
12-11-2020 Side 1

Madan Mohan Malaviya Univ. of Technology, Gorakhpur

EARTHQUAKE RESISTANT 
DESIGN 

(BCE-42)

Dr. Pradeep Muley

Assistant Professor 

Department of Civil Engineering

Madan Mohan Malviya University of Technology 
Gorakhpur 

(UP State Govt. University)

Email: pmce@mmmut.ac.in



12-11-2020 Side 2

Madan Mohan Malaviya Univ. of Technology, Gorakhpur

UNIT- 2 

• Definitions of basic problems in dynamics, static versus

dynamic loads, different types of dynamic loads, un-

damped and damped vibration of SDOF system, natural

frequency, and periods of vibration, damping in structure,

response to periodic loads, response to general dynamic

load, response of structure subject to gravitational

motion, lumped SDOF elastic systems, translational

excitation.

Topics Covered
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Static Loads versus Dynamic Loads

➢ In static problem, load is constant with respect to time whereas in

dynamic problem time is varying in nature because load and its

response is vary with time.

➢ Static problem has only response i.e. Displacement where as

Dynamic has three response i.e. Displacement, velocity and

acceleration.

➢ Static problem has only one solution whereas dynamic problem has

infinite number of solution which are time dependent in nature.

➢ In static problem the response calculated using static equilibrium

whereas in dynamic problem it is also depend on the inertial forces.

➢ Static problem can be solve directly whereas dynamic problem is

complex in nature due time dependency.
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Water tank subjected to static and dynamic loads: (a) static load;

(b) dynamic load.

Dynamics of Structures book by Anil Kumar Chopra
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Dynamic load

Dynamic load is any load whose magnitude, position and direction

vary with time hence structural response the dynamic load is also

vary with time.

Types of dynamic loads.

1.Deterministic load: If the magnitude, point of application of the

load and the variation of the load with respect to time are known,

the loading is said to be deterministic and the analysis of a system

to such loads is defined as deterministic analysis.

2.Non-deterministic load : if the variation of load with respect to

time is not known, the loading is referred to as random or

stochastic loading and the corresponding analysis is termed as non-

deterministic analysis
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Degree of freedom

1. Single Degree of Freedom: If a single coordinate is sufficient to

define the position or geometry of the mass of the system at any

instant of time is called single or one degree of freedom system.

Dynamics of Structures book by Anil Kumar Chopra
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2. Multiple degree of freedom (MDoF)

If more than one independent coordinate is required to

completely specify the position or geometry of different masses

of the system at any instant of time, is called multiple degrees of

freedom system.

Example for MDOF system

https://www.scribd.com/document/375283867/bcsd-161121142232



12-11-2020 Side 8

Madan Mohan Malaviya Univ. of Technology, Gorakhpur

3. Continuous system

If the mass of a system may be considered to be distributed over its

entire length as shown in figure, in which the mass is considered to

have infinite degrees of freedom, it is referred to as a continuous

system. It is also known as distributed system.

Cantilever beam with infinite number of degree of freedom

https://www.scribd.com/document/375283867/bcsd-161121142232
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Free Vibration of Undamped - SDOF System

https://www.scribd.com/document/375283867/bcsd-161121142232
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Free Vibration of damped SDOF systems

5/3

https://www.scribd.com/document/375283867/bcsd-161121142232
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https://www.scribd.com/document/375283867/bcsd-161121142232
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https://www.scribd.com/document/375283867/bcsd-161121142232
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https://www.scribd.com/document/375283867/bcsd-161121142232
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https://www.scribd.com/document/375283867/bcsd-161121142232
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https://www.scribd.com/document/375283867/bcsd-161121142232
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https://www.scribd.com/document/375283867/bcsd-161121142232
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Period of Vibration and Natural Frequency 

Period of Vibration (Time Period): For SHM, time period is the time interval in

which the phase of vibrating particle changes by 2π and it is denoted by T.

Natural Frequency: It is the frequency at which a system tends to oscillate in the

absence of any driving or damping force. Free vibrations of an elastic body are

called natural vibrations and occur at a frequency called the natural frequency.

Denoted by ω.

n
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=

In a mass spring system, with mass m and spring stiffness k, the natural 

frequency can be calculated as:

m

k
=0
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Damping in structures

Damping is phenomenon in which that makes any vibrating

body/structures to decay in amplitude of motion gradually by means of

energy dissipation through various mechanism.

Some modern damping devices:
1. Metallic Yielding dampers 2. Friction dampers

3. Visco elastic dampers 4. Tuned Mas dampers

5. Viscous Fluid dampers 6. Tuned Liquid dampers

7. Active Tuned Mas dampers
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Response To Periodic Loading

Periodic loading is the loading which repeats its after some definite periods. 

A periodic loading is characterized by the identity

p(t) = p(t + T)

Where T is period of loading .

Let us consider a SDOF system is subjected to periodic loading, that means a 

forcing function repeat itself after time interval T. 

A Fourier series is an expansion of a periodic function in terms of an infinite sum 

of sine's and cosines in series of harmonic loading terms. For periodic loading of 

period T, shown in above fig. Fourier series can be written as

tnbtbtbtnatataaTF nn  sin.........2sinsincos..........2coscos)( 21210 ++++++++=
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Or it can be written as
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Textbooks

1. Earthquake Resistant Design of Structures - P. Agarwal & M. Shrikhande

2. Dynamics of Structures Theory and Applications to Earthquake Engineering -

Anil K. Chopra

3. Dynamics of Structures - R.W. Clough & J. Penjien.

4. I.S. Codes No. 1893
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