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PREFACE

PREFACE

An earthquake is a very dangerous natural disaster i.e. brought on by the tectonic
plates moving within the earth's core. Many constructions fall as a result of
earthquakes, causing fatalities among people. The Base Isolation System is a
technique for minimizing an earthquake's effects on the building by absorbing its
shaking forces. In order to minimize base shear, increase time & storey-displacement,
and decrease storey-drift, the design of base isolation bearing is optimized from the

cumulative load of column of fixed base structure.

Here, we are considering the design of G+12 & G+22 storey RC building with fixed
base and isolated base. For design of a based isolated structure, LRB and TFPB are
used. Analyzing and designed of these two type of structure with different model case
are carried out by response spectrum method in ETABS 2016 software. LRB & TFPB
are design according to axial load, biaxial load and uniaxial load (Cumulative load
from fixed base modal). Time period, base shear, story displacement, story-drift,
percentage reduction in steel, and overall cost economy will be determined for all
model situations after evaluating the framework. With the use of LRB and TFPB as
base isolators, it is found from this study that time period and story displacement
increased while base shear, story drift, percentage of steel reduction, and overall cost

were reasonably enhanced.
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CHAPTER-I INTRODUCTION

1.1 Preamble

In the present chapter, the study area's history is covered. This is followed by the
justification for selecting the current research question and the thesis' organizational

structure.

1.2 General Overview

Designing a stiff and robust structure that can withstand expected lateral stresses and
can withstand earthquakes using conventional "brute force" methods. This approach
might not be the most economical one. This method has the drawback that all lateral
forces generated by the seismic ground motion must be absorbed by the building. The

aforementioned issue can be prevented using the base isolation system.

The base isolation technique seemed to be created in an effort to lessen earthquakes'
influence on structures when seismic strikes, also, it's been demonstrably among the
most successful techniques in recent years. Installing the support devices that isolate
the building from ground tremors brought caused by earthquakes constitutes base
isolation. The input forcing feature is enabled by base isolation to be filtered and the
structure to be protected against acceleration-induced seismic forces. Ground
movement occurs during earthquakes while the structure barely moves if it
is separated from the ground. Whereas this technique had first been developed in the

1900s, it wasn't until the 1970s that it became a useful method for seismic design.

The Base isolation's main goal is to significantly diminish the structure's ability to
absorb the pressures and energy caused by an earthquake. To do this, a framework is
placed on a lateral stiffness-low support mechanism, which causes only mild motion
in the structure itself when an earthquake occurs and causes considerable motion in
the ground. Movement of the framework as the support bearings' flexibility increases,
challenges with how they relate to the ground when subjected to wind loads may

arise.

According to research by Skinner and McVerry (1975), a base isolator with hysteric
force-displacement qualities can withstand wind-induced horizontal stresses while

still providing the essential high dumping, force limitation, and flexibility under
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CHAPTER-I INTRODUCTION

earthquake stresses (Skinner & McVerry, 1975).

A basis for using a two-degree-of-freedom linear dynamic system was introduced by
Connor in 2002 to analyze the reaction of the base isolation Mechanism. By shifting
the system's actual fundamental frequency out of the region at which a quake would
produce the most powerful inertia forces, base isolation reduces seismic reactivity.
Increased support bearing flexibility (or a decrease in their stiffness) lengthens the
system's corresponding natural period. Period is raised over the range of the surface
trembling brought by earthquakes, preventing resonance & lowering seismographic

acceleration response (Connor, 2002).

The performance of a base isolation system in a framework is based on specifications
of bearing mechanisms that isolate the framework from surface vibrations. The lateral
inertia forces brought on by earthquakes on a structure are reduced by a building's
prolonged effective period and the base isolated structure's isolation from the support
mechanisms' low rigidity. Understanding how the parameters of the framework's
support systems affect the seismic performance of isolated structures is therefore
critical. A number of base isolation devices, such as friction devices (PTFE sliding
bearings), yielding steel devices, laminated elastometric rubber bearings, lead rubber

bearings, and lead extrusion devices, have been developed to achieve this goal.

In contrast to unisolated structures, base isolation systems, according to Andriono
[1990], greatly lower the superstructure's lateral stiffness and ductility requirements.
Due to the reduction of materials used for lateral systems and the simplicity of
structural detailing, cost savings are made possible. Additionally, base isolation gives
the designer access to a larger selection of architect.ural forms and structural

materials (Andriono, 1990).

In addition to the technical feasibility, the early stages of design should focus on the
economic feasibility. Construction expenses, earthquake insurance premiums,
earthquake damage costs, maintenance costs, market share loss, and potential

responsibility are the primary considerations (Charng, 1998).

According to Skinner and McVerry [1975], the cost of creating buildings with the
required level of seismic resistance may frequently be greatly diminished as a result of

the current base isolation procedures (Skinner & McVerry, 1975).
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CHAPTER-I INTRODUCTION

Base isolation is a seismic safety technology that has gained popularity over the last
few decades for both buildings and the stuff inside of them. Base isolation is a method
for seismic retrofitting old buildings, designing buildings with moving parts, high-risk

structure, and structure with special significance after quakes, among other things.

Base isolation has advantages over traditional methods in the aforementioned
situations because it offers far higher protection from extreme seismic events. It is

thought that base isolations systems can solve a variety of design problems.

1.3 Motion Caused by Earthquakes

It is vital to determine the applied forces in order to comprehend how buildings move. This

section will go over the main, underlying problems with earthquakes.

1.3.1 Features of Earthquakes

The following are the primary aspects of earthquake ground motion that an engineer must

comprehend:

» period
amplitude of displacement
amplitude of velocity

>
>
> increase in acceleration
>

range of ground motion frequency

Additionally, structures possess a set of inherent frequencies respond to that which
determine them. Its fundamental recurrence is the lowest. The basic recurrence
resonance arises as the produced earthquake recurrence gets closer to it. A designer
must make sure that the frequency response of the building is higher than the seismic
frequency range. An approximation of the relationship between a building's n floors

and the basic period T is provided by a general theory that is very helpful in the early

design.
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CHAPTER-I INTRODUCTION

With six floors and a story elevation of 15 feet, a building that is 90 feet tall would
have a period of roughly 0.6 sec.

1.3.2 Concept of Resonance

As previously indicated, Engineers are required to create structures that their
response to ground motion occurs at frequencies that are distinct from those of
earthquakes. Resonance happens when the response frequency of the building is
similar to or nearly equal to the frequency of surface motion. The horizontal
resonance pressures on a structure are amplified when resonance increases the
building reaction, which can have catastrophic effects. A well-known illustration of
this is the Tacoma Narrows Bridge, instance of a catastrophic failure brought on by
resonance. Instead of ground motion, the Tacoma Narrows Bridge collapsed due to
oscillating in response to wind vorticity, who's frequency matched one of the torsion
modes of tremors within the structure about the orientation along the long axis of the
deck. Although reverberations caused by wind is outside the study's parameters, a

wonderful example of the disastrous collapse caused by resonance is the Tacoma

Narrows Bridge.

Figure-1. Resonance-Induced Severe Deformation and Eventual Collapse of the

Tacoma Narrows Bridge.
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CHAPTER-I INTRODUCTION

1.3.3 RS - Response Spectrum

The spectrum of response of the structure to ground movement for different
frequencies are readily shown by a RS. A graph of RS structure, which displays the
high response rates of velocity against the duration of excitation, is a standard way to
see the spectrum (inverse of frequency). The fundamental mode frequency of a
building is first determined by engineers, who then use the aforementioned graph to
calculate the acceleration that an earthquake will have on a building. The inter-story
drift of a structure determines the degree of structural damage it will sustain.
Therefore, when examining the way a structure responds to tremors, it’s crucial for

analyzing the structure to determine its reaction frequencies.

1.4 Structure Reaction

The primary factors influencing building reaction and earthquake damage will be
briefly covered in the section that follows. A building may sustain a variety of
damages, ranging from modest surface finish cracking to significant cracks inside the
primary structural elements, which could lead to total structural damage. Structure-
related destruction (damage to structural members brought on by deformations) and
non-structural damage are the two categories into which damage is commonly
divided. Damage to the structure could result in considerable property damage and
death. Although non-structural damage has the potential to result in fatalities, it is

largely associated with the injuries and probable infrastructure damage.

1.4.1 Consequences of Surface Acceleration

Understanding how a structure is harmed by ground acceleration requires applying
the Second Law of Motion, that states that the force exerted against an object equals
the the body's mass times its acceleration. As a result, the forces acting on a building
rise together with acceleration. Therefore, an engineer must lessen the building's
acceleration in order to lower forces on the structure. The inertia force is defined as

the sum of mass and acceleration. The structure deforms as a result of the inertia
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force brought on by ground motion. Beams, columns, lateral braces, bearing mills,

interconnections and additional internal structures are all affected.

1.4.2 Effects of Stiffness and Ductility

Height, materials, connections, lateral systems, and other factors all affect stiffness.
The lateral forces that the structure experiences as a result of ground motion are
significantly influenced by stiffness. Accelerations equal to those of the ground will
be experienced by an endlessly stiff edifice. Therefore, the more rigid the framework,
the greater the lateral inertia forces that result from ground motion on the framework.
System for base isolation successfully lowers the system's similar rigidity, which

lowers the inertia forces acting on the structure.

The most critical element determining a building's seismic performance in traditional
seismic design is its ductility. A building's ductility must be sufficient to survive any
earthquakes it may suffer over the course of its lifetime. The primary duty of an

engineer building a quakes structure is to do this.

1.4.3 Damping's impacts

Damping is characterized as the gradual decrease in oscillation amplitude. Every
structure has some natural damping. An oscillatory object wouldn't ever come to a
halt without dampening. Internal friction in buildings causes damping, which loses
input energy. The ability of a building to dissipate earthquake energy depends on its

intrinsic damping, which increases with size.

1.5 Thesis Organization

Current Chapter (Introduction) provides a succinct summary of the topic of current
research, the impetus for the current study, and an outline of the thesis's

organizational structure.
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Chapter 2 (Components of Base Isolation System) contains components of the

numerous kinds of base isolation system.

Chapter 3 (Literature review of Base Isolation System) contains the review of

literature in the field of numerous kinds of base isolation system.

Chapter 4 (Methodology of Research) the chapter contains the scope of present
work, objectives defined based on the identification of the gap in existing research,

the hypothesis of thesis and overall design methodology.

Chapter 5 (Base Isolation Bearing Design). In this chapter the Base Isolation
System: LRB) & TFPB are design according to axial load, biaxial load and Tri-axial

load (Cumulative load from fixed base modal).

Chapter 6 (Analysis & Results Summary). In this chapter the result obtained from all
the model: Time period, Base Shear, Storey-Drift, Storey-Displacement, Steel
reduction and overall cost economy is analyzed and a Results summary is made for

comparison along with graph.

Chapter 7 (Conclusions & Recommendation). In this Chapter the entire work of this
thesis is concluded & Recommendation based on the conclusion.
The resources consulted for this project have been cited at the respective places of use

and listed in the Bibliography chapter.
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CHAPTER-II COMPONENTS OF BASE ISOLATION SYSTEM

2.1 Preamble

Chapter 2 provides components of the different types of base isolation systems.

2.2 Parts of Base Isolation Systems

Since seismic isolation system has become more popular over the past few decades, the
technology is advanced and there are many different base isolation systems available.
Elastometric devices and gliding devices are the two main groups into which the
devices could be separated. Above isolation techniques, which both have some inherent
dampening, are used to shift the fundament al building frequency outside of the
earthquake excitation range, which lowers accelerations and lowers the associated
lateral inertia forces. A particular collection of characteristics, such as lateral rigidity,
yield strength, maximum deformations under severe seismic loading, residual
deformation, and the ability to revert to the original location, etc., define the devices of
both groups. The aforementioned specifications for several devices that are currently

on the market are outlined in this chapter.

2.3 Elastometric Bearing

Since they are made of elastometric material, elastometric devices live up to their name
and are effective. Their resilience is their main benefit. Deformations caused by service
load and durability, however, can be a problem. NRB, LRB and HDRB are examples
of popular elastometric devices. In this part, the specifics of the aforementioned

technologies will be covered.

2.3.1 Natural Rubber Bearing (NRB)

Natural rubber or neoprene is used to make laminated rubber bearings, another name
for natural rubber bearings, synthetic rubber used for its strength and durability and for
its resemblance to natural rubber in behavior (Ehrlich, Flexner, Carruth, & Hawkins,

1980). Figure 2 depicts natural rubber bearing setup.
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Top cover plate

Bottom cover
plate

Figure-2. NRB Schematic

Shim layers made of rubber and steel alternate in natural rubber bearings. In order to
create a composite bearing, these layers are fused together using the crosslinking
process under temperatures and pressure. Shims made of steel stiffen the bearings
vertically and stop an isolated structure from wobbling. Shims made of steel also
prevent latex prevent blowing up when under severe axial compressive loads. Shims
have no impact on the bearings' axial stiffness because this property is governed by the
elastic material's shear modulus. The bearings are sandwiched between two sizable
endplates to make it easier to attach the foundations and isolator mat.

The main drawbacks of natural rubber bearings are their poor absorption and low
stiffness, which make them incapable of withstanding service wind loads. Natural
rubber bearings typically have a 2-3% critical damping. In order to cope with service
and strong seismic loads, natural rubber bearing support structures typically need
further damping mechanisms, including such viscous or hysteretic dampers. However,
damping qualities can be improved by altering the elastometric material's
characteristics.

NRB, however, are easy to install and produce. Additionally, it is simple to understand,
analyze, and consequently design their behavior. Neoprene and Natural rubber are

recognized to keep a stable shear modulus during age, hence the impacts of creep and

FACULTY OF ENGINEERING, DEPARTMENT OF CIVIL ENGINEERING Page 9



CHAPTER-II COMPONENTS OF BASE ISOLATION SYSTEM

stiffness degradation over time are minimal. (Naeim & Kelly, 1999).

2.3.2 Lead Rubber Bearing (LRB)

LRB are far better able to provide enough rigidity for wind loads and superior damping
properties than NRB. Apart from the presence of any number of cylindrical metals
inserts in centre, as seen in Figures 3, the LRB arrangement is same as of natural rubber
bearings. Whenever the lead plug and rubber are being used together, the device
behaves bilinearly. When there are lower delivery wind loads, high rigidity of the lead
plug, which draws the majority of the load, and arrangement is very stiff. At very strong
seismic stresses, lead deforms plastically, lowering the device's stiffness to just that of
rubber. The lead plug's plastic deformation results in a hysteretic loss of energy as well.
During intense events, the lead plug changes shape similarly to rubber, but rather
produces heat or discharges by transforming kinematic energy into heat. Therefore, the
plug's hysteretic nature aids in minimizing the amount of energy which the structure
has collected. As a result, LRB possess desirable hysteretic damping qualities, which
improves the system's structural response. Amount of energy lost depends on the
maximum bearing displacement. LRB are indeed easily installed, produce, interpret,

and create. (Naeim & Kelly, 1999).

Figure-3. LRB Schematic
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2.3.3 High Damping Rubber Bearing (HDRB)

HDRB replace existing damping mechanisms. Their composition is similar to that of
NRB, with the exception of the elastometric material used. A greater amount of
damping is possible with the use of additives such as carbon, lubricants, and resins. By

using fillers, the damping was enhanced to 20—-30percent of the critical damping.

HDRB have strong hardness and high yielding at shear strains under 20%. For
controlling deformations during service wind loads, this behavior is helpful. With
stresses larger than 120%, stiffness and absorption both increase. As a result, when
subjected to significant earthquake loads, this behaviour efficiently absorbs energy,
limits deformations, and provides sufficient rigidity for service wind forces.
HDRB have the same benefits as the aforementioned devices in terms of with ease

production & use. (Naeim & Kelly, 1999).

2.4 Moving Mechanisms

The ability of moving mechanism to remove effect of torsion in irregular constructions
is their main benefit. This is as a result of the fact that the axial force exerted on a sliding
mechanism by mass is proportionate to the frictional force used in sliding devices. As
a result, torsional effects in asymmetric buildings are eliminated since the centre of
rigidity of the isolation system and the centre of gravity of the building coincide (Kunde
& Jangid, 2003) and (Trombetti, Ceccoli, & Silvestri, 2001). Pure friction devices,
robust friction-based devices, and friction pendulums are some of the frequently used
sliding base isolation devices. The following section will go over the specifics of the
aforementioned devices. They can also be employed for a variety of constructions

because of their susceptibility to seismic excitation frequency content.

2.4.1 Natural Friction Bearing

The first kind of sliding mechanism are natural friction bearings. They effectively stand
in for a sliding joint that separates the ground from superstructure. Because the load is
insufficient to overcome the friction force at rest, the framework behaves like a fixed
base building when subjected to service wind loads. High seismic stresses cause static

friction to disappear, and the bearing moves. Effort is lost in the bearings through
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Coulomb damping caused by friction. The axial force and the friction coefficient
determine the lateral force necessary to remove static resistance. By choosing the right
resources for the bearings' sliding surfaces, the friction factor can be managed. Two
significant limitations are the need for routine servicing to maintain a steady friction
factor as the bearings ages and the challenge of getting the building to center on its own

following a quake (Kunde & Jangid, 2003).

2.4.2 Cable Friction Bearing

Figure 4 depicts the basic layout of cable friction bearings. A typical sliding bearing,
strong tension cables, and, if required, a fracture fastened in the centre make up the
apparatus. Restrainer cables prevent excessive superstructure displacement during
severe earthquake events. It's not intended to break, the shear bolt during light and
moderate earthquakes, preventing the need to replace the bearing. The shear bolt snaps
under intense earthquake pressures, causing sliding to become active. As a result, there
is a reduction in the transfer of seismic forces to the superstructure. Friction between
the teflon and stainless steel plates dissipates energy while cables prevent excessive

relative displacements (Wancheng, Binbin, Pakchiu, Xinjian, & Zhaojun, 2012).

-
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Figure-4. Cable Friction Bearing Schematic
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2.4.3 Resilient Friction Base Isolators

Figure 5 shows numerous flat metal plates make up the durable friction-base isolators
with a center or outer rubber cores that can glide past one another. The rings are covered
in an extremely flexible rubber band that shields them from dust and rust. Teflon is
applied to the sliding plates to lessen friction. The rubber cores aid in distributing the
horizontal deformation and pace uniformly along the isolator's height. Identification of
resilient friction-base isolators is based on the sliding components' friction coefficient
and the rubber cores' overall lateral stiffness. It is possible to sustain service wind loads
thanks to the friction that generates between the plates. The principal energy dissipater
during seismic stresses is friction damping, as rubber has a limited ability to dampen.
Rubber cores are simply inserted and not attached to the sliding rings, creating a sturdy

friction-base isolator is a pretty simple process. (Mostaghel & Khodaverdia, 1987).

Top Cover Plate

Top bolt hole

0 Connecting
k\\ late
s Rubber Cover
-~

A

‘\\\

Periphera)
Rubber Cores

S11ding Rings

Bottam Connecting
Plate

Figure-5. Resilient Friction Base Isolators Schematic
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2.4.4 Friction Pendulum Bearing (FPB)

The motions of sliding and pendulum are combined in friction pendulum bearings. A
FPB is shown schematically in Figure 6. They consist of a concave spherical mounted on
the surface of a chrome surface, which is supported by an articulated slider. The slider is
protected by a layer of Teflon or some other coated bearing material. Friction coefficient
at high speeds around the two plates is 0.1, & 0.05 at low speeds. Devices using friction
pendulums function as fuses and are triggered by quake stresses similarly to conventional
sliding bearings that are more than that of the static friction value. These bearings deliver
horizontal loads that consist of a mixture of static friction and restoring force by elevating

the round surface.

The bearing's restoring force is inversely related to the concave surface's curvature radius
and proportionate to the weight the bearing is able to support. As a result of static friction,
these bearings do not deflect (display stiffness) when subjected to service wind loads,
which is an exceptionally desirable quality. Moreover, Due to transverse force within a
given bearing is inversely related to the amount of the structure's burden that it supports,
the centre of stiffness of the support system and the structure's centers of mass are
inextricably linked, preventing the likelihood of torsional effects. In shake-table
experiments, this property has been verified by (Zayas, Low, & Mahin, 1987). FPS also
exhibit strong stability and little susceptibility to the frequency content of seismic

excitation (Mokha, Constantinou, Reinhorn, & Zayas, 1991).
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Figure-6. Friction Pendulum Bearing Schematic
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2.5 Limiting Devices

Limiting devices may be needed in event of a severe quake to keep the structure from
moving. This is crucial for elastometric bearing systems since they are susceptible to
instability at large lateral strains. Excessive lateral deflections run the risk of colliding with
nearby structures, which could result in serious injuries or even fatalities.

To prevent the bearing systems from deflecting excessively, stiff or flexible devices may
be used. However, if a building collides with a limiting device during an earthquake,
structural amplitudes could increase and cause localized damage to the structure or support
system which happen as a result of impact. Therefore, creating a suitable restricting

configuration is a crucial step inside the base isolation design stage.
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CHAPTER-III LITERATURE REVIEW FOR BASE ISOLATION SYSTEM

3.1 Preamble

Chapter 3 contains the review of literature in the field of numerous kinds of base
isolation system. The literature survey leading to the identification of research gaps and
theresearch objectives along with the thesis hypothesis in brief are described in this

chapter.

3.2 Literature Survey

Numerous studies have been conducted on various base isolation system types in order
to understand their effects and to determine the best configuration and performance-
improving methods. The necessary literature searches were conducted through national
and international journals, periodicals, books, conferences, and online sources of recent
data.

Regarding a multi-story reinforced concrete structure, Donato Cancellara and Fabio De
Angelis [2016] studied the seismic behavior with two different base isolater. The base
isolation systems were created in accordance with the EC2 and EC8 seismic codes in
Europe. A fundamentally isolated structure is chosen, one that exhibits pronounced plan
irregularity. The building chosen has a considerable irregularity in the layout and is a
basic standalone structure. The structure's performance exposed to seismic occurrences
is evaluated by a comparative analysis. The HDRB and LRB, both of which are
simultaneously activated with FS, have been taken into consideration in the analysis
(FS). The three-dimensional base isolated structure is subjected to an analysis that is
dynamically nonlinear. For the assessment of the structure's seismic response, recorded
accelerograms for ground motions in both directions that are consistent with the
reference elastic response spectrum were employed. The dissipative capacity of LRB
isolators is better than that of HDRB isolators, spanning from 15% to 30% more. The
analysis's findings demonstrate the need to limit LRB's higher dissipative capacities
because they could result in larger inter-storey drift values because other vibration
modes contributed more than the initial one. Despite being predominantly maintained
in the elastic zone in the layout, the overstructure, this must be taken into account when
analysing the framework. It is recommended to take these factors into account while

designing a system so that, by effectively avoiding the downsides, only the advantages
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of the LRB's enhanced dissipative qualities are utilized. LRB isolators have very little
dependence on the strain history. The LRB isolators' hysteretic cycles are significantly
more robust and stable, which is a considerable advantage. When FS are used in parallel
with FS isolators, which have low friction coefficient values, it has been possible to
assess how much more the isolation system will dissipate. In order to achieve the goal
of base isolating the structure effectively when quake, Friction Sliders (FS) positioned
in the right location in the design correspond with elastomeric isolators looks to be a
workable alternative in multi-story RC buildings. In comparison to other alternative

solutions, this one is also distinguished by lower economically price (Cancellara &

Angelis, 2016).

0,00

Fixed Base (FB) Isolated Base (IB)
Figure-7. Fixed & Isolated Base Structure Model.

The irregular seismic reactions of typical moment frame buildings upgraded with a
number of passive protection devices are discussed in Ahmet Hilmi Dering and Esra
Mete Guneyisi's [2020] study. For this purpose, base isolators such as LRB, FPB, and
HDRB were taken into consideration. Friction damper (FD) was used as a mechanism
for dissipating energy. Comparative research was done on the efficiency of the dampers
and isolation systems. One of the study's key conclusions that a single control strategy
couldn't always reach a level of performance equivalent to that of a fully functional
system, but the base isolation and friction damper systems worked together to
successfully achieve this goal within the case study framework. Due to the enormous

horizontal stiffness of the friction device, the use of FD successfully reduced the
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displacement demand, while base isolation methods, particularly elastomeric bearings,
significantly increased horizontal displacement. For instance, FD resulted in a 65.6%
reduction in average displacement. The largest average displacement increments,
however, were produced by LRB and HDRB, at 67 and 74.5%, respectively. The
biggest average base shear reductions were achieved by LRB and FD + LRB, both of
which achieved reductions of nearly 84%, significantly higher than the 43.9% achieved
by FD when used alone. LRB and HDRB may offer a more effective means of reducing
structural vibration than FD and FPB. Extra lead core dissipation capacity and FD
braking effect allowed for a clear observation of the dominance of FD + LRB on the

nonlinear response (Deringol & Gunyesi, 2020).
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Figure-8. Elevation Views and Bare-Frame Case Study (Deringol & Gunyesi,
2020).
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SAP 2000 software was used to analyse Nitya M and Arathi S's [2016] plus-shaped
G+6 storey with friction isolation and rubber isolation. With and without base isolation
conditions, nonlinear seismic Time History data are used for the analysis. On the
earthquakes in EL Centro, 1940, It has been done to analyze time history. Therefore,
the effectiveness of RC buildings in dynamic conditions is examined in this work with
base isolation, and the results are compared with those of buildings without base
isolation. Base isolation, it has been found, lengthens the building's lifespan and
correspondingly reduces base shear. The base isolation significantly lengthens the
building's lifespan and, as a result, minimizes the base shear. Up to 75% less base shear
than a fixed one exists. The lengthening of the time for structures with isolated bases
ensures that the structure is entirely excluded from the earthquake's resonance range.
Analysis reveals that for the isolated structure, the basic period is about doubled. The
maximum acceleration and, consequently, the earthquake-induced stresses on the
structure are reduced as the fundamental cycle increases. It is evident from the graph &
tables that the storey displacements are significantly longer for isolated buildings and
that they are nearly identical for all storeys. In comparison to a friction isolator, the

rubber isolator has a larger displacement (Nitya & Arathi , 2016 ).

N © © O
- - ﬁgr
. 2N/
WA\
YO

Figure-9. Plan & Elevation G+6 Storey Model

Tessy Thomas and Dr. Alice Mathai [2016] conducted research utilising the ANSYS
14.5 software's finite element base isolator model. Analysis was also done on the

friction pendulum's behaviour as a base isolator. For various storey load levels, the base
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isolator's nonlinear static analysis is conducted. Conclusion: Stress intensity value
increases along with the load value of number of storey. The stress intensity value up
to 30 stories is within acceptable bounds, hence a base isolator can be constructed for a
building with 22 to 30 stories. This investigation clearly shows that the slider's
movement generates an introduce uncertainty force that functions as the necessary

damping to absorb the energy of the earthquake (Thomas & Mathai , 2016).

Using SAP 2000 software, M. Vijayakumar, Mr. S. Manivel, and Mr. A. Arokiaprakash
[2016] assess a G+25 storey building square in plan. Buildings using the base isolation
technique perform substantially better than those with fixed bases. Analysis has been
done on the parameters, including displacement and drift. Therefore, it can be shown
that base isolation has a bigger displacement than fixed base. The building's story drift
is the key regulating factor. The study demonstrates that base isolation significantly
reduces drift. Despite the fact that base isolation is more expensive to instal, its
effectiveness shows that it is necessary in hospitals, public spaces, and important
structures. It was discovered that the usage of base isolation in seismically active areas
improved the performance of various bracing systems (Vijaykumar, Manivel, &

Arokiaprakash, 2016).

Mital Desai and Prof. Roshni John [2015] Utilizing the Response Spectrum Method, an
eight-story skyscraper has been examined. Software called STAAD Pro has been used
for dynamic analysis. Variables that are compared between isolated and non-isolated
buildings. Comparing the base isolated building to the fixed base building, frequency
has decreased. In seismic analysis, fundamental mode is much more effective. In
fundamental mode, frequency is lowest in the LRB structure compared to HDRB and
LDRB. When isolators are present, acceleration is decreased. In comparison to the other
two types of isolators, LRB construction provides the least acceleration. When a base
is isolated, the base shear is significantly reduced. When a structure is LRB isolated as
opposed to a fixed base framework, the base shear is reduced by 47%. When the
structure is separated with HDRB and LDRB as opposed to the fixed base structure, the
variation in base shear is 33% and 34%, respectively. Compared to the non-isolated

structure, displacement has increased in each of the three isolators. In comparison to
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HDRB and LDRB, Lead Rubber Bearing has the highest average displacement. Due to
the isolator's presence, storey drift has significantly decreased. In comparison to a non-
isolated building, HDRB, LDRB, and LRB constructions all experienced a reduction in
storey drift at a height of 9 metres of 13%, 13%, and 15%, respectively. We can draw
the conclusion that isolated buildings perform better than non-isolated ones. In
comparison to high- and low-damping rubber bearings, lead rubber bearings perform

better (Desai & John, 2015).

Figure-10. 3D Model of 8-Storey Office Building

A G+9 storey square building was examined using SAP 2000 software by Naveen K,
Dr. H.R. Prabhakara, and Dr. H. Eramma [2015]. According to the results of the time
history study for the El Centro earthquake, top storey lateral displacement is reduced
by 35% for ten-story regular buildings and by 36% for ten-story mass irregular
buildings. A building's mass irregularity creates torsion, as may be demonstrated by
examining the outcomes in both horizontal displacements X and Y axes. It has been
discovered that base separated buildings do not have inter-story drifts. This indicates
that when base isolators are used, the structure moves rigidly. Inter-storey drifts for

mass irregular buildings are bigger than for regular buildings (Naveen, Prabhakara, &
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Eramma, 2015).

Figure-11. Buildings Elevation with and without Base Isolators.

Meena Noorzai, M.N. Bajad and Neha Dodal [2015] The seismic impact of a G+25
story frame building is compared with a fixed base building vs an isolated building. The
G+25 story RCC frame structure is designed with base isolation using the ETAB
programme. LRB is utilized as an isolator, and the report demonstrates that the values
for lateral loads are significantly reduced when using lead rubber. Base-isolated
structures have lower lateral deflection and lower moment values than fixed base
structures because the lateral displacement at the base never equals zero. The base
separation separates the structure from the load caused by earthquakes while
maintaining a longer fundamental lateral period than a fixed basis. A method known as
base isolation shields a structure from the potentially harmful effects of a seismic
movement. The ground may be moving during an earthquake, but the structure will
remain still if it separates from the ground. The ETABS programme was used to create
the G+25 storeys frame structure with base isolation. LRB is used as the isolator since
it produces better results for the frame structure over the fixed base structure than any

other isolation method (Noorzai, Bajad, & Dodal, 2015).
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Fixed Base Isolated Base

Figure-12. Analytical Model — Fixed & Isolated Base.

G+5 storey building is studied using SAP 2000 software by Prof. R.B. Ghodke and Dr.
S.V. Admane [2015] increases with building height, but displacement in base-isolated
buildings and displacement in permanent base isolation decreases. Additionally, base

isolation results in less displacement as compared to fixed bases (Ghodke & Admane,

2015).

According to Dia Eddin Nassani and Mustafa Wassef Abdul majeed [2015], quake
effect on fixed-base and Isolated base structures are evaluated in their study. The SAP
2000 software is used to examine two different G+4 story structures, the first of which
is a regular structure and the second of which is an irregular structure. Based on their
findings, base isolation can be used to lessen the structure's reactivity. The base
isolation system increases displacement while decreasing base shear force and story
drifts, according to a comparison of the findings of the base-isolated condition and the

fixed-base condition (Dia & Mustafa, 2015).

Mazhar Khan and S.V. Bakre [2015] A G+5 steel frame building was used to evaluate
how it responded to seismic loading under both standard fixed base conditions and base
isolation conditions. The four kinds of isolators listed above were created based on the

weight and natural cycle of the superstructure. In SAP2000, the building was modelled.
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It was modelled in the same programme using the isolators' design values. The structure
was then designated for the four various types of isolated and stationary bases. On the
building underneath the permanent base and the several isolator bases, a time history
analysis was done. The time history analysis in SAP2000 utilized two alternative time
histories that were chosen for use. In comparison to fixed base structures, base isolated
structures have a longer time duration. The framework is more adaptable as a result.
Because of its flexibility, the structure is less affected by seismic forces as storey
displacement rises. This lessens the strong impact of the seismic force's impulse, which
would otherwise inflict more damage to fixed base framework. For a fundamentally
isolated framework, the relative displacement of the joint has decreased. Thus, it will
contribute to minimizing the negative impacts of the seismic force. Base Due to the
more flexible material used in base isolators, deformation is larger. Base shear for an

independent has significantly decreased (Khan & Bakre, 2015).

S. Keerthana, K. Balamonica, and K. Sathish Kumar [2015] One of the effective
methods for designing earthquake-resistant constructions is base isolation. If base
isolation is applied, the structure's acceleration time history is regulated, but the
structure's displacement is increased. By designing the isolator in a nonlinear form that
is simple to implement, the massive displacements seen in the isolated structure may be
controlled. There was a 58% decrease in acceleration and an 85% rise in displacement.
When the non-linear characteristics of the isolators were taken into account, a further
38% decrease in displacement could be seen (Keerthana, Sathish Kumar, &

Balamonica, 2015).

Figure-13. 2-Storey Sample Model
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Ganga Warrier A, Balamonica K, Sathish Kumar K and Dhanalakshmi [2015] The
installation of isolators modifies acceleration on buildings and displacement. The
building's displacement grows as its acceleration decreases. If the isolator is made of a
non-linear material, the displacement rise can be decreased. The non-linear isolator

additionally adds more damping to the system (Warrier, Balamonica , & Sathish Kumar

, 2015).

Anusha R Reddy and Dr. V Ramesh [2015] two structures are taken into consideration:
a G+13-story building and a G+5-story building that were both planned and assessed
using ETABS. Both structures are given lead rubber isolators, and under zone v and
soil type II, assessments of the time history and linear response spectra in both case
were conducted. After installing a rubber base isolator, G+13 and G+5 storey structures'
mode periods rose by 19% and 47%, respectively. It has been determined that the rubber
isolator's flexible nature, which was provided, extended the mode period (Reddy &

Ramesh , 2015).

[ TRVs0Vew | ~ X

Fixed Base Isolated Base

Figure-14. 3D Model of G+ 5 Storeys

FACULTY OF ENGINEERING, DEPARTMENT OF CIVIL ENGINEERING Page 25



CHAPTER-III LITERATURE REVIEW FOR BASE ISOLATION SYSTEM

Pallavi Wamanrao Taywade and Madhuri Narayan Savale [2015] Seismic base
isolation has shown to be a dependable technique for designing earthquake-resistant
structures. The efficiency of this approach is greatly influenced by the design of
isolation mechanisms and meticulous planning. Extensive study has been done on a
variety of isolation device types that have been proposed. They are capable of serving
the objective in practically all circumstances. Systems for effective isolation must be
flexible enough to respond to different seismic events. In addition, the current devices
are pricey, so work is needed to design devices that are affordable in order to make

isolation practical for common buildings (Taywade & Savale, 2015).

Khloud El-Bayoumi [2015] Using concrete slab pieces that were 0.2 meter wide and
IPE300 column and beam sections, a prototype model of a (25*15) m, 10-story
skyscraper was constructed. In earlier iterations of SAP2000, TFPB was typically
modelled as a set of friction bearings, seeking to approximate the behaviour of the
isolator as closely as possible. However, after utilising the new TFPB feature, it is now
clear that new versions of SAP2000 v-16.0 and later are more moderate for the analysis
of base-isolated framework since these versions have an actual model of TFP bearing,

so we can get results with actual isolator behaviour (El-Bayoumi , 2015).

Figure-15. 3D View of G+10 Storey in SAP2000 Model
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G. Arya, Alice T.V and Alice Mathai [2015] ANSYS was used to model the HDRB and
conduct nonlinear finite element analysis. The largest displacement that the isolator can
experience without losing stability is equal to 350% of the rubber layer's thickness.
Although the isolator can withstand a 400% shear strain, the bearing may be damaged
if the tensile tension is too high. The isolator can be employed for accelerations of about
0.3 g and can tolerate cyclic displacements. The induced stresses were discovered to be

within the acceptable range (Arya, Alice, & Mathai, 2015).

Sarah Moretti, Alba Trozzo, VesnaTerzic, Gian Paolo Cimellarol and Stephen Mahin
[2014] G+2, the base isolated system dramatically reduces average harm and recovery
time in two Oakland, California, buildings: a healthcare institution and a school. The
results are decrease significantly that occurs at the building's base when an isolated
system is used. The range of the repair cost savings for the hospital occupancy with an
average of 85%, and for the school with an average of 76%. This significant decrease
in the price of base-isolated system impact restoration is primarily attributable to the
prevention of damage to costly structural elements and accessories in addition to the
avoidance of damage to non-structural components. Compared to fixed-base buildings,
repair times for standalone buildings are 3—6 times shorter. A base-isolated building's
resilience will be higher and its downtime will be greatly reduced as a result of the
drastic reduction in maintenance time (Moretti, Trozzo, Terzic, Cimellaro, & Mahin ,

2014).

Sima Rezaei, Gholamreza Ghodrati Amiri and Pejman Namiranian [2014] To assess
the system's seismic response during near-field motions, three alternative TFPB
geometry configurations and FS are evaluated. The findings reveal a notable decrease
in isolated structure reaction when compared to fixed base structures, but a striking rise
in displacement induced at the ground level of isolated structures during near-fault
earthquakes. Additionally, the results demonstrate that base displacement will increase
with corresponds to period, acceleration, inter-story drifts & base shear will decrease

(REZAEI, AMIRI, & NAMIRANIAN, 2014).

FACULTY OF ENGINEERING, DEPARTMENT OF CIVIL ENGINEERING Page 27



CHAPTER-III LITERATURE REVIEW FOR BASE ISOLATION SYSTEM

Figure-16. Building A & Building B Model

Prerna Nautiyal, Saurabh Singh and Geeta Batham [2014] The Indian standard offers

various expressions for estimating the building structure's natural period while taking

or ignoring the stiffness of the infill wall. When masonry infill stiffness is taken into

account, the structure becomes more rigid, which decreases the natural period and

increases response acceleration and, in turn, seismic forces (base shear and

corresponding lateral forces at each storey) (Nautiyal, Singh, & Batham , 2013).

3.3 Observations from Literature Survey

Base isolation greatly lengthens the building's lifespan and hence lowers base shear.
Base isolation approach significantly improves a building's performance over fixed
base one.

LRB's performance is superior than that of HDRB and LDRB.

When compared to other isolation systems, LRB is employed as an isolator because
it produces effective results for frame structures over fixed base structures.
Increases with height of building displacement decreases in base- isolated
framework and displacement in fixed base isolation.

The displacement is increased while the base shear and story drifts are decreased.
The main factors that contribute to a significant decrease in the cost of base-isolated

system damage repairs are the prevention of damage to costly technology and
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structural parts as well as the reduction of non-structural component damage.

3.4 Summary

In current chapter, the research gaps are identified by means of the literature survey

and the observation are identified from the literature survey.
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4.1 Preamble

This chapter contains the scope of present work, objectives defined based on the
identification of the gap in existing research, the hypothesis of thesis and overall design

methodology.

4.2 Scope of Work

With certain base isolators going back to the early 1900s, base isolation systems for
major framework have been around for a very long time. Base isolation bearings are
mounted between the framework and the foundation of an isolated construction. While
permitting some relative transverse motion between the framework and the ground, the
isolation bearings provide strong support in the upward direction. Structure reaction to

seismic shaking is decreased by the adaptability of the framework and the ground.

A method called base isolation gives the new structure earthquake resistance. The base
isolation system offers a particularly rigid vertical component to the base level of the
superstructure in connection to the substructure, which decouples the framework from
the horizontal ground motion caused by earthquakes. It modifies the basic lateral period
(Ta), through damping dissipates energy, and lessens the amount of horizontal forces
that are transmitted to the floor acceleration & inter-story drift. The building's structural
framework will fluctuate violently in tune with the earthquake frequency. The
framework is less likely to collapse if it is possible to change the framework's natural
cycle so that it does not coincide with earthquake frequency. This is precisely the job
of a base isolator. The base damper makes the structure less rigid, which brings down
the fundamental frequency. In such situation, instead of resonating with the vibrations,
the top of the framework will respond to them as a hard unit. In other words, the base
isolator bends to lessen the effects of surface motion on the superstructure as the

building's base shift with the earth.

The seismic isolation approach is an innovative seismic design technique meant to
shield the framework from seismic danger, lessen the energy and pressures it is
subjected to, and prevent it from directly resisting such forces. If the foundation is

firmly connected to the deck, the entire force of a quake will be delivered promptly and
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without any frequency change to the remaining framework. Shear force is applied to
the foundation of buildings by earthquakes, which shake the base of structures laterally.
The building will fall down if a force of this magnitude has the same frequency as the
inherent frequency of the structure. The key idea underlying base isolation is enabling
the base to move slightly to the side in order to extend the structure's fundamental time
period. Because of the lengthening of the period, the structure will be less vulnerable to
seismic pressures and sustain less structural damage. Among the most successful
strategies for preventing structural damage from seismic strikes has been the
deployment of base isolation techniques, which has grown popular in last two decades.
This is due to the fact that the impacts of an earthquake attack are limited by base
isolation, the structure is mainly decoupled from ground motion by a flexible base, and
structural response accelerations are often lower than ground acceleration. Because of
the base's enhanced flexibility, the structure's natural period has expanded enough to
move its frequency outside the range of the dominant earthquake frequency.
Additionally, the building's ability to dissipate seismic energy and withstand excessive

horizontal displacement.

In summary, it is vital to analyze the best base isolation system capable to operate them

efficiently and cost effectively in RCC construction industries.

In the current study the objective is to optimize the base isolation bearing by comparing
results for Time period, Base shear, Storey-Drift, Storey-Displacement, Percentage
steel reduction and cost economy obtained from G+12 & G+22 Storey RC structure

with fixed & isolated system base.

4.3 Objectives of the Study

In this work, optimization of base isolation system is performed for objectives given

below:

. Study computer-aided software's functionality “ETABS 2016”.
. Preparation of building drawing in AutoCAD.

. Model generation in computer aided software “ETABS 2016”.
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. Evaluation and creation of G+12 & G+22 Storey RC structure with fixed &

isolated base.
. Design of base isolation bearing.

. Evaluation of results obtained from G+12 & G+22 Storey RC structure with
fixed & isolated base for Time period, Base shear, Storey-Drift, Storey-

Displacement, Percentage steel reduction and cost economy.

4.4 Hypothesis

In the current study, we shall try to maintain the following:

. Comparison of the time periods between fixed and isolated base structure.

. Comparison of Base shear between structure with fixed & isolated base structure.

. Comparison of Storey-Displacement between structure with fixed & isolated base
structure.

. Comparison of Storey-Drift between structure with fixed & isolated base structure.

. Comparison of Percentage steel reduction between structure with fixed & isolated

base structure.

. Comparison of cost economy between structure with fixed & isolated base

structure.

4.5 Sample Model

This study aims at comparison of structure with fixed base & isolated base for both

short and long period of earthquake excitation for Indian subcontinent.

The structure of G+12 & G+22 Storey Reinforced Concrete structure with fixed base
& isolated base is considered for study and results carried out is to be differentiate like
Time period, Base shear, Storey-Drift, Storey-Displacement, Percentage steel reduction

and cost economy.
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4.5.1 G+12 Storey Model Details:

Properties
» X-direction
» Y-direction
» Beam

> Column

Ceiling height
Plinth level
Foundation depth

Wall

vV ¥V YV VY V¥

Slab depth
Load

» FF

> LL
Earthquake Load

» EQ Method

> Zone

» Soil

4000 mm (7-bay)
4000 mm (7-bay)
230 x 450 mm

450 x 450 mm (Base)
375 x 375 mm
(Plinth to Storey-7)
300 x 300 mm
(Storey-8 to Terrace)
3000 mm

450 mm from G.L.
2100 mm from G.L.
115 mm

125 mm

1.5 KN/m?

3 KN/m?

Response Spectrum
IS 1893:2016
3

Hard Soil (Type-I)
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» Damping = 5%
» Model Combination Method = SRSS
Material
> Concrete Grade = M20 [20 N/mm?]
> Steel Grade = Fe500 [500 N/mm?]
> Concrete density = 25 KN/m?
» Bricks masonry density = 20 KN/m?
> Rebar density = 78.5 KN/m®
» Design basis : = Limit State
IS: 456-2000
% . i i < i
4 i i i - - o :
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Figure-17. G+12 Storey Sample Model - Plan
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Figure-18. G+12 Storey Sample Model - Elevation

4.5.2 G+22 Storey Model Details:

Properties
» X-direction = 4000 mm (12-bay)
» Y-direction = 4000 mm (12-bay)
» Beam = 230 x 450 mm
» Column = 525 x 525 mm (Base)

= 450 x 450 mm
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A\

Plinth level

Wall

YV VWV VY VY

Slab depth
Load

» FF

> LL
Earthquake Load

» EQ Method

> Zone
> Soil

» Damping

> Model Combination Method

Material

» Concrete Grade

> Steel Grade

» Concrete density

Ceiling height

Foundation depth

(Plinth to Storey-7)

375 x 375 mm

(Storey-8 to Storey-16)

300 x 300 mm

(Storey-16 to Terrace)

3000 mm

450 mm from G.L.
2100 mm from G.L.
115 mm

125 mm

1.5 KN/m?

3 KN/m?

Response Spectrum
IS 1893:2016

3

Hard Soil (Type-I)
5%

SRSS

M20 [20 N/mm?]
Fe500 [500 N/mm?]

25 KN/m?
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» Bricks masonry density = 20 KN/m?

> Rebar density = 78.5 KN/m®

» Design basis : = Limit State
1S:456-2000

Figure-19. G+22 Storey Sample Model - Plan
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Figure-20. G+22 Storey Sample Model - Elevation

4.6 Sample Model Case

Following cases are considered for analysis and design of structure

4.6.1 Case (a) G+12 Storey Reinforced Concrete (RC) Structure

Case-I: Fixed Base Structure.

Case- II: LRB Base Structure.
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Case-1II: TFPB Base Structure.

4.6.2 Case (b) G+22 Storey Reinforced Concrete (RC) Structure
Case-IV: Fixed Base Structure.
Case- V: LRB Base Structure.
Case-VI: TFPB Base Structure.

4.7 Important Design Factors

4.7.1 Loads

Throughout its useful life, a building is susceptible to the following loads.

i. Dead Load
The weight of all the walls, wall panels, floors, and roofs, as well as the total weight

of the building's different permanent structures, make up the dead loads in a building.

il. Live Load

Live loads, also known as superimposed loads, are all moving or fluctuating loads
brought on by humans or other occupants, including their furniture, temporary
storage, machinery, and other items. Every load on floors must be a live load,
excluding dead loads. In IS 875: 1987, several live loads acting on the various floors

are listed.

iii. Earthquake Load
During a quake, the framework is subject to EQ load. It will affect the structure

horizontally. It also goes by the name seismic force.

4.7.2 Analytical Procedures
Plane grid method, Plane frame method, and Space frame method are the three
building methodologies that have been utilised to analyse reinforced concrete

structures.
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The most precise and ideal way of analysis is the space frame method. For human
computations, this approach is challenging to use, but it works well for computer-
assisted analysis.

The rigidity of pillars is included for analysis in the space frame approach. Beams are
created as structural systems with end supports that are fixed. Columns will have axial
loads and moments in the directions X and Y included into their design. Additionally,

biaxial bending into the footing is required.

4.7.3 Design Philosophies

For the creation of reinforced concrete structures, three design philosophies have been
employed namely, the working stress method, the ultimate load approach, and the
limit state method. Currently, the IS 456-2000 advises against using the limit state
method of design. However, the working stress technique of design has also been

kept. Below is a short introduction to the limit state method.

i Limit State Method (IS 456-2000)

The goal is to achieve an acceptable chance that the structure won't become unusable
over its lifetime. Therefore, this approach is founded on the idea that the structure
should be able to resist the working load safely throughout its lifetime and also meet

the serviceability requirement. The following limit states in the design are looked at:

ii. Limit State of Collapse:
According to the ultimate capacity carrying capacities, it corresponds to failure but
does not necessarily entail total collapse. The following limit states are associated

with it: flexion, compression, shear, and torsion.

iii. Limit State of Serviceability:
It is consistent with the progression of severe deformation. This condition is

equivalent to Defection on Vibration and Cracking.
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4.7.4 Building Component Design

The sections below give a quick overview of explanation of the major framework

elements, as well as the analysis and design methodology.

i. Slabs

Depending on the aspect ratio, slabs can be either one-way or two-way. When

(ly/Ix)>2, the aspect ratio. It is intended to be a one-way slab. However, when the

aspect ratio is 2, it is created as a two-way slab.

<> One-way slabs are constructed with a beam in mind because they are one

metre wide.

> Based on the border criteria, two-way slabs are further divided into nine categories as stated
in 1S456:2000.

X4 The two-way slabs are constructed using edge strips and central strips,

respectively.

il. Beams

These are the primary flexural members that support the slab. The columns that the
beam is supported by transfer the loads to. Beams can have cross-sections that are
square, rectangular, or flanged. With regard to the support offered. Beams can be

double- or single-reinforced.

iil. Column

They are the vertical skeleton structural elements, and their cross-sectional shapes can
be rectangular, square, round, etc. The effective length of the columns and the loads
acting on them, which then in turn have an impact on the kind of floor system, the
spacing between the columns, the number of stories, etc., determine the dimensions
of the section. The column is often designed to withstand axial compression as well
as uni- or bi-axial bending moments caused by the frame's movement. Additionally,
it is preferable to limit the columns' unsupported length by include the proper tie

beams; otherwise, slender columns may have to be created.
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iv. Footing

These are the components that are available at ground surface to transfer the column's

load to the soil. Flexure, one-way shear, and two-way shear are taken into account

when designing the footing. Depending on the soil carrying capacity, a foundation

area is provided.

4.8 Design Calculation for R.C.C.
4.8.1 Analysis Method

There are several ways to analyse a multistory building:

i. Approximate Methods

<& Substitute frame method
< Portal frame method
< cantilever frame method

il. Computer Methods

< Matrix methods
< Finite Element methods
< Finite difference methods

Computer-aided software is the most accurate way out of all those mentioned above.

Software like STRUDS 2008, STADD PRO V8i, ETABS, and ANSYS, among

others, is available on the market for computer-aided structural analysis and design.

The computer aided software "ETABS 2016" analyses the entire project. This

software operates in three modes to model, analyse, and design the structure. The

ETABS 2016 analytical process is as follows:

a. Modelling

The steps in this technique are as follows:

*

<> Story and grid system

*

<> Define & assign material property
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X/
*

X Define & assign section property

X/
*

X Define & assign spring property

< Define & assign Diaphragms

<> Define Response spectrum functions
<> Define Mass source

<> Define Modal cases

<> Define load pattern

<> Define load cases

<> Define load combination

< Check warnings

b. Run Analysis

This process consists of the following procedure:

< Time period
<> Base shear
<> Storey-Displacement

<> Storey-Drift

<> Reactions (Cumulative load)

c. Concrete Frame Design

This process consists of the following procedure:

X Design parameters preferences
< Design of section

<o Steel quantity
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4 Material Property Data “
General Data
Material Name [M20 |
Material Type Concrete v
Directional Symmetry Type Isotropic v
Matenal Display Color Change...
Material Notes Modify/Show Notes...

Material Weight and Mass

(® Specify Weight Density () Specify Mass Density
Weight per Unit Volume 25 kN/m?
Mass per Unit Volume 2549.29 ' ka/m?

Mechanical Property Data

Modulus of Elasticity, E 22360.68 MPa
Poisson’s Ratio, U 0.2

Coefficient of Thermal Expansion, A 0.0000055 1/C
Shear Modulus, G 9316.95 MPa

Desian Property Data

Modify/Show Material Property Design Data...

Advanced Material Property Data
Nonlinear Material Data... Material Damping Properties...

Time Dependent Properties...

QK Cancel

Figure-21. Sample Material Property — Concrete M20
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o8 Material Property Data n
General Data
Material Name }F;LSOO I
Material Type Rebar v
Directional Symmetry Type Uniaxial
Material Display Color Change...
Material Notes Modify/Show Notes...

Material Weight and Mass

(® Specify Weight Density () Specify Mass Density
Weight per Unit Volume 76.9822 kN/m?
Mass per Unit Volume 7850 ka/m?

Mechanical Property Data
Modulus of Elasticity, E 200000 MPa

Coefficient of Thermal Expansion, A 0.0000117 1/C

Design Property Data

Modify/Show Material Property Design Data...

Advanced Materal Property Data

Nonlinear Material Data... Material Damping Properties...

QK Cancel

Figure-22. Sample Material Property — Steel Fe500
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(4 Slab Property Data =

General Data
Property Name K - 125mm M20
Slab Matenal M20 v
Notional Size Data Modify/Show Notional Size...
Modeling Type Shell-Thin v
Modifiers (Cumrently User Specified) Modify/Show...
Display Color - Change...
Property Notes Modify/Show...

Property Data
Type Slab v
Thickness 125 mm

QK Cancel

Figure-23. Sample Section Property — Slab
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i Frame Section Property Data
General Data
Property Name B-9x18M20
Matenal M20 Vil ... 2
Notional Size Data Modify/Show Notional Size... 3
Display Color - Change... <
Notes Modify/Show Notes...
Shape
Section Shape Concrete Rectangular v
Section Property Source
Source: User Defined Property Modfiers
E— Modify/Show Modfiers...
Section Dimensions Curertly User Specfied
Depth 450 mm
Reinforcement
Width 230 mm ,
| Modiy/Show Rebar... |
0K
Show Section Properties... Cancel

Figure-24. Sample Section Property — Beam
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Frame Section Property Data
General Data
Property Name C-18x18M20
® & o @& »
Materia M20 V| e 2
. ; ¢ [
Notional Size Data Modify/Show Notional Size... 3
Display Color - Change... . ¥
Notes Mody/Show Notes... ¢ .
& ® o @ @
Shape
Section Shape Concrete Rectangular v
Section Property Source
Source: User Defined Property Modfiers
o Modify/Show Modifiers...
Section Dimensions Curertly User Speciied
Depth 450 mm
Reinforcement
Width 450 mm ,
ll Modify/Show Rebar... !
0K
Show Section Properties... Cancel

Figure-25. Sample Section Property — Column
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i Define Diaphragm ,
14 Diaphragm Data El
Diaphragm ‘DT
Rigidity
® Rigid () Semi Rigid
oK | Cancel
Figure-26. Sample Diaphragm Data
i Mass Source Data
Iass Muttipliers for Load Patterns
Hass Source Name [Hssret Load Pattern Mutiplier
Dead v|1
fasssoee C I (.
3 :
[] Element Self Mass tFNE ?‘2‘ Hodify
[] Additional Mass WALL 1 Dekete
Specified Load Patierns
[] Adjust Diaphragm Lateral Mass to Move Mass Centroid by: Iass Options
Include Lateral lass
[] Include Vertical Mass
Lump Lateral Mass at Story Levels
0K Cancel

Figure-27. Sample Mass Source Data
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i Response Spectrum Function Definition - IS 1893:2002
Function Damping Ratio
Function Name 51893 i 0.05
Parameters Defined Function
Seismic Zone Factor, Z 0.16 Period Acceleration
Soil Type I v
0 A 016 A
0.1 04
04 04
06 0.2667
0.8 02
1 0.16
12 0.1333
14 0.1143
Convert to User Defined 16 vi01 v
Function Graph Plot Options
(®) Linear X - Linear Y
() LinearX-Log Y
() Log X - Linear Y
() LogX-LogY
I | | | | | 0K
50 60 70 80 980 10
Cancel

Figure-28. Sample Response Spectrum Function Property
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o r Modal Case Data
General
Modal Case Name [:Eﬂ ] Design...
Modal Case SubType Eigen v Notes...
Exclude Objects in this Group Not Applicable
Mass Source MsSrc1

P-Delta/Nonlinear Stiffness
(® Use Preset P-Delta Settings Noniterative based on mass Modify/Show...

Note: Nonlinear case option for P-Delta does not apply when Preset P-Delta is
noniterative based on mass.

Loads Applied

Advanced Load Data Does NOT Exist [] Advanced
Other Parameters

Maximum Number of Modes 36

Minimum Number of Modes 1

Frequency Shift (Center) 0 cyc/sec

Cutoff Frequency (Radius) 0 cyc/sec

Convergence Tolerance 1E-09

Allow Auto Frequency Shifting

0K Cancel

Figure-29. Sample Modal Case
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i Define Load Patterns
Loads Click To:
Self Weight Auto
Load Type Matipler Lateral Load Add New Load
Dead | Dead v .1A Modify.Load
T r | '
LIVE Reducible Live 0
FF Super Dead 0
EQX Seismic 0 151893 2002
EQY Seismic 0 151893 2002 Delete Load
WALL Dead 0
WIND X Wind 0 Indian IS 875:2015
WINDY Wind 0 Indian 1S 875:2015 :
o
Figure-30. Sample Load Patterns
v Load Cases ﬂ
Load Cases Click to:
Load Case Name Load Case Type Add New Case...
SELF Linear Static Add Copy of Case...
LIVE<3 Lingar Static Modfy/Show Case...
FF Linear Static , = Del v Case
TEQX+ey Linear Static A
TEQY+ex Linear Static :v | Showlaad Cae Ties:.
WALL Linear Static Y:
WIND X Linear Static
WINDY Linear Static OK
RS Response Spectrum
¥ E Cancel

Figure-31. Sample Load Cases
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141

Combinations

Load Combinations

Click to:

0.9DL

1.2{D.L+LL)
1.5(0.L+LL)

1.5DL

(0.SDL-1.5 TEg X+ey)
{0.9DL-1.5 TEq X-ey)
(0.9DL-1.5 TEq Y+ex)
{0.8DL-1.5 TEg Y-ex)
(0.SDL-1.5 WIND X)
(0.SDL-1.SWIND Y)
{0.9DL+1.5 TEq X+ey)
{0.9DL+1.5 TEq X-ey)
{0.SDL+1.5TEq Y+ex)
{0.9DL+1.5 TEq Y-ex)
(0.9DL+1.5 WIND X}

Figure-32.

Sample Load Combination

Add New Combo...

OK

Add Default Design Combos...

Cancel
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4.9 Research Methodology

[ METHODOLOGY ]

4

[ To do a preliminary field research ]

S|=

~

[ Good literature review ] [ To Create Identical 1

Drawings of Model

1l

[ Fixed Base ] [ Isolated Base ]

Il ]

Modal Creation
“ETABS-2016”

—

agh

Modelling Analysis & Design
“ETABS-2016”

1l

[ Use of results for Comparison ]

|
Time Base Story Story Percentage Cost
Period Shear Displacemen Drift Reduction in Steel Economy

L iyl { agl iyt iy

1

[ Critical Remark ]
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e From preliminary field study & healthy literature review, Sample Model is created

using CAD tools.
e Validation of computer aided structure designing software “ETABS-2016".
e Fixed base Model generation in “ETABS-2016".

e Analysis & design of fixed base Model in “ETABS-2016".
e Design of Base isolator using cumulative load of fixed base Model.
e Base isolator Model generation in “ETABS-2016".

e Result obtained from all the above sample Model cases (4.6) are compared.

4.10 Summary

In the current chapter, the objectives of the study are defined from the identification of
the gap in existing research by means of the literature survey. With the formulated
objectives, Hypothesis are identified and to fulfill the same, sample models with

different case are prepared and presented in this thesis.
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5.1 Preamble

In this chapter the Base Isolation Bearing: LRB & TFPB are design according to
axial load, biaxial load and Tri-axial load (Cumulative load from fixed base

modal).

5.2 Design of LRB for G+12 Storey RC Structure.

For the analysis & design of LRB, the cumulative load at the base is obtained
from the fixed based design modal in ETABS-2016. This load is categorized into

three groups viz. Axial load, Biaxial load and Uniaxial load.

5.2.1 LRB for Biaxial Load - 1638 KN

Top cover plate

) ‘\/\
et |
=)

Bottom cover

plate
Figure-33. LRB Schematic
Biaxial Load (W) = 1638 kN.
Time Period (Tp) = 2.5 sec.
Design Shear Strain (Ymax) =50%
= 0.5 kN/m?.
Effective Damping (Eerr) =5%
=0.05 For U1,U2,U3.
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Table-1. Damping Coefficient, Bp or Bm

EFFECTIVE DAMPING, 5, OR 5, B, OR B,
(PERCENTAGE OF CRITICAL) FACTOR
<2% 0.8
5% 1.0
10% 1.2
20% 1.3
30% 1.7
40% 1.9
> 50% 2.0

Table-2. Seismic Coefficient Cv

SEISMIC ZONE FACTOR,
$0IL PROFILE TYPE 2=0075 2=0.15 2=02 2=03 2=04
$ 0.06 012 0.16 0 032N
3 0.08 013 020 030 040N,
i 0.13 023 03 043 036N,
D 0.18 032 040 034 0,640
3 0.6 0.30 0.64 04 0.96);
5 See Foomote |
Damping Coefficient (Bp) =1.0 (UBC-97, Vol-2, Pg. No. 414)
Seismic Coefficient (Sp) =0.54 (UBC-97, Vol-2, Pg. No. 35)

Table-3. Vulcanized Natural Rubber Compounds

Hardness | Young's Shear Material | Elongation

IRHD+2 Modulus | Modulus | Constant at »
E G k Break |
(MPa) (MPa) Min, %

37 1.35 0.40 0.87 650

40 1.50 0.45 0.85 600 |

45 1.80 0.54 0.80 600

50 2.20 0.64 0.73 500

55 3.25 0.81 0.64 500

60 4.45 1.06 0.57 400
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Choosing 60 for analysis in critical circumstances

E = 445
= 4450 KN/m?
G = 1.06
= 1060 kKN/m?
K = 057
& = 4
= 400%
foy = 8500 kN/m?
Ga = 7840 kN/m?

Typically 7 to 8.5 Mpa, Consult the manufacturer

F, = 164640 kN/m?
f, - 274400 kN/m?
(A) LRB - Analysis

1. The effective horizontal stiffness Kefm

K _ W(ZT[)Z
effH g \Tp

Ketta =1054.69 kKN/m Direction Uz & U3

il. Design displacement (Dp)

g ) % SpTh
41'[2 BD

= 0.33546 m.

Dp = (

iii.  Yield strength Qq

WD T
Qd=4><DD =ZXKeffHXEeffHXDD
= 27.788 kN
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1v.

(B)

ii.

iil.

Yield Stiffness

Ky = 10 K4

Where, Kaq = Post yield stiffness
Ku = Pre yield stiffness

Note- Based on the findings of the trials, the initial elastic stiffness was

calculated to be between 9 and 16 Kd.

Q

Kq =Ketn — 5

= 971.854 kN/m.
Ku =10 K4
= 9718.54 kKN/m.

Post yield stiffness ratio.

Kq4 _ 971.854
Ky ~ 9718.54
=0.1 Direction U2 & U3

LRB - Development

Area of lead core (Ap)

Ap _ X
fpy
=0.00327 m>.
Dia of lead core (dp)
md?
A =T
4A,
b ==
=0.06452 m.

Thickness of rubber layer (t;)
Dp

tr =

Ymax

=0.67092 m.
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iv.  The Shape factor (S)

E(1+2KkS?

EQ+2kS%) > 400,
G

S =9.09409

For S < 10, Take S = 10

v.  Compressive modulus of rubber & steel (Ec)
Ec = E(1+2kS?)
= 511750 kN/m?.

vi.  Effective area of bearing (Ao)
Ao = W / Ga
=0.20893 m>.

vii.  Shear strain's effective area (A1)
6SW €
< =
EcXAq 3

= 0.14404 m>.

viii.  Elastic Stiffness K;
1+12xAp
Ao

= 818.219 kN/m.

Kd =Kr X

ix.  Effective area of individual rubber layer (Asr)

2
md
A =T

=0.51789 m>.
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x.  Diameter of rubber (d)

. _ [
TC

=0.81203 m.

xi.  Effective vertical stiffness (ky)

K, _ EcxAst
tr
Ky = 395022 kN/m. Direction Ui

xii.  Reduction factor - Damping ()
B =2 X cos™! (%)
=2.29.

xiii.  Reduced area (A»)

_ d*x(B-sin B)

Az ”
=0.25348 m>.
xiv.  LRB - Details
A =0.25348 m°. (Max Area of Ao, Al, & Aj)
d =0.56811 m
No. of rubber layer (N) =t/t (where t = 0.0203)
=33.0491

Say (N) = 34.00

xv.  Steel Plate thickness (ts)

2 X W x2t
ts =
A XFs
s =0.00319 = 0.002 m.
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xvi.  Total height of bearing (hy)

hy =N x (ts + 2%0.0025) + tr
hy, =0.94929 m.
(©) Input Values in ETABS:
(43 Link/Support Directional Properties n
Identification

Property Name B
Direction U1
Type Rubber Isolator
NonLinear No

Linear Properties

Effective Stiffness 355022 [kN/m
Effective Damping 0.05 kN-=s/m

v oK Cancel

Figure-34. LRB Input Values in ETABS for Biaxial Load 1638 KN
Direction Ui
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33 Link/Support Directional Properties ﬂ
Identification
Property Nzame B
Direction uz
Type Rubber Isolator
NonLinear Yes

Linear Properties
Effective Siffness 1(7)5-4769 E r;kN/n

Effective Damping 0.05 kN-=s/m

Shear Deformztion Location
Distance from End-J 0 m

Nonlinear Properties

Stiffness 5718.54 kN/m
Yield Strength 27.75 kN
Post Yield Stiffness Ratio 0.1

i_ 7OK ’ Cancel

Figure-35. LRB Input Values in ETABS for Biaxial Load 1638 KN
Direction U2 & Us
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5.2.2 LRB for Uniaxial Load - 2487 KN

Top cover plate

Boltom cover

plate
Figure-36. LRB Schematic

Uniaxial Load (W) = 2487 kN.
Time Period (Tp) = 2.5 sec.
Design Shear Strain (Ymax) =50%

= (0.5 kN/m2.
Effective Damping (Eefr) =5%

= 0.05 For U1,U2,U3.

Table-4. Damping Coefficient, Bp or Bm

EFFECTIVE DAMPING, 5, OR 4, 8, OR B,
(PERCENTAGE OF CRITICAL) FACTOR
< 2% 0.8
5% 1.0
10% 1.2
20% 1.5
30% 1.7
B 40% 19 )
> 50% 2.0
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Table-5. Seismic Coefficient Cv

SEISMIC ZONE FACTOR, Z
$0IL PROFILE TYPE 2=0015 22015 2=02 2=03 2=04
5 006 0 016 0 030
3 0.08 013 020 030 040N,
& 0.3 023 03 043 036N,
D 0.18 032 040 0.4 0,640
3 % 030 0.64 0.4 0.96N,
5 See Footnote |
Damping Coefficient (Bp) =1.0 (UBC-97, Vol-2, Pg. No. 414)
Seismic Coefficient (Sp) =0.54 (UBC-97, Vol-2, Pg. No. 35)

Table-6. Vulcanized Natural Rubber Compounds

Hardness | Young's Shear Material | Elongation
IRHD+2 Modulus | Modulus | Constant at »
E G k Break |
(MPa) (MPa) Min, %

37 1.35 0.40 0.87 650

40 1.50 0.45 0.85 600

45 1.80 0.54 0.80 600

50 2.20 0.64 0.73 500

55 3:25 0.81 0.64 500

60 4.45 1.06 0.57 400

Choosing 60 for analysis in critical circumstances

E = 445

= 4450 KN/m?
G = 1.06

= 1060 kN/m’
K = 057
& = 4

= 400%
fy = 8500 kN/m?
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(A)

1l

iii.

1v.

Oa = 7840 kN/m?
Typically 7 to 8.5 Mpa, Consult the manufacturer

Fs 164640 kN/m?

fy 274400 kN/m?

LRB - Analysis

The effective horizontal stiffness Kefy

W [2m\2
K = — (—)
effH g \Tp
Ketta =1601.35 kN/m Direction U2 & U3

Design displacement (Dp)

SpT
Dp = ( g )  2DD
41'[2 BD
= 0.33546 m.
Yield Strength Qq
WD Tt
Qq N ZXKeffH X Eerg X Dp
D
=42.191 kN

Yield stiffness
Ku = 10 Kq4
Where, Ky = Post yield stiffness,
Ky = Pre yield stiffness
Note- Based on the findings of the trials, the initial elastic stiffness was

calculated to be between 9 and 16 Kd.

Ky =Kefrg — =—
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= 1475.58 kN/m.

Ku =10 K4

= 14755.8 kN/m.

v.  Post yield stiffness ratio.

K4 _ 1475.58
Ky 147558
=0.1
(B) LRB - Development

i.  Area of Lead Core (Ap)
Qa

fpy

0.00496 m?

Ap

ii.  Dia of lead core (dp)

A _md
p T 4
4Ap
dp N
=0.0795 m.

iii.  Thickness of rubber layer (t;)

D
t, = D2

Ymax

=0.67092 m.

iv.  The Shape factor (S)

E(14+2kS?

E(1+2kS7) > 400,
G

S =9.09409

Direction Uz & U3
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For S <10, Take S =10

v.  Compressive modulus of rubber & steel (Ec)
Ec = E(1+2kS?)
= 511750 kN/m?

vi.  Effective area of bearing(Ao)
Ao =W /0,
=0.31722 m>.

vili.  Shear strain’s effective area (A1)

6SW
< B

EcxAq 3
=0.21869 m?

Viil. Elastic Stiffness K;

1+12XxAp

Kd = Kr X
A

=1242.31 kN/m.

ix.  Effective area of individual rubber layer (Asr)

1td?
A =T

=0.78632 m>.

x.  Diameter of rubber (d)

d _ /4Asf
TC

=1.00059 m.
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xi.  Effective vertical stiffness (ky)

KV _ EC XASf
tI‘
Ky = 599768 kN/m. Direction U;

xii.  Reduction factor - Damping ()
D
B =2 X cos™! (TD)

=2.457

xiii.  Reduced area (A»)

_ d?x(B-sin B)

Az ”
=0.4567 m*
xiv.  LRB - Details
A =0.4567 m? (Max Area of Ao, Al, & A»)
d =0.76255 m
No. of rubber layer (N) =t/t (where t = 0.02501)
=26.8212

Say (N) =27.00

XV. Steel Plate thickness (ts)

2 X W X2t
ts =
A XFs
ts =0.00331 > 0.002 m.

xvi.  Total height of bearing (hy)
hp =N x (ts + 2*0.0025) + tr
hy =0.89528 m.
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(®)) Input Values in ETABS:
(43 Link/Support Directional Properties n
|dentification
Property Name U
Direction U1
Type Rubber Isolator
NonLinear No

Linear Properties

Effective Stiffness 599768 | kN/m

Effective Damping 0.05 kN-s/m

0K Cancel

Figure-37. LRB Input Values in ETABS for Uniaxial Load 2487 KN
Direction Ui
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(41 Link/Support Directional Properties n
Identification
Property Name U
Direction u2
Type Rubber Isolator
NonLinear Yes

Linear Properties

Effective Stiffness ‘160135 \ kN/m

Effective Damping 0.05 kN-s/m

Shear Deformation Location
Distance from End-J 0 m

Nonlinear Properties

Stiffness 14755.8 kN/m
Yield Strength 4219 kN
Post Yield Stiffness Ratio 0.1

OK Cancel

Figure-38. LRB Input Values in ETABS for Uniaxial Load 2487 KN
Direction U2 & U3
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5.2.3 LRB for Axial Load - 3920 KN

Top cover plate

Bottom cover
plate

Figure-39. LRB Schematic

Axial Load (W) = 3920 kN.
Time Period (Tp) = 2.5 sec.
Design Shear Strain (Ymax) = 50%
= 0.5 kN/m2.
Effective Damping (&efr) =5%
=0.05 For U1,U2,U3.

Table-7. Damping Coefficient, Bp or Bm

EFFECTIVE DAMPING, 5, OR 4, 8, OR B,
(PERCENTAGE OF CRITICAL) FACTOR
< 2% 0.8
5% 1.0
10% 1.2
20% 1.5
30% 1.7
40% 1.9 )
> 50% 2.0
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Table-8. Seismic Coefficient Cv

SEISMIC ZONE FACTOR, Z
$0IL PROFILE TYPE 2=0015 22015 2=02 2=03 2=04
5 006 0 016 0 030
3 0.08 013 020 030 040N,
& 0.3 023 03 043 036N,
D 0.18 032 040 0.4 0,640
3 % 030 0.64 0.4 0.96N,
5 See Footnote |
Damping Coefficient (Bp) =1.0 (UBC-97, Vol-2, Pg. No. 414)
Seismic Coefficient (Sp) =0.54 (UBC-97, Vol-2, Pg. No. 35)

Table-9. Vulcanized Natural Rubber Compounds

Hardness | Young's Shear Material | Elongation
IRHD+2 Modulus | Modulus | Constant at »
E G k Break |
(MPa) (MPa) Min, %

37 1.35 0.40 0.87 650

40 1.50 0.45 0.85 600

45 1.80 0.54 0.80 600

50 2.20 0.64 0.73 500

55 3:25 0.81 0.64 500

60 4.45 1.06 0.57 400

Choosing 60 for analysis in critical circumstances

E = 445

= 4450 KN/m?
G = 1.06

= 1060 kN/m’
K = 057
& = 4

= 400%
fy = 8500 kN/m?
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Oa = 7840 kN/m?
Typically 7 to 8.5 Mpa, Consult the manufacturer

Fs 164640 kN/m?

fy 274400 kN/m?

(A) LRB - Analysis

1.  The effective horizontal stiffness Kefg

W [2m)2
effH g \Tp
Ketn =2524.04 KN/m Direction Uz & U3

1. Design displacement (Dp)

Dp = (452) % SEID

= 0.33546 m.

iii.  Yield Strength Qq

WD Tt
Qd:4xDD = ZXKeffHXEeffHXDD
= 66.5012 kN

iv.  Yield Stiffness
Ku = 10 Kq
Wherer, Kug
Ky = Pre yield stiffness

Post yield stiffness

Note- Based on the findings of the trials, the initial elastic stiffness was

calculated to be between 9 and 16 Kd.

Ky =Kerrg — %
D
=2325.81 kN/m.
Ku =10 Kq
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= 23258.1 kN/m.

v.  Post yield stiffness ratio.

Kq4 _ 232581
Ky ~23258.1
=0.1

(B) LRB - Development

1. Area of Lead Core (Ap)

- Q

pr

Ap

=0.00782 m*.

ii.  Dia of lead core (dp)

A md?
P T4
4A,
b =7
=0.09981 m.

iii.  Thickness of rubber layer (t;)

Dp

t; _

Ymax

0.67092 m.

iv.  The Shape factor (S)

2
E(1+(2;kS) > 400,

S =9.09409

For S <10, Take S =10

Direction U2 & U3

FACULTY OF ENGINEERING, DEPARTMENT OF CIVIL ENGINEERING Page 75



CHAPTER-V DESIGN OF BASE ISOLATION BEARING

v.  Compressive modulus of rubber & steel (Ec)
Ec =E (1+2kS?)
= 511750 kN/m?.

vi.  Effective area of bearing(Ao)

A, =W/0o,
=0.5 m>.

vii.  Shear strain’s effective area (A1)

6SW < €p
EcxAq 3
=0.3447 m2.

viii.  Elastic Stiffness K;
1+12%xAp
Ao

= 1958.13 kN/m.

Kd :Kr X

ix.  Effective area of individual rubber layer (Asf)

d?

Asf

4
1.23939 m*.

x.  Diameter of rubber (d)

xi.  Effective vertical stiffness (ky)

K, _ EcXAgf
tr
Ky = 945352 kN/m. Direction Ui
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xii.  Reduction factor - Damping (B)
B =2 X cos™! (%)
=2.6

xiii.  Reduced area (A»)

_ d?x(B=sinB)
B 4
=0.82236 m>.

Ao

xiv.  LRB - Details

A =0.82236 m® (Max Area of Ao, Al, & A»)

d =1.02326 m

No. of rubber layer (N) =t/t (where t =0.03141)
=21.3636

Say (N) =22.00

XV. Steel Plate thickness (ts)

2 X W X2t
ts =
A XFs
ts =0.00364 > 0.002 m.

xvi.  Total height of bearing (hy)
hy =N x (ts + 2*0.0025) + tr
hy, =0.86094 m.
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(© Input Values in ETABS:

| 43 Link/Support Directional Properties n
Identification
Property Name A
Direction U1
Type Rubber Isolator
NonLinear No

Linear Properties
Effective Stiffness 5545352 kN/m

Effective Damping 0.05 kN-s/m

OK ‘ Cancel

Figure-40. LRB Input Values in ETABS for Axial Load 3920 KN
Direction Ui
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(41 Link/Support Directional Properties n
Identification
Property Name A
Direction U2
Type Rubber Isolator
NonLinear Yes

Linear Properties

Effective Stiffness 12524.04 | kN/m

Effective Damping 0.05 kN-s/m

Shear Deformation Location
Distance from End-J 0 m

Nonlinear Properties

Stiffness 232581 kN/m
Yield Strength 665 kN
Post Yield Stiffness Ratio 0.1

| OK Cancel

Figure-41. LRB Input Values in ETABS for Axial Load 3920 KN
Direction U2 & U3
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5.3 Design of TFPB for G+12 Storey RC Structure.

For the analysis & design of TFPB, the cumulative load at the base is obtained
from the fixed based design modal in ETABS-2016. This load is categorized into

three groups viz. Axial load, Biaxial load and Uniaxial load.

5.3.1 TFPB for Biaxial Load - 1638 KN

Ry, 1
Rae i ik /Slnder
e
/ 4 SO N S 44/.“/{{//4
d. ’

S & N

12 S9N NN N
’ S -
. KA 7/

R,., 1, R,. My Slide plates

Figure-42. TFPB Schematic

(A) Geometrical, Frictional and Dp Computation

a. Geometrical features

R4 = Ri = 1778 x 2
= 3556 mm.
= 3.556 m.
R2 = R3 = 647 mm
= 0.647 m
h; = hy = 161 mm
= 0.161 m
hz = h3 = 121 mm
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= 0.121 m
d; = 566.02 mm
d> = 81.05 mm
Riefts = R sefra = Ri — hi
= 3556 — 161
= 3395 mm.
Roetia = Raefia = R, — hy
= 647 — 121
= 526 mm.
Ay _ d* _ dy X Ryeff
R,
= 540.39 mm
= 540.40 mm.
d* = ds* — d2 X Raeff
Rz
= 65.89 mm
=~ 65.90 mm.
b. Frictional characteristics Computation
At1 &4
P = W/ A
Here W Load = 163.8 tonne or 1638 KN.
A = r?
r = h4 + h]
= 161 + 161
r = 322 mm
= 0.000503 ton/mm?,

= 0.000503 x 1450
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P = 0.73 ksi, lksi = Kilo square inch
= 1450 ton/mm?
3- Friction Cycle u = 0.122 - 0.01 P,
u = 0.1147
Adjust for high velocity = pu - 0.0333
= 0.1147 -0.0333
= 0.081 (Lower bound)
1 — Friction Cycle u = 1.2 x 0.081
= 0.0977
4 = M1 = 0.081(Lower bound)
M4 = M1 = 0.098 (Upper bound)
At2and 3
P = W/A
Here W Load = 163.8 tonne or 1638 kN,
A = mr?
R = h> + h;
= 121 + 121,
= 242 mm
= 0.000890 ton/mm?,
= 0.000890 x 1450
= 1.29 ksi. lksi = Kilo square inch
= 1450 ton/mm?
3- Friction Cycle u = 0.122 - 0.01P
= 0.1091
Adjust for high velocity = u - 0.036
= 0.1091 - 0.036
= 0.073 (Lower bound)
1 - Friction Cycle u = 1.2 x0.073
= 0.0877

FACULTY OF ENGINEERING, DEPARTMENT OF CIVIL ENGINEERING Page 82



CHAPTER-V

DESIGN OF BASE ISOLATION BEARING

u2
u2

0.073 (Lower bound)
0.088 (Upper bound)

u3
u3

force at zero deformation

Raeff

(Lower bound)
Ryeff

Hi-(ur - p2) X
0.080

Roeff
Rieff

ui-(ur - p2) X (Upper bound)

0.096

c. Dp Computation (Upper bound)

Sda
p

181
Dy
Dy
Fa
W

T.B.

2Fa

XFa

2w
2w

ii.

Design displacement Dp

Effective stiffness, Qd

0.5074

0.096

0.098

(m1- p2) * Roefr
0.005250

0.2772

163.8 Ton.

12 Nos. (where T.B. = Total Bearing)
W x T.B. x Fa
163.8 x 12 x 0.2772
544.95

W x T.B.

1965.6 Ton.

0.07202 m.

p* Ew

= 0.096 * 1965.6

Qi = 188.98 Ton
kp = >Fp/Dp
= 544.95/0.07202
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kp = 7566.63 Ton/m.
Ketr = kp + Qb / Dp

= 7566.63 + 188.98 /0.07202
Keir = 10190.63 Ton/m.

iii.  Effective period, Tt
Tetr = [V(EW)/(Ketr x g))127
Ter = 0.88103 sec.

iv.  Effective damping, Pefr

B B E _ 4pyw(Dp-Dy)
D B ZHKeffXDDZ B ZnKeffXDDz

Berr = Bp = 0.1520
v.  Damping reduction coefficient, 3

5 _ ( Besr )0.3

0.05

B = 1.3959

vi. Dp!
1 _ Teff” X Sp!
Dp - 4n?x B X8
Dpt = 0.0701 m

(B) ETABS links directional property computation (upper bound)

a. Principal Features
i. Determine bearing
The isolator had been envisioned as a cylinder with a height of 0.32 metres
and a diameter of 0.305 metres
H = 0.5m
) = 0.484 m
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2
Now, Area A = m;@
B T X 0.4842
- 4
A = 0.1840 m?
w
Ketr = =
Rieff Dp
Ketr = 266.91 Ton/m
I _ Kegrxh?® B 266.91x 0.53
! - 12E - 12E
= 2.78035E-07 m™.
E = 1x107 N/mm?.
ii. Determine bearing mass
Dm-max = 00702 m.
DTM = 1. 15 X Dm_max
= 1.15x 0.0702
Dmn = 0.0807 m.
D = 2 DM
= 2 x 0.0807
D = 0.16146 m.
w = 0.241 D2 - 0.00564 D
W = 0.0053721 Tonne
M = w/g
= 0.005372/9.81
M = 0.000548 Tonne sec’/m.

FACULTY OF ENGINEERING, DEPARTMENT OF CIVIL ENGINEERING

Page 85



CHAPTER-V DESIGN OF BASE ISOLATION BEARING

b. Direction (U1)

H = 0.5m

[0 = 0.484 m

Kett = AE/L

Kett = 3679684.643 Ton/m.
from Dp

Keft = 3679684.643 Ton/m.
Bett = 0.1520

c¢. Direction (U2 - U3z)

i. Determination of liner properties.
Ketr = 266.914 ton/m
= 2669.14 KN/m
Bett = 0.1520
Height for outer surface, = h; = hs = 0.161m.
Height for inner surface, = h> = h; = 0.121m.
ii. Determination of Non - liner properties.
Roefr = 0.526 m.
Dy = (1, — 1) Roer
= (0.09769 — 0.08771) x 0.526
Dy = 0.00525 m.
Stiffness (Outer Top) = HI;;N

0.09769 x163.8
0.00525

3047.855 ton/m.

30478.55 KN/m.

Ho W
D

Stiffness (Inner Top) =
y
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0.08771 X163.8

0.00526
= 2736.448 ton/m.
= 27364.48 KN/m.
Friction Coefficient, Slow = = 0.098 (Outer Top)
= M2 = 0.088 (Inner Top)
Friction Coefficient, Fast = 2 x = 0.195 (Outer Top)
= 2X U2 = 0.175 (Inner Top)

Friction Coeff. Slow

Rate Parameter = .
Friction Coeff.Fast

= 0.098 / 0.195
= 0.5
= 0.0005 sec/mm

Radius of sliding surface

Outer Top = Rieft = 3.395 m.
Inner Top = Roeft = 0.526 m.
Stop distance
Outer Top ur* = 2Dy +2dr*
= 1.09130 m.
= 1091.30 mm
Inner Top ux* = 2Dy
= 0.0105 m.
= 10.5 mm.

FACULTY OF ENGINEERING, DEPARTMENT OF CIVIL ENGINEERING Page 87



CHAPTER-V DESIGN OF BASE ISOLATION BEARING

(© Input Values in ETABS:

(43 Link/Support Directional Properties ﬂ
Identification
Property Name B
Direction U1
Type Triple Pendulum Isolator
NonLinear Yes
Linear Properties
Effective Stiffness 36796846.43  |kN/m
Efective Damping 1.396 kN-s/m

Nonlinear Properties

Stiffness 36796846 .43 kN/m
Damping Coefficient 1.356 kN-s/m

' OK Cancel

Figure-43. TFPB Input Values in ETABS for Biaxial Load 1638 KN

Direction Ui
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4 Link/Support Directional Properties ﬂ
|dentification
Property Name B Type Triple Pendulum lsolator
Direction U2 U3 NonLinear Yes
Linear Properties
Effective Stiffness - U2 2669.136 kN/m Effective Stiffness -U3 2669.136 kN/m
Effective Damping - U2 1.396 kN-s/m Effective Damping -U3 1.396 kN-s/m

Shear Deformation Location

Distance from End-J-U2 |0 m Distance from End-J-U3 |0 m
Height and Symmetry of Sliding Surfaces

Height for Outer Surfaces | 0.161 \ m Outer Bottom Surface is Symmetric to Outer Top Surface

Height for Inner Sufaces  |0.121 m v

Nonlinear Properties for Directions U2 and U3

Quter Top Quter Bottom Inner Top Inner Bottom
Stiffness 30478.548 2736448 kN/m
Friction Coefficient, Slow | 0.09769 0.0877
Friction Coefficient, Fast | 0.19538 0.17541
Rate Parameter 0.0005 0.0005 sec/mm
Radius of Sliding Suface  |3.395 0.526 m
Stop Distance 10513 105 mm

[ oK Cancel

Figure-44. TFPB Input Values in ETABS for Biaxial Load 1638 KN
Direction U2 & Us
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5.3.2 TFPB for Uniaxial Load - 2487 KN

Reth Slider
d. P
9 N N NN
\ R d

R, 1, R, My Slide plates

Fig. 45. TFPB Schematic

(A) Geometrical, Frictional and Dp Computation

a. Geometrical features

R4 = R = 1778 x 2
= 3556 mm
= 3.556 mtrs.
R2 = R3 = 647 mm
= 0.647 mtrs
h; = hy = 161 mm
= 0.161 mtrs
hy = h3 = 121 mm
= 0.121 mtrs
d = 566.02 mm
d> = 81.05 mm
Rier = Ruefr = Ri — h
= 3556 — 161
= 3395 mm.
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Raefr = Ry - h

Roefr
= 647 — 121
= 526 mm.

dq X Ryefr
Rq

= 540.39 mm

= 540.40 mm.

dy X Raeff
R,

da* = di* =

= 65.89 mm
65.90 mm.

Q

b. Frictional Characteristics Computation

At1and4
P = W/ A
Here W Load = 248.7 tonne or 2487 KN
A = r?
R = hs + hy
= 161 + 161

r = 322 mm
P = 0.000764 ton/mm?,
P = 0.000764 x 1450
P = 01.11 kst, lksi = Kilo square inch

= 1450 ton/mm?
3- Friction Cycle u = 0.122 - 0.01P

u = 0.1109

Adjust for high velocity = pn - 0.0333

= 0.1109 - 0.0333

= 0.078 (Lower bound)
1 - Friction Cycle u = 1.2x0.078

= 0.0932
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U1 = M4 = 0.078 (Lower bound)
ui = U4 = 0.093 (Upper bound)
At2and 3
P = W/A
Here W Load = 248.7 ton  or 2487 kN
A = r?
r = hy + hs
= 121 + 121,
r = 242 mm
= 0.001352 ton/mm?
= 0.001352 x 1450
= 1.96 ksi. lksi = Kilo square inch
= 1450 ton/mm?
3- Friction Cycle u = 0.122- 0.01 P
= 0.1024
Adjust for high velocity = u - 0.036
= 0.1024 - 0.036
= 0.066 (Lower bound)
1 - Friction Cycle u = 1.2 x 0.066
= 0.0797
M2 = U3 = 0.066 (Lower bound)
M2 = U3 = 0.080 (Upper bound)
1 = force at zero deformation
u = mi-(ur - p2) X Rj—:g (Lower bound)
u = 0.076
u = wi - (Ui - p2) X % (Upper bound)
u = 0.091
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¢. Dp Computation (Upper bound)

Sda
u

Ui
D,
D,
Fa
W

T.B.

2Fq

>Fa
2w
2w

1l.

iil.

= 0.5074

= 0.091

= 0.093

= (U1- p2) * Roetr

= 0.007088

= 0.2772

= 248.7 Ton

= 12 Nos. (Where T.B. = Total Bearing)
= W x T.B.xFq

= 248.7x 12x 0.2772
= 827.40

= W x T.B.

= 2984.4 Tonne

Design displacement Dp 0.07202 mtrs.

Effective stiffness, Qd u ot Ew

= 0.091 * 2984 .4

Qi = 271.78 Ton
kp = >Fp/Dp
= 827.40/0.07202
kp = 11488.53 Ton/m.
Kett = ko + Qb /Dp
= 11488.53 + 271.78 /0.07202
Keir = 15262.22 Ton/m.
Effective period, Tesr
Tetr = N(EW)/(K et x g))] 21
Ter = 0.88708 sec.
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1v.

Vi.

Effective damping, Befr

B 3 E B 4uZW(DD—Dy)
P h ZT[KeffXDDZ a ZTCKeffXDDZ
Bett = Bp = 0.1419

Damping reduction coefficient, §

(%)0.3

B —_
p = 1.3675
Dp!
1 SpiX Teft
DD - 4_7_':2>< B X g
Dpt = 0.0726 mtrs

(B) ETABS link directional property computation (upper bound)

a. Principal features

i.

Determine bearing

The isolator had been envisioned as a cylinder with a height of 0.32 metres

and a diameter of 0.305 metres

H = 0.5m
() = 0.484 m
2
Now, C/S Area A = m:z)
B 7T X 0.4842
- 4
A = 0.1840 m?
w pw
Kerr B Ryeff Dp
Kesr = 387.73 Ton/m
I _ Kefrxh? B 387.73x% 0.53
! - 12E - 12E
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= 4.03884E-07 m*.

E = 1x10” N/mm?
ii. Determine bearing mass
Dm-max = 0.0702 m.
Dmnv = 1.15 X Dm-max
= 1.15x 0.0702
D = 0.0807 m.
D = 2 Dt™m
= 2 x 0.0807
D = 0.16146 m.
w = 0.241 D% - 0.00564 D
w = 0.0053721 tonne
M = w/g
= 0.005372/9.81
M = 0.000548 tonne sec’/m.

b. Direction (U1)

H =
(%) =
Kett =
Ker =

from Dp

Ketr

Betr

05m

0.484 m

AE/L
3679684.643 ton/m.

3679684.643 ton/m.

0.1419
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c. Direction (U2 - U3z)

i. Determination of liner properties.
Ketr = 387.729 ton/m
= 3877.29 KN/m
Betr = 0.1419
Height for outer surface, = h; = hs = 0.161m.
Height for inner surface, = h> = h; = 0.121m.
ii. Determination of Non - liner properties.
Roefr = 0.526 m.
Dy = (1y = 1) Roegr
= (0.093155 — 0.079680) x 0.526
Dy = 0.00709 m.
Stiffness (Outer Top) = u];;v

0.093155 x248.7
0.00709

3268.561 ton/m.

32685.61 KN/m.

Ho W
Dy

Stiffness (Inner Top) =

0.079680 x248.7
0.00709

2795.747 ton/m.

27957.47 KN/m.
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Friction Coefficient, Slow = M1 = 0.093 (Outer Top)
= M2 = 0.080 (Inner Top)
Friction Coefficient, Fast = 2xu1 = 0.186 (Outer Top)
= 2xpn2 = 0.159 (Inner Top)

Friction Coeff. Slow
Friction Coeff.Fast

Rate Parameter =

= 0.093/0.186
= 0.5
= 0.0005 sec/mm

Radius of sliding surface

Outer Top = R 1 efr = 3.395 m.
Inner Top = R 2efr = 0.526 m.
Stop distance
outer Top ur* = 2Dy+2dr*
= 1.09498 m.
= 1094.98 mm
Inner Top ux* = 2 Dy
= 0.0142 m.
= 14.18 mm.
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(© Input Values in ETABS:

[ 93 Link/Support Directional Properties ﬂ
Identification
Property Name U
Direction U1
Type Triple Pendulum Isolator
NonLinear Yes
Linear Properties
Effective Stiffness ’BGT@BTi 7:§kN/m
Efective Damping 1.367 kN-s/m

Nonlinear Properties

Stiffness 36796846 .43 kN/m

Damping Coefficient 1.367 kN-s/m

' OK Cancel

Figure-46. TFPB Input Values in ETABS for Uniaxial Load 2487 KN

Direction Ui
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4 Link/Support Directional Properties n
|dentification
Property Name U Type Triple Pendulum lsolator
Direction U2: U3 NonLinear Yes

Linear Properties
Effective Stiffness - U2 3877.285 kN/m Effective Stiffness -U3 | 3877.285 kN/m
Effective Damping - U2 1.367 kN-s/m Effective Damping -U3  |1.367 kN-=/m
Shear Defomation Location

Distance from End-J-U2 |0 m Distance from End~J - U3 |0 m

Height and Symmetry of Sliding Sufaces

Height for Outer Suffaces ‘D161

‘ m Quter Bottom Surface is Symmetric to Outer Top Surface

Height for Inner Sufaces  10.121 m v
Nonlinear Properties for Directions U2 and U3
Quter Top Quter Bottom Inner Top Inner Bottom

Stiffness 32685.609 2795747 kN/m
Friction Coefficient, Slow  |0.09315 0.079679
Friction Coefficient, Fast  |0.1863 0.159359
Rate Parameter 0.0005 0.0005 sec/mm
Radius of Sliding Suface  |3.395 0.526 m
Stop Distance 1094.976 14176 mm

oK | Cancel

Figure-47. TFPB Input Values in ETABS for Uniaxial Load 2487 KN
Direction U2 & U3
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5.3.3 TFPB for Axial Load - 3920 KN

hy
h'
R, 1, R, My Slide plates
Figure-48. TFPB Schematic
(A) Geometrical, Frictional and Dp Computation

a. Geometrical features

R4 = Ri = 1778 x 2
= 3556 mm
= 3.556 m

R> = R3 = 647 mm
= 0.647 m

hi = hy = 161 mm
= 0.161 m

hy = h3 = 121 mm
= 0.121 m

d = 566.02 mm

d> = 81.05 mm

Rier = Ruefr = Ri— h
= 3556 — 161
= 3395 mm
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Raefr = Ry - h

Roefr
= 647 — 121
= 526 mm.

dy X Ryeff
Ry

= 540.39 mm
= 540.40 mm.

dy X Ryeff
Ry

= 65.89 mm
65.90 mm.

da* = di* =

Q

b. Frictional Characteristics Computation

At1and 4
P = W/ A
Here W Load = 392.0 tonne or 3920 KN,
A = r?
r = hs + hy
= 161 + 161

r = 322 mm
P = 0.001203 ton/mm?
p = 0.001203 x 1450
P = 1.74 ksi, 1ksi = Kilo square inch

= 1450 ton/mm?
3- Friction Cycle u = 0.122 - 0.01P

u = 0.1046

Adjust for high velocity = pu - 0.0333

= 0.1046 - 0.0333

= 0.071 (Lower bound)
1 - Friction Cycle u = 1.2 x 0.071

= 0.0855
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Ui = M4 = 0.071 (Lower bound)
ui = U4 = 0.086 (Upper bound)
At2and 3
P = W/A
Here W Load = 392.0 tonne or 3920 KN
A = r?
r = hy + h3
= 121 + 121
= 242 mm

= 0.002131 ton/mm?,
= 0.002131 x 1450

= 3.09 ksi. lksi = Kilo square inch

= 1450 ton/mm?

3- Friction Cycle u = 0.122 - 0.01 P
= 0.0911

Adjust for high velocity = u - 0.036
= 0.0911 - 0.036
= 0.055 (Lower bound)

1 - Friction Cycle u = 1.2 x 0.055
= 0.0661

u2 = u3 = 0.055 (Lower bound)

u2 = u3 = 0.066 (Upper bound)

u = force at zero deformation

u = i - (U1 - p2) X Ei—zz (Lower bound)

u = 0.069

u = i - (Ui - p2) X % (Upper bound)

u = 0.082
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¢. Dp Computation (Upper bound)

Sda = 0.5074
u = 0.082
M1 = 0.086
Dy = (ui1- p2) * Roeff
Dy = 0.010190
Fa = 0.2772
W = 392 Ton
TB. = 12 Nos. (Where T.B. = Total Bearing)
>Fqg = W x T.B.xFq
= 392 x 12x0.2772
XFq = 1304.15
w = Wx T.B.
w = 4704 Ton
i. Design displacement, Dp = 0.07202 m.
11. Effective stiffness, Qd = noE Ew
= 0.082 * 2832
Qi = 388.07 Ton
kp = >Fp/Dp
= 1304.15/0.07202
kp = 18108.18 Ton/m.
Kett = kp + Qo /Dp
= 18108.18 + 388.07 /0.07202
Ker = 23496.59 Ton/m.
1il. Effective period, Tesr
Tetr = [N(EW)/(K err X g)) ] 27
Ter = 0.89759 sec.
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iv. Effective damping, Besr

B 3 E 3 4uZW(DD—Dy)
P h ZﬂKeffXDDZ - ZTEKeffXDDZ

Bett = Bp = 0.1253
V. Damping reduction Coefficient, f§

0.05

B = 1.3174

Vi. DD1
1 _ SpiX Teff”
DD - 4_7_':2>< B g
Dpt = 0.0771 m.

(B) ETABS links directional property computation (upper bound)

a. Principal features
i. Determine bearing
The isolator had been envisioned cylinder with a height of 0.32 metres and a

diameter of 0.305 metres

H = 0.5 m.
() = 0.484 m
X P2
Now, Area A = "
B 7T X 0.4842
- 4
A = 0.1840 m?
w pw
Kerr B Ryeff Dp
Kett = 564.50 Ton/m
I _ Kegrxh?® B 564.50 x 0.53
! - 12E - 12E
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1x107 N/mm?

ii. Determine bearing mass

Dm—max =

D™

Dmn =

b. Direction (Ui1)

H =
(%) =
Kett =
Kett =
Kett =

from Dp

Ketr

Bett =

0.0702 mtrs.

1.15 X Dm-max
1.15x 0.0702
0.0807 mitrs.
2Dt

2 x 0.0807
0.16146 mtrs.
0.241 D? - 0.00564 D
0.0053721 tonne.
w/g
0.005372/9.81

0.000548 tonne sec’/m.

05m

0.484 m

AE/L

3679684.643 ton/m.
36796846.43 KN/m.

3679684.64 ton/m.

0.1253

5.88019E-07 m*.
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c. Direction (U2 - U3z)

1. Determination of liner properties.
Kett = 564.498 ton/m
= 5644.98 KN/m
Betr = 0.1253
Height for outer surface, = h; = hs = 0.161m
Height for inner surface, = h> = h3; = 0.121m
ii. Determination of Non - liner properties.
Roerr = 0.526 mtrs.
D}’ = (l’ll - l’lz) RZeff
= (0.08550 — 0.06613) x 0.526
Dy = 0.01091 mtrs.
Stiffness (Outer Top) = H]; hd
y
_ 0.08550 X392
- 0.01091
= 3289.068 ton/m.
= 32890.68 KN/m.
Stiffness (Inner Top) = ulz)_W
y
B 0.06613 X392
a 0.01091
= 2543.821 ton/m.
= 25438.21 KN/m.
Friction Coefficient, Slow = M1 = 0.086 (Outer Top)
= p2 = 0.066 (Inner Top)
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Friction Coefficient, Fast = 2xu = 0.171 (Outer Top)
= 2xp2 = 0.132 (Inner Top)
Friction Coeff. Sl
Rate Parameter = rl_Ctlfm °e i
Friction Coeff.Fast
= 0.086/0.171
= 0.5
= 0.0005 sec/mm
Radius of sliding surface
Outer Top = R 1eff = 3.395 mtrs.
Inner Top = R 2efr = 0.526 mtrs.
Stop distance
Outer Top ur* = 2Dy +2di*
= 1.10118 mtrs.
= 1101.18 mm
Inner Top ux* = 2Dy
= 0.0204 mtrs.
= 20.380 mm.
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© Input Values in ETABS:

14 Link/Support Directional Properties n
Identification
Property Name A
Direction U1
Type ' Triple Pendulum Isolator
NonLinear Yes

Linear Properties

Effective Stiffness 679684643 |kN/m

Effective Damping 1.317 kN-s/m

Nonlinear Properties

Stiffness 36796846 .43 kN/m

Damping Coefficient 1.317 kN-s/m

oK | Cancel

Figure-49. TFPB Input Values in ETABS for Axial Load 3920 KN

Direction Ui
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(4 Link/Support Directional Properties “
|dentffication
Property Name A Type Triple Pendulum Isolator
Direction Uz, U3 NonLinear Yes
Linear Properties
Effective Stiffness - U2 564498 kN/m Effective Stiffness -3 5644 98 kN/m
Effective Damping-U2  |1.317 kN-s/m Effective Damping -U3  |1.317 kN-s/m

Shear Deformation Location

Distance from End-J-U2 |0 m Distance from End-J - U3 |0 m

Height and Symmetry of Sliding Sufaces

Height for Outer Sufaces | 0.161 ) ‘ m Outer Bottom Surface is Symmetric to Outer Top Surface
Height for Inner Sufaces  |0.121 m v

Nonlinear Properties for Directions U2 and U3

Quter Top Outer Bottom Inner Top Inner Bottom
Stiffness 32850.679 25438.208 kN/m
Friction Coefficient, Slow | 0.0855 0.0661
Friction Coefficient, Fast  |0.171 0.13225
Rate Parameter 0.0005 » 0.0005 sec/mm
Radius of Sliding Suface |3.395 0.526 m
Stop Distance 1101.18 20.38 mm

| oK Cancel

Figure-50. TFPB Input Values in ETABS for Axial Load 3920 KN
Direction U2 & U3
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5.4 Design of LRB for G+22 Storey RC Structure.

For the analysis & design of LRB, the cumulative load at the base is obtained from the
fixed based design modal in ETABS-2016. This load is categorized into three groups

viz. Axial load, Biaxial load and Uniaxial load.

5.4.1 LRB for Biaxial Load - 3342 KN

Top cover plate

) *\/\
‘\>\
=)

L
e Steel

Bottom cover

plate
Figure-51. LRB Schematic

Biaxial Load (W) = 3342 kN.
Time Period (TD) =2.5 sec.
Design Shear Strain (ymax) = 50%

= 0.5 kN/m>.
Effective Damping (Eeff) =5%

= 0.05 For U1,U2,U3.
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Table-10. Damping Coefficient, Bp or Bm
EFFECTIVE DAMPING, 73, OR 3, B, OR B,
(PERCENTAGE OF CRITICAL) FACTOR

<2% 0.8

5% 1.0

10% 1.2

20% 1.3

30% L7

40% 1.9

> 50% 2.0

Table-11. Seismic Coefficient Cv
SEISMIC ZONE FACTOR, 2
$0IL PROFILE TYPE 2=0075 2=045 2=02 2503 2=04
$ 0.06 012 0.16 0u 032N
3 0.08 013 020 030 040N,
& 0.13 023 03 043 036N,
D 0.18 032 040 034 0,640
3 0.6 030 0.64 0.4 0.96),
5 See Footmote |

Damping Coefficient (Bp) =1.0 (UBC-97, Vol-2, Pg. No. 414)

Seismic Coefficient (Sp) =0.54 (UBC-97, Vol-2, Pg. No. 35)

Table-12. Vulcanized Natural Rubber Compounds

Hardness | Young's Shear Material | Elongation
IRHD+2 Modulus | Modulus | Constant at
E G k Break |
(MPa) (MPa) Min, %
37 1.35 0.40 0.87 650
40 1.50 0.45 0.85 600 |
45 1.80 0.54 0.80 600
50 2.20 0.64 0.73 500
55 3.25 0.81 0.64 500
60 4.45 1.06 0.57 400
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Choosing 60 for analysis in critical circumstances

E = 445
= 4450 KN/m?
G = 1.06
= 1060 kKN/m?
K = 057
& = 4
= 400%
foy = 8500 kN/m?
Ga = 7840 kN/m?

Typically 7 to 8.5 Mpa, Consult the manufacturer

F, = 164640 kKN/m>

f, 274400 kN/m?

(A) LRB - Analysis

1. The effective horizontal stiffness Keey

K _ W(ZT[)Z
effH g \Tp

Ketrr =2151.88 kN/m Direction U2 & Us

1. Design displacement (Dp)

DD:

SpT
( g ) % Dlp
4‘1T2 BD
= 0.33546 m.

1il. Yield Strength Qq

D T X K X D
= = — X

= 56.6957 kN

Qqa
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iv. Yield Stiffness
Ku = 10 Kq
Where, Kqg = Post yield stiffness
Ku = Pre yield stiffness

Note- Based on the findings of the trials, the initial elastic stiffness was

calculated to be between 9 and 16 Kd.

Ki  =Kepn — S—g
= 1982.87 kN/m.
Kv =10K4
= 19828.7 kN/m.
V. Post yield stiffness ratio.
Kq _1982.87
Ky 19828.7
=0.1 Direction U2 & Us

(B) LRB - Development

1. Area of Lead Core (Ap)
Ap -
fpy
=0.00667 m>.
1. Dia of lead core (dp)
A md?
P =7
4A,
b ==
=0.09216 m.
1ii. Thickness of rubber layer (t;)
D
tr = D
Ymax
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=0.67092 m.

1v. The Shape factor (S)

2
BES) g,

S =9.09409

For S <10, Take S =10

V. Compressive modulus of rubber & steel (Ec)
Ec = E(14+2kS?)
= 511750 kN/m?.
Vi. Effective area of bearing(Ao)
Ao =W / Ga
=0.42628 m>.
vii. Shear strain’s effective area (A1)

6SW
< &

EcxAy 3
=0.29387 m>.
Viil. Elastic Stiffness Kr
1+12X%Ap
K4 =K, X ——

Ao
= 1669.41 kN/m.

iX. Effective area of individual rubber layer (Asf)
A, o T
sf = 4
=1.05665 m>.
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X. Diameter of rubber (d)
o - [t
T
=1.1599 m
X1. Effective vertical stiffness (kv)
K, _ EcXAgt
tr
Kv = 805961 kKN/m. Direction U
Xii. Reduction factor - Damping ()
B =2 X cos™! (%)
=2.555
X1ii. Reduced area (A2)
A, _ d?x(B-sinB)
4
=0.67318 m*
Xiv. LRB - Details
A =0.67318 m® (Max Area of Ao, Al, & Aj)
d =0.92581 m
No. of rubber layer (N) = t,/t (where t = 0.029)
=23.1373

Say (N) = 24.00

XV. Steel Plate thickness (ts)
2 X W x2t
ts =
A XFs
ts =0.0035 = 0.002 m.
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XVi. Total height of bearing (hp)
hy =N x (ts + 2*0.0025) + tr
hy, =0.87486 m.

(C) Input Values in ETABS:

(41 Link/Support Directional Properties n
Identification
Property Name B
Direction U1
Type Rubber Isolator
NonLinear No

Linear Properties
Effective Stiffness :B05%1 ;kN/m

Effective Damping 0.05 kN-s/m

’ QK A‘ Cancel

Figure-52. LRB Input Values in ETABS for Biaxial Load 3342 KN

Direction Ui

FACULTY OF ENGINEERING, DEPARTMENT OF CIVIL ENGINEERING Page 116



CHAPTER-V DESIGN OF BASE ISOLATION BEARING

(43 Link/Support Directional Properties n |
Identification
Property Name B
Direction u2
Type Rubber Isolator '
NonLinear Yes |

Linear Properties

Effective Stiffness :rz151 88 kN/m

Effective Damping 0.05 kN-s/m

Shear Deformation Location
Distance from End-J 0 m

Nonlinear Properties

Stiffness 15828.7 kN/m
Yield Strength 56.7 kN
Post Yield Stiffness Ratio 0.1

’___O_K Cancel

Figure-53. LRB Input Values in ETABS for Biaxial Load 3342 KN
Direction U2 & U3
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5.4.2 LRB for Uniaxial Load - 4627 KN

Top cover plate

Boltom cover

plate
Figure-54. LRB Schematic

Uniaxial Load (W) = 4627 kN.
Time Period (TD) = 2.5 sec.
Design Shear Strain (ymax) = 50%

= 0.5 kN/m2.
Effective Damping (Eeff) =5%

= 0.05 For U1,U2,U3.

Table-13. Damping Coefficient, Bp or Bm

EFFECTIVE DAMPING, 5, OR 4, 8, OR B,
(PERCENTAGE OF CRITICAL) FACTOR
< 2% 0.8
5% 1.0
10% 1.2
20% ]
30% 1.7
B 40% . 1.9 )
> 50% 2.0
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Table-14. Seismic Coefficient Cv

SEISMIC ZONE FACTOR,
$0IL PROFILE TYPE 220,75 2=0.15 2=02 2=08 2=04
5 006 0 016 0 030N
3 0.08 013 020 030 040N,
M 0.13 023 03 043 036N,
D 0.18 032 040 0.4 0,640
3 ) 030 0.64 0.4 0.96),
5 See Footnote |
Damping Coefficient (Bp) =1.0 (UBC-97, Vol-2, Pg. No. 414)
Seismic Coefficient (Sp) =0.54 (UBC-97, Vol-2, Pg. No. 35)

Table-15. Vulcanized Natural Rubber Compounds

Hardness | Young's Shear Material | Elongation
IRHD+2 Modulus | Modulus | Constant at »
E G k Break |
(MPa) (MPa) Min, %

37 1.35 0.40 0.87 650

40 1.50 0.45 0.85 600

45 1.80 0.54 0.80 600

50 2.20 0.64 0.73 500

55 3:25 0.81 0.64 500

60 4.45 1.06 0.57 400

Choosing 60 for analysis in critical circumstances

E = 4.45

= 4450 kN/m?
G = 1.06

= 1060 kN/m?
K = 0.57
& = 4

= 400%
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8500 kN/m?

fpy

Oa 7840 kN/m?

Typically 7 to 8.5 Mpa, Consult the manufacturer

Fs = 164640 kN/m>

274400 kN/m?

fy

(A) LRB - Analysis

1. The effective horizontal stiffness Keem
W /21 2

Kettn = - (E)

Ketta =2979.27 kKN/m Direction U2 & Us
1. Design displacement (Dp)

g SpTp
Dp = X
b (4n2 ) Bp

= 0.33546 m.

iii. Yield Strength Qa
- M Tk x x D

Qd—4xDD = 7 % Kefru Eetit X Dp

= 78.4952 kN
1v. Yield Stiffness

Ky = 10 Kq

Where, Ka = Post yield stiffness

Ku = Pre yield stiffness

Note- Based on the findings of the trials, the initial elastic stiffness was

calculated to be between 9 and 16 Kd.

K =Kemm — ot

=2745.28 kN/m.
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Ku =10K4
= 27452.8 kN/m.
v. Post yield stiffness ratio.
Kq  2745.28
Ky 27452.8
=0.1 Direction Uz & Us

(B) LRB - Development

1. Area of Lead Core (Ap)
Ap =
fpy
=0.00923 m>.
1. Dia of lead core (dp)
A md?
P =7y
4A,
b ==
=0.10843 m.
1ii. Thickness of rubber layer (t;)
D
t; = —=
Ymax
=0.67092 m.
1v. The Shape factor (S)
2
E(+2ksY) S 400,
G
S = 9.09409

For S < 10, Take S =10
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V. Compressive modulus of rubber & steel (Ec)
Ec  =E(1+2kS?)
=511750 kN/m?>.

vi. Effective area of bearing(A,)
Ao =W/0o,
=0.59018 m>.
Vii. Shear strain’s effective area (A1)

6SW
< o

EcxAq 3
=0.40687 m2.
Viii. Elastic Stiffness K;
Ky - K x 1+12xAp
Ao
=2311.29 kN/m.
iX. Effective area of individual rubber layer (Asf)
Ay =™
sf = 4
=1.46293 m?
X. Diameter of rubber (d)
o - [t
TC
=1.36479 m.
Xi. Effective vertical stiffness (ky)
K, _ EcXAgf
tr
Ky = 1115853 kKN/m. Direction U

FACULTY OF ENGINEERING, DEPARTMENT OF CIVIL ENGINEERING Page 122



CHAPTER-V DESIGN OF BASE ISOLATION BEARING

Xii. Reduction factor - Damping ()
B =2 X cos™! (%)
=2.645
Xiil. Reduced area (A2)
Ay _ d?x(B—sinB)
4
=1.00982 m?
Xiv. LRB - Details
A =1.00982 m® (Max Area of Ao, Al, & A)
d =1.13391 m
No. of rubber layer (N) = t,/t (where t = 0.03412)
=19.6638
Say (N) =20
XV. Steel Plate thickness (ts)
2 X W x2t
ts =
A XFs
ts =0.0038 = 0.002 m.
vi. Total height of bearing (hp,)

hy, =Nx(ts +2%0.0025) + tr
hy = 0.84689 m.
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(© Input Values in ETABS:

(41 Link/Support Directional Properties ﬂ
Identification
Property Name U
Direction U1
Type Rubber Isolator
NonLinear No

Linear Properties

Effective Stiffness 11115853 ‘ kN/m

Effective Damping 0.05 kN-s/m

! OK i Cancel

Figure-55. LRB Input Values in ETABS for Uniaxial Load 4627 KN
Direction Ui
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(4 Link/Support Directional Properties n
Identification
Property Name U
Direction U2
Type Rubber Isolator
NonLinear Yes

Linear Properties
Effective Stiffness ps79.27 | kN/m

Effective Damping 0.05 kN-s/m

Shear Deformation Location
Distance from End-J 0 m

Nonlinear Properties

Stiffness 27452 8 kN/m
Yield Strength 785 kN
Post Yield Stiffness Ratio 0.1

[_OK 7 Cancel

Figure-56. LRB Input Values in ETABS for Uniaxial Load 4627 KN
Direction U2 & U3
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5.4.3 LRB for Axial Load - 6860 KN

Top cover plate

Bottom cover

plate
Figure-57. LRB Schematic
Axial Load (W) = 6860 kN.
Time Period (TD) = 2.5 sec.
Design Shear Strain (ymax) = 50%
= 0.5 kN/m2.
Effective Damping (Eeff) =5%

=0.05 For U1,U2,U3.

Table-16. Damping Coefficient, Bp or Bm

EFFECTIVE DAMPING, 53, OR 8, B, OR B,
(PERCENTAGE OF CRITICAL) FACTOR
< 2% 0.8
5% 1.0
10% 1.2
20% 1.5
30% 1.7
40% 1.9
> 50% 2.0
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Table-17. Seismic Coefficient Cv

SEISMIC ZONE FACTOR, 2
$0IL PROFILE TYPE 2=0075 2=0.15 2=02 2=03 2=04
5 0.08 012 016 04 032%
3 0.08 0.5 020 030 040N,
M 0.13 023 032 04 0.36N
D 0.18 03 040 0.4 0.64M
N4 0.6 0.30 0.64 084 0.96),
5 See Footmote |
Damping Coefficient (Bp) =1.0 (UBC-97, Vol-2, Pg. No. 414)
Seismic Coefficient (Sp) =0.54 (UBC-97, Vol-2, Pg. No. 35)

Table-18. Vulcanized Natural Rubber Compounds

Hardness | Young's Shear Material | Elongation
IRHD+2 Modulus | Modulus | Constant at ‘
E G k Break |
(MPa) (MPa) Min, %

37 135 0.40 0.87 650

40 1.50 0.45 0.85 600

45 1.80 0.54 0.80 600

50 2.20 0.64 0.73 500

55 3.25 0.81 0.64 500

60 4.45 1.06 0.57 400

Choosing 60 for analysis in critical circumstances

E = 4.45
= 4450 kN/m?
G = 1.06
= 1060 kN/m?
K = 0.57
€b = 4
= 400%
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(A)

11.

1.

1v.

8500 kN/m?

ny

Oa 7840 kN/m?

Typically 7 to 8.5 Mpa, Consult the manufacturer

F, 164640 kN/m?

fy 274400 kN/m?

LRB - Analysis

The effective horizontal stiffness Keg

K _ W(Zn)z
effH g \Tp

Ketta =4417.08 kKN/m

Design displacement (Dp)

Direction U2 & U3

Dp = (45[2) X SEID

= 0.33546 m.
Yield Strength Qq

Wp i1
Qd=4><DD = 7 X Keftu X et X Dp
= 116.377 kN
Yield Stiffness
Ku = 10 Kq
Where, Kq = Post yield stiffness,
Ky = Pre yield stiffness

Note- Based on the findings of the trials, the initial elastic stiffness was

calculated to be between 9 and 16 Kd.

Q
Ka =Kerrn — ﬁ
=4070.16 kKN/m.
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Kuv =10K4
=40701.6 kN/m.
V. Post yield stiffness ratio.
Kq _ 4070.16
Ky 40701.6
=0.1 Direction U2 & U3

(B) LRB - Development

1. Area of Lead Core (Ap)
Ap = 1
fpy
=0.01369 m>
11. Dia of lead core (dp)
A md?
P =7
4A,
db ==
=0.13203 m.
111. Thickness of rubber layer (tr)
D
tr = D
Ymax
=0.67092 m.
1v. The Shape factor (S)
2
E(+2ksY) S 400,
G
S =9.09409

For S < 10, Take S =10

FACULTY OF ENGINEERING, DEPARTMENT OF CIVIL ENGINEERING Page 129



CHAPTER-V DESIGN OF BASE ISOLATION BEARING

V. Compressive modulus of rubber & steel (Ec)
Ec  =E(1+2kS?)
=511750 kN/m?>.

Vi. Effective area of bearing(A,)
Ao =W /0,
=0.875 m>.
VIi. Shear strain’s effective area (A;)

6SW €
< 3

EcXAq
=0.60322 m2.
Viii. Elastic Stiffness K
Ky = K, x 1+12xAp
Ao
= 3426.73 kN/m.
IX. Effective area of individual rubber layer (Asf)
nd?
A =T
=2.16894 m>.
X. Diameter of rubber (d)
0 o [
- T
=1.6618 m.
X1. Effective vertical stiffness (kv)
KV _ EC XASf
tr
Kv = 1654366 KN/m. Direction Ui
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Xii.

Xiii.

X1V.

XV.

XVI.

Reduction factor - Damping ()

B =2 X cos™! (%)
=2.735
Reduced area (A2)
A, _ d?x(B-sinB)
4
=1.61519 m?

LRB - Details

A =1.61519 m*

d =1.43406 m

No. of rubber layer (N) = t,/t
=16.1493

Say (N) =17

Steel Plate thickness (ts)

(Max Area of Ao, Al, & A»)

(where t =0.04154)

2 X W x2t
ts == =
A XFs
ts =0.00429 = 0.002 m.
Total height of bearing (hp)
hy, =N x (ts + 2*0.0025) + tr

hy =0.8288 m.
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(©) Input Values in ETABS:

(43 Link/Support Directional Properties ﬂ
Identification
Property Name A
Direction U1
Type Rubber Isolator
NonLinear No

Linear Properties

Effective Stiffness 11654366 |kN/m

Effective Damping 0.05 kN-s/m

‘_ 0K Cancel

Figure-58. LRB Input Values in ETABS for Axial Load 6860 KN
Direction Ui
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(43 Link/Support Directional Properties ﬂ
Identification
Property Name A
Direction U2
Type Rubber Isolator

NonLinear

Linear Properties
Effective Stiffness

Effective Damping

Shear Deformation Location
Distance from End-J

Nonlinear Properties

Stiffness
Yield Strength

Post Yield Stiffness Ratio

OK

Yes

kai7oe

0.05

407016
116.38
0.1

Cancel

| kN/m

kN-s/m

kN/m
kN

Figure-59. LRB Input Values in ETABS for Axial Load 6860 KN
Direction Uz & Us
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5.5 Design of TFPB for G+22 Storey RC Structure.

For the analysis & design of TFPB, the cumulative load at the base is obtained from
the fixed based design modal in ETABS-2016. This load is categorized into three

groups viz. Axial load, Biaxial load and Uniaxial load.

5.5.1 TFPB for Biaxial Load - 3342 KN

Rynp
Ras i " /Slnder
2 7 e
/ SO R € 44/.“/{{//4

d. ’

-
S TR N
’ S -
- % ’ 7/

R,., 1, R,. My Slide plates

Figure-60. TFPB Schematic

(A) Geometrical, Frictional and Dp Computation

a. Geometrical features

R4 = Ri = 1778 x 2

= 3556 mm

= 3.556 mitrs.
R2 = R3 = 647 mm

= 0.647 mtrs
hi = hy = 161 mm

= 0.161 mtrs
hz = h3 = 121 mm

= 0.121 mtrs
d = 566.02 mm
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do = 81.05 mm
Rier = Ryetr = Ri— Iy
= 3556 — 161
= 3395 mm
Roetr = R3efr = R — hy
= 647 — 121
= 526 mm
gt = do* — d1 X Ryeff
Ry
= 540.39 mm
= 540.40 mm
do* — ds* — dz X Raeff
R
= 65.89 mm
=~ 65.90 mm.
b. Frictional Characteristics Computation
Atland 4
P = W/ A
Here W Load = 334.2 tonne or 3342 KN,
A = nr?
r = h4 + h]
= 161 + 161
r = 322 mm
P = 0.001026 ton/mm?,
P = 0.001026 x 1450
P = 1.49 ksi, lksi = Kilo square inch
= 1450 ton/mm?
3- Friction Cycle u = 0.122 - 0.01 P,
Tl = 0.1071
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Adjust for high velocity pu - 0.0333
= 0.1071 - 0.0333

= 0.074 (Lower bound)

1 - Friction Cycle u = 1.2 x 0.074
= 0.0886
ui = H4 = 0.074 (Lower bound)
M1 = M4 = 0.089 (Upper bound)
At2and 3
P = W/A
Here W Load = 334.2 tonne or 3342 KN,
A = r?
r = h, + h3
= 121 + 121
= 242 mm
= 0.001816 ton/mm?,
= 0.001816 x 1450
= 2.63 ksi. I kst = Kilo square inch
= 1450 ton/mm?
3- Friction Cycle u = 0.122 - 0.01P
= 0.0957
Adjust for high velocity = u - 0.036
= 0.0957 - 0.036
= 0.060 (Lower bound)
1 - Friction Cycle u = 1.2 x 0.060
= 0.0716
Lower bound u2 = u3 = 0.060
Upper bound H2 = U3 = 0.072
u = force at zero deformation
u = i - (ui - p2) X Roet (Lower bound)
1eff
u = 0.072
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Roeff

u = ur - (U1 - p2) X Ructr (Upper bound)
u = 0.086
c¢. Dp Computation (Upper bound)
Sda = 0.5074
u = 0.086
M1 = 0.089
Dy = (Ui1- p2) * Roeff
Dy = 0.008939
Fq = 0.2772
W = 334.2 Ton
TB. = 12 Nos. (Where T.B. = Total Bearing)
*Fg = W x T.B.xFq
= 334.2 x 12x0.2772
>Fg = 1111.86
w = W x T.B.
w = 4010.4 Ton
i. Design displacement, Dp = 0.07202 m.
ii. Effective stiffness, Qd = u o Ew
= 0.086 * 4010.4
Qi = 34471 Ton
kp = >Fp/Dp
= 1111.86/0.07202
kp = 15438.15 Ton/m.
Ketr = kp + Qo/Dp
= 15438.15 +344.71/0.07202
Ketr = 20224.50 Ton/m.
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iii. Effective period, Tesr

Ter = N(EW)/(K e x )] 2m

Tetr = 0.89331 sec.
iv. Effective damping, Besr

B 3 E 3 4uZW(DD—Dy)

P h ZHKeffXDDZ - ZTEKeffXDDZ

Pett = Bp = 0.1320
\A Damping reduction Coefficient, 3

5 _ ( Besr )0.3

0.05

B = 1.3380

Vi. DD1
1 SpiX Teff”
Dp a 4m*x B X g
Dpt = 0.0752 mtrs

(B) ETABS links directional property computation (upper bound)

a. Principal features
i. Determine bearing

The isolator had been envisioned cylinder with a height of 0.32 metres and a
diameter of 0.305 metres

H = 0.5m
0] = 0.484 m
X @2
Now, Area A = ”
3 7T X 0.4842
- 4
A = 0.1840 m?
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A% uw
Ketr = —
Rieff Dp
Ker = 497.30 Ton/m
I _ Kegrxh?® B 497.30% 0.53
! - 12E - 12E
= 5.18022E-07 m*.

E = 1x107 N/mm?
il. Determine bearing mass
Dm-max = 00702 m.
DTM = 115 X Dm_max

= 1.15 x 0.0702
Dmm = 0.0807 m.
D = 2 DM

= 2 x 0.0807
D = 0.16146 m.
w = 0.241 D2 - 0.00564 D
W = 0.0053721 tonne.
M = w/g

= 0.005372/9.81
M = 0.000548 tonne sec*/m.

b. Direction (U1)

H = 0.5m

@ = 0.484 m

Kett = AE/L

Kett = 3679684.643 ton/m.
Ket = 36796846.43 KN/m.
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from Dp
Ketr = 3679684.64 ton/m.
Betr = 0.1320

c. Direction (U2 - U3z)

i. Determination of liner properties.
Keit = 497.301 ton/m
= 4973.01 KN/m
Bett = 0.1320
Height for outer surface, = h; = hs = 0.161 m.
Height for inner surface, = h, = h3 = 0.121m.
ii. Determination of Non - liner properties.
Roetr = 0.526 mitrs.
Dy = (1y = 1) Roegr
= (0.08859 — 0.07159) x 0.526
Dy = 0.00894 mtrs.
Stiffness (Outer Top) = %

0.08859 x334.2
0.00894

= 3312.041 ton/m.

= 33120.41 KN/m.

Stiffness (Inner Top) =

0.07159 x334.2
0.00894

= 2676.680 ton/m.
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= 26766.80 KN/m.
Friction Coefficient, Slow = M1 = 0.089 (Outer Top)
= p2 = 0.072 (Inner Top)
Friction Coefficient, Fast = 2xp1 = 0.177 (Outer Top)
= 2xm = 0.143 (Inner Top)
Friction Coeff. Sl
Rate Parameter = rl(_:tl?n — aad
Friction Coeff.Fast
= 0.089/0.177
= 0.5
= 0.0005 sec/mm
Radius of sliding surface
Outer Top = R 1eff = 3395 m
Inner Top = R 2efr = 0.526 m
Stop distance
Outer Top ur* = 2Dy +2di*
= 1.09868 m
= 1098.68 mm
Inner Top ux* = 2Dy
= 0.0179 m
= 17.878 mm
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(®) Input Values in ETABS:

(43 Link/Support Directional Properties n
Identification
Property Name B
Direction U1
Type Triple Pendulum Isolator
NonLinear Yes

Linear Properties

Effective Stiffness i@s;&s&qs.g \ kN/m

Effective Damping 1.338 kN-s/m

Nonlinear Properties

Stiffness 36796846.43 kN/m
Damping Coefficient 1.338 kN-s/m

QK Cancel

Figure-61. TFPB Input Values in ETABS for Biaxial Load 3342 KN

Direction Ui
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3] Link/Support Directional Properties ﬂ
|dentification
Property Name B Type Triple Pendulum lsolator
Direction U2; u3 NonLinear Yes

Linear Properties

Effective Stiffness - U2 4973.014 kN/m Effective Stiffness -U3 4973.014 kN/m
Effective Damping - U2 1.338 kN-s/m Effective Damping -U3  |1.338 kN-s/m

Shear Deformation Location

Distance from End-J - U2 |0 m Distance from End-J - U3 |0 m

Height and Symmetry of Sliding Surfaces

Height for Outer Surfaces i}b-‘m (m Outer Bottom Surface is Symmetric to Outer Top Surface
Height for Inner Surfaces 0.121 m v
Nonlinear Properties for Directions U2 and U3
Outer Top Outer Bottom Inner Top Inner Bottom
Stiffness 33120.415 26766.8 kN/m
Friction Coefficient, Slow | 0.088587 0.071593
Friction Coefficient, Fast ~ |0.177175 0.143187
Rate Parameter 0.0005 0.0005 sec/mm
Radius of Sliding Surface |3.395 0.526 m
Stop Distance 1098.677 17.877 mm

0K ’ Cancel

Figure-62. TFPB Input Values in ETABS for Biaxial Load 3342 KN
Direction Uz & Us
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5.5.2 TFPB for Uniaxial Load - 4627 KN

h. S
R, 1, R, My Slide plates
Figure-63. TFPB Schematic
(A) Geometrical, Frictional and Dp Computation

a. Geometrical features

R4 = R, = 1778 x 2
= 3556 mm
= 3.556 m

R> = R3 = 647 mm
= 0.647 m

hi = hy = 161 mm
= 0.161 m

hy = h3 = 121 mm
= 0.121m

d = 566.02 mm

d> = 81.05 mm

Rietf = Ruer = Ri — h;
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= 3556 - 161
= 3395 mm
Roett = R3ett = Ro— h
= 647 — 121
= 526 mm
dyt = d* — d1 X Ryeff
Ry
= 540.39 mm
= 540.40 mm.
d* = ds* — d2 X Raeff
R,
= 65.89 mm
=~ 65.90 mm.
b. Frictional Characteristics Computation
At surfaces 1 and 4
P = W/A
Here W Load = 462.7 tonne or 4627 KN,
A = nr?
r = hs + hy
= 161 + 161
r = 322 mm
P = 0.001420 ton/mm?,
P = 0.001420 x 1450
P = 02.06 ksi, lksi = Kilo square inch
= 1450 ton/mm?
3- Friction Cycle u = 0.122 - 0.01P
u = 0.1014
Adjust for high velocity = pu - 0.0333

= 0.1014 - 0.0333
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0.068 (Lower bound)

1 - Friction Cycle u = 1.2 x 0.068
= 0.0817
M1 = 4 = 0.068 (Lower bound)
ui = U4 = 0.082 (Upper bound)
At2and 3
P = W/A
Here W Load = 462.7 tonne or 4627 KN,
A = mr?
r = h, + hs
= 121 + 121
= 242 mm
= 0.002515 ton/mm?
= 0.002515 x 1450
= 3.65 ksi. I ksi = Kilo square inch
= 1450 ton/mm?
3- Friction Cycle u = 0.122 - 0.01P
= 0.0855
Adjust for high velocity = u - 0.036
= 0.0855 - 0.036
= 0.050 (Lower bound)
1 - Friction Cycle u = 1.2 x 0.050
= 0.0594
M2 = U3 = 0.050 (Lower bound)
M2 = us3 = 0.059 (Upper bound)
1 = force at zero deformation
1 = M- (Ur - p2) X ~zeff (Lower bound)
1eff
u = 0.065
u = ur - (- p2) X ij:: (Upper bound)
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= 0.078

c. Dp Computation (Upper bound)

Sq
u

TH
D
D
Fq
W

T.B.

YF4

YFq
2w
2w

ii.

1il.

= 0.5074

= 0.078

= 0.082

= (W1- p2) * Roefr

= 0.011721

= 0.2772

= 462.7 Ton

= 12 Nos. (Where T.B. = Total Bearing)
= W x T.B.x Fua

= 462.7 x 12x0.2772
= 1539.36

= W x T.B.

= 5552.4 Ton

Design displacement, Dp 0.07202 mtrs.

Effective stiffness, Qa pu* Ew

= 0.078 * 5552.4

Qi = 434.59 Ton
kp = >Fp/Dp
= 1539.36 /0.07202
kp = 21374.12 Ton/m.
Ker = kp + Qb /Dp
= 21374.12 + 434.59/0.07202
Kett = 27408.45 Ton/m.
Effective period, Tt
Tett = N(EW)/(K et x 2))] 21
Ter = 0.90291 sec.
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iv. Effective damping, Besr

pp =
Bett =

V. Damping reduction Coefficient, f§

= =
] |

Vi. DD1

Dp*

(B)

a. Principal features

i. Determine bearing

E

ZT[KeffXDDZ

Bp

(%)0.3

1.2917

SpiX Tefe’
4n’x B

0.0796 mtrs

_ 4uZW(DD—Dy)

X8

2nKegrX DDZ

0.1174

ETABS links directional property Computation (upper bound)

The isolator had been envisioned cylinder with a height of 0.32 metres and a

diameter of 0.305 metres

H = 0.5 m.
() = 0.484 m,
Now, Area
w pw

Kerr B Rieff Dp
Kefr = 639.15 Ton/m

Kefth3
I = —

12E

X P2

4

7T X 0.4842

4

0.1840 m?

639.15X 0.53

12E

6.65781E-07 m*
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E = 1x107 N/mm?
il. Determine bearing mass
Dm-max = 0.0702 m.
Dmnv = 1.15 X Dm-max
= 1.15 x 0.0702
D = 0.0807 m.
D = 2 D
= 2 x 0.0807
D = 0.16146 m.
w = 0.241 D? - 0.00564 D
w = 0.0053721 tonne.
M = w/g
= 0.005372/9.81
M = 0.000548 tonne sec?/m.

b. Direction (U1)

H = 0.5m

(%) = 0.484 m

Ker = AE/L

Ker = 3679684.643 ton/m.
Kett = 36796846.43 KN/m.
from Dp

Ker = 3679684.64 ton/m.
Betr = 0.1174
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c. Direction (U2 - U3z)

i. Determination of liner properties.
Ketr = 639.150 ton/m

= 6391.50 KN/m
Bert = 0.1174

hi = hg 0.161 mtrs.
h, = hs = 0.121 mtrs.

Height for outer surface,

Height for inner surface,

ii. Determination of Non - liner properties.
Roesr = 0.526 mtrs.
Dy, = (1, — 1) Roesr
= (0.08172 — 0.05944) x 0.526
Dy = 0.01172 mtrs.
Stiffness (Outer Top) = HS;N

0.08172 X462.7
0.01172

= 3226.231 ton/m.

= 32262.31 KN/m.

Ho W
Dy

Stiffness (Inner Top) =

0.05944 x462.7
0.01172

= 2346.573 ton/m.

= 23465.73 KN/m.
Friction Coefficient, Slow = m = 0.082 (Outer Top)
= m = 0.059 (Inner Top)
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Friction Coefficient, Fast

Rate Parameter

Radius of sliding surface

Outer Top = R 1eff
Inner Top = R 2eff
Stop distance

Outer Top ur*

Inner Top ux*

2xu

2x 2

0.163 (Outer Top)

0.119 (Inner Top)

Friction Coeff. Slow

Friction Coeff.Fast

0.082/0.163
0.5

0.0005 sec/mm

3.395 mtrs.

0.526 mtrs.

2Dy +2di*

1.10424 mtrs.
1104.24 mm

2 Dy

0.0234 mtrs.
23.441 mim.
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(®) Input Values in ETABS:

(91 Link/Support Directional Properties ﬂ
Identification
Property Name U
Direction U1
Type Triple Pendulum Isolator
NonLinear Yes
Linear Properties
Effective Stiffness 367968464} 7 EkN/m
Effective Damping 1.292 kN-s/m

Nonlinear Properties

Stiffness 36796846 .43 kN/m

Damping Coefficient 1.292 kN-s/m

| 0K Cancel

Figure-64. TFPB Input Values in ETABS for Uniaxial Load 4627 KN

Direction Ui
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141 Link/Support Directional Properties n
|dentification
Property Name U Type Triple Pendulum Isolator
Direction uz; u3 NonLinear Yes
Linear Properties
Effective Stiffness - U2 6391.499 kN/m Effective Stiffness -U3 6391.499 kN/m
Effective Damping - U2 1.292 kN-s/m Effective Damping-U3  |1.292 kN-s/m

Shear Deformation Location

Distance from End~J-U2 |0 m Distance from End-J - U3 10 m

Height and Symmetry of Sliding Surfaces

Height for Outer Suffaces ‘Dﬁn m Outer Bottom Surface is Symmetric to Outer Top Surface

Height for Inner Sufaces  |0.121 m v

Nonlinear Properties for Directions U2 and U3

Quter Top _ Quter Bottom Inner Top Inner Bottom
Stiffness 32262.308 2346573 ! kN/m
Friction Coefficient, Slow  |0.081723 0.05944
Friction Coefficient, Fast ~ |0.163446 0.11888
Rate Parameter 0.0005 0.0005 sec/mm
Radius of Sliding Surface  |3.395 . 0.526 m
Stop Distance 1104.24 2344 i

| OK Cancel

Figure-65. TFPB Input Values in ETABS for Uniaxial Load 4627 KN
Direction Uz & Us
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5.5.3 TFPB for Axial Load - 6860 KN

Reth Slider
d. P
9 N N NN
\ R d

R, 1, R, My Slide plates

Figure-66. TFPB Schematic

(A) Geometrical, Frictional and Dp Computation

a. Geometrical features

R4 = R, = 1778 x 2
= 3556 mm
= 3.556 m

R2 = R3 = 647 mm
= 0.647 m

h; = hy = 161 mm
= 0.161 m

hy = h3 = 121 mm
= 0.121 m

d = 566.02 mm

d> = 81.05 mm

Rietf = R 4eff = Ri — hy
= 3556 — 161
= 3395 mm
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Roefr R3efr = Rz — hy

= 647 - 121
= 526 mm

dy X Ryeff
Ry

= 540.39 mm
= 540.40 mm

dy X Ryeff
Ry

= 65.89 mm
65.90 mm

do* - ds* -

Q

b. Frictional Characteristics Computation

At1and 4
P = W/ A
Here W Load = 686.0 tonne or 6860 KN
A = r?
r = hs + hy
= 161 + 161

r = 322 mm
P = 0.002106 ton/mm?,
p = 0.002106 x 1450
P = 3.05 ksi, lksi = Kilo square inch

= 1450 ton/mm?
3- Friction Cycle u = 0.122 - 0.01 P,

u = 0.0915

Adjust for high velocity = pu - 0.0333

= 0.0915 - 0.0333

= 0.058 (Lower bound)
1 - Friction Cycle u = 1.2 x 0.058

= 0.0698
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U1 = M4 = 0.058 (Lower bound)
ui = U4 = 0.070 (Upper bound)
At2and 3
P = W/ A
Here W Load = 686.0 tonne or 6860 KN
A = r?
r = hy + hs3
= 121 + 121
= 242 mm
= 0.003729 ton/mm?,
= 0.003729 x 1450
= 5.41 ksi. lksi = Kilo square inch
= 1450 ton/mm?
3- Friction Cycle u = 0.122 - 0.01 P
= 0.0679
Adjust for high velocity = u - 0.036
= 0.0679 - 0.036
= 0.032 (Lower bound)
1 — Friction Cycle u = 1.2 x 0.032
= 0.0383
M2 = us3 = 0.032 (Lower bound)
u2 = u3 = 0.038 (Upper bound)
1 = force at zero deformation
u = i - (U1 - p2) X ij—:: (Lower bound)
u = 0.054
u = i - (U - p2) X % (Upper bound)
u = 0.065
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c¢. Dp Computation (Upper bound)

Sda
u

Ui
D,
D,
Fa
W

T.B.

2Fq

>Fa
W
W

1l.

iil.

= 0.5074

= 0.065

= 0.070

= (U1- p2) * Roetr

= 0.016555

= 0.2772

= 686 Ton

= 12 Nos. (Where T.B. = Total Bearing)
= W x T.B. x Fq

= 686 x 12 x0.2772
= 2282.26

= W x T.B.

= 8232 Tonne

Design displacement, Dp = 0.07202 m.
Effective stiffness, Qd = n o Ew
= 0.065 * 8232
Qi = 534.41 Ton
kp = >Fp/Dp
= 2282.26/0.07202
kp = 31689.31 Ton/m.
Ker = ko + Qb /Dp
= 31689.31 +534.41/0.07202
Kett = 39109.67 Ton/m.
Effective period, Tesr
Tetr = N(EW)/(K et x g))] 21
Tert = 0.92036 sec.
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iv. Effective damping, Besr

B 3 E 3 4uZW(DD—Dy)
P h ZT[KeffXDDZ - ZTCKeffXDDZ

Betr = Bp = 0.0930
V. Damping reduction Coefficient, f§

0.05

B = 1.2047

Vi. DD1
1 _ SpiX Teff”
DD - 4_7_':2>< B X g
Dpt = 0.0887 mtrs

(B) ETABS links directional property computation (upper bound)

a. Principal features
i. Determine bearing
The isolator had been envisioned as a cylinder with a height of 0.32 metres and a

diameter of 0.305 metres

H = 0.5 m
() = 0.484 m
X @2
Now, Area A = "
B 7T X 0.4842
- 4
A = 0.1840 m?
w pw
Kerr B Ryeff Dp
Kett = 820.42 Ton/m
I _ Kegrxh?® B 820.42% 0.53
! - 12E - 12E

= 8.54609E-07 m*,
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E = 1x10” N/mm?
ii. Determine bearing mass
Dm-max = 0.0702 m.
Dmnv = 1.15 X Dm-max
= 1.15x 0.0702
D = 0.0807 m.
D = 2 D
= 2 x 0.0807
D = 0.16146 m.
w = 0.241 D? - 0.00564 D
w = 0.0053721 tonne.
M = w/g
= 0.005372/9.81
M = 0.000548 tonne sec*/m.

b. Direction (U1)

H = 0.5m

@ = 0.484 m

Kett = AE/L

Kett = 3679684.643 ton/m.
Kett = 36796846.43 KN/m.
from Dp

Kett = 3679684.64 ton/m.

Bett = 0.0930
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c. Direction (U2 - U3z)

i. Determination of liner properties.
Keit = 820.425 ton/m
= 8204.25 KN/m
Bett = 0.0930
Height for outer surface, = h; = hs = 0.161 mtrs.
Height for inner surface, = hx= h; = 0.121 mtrs.
ii. Determination of Non - liner properties.
Raefr = 0.526 mitrs.
D}’ = (l’ll - l’lz) RZeff
= (0.06980 — 0.03832) x 0.526
Dy = 0.01655 mtrs.
Stiffness (Outer Top) = H]; hd
y
B 0.06980 X 686
a 0.01655
= 2892.227 ton/m.
= 28922.27 KN/m.
Stiffness (Inner Top) = le) hd
y
B 0.03832 X 686
B 0.01655
= 1588.044 ton/m.
= 15880.44 KN/m.
Friction Coefficient, Slow = m = 0.070 (Outer Top)
= u = 0.038 (Inner Top)

FACULTY OF ENGINEERING, DEPARTMENT OF CIVIL ENGINEERING Page 160



CHAPTER-V DESIGN OF BASE ISOLATION BEARING

Friction Coefficient, Fast = 2xm = 0.140 (Outer Top)
= 2xm = 0.077 (Inner Top)
Friction Coeff. Sl
Rate Parameter = rl?m_m oe i
Friction Coeff.Fast
= 0.070/0.140
= 0.5
= 0.0005 sec/mm
Radius of sliding surface
Outer Top = R 1eff = 3.395 mtrs.
Inner Top = R 2efr = 0.526 mtrs.
Stop distance
Outer Top ur* = 2Dy +2di*
= 1.11391 mtrs.
= 1113.91 mm
Inner Top ux* = 2Dy
= 0.0331 mtrs.
= 33.109 mm.
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(®) Input Values in ETABS:

(43 Link/Support Directional Properties ﬂ
Identification
Property Name A
Direction U1
Type Tn'ple Pendulum Isolator
NonLinear Yes

Linear Properties

Effective Stifness i_'t_ée_;j_s,_sg@g.;;; \ kN/m

Effective Damping 1.205 kN-s/m

Nonlinear Properties

Stiffness 36796846 43 kN/m
Damping Coefficient 1.205 kN-=s/m

QK Cancel

Figure-67. TFPB Input Values in ETABS for Axial Load 6860 KN

Direction U1
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4 Link/Support Directional Properties n
|dentification
Property Name A Type Triple Pendulum Isolator
Direction {U2; U3 NonLinear Yes

Linear Properties

Effective Stiffness - U2 8204.247 kN/m Effective Stiffness -U3 8204.247 kN/m
Effective Damping - U2 1.205 kN-s/m Effective Damping -U3 1.205 kN-s/m

Shear Deformation Location

Distance from End-J-U2 |0 m Distance from End-J- U3 |0 m

Height and Symmetry of Sliding Surfaces

Height for Outer Surfaces "DJS‘ |m Outer Bottom Surface is Symmetric to Outer Top Surface
Height for Inner Sufaces | 0.121 m v

Nonlinear Properties for Directions U2 and U3

Quter Top Quter Bottom Inner Top Inner Bottom
Stiffness 28922265 15880.44 kN/m
Friction Coefficient, Slow | 0.069795 0.03832
Friction Coefficient, Fast | 0.13959 0.076645
Rate Parameter 0.0005 ' 0.0005 . sec/mm
Radius of Sliding Suface  |3.395 0.526 m
Stop Distance 1113.509 ‘ 33.109 mm

{ 0K Cancel

Figure-68. TFPB Input Values in ETABS for Axial Load 6860 KN
Direction Uz & Us
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5.6 Summary

The Base Isolation System's attributes are discussed in this chapter.: 1) Lead Rubber
Bearing (LRB) in Direction U viz. Effective stiffness & Effective damping for linear
properties and in Direction Uz & Uj viz. Effective stiffness & Effective damping for
linear properties and Stiffness, Yield strength & post yield strength ratio for non-
linear properties. 2) Triple Friction Pendulum Bearing (TFPB) in Direction U; viz.
Effective stiffness & Effective damping for linear properties and in Direction U2 & Us
viz. Effective stiffness & Effective damping for linear properties and Height of outer
& inner surface, Stiffness, friction coefficient for slow & fast, Rate parameter, Radius
of sliding surface and stop distance for non-linear properties are design according to
axial load, biaxial load and Tri-axial load (Cumulative load from fixed base modal).
Using this link/support properties the design of case(a)-Model-2 & 3 and case(b)-
Model 5-6 are analyzed and the results will be compare with fixed base support in

next chapter.
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CHAPTER-VI

ANALYSIS OF RESULTS

6.1 Preamble

In this chapter the result obtained from all the model: Time period, Base Shear,

Storey-Drift, Storey-Displacement, Steel reduction and overall cost economy is

analyzed and a Results summary is made for comparison along with graph.

6.2  Result Comparison for Case (a) G+12 Storey Reinforced
Concrete (RC) Structure. (Case-I with Case-II).

6.2.1 Time Period.

Table-19. Comparison of Time Period of Fixed Base Structure

(Case-I) and LRB Base Structure (Case-II).

Time Period (Sec)
Fixed Base LRB Base Remark

Mode - 1 3.895 4.903

Mode - 2 3.895 4.903

Mode - 3 3.538 4.491

6 Time Period B Fixed

4.903 4.903 B[ RB
4.491
3.895 3.895
5 3.538
A
g3
E
Mode - 1 Mode - 2 Mode - 3

Graph-1. Parametric Change of Time Period of Fixed Base Structure

(Case-I) and LRB Base Structure (Case-II).
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The Time Period of G+12 Storey reinforced concrete structure for case (a) Case-
I: Fixed base structure and Case-II: LRB base structure is shown in table-19 and

parametric change in form of graph is shown in graph-1. The time period in

Case-1Il is raised by 26.23% as compared to Case-1.

6.2.2 Base Shear.

Table-20. Comparison of Base Shear of Fixed Base Structure

(Case-I) and LRB Base Structure (Case-II).

Base Shear (KN)

Fixed Base LRB Base Remark

Base Shear 2489.98 969.45

Base Shear

2500

2000

1500

1000

Base Shear in KN

500

Fixed LRB

Graph-2. Parametric Change of Base Shear of Fixed Base Structure

(Case-I) and LRB Base Structure (Case-II).
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The Base Shear of G+12 Storey reinforced concrete structure for case (a) Case-I:
Fixed Base Structure and Case-II: LRB Base Structure is shown in table-20 and
parametric change in form of graph is shown in graph-2. The Base shear in Case-

Il is reduced by 61.07% as compared to Case-1.

6.2.3 Storey-Displacement.

Table-21. Comparison of Storey-Displacement of Fixed Base Structure

(Case-I) and LRB Base Structure (Case-II).

Storey-Displacement
Storey Fixed Base LRB Base Remark

Storey -13 34.769 51.824
Storey -12 34.184 51.24
Storey -11 33.061 50.127
Storey -10 31.428 48.471
Storey -9 29.336 46.299
Storey -8 26.831 43.639
Storey -7 23.947 40.518
Storey -6 20.711 36.961
Storey -5 17.152 33.002
Storey -4 14.377 29.884
Storey -3 11.382 26.501
Storey -2 8.171 22.829
Storey -1 4.784 18.786

Ground 1.527 13.819
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Storey Displacement

No. of Storeys
oo

6
—e—Fixed
4
—e— [ RB
2
0
0 10 20 30 40 50 60

Displacement (mm)

Graph-3. Parametric Change of Storey-Displacement of Fixed Base
Structure (Case-I) and LRB Base Structure (Case-II).

The Storey-Displacement of G+12 Storey reinforced concrete structure for case
(a) Case-I: Fixed Base Structure and Case-II: LRB Base Structure is shown in
table-21 and parametric change in form of graph is shown in graph-3. The

Storey-Displacement in Case-II is raised by 58.74% as compared to Case-1.
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6.2.4 Storey-Drift.

Table-22. Comparison of Storey-Drift of Fixed Base Structure

(Case-I) and LRB Base Structure (Case-II).

Storey-Drift

Storey Fixed Base LRB Base Remark
Storey -13 0.585 0.584
Storey -12 1.123 1.113
Storey -11 1.633 1.656
Storey -10 2.092 2.172
Storey -9 2.505 2.66
Storey -8 2.884 3.121
Storey -7 3.236 3.557
Storey -6 3.559 3.959
Storey -5 2.775 3.118
Storey -4 2.995 3.383
Storey -3 3.211 3.672
Storey -2 3.387 4.043
Storey -1 3.257 4.967

Ground 1.527 13.819
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Story-Drift

10 —e—Fixed

3 —e—LRB

No. of Storeys

0 2 4 6 8 10 12 14 16

Storey Drift (mm)

Graph-4. Parametric Change of Storey-Drift of Fixed Base Structure
(Case-I) and LRB Base Structure (Case-II).

The Storey-Drift of G+12 Storey reinforced concrete structure for case (a) Case-
I: Fixed Base Structurea nd Case-II: LRB Base Structure is shown in table-22.
The storey-drift follows a non-linear pattern which can be observed in graph as
shown in graph-4. The Storey-Drift is reduced by 64.06% which makes the
structure ideally stiff & provides less damage to the structure. The storey-drift

obtained are well within the limit as per IS 1893:2016.
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6.2.5 Steel Reduction.

Table-23. Comparison of Steel Reduction of Fixed Base Structure

(Case-I) and LRB Base Structure (Case-II).

Steel Reduction (%)
Fixed Base LRB Base
Sr. No. Description
(mm?) (mm?)
1 Column-Biaxial 77586 61581
2 Column-Uniaxial 764810 552144
3 Column-Axial 1606393 1433588
Reinforcement in Column= 2448789 2047313
Reinforcement Reduction in Column = 16.39%
1 Beam 2898050 2629336
Reinforcement Reduction in Beam = 9.27%
Total Reinforcement Reduction = 25.67%

The Steel Reduction of G+12 Storey reinforced concrete structure for case (a)
Case-I: Fixed Base Structure and Case-II: LRB Base Structure is shown in table-

23. The Steel in Case-II is reduced by 25.67% as compared to Case-I.

FACULTY OF ENGINEERING, DEPARTMENT OF CIVIL ENGINEERING Page 171



CHAPTER-VI

ANALYSIS OF RESULTS

6.2.6 Overall Cost Economy.

Table-24. Comparison of Overall Cost Economy of Fixed Base

Structure (Case-I) and LRB Base Structure (Case-II).

Overall Cost Economy

Sr.
Description
No.
1 Approx Reinforcement Quantity
) Total Reinforcement Reduction
(Approx 26%)
: Total Cost Reduction due to LRB
(Round off)
4 Cost of Lead Rubber Bearing
5 Net Cost for Lead Rubber Bearing
6 Approx. cost of Construction
: Effective Incremental in

Construction Cost

Quantity

1.3

95

200

105

1500

7.00

Units

Kg/Sft

Kg/Sft

Rs.

Rs./Sft

Rs.

Rs./Sft

%

Remark

Steel

70
Rs./Kg

The Overall Cost Economy of G+12 Storey reinforced concrete structure for case

(a) Case-I: Fixed Base Structure and Case-II: LRB Base Structure is shown in

table-24. The Overall cost economy of Case-II is raised by 7.00% as compared to

Case-1.

FACULTY OF ENGINEERING, DEPARTMENT OF CIVIL ENGINEERING

Page 172



CHAPTER-VI ANALYSIS OF RESULTS

6.3  Result Comparison for Case (a) G+12 Storey Reinforced
Concrete (RC) Structure. (Case-I with Case-III).

6.3.1 Time Period.

Table-25. Comparison of Time Period of Fixed Base Structure

(Case-I) and TFPB Base Structure (Case-III).

Time Period (Sec)
Fixed Base TFPB Base Remark
Mode - 1 3.895 4.575
Mode - 2 3.895 4.575
Mode - 3 3.538 4.171

Time Period

B Fixed
5
4575 4575 = TEPB
4.171
4 3.895 3.895
3.538
s 3
Q
n
g
Q
=
=2
1
0
Mode - 1 Mode -2 Mode - 3

Graph-5. Parametric Change of Time Period of Fixed Base Structure

(Case-I) and TFPB Base Structure (Case-III).
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The Time Period of G+12 Storey reinforced concrete structure for case (a) Case-
I: Fixed Base Structure and Case-III: TFPB Base Structure is shown in table-25

and parametric change in form of graph is shown in graph-5. The time period in

Case-1IlI is raised by 17.60% as compared to Case-1I.

6.3.2 Base Shear.

Table-26. Comparison of Base Shear of Fixed Base Structure

(Case-I) and TFPB Base Structure (Case-III).

Base Shear (KN)

Fixed Base TFPB Base Remark

Base Shear 2489.98 923.63

Base Shear

2500

2000

—_
W
=l
=)

—_
)
=)
=)

Base Shear in KN

500

Fixed TFPB

Graph-6. Parametric Change of Base Shear of Fixed Base Structure

(Case-I) and TFPB Base Structure (Case-III).

The Base Shear of G+12 Storey reinforced concrete structure for case (a) Case-I:

Fixed Base Structure and Case-11I: TFPB Base Structure is shown in table-26 and
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parametric change in form of graph is shown in graph-6. The Base shear in Case-

III is reduced by 62.91% as compared to Case-I.

6.3.3 Storey-Displacement.

Table-27. Comparison of Storey-Displacement of Fixed Base
Structure (Case-I) and TFPB Base Structure (Case-III).

Storey-Displacement
Storey Fixed Base TFPB Base Remark
Storey -13 34.769 45.68
Storey -12 34.184 45.127
Storey -11 33.061 44.044
Storey -10 31.428 42.428
Storey -9 29.336 40.312
Storey -8 26.831 37.729
Storey -7 23.947 34.713
Storey -6 20.711 31.29
Storey -5 17.152 27.494
Storey -4 14.377 24.523
Storey -3 11.382 21.306
Storey -2 8.171 17.822
Storey -1 4.784 13.997
Ground 1.527 9.314
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Storey Displacement

— — —
[N} =~ (@)

)

No. of Storeys
oo

6
——Fixed
4
—e—TFPB
2
0
0 10 20 30 40 50

Displacement (mm)

Graph-7. Parametric Change of Storey-Displacement of Fixed Base
Structure (Case-I) and TFPB Base Structure (Case-III).

The Storey-Displacement of G+12 Storey reinforced concrete structure for case
(a) Case-I: Fixed Base Structure and Case-III: TFPB Base Structure is shown in
table-27 and parametric change in form of graph is shown in graph-7. The

Storey-Displacement in Case-III is raised by 49.41% as compared to Case-1.
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6.3.4 Storey-Drift.

Table-28. Comparison of Storey-Drift of Fixed Base Structure

(Case-I) and TFPB Base Structure (Case-III).

Storey-Drift

Storey Fixed Base TFPB Base Remark
Storey -13 0.585 0.553
Storey -12 1.123 1.083
Storey -11 1.633 1.616
Storey -10 2.092 2.116
Storey -9 2.505 2.583
Storey -8 2.884 3.016
Storey -7 3.236 3.423
Storey -6 3.559 3.796
Storey -5 2.775 2971
Storey -4 2.995 3.217
Storey -3 3.211 3.484
Storey -2 3.387 3.825
Storey -1 3.257 4.683

Ground 1.527 9.314
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Story-Drift

10 —o— Fixed

—eo—TFPB

No. of Storeys
oo

0 2 4 6 8 10

Storey Drift (mm)

Graph-8. Parametric Change of Storey-Drift of Fixed Base Structure
(Case-I) and TFPB Base Structure (Case-III).

The Storey-Drift of G+12 Storey reinforced concrete structure for case (a) Case-
I: Fixed Base Structure and Case-III: TFPB Base Structure is shown in table-28.
The storey-drift follows a non-linear pattern which can be observed in graph as
shown in graph-8. The Storey-Drift is reduced by 49.72% which makes the
structure ideally stiff & provides less damage to the structure. The storey-drift

obtained are well within the limit as per IS 1893:2016.
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6.3.5 Steel Reduction.

Table-29. Comparison of Steel Reduction of Fixed Base Structure

(Case-I) and TFPB Base Structure (Case-III).

Steel Reduction (%)

Fixed Base TFPB Base

Sr. No. Description
(mm?) (mm?)
1 Column-Biaxial 77586 61998
2 Column-Uniaxial 764810 557424
3 Column-Axial 1606393 1431680
Reinforcement in Column= 2448789 2448789
Reinforcement Reduction in Column = 16.24%
1 Beam 2898050 2595148
Reinforcement Reduction in Beam = 10.45%
Total Reinforcement Reduction = 26.69 %

The Steel Reduction of G+12 Storey reinforced concrete structure for case (a)
Case-I: Fixed Base Structure and Case-III: TFPB Base Structure is shown in

table-29. The Steel in Case-III is reduced by 26.69% as compared to Case-I.
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6.3.6 Overall Cost Economy.

Table-30. Comparison of Overall Cost Economy of Fixed Base Structure

(Case-I) and TFPB Base Structure (Case-III).

Overall Cost Economy

Sr.
Description Quantity
No.
. Approx Reinforcement .

Quantity

Total Reinforcement
2 1.35
Reduction (Approx 27%)

Total Cost Reduction due to
3 100
TFPB (Round off)

Cost of Triple Friction
4 160
Pendulum Bearing

Net Cost for Friction

Pendulum Bearing

6 Approx. cost of Construction 1500

Effective Incremental in
7 . 4.00
Construction Cost

Units Remark
Kg/Sft
Kg/Sft
Steel
Rs. 70
Rs./Kg
Rs./Sft
Rs.
Rs./Sft
%

The Overall Cost Economy of G+12 Storey reinforced concrete structure for case

(a) Case-I: Fixed Base Structure and Case-III: TFPB Base Structure is shown in

table-30. The Overall cost economy of Case-III is raised by 4.00% as compared

to Case-1.
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6.4  Result Comparison for Case (b) G+22 Storey Reinforced
Concrete (RC) Structure. (Case-IV with Case-V).

6.4.1 Time Period.

Table-31. Comparison of Time Period of Fixed Base Structure (Case-1V)
and LRB Base Structure (Case-V).

Time Period (Sec)

Fixed Base LRB Base Remark

Mode - 1 6.488 7.455
Mode - 2 6.488 7.455
Mode - 3 6.093 6.999

Time Period

m Fixed
8 7455 7455 ®LRB
6.999
7 6.488 6.488
6.093

6
S5
[P]
wn
.E 4
E
=3

2

1

0

Mode - 1 Mode -2 Mode - 3

Graph-9. Parametric Change of Time Period of Fixed Base Structure
(Case-1V) and LRB Base Structure (Case-V).
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The Time Period of G+22 Storey reinforced concrete structure for case (b) Case-
IV: Fixed Base Structure and Case-V: LRB Base Structure is shown in table-31
and parametric change in form of graph is shown in graph-9. The time period in

Case-V is raised by 14.89% as compared to Case-1V.

6.4.2 Base Shear.

Table-32. Comparison of Base Shear of Fixed Base Structure

(Case-1V) and LRB Base Structure (Case-V).

Base Shear (KN)

Fixed Base LRB Base Remark

Base Shear 9266.15 5299.41

Base Shear

10000
9000
8000
7000
6000
5000
4000
3000
2000
1000

Base Shear in KN

Fixed LRB

Graph-10. Parametric Change of Base Shear of Fixed Base Structure
(Case-1V) and LRB Base Structure (Case-V).

The Base Shear of G+22 Storey reinforced concrete structure for case (b) Case-
IV: Fixed Base Structure and Case-V: LRB Base Structure is shown in table-32

and parametric change in form of graph is shown in graph-10. The Base shear in
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Case-V is reduced by 42.81% as compared to Case-IV.

6.4.3 Storey-Displacement.

Table-33. Comparison of Storey-Displacement of Fixed Base

Structure (Case-IV) and LRB Base Structure (Case-V).

Storey-Displacement
Storey Fixed Base LRB Base Remark
Storey -23 106.815 139.022
Storey -22 106.042 138.201
Storey -21 104.613 136.714
Storey -20 102.506 134.524
Storey -19 99.746 131.648
Storey -18 96.356 128.1
Storey -17 92.365 123.901
Storey -16 87.797 119.07
Storey -15 82.685 113.632
Storey -14 78.674 109.333
Storey -13 74.318 104.644
Storey -12 69.613 99.555
Storey -11 64.576 94.078
Storey -10 59.224 88.227
Storey -9 53.575 82.016
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Storey -8 47.653 75.462
Storey -7 42.036 69.205
Storey -6 36.594 63.097
Storey -5 30.962 56.73
Storey -4 25.152 50.102
Storey -3 19.191 43.203
Storey -2 13.142 35.98
Storey -1 7.217 28.187
Ground 2.343 19.449
Storey Displacement
26
24
22
20
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2 16
S 14
n
= 12
2 10 —e—Fixed
8
6 —e—LRB
4
2
0
0 20 40 60 80 100 120 140 160

Displacement (mm)

Graph-11. Parametric Change of Storey-Displacement of Fixed Base
Structure (Case-IV) and LRB Base Structure (Case-V).

The Storey-Displacement of G+22 Storey reinforced concrete structure for case

(b) Case-1V: Fixed Base Structure and Case-V: LRB Base Structure is shown in

FACULTY OF ENGINEERING, DEPARTMENT OF CIVIL ENGINEERING

Page 184



CHAPTER-VI ANALYSIS OF RESULTS

table-33 and parametric change in form of graph is shown in graph-11. The

Storey-Displacement in Case-V is raised by 39.76% as compared to Case-IV.

6.4.4 Storey-Drift.

Table-34. Comparison of Storey-Drift of Fixed Base Structure
(Case-1V) and LRB Base Structure (Case-V).

Storey-Drift
Storey Fixed Base LRB Base Remark
Storey -23 0.773 0.821
Storey -22 1.429 1.487
Storey -21 2.107 2.19
Storey -20 2.76 2.876
Storey -19 3.39 3.548
Storey -18 3.991 4.199
Storey -17 4.568 4.831
Storey -16 5.112 5.438
Storey -15 4.011 4.299
Storey -14 4.356 4.689
Storey -13 4.705 5.089
Storey -12 5.037 5477
Storey -11 5.352 5.851
Storey -10 5.649 6.211
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Storey -9 5.922 6.554
Storey -8 5.617 6.257
Storey -7 5.442 6.108
Storey -6 5.632 6.367
Storey -5 5.81 6.628
Storey -4 5.961 6.899
Storey -3 6.049 7.223
Storey -2 5.925 7.793
Storey -1 4.874 8.738
Ground 2.343 19.449
Story-Drift
26 Y
24
22
20
18
;_5; 16 —o—TFixed
% 14
S 12 —e—LRB
2 10
8
6
4
2
—0
0
0 10 15 20 25

Storey Drift (mm)

Graph-12. Parametric Change of Storey-Drift of Fixed Base Structure

(Case-1V) and LRB Base Structure (Case-V).
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The Storey-Drift of G+22 Storey reinforced concrete structure for case (b) Case-
IV: Fixed Base Structure and Case-V: LRB Base Structure is shown in table-34.
The storey-drift follows a non-linear pattern which can be observed in graph as
shown in graph-12. The Storey-Drift is reduced by 55.07% which makes the
structure ideally stiff & provides less damage to the structure. The storey-drift

obtained are well within the limit as per IS 1893:2016.

6.4.5 Steel Reduction.

Table-35. Comparison of Steel Reduction of Fixed Base Structure

(Case-1V) and LRB Base Structure (Case-V).
Steel Reduction (%)

Fixed Base LRB Base

Sr. No. Description
(mm?) (mm?)
1 Column-Biaxial 265416 225700
2 Column-Uniaxial 4513480 3995044
3 Column-Axial 16957790 15971568
Reinforcement in Column= 21736686 20192312
Reinforcement Reduction in Column = 7.10%
1 Beam 17355952 14908932
Reinforcement Reduction in Beam = 14.10%
Total Reinforcement Reduction = 21.20%

The Steel Reduction of G+22 Storey reinforced concrete structure for case (b)
Case-1V: Fixed Base Structure and Case-V: LRB Base Structure is shown in

table-35. The Steel in Case-V is reduced by 21.20% as compared to Case-IV.
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6.4.6 Overall Cost Economy.

Table-36. Comparison of Overall Cost Economy of Fixed Base

Structure (Case-IV) and LRB Base Structure (Case-V).

Overall Cost Economy

Sr.
No Description
1 Approx Reinforcement Quantity
5 Total Reinforcement Reduction
(Approx 22%)
; Total Cost Reduction due to
LRB (Round off)
4 Cost of Lead Rubber Bearing
c Net Cost for Lead Rubber
Bearing
6 Approx. cost of Construction
: Effective Incremental in

Construction Cost

Quantity

1.1

80

200

120

1500.00

8.00

Units

Kg/Sft

Kg/Sft

Rs.

Rs./Sft

Rs.

Rs./Sft

%

Remark

Steel

70
Rs./Kg

The Overall Cost Economy of G+22 Storey reinforced concrete structure for case

(b) Case-IV: Fixed Base Structure and Case-V: LRB Base Structure is shown in

table-36. The Overall cost economy of Case-V is raised by 8.00% as compared to

Case-1V.
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6.5 Result Comparison for Case (a) G+22 Storey Reinforced

Concrete (RC) Structure. (Case-I1V with Case-VI).

6.5.1 Time Period.

Table-37. Comparison of Time Period of Fixed Base Structure

(Case-1V) and TFPB Base Structure (Case-VI).

Time Period (Sec)
Fixed Base TFPB Base Remark
Mode - 1 6.488 7.245
Mode - 2 6.488 7.245
Mode - 3 6.093 6.797
Time Period = Fixed
8
7.245 7.245 = TFEPB
7 6.797
6.488 6.488
6.093
6
s S
A
.E 4
E
=3
2
1
0
Mode - 1 Mode - 2 Mode - 3

Graph-13. Parametric Change of Time Period of Fixed Base Structure

(Case-1V) and TFPB Base Structure (Case-VI).

The Time Period of G+22 Storey reinforced concrete structure for case (b) Case-

IV: Fixed Base Structure and Case-VI: TFPB Base Structure is shown in table-37
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and parametric change in form of graph is shown in graph-13. The time period in

Case-Vlis raised by 11.63% as compared to Case-IV.

6.5.2 Base Shear.

Table-38. Comparison of Base Shear of Fixed Base Structure

(Case-1V) and TFPB Base Structure (Case-VI).

Base Shear (KN)

Fixed Base TFPB Base Remark

Base Shear 9266.15 5147.32

Base Shear

10000
9000
8000
7000
6000
5000
4000
3000
2000
1000

Base Shear in KN

Fixed TFPB

Graph-14. Parametric Change of Base Shear of Fixed Base Structure
(Case-1V) and TFPB Base Structure (Case-VI).

The Base Shear of G+22 Storey reinforced concrete structure for case (b) Case-
IV: Fixed Base Structure and Case-VI: TFPB Base Structure is shown in table-38
and parametric change in form of graph is shown in graph-14. The Base shear in

Case-VIis reduced by 44.45% as compared to Case-IV.
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6.5.3 Storey-Displacement.

Table-39. Comparison of Storey-Displacement of Fixed Base

Structure (Case-1V) and TFPB Base Structure (Case-VI).

Storey-Displacement
Storey Fixed Base TFPB Base Remark
Storey -23 106.815 131.724
Storey -22 106.042 130.937
Storey -21 104.613 129.484
Storey -20 102.506 127.335
Storey -19 99.746 124.505
Storey -18 96.356 121.012
Storey -17 92.365 116.877
Storey -16 87.797 112.12
Storey -15 82.685 106.77
Storey -14 78.674 102.55
Storey -13 74.318 97.95
Storey -12 69.613 92.96
Storey -11 64.576 87.593
Storey -10 59.224 81.863
Storey -9 53.575 75.786
Storey -8 47.653 69.381
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Storey -7 42.036 63.273
Storey -6 36.594 57.322
Storey -5 30.962 51.125
Storey -4 25.152 44.683
Storey -3 19.191 37.991
Storey -2 13.142 30.997
Storey -1 7.217 23.473
Ground 2.343 15.06
Storey Displacement
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Graph-15. Parametric Change of Storey-Displacement of Fixed Base

Structure (Case-IV) and TFPB Base Structure (Case-VI).

The Storey-Displacement of G+22 Storey reinforced concrete structure for case

(b) Case-1V: Fixed Base Structure and Case-VI: TFPB Base Structure is shown

in table-39 and parametric change in form of graph is shown in graph-15. The
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Storey-Displacement in Case-VI is raised by 30.94% as compared to Case-IV.

6.5.4 Storey-Drift.

Table-40. Comparison of Storey-Drift of Fixed Base Structure
(Case-IV) and TFPB Base Structure (Case-VI).

Storey-Drift
Storey Fixed Base TFPB Base Remark
Storey -23 0.773 0.787
Storey -22 1.429 1.453
Storey -21 2.107 2.149
Storey -20 2.76 2.83
Storey -19 3.39 3.493
Storey -18 3.991 4.135
Storey -17 4.568 4.757
Storey -16 5.112 5.35
Storey -15 4.011 4.22
Storey -14 4.356 4.6
Storey -13 4.705 4.99
Storey -12 5.037 5.367
Storey -11 5.352 5.73
Storey -10 5.649 6.077
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Storey -9 5.922 6.405
Storey -8 5.617 6.108
Storey -7 5.442 5.951
Storey -6 5.632 6.197
Storey -5 5.81 6.442
Storey -4 5.961 6.692
Storey -3 6.049 6.994
Storey -2 5.925 7.524
Storey -1 4.874 8.413

Ground 2.343 15.06

Story-Drift

26
24
22
20
18
2. 16 —e—Fixed
S 14
% —e—TFPB
5 12
2 10
8
6
4
2
—
0 @=
0 2 4 6 8 10 12 14 16

Storey Drift (mm)

Graph-16. Parametric Change of Storey-Drift of Fixed Base Structure
(Case-1V) and TFPB Base Structure (Case-VI).
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The Storey-Drift of G+22 Storey reinforced concrete structure for case (b) Case-
IV: Fixed Base Structure and Case-VI: TFPB Base Structure is shown in table-
40. The storey-drift follows a non-linear pattern which can be observed in graph
as shown in graph-16. The Storey-Drift is reduced by 44.14% which makes the
structure ideally stiff & provides less damage to the structure. The storey-drift

obtained are well within the limit as per IS 1893:2016.

6.5.5 Steel Reduction.

Table-41. Comparison of Steel Reduction of Fixed Base Structure

(Case-1V) and TFPB Base Structure (Case-VI).

Steel Reduction (%)
Fixed Base TFPB Base
Sr. No. Description
(mm?) (mm?)
1 Column-Biaxial 265416 229720
2 Column-Uniaxial 4513480 4021152
3 Column-Axial 16957790 15960503
Reinforcement in Column= 21736686 20211375
Reinforcement Reduction in Column = 7.02%
1 Beam 17355952 14759524
Reinforcement Reduction in Beam = 14.96%
Total Reinforcement Reduction = 21.98 %

The Steel Reduction of G+22 Storey reinforced concrete structure for case (b)
Case-1V: Fixed Base Structure and Case-VI: TFPB Base Structure is shown in
table-41. The Steel in Case-VI is reduced by 21.98% as compared to Case-1V.
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6.5.6 Overall Cost Economy.

Table-42. Comparison of Overall Cost Economy of Fixed Base

Structure (Case-I1V) and TFPB Base Structure (Case-VI).

Overall Cost Economy
Sr. ) )
N Description Quantity Units Remark
0.
Approx Reinforcement
1 5 Kg/Sft
Quantity
Total Reinforcement
2 1.1 Kg/Sft
Reduction (Approx 22%)
Steel
Total Cost Reduction due to
3 80 Rs. 70
TFPB (Round off)
Rs./Kg
Cost of Triple Friction
4 160 Rs./Sft
Pendulum Bearing
Net Cost for Friction
5 80 Rs.
Pendulum Bearing
6 Approx. cost of Construction 1500.00 Rs./Sft
Effective Incremental in
7 5.33 %
Construction Cost

The Overall Cost Economy of G+22 Storey reinforced concrete structure for case

(b) Case-1V: Fixed Base Structure and Case-VI: TFPB Base Structure is shown

in table-42. The Overall cost economy of Case-VI is raised by 5.33% as

compared to Case-IV.
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6.6

Summary

In this chapter, comparison of Time period, Base shear, Storey-displacement,

Storey-drift, Percentage reduction of steel and overall cost economy is done and

their parametric change is shown in the form of graph. The summary of analysis

of result is shown below.

Table-43. Summary of Result Analysis

S.N. Description LRB Base TFPB Base
For G+12 Storey Reinforced Concrete Structure
1 Time Period 26.23% 17.60%
2 Base Shear 61.07% 62.91%
3 Storey-Displacement 58.74% 49.41%
4 Storey-Drift 64.06% 49.72%
5 Percentage Steel Reduction 25.67% 26.69%
6 Overall Cost Economy 7.00% 4.00%
For G+22 Storey Reinforced Concrete Structure
1 Time Period 14.89% 11.63%
2 Base Shear 42.81% 44.45%
3 Storey-Displacement 39.76% 30.94%
4 Storey-Drift 55.07% 44.14%
5 Percentage Steel Reduction 21.20% 21.98%
6 Overall Cost Economy 8.00% 5.33%
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The primary goal of this effort was to analyze and construct a medium-rise reinforced
concrete framework that used base isolation bearings. When opposed to a fixed base
construction, base isolator bearing optimization produces better outcomes. Time
duration, base shear, storey displacement, storey drift, percentage of steel reduction, and
overall cost economy are several of the characteristics that examined for their effect.

In the present study, a G+12 storey & G+22 storey RC building was analyzed using
response spectrum method for Case (a) G+12 Storey RC Structure viz. Case-1: Fixed
base structure, Case-1I: LRB base structure & Case-III: TFPB base structure and Case
(b) G+22 Storey RC Structure Viz. Case-IV: Fixed base structure, Case-V: LRB base
structure & Case-VI: TFPB base structure. According to chapter 6's (Analysis of
Results) findings, base isolation systems are more important during earthquakes than
fixed based framework.

The Time period in Case-II & Case-V is increased by 26.23% and 14.89% respectively
and in Case-IlI & Case-VI is increased by 17.60% and 11.63% respectively which
result into increase in reaction time of structure during earthquake against fixed base
framework Case-I & Case-IV.

The Base shear in Case-1I & Case-V is reduced by 61.07% and 42.81% respectively and
in Case-IIl & Case-VI is reduced by 62.91% and 44.45% respectively which reduces
the seismic effect on framework during earthquake against fixed base framework Case-I
& Case-1V.

The Storey-displacement in Case-II & Case-V is increased by 58.74% and 39.76%
respectively and in Case-III & Case-VI is increased by 49.41% and 30.94% respectively
makes framework more flexible during earthquake against fixed base framework Case-1
& Case-1V.

The Storey-drift in Case-II & Case-V is reduced by 64.06% and 55.07% respectively
and in Case-III & Case-VI is increased by 49.72% and 44.14% respectively which
makes the structure ideally stiff & Compared to fixed Case-I1 & Case-1V, the structure
sustains less damage. The storey-drift obtained are well within the limit as per IS
1893:2016.

The percentage of steel in Case-1I & Case-V is reduced by 25.67% and 21.20%
respectively and in Case-III & Case-VI is reduced by 26.69% and 21.98% respectively

which result into cost saving against fixed base framework Case-I & Case-1V.
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The Overall cost economy in Case-II & Case-V the construction cost is fairly increased
by 7.00% and 8.00% respectively and in Case-III & Case-VI the construction cost is
fairly increased by 4.00% and 5.33% respectively as against to fixed base framework
Case-1 & Case-1V.

From the above studied, we can conclude that the effectiveness of the LRB based
isolated structure is better TFPB based isolated structure. Base isolation system plays
a vital role at the time of earthquake and perform well compare to fixed base
structure. Cost difference is also very limitedly increased by approx. 7.0 to 8.0% for
LRB and 4.0 to 6.0% for TFPB. With base isolation system provision, a structure is
offered a discount of approx. 30% by Insurance Company. With base isolation system
provision, maintenance cost of the structure is reduced which increases the life of

structure compared to fixed base structure.

7.1 Future Work

Here we have consider square building with residential usage loading criteria from
Indian Standards and height limitation of 45 meter and 70 meter according to the
DCR. One can take rectangle / square building and can go beyond 70 meter height

and also can analyze for commercial buildings.
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Abstract Based isolation is a technique which is used to prevent or reduce damage
to a structure at a time of earthquake. It is a design principle by which flexible
supports (isolators) are installed under every supporting point of a structure. It is
generally located across a foundation (substructure) and superstructure. Seismic
hazards are key concern for a earthquake prone areas of the world.
Performance-based earthquake design has brought recent technological advances
which has established new approach to construct earthquake resistant structure.
Base isolation systems are progressively used technique for advanced earthquake
resistance structure. The effect of different types of base isolator over earthquake
resistant structures is studied in this paper. The work focuses on comparative study
of different types of base isolators such as lead rubber bearings (LRB), friction
pendulum bearings (FPB), elastomeric rubber bearing (ERB), high damping rubber
bearings (HDRB), and low damping rubber bearing (LDRB) and compared for time
period, base shear, fundamental period, frequency, storey drift, time history anal-
ysis, and displacement of the fixed base.
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1 Introduction

An earthquake is one of nature’s most dangerous disasters which results in sig-
nificant loss of life and terrible harm to the property, especially man-made struc-
tures. An earthquake is a shaking of the earth surface which results from the sudden
release of accumulated emergy in the tectonic plates of the earth lithosphere and due
to which seismic waves occurs. Earthquake is a natural calamity which has
destroyed millions of lives throughout in the past historic time. Due to earthquake, a
force is precipitate from the earth lithosphere and which lasted for short duration of
time.

Base isolation system is a technique introduced in a structure which separates the
structure from damaging induced by seismic waves and it will prevent the super-
structures from engrossing the earthquake force. Base isolator mechanism helps to
increase the natural time period of the structure and decreases the earthquake
acceleration response. The base isolation system rests on the structural bearing
which lies between the superstructure and substructure and helps to dissolve the
horizontal displacement, rotation or translation. The bearing which helps to pre-
vents translation is known as a fixed bearing or fix-point bearing and if this bearing
is fixed in all directions, then it is known as a guided bearing or unidirectional
movable bearing. Earthquakes study provides guidance to architects and engineers
with a number of important design criteria foreign to the normal design process.
From the well-established methods reviewed by many researchers, base isolation
system proves to be the most effective solution for a broad range of earthquake
design problems and the effect of these systems over seismic responses of the
structures are studied in this paper.

2 Objective of Study

The key objective of the base isolation system is to save the structure from
earthquake’s effect or to minimize the earthquake’s effect. Many comparative
researches have disclosed that the reaction of the isolated structure is remarkably
less than the fixed (regular) base structure. The main objective of the study is to
commpare different types of base isolators such as lead rubber bearings (LRB),
Friction pendulum bearings (FPB), elastomeric rubber bearing (ERB), high
damping rubber bearings (HDRB), and low damping rubber bearing (LDRB) with
time period, base shear, furdamental period, frequency, storey drift, time history
analysis, and displacement of the fixed base.
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3 Literature Study

Nitya and Arathi [1] have published a research paper for “Study of earthquake
response of a RC building with base isolation” on International Journal of Science
and Research (IJSR). In this research, a RCMR frame structure of G+6 storey’s
with fixed base and with base isolation system is considered. Analysis is performed
by using SAP 2000. They come to a comclusion that the base isolation system
substantially increases the time period of the structure. It reduces corresporndingly
the base shear up to 75% as compared to fixed one. With the increase in funda-
mental period, RCMR frame with base isolation system completely removed the
structure from the resonance range of the seismic waves. Analysis shows that the
fundamental period of the structure is approximately twice for the isolated structure.
Increment in fundamental period reduces the maximum acceleration and hence it
reduces the earthquake force from the structure. From the tables and graphs, it gets
clear that the storey displacements are much higher for isolated buildings, also the
displacement of all the storeys are almost same. The isolator with rubber has more
displacement as of friction isolator (Fig. 1).

Thomas and Mathai [2] have published a research paper for “Study of base
isolation using friction pendulum bearing system” on Journal of Mechanical and
Civil Engineering. They had created FEM model of base isolator in ANSYS 14.5
software. They had analyzed and compared the behavior of the friction pendulum
bearing with rubber base isolator. Static analysis of base isolator as nonlinear is
performed for different storey under different load value. They came to a conclusion
that as we increase the number of storey load value, then stress intensity value also
gets increased. The stress intensity value was found under permissible limits up to
30-storeys and we can design the base isolators for 22 storeys to 30 storey build-
ings. From this analysis, it gets clear that the slider movement produced a dynamic
friction force which provides the required damping for engrossing the earthquake
energy (Fig. 2).
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Fig. 1 a Perspective view of model, b comparison of base shear
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Fig. 2 a Maodel of the base isolator, b mesh configuration of the base isolator, ¢ boundary
condition of base isolator

Vijaykumar et al. [3] have published a research paper for “A Study on Seismic
Performance of RCC Frame with Various Bracing Systems using Base Isolation
Technique™ on International Journal of Applied Engineering Research. In these
research paper, a G425 storey building square in plan is analyzed using design
software SAP 2000. They come to a conclusion that the performance of the
structure with base isolation systems proves more effective than a fixed base. The
structure is analyzed for displacement and drift parameters and they noted that
displacement in base isolation structure is high compared to fixed base. The main
factor responsible for collapse of structure is its storey drift. The research shows that
storey drift in base isolation structure is very much reduced compared to regular
base structure. Though the cost of installation adds to drawback of base isolation,
the performance proves its necessity in hospitals, public places, and essential
buildings. Hence from the study, it can be observed that the bracing system per-
forms better by the use of base isolation in seismic prone area (Fig. 3).

Desai and John [4] have published a research paper for “Seismic Performance of
Base Isolated Multi-Storey Building” on International Journal of Scientific and
Engineering Research. In this research paper, Dynamic Response Spectrum Anal-
ysis is worked out for 8-storey office building. The structure is analyzed with fixed

SYMMETRICALSTRUCTURE

| FIXED END

~ HEBASE ISOLATION

MOMENT X-BRACING V-BRACING CHEVRON

RESISTING FRAMES FRAMES BRACING

FRAMES FRAMES
No.of models

Fig. 3 Comparison of base shear
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base structure and with different types of base isolator. Comparative study of dif-
ferent parameters like frequency, spectral acceleration, base shear, displacement,
and storey drift is worked out without provision of base isolator and with provision
of different base isolators. From the summary of results, it can be seen that In
base-isolated structure, frequency has reduced as compared to the fixed base
structure. Fundamental mode is more effective in seismic analysis. Frequency is
minimum in LRB structure in fundamental mode compared to HDRB and LDRB.
Acceleration has reduced when isolators are provided. LRB structure gives the least
acceleration compared to HDRB and LDRB isolators. Base shear reduces consid-
erably in base-isolated structure. The base shear in LRB structure is reduced to 47%,
in HDRB structure it reduced to 33% and in LDRB structure it reduced to 34%,
respectively, as compared to the fixed base structure. Displacement is very high in
LRB, HDRB, and LDRB compared to fixed base structure. The Average dis-
placement is maximum in LRB as compared to HDRB and LDRB. Storey drift has
reduced considerably by provision of isolator. The reduction in storey drift at 9 m
height are 13%, 13%, and 15%, respectively for HDRB, LDRB and LRB structures
as compared to the fixed base structure. It can be concluded that the performance of
the structure with base isolation systems proves more effective than a fixed base.
Performance of LRB proves more effective as compared to the HDRB and LDRB
(Fig. 4).

Naveen et al. [5] have published a research paper for “Base Isolation of Mass
Irregular RC Multi-Storey Building” on International Research Journal of Engi-
neering and Technology (IRJET). In this research paper, a G+9 storey building
square is analyzed using design software SAP 2000. They come to a conclusion that
the reduction in lateral displacement at top storey of regular structure was found to

Fig. 4 Perspective view of
8-storey office building model
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Fig. 5 a Graph showing displacement (mm) of all IV module, b graph showing drift (mm) of all
IV module

be 35% whereas in mass irregular structure the lateral displacement at top storey
was 36% from the history time analysis of El centro earthquake. From the analysis
of lateral displacements in both directions, it came to know that torsion occurs due
to mass irregularity in a structure. No inter-storey drifts was found in base-isolated
structure, whereas in mass irregular structure large amount of inter-storey drifts
found, which means that the structure takes rigid body movements in base-isolated
structure as compared to a fixed base structure (Fig. 5).

Noorzai et al. [6] have published a research paper for “Study Response of Fixed
Base and Isolation Base” on International Journal of Innovative Research in Science
Engineering and Technology. In their research (G+25), RCC frame structure with
fixed base and with isolated LRB base was analyzed and design using design
software ETABS. They come to a conclusion that the structure with isolated base
discloses less lateral deflection. The lateral displacement at base in base-isolated
structure never equals zero and less amount of moment is generated than the fixed
base structure. The base isolation systems separate the structure from the
earthquake-induced load and also maintain larger fundamental lateral period as
compared to a fixed base structure. Base isolation system also known as seismic
base isolation is one of the most recent technique to protect the structure against
seismic forces. It also helps in pertaining the passive vibration control to structure.
Structure with isolated base separates the substructure and superstructure during the
earthquake, and as a result, the substructure will move along the ground and the
superstructure will be dormant. LRB proves to be the most effective base isolators
as compared to fixed base and any other types of isolators (Fig. 6).

Ghodke and Admane [7] have published a research paper for “Effect Of
Base-Isolation for Building Structures” on International Journal of Science, Engi-
neering and Technology Research (IISETR). In this research paper, a G+5 storey
building is analyzed using design software SAP 2000. They come to a conclusion
that with increasing the height of the structure, displacement is decreasing in
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Fig. 6 a G+25 storey plan, b analytical models

base-isolated structure. The displacement is less in isolated—base structure than to
a fixed base (Fig. 7).

Nassani and Wassef [8] have published a research paper for “Seismic Base
Isolation in Reinforced Concrete Structures” on International Journal of Research
Studies in Science, Engineering and Technology. G+4 storeys are analyzed with
isolated base and without isolated base. The analysis was performed in design
software SAP2000. They come to a conclusion that the structure with isolated base
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reduces the base shear and storey drifts, on the other hand, it also increased the

displacement as compared to fixed base systems where base shear and storey drift
are too high and the displacement of structure get decreased (Fig. 8).

4 Conclusion

The base isolation system substantially increases the time period of the structure. It
reduces correspondingly the base shear up to 75% as compared to fixed one. Fun-
damental period of the structure is approximately twice for the isolated structure.
Fundamental modes prove more effective in seismic analysis. Performance of the
structure with base isolation systems proves more effective than a fixed base. In
base-isolated structure frequency has reduced as compared to the fixed base structure.
Storey drift has considerably reduced by provision of a base isolator. The reduction in
storey driftat 9 mheightare 13%, 13%, and 15%, respectively, for HDRB, LDRB, and
LRB structures as compared to the non-isolated structure. Performance of lead rubber
bearing is better as compared to the HDR bearing and LDR bearing. In a time history
analysis for EI Centro, earthquake reduction in top storey lateral displacement is 35%
in 10 storied fixed base structures, whereas the reduction of lateral displacement is
36% in 10 storied mass irregular structures. No inter-storey drifts were found in
base-isolated structure, whereas in mass irregular structure large amount of
inter-storey drifts found, which means that the structure takes rigid body movements
in base-isolated structure as compared to a fixed base structure. The base isolation
systems separate the structure from the earthquake-induced load and also maintain
larger fundamental lateral period as compared to a fixed base structure. It is concluded
that with increasing the height of the structure, displacement is decreasing in
base-isolated structure.
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ABSTRACT

Earthquake is a very dangerous natural disaster which occurs by movement of the
tectonic plates in the core of earth. Due to earthquake many structures collapse which
result into human life losses. Base Isolation System is the technique to absorb the
earthquake forces and reduces the earthquake effects in the structure at the time of
earthquake. In this paper, we are considering the design of G+12 & G+22 story RCC
building with fixed base and with base isolation system. Lead rubber bearing (LRB) is
used for the design of based isolated structure. Analyzing and designed of these two
type of buildings are carried out by response spectrum method in ETABS 2016 software.
After analyzing the Structure, time period, base shear, story displacement, story-drift,
percentage reduction in steel and overall cost economy will be obtained for both type
of structure. From this study, it is found that time period and story displacement
increased while base shear, story drift, percentage of steel and overall cost is reduced
with provision of Lead Rubber Bearing (LRB) as base isolators.

Keywords: Earthquake, Base Isolation System, Lead Rubber Bearings, Time Period,
Base Shear, Story Drift, Story Displacement, Reinforcement, Cost Economy, Response
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1. INTRODUCTION

1.1. General

Earthquake is occurring due to movement of the tectonic plates in core of the earth. It is a
horizontal movement of earth surface. By earthquake the top surface of earth is shake and
foundation is also shake with them. Results the superstructure experience seismic forces and
structural members are may collapse. Due to collapse of the structure humans can buried under
debris. Peoples are lost their life and also their properties. We cannot construct earthquake proof
structure but we can construct earthquake resistant structure.

1.2. Base Isolation System

Base isolation system is also famous in the name of seismic isolation system. It is a method
which is protect the structure against seismic force. Base isolation is the effective technique of
earthquake engineering appurtenance to the no action in structural vibration control
technologies. The System is innovated by Dr. Bill Robinson at New Zealand in 1974. It is very
popular system to protect the structures from seismic forces. This technique is useful for new
structures as well as can also use in old structure. The base isolation is installing between the
foundation and superstructure. It is not allowed to transfer the seismic forces from ground to
the superstructure. Base isolation is work as a suspension type system and absorb seismic forces
without transferring to superstructure.

Lead Rubber Bearings is very popular and expanded all over worldwide. It is also used in
India. The first lead rubber bearing installed in India at G.K. general Hospital, Bhuj, Gujarat in
2001. In this hospital total 280 bearings are used. The LRB is made with rubber and lead core.

Lead Rubber Bearings are made up of alternate layers of hot vulcanized rubber and steel
laminates with a cylindrical lead core in the center of the bearing. The energy can be dissipated
by providing the lead core, by its yielding, it is allowed to achieve an equivalent with viscous
damping coefficient about 30 %. The lead rubber bearings may show that the best economic
solution for seismic base isolation problems because it brings the functions of vertical support,
hardness at service load levels and horizontal flexibility at seismic load.

2. LITERATURE REVIEW

Khin Thanda Htun, Kyaw Kaung Cho (2019), has published a paper title “Experimental in
Structural Dynamics (Base Isolation System: Modelling)” in International Journal of Trend
in Scientific Research and Development (IJTSRD). The authors has determined dynamic
behaviour of a steel structure model for without base isolated structure and with base isolated
structure. They concluded that, the experimental result shows that the system used for base
isolation reduced the time period of the structure and the relative displacement of the top with
respect to the support. The base isolated system introduces in the structure make the structure
more flexible thus reduced the effect of the earthquake loads on the structure. The base isolated
method largely depends on the behaviours of the springs attached which provided the stability
to the structure.

https://iaeme.com/Home/journal/IJCIET editor@iaeme.com
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The experimental results are also affected by the distribution of the sensors. The mass of
the sensor also contributes to the response of the structure. The sensor arrangement had mass
concentration in every floor. The sensor arrangement should be arranged that there is no mass
concentration and thus result minimum contribution to the structural response. [1]

Dhiraj Narayan Sahoo, Dr. Pravat Kumar Parhi (2018), has published a paper title “Base
Isolation of Residential Building using Lead Rubber Bearing Technique” in International
Journal of Engineering, Research and Technology (IJERT). They has designed G+10 and G+15
buildings with fixed base and with base isolation techniques. They design the buildings for
Bhubaneswar, Odisha which is located in earthquake zone II.

The designing of buildings was completed in ETABS software. In base isolation system
they used lead rubber bearings in their buildings. They concluded that, the time period of
structure increases approximate 2 times after providing the base isolator to fixed base structure.
Due to this increase in the time period, structure experiences less amount of seismic force. The
lateral earthquake load, storey shear, column force and moment are reduced to significant
amount due to base isolator to the structure. The maximum storey displacement in base isolated
structure increases. The maximum storey stiffness of structure decreases in base isolated
structure. From the above results, the damage to the base isolated structure will be less as
compared to fixed base structure. [2]

Manoj Prajapati, Dr. Savita Maru (2018), has published a paper title “Base Isolation for
Earthquake Resistance: A Review” in International research Journal of Engineering and
Technology (IRJET). They has concluded from review that researchers introduce the new
technology of base isolation system which protects building to damage under seismic action
and the results like drift, displacement and base shear are better with building performance in
case of base isolation then fixed base. Further, some more concluded points are: cost can be
reasonable using software simulating applications, high rise building can be design for safety
using design software’s, column beam design to optimize the size and strength, quality with
cost optimize it can be design for future construction, effective planning and control can be
performed for high rise building using simulation and design software’s. [3]

Saurabh P. Kharat, Dinesh N. Biradar, Ajay S. Sagekar, Prathamesh V. Chavan, Prof. Reshma
Saikh (2018), has published a paper title “Case study on Lead Rubber Isolation Bearing” They
concluded that, the study shows the effectiveness of the LRB base isolation system in terms of
reduced structural responses under seismic loading. As the base isolators are extensively used
worldwide in high seismic areas in near future, we will accept the same in India also. At least
in seismic zone IV and V the use of base isolators has to be encouraged as they are technically
very effective and economically feasible. The use of base isolators reduces inter-story drift and
structural damages during earthquake. The building will be ready to occupy with the minor
repair. The results of this work demonstrated that base isolators are excellent seismic control
devices for high raise symmetric buildings. Base isolation method has proved to be a reliable
method of earthquake resistant design. [4]

https://iaeme.com/Home/journal/IJCIET editor@iaeme.com



Comparative Study on Lead Rubber Bearing (LRB) Base Isolation System on G+12 & G+22 Story
RCC Structure Over Fixed Based for Indian Subcontinent

3. SAMPLE MODEL DETAILS

Figure 1: (G+12 Storey) Figure 2: (G+22 Storey)
Sample Modal — 1 & 2 G+12 (7 Bay x 7 Bay) Sample Modal - 3 & 4 G+22 ( 12 Bay x 12 Bay)
Beam = 230 x 450 mm Beam = 230x450 mm
Column = 300 x 300 (Storey 8 to Column = 300 x 300 (Storey 16 to
Terrace) Terrace)
375 x 375 (Plinth to 375 x 375 (Storey 8 to
Storey 7) Storey 16)
450 x 450 (Base) 450 x 450 (Plinth to Storey 7)
525 x 525 (Base)
Floor to Floor Height = 30m. Wall Thickness = 115 mm.
Floor Load
Live Load = 3 KN/m? Floor Finish = 1 KN/m?
Earthquake Load
EQ load = Response Spectrum Seismic Zone = Zone3
Method
Soil Type = Hard Soil (Type-I) Percentage Damping = 5%
Modal Method = SRSS
Material
Grade of Concrete = M20 [20 N/mm?] Grade of Steel = Fe500 [500 N/mm?]
Unit weight of Concrete = 25 KN/m? Unit weight of brick = 20 KN/m?
masonry
Design basis Limit State Method (IS: 456-2000)

The sample model of 7 bay x 7 bay for G+12 story building & 12 bay x 12 bay for G+22
Story building (1 bay =4 m.) is taken with Seismic Zone III on hard soil type — I with the above
following details is considered for Analysis & Design.

1. Model 1: - G+12 storey building with fixed base. 1. Model 1: - G+22 storey building with fixed base.
2. Model 2: - G+12 storey building with LRB base isolation. 2. Model 2: - G+22 storey building with LRB base isolation.
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5. ANALYSIS & DESIGN OF LEAD RUBBER BEARING (LRB)

For the Analysis & Design of Lead Rubber Bearing, the cumulative load at the base is obtained
from the fixed based design model in Etabs. This load are categorized into three group’s viz.
Biaxial, Uniaxial and Axial loaded. Sample Calculation for one group is shown below.

Biaxial Load (W) = 1638 kN. Time Period (Tp) =2.5 sec.

Design Shear Strain (ymax) = 50% = 0.5 kN/m?. Effective Damping (&eff) =5 % =0.05 For U, Uy, Us.

TABLE A-16-C—DAMPING COEFFICIENTS, By AND By TABLE 16-R—SEISMC COEFFICIENT C,

EFFECTIVE DAMPING, fp f 4y
(potcantage ofcaca'2 B 0r By FACTOR SEISNC ZONE FACTOR, 2

<) 08 $OIL PROFILE TYPE 2=0075 2=015 2202 2:03 2=04
5 10 8 0.06 0.2 (.16 04 03
10 12 b 0.08 0.5 020 030 040N
20 13 S 0.13 025 032 045 056N
30 17 D 0.8 032 040 034 064N
4 19 S 0.26 030 064 0% 096N

230 20 5 See Foomote |
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Damping Coefficient (Bp) =1 (UBC-97, Vol-2,

Pg. No. 414)

Seismic Coefficient (Sp) = 0.54 (UBC-97, Vol-2, Pg. No. 35) L !
op cover plate
Selecting 60 as Rubber Hardness for analysis in critical conditions
Hardness Young's Shear Material Elongation
IRHD+2 Modulus Modulus Constant at
E - G k Break
(MPa) (MPa) Min, %
37 1.35 0.40 0.87 &50
40 1.50 0.45 0.85 &00
45 1.80 0.54 0.80 S00
50 2.20 0.64 0.73 500
55 3.25 0.81 0.64 500 Bt cover
&0 4.45 1.06 0.57 400 plate
Table 5.4: ‘Vulcanized Natural Rubber Compounds

Young's Modulus (E) = 4.45Mpa
4450 kN/m?

_ 1.06 Mpa
Shear modulus (G) = 1060 kKN/m>
Allowable normal stress = 7840 kN/m>.

“onsulted manufacture, usually 7 to 8.5 Mpa Page No.132, Table 5.7

Yield strength of steel plate (fy) = 274400 kN/m>.

Part-1 Analysis of LRB
a) Effective Horizontal stiffness Kefru
W [2m\?
_(E) Kern = 1054.69 kN/m
b) Lateral displacement or Design displacement (DD)

g
g SpTp

Dp=(—) X = 0.335 m.

D (4n2) Bp m

d) Post-yield horizontal stiffness Kq
Ky = Pre yield stiffness,

Ketfu

Ka = Post yield stiffness,

Modification factor (k) = 0.57
Elongation of rubber at break (&) = 4 (400%)
Yield strength of core(fpy) = 8500 kN/m2.
Shear Yield strength of steel (F;) — 164640 kKN/m?2

U2 & Us Linear effective stiffness

¢) Strength or short term yield force Qd
Wp
Qq

TC
= = — X
4 x Dy

2

Where Ky =10 Ky

Note- Initial elastic stiffness was estimated from experimental results in the range of 9 to 16 Kq4

WU _ 971.854 kN/m.
Dp

Kq
Ky

= Kefrn
10 K4

Part-2 Design of LRB

a) Lead Core Area A,
Ap= 2 = 000327 m’

py

c¢) Total height of rubber layer t,
°>_ — (0.67092 m.

&

Ymax

e) Compressive modulus of rubber & steel (Ec)
Ec E (1+2kS?) = 511750 kN/m?.

https://iaeme.com/Home/journal/IJCIET

e) Post yield stiffness ratio.

Xa _ 2718%% _ 0.1 U; & Us Post yield stiffness ratio.
Ky  9718.54

b) Dia. of lead core d,

2
Ap="C =4, = /“A—P=o.06452 m.
4 s
d) Shape factor S
2
@ > 400,S = 9.09409,

For S < 10,Take S = 10
f) Effective area of bearing Ao
A, =W / Allowable normal stress. = 0.20893m?.

editor@iaeme.com
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h) Elastic Stiffness K, of the bearing
Ky= 1+12xAp _

g) Effective area from the shear strain A

SSW < 2 _().14404 m2.
EcxAq 3

0

j) Diameter of Rubber (d)
d = /% = 0.81203 m.
k) Effective vertical stiffness (ky)

K, = %,Kv = 395022 kN/m, Ui Vertical Linear effective stiffness.
m) Reduced area (A;)
20 a
A= D 025348 m

1) Effective area of individual rubber layer (Asr)

2
Ay = 051789 m2

1) Damping reduction factor ()

B = 2 X cos™?! (]%D) =229
n) Details of Lead Rubber Bearing
A =0.25348 m> (max Area of Ao, Al, & As),d=0.56811 m.

No. of layer (N) = t,/t, Where t = 0.0203 Steel Plate thickness (ts)

K: x = 818.219 kN/m.

2 X W X2t
N =33.0491 say N = 34.00 ts = A ts =0.00319 = 0.002 m.
Total height of bearing (h)
h=tr+ N x (ts + 2*¥0.0025), h = 0.94929 m.
Input Values for Etabs :
o Link/Support Directional Properties [ x | i Link/Support Directional Properties E3
Identification
Identification Property Name B
Property Name B Direction U2
Direction U1 Type Rubber Isolator
NonLinear Yes
Type Rubber Isolator
NonLinear No Linear Properties
Effective Stfness 105463 kN/n
Linear Properties Effective Damping 0.05 kN-=s/m
Effective Stiffness 395022 kN/m Shear Deformation Location
Distance from End-J 0 m
Effective Damping 0.05 kN-s/m
Nonlinear Properties
B Stifness 971854 kN/n
OK Cancel Yield Strength 27.79 kN
Post Yield Stffness Ratio 0.1
‘ dK ‘ Cancel
G+12 Storey G+22 Storey
Biaxial Uniaxial Axial Biaxial Uniaxial Axial Units
Cumulative Load
1638 KN 2487 KN 3920 KN 3342 KN 4627 KN 6860 KN
Direction . .
Ul Linear Properties
Effective Stiffness 395022 599768 945352 805961 1115853 1654366 KN/m
Effective Damping 0.05 0.05 0.05 0.05 0.05 0.05 KN-s/m
Linear Properties
Effective Horizontal Stiffness 1054.69 1601.35 2524.043 2151.88 2979.27 4417.08 KN/m
Effective Damping 0.05 0.05 0.05 0.05 0.05 0.05 KN-s/m
Directi
Ulzr: :?; Non Linear Properties
Pre-yield Stiffness 9718.54 14755.8 23258.05 19828.7 27452.8 40701.6 KN/m
Strength 27.788 42.191 66.501 56.696 78.495 116.377 KN
Post Yield Stiffness ratio 0.1 0.1 0.1 0.1 0.1 0.1
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6. RESULTS
6.1. Time Period
6 Mode Period (G+12 Storey) Mode Period (G+22 Storey)
5 8
S
g ¢ s 6
R= 3 A
oE) g 4
£ 2 £
1 = 2
0 0
Mode - 1 Mode - 2 Mode - Mode - 1 Mode - 2 Mode -
m Fixed 3.895 3.895 3.538 m Fixed 6.488 6.488 6.093
ELRB 4.903 4.903 4.491 ELRB 7.455 7.455 6.999

Figure 3: Time Period of G+12 & G+22 Storey models

Figure 3 shows the time period for fixed base and LRB base of G+12 & G+22 Storey
models. Time period of base isolated structure over fixed base structure of G+12 & G+22 Storey
is increased by 26.23% and 14.89 % respectively.

6.2. Base Shear

Base Shear (G+12 Storey) Base Shear (G+22 Storey)

Z Z
G 2500 G 10000
= 2000 = 8000
§ 1500 § 6000
175} 1000 %) 4000

]

2 500 2 2000
= 0 - 0

Fixed LRB Fixed LRB
H Base Shear  2489.98 969.45 m Base Shear  9266.15 5299.41

Figure 4: Base Shear of G+12 & G+22 Storey models

Figure 4 shows the base shear for fixed base and LRB base of G+12 & G+22 Storey models.
Base shear of base isolated structure over fixed base structure of G+12 & G+22 Storey is
decreased by 61.07% and 42.81 % respectively.
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6.3. Storey-Drift

16 Story-Drift (G+12 Storey) 26 Story-Drift (G+22 Storey)
24
14 22
12 20
: 213
=10 —e—Fixed 516 —e—Fixed
3 g —e—LRB 21 —e—LRB
o )
2y Sy
4 6
2 4
— ) 2
0 0
0 5 10 1: 0 5 10 15 20 2
Storey Drift (mm)

Storey Drift (mm)

Figure 5: Storey-Drift of G+12 & G+22 Storey models

Figure 5 shows the storey-Drift for fixed base and LRB base of G+12 & G+22 Storey
models. Storey-Drift of base isolated structure over fixed base structure of G+12 & G+22 Storey
is reduced well within the limit as per IS1893 and in higher stories which makes structure safe

against earthquake.

6.4. Storey Displacement

5 Storey Displacement (G+12 Storey) 5 Storey Displacement (G+12 Storey)
20 210
S 3
2 7z
(- [
=] =}
S5 —e—Fixed | 25 —e— Fixed
—e—LRB —&—LRB
0 0
0 20 40 6( 0 20 40 6(
Displacement (mm) Displacement (mm)

Figure 6: Story Displacement of G+12 & G+22 Storey models.

Figure 6 shows the storey displacement for fixed base and LRB base of G+12 & G+22
Storey models. Storey displacement of base isolated structure over fixed base structure of G+12
& G+22 Storey is increased by 58.74% and 39.76 % respectively.
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6.5. Percentage Reduction in Steel

G+12 Storey G+22 Storey
Sr.No. Description Fixed LRB Fixed LRB Remark
1 Column-Biaxial 77586 61581 265416 225700
2 Column-Uniaxial 764810 552144 4513480 3995044
3 Column-Axial 1606393 1433588 16957790 | 15971568
Total Reinforcement in mm? = | 2448789 2047313 21736686 | 20192312
Reinforcement RedCuOclEI(;El 12 16.39% 710%
1 Beam 2898050 2629336 17355952 | 14908932
Reinforcement Redulcgt;;):; 1: 997% 14.10%
Total Reinforcement Reduction = 25.67 % 21.20%

Above table shows the percentage reduction in steel for fixed base and LRB base of G+12
& G+22 Storey models. Percentage reduction in steel of base isolated structure over fixed base
structure of G+12 & G+22 Storey is decreased by 25.67% and 21.20 % respectively.

6.6. Cost Economy

Sr.No. Description Quantity Units Remark

1 Approx. Reinforcement Quantity 5 Kg/Sft
’ ;gi/j; Reinforcement Reduction (approx. 13 Ke/Sft
3 "(I)"%al Cost Reduction due to LRB (Round 65 Rs. Steel 50 Rs./Kg
4 Cost of Lead Rubber Bearing 150 Rs./Sft
5 Net Cost for Lead Rubber Bearing 85 Rs.
6 Approx. cost of Construction 1200 Rs./Sft

) . ) 7.14 % G+12 Storey
7 Effective Incremental in Construction Cost

8.57 % G+22 Storey

Above table shows the cost economy for fixed base and LRB base of G+12 & G+22 Storey
models. Effective incremental in construction cost of base isolated structure over fixed base
structure of G+12 & G422 Storey is increased by 7.14% and 8.57 % respectively.

7. CONCLUSION

In the present study, a G+12 storey & G+22 storey RC building was analysed using response
spectrum method for both fixed and Lead Rubber Bearing (LRB) isolation. From the above
result it can be concluded that Lead Rubber Bearing plays a vital role during earthquake as its
increase the time period by 26.23% and 14.89% respectively which result into increase in
reaction time of structure during earthquake, storey displacement by 15.87% and 22.07 %
respectively which make structure more flexible, reduces base shear by 61.07% and 42.81 %
respectively which reduces the seismic effect on structure and storey drift is reduced well
within the limit as per IS1893 which makes structure safe against earthquake. Using of LRB as
base isolators over fixed base decrease the steel quantity by 25.67% and 21.20% respectively
and which results in reduction of cost economy by fairly incremental of construction cost by
7.14% and 8.57%.
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From the above studied, we can conclude that the performance of the LRB based isolated
structure is better than fixed base structure. Cost difference is also very limitedly increased by
approx. 7 to 8 %. Also discount of 30% is offered by Insurance Company to a base isolated
structure and the maintenance of the (LRB) base isolated structure is very low as compared to
fixed base structure.
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ABSTRACT

Earthquake is a very dangerous natural disaster which occurs by movement of the
tectonic plates in the core of earth. Due to earthquake many structures collapse which
result into human life losses. Base Isolation System is the technique to absorb the
earthquake forces and reduces the earthquake effects in the structure at the time of
earthquake. In this paper, we are considering the design of G+12 & G+22 story RCC
building with fixed base and with base isolation system. Triple Friction Pendulum
Bearing (TFPB) is used for the design of based isolated structure. Analyzing and
designed of these two type of buildings are carried out by response spectrum method in
ETABS 2016 software. After analyzing the Structure, time period, base shear, story
displacement, story-drift, percentage reduction in steel and overall cost economy will
be obtained for both type of structure. From this study, it is found that time period and
story displacement increased while base shear, story drift, percentage of steel and
overall cost is reduced with provision of Triple Friction Pendulum Bearing (TFPB) as
base isolators.
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1. INTRODUCTION

1.1. General

Earthquake is occurring due to movement of the tectonic plates in core of the earth. It is a
horizontal movement of earth surface. By earthquake the top surface of earth is shake and
foundation is also shake with them. Results the superstructure experience seismic forces and
structural members are may collapse. Due to collapse of the structure humans can buried under
debris. Peoples are lost their life and also their properties. We cannot construct earthquake proof
structure but we can construct earthquake resistant structure.

1.2. Base Isolation System

Base isolation system is also famous in the name of seismic isolation system. It is a method
which is protect the structure against seismic force. Base isolation is the effective technique of
earthquake engineering appurtenance to the no action in structural vibration control
technologies. The System is innovated by Dr. Bill Robinson at New Zealand in 1974. It is very
popular system to protect the structures from seismic forces. This technique is useful for new
structures as well as can also use in old structure. The base isolation is installing between the
foundation and superstructure. It is not allowed to transfer the seismic forces from ground to
the superstructure. Base isolation is work as a suspension type system and absorb seismic forces
without transferring to superstructure.

The TFPB consists of a spherical stainless steel surface and a slider, covered by a Teflon-based
composite material. During severe ground motion, the slider moves on the spherical surface
lifting the structure and dissipating energy by friction between the spherical surface and the
slider. This isolator uses its surface curvature to generate the restoring force from the pendulum
action of the weight of the structure on the TFPB.

2. LITERATURE REVIEW

Nitya M and Arathi S (July-2016) has published a research paper for “Study of earthquake
response of a RC building with base isolation” on International Journal of Science and
Research (IJSR). In this research a reinforced concrete moment resisting frame of G+6 storey
with and without base isolation are considered. Analysis is done by using SAP 2000 software.
They conclude that The Base isolation substantially increases the time period of the building &
hence correspondingly reduces the base shear .The base shear is reduced up to 75 % of that of
fixed one. The increase in period for structure with isolated base makes sure that the structure
being completely removed from the resonance range of the earthquake. Analysis shows that the
fundamental period of the structure is approximately doubled for the isolated structure.
Increment in fundamental period reduces the maximum acceleration and hence the earthquake
induced forces in the structure. From the tables and graphs it is clear that the storey
displacements are much higher for isolated buildings, also the displacement of all the storey’s
are almost same. The isolator with rubber has more displacement compared to friction isolator.

(1]

Tessy Thomas and Dr. Alice Mathai (ICETEM-2016) has published a research paper for
“Study of base isolation using friction pendulum bearing system” on Journal of Mechanical
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and Civil Engineering. In this research Finite element model of base isolator is created in
ANSYS 14.5 software. The behaviour of the friction pendulum as base isolator also analysed.
The nonlinear static analysis of base isolator is done for different storey load values. It is
concluded that as the number of storey load value increases, stress intensity value also increases.
The stress intensity value obtained up to 30-storeyes is within the permissible limits and base
isolator can be designed for 22 to 30 storeyed building. From this analysis it is clear that the
movement of slider generates a dynamic friction force that provides the required damping for
absorbing the energy of the earthquake. [2]

M.Vijayakumar, Mr. S.Manivel and Mr. A.Arokiaprakash (2016) has published a research
paper for “A Study on Seismic Performance of RCC Frame with Various Bracing Systems
using Base Isolation Technique” on International Journal of Applied Engineering Research.
In these research paper a G+25 storey building square in plan is analysed using SAP 2000
software. They conclude that the performance of building with base isolation technique is much
better than fixed base one. The parameters such as displacement and drift have been analysed.
Hence it is seen that displacement is higher in base isolation when compared to fixed base. The
main factor governing the building is its storey drift. The study shows that drift is very much
reduced in base isolation. Though the cost of installation adds to drawback of base isolation,
but the performance proves its necessity in hospitals, public places and essential buildings.
Hence from the study, it can be observed that various bracing system performs better by the use
of base isolation in seismic prone area. [3]

3. SAMPLE MODEL DETAILS

Figure 1: (G+12 Storey) Figure 2: (G+22 Storey)
Sample Modal — 1 & G+12 (7 Bay x 7 Bay) Sample Modal — G+22 ( 12 Bay x 12 Bay)
2 3&4
Beam =230 x 450 mm Beam =230 x 450 mm
Column = 300 x 300 (Storey 8 to Column = 300 x 300 (Storey 16 to
Terrace) Terrace)
375 x 375 (Plinth to 375 x 375 (Storey 8 to
Storey 7) Storey 16)
450 x 450 (Base) 450 x 450 (Plinth to
Storey 7)
525 x 525 (Base)
Floor to Floor Height = 3.0 m. Wall Thickness = 115 mm.
Floor Load
Live Load = 3 KN/m? Floor Finish =1 KN/m?
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Earthquake Load

EQ load = Response  SpectrumSeismic Zone = Zone 3
Method

Soil Type = Hard Soil (Type-I) Percentage =5%

Damping

Modal Method = SRSS

Material

Grade of Concrete = M20 [20 N/mm?] Grade of Steel = Fe500 [500 N/mm?]

Unit  weight  of =25 KN/m? Unit weight of = 20 KN/m?

Concrete brick masonry

Design basis = Limit State Method (IS: 456-2000)

The sample model of 7 bay x 7 bay for G+12 story building & 12 bay x 12 bay for G+22
Story building (1 bay =4 m.) is taken with Seismic Zone III on hard soil type — I with the
above following details is considered for Analysis & Design.

1. Model 1: - G+12 storey building with fixed base. 1. Model 1: - G+22 storey building with
fixed base.

2. Model 2: - G+12 storey building with TFPB base isolation. 2. Model 2: - G+22 storey
building with TFPB base isolation.

4. METHODOLOGY
[ METHODOLOGY |

0
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g

[ ]
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5. ANALYSIS & DESIGN OF TRIPLE FRICTION PENDULUM
BEARING (TFPB)

R, 1y

R 1,

R,. 1, R,. Hs Slide plates

For the Analysis & Design of Triple Friction Pendulum Bearing, the cumulative load at the base
is obtained from the fixed based design model in Etabs. This load are categorized into three
group’s viz. Biaxial, Uniaxial and Axial loaded. Sample Calculation for one group is shown
below.

Biaxial Load (W) = 1638 kN.

(A) Calculation of geometric, frictional and Dp
1) Geometric Properties

R1 = R4 = 1778 x2 = 3556 mm = 3.556 m.

R2 = R3 = 647 mm = 0.647 m.

hl = h4 = 161 mm = 0.161 m.

h2 = h3 = 121 mm = 0.121 m.

dl = 566.02 mm d2 = 81.05 mm

Rietts =  Ruers = Ry - hi = 3556161 = 3395 mm.

Roefis = Risets = R - ho = 647-121 = 526 mm.
diF=dyr = I 540 30 mm ~ 540.40 mm. dy*= dy* = 2222 = 65,89 mm ~ 65.90 mm.

1 2

2) Calculating Frictional Properties of the bearing
Bearing pressure at surfaces 1 and 4

P=Load/ Area Load W =163.8 ton (1638 kN) Area A=nxr1’

r=h; +hs=161+161 = 322 mm.
P =0.000503 ton/mm?,

P =0.000503 x 1450 = 0.73 ksi.
1 ksi = Kilo square inch = 1450 ton/mm?,

3- Cycle friction, p =0.122 - 0.01 P,
pu=0.1147
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Adjust for high velocity = p -0.033 = 0.1147 - 0.033

= 0.081 (Lower bound friction)

I - cycle friction p=1.2 x 0.081 =0.0977
Say = 0.098

Lower bound ur =usa=0.081

Upper bound pi1 = psa=0.098

Bearing pressure at surfaces 2 and 3

P=Load/ Area Load W = 163.8 ton (1638 kN)

Area A =T X 1

r=hy+h3 =121+121 =242 mm. P = 0.00089 ton/mm? = 1.29 ksi.

1 ksi = 1450 ton/mm?.

3- Cycle friction, p =0.122 - 0.01 P,
pu=0.1091

Adjust for high velocity = p - 0.036 =0.1091 - 0.036

=0.073 (Lower bound friction)

I - cycle friction p= 1.2 x 0.073 =0.0877
Say = 0.088

Lower bound p2 =usz=0.073

Upper bound 2 = p3z=0.088

u = force at zero displacement divided by the normal load

For Lower bound, u = pj - (u1 - u2) X %
1eff
u = 0.080
For Upper bound, g =1 - (u1 - u2) X y
1eff
u = 0.09
3) Dp Calculation (Upper bound Analysis)
Sa=0.5074, p =0.096 ul = 0.098
0.005250,

Fd = 0.277243, W = 163.8 Ton.

YFd = Fd x W x Total Bearing
12 =544.95

2w = Load x No. of bearing

1. Let the displacement be Dp = 0.07202 m.
ii.  Effective stiffness, Qd = p * Zw
Qa =188.98 ton

https://iaeme.com/Home/journal/IJARET @

Dy = (u1 - u2)* Roer=

No. of Bearing = 12
YFd=0.277243 x 163.8 x

>w = 1965.6 tons

=0.096 x 1965.6
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kp =2Fp /Dp = 544.95/0.07202 kp = 7566.63 ton/m.

Kefr = kp + (Qa / Dp) = 7566.63 + (188.98 / 0.07202).
Kefr=10190.63 ton/m.

iii.  Effective period, Ter = 2\N((EW)/(K efr X g))
Terr=0.88103 sec.
E _ 4uyw(Dp-Dy)
ZﬂKeffXDDz - ZﬂKeffXDDZ

Bert = Pp = 0.1520 (15.20%)
Refer Eq. 17.5-2 & 17.8-7, ASCE 7-10 for iii & iv.

iv.  Effective damping, fp =

03
v.  Damping reduction factor, = (%)

B =1.3959
. SpiX Tegs?
vi. Dp! —Z&ZX{; g
Dp' =0.0701 m.
(B) Calculating SAP2000 or Etabs links / support property data (upper bound)
1) Main Properties
i. Rotational Inertia

Considering the isolator with diameter @ = 0.305 m. (cylinder), h = 0.32 m (Total height)

mx@% T X 0.4842

?=0.484m, h=0.5m. A= =

4 4
A=0.1840 m?
w w
Kot = —— + = Keti= 266.91 ton/m
Rieff Dp
I = Kegrxh3  638.012 x 0.53
'= 712 T 12x10000000

= 2.78035E-07 m*.

Note:- Young's modulus 'E' was assumed 1x107 N/mm?2 equal to half of actual steel
modulus as the bearing is not a solid piece of metal. E = 1.00E+07 N/mm?.

ii.  Determine of Bearing mass

Dm-max =0.0702 m. Dtm=1.15x 0.0702 refer (Eq. 17.5.3.5 — ASCE 7-10)
DTM: 0.0807 m. D=2 DTM: 2 x 0.0807
D =0.16146 m.

W =0.241 D%- 0.00564 D
W =0.0053721 ton.

M=w/g=0.005372/9.81
M = 0.000548 ton sec?/m.

2) Directional properties (Ui)
0 =0.484 m, horL=0.5m

Effective stiffness = AE /L
Ketr= 3679684.643 ton/m.
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Ketr= 36796846.43 KN/m.
Effective damping from the Dp calculation

Keff = 3679684.64 ton/m.
Beff=0.1520 (15.20%)

3) Directional properties (U; - U3)
i. Determination of liner properties.
Effective stiffness K efr= 266.914 ton/m. = 2669.14 KN/m. Effective damping Berr= 0.1520

Height for outer surface = h; = hs = 161 mm (0.161 m.)
Height for Inner surface = h, = h3 = 121 mm (0.121 m.)

ii. Determination of Non - liner properties.
Hiw

Stiffness = —
Dy

Dy = (u1 — p2) Ry = (0.098 —0.088) x 0.526

Dy = 0.00525 m.
Stiffness of outer surface = plw _ 20981638 _ 3047.855 ton/m. = 30478.55 KN/m.
Dy 0.00525
Stiffness of Inner surface = ”; AL 0'0530212653'8 = 2736.448 ton/m. = 27364.48 KN/m.
v )
Friction slow = ul for outer surface = 0.098

= u2 for Inner surface = 0.088
Friction fast = 2xu1 for outer surface = 0.195
= 2 x u2 for Inner surface = 0.175
Rate Parameter = Friction slow / Friction fast = 0.098 / 0.195 = 0.5 = 0.0005

% Radius of sliding surface For outer = Rier= 3.395 m.

For inner = Roerr= 0.526 m.

*

¢ Stop distance
For outer surface u1* =2 Dy + 2 di* = 1.09130 m. = 1091.30 mm.

For Inner surface u* =2 Dy=0.0105 m.= 10.50 mm.
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Input Values for Etabs:

41 Link/Support Directional Properties n T Link/Support Directional Properties B
Identification
Identification Property Name B Type Triple Pendulum Isolator
Property Name B Direction U2 U3 NonLinear Yes
Direction u1
Linear Properties
Type {Irple Pendulom Jsolatoc Effective Stffness - U2 | 2669.136 kN/m Effective Stffness U3 | 2669.136 kN/m
NonLinear Yes Effective Damping - U2~ |1.396 kN-s/m Effective Damping U3 |1.396 kN-s/m
Urieer Pmpemes Shear Deformation Location
Effective Stffness 3W} KN/m Distance from End-J-U2 |0 m Distance from End-J - U3 |0 m
Effective Damping 1396 kN-=s/m Height and Symmetry of Sliding Surfaces
Height for Outer Sufaces (0161 7\ m Outer Bottom Surface is Symmetric to Quter Top Suface
Nonlinear Properties Height for Inner Sufaces 0,121 m v
Stiffness 36796846.43 kN/m
Nonlinear Properties for Directions U2 and U3
Damping Coefficient 1.39% kN-s/m Outer Top Outer Bottom Inner Top Inner Bottom
Stiffness 30478.548 27364.48 kN/m
Friction Coefficient, Slow  |0.09769 0.0877
Friction Coefficient, Fast 0.19538 0.17541
Rate Parameter 0.0005 0.0005 sec/mm
Radius of Sliding Suface  |3.395 0.526 m
Stop Distance 10913 105 —
‘ oK | Cancel oK Cancel
G+12 Storey Model
Load 1638 KN 2487 KN 3920 KN
Linear Properties
Effective 36796846.43 KN/m
Stiffness 36796846.43 36796846.43
Effective 1.317 KN-s/m
Damping
U1l . .
Non-Linear Properties
Effective 36796846.43 KN/m
Stiffness 36796846.43 36796846.43
Effective 1.317 KN-s/m
Damping 1.396 1.367
Linear Properties
Effective 5644 .98 KN/m
Stiffness 2669.14 3877.29
Effective 1.317 KN-s/m
Damping 1.396 1.367
Ht. for outer
Direction | grface 0.161 0.161 0.161 m
U2 & U3 Ht. for i
. for inner
Surface 0.121 0.121 0.121 m
Non-Linear Properties
Outer | Inner Inner
Outer Top QOuter Top |Inner Top
Top Top Top
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Stiffness 304578'5 27364.48 | 32685.61 |27957.47| 32890.68 25438.21 | KN/m

Friction 16 0977 00877 | 0.0931 | 0.0797 0.0855 0.0661

Coeff. Slow

Friction

Coeff. Fast 0.1954 | 0.1754 0.1863 0.1593 0.1710 0.1322

Rate 0.0005 | 0.0005 0.0005 0.0005 0.0005 0.0005 |Sec/mm

Parameter

sliding 3.395 | 0.526 3.395 0.526 3.395 0.526 m

surface (R)

Stop 1091.30| 10.50 | 1094.98 | 14.18 1101.18 2038 | ™™

Distance

G+22 Storey Model
Load | 3342KN | 4627 KN | 6860 KN
Linear Properties

Effective 3679684643 36796846.43 36796846.43 KN/m

Stiffness

Effective 1.205 KN-s/m
gilrection Dampmg 1 338 1 292

Non-Linear Properties

Effective 36796846.43 36796846.43 36796846.43 KN/m

Stiffness

Effect%ve 1338 1292 1.205 KN-s/m

Damping

Linear Properties

Effectlve 4973.01 6391.50 8204.24 KN/m

Stiffness

Effec‘qve 1338 1.292 1.205 KN-s/m

Damping

Height for

Outer 0.161 0.161 0.161 m

Surface

Height for

Inner 0.121 0.121 0.121 m
Direction | Surface
U2 & U3 Non-Linear Properties

Outer | Inner Inner
Top Top Outer Top Top QOuter Top |Inner Top

Stiffness 33 1120'4 26766.80| 32262.31 (23465.73| 28922.27 15880.44 | KN/m

Friction

Coefficient | 0.0886 | 0.0716 0.0817 0.0594 0.0698 0.0383

Slow

Friction

Coefficient | 0.1771 | 0.1432 0.1634 0.1189 0.1396 0.0766

Fast
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Rate 0.0005 | 0.0005 0.0005 0.0005 0.0005 0.0005 |Sec/mm
Parameter
Radius of
sliding 3.395 | 0.526 3.395 0.526 3.395 0.526 m
surface
Stop
: 1098.68| 17.88 1104.24 23.44 1113.91 33.11 mm
Distance
6. Results
6.1. Time Period
5 Mode Period (G+12 Stoery) 8 Mode Period (G+22 Storey)
4 ]
& 3 & 5
= = 4
g 2 g 3
= . = 2
1
0

Mode -
® Fixed 3.895
u FPS 4.575

1 Mode -2 Mode - 3

3.895 3.538
4.575 4.171

Mode - 1

® Fixed 6.488
mFPS 7.245

Figure 3: Time Period of G+12 & G+22 Storey models

Mode -
6.488
7.245

2 Mode - 3
6.093
6.797

Figure 3 shows the time period for fixed base and TFPB base of G+12 & G+22 Storey models.
Time period of base isolated structure over fixed base structure of G+12 & G+22 Storey is
increased by 17.60% and 11.63 % respectively.

6.2. Base Shear

Base Shear (G+12 Storey)

Z
4 3000
i=
g 2000
7
Y 1000
o]
aa]

FPS

Fixed

m Base Shear  2489.98 923.63

Base Shear (G+22 Storey)

<
< 10000
g
£ 5000
Q
%
- 0

® Base Shear

Fixed
9266.15

Figure 4: Base Shear of G+12 & G+22 Storey models

FPS
5147.32

Figure 4 shows the base shear for fixed base and TFPB base of G+12 & G+22 Storey models. Base

shear of base isolated structure over fixed base structure of G+12 & G+22 Storey is decreased by
62.91% and 44.45 % respectively.
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6.3. Storey-Drift

16 , Story-Drift (G+12 Storey) 2 Story-Drift (G+22 Storey)
22

5 2 20
5 , 2 16 .
510 —e—Fixed  Z 14 —e—Fixe
28 —e—FPS 5 12 d
° 6 S g
=} Z 6
Z 4 ¢

2 q

0 0 5 10 15 20

0 5 10 .
Storey Drift (mm) Storey Drift (mm)

Figure 5: Storey-Drift of G+12 & G+22 Storey models

Figure 5 shows the storey-Drift for fixed base and TFPB base of G+12 & G+22 Storey models.
Storey-Drift of base isolated structure over fixed base structure of G+12 & G+22 Storey is reduced
well within the limit as per IS1893 and in higher stories which makes structure safe against

earthquake.

6.4. Storey Displacement

15  Storey Displacement (G+12 6 Storey Displacement (G+22
Storey) 24 Storey)
22
c» %
> >
210 = 16
A & 14
: =i
2 5 —e— Fixed :‘Zj 8 —e— Fixed
6 —e—FPS
—e—FPS 4
2
0 0
0 20 40 60 0 50 100 150
Displacement (mm) Displacement (mm)

Figure 6: Story Displacement of G+12 & G+22 Storey models.

Figure 6 shows the storey displacement for fixed base and TFPB base of G+12 & G+22 Storey
models. Storey displacement of base isolated structure over fixed base structure of G+12 &
G+22 Storey is increased by 49.41% and 30.94 % respectively.
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G+12 Storey G+22 Storey
Sr.No. Description Fixed TFPB Fixed TFPB | Remark
1 Column-Biaxial 77586 61998 265416 229720
2 Column-Uniaxial 764810 557424 4513480 4021152
3 Column-Axial 1606393 1431680 16957790 | 15960503
Total Remforcenrfr‘;tzlf 2448789 | 2051102 | 21736686 | 20211375
Reinforcement Reduction in 16.24% 7.02%
Column =
1 Beam 2898050 2595148 17355952 | 14759524
Reinforcement Reduction in 10.45% 14.96%
Beam =
Total Remforcgment 26.69% 21.98%
Reduction =

Above table shows the percentage reduction in steel for fixed base and TFPB base of G+12 &
G+22 Storey models. Percentage reduction in steel of base isolated structure over fixed base
structure of G+12 & G+22 Storey is decreased by 26.69% and 21.98 % respectively.

6.6. Cost Economy

Pendulum Bearing

Sr.No. | Description Quantity Units Remark
1 Approx Reinforcement Quantity 5 Kg/Sft
Total Reinfocement Reduction
2 (Approx 27%) 1.35 Kg/Sft
3 Total Cost Reduction due to 68 Rs Steel 50
TFPB (Round off) ) Rs./Kg
4 Cost for Triple Friction 110 Rs./Sft
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5 Net Cost for Trl‘ple Friction 42 Rs.
Pendulum Bearing
6 Approx cost of Construction 1200 Rs./Sft
. 12
Effective Incremental in 3:57 % G+12 Storey
7 Construction Cost
4.64 % G+22 Storey

Above table shows the cost economy for fixed base and TFPB base of G+12 & G+22 Storey
models. Effective incremental in construction cost of base isolated structure over fixed base
structure of G+12 & G+22 Storey is increased by 3.57% and 4.64 % respectively.

7. CONCLUSION

In the present study, a G+12 storey & G+22 storey RC building was analysed using response
spectrum method for both fixed and Triple Friction Pendulum Bearing (TFPB) isolation. From
the above result it can be concluded that Triple Friction Pendulum Bearing plays a vital role
during earthquake as its increase the time period by 17.60% and 11.63% respectively which
result into increase in reaction time of structure during earthquake, storey displacement by
49.41% and 30.94% respectively which make structure more flexible, reduces base shear by
62.91% and 44.45% respectively which reduces the seismic effect on structure and storey drift
is reduced well within the limit as per IS1893 which makes structure safe against earthquake.
Using of TFPB as base isolators over fixed base decrease the steel quantity by 26.69% and
21.98% respectively and which results in reduction of cost economy by fairly incremental of
construction cost by 3.57% and 4.64%.

From the above studied, we can conclude that the performance of the TFPB based isolated
structure is better than fixed base structure. Cost difference is also very limitedly increased by
approx. 3 to 4 %. Also discount of 30% is offered by Insurance Company to a base isolated
structure and the maintenance of the (TFPB) base isolated structure is very low as compared to
fixed base structure.
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