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Abstract— Earthquakes are very serious problems since they
affect human life in various ways. The Earthquakes are
mainly prevented by two methods namely Base Isolation
Methods and Seismic Dampers. The present paper deals
with 1.Increase natural period of structure by “Base
Isolation Techniques”.2.Increase damping of the system by
“Energy Dissipation Devices”. In brief manner. This paper
explains the main theme of the above methods and their
preventive methods about Earthquakes. The present paper
deals with structures which resist Earthquakes. It explains
the frames which help in resisting Earthquakes. In total, this
present paper deals with Methods of resisting Earthquakes
and Frames resisting them and also the prominent
techniques followed to resist Earthquakes
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. INTRODUCTION

The two common methods which are used in constructing
Earthquake Resistant Designs are Base Isolation Devices
and Seismic Dampers. This present scenario deals with the
above two methods in a brief manner. This present paper
also deals with preventive measures taken by them in
resisting Earthquakes.

A.  Structure of Earth

Let us know about the structure of Earth. The Mother Earth
mainly consists of three layers namely Crust, Mantle and
Core.
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Fig. 1: Earth quake structure
Sourse:http://pubs.usgs.gov/gip/dynamic/graphics/FigS1-
1.gif
The above diagram mainly shows the structure of Earth in a
diagrammatic manner.

B. What are Earthquakes?

1  Earthquakes are sudden movements over the
surface of Earth.
2 It may also be defined as sudden shift of rock over
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the Fracture of Earth.

3 When such quakes happen, enormous amounts of
energy is released, which is far greater than big
nuclear bomb.

Earthquakes are not only related to surface of earth, they are
interrelated to Tsunami in oceans also.

C. Earthquakes and Tsunami:

Earthquakes and Tsunami are interrelated in deep way as
they show in below diagram.

Fig. 2: Inter relations between Earthquakes and Tsunami
Source: blog.2012pro.com/category/earthquake
Source: http://www.jpl.nasa.gov/images/earth/gps-warning-
browse.jpg
The above diagram shows the interrelation between
Earthquakes and Tsunami. Hypocenter is the point where
Earthquakes generate and Epicenter is point where energy of
Earthquakes reach surface of Earth. When an Earthquake

occurs under sea, it causes Tsunami.

D. Origin of Earthquakes:

1  An earthquake mainly occurs in Mantle part of
Earth.

2 Most of earthquakes mainly occur by sudden
slippage of fault.

3 Alfred Wegener is the person who developed
theory of Plate Tectonic Forces which clearly
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4  explains Earthquakes.

E. Why study of Earthquakes is necessary?

1 When an earthquake happens, not only surface of
carth, or masonry buildings collapse, but also
Reinforced Concrete Structures also damages.

2 The damaging behaviour of RCC buildings is
explained in diagrammatic manner.
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Fig. 3: Earthquake shaking reverse tension and compression
in members
Source: Earthquake resistant designs: By, M. Mayur,
Siddharth Institute of Engineering and Technology, Puttur

The above diagram shows the behavior of RCC structures
when an EQ happens. The Tension and Compression in
members’ reverses due to EQ loads, and the buildings fails
to resist and it collapses.

II. HOW EARTHQUAKES ARE MEASURED?

The EQ’s are measured by process called Seismology.
During an EQ, waves travel in surface of Earth, which carry
the load of EQ to surface and then from surface to Structure
to damage it. The waves which travel in surface of Earth and
transfer to load of EQ are called Earthquake waves or
Seismic Waves. Study of such waves is called Seismology.
Based on Seismology, Seismometer is designed which gives
the effect of EQ in graph manner.
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Fig. 4: Seismometer
Source:http://earthsci.org/education/teacher/basicgeol/earthq
/seismograph.gif

The above diagram shows the Seismometer and graph given
by such meter during EQ’s. Seismic Performance is
structure’s ability to perform its due functions such as safety
and serviceability during exposure to an earthquake. Process
of finding out seismic performance of a particular structure
is called Seismic Analysis.

III. EARTHQUAKE RESISTANT DESIGNS

1 Design is nothing but calculation of loads on to
structure and to make structure to resist them.

2 If such design is to make such that it resists EQ, then
such design is called Earthquake Resistant Designs.

A.  Popular Earthquake Resistant Designs:

1 The most popular EQ resistant Designs are :
1) Base Isolation Devices
2) Seismic Dampers.
2  The above methods are widely used and commonly
used in different constructions to resist EQ loads.

B. Evolution of Techniques:

1) Earthquakes mainly happen in surface of Earth, so if we
separate the structure from surface, then we can build
EQ resistant Designs.

2) The main thought behind Base Isolation Devices is to
separate buildings from surface of Earth.

Principia Diagram of Anti-Earthguake Rubber Beanng
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Fig. 5: Anti — Earthquake Rubber Bearing
Source:http://sashour.kau.edu.sa/Images/0001218/Principle
DiagramAntiEarthquakeSeismiclsolationBuildingBaseSupp
ortRubberBearing.gif

The above diagram shows the Base Isolation Devices in a
diagrammatic manner.

In the above diagram, we can see how the structure is
separated with help of rubber bearings from surface of
Earth, and it became an EQ resistant Buildings.
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Source:http://dancingdonkeys.weebly.com/uploads/1/1/4/2/1
1422051/9847801.jpg?466

The above diagram Fig. 6 shows the movement of buildings
separated by BID, during an EQ.

If the ground motion is in left horizontal direction, the
buildings separated by bearings moves in backward
direction, which resists earthquakes.

In above cases, the foundation is in Earth, but the structure
is separated by Bearings.

Spherical Sliding bearing

Colunn

Building Foundations
Spherical Sliding Isolation Bearing

Fig. 7: Base Isolation
Source: http://seismicdesignzone.com/wp-content/
uploads/2013/09/singlepend.jpeg

In this case, the foundation pier of entire is structure is
separated by means of Spherical Sliding Isolation Bearing
and there is no medium by which waves of EQ reaches the
Structure. So, it becomes purely EQ resistant Designs.

If EQ happens even inside Surface of Earth, then even the
structure is remained undamaged by EQ.
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Fig. 8: Bracing system
Source:http://www.coolgeography.co.uk/GCSE/AQA/Restle
ss%20Earth/Earthquakes/EQ%20proof%20buiding.jpg

In the above diagram, it not only resists Earthquakes by
means of BID, but also it resists by Cross Bracings, Shear
Walls and Shear Cores which resists EQ’s.

The cross bracings resist the movement of columns due to
EQ, and it resists damage of structure in Vertical Direction.
Shear Walls and Shear cores are used to resist structure
during Earthquake in Horizontal Direction. This is most
efficient technique and it is advancement in Base Isolation
Devices. Even Earthquake happens in this case, the Base
Isolation Devices help in resisting the Earthquake, Cross
Bracings are provided for each and every floor and on both

sides of Structure to not only resist columns, beams, slabs,
but also to resist structural members against Earthquake.
Shear walls are mainly provided to resist any shear motion
in structure during Earthquake and Shear Cores are provided
to resist Shear walls and structure.
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Fig. 9: damaged structures
Source: Earthquake resistant Designs: By, M. Mayur,
Siddharth Institute of Engineering and Technology, Puttur

In the above diagram, it explains three cases.
1) If the structure is stiffened,
2) If the structure is Bolted,
3) If the structure is unbolted.

If the structure is stiffened, then shock by wave reaches and
buildings damage
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Source:http://articles.architectjaved.com/earthquake resista
nt_structures/seismic-base-isolation-technique-forbuilding-
earthquake-resistance/

If the structure is bolted, stresses travel through cabinet
frames. If the structure is unbolted, then the reaction of
structure is shown in dotted line manner in diagram. The
main thought behind Base Isolation Devices, is to separate
building from surface of Earth by means of some devices
namely Base Isolation Devices. If the structure is bolted, the
members of structure may be damaged. If it is unbolted, the
structure can be collapsed.
The Fig. 10 shows all the affects by EQ when buildings are
fixed base, when buildings are Base Isolated and when they
are Hypothetical in condition.
1) When buildings are fixed bases, then building will
shake violently.
2) When buildings are Base Isolated, then building
will shake less.
3) When buildings are rested on rollers on friction
bearings, then they will absorb EQ, and resist
Buildings.

IV. ENERGY DISSIPATION DEVICES

Commonly used Seismic Dampers

1 Viscous Dampers (energy is absorbed by silicone-
based fluid passing between piston cylinder
arrangement),

2 Friction Dampers (energy is absorbed by surfaces
with friction between them rubbing against each
other),

3 Yielding Dampers (energy is absorbed by metallic
components that yield).

4  Viscoelastic Dampers (energy is absorbed by
utilizing the controlled shearing of solids).

Thus by equipping a building with additional devices which
have high damping capacity, we can greatly decrease the
seismic energy entering the building.

V. HOW DAMPERS WORK
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Fig. 11: Typical fluid viscous damper
Source:https://lh6.googleusercontent.com/-
3XuTvl03vV0/TYx5d82alpl/AAAAAAAAB20/b_QgsYeO
2Ag/s1600/dmaper-1.jpg

The construction of a fluid damper is shown in (fig 11). It
consists of a stainless steel piston with bronze orifice head.
It is filled with silicone oil. The piston head utilizes
specially shaped passages which alter the flow of the
damper fluid and thus alter the resistance characteristics of
the damper. Fluid dampers may be designed to behave as a
pure energy dissipater or a spring or as a combination of the
two.

A. Afluid viscous damper

A fluid viscous damper resembles the common shock
absorber such as those found in automobiles. The piston
transmits energy entering the system to the fluid in the
damper, causing it to move within the damper. The
movement of the fluid within the damper fluid absorbs this
kinetic energy by converting it into heat. In automobiles,
this means that a shock received at the wheel is damped
before it reaches the passengers compartment. In buildings
this can mean that the building columns protected by
dampers will undergo considerably less horizontal
movement and damage during an earthquake.

VI. PRINCIPLES FOR EQ RESISTANCE

1 It can’t be possible to make the structure absolutely
earthquake proof that will not suffer any damage during
the rarest of the earthquakes.

2 A fully earthquake-proof structure will be very huge
and highly expensive.

3 Instead an attempt shall be made that the structure
should be able to withstand the minor earthquakes that
take place frequently in that region.

4 Any new building which is located in the zones 3, 4, 5
must be designed to resist earthquakes.

5 The structure should be able to resist the moderate
earthquakes called DESIGN BASIS EARTHQUAKES
(DBE), without significant structural damages.

6  Such earthquakes occur once during the life time of
structure.

7 Major earthquake called MAXIMUM CONSIDERED
EARTHQUAKE (MCE) with intensity greater than that
of the design basis earthquake would not be able to
cause collapse of the properly designed and constructed
structure and losses would be limited.

VII. SELF RIGHTING BUILDINGS

A new system is currently under development in Japan,
claiming to hold a multi-story building together during a
magnitude 7 earthquake, and maybe even higher. This new
earthquake proofing is supposedly so efficient, that when the
quake is over the building will return to standing up straight
on its foundation. The only damage occurring during the
shaking will be confined to replaceable parts in the
mechanism. Shake table tests of this new system have
proven welcoming results, as it will enable inhabitants to
return to their homes a lot sooner than in other buildings
after an earthquake, as the structure incorporated into the
building takes on the damage, instead of the building. This
will lead to lower the costs of repair on damaged buildings,
and enable people to return to their everyday lives faster.
The way this system works is by installing steel braced
frames around the exterior of the building, or in its core. The
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energy from the swaying of the building will be dissipated
in the steel structure.

| —

Fig. 12: Illustration of self-righting building.
Source:http://x-journals.com/2009/researchers-design-self-
righting-buildings-that-survive-earthquake-test-instyle/.
To get the building to stand upright on its foundation after
the shaking stops, steel tendons which are located in the
center of the braced frames, run from top to bottom, which
become elastic during the movement of the building, go
back to their original size. Installed in the bottom of the
frames, where the bottom end of the cable meets the
foundation, are the fuses. The task of these fuses is to
prevent the rest of the building from sustaining damage.
Their main design is to absorb the energy of the swaying,
sustain damage, and then be replaced. In Figure 12 you can
see the fuses coloured in yellow. The utilization of this
design is immense, as the steel frame not only can be
incorporated into the design of a new building, but can be

used to retrofit an existing building that needs

VIII. ISCODES FOR EARTHQUAKE RESISTANT
STRUCTURES

1 IS 1893:1984 : Criteria for Earthquake Resistant
Design of Structures

2 IS 1893(Part 1):2002: Criteria for Earthquake
Resistant Design of Structures: Part 1 General
provisions and Buildings.

3 IS 1893(Part 4):2005: Criteria for Earthquake
Resistant Design of Structures: Part 4 Industrial
Structures Including Stack Like Structures.

4 IS 4326:1993: Earthquake Resistant Design and
Construction of Buildings - Code of Practice.

5 IS 13828:1993: Improving Earthquake Resistance of
Low Strength Masonry Buildings — Guidelines.

6 IS 13920:1993: Ductile Detailing of Reinforced
Concrete Structures Subjected to Seismic Forces —
Code of Practice.

7 IS 13935:2009: Seismic Evaluation, Repair and
Strengthening of Masonry Buildings — Guidelines.

8 IS 6922:1973: Criteria for Safety and Design of
Structures Subject to Underground Blasts.

9 IS 4991:1968: Criteria for Blast Resistant Design of

Structures for Explosions Above Ground.

IS 4967:1968: Recommendations for

Instrumentation for River Valley Project.
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