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Course Objectives 
This course aims to introduce the fundamentals of strong ground motion, associated characteristics, surface 
deformation and concurrent responses of the man-made structures. Special attention would be given on the level of 
damping of the systems along with its comprehensive analysis in the backdrop of ground motion parameters and 
earthquake resistant design. Prediction of strong ground motion with a new quantifiable performance objective 
against soil strength and vibration analysis would another area of critical understanding of the structures. Students 
will also understand the decomposition of dynamic responses of a structure into uncoupled modal responses, and its 
seismic damages. Earthquake load prediction including response spectra, normal mode, and direct integration 
techniques will also be taught in this paper. 

Learning Outcomes 
The data seismologists record using strong motion sensors are used to improve the design of earthquake resistant 
structures. Therefore, the damage and loss of life due to direct impact of earthquake can be reduced considerably. 
Response of structures to strong ground motions and the simultaneous seismic performance outcomes under 
dynamic behaviour of soil-particle interactions will lead to a new understanding and better designing of the 

  structures. 
 

 
Unit 
No. 

Description of Lectures Lecture 
Hrs. 

Learning Outcomes 

1. Ground Motions: Equation of motions and vibrations of single 
degree of freedom systems. Combination of stiffness, viscous 
damping, dry friction damping, negative damping, forced 
vibrations of a damped systems, etc. 

6 Vibration of structures. 

2. Isolation of vibrations and vibration measuring instruments. 
Vibrometers: displacement meter, velocity meter, and 
accelerometer. Response of single degree of freedom systems 
under different transient loading. 

5 Isolation of vibrations and its 
measurement. 

3. Green’s function for response of single degree of freedom 
systems under various types of forcing. Dynamic load factor 
and response spectra. Support Motions: Displacement and 
acceleration approaches, etc. Response of SDF systems related 
to earthquakes. 

6 Degrees of freedom and 
responses of structures under 
different environments. 

4. Numerical methods for evaluation of acceleration, velocity and 
displacement of structures. 

5 Numerical analysis of 
vibrations of structures. 

5. Site effects: effect from topography, earthquake source, 
geology, etc. Characteristics of peak ground acceleration 
against rock type and frequency content. Duration of vibrations. 
Empirical relationships between acceleration, magnitude of 
earthquake, epicentral distance, epicentral intensity. 
Acceleration in time domain and frequency domain. 

5 Site-specific analysis related 
to earthquakes. 



6. Linear earthquake analysis: idealization of structures. 
Nonlinear earthquake analysis: force-deformation 
relationships, equation of motion, controlling parameters, 
ductility demand, allowable ductility. Response spectra: elastic 
and inelastic systems. Tripartite response spectra analysis. 

6 Elastic and elastoplastic 
behaviour of structures. 
Response spectra of structures 
during earthquakes. 

7. Earthquake resistance design of structures: ductility-based 
design, detailing provisions, codal provisions, concepts of 
passive controls. Design seismic force by static analysis 
method. Base shear of RCC structure. 

5 Resistant design of structures. 

8. Seismic design of foundations. 4 Structure foundation analysis. 
  

Total  
 

42 
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