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Abstract —The main objective of project is to compare conventional Seismic analysis and lead rubber bearing system. While no structure
can be entirely immune to damage from earthquakes, the goal of earthquake resistant construction is to erect structures that fare better
during Seismic activity than their conventional counterparts. The installation of isolators at the base increases the flexibility of the building
structures. In present study Modeling and analysis of P+10 storey RC building is done in ETBS 19.1 version software for two cases. The
first one is fixed base and the second one is base isolated, one vertical irregular model is considered and analysis is done by equivalent
static and response spectrum method. The Lead rubber bearing (LRB) is designed as per IS and UBC 97 code and the same was used for
analysis of base isolation system. The results obtained from analysis were Storey displacement. Damper systems are designed and
manufactured to protect integrities and structural damages and to prevent injuries. There are many techniques to make seismic resistant
structure. The base isolation technique is used in this project to resist against earthquake. Lead Rubber Bearing is a new type earthquake
resistance rubber bearing, formed by inserting lead core into ordinary laminated rubber bearing, vertical supporting, and horizontal
displacement and hysteric damping are combined in single unit together.

Index Terms— Base isolation, Lead rubber bearing, Equivalent static method, Response spectrum method, storey displacement, shear

store, base shear

1 INTRODUCTION

Earthquakes are constant threats to human civilization. In
the last few decades, with the deployment of seismome-

ters in many parts of the world, we are now able to detect
tremors around the globe, including those in remote areas and
seafloors. Traditional seismic design of buildings is founded
on structural ductility and redundancy. Forces induced by
severe earthquakes are reduced as a function of the energy
dissipation capacity at the structural components and their
connections.

Base isolation systems partially uncouple a structure from
the seismic ground motion by means of specially designed,
replaceable, devices inserted between the structure and its
foundation. It illustrates a conventional P+10 storey building
and a protected base isolated one. The conventional building
reduces dynamic forces by plasticity of the structural and non-
structural components. In order to understand the perfor-
mance of the building under seismic effect and the effect of
lateral loads on a structure, it is necessary to evaluate the time
period of a structure. It is necessary to determine the signifi-
cance of the time period before evaluating the time period of a
structure. Time period plays an important role in estimating
the lateral loads and hence contributes to the seismic assess-
ment of a structure.

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. The value obtained for time period as per
the code and as per the software is compared.

1.1 Base Isolation system

In base isolation technology during earthquake, sepa-
rating the superstructure or reducing the lateral move-
ments of building superstructure from the movement of
ground or foundation. The bearings of base isolation are
designed in such a way that they are stiff vertically and
flexible horizontally to allow for the difference in lateral
movement while still supporting the superstructure. The
base isolated structures are different than that of fixed
base structure, in which the connection between the su-
perstructure and the foundation are rigid and the super-
structure translation in all direction is constrained. A
building is decoupled from the earthquake ground mo-
tion or seismic waves. When a building is decoupled from
ground motion it significantly reduces response in the
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structure which would have affected building if it is fixed
base. Base isolation decouples the building from ground
motion by decreasing the fundamental frequency when
compared to fix based building. To some extent by reduc-
ing the superstructure’s spectral acceleration, the reduc-
tion in seismic force at superstructure is achieved. By in-
creasing the base isolated structure fundamental period
and through damping caused by dissipation energy with-
in bearing the accelerations are reduced.

1.2 Lead Rubber Bearing System:-

Lead rubber bearing (LRB) was firstly invented by William-
son in 1975. It was found in Newzeland. A variety of isolation
devices including elastomeric bearings with lead core, frictional
sliding bearings and roller bearings have been developed and
used practically for a seismic design of buildings during the last
25 years. Among the various base isolation system, the lead
rubber bearing had been used extensively. It consists of alter-
nate layers of rubber and steel plates with one or more lead
plugs that are inserted into the holes. Due to lateral forces the
lead core deforms, yields at low level of shear stresses approxi-
mately 7 tol0 Mpa at normal (200c) temperature, so the lead
bearing lateral stiffness is significantly reduced.

Functions of Lead Rubber Bearing System

LRB has 4 main Components which are listed below

A) Load supporting function: Laminated Rubber rein-
forced with steel plates provides stable support for
structures. Multilayer construction rather than sin-
gle layer rubber pads provides better vertical rigid-
ity for supporting a building.

B) Horizontal elasticity function: With the help of
LRB, earthquake motion is converted to low speed
motion. As horizontal stiffness of multilayer rub-
ber bearing is low, strong earthquake vibration is
lightened and the oscillation period of the building
is increased.

C) Restoration function: Horizontal elasticity of LRB
returns the building to its original position. In LRB,
elasticity mainly comes from restoring force of the
rubber layers. After an earthquake this restoring
force returns the building to the original position.

D) Damping Function: Provides required amount of
damping that is necessary.

1.3 Important terminologies

a. Storey Displacement: Total displacement of any sto-
rey with respect to ground and there is maximum
permissible limit prescribed in IS codes for buildings.

b. Storey Shear: It is the sum of design lateral forces at
all levels above the storey under consideration.

c. Storey Drift: It is defined as ratio of displacement of
two consecutive floors to height of that floor. It is very
important term used for research purpose in earth-
quake engineering

Connected

to column

Lead core

Foundation

Figl. Lead bearing rubber system connection to foundation and
column

2. Objective Study

In the present study, the work includes the analysis of a P+10
storey reinforced concrete plan geometric irregular and verti-
cal geometric irregular buildings in accordance with 151893-
2002,UBC 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 19.1 version
software and study the effect of seismic forces on
these models.

> To carry out comparison between fixed base and base
isolated building by equivalent static method and dy-
namic 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 RC building at
higher seismic zone area.

3 LITERATURE SURVEY

Ioannis Kalpakidis had worked on Lead-Rubber Bearings with
Emphasis on Their Implementation to Structural Design. He
had published his research paper in Earthquake Engineering
Society U.S.A. in 2021. The seismic design of conventionally
framed bridges and buildings relies on the dissipation of
earthquake-induced energy through inelastic (nonlinear) re-
sponse in selected components of the structural frame. Such
response is associated with structural damage that produces
direct (capital) loss repair cost, indirect loss (possible closure,
rerouting, business interruption), and perhaps casualties (inju-
ries, loss of life) There are various mechanisms/devices that
have been invented in the past for the protection of structures
from the damaging effects of earthquakes. A lot of these de-
vices are based on the idea of uncoupling the structures from
the ground. Rollers, layers of sand, or similar materials are
among the ideas proposed in the past to allow a building to
slide. Such mechanisms are early versions of the now
widely accepted and applied concept of base/seismic isola-
tion. Lead-rubber bearings are one of various existing types of
seismic isolation devices and have been used for years for the
protection of structures from the damaging effect of earth-
quakes. This entry presents summarized information regard-
ing the use, benefits, properties, and applications of lead-
rubber bearings along with literature sources for further read-
ing on the subject.

Earthquake early warning-enabled smart base isolation
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system” was studied by Yan-Shing L. their study paper was
published in automation in construction.in 2021. Recent de-
ployments of Earthquake Early Warning (EEW) system in Ja-
pan and some other earthquake-prone regions provide the
vital warning signals prior to the arrival of destructive ground
motions. The EEW system uses the different traveling speed of
seismic P- and S-waves to achieve the goal of earthquake
warning. This technology is primarily used to produce warn-
ing signals to alert the public to avoid potential risks, such as
to evacuate from buildings. It is also used to mitigate other
risks such as reducing train speed of Shinkansen trains. The
present study suggests a new seismic-risk mitigation tech-
nique by connecting a base isolation system with the EEW.
Base isolation is a mature technology which decouples struc-
ture from its base and lengthens its natural period of vibra-
tion. However, existing base isolation devices must possess
certain lateral resistance to withstand service lateral forces
such as wind, and such stiffness hinders the effectiveness of
vibration isolation. In addition, supplementary damping de-
vices are sometimes added to control excessive displacements
in isolation level. This paper proposes a smart system which
changes the property of a base isolation system upon EEW
signal. In normal times when earthquake risk is not present,
the base isolation system is locked by shear keys.

“SEISMIC ANALYSIS OF RC STRUCTURES USING BASE
ISOLATION TECHNIQUE” was studied by Shameena Khan-
navar et.al. Their study and research paper is published in
International Research Journal of Engineering and Technology
(IRJET) in Volume: 03 Issue: 07 in July-2016. The base isola-
tion 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. In present study Modeling and analysis of 10 sto-
rey RC building is done in ETBS 15.1 version software for two
cases. The first one is fixed base and the second one is base
isolated. Two vertical irregular and Two plan irregular models
are considered and analysis is done by equivalent static and
response spectrum method. The Lead rubber bearing (LRB) is
designed as per UBC 97 code and the same was used for anal-
ysis of base isolation system. The results obtained from analy-
sis were Storey displacement. Storey shear, storey the inter
storey drift, storey acceleration, and Inter storey drift. Due to
the presence of isolators the inter storey drift, storey accelera-
tions and storey shear is greatly reduced and storey displace-
ment is increased in both X and Y directions compared to
fixed base structures.

4 METHODOLOGY
4.1. Modeling
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Fig. 2. Working Plan in Autocad.

4.2. Description and Modelling of building:-

1. Software used for analysis is ETABS v 9.7.1

2. Measurements are in Kn-m

3. Code Provisions as per
e 15456-2000
o 1S875-1987(PART 1,2,3))
e [S51893-PART 1
e UBC1997

4. Types of analysis performed are response spectrum
analysis and time history analysis

4.3. Building details:-

Location of site:- Ahmednagar

Plan dimensions :- 8.5m X 13.5m

Total number of Storeys :- 11 (Parking+10)
Type of building :- Residential

Structure type :- plan regular type

Height of each storey:- 3.15m

Total height of structure:- (3.15X11+2.55)=37.2m
Material Properties

Grade of concrete: - M25

Grade of steel: - FE500

All wall thickness:- 150 mm

Interior beam sizes:- 230mm X 530mm
Exterior beam sizes:- 230mm X 530mm
Slab thickness:- 150mm

VVVVVVVVVVVVYYY

4.4. Gravity loads:-
Dead load (slab) = 25X0.15X13.5X8.5

= 430KN (3.75KN/M2)
Live load =2KN/M2
Floor finish load = 1.5 KN/M2
Beam load =150 KN/M
Wall load = 20X0.15X2.7=7.9 KN/M
Parapet load = 20X0.15X1.2=3.6 KN/M

Calculation of various design parameters

»  Zone factor:-
For Ahmednagar zone III (As per IS 1893:2002)
(Clause -6.4.2)
Z=0.16
» Importance factor
Building is residential building type so as per (As per
IS 1893:2002) (Clause -6.4.2)
I=1
» Response reduction factor
Building s special RC moment resisting frame
R=5 (As per IS 1893:2002) (Table-7)

» Calculation of time period
Tax=0.09h/d%5
=0.09X37.2/(8.5)%°
=1.15 sec
Tay =0.09h/d0>
=0.09X37.2/(13.5)05
=0.92 sec
> Average acceleration coefficient
For Hard Soil
Sa/g=1/T
=1/1.15
=0.87
Damping percentage = 5%

.......... (0.4<T<4)
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Factor =1.00
Sa/g=0.87
>

Calculation of horizontal seismic coefficient
An=ZXIXSa/(2XRXg)
= 0.16X1X0.87/(2X5)
=0.014
Total load on structure = 32565 KN
Base shear = V, = 32565 X 0.014
=455.9 KN

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 rectangu-
lar model using E-TABS 19.1 version software,

=

= — e 1’_ o
A ||
~ ||

I
-
|

+

Y
*
Fig. 3. Mode with fixed base made in ETABS
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Fig. 4. Assigning isolated rubber base to model-2 in software

Fig. 5 Assigning wall loads and assigning slab panels in ETABS
software

The above figures indicate loading applied to the stories of
the building. The major loads considered are wall load and
slab load. The major displacement and moment are caused

due to this load. The analysis did by the software have gener-
ated some images as shown below.

5 SOFTWARE OUTCOME

As loading is applied there will some shear force generated
at the base. This shearer forces are result of loading from all
the floors above and there individual floor load. The shear
load generated by the software as shown below. There are

loads pre calculated by the software according to pre-defined
IS parameters.

Fig. 6. Outcome of Maximum compressive loads

Table 1:- Isolator properties model-2

Required Stiffness Ke 4275.83KN/M
Yield Force 351.80KN
Stiffness ratio 0.1

Damping 0.05
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5 RESULTS

Analysis was done in ETBS 19.1.0 software. On the basis of
analysis of data we designed for maximum compressive load-
ed column. And we get sizes of lead rubber bearing compo-
nents are as follows
1. Story Displacement- In model -1 with fixed base it is
observed that it has more displacement in upper floor
than model-2 which is isolated base. The following
graph shows model-1 and model-2 displacement on
each floor. These graph are calculated from Etabs soft-
ware

—+—MODEL-1ALONG X
~#—MODEL-1ALONG 8
—&—MODEL-2 ALONG X

MODEL-2ALONG Y

Fig.7. Storey displacement along X and Z direction in both models

After analyzing the above graph it shows the value of sto-
rey displacement along X and Z direction. All displacement
values are in mm. after applying base isolator to model -2 it
reduces the displacement values. Along X direction displace-
ment is reduced by 44 %. And along Z direction displacement
it is reduced by 40%

2. Base Shear

H model-1

¥ model-2

Base shear

Fig.8. Graph of base shear in both models

After applying rubber to base along x-x and y-y direction
there is decrement in base shear value model-2 than model-1.
The value of base shear in regular structure is 455.9 KN but
after applying lead rubber bearing base shear is nearly 400KN.
That means it was reduced up to 88.8%

3. Story Shear:-

25

Emode-1

B model-2

storey 10 storey 9 storey8 storey7 storey6 storey5 storeyd4 storey3 storey2 storeyl Gound
floor

Fig.9. Graph of storey shear in both models

After applying lead rubber bearing to structure changes in
story shear is reduced by 35%.

4. Storey drift:-

Emodek1

Emodel-2

storey storey 9storey 8 storey 7 storey 6 storey 5 storey 4 storey 3 storey 2 storey 1 Gound
10 floor

Fig.10. Graph of storey drift in both models

It is observed that story drifts in x-x direction are in-
creased in story 1 and 2 of model-2 when compared to model-
1 and in story 3 to story 11 the story drifts in x-x direction are
reduced in model-2 compared to model-1 which is the effect of
lead rubber bearing at base. It is important to reduce story
drifts of top stories which damage structure during earth-
quake. In model-2 (base isolated) story drift in x-x direction at
story 6 reduced by 20% when compared to model-1 (fixed
base) and in model-2 storey drift in x-x direction of storey 11
reduced by 25% when compared to model-1.

6 CONCLUSION

1. After applying LRB Story shear reduced by 35%. Af-
ter the lead rubber bearing (LRB) is provided as base
isolation system which reduces the seismic effect on
building

2. Base shear is also reduced after providing LRB which
makes structure stable during earthquake

3. Story drift are reduced in higher stories which makes
structure safe against earthquake

4. Point displacements are increased in every stories af-
ter providing LRB which is important to make a struc-
ture flexible during earthquake

5. Finally it is concluded that after LRB is provided as
base isolation system it increases the structures stabil-
ity against earthquake and reduces reinforcement
hence make structure economical.
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