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Abstract
Seismic isolation is an alternative to conventional design methods for dealing with earthquake loadings in relatively high frequency
structures, especially in low to medium rise buildings. One of the goals of seismic isolation is to shift the fundamental frequency of the
structure away from the dominant frequencies of seismic excitations and fundamental frequency of the fixed base structure. This
innovative design approach aims mainly at the isolation of a structure from the supporting ground, usually in the horizontal directions
in order to reduce the transmission of the earthquake motion to the super structure.

In this paper seismic analysis performed for a low to medium rise fixed base building and it was observed that the fundamental time
period of the fixed system are typically in the resonance range of 0.1 sec. to 2.0 sec. This results in amplification of the ground
acceleration causing severe damage to structures and their contents. To avoid such a situation, the period must be lengthened, by
increasing the flexibility of the structure by introducing seismic base isolators between the foundation and super structures. A six
storey structure under both fixed base and seismically isolated boundary conditions is studied to demonstrate the effectiveness of
seismic isolation. The comparative result shows that maximum floor acceleration, inter-storey drifts and storey shear forces are
reduced substantially for seismically isolated structure.

Keywords: Seismic base isolation, Seismic resistant design, Lead rubber bearings, Response spectrum analysis, Time
period.
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1. INTRODUCTION

A seismically isolated structure has a fundamefrejuency
that is much lower than the fundamental frequentythe
corresponding fixed supported structure and thel@renant
frequencies of a typical earthquake. This is adtdewy
mounting the structures on a set of isolators pinavides low
horizontal stiffness and consequently, shifts thedamental

frequencies of the structures to much lower valuAs.

seismically isolated structure experiences redusemic
forces and accelerations and moves essentiallyiggebody,
preventing damage due to deformations.

In the base isolation strategy, it is possible fmam a
considerable reduction of large displacementsradthiat the
base level as a consequence of the energy dissipditie to
damping and hysteretic properties of isolation deviMany
buildings have been constructed on various typeseafmic

bearings, and such structures have shown superior

performance during earthquakes [1].

1.1 Historical Background

A purely sliding isolation system is the earliesidathe
simplest isolation system proposed in 1909 by Joésn
Avetican Calantarients, a medical doctor in Engl§2jd He
suggested separating the structure from the folorddty a
layer of talc; isolation system reduces accelenatin the
isolated building at the expense of large relatiigplacements
between the building and the foundation. Calantéisebase
isolation system using a layer of talc as the tgmhamedium
shown in Fig.1
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Fig.1 Calantarient’s base isolation system using a laj¢alc
as the isolation medium

1.2 Seismic Base | solation Using Sand

The largest is a four storey dormitory building stvacted for
the Earthquake Strong Motion Observatory in Beijiimy
which the sliding surface is a layer of speciakyested sand
between terrazzo plates that are located abovéothmlation
and under the walls at the ground floor level [2].

1.3 New Bhuj Hospital with Base | solation
Technology

The 300-bed new Bhuj hospital replaces the buildingt
claimed 176 lives when it collapsed during the dan001
Gujarat earthquake. This is the first seismicalbplated
building in India fitted with laminated rubber begys. With
this technology, the building can sway for 35 crthie two
horizontal directions for an earthquake measurigbteon the
Richter scale.

2. CONCEPT OF SEISMIC ISOLATION

The isolation system decouples the structure frdme t
horizontal components of the ground motion by inipgs
structural elements with low horizontal stiffnesstvieeen the
structure and foundation. The superstructure eisdignacts
like a rigid body with reduced inter storey driftthus
mitigating the subsequent seismic damage. Fig.2vshhe
mechanisms of base isolation subjected to grourttbomorhe
isolation reduces the fundamental frequency of dtnecture
from its fixed base frequency and thus shifts thsitpn of
the structure in the spectrum from the peak-plategion to
the lower regions. Also, it brings additional dangpidue to
the increased damping introduced at the base lewel,thus
further reduction in the spectral accelerationcisieved.

_— Fixed Base Structure

Isolated Structure
;(Reduced Response due
/ to Damping)

Spectral Acceleration {Sa/g)

Fig. 2 Mechanism of base isolation

2. 1 Classification of Seismic Isolation Systems

Seismic Isolation systems are generally classdied
e Elastomer based systems
e Sliding / Friction based systems
e Spring type systems
¢ Sleeved - Pile system
* Rocking systems

3. ISOLATION SYSTEM BASED ON LEAD
RUBBER BEARING

Lead Rubber Bearings (LRB) are seismic isolatordeng of
alternate layers of steel laminates and hot vukeghirubber
with a cylindrical central lead core. The energgsihation
provided by the lead core, through yielding, alldesachieve
an equivalent viscous damping coefficient up touati20%,

i.e. two times that of high damping elastomeridasars[4].

The advantage claimed in this type of bearing ist tthe
unnecessary movement of the structure under lod lleeels
due to wind and low intensity earthquake is presdnon

account of the high elastic stiffness of the plég. higher

loads, the plug yields and the shear stiffnesshefdystem is
significantly reduced providing the desired pericthift

characteristics and energy dissipation mechanigmough the
high energy dissipation capacity, it is possibleréduce the
horizontal displacement, in comparison with that af

isolation system with the same equivalent stiffniesslower
energy dissipation capacity. Usually, they arewacin shape
but can also be fabricated in square sections; ¢hayalso be
fabricated with more than one lead core.

3.1 Mechanical Characteristics of L ead Rubber
| solators

The total horizontal and vertical stiffness of thebber
isolators is computed using single degree of freedgstem
equation, shown in the Table 1[5].
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Table 1 Mechanical characteristic of lead rubber isolators

Horizontal stiffness(KH) GA 1125 Where,
KH = KN/m, G= Shear modulus=1.06 MN/m2,
'[r A=Effective area of individual rubbgr
. _ layers,
Vertical stiffness(KV) K. = Ec A 2700 kN/m tr= Total height of the rubber layer,
v t, EC=Compression modulus.
Area of Lead AP A = Qp 84.33cm2 | QD=Short term yield force,
P _E fPY=Yield strength of lead core =8.82
MN/M2,
Total height of rubber tr= DD/[Imax 0.42m DD= Design displacement,
layers tr CJmax= Maximum shear strain
Single layer thickness af;— 4 1.375cm S= shape factor=20,
rubber layer ‘t’ 45 Say 1.5cm | d=lead core diameter=11cm.
Steel plate thickness tS _2(0.01 + 0.01)Ppr411 1.77mm Are=Reduced area,
s Ave. Fs Say 2mm | Fs= for steel 0.6Fy
Total height ‘h’ of the| h=tr+41xts+2x5cm 60.2 cm Remarks,
bearing Assuming the thickness of the top and
bottom cover plates both to be 5cm.
4. DYNAMIC ANALYSIS
3.0 T T -
Dynamic analysis using STAAD Pro software is perfed to Type | (Rock, or Hard Sail
obtain the design seismic force, and its distriyutio different Yy Type Il (Medium Soil)
levels along the height of the building and to terious e Type Il (Soft Sail)
lateral load resisting elements [3]. :§ 20k
5
4.1 Response Spectrum Analysis 5 15
®
In the present study response spectrum methodabysis was —g
performed using the design spectrum specified,yoa lsite- < “or
specific design spectrum mentioned. Response spémtrb L
percent damping IS 1893:2002 are shown in Fig.3 [6] g 057 v
0.0 -
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Fig.3 Response spectra for 5 percent damping IS 1892 20

4.2 Problem Definition

The six storey building for a commercial complex is
considered to be located in seismic zone Il onta with
medium soil. The selected building was designedsésmic
loads as per IS 1893(Part 1): 2002 [7].
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5.ANALYTICAL RESULTS

Response spectrum analysis was performed for tleetsd
fixed base building of different heights and fofixed base
and base isolated six storey building. The supsssire is
assumed to be in elastic linear range. Isolatopgmntges used
in base isolated building are given in the Table The

comparisons of time period, storey shear and Sgectr
acceleration are shown in Fig.4 and Fig.5 respelstivThe
time period versus different storey heights is shawrig. 6.
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Fig. 5 Comparison of spectral acceleration for fixed bearse

base isolated building.
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Fig. 6 Time Period versus Storey height for fixed base
building.

CONCLUSIONS

In this paper seismic analysis performed for actetelow to
medium rise fixed base building. It is observedt,ttthe
buildings height which lies in the range of 3m tnRare of
fundamental time period typically found in the neance
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range of 0.1 sec. to 2.0 sec., which constitute the
overwhelming majority of buildings worldwide. Thigsults
shows that base isolation is best suitable for fownedium
rise buildings.

A six storey structure under both fixed supportedd a
seismically isolated boundary conditions is studién
demonstrate the effectiveness of seismic isolatidhe
analytical results show that maximum floor accdlera inter-
storey drifts and storey shear forces are reduabdtantially
for seismically isolated structure.
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