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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 taken by a reference plan of building and analysis of G+15 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, III, IV & V and soil type I, II, & III i.e. Hard, 

Medium & Soft 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,  

  

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. 

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 
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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 

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. 

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. 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.  

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.  

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 
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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. 

  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.  

Description of Structural Models 

Model 1: fixed base building for G+15 storey’s  

Model 2: lead rubber isolated building for G+15 

storeys  

The parameters considered for G+15 story 

buildings are as follows:  

Importance factor: I =1.5 

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. 

 

S.NO Description Parameter 

Number 
of stories 

17 stories 

Column1 

size 

from story 13 to story 17  

450x450 

Column2 
Size 

from story 8 to story 12 
600x600 

Column3 
Size 

from story 1 to story 7 
900x900 

Beam 
Size 

230x400 
From story 1 to story 18 

Secondary 
beam 

Size 
230x300 

From story 1 story 18 
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Slab 
thickness 

150mm 

Wall 

thickness 
230mm 

Wall 

Material 
BRICKS 

Grade of 
Steel 

HYSD 415 

Grade of 

concrete 

M30 for columns and beams only 

M25 for  slabs 

Floor to 

Floor 
Height 

3.0m 

DL =1 kN/m2 

LL=4 kN/m2 for storey 2 to storey 17 

LL=5 kN/m2 for storey 1(CELLAR) 

Type of 
Materials 

Density 

Plain Cement 

Concrete 
24 kN/m3 

Reinforced 

Cement 
Concrete 

25 kN/m3 

Steel 7.850kg/m3 

Brick density 19kN/m3 

Cement 1440kg/m3 

 

 

 
Fig-1: Plan and Modeling of the Base   Isolator 

Building. 

Table-1: Stiffness for Soil Types along X-Axis 

 

 

Table-2: Stiffness for Soil Types along Y-Axis 

Table-3: Stiffness for Soil Types along Z-Axis 

 

4. RESULTS AND DISCUSSION 

4.1 Base Shear: 

The maximum base shears for fixed 

support and base isolation support is show as 

following tables. Graph shows base shear along X 

and Y Direction with fixed and base isolation 

support. 
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Table-4: Story Shear for Fixed & LBR Support 

with Soil Type-1

 

 

Fig-2: Story Shear for Fixed and Base Isolation 

Support along X-Direction (Soil-1). 

 

Fig-3: Story Shear for Fixed and Base Isolation 

Support along Y-Direction (Soil-1). 

Table-5: Story Shear for Fixed & LBR Support 

with Soil Type-2 

 

 

Fig-4: Story Shear for Fixed and Base Isolation 

Support along X-Direction (Soil-2). 

 

Fig-5: Story Shear for Fixed and Base Isolation 

Support along Y-Direction (Soil-2). 

Table-6: Story Shear for Fixed & LBR Support 

with Soil Type-3 

 

 

Fig-6: Story Shear for Fixed and Base Isolation 

Support along X-Direction (Soil-3). 
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Fig-7: Story Shear for Fixed and Base Isolation 

Support along Y-Direction  

(Soil-3). 

4.2 STORY DRIFT: 

The maximum story drift for fixed support and base isolation support is show in table. Graph shows 

maximum story drift along X and Y Direction with fixed and base isolation support. 

Table-7: Story Drift for Fixed & LBR Support with Soil Type-1 

Story ID 
Story Shear-X (kN) Story Shear-Y (kN) 

Zone-II Zone-III Zone-IV Zone-V Zone-II Zone-III Zone-IV Zone-V 

Base 0 0 0 0 0 0 0 0 

Story-1 2482.06 3971.29 5956.94 8935.41 3459.21 5534.73 8302.10 12453.15 

Story-2 2481.82 3970.92 5956.38 8934.57 3458.88 5534.21 8301.32 12451.97 

Story-3 2477.89 3964.62 5946.94 8920.40 3453.40 5525.44 8288.16 12432.24 

Story-4 2466.96 3947.14 5920.71 8881.07 3438.17 5501.07 8251.61 12377.41 

Story-5 2445.55 3912.87 5869.31 8803.97 3408.32 5453.31 8179.97 12269.96 

Story-6 2410.14 3856.23 5784.34 8676.51 3358.98 5374.37 8061.55 12092.33 

Story-7 2357.26 3771.61 5657.41 8486.21 3285.27 5256.44 7884.65 11826.98 

Story-8 2287.67 3600.27 5490.41 8235.61 3188.29 5101.27 7651.90 11477.86 

Story-9 2200.13 3520.22 5280.32 7940.28 3066.30 4906.07 7359.11 11038.66 

Story-10 2087.70 3340.42 5010.48 7515.72 2909.60 4655.35 6983.03 10474.55 

Story-11 1947.25 3115.60 4673.41 7010.11 2713.86 4342.17 6513.26 9769.89 

Story-12 1775.68 2841.09 4261.64 6392.45 2474.74 3959.59 5939.38 8909.07 

Story-13 1574.06 2518.50 3777.75 5666.63 2193.75 3510.00 5265.00 7897.50 

Story-14 1340.28 2144.45 3216.67 4825.01 1867.93 2988.68 4483.03 6724.54 

Story-15 1067.59 1708.15 2562.23 3843.34 1487.89 2380.62 3570.94 5356.40 

Story-16 753.01 1204.82 1807.23 2710.85 1049.47 1679.14 2518.72 3778.07 

Story-17 393.55 629.68 944.52 1416.77 548.48 877.57 1316.36 1974.54 
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Fig-8: Story Drift for Fixed and Base Isolation 

Support along X-Direction (Soil-1) 

 

Fig-9: Story Drift for Fixed and Base Isolation 

Support along Y-Direction 

 (Soil-.1) 

Table-8: Story Drift for Fixed & LBR Support with 

Soil Type-2 

 

 

Fig-10: Story Drift for Fixed and Base Isolation 

Support along X-Direction 

 (Soil-2). 

 

Fig-11: Story Drift for Fixed and Base Isolation 

Support along Y-Direction  

(Soil-2). 

Table-9: Story Drift for Fixed & LBR Support with 

Soil Type-3 

 

 

Fig-12: Story Drift for Fixed and Base Isolation 

Support along X-Direction  

(Soil-3). 
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Fig-12: Story Drift for Fixed and Base Isolation 

Support along Y-Direction 

 (Soil-3). 

4.3 STORY DISPLACEMENT: 

The maximum story displacement for 

fixed support and base isolation support is show in 

table 9. Graph shows maximum story drift with 

fixed and base isolation support. 

Table-9: Story Displacement for Fixed & LBR 

Support Soil Type-1, II, & III. 

S.no Story ID 
Point Displacement (m) 

Zone-II Zone-III Zone-IV Zone-V 

1 Base 0 0 0 0 

2 Story-1 0.0014 0.0015 0.0016 0.0018 

3 Story-2 0.0032 0.0032 0.0038 0.0042 

4 Story-3 0.0042 0.0045 0.0053 0.0059 

5 Story-4 0.0052 0.0056 0.0067 0.0074 

6 Story-5 0.0061 0.0067 0.0078 0.0086 

7 Story-6 0.0069 0.0076 0.0087 0.0096 

8 Story-7 0.0072 0.0084 0.0095 0.0103 

9 Story-8 0.0123 0.0123 0.0123 0.0123 

10 Story-9 0.0136 0.0136 0.0136 0.0136 

11 Story-10 0.0150 0.0150 0.0150 0.0150 

12 Story-11 0.0160 0.0160 0.0160 0.0160 

13 Story-12 0.0200 0.0200 0.0200 0.0200 

14 Story-13 0.0201 0.0201 0.0201 0.0201 

15 Story-14 0.0204 0.0204 0.0204 0.0204 

16 Story-15 0.0206 0.0206 0.0206 0.0206 

17 Story-16 0.0207 0.0207 0.0207 0.0207 

18 Story-17 0.0208 0.0208 0.0208 0.0208 

 

Fig-12: Story Displacement for Fixed and LBR 

Supports. 

CONCLUSION 

• When compared with fixed base structure, the 

base shear is reduced in base isolated 

structures, thus the response of building is 

good in base isolated structures than fixed base 

structures. 

• For base isolated building Response have been 

increased from 0.26sec to 0.36 sec. Since the 

super structure will be subjected to lesser 

earthquake forces, the cost of isolated structure 

will be cheaper. 

• This specific provision of stiffness attracts 

lesser seismic forces and thus resulting double 

benefits compared to conventional structure 

i.e. reduction of axial forces. 

• The point displacement for all the soil types 

will be same, whereas for seismic zones the 

point displacement is increases 

• Similarly strory drift and story shears also 

varies for different seismic zones. 

• The emerging architectural designs are mostly 

irregular in geometry which leads to torsional 

and differential moments in X and Z 

directions. This may cause overstress to the 

frames. This can be overcome by provision of 

Base Isolator in the form of lead. 

• A base-isolation system reduces Ductility 

demands on a building, and minimizes its 

deformations. 

• Base isolation increases the flexibility at the 

base of the structure which helps in Energy 

Dissipation due to the horizontal component of 

the earthquake. 

• Hence the better fitted isolator based on the 

requirement is constructed economically to 

ensure Safe structure withstanding damages 

due to natural calamities.  

• Based on the vertical capacity, maximum 

loading conditions and surface pressure use 

ISO9001 earthquake adsorbing device lead 

rubber bearing of size 200*1200mm for bridge 

and building, 
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