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ABSTRACT 
 
In this paper we are focusing on earthquakes which are the most frequently occurring and are heavy damage causing. We have given the 
detailed study of why and how the earthquakes occur, the study of various earthquakes that occurred in India have been detailed and the 
damages encountered by them in by both life and property. The disaster management studies for the preparedness required for an 
earthquake before, during and after an earthquake. The seismic evaluation of a building built with the incorporation of IS code and that of a 
non-engineered building has been given as a case study. The earthquake resistant techniques that can be incorporated in the design of 
structure like using of base isolation systems has been deeply focused and the use of dampers for energy dissipation have been given 
greater importance.  
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1. Introduction  
India is vulnerable to various types of natural disasters like earthquakes, landslides, floods, mass movements, and GLOFs. Among all 
the natural disasters, earthquakes are the most disastrous since their impacts can cover large areas causing deaths, injuries and 
destruction on a massive scale. In case of great earthquake, the destruction is pervasive even it can stand still country for days to 
months. More than 60 per cent of India's landmass is under the threat of moderate to strong earthquake shaking [1]. Disaster 
reduction is one of the thrust areas of research in technical profession. Disasters are natural events in normal course of happening, 
unless otherwise induced by human intervention. 

India has had a number of the world's greatest earthquakes in the last century. In fact, more than 50% area in the country is 
considered prone to damaging earthquakes. The north eastern region of the country as well as the entire Himalayan belt is 
susceptible to great earthquakes of magnitude more than 8.0 [2]. The main cause of earthquakes in these regions is due to the 
movement of the Indian plate towards the Eurasian plate at the rate of about 50 mm per year. 

In this paper we have described about the mitigation methods and the techniques that can be incorporated in the building design 
and construction providing the scope for earthquake resistant methods and devices that can be installed [3]. 

An earthquake may be simply described as a sudden shaking phenomenon of the earth's surface due to disturbance inside the 
earth. The earthquakes are classified into Tectonic Earthquakes, Non-tectonic Earthquakes [4]. Tectonic Earthquakes are caused due 
to disturbances or adjustments of geological formations taking place in the earth's interior, slip along geological faults .They are less 
frequent, more intensive, and more destructive in nature. Non-Tectonic Earthquakes are caused due to external or surfacial causes 
such as  volcanic eruptions, Huge waterfalls [5], Occurrence of sudden and major landslides, Man-made explosions, Impounding in 
dams and reservoirs, Collapse of caves, tunnels etc. They are Very frequent, minor in intensity generally not destructive in nature. 
Earthquake Waves are of three types P waves having a speed of 8 to 13 km/sec, S waves having a speed of 5 to 7 km/sec, L waves 
having a speed of 5 to 7 km/sec [6]. 

In this paper we have focussed on why the Earthuakes occur and the cause for their occurrence. The precautions and 
preparedness required before any earthquake occurs are well discussed. About the seismic disaster management which focusses on 
the remedies and measures to be taken to reduce the amount of damage during any Earthquake. The Earthquake resistant 
techniques using the Earthquake resistant devices like Base Isolation, Spherical Sliding Isolation Systems and the use dampers with 
the technique of their operation has been described  
 
 
2. Preparedness in Earthquakes 
The occurrence of earthquakes cannot be predicted as they are of natural occurrence but the effect due to the earthquake can be 
mitigated only by following the below discussed issues pertaining to the design and the construction practices that are to be taken 
place [7]. The main causes of the more earthquake destruction are due to: 
1. Type of building construction (Brick, stone masonry, mud mortar, RCC frame, wooden frame etc) [8] - When the buildings are 

constructed with reinforced concrete or timber they are much stable basing on their design and the timber homes are less prone 
damage when compared to stone or mud masonry which don’t have good bonding between them.  

2. Non-engineered construction - The homes which are constructed long back and are old are more susceptible to collapse during 
the earthquakes while are engineered structures designed for earthquake resistance are rigid and stable withstanding the 
earthquake forces. 

3. Low Quality of construction - When the quality of materials used for the construction are of cheap quality, not following the 
design mix and when the quality is not controlled the structure are easily susceptible to destruction during the earthquakes. 

4. No use of existing design codes - The design codes as per the Indian Standards IS codes are to be properly and strictly amended 
in the design of structures and are to be periodically monitored by a separate committee for the quality control 

5. Absence of art codes and building codes  
6. Use of sand taken from river-side or streams etc  
7. Use of mud taken from mountain slopes and farms  
8. No well trained masons - During the construction or the execution stage well trained and skilled labour are to be taken for the 

construction, when the unskilled labour are taken the implementation of the construction practices are not up to the desired 
requirements by which the quality standards are falling down. 
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9. Some building constructed on mountain slope without proper balance - The design of buildings for that are to be constructed on 
the hill slopes are to be designed by the experts and well trained people and is to be taken care for into consideration. 

 
 
3. Seismic disaster management 
Methodology for Earthquake risk reduction: 
Mitigation measures are key elements in sustainable development and DRR. They include spatial planning, design of infrastructure, 
the legal framework and regulations. In relation to design of buildings, bamboo-pole houses are considered to be able to withstand 
tremors [9]. However, the housing policy insists on brick houses whilst discouraging the bamboo-pole houses as they are considered 
to be weak structures despite scientific research that proves their durability. 
 
3.1 Upgrading and Strengthening of Seismological Network 
NSC at Department of Mines and Geology (DMG) is collaborating with many scientists from all over the world to understand the 
cause and devastating effect of the earthquakes, and to help mitigate the ensuing destruction. The first three stations were 
deployed in 1997 and the geodetic network now consists of thirteen stations. The data from these networks have revealed key 
information on Himalayan seismicity and crustal deformation, providing firm basis for seismic hazard assessment in the Nepal 
Himalaya. The network provides routine information on global seismicity, contributing to world- wide monitoring and early warning 
in case of damaging earthquakes. 
 
3.2 Public Awareness  
Public awareness is one of the efficient ways to reduce risk of earthquake. In this regard, though efforts are unevenly distributed, 
the government has to do significant works through the involvement of government organization, NGOs, INGO, Community Based 
Organization (CBOs) and academic institutions [`10]. A number of brochures, hand book, pictorial book, illustrated story book, 
pamphlet, booklet, poster, and fliers with regard to earthquakes have been printed and distributed to the school student, lower 
level technical personnel, as well as the general people of the disaster prone regions, on a large scale. 
 
3.3 Pamphlet, Poster, and Fliers 
Similarly varieties of pamphlet, booklet, poster, and fliers on various natural disasters were developed and distributed to general 
public mainly various types of poster, pamphlet and fliers to disaster prone rural and urban areas. From the government side, 
Department of Urban Development and Building Construction should distribute pamphlets on earthquake safety, instruction on 
earthquake resistant construction of various buildings, and retrofitting of existing buildings. These materials are valuable for the 
mason and general public where required technical service is far from their access. 
 
3.4 Radio/Television Programs 
In this modern age of electronic media, radio and television programs on natural disasters are very much effective to create public 
awareness. Considering their effectiveness, United Nation Development Program (UNDP) is broadcasting short programs on 
awareness and preparedness through radio and television. Video films on earthquake are also shown during earthquake safety day 
to introduce people about earthquake, its causes, effects, damage and destruction. 
 
3.5 Research, Education and Training 
Research, education and training in earthquake engineering have recently been started through the PG Department of Earthquake 
Engineering. The academicians have introduced a Master degree program on earthquake engineering. This certainly contributes to 
development of human resources in earthquake engineering and increase national capacity on design and construction of 
earthquake resistant structures. 

The Primary and Secondary Education Programmes have overlooked the aspect of tremors, which is important in terms of 
building location and design. 
 
3.6 Seismic Design & earthquake resistant construction   
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The basis of seismic design is on the application of construction techniques, methods and criteria used for the design and 
construction of building structures exposed to earthquakes. The poor seismic design of building structure may lead to collapse or 
destruction. In accordance to building codes, building structures are designed in such a way to prevent collapse and to with stand 
the earthquakes likely to occur at the location of construction. Seismic design provides the building with suitable stiffness, strength, 
configuration and ductility [11]. The basic requirements of seismic design are depending on the of ground is also need before the 
structure type, the location of the structure and application of seismic design and criteria. The stability starting the construction. 
Earthquake resistant construction refers to the implementation of the seismic design and building codes for assuring that the 
building structures survive through earthquakes. 
 
4. Earthquake resistant design techniques 
The conventional approach to earthquake resistant design of buildings depends upon providing the building with strength, stiffness 
and inelastic deformation capacity which are great enough to withstand a given level of earthquake–generated force [12]. This is 
generally accomplished through the selection of an appropriate structural configuration and the careful detailing of structural 
members, such as beams and columns, and the connections between them [13]. 
 In contrast, we can say that the basic approach underlying more advanced techniques for earthquake resistance is not to 
strengthen the building, but to reduce the earthquake–generated forces acting upon it [14]. Among the most important advanced 
techniques of earthquake resistant design and construction are base isolation and energy dissipation devices. 
 
4.1 Base Isolation 
It is easiest to see this principle at work by referring directly to the most widely used of these advanced techniques, which is known 
as base isolation. A base isolated structure is supported by a series of bearing pads which are placed between the building and the 
building's foundation. A variety of different types of base isolation bearing pads have now been developed. For our example [15], 
we'll discuss lead–rubber bearings. These are among the frequently–used types of base isolation bearings. A lead–rubber bearing is 
made from layers of rubber sandwiched together with layers of steel. In the middle of the bearing is a solid lead "plug." On top and 
bottom, the bearing is fitted with steel plates which are used to attach the bearing to the building and foundation. The bearing is 
very stiff and strong in the vertical direction, but flexible in the horizontal direction. 

 
Fig 1: Model structure one with fixed base and other with base isolated bearings 

 
To get a basic idea of how base isolation works, first examine Fig 1. This shows an earthquake acting on both a base isolated 
building and a conventional, fixed–base, and building. As a result of an earthquake, the ground beneath each building begins to 
move. In Fig 2, it is shown moving to the left. 
Because of the complex nature of earthquake ground motion, the building actually tends to vibrate back and forth in varying 
directions. So, is really a kind of "snapshot" of the building at only one particular point of its earthquake response [15]. 
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Fig 2: The behaviour of structures with excited ground movement 

 
The lead plug reduces, or dissipates, the energy of motion—i.e., kinetic energy—by converting that energy into heat. And by 
reducing the energy entering the building, it helps to slow and eventually stop the building's vibrations sooner than would 
otherwise be the case —in other words, it damps the building's vibrations [17]. (Damping is the fundamental property of all 
vibrating bodies which tends to absorb the body's energy of motion, and thus reduce the amplitude of vibrations until the body's 
motion eventually ceases.) 
 
4.2 Spherical Sliding Isolation Systems 
As we said earlier, lead–rubber bearings are just one of a number of different types of base isolation bearings which have now 
been developed. Spherical Sliding Isolation Systems are another type of base isolation. The building is supported by bearing pads 
that have a curved surface and low friction. 
During an earthquake, the building is free to slide on the bearings. Since the bearings have a curved surface, the building slides 
both horizontally and vertically [16]. The force needed to move the building upwards limits the horizontal or lateral forces which 
would otherwise cause building deformations. Also, by adjusting the radius of the bearing's curved surface, this property can be 
used to design bearings that also lengthen the building's period of vibration. 

 
Fig 3: Spherical Sliding Isolation Systems 

It has been successfully used in making some structures more earthquake resistant. 
 

4.3 Energy Dissipation Devices 
New technique for improving the earthquake resistance of buildings also relies upon damping and energy dissipation, but it greatly 
extends the damping and energy dissipation provided by bearings [17]. 
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Accordingly, a wide range of energy dissipation devices have been developed and are now being installed in real buildings. Energy 
dissipation devices are also often called damping devices [15]. The large number of damping devices that have been developed can 
be grouped into three broad categories: 
Friction Dampers– these utilize frictional forces to dissipate energy 
Metallic Dampers– utilize the deformation of metal elements within the damper 
Viscoelastic Dampers– utilize the controlled shearing of solids 
Viscous Dampers– utilized the forced movement (orificing) of fluids within the damper 
 

 
Fig 4: The damping system and its behavior 

 
Some of the most commonly used dampers are: 
4.3.1 Tuned mass damper: It is also known as harmonic absorber, it is a device mounted in structures to reduce the amplitude of 
mechanical vibrations. Their application can prevent discomfort, damage, or outright structural failure caused on the structure. 
Tuned mass dampers stabilize against violent motion caused by harmonic vibration [18]. A tuned damper reduces the vibration of 
a system with a comparatively lightweight component so that the worst-case vibrations are less intense. 
 
4.3.2 Tuned liquid column damper: It is a special type of auxiliary damping device which relies on the inertia of a liquid column in a 
U-tube to counteract the forces acting on the structure [19]. Damping in the TLCD is introduced as a result of head loss 
experienced by the liquid column moving through an orifice. They can be preferably placed on top of the towers.  
 
4.3.3 Impact type damper: An impact damper generally consists of a mass which is allowed to travel freely between two defined 
stops [18]. Under the right conditions, the vibration of the system to which impact damper is attached will cause the mass of the 
impact damper to strike the structure and it reduces the amplitude of the primary system through momentum transfer between 
the mass of the impactor and the primary system. It is very effective and these can work on any system with any natural frequency 
[19].  
 
 
5. CONCLUSIONS: 
1. Earthquakes are not predictable but the damages can be reduced. 
2. Constructing Earthquake-Resistant Structures will minimize the cost of damage to property which in turn reduces the severity of 

damages to life. 
3. The Earthquake zones as not being consistent throughout and are prone to changes increasing the vulnerability of the 

Earthquake prone zones. 
4. The Earthquake resistant techniques have been successfully implemented in may structures using the devices which may be 

much costlier but there are many devices coming to existence that can be used for normal structures with lesser cost. 
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