneously is to use Base Isolation, 

which provides the necessary flexibility, with the 

displacements concentrated at the isolation level. In 

traditional approaches, in order to achieve capacity 

we should increase the elastic strength or else to 

maintain ductility. This leads to increase in floor 

accelerations and damage to structural components. 

Whereas in Base Isolation, rather than increasing 

capacity we decrease demand as we cannot 

indefinitely increase the strength of the structure. As 

earth quakes cannot be predicted or controlled, we 

modify demand by mitigating effects of the 

foundation to super structure. There are many 

possible ways to strengthen the system by 
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introducing several devices in structural system. 

These include elastomeric bearings, sliders, rollers, 

sliding plates, rocking foundations etc. Of these 

elastomeric bearings and sliding foundations are most 

practical ones. Seismic isolation is intended to 

prevent earthquake damage to structures, buildings 

and building contents. One type of seismic isolation 

system employs load bearing pads, called Isolators. 

Since the isolators carry large vertical loads and 

deform to significant lateral displacement, the 

components of the structure above and below the 

isolator need to be designed properly. Specifically, to 

make isolation system work in proper manner, the 

structure should be free to move in any direction up 

to the maximum specified displacement. Base 

isolation is achieved by inventing several isolation 

devices to meet the desired requirements of an 

earthquake resistant structure. 

1.3: ISOLATION DEVICES 

For superior seismic isolation of a structure we have 

to choose the appropriate system and the essential 

features for such system should be as follows:  

• Capable in supporting the structure  

• Provide horizontal flexibility  

• Capable to dissipate energy  

Isolation system should be rigid for low lateral loads 

to avoid vibration at frequent minor earthquakes or 

wind loads. Basic Requirements to develop a new 

base isolation device by overcoming the possible 

disadvantages of other devices are: 

• Possibly its manufacturing should be a 

combination of several types of seismic 

isolators. 

• Accommodation of tension forces should not 

occur suddenly but progressively in order to 

prevent impact loads on the isolated super 

structure. 

Permanent tension capacity to receive tension forces 

should occur in isolator. 

2. REVIEW OF LITERATURE 

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.  

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. 

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 
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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.  

GENERAL CATEGORIES OF LITERATURE 

REVIEW: 

The studies presented for literature review are 

categorized as 

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

isolated concrete frames. 

(ii) Base Isolated Structures subjected to near-fault 

earthquakes 

(iii) Effect of Superstructure Stiffening on base 

isolation. 

(iv) Seismic response of torsionally coupled Base 

Isolated Structures 

Relative Performance of Fixed-Base and Base-

Isolated Concrete Frames 

Shenton and Lin compared the performance of code 

designed fixed-base and base-isolated concrete 

frames in a quantitative manner. Time-history 

analyses were conducted for three ensembles of 

recorded earthquakes. Analysis considered the 

nonlinear behaviour of the isolation system and 

superstructure. Base-isolated concrete moment frame 

designed to between 25% and 50% of the code-

recommended base shear performed comparably to 

the fixed-base design, when based on: (1) Extent of 

superstructure yielding; (2) average relative roof 

displacement; (3) average first-story drift; and (4) 

average time of first yielding in the superstructure.  

Bezerra and Carneiro presented a paper which deals 

with numerical evaluation of the efficiency of ant 

vibration mechanisms applied to typical frame 

structures under earthquake. The building structure is 

modeled by finite elements, an anti-vibration 

mechanism is placed at the building base with special 

finite element, and an artificial earthquake equivalent 

to El Centro is generated and applied at the building 

base. The behavior of the frame, with and without 

anti-vibration mechanisms, is compared. 

  Kang et al. performed systematic dynamic 

response analyses for three different models such as a 

fixed based, an SREI based and an FREI based low 

story building structures in terms of displacement, 

drift, acceleration and shear force. 

The SREI and the FREI based structures are proven 

to be the more effective isolation  systems against 

seismic events by comparing with the fixed based 

one. 

Ibrahim described an article which deals with the 

comprehensive assessment of recent developments of 

nonlinear isolators in the absence of active control 

means. Base isolation utilizes friction elements, 

laminated-rubber bearings, and the friction 

pendulum. Nonlinear viscoelastic and composite 

material springs, and smart material elements are 

described in terms of material mechanical 

characteristics and the dependence of their 

transmissibility on temperature and excitation 

amplitude. 

Providakis carried out nonlinear time history analyses 

using a commercial structural analysis software 

package to study the influence of isolation damping 

on base and superstructure drift. The efficiency of 

providing supplemental viscous damping for 

reducing the isolator displacements while keeping the 

substructure forces in reasonable ranges is also 

investigated. 

  Aiken et al. documented in their paper the 

seismic behaviour of four seismically isolated 

buildings from their recorded response for 

earthquakes producing various amplitudes and 

durations of shaking. It considers the responses of 

multiple buildings to multiple earthquakes, using 

consistent procedures, evaluates soil-structure 

interaction effects, and achieves new insights into 

isolation system behavior by examining temporal 

variations in system properties. 

EXPERIMENTAL STUDY ON ELASTOMERIC 

ISOLATION BEARINGS: 

Nagarajaiah et al. experimentally determined the 

effect of horizontal displacement or shear strain on 

critical load and studied the validity of the 

approximate correction factor. It is shown that the 

critical load decreases with increasing horizontal 

displacement or shear strain. It is also shown that 

substantial critical load capacity exists at a horizontal 

displacement equal to the width of the bearing. 
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Buckle and Nagarajaiah stated combination 

of rubber layers and reinforcing steel shims gives a 

device that is axially very stiff but soft laterally. But 

increasing the shear flexibility of these short columns 

can lead to relatively low buckling loads, which may 

be further reduced when high shear strains are 

simultaneously imposed.  

Abrams et al. presented the Results of an 

experimental study that help to illustrate the 

effectiveness of using base isolators for reducing the 

lateral-force demand for engineered masonry 

building structures in areas of high seismicity. 

  Kelly et al. proposed a novel isolation 

system which can be used in certain low rise 

buildings to isolate the horizontal and vertical ground 

motions.  

Aiken et al. overviewed the studies at the Earthquake 

Engineering Research Center of the University of 

California at Berkeley describing the different types 

of devices, the results of the shake table experiments, 

and associated analytical work.  

Aiken proposed energy dissipation devices by which 

damage to the built environment can be mitigated.  

Aiken and Kikuchi proposed an hysteretic model for 

elastomeric isolation bearing for accurately 

predicting the seismic response of base isolated 

structures. Extensive series of experimental tests 

were carried out to fully identify the mechanical 

characteristics. 

 Aiken discussed the important characteristics of 

isolation devices and the influence of these 

characteristics on testing, in terms of such factors as 

displacement, force, rate of loading, and test 

temperature.  

Objective and scope of present Investigation: 

In the present study, the work includes the analysis of 

a 10 storey reinforced concrete plan geometric 

irregular and vertical geometric irregular buildings in 

accordance with IS1893-2002 provisions; one with 

fixed base and other with base isolated.  

The objectives of the study are as follows;  

• To carry out modeling and analysis of fixed 

base and base isolated building by using 

ETABS software and study the effect of 

seismic forces on these models.  

• To design and study the effectiveness of lead 

rubber bearing used as a base isolation system.  

• To carry out comparison between fixed base 

and base isolated building by equivalent static 

method and dynamic method on the bases of 

response properties like storey displacement, 

inter storey drift, storey shear and storey 

acceleration.  

• To study the behavior of plan irregular and 

vertical irregular RC building under higher 

seismic zone area.  

3. METHODOLOGY: 

TYPES OF ANALYSIS 

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 

3D RC frames structures in which with 3 

bay by 3 bay and 6(G+5) storey of dimension 

9.0mx9.0mx19.5m has been taken for seismic 

analysis. Two building models are considered for 

comparison. 

Model 1: fixed base building for G+5 storey’s  

Model 2: lead rubber isolated building for G+ 5 

storeys  

The parameters considered for G+5 storey buildings 

are as follows:  

Beam size = 0.3 m x 0.5 m  

Column size = 0.4 m x 0.4 m  

Slab thickness = 0.12 m  

Live load on the slab = 2.5 kN/m2  

Floor finish = 1.0 kN/m2  

Grade of Concrete = M25  

Grade of Steel = Fe415  

Yield Strength of Steel, fy = 415000 kN/m2  
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Compressive strength of concrete, fck = 25000 

kN/m2  

Soil type: Medium (Type II)  

Zone factor: Z = 0.16  

Importance factor: I = 1 

Special Moment Resisting Frame: R = 5  

The work started with modeling and analysis of RC 

building for two cases. The first one is fixed base and 

the second is base isolated. In the present study Lead 

Rubber Bearing is used as a base isolator. After 

analysis of fixed base regular or rectangular model 

using E-TABS software. Maximum vertical reaction 

is obtained. By using this vertical reaction lead 

rubber bearing is designed manually and the same is 

used as a base isolator for all the models considered. 

 

 

Table -1: Isolator properties 

Required Stiffness 

(Keff ) 2602.71 kN/m 

Bearing Horizontal 

Stiffness 509.79 kN/m 

Vertical Stiffness 292 x 103 kN/3 

Yield force (F) 39.01 kN 

Stiffness ratio 0.1 

Damping 0.05 

 

Fig-13D Modeling of the Base Isolator Building. 

4. RESULTS AND DISCUSSION 

4.1 Base Shear: 

The maximum base shears for fixed support 

and base isolation support is show in table 2 and table 

3. Graph shows base shear along X and Y Direction 

with fixed and base isolation support. 

Table-2: Story Shear for Fixed Support 

Story Shear For Fixed 

Support (kN) 

STORY ID Vx Vy 

STORY7 299.79 260.00 

STORY6 524.21 454.64 

STORY5 667.84 579.21 

STORY4 748.63 649.27 

STORY3 784.54 680.42 

STORY2 793.51 688.20 

STORY1 793.51 688.20 

Table-3: Story Shear for Base Isolation Support 

Story Shear For Base 

Isolation Support (kN) 

STORY 

ID 
Vx Vy 

STORY7 223.40 242.61 

STORY6 390.64 424.23 

STORY5 497.68 540.46 

STORY4 557.88 605.84 

STORY3 584.64 634.90 

STORY2 591.33 642.16 

STORY1 582.21 597.88 

 

.Fig-2: Story Shear for Fixed and Base Isolation 

Support along X-Direction. 
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Fig-3: Story Shear for Fixed and Base Isolation 

Support along Y-Direction. 

4.2 STORY DRIFT: 

The maximum story drift for fixed support 

and base isolation support is show in table 4 and table 

5. Graph shows maximum story drift along X and Y 

Direction with fixed and base isolation support. 

 

 

Table-4: Story Drift for Fixed Support 

Story Drift For Fixed Support 

(m) 

STORY ID Drift-X Drift-Y 

STORY7 0.0008 0.0007 

STORY6 0.0012 0.0011 

STORY5 0.0016 0.0014 

STORY4 0.0018 0.0015 

STORY3 0.0019 0.0016 

STORY2 0.0023 0.0020 

STORY1 0.0012 0.0010 

Table-5: Story Drift for Base Isolation Support 

Story Drift For Base Isolation 

Support (m) 

STORY ID Drift-X Drift-Y 

STORY7 0.0006 0.0007 

STORY6 0.0009 0.0010 

STORY5 0.0012 0.0013 

STORY4 0.0013 0.0014 

STORY3 0.0014 0.0015 

STORY2 0.0017 0.0014 

STORY1 0.0009 0.0002 

z

 

Fig-4: Story Drift for Fixed and Base Isolation 

Support along X-Direction. 

 

Fig-5: Story Drift for Fixed and Base Isolation 

Support along Y-Direction. 

4.3 STORY DISPLACEMENT: 

The maximum story displacement for fixed 

support and base isolation support is show in table 6. 

Graph shows maximum story drift with fixed and 

base isolation support. 

Table-6: Story Displacement for Fixed & Base 

Isolation Support. 

Displacement (m) 

STORY ID 

With 

Fixed 

Support 

With Base 

Isolation 

BASE 0 0 

STORY1 0.0017 0.0029 

STORY2 0.0047 0.006 

STORY3 0.0073 0.0086 

STORY4 0.0094 0.0106 
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STORY5 0.0109 0.0121 

STORY6 0.0119 0.0131 

STORY7 0.0124 0.0136 

 

Fig-6: Story Displacement for Fixed and Base 

Isolation Supports. 

 

 

CONCLUSION 

• Mostly irregular in geometry which leads to 

torsional and differential moments in X and Y 

directions when lateral load is applied. This 

may cause overstress to the frames. This can 

be overcome by provision of Base Isolator in 

the form of lead. 

• The comparison of fixed base structure, the 

base shear is reduced in base isolated 

structures 

• The reduction of Storey drift is occurred when 

using isolators. 

• A base-isolation system minimizes its 

deformations. 

• Hence the better fitted isolator based on the 

requirement is constructed economically to 

ensure Safe structure withstanding damages 

due to natural calamities.  
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