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Structural Dynamics
Aero-45955
Instructor:

Hassan Haddadpour 

Haddadpour@sharif.edu 

Description:

Analysis of structural members and systems subject to dynamic loads; basic theory for single-degree-of-freedom and multi-degree-of-freedom analytical models of structures; free vibration, harmonic and transient excitation, foundation motion, resonance spectrum, Lagrange's equation, modal analysis, lumped parameter methods, computer methods.
Course Objectives:

The overall objective of this course is for students to learn how to analyze the behavior of physical structures subjected to dynamic loadings. 

Prerequisites by Topic:

1. An understanding of strength of materials. 

2. An understanding of vibrations. 

Syllabus:

1. Introduction to Structural Dynamics 

· Objectives 

· Characteristics of Structural Dynamic Systems 

2. Review of Vibrations 

· Free vibration of single degree of freedom linear systems 

· Forced response of single degree of freedom linear systems 

· Free response of two degree of freedom linear systems 

· Forced response of two degree of freedom linear systems
· Response of multi-degree of freedom systems
· Matrix methods for multi-degree of freedom systems
· Lagrange's Equations
3. Modal Analysis 

· Eigenvalues and Eigenvectores

· Orthogonal Properties of the Eigenvectores

· Mode-Summation Methods

· Special Topics in Modal Analysis   

4. Vibrations of Continuous Systems
· The Boundary Value Problem for Strings, Rods, Shafts, and Beams

· Lagrange's Equation For Continuous Systems

· Free Vibration of Conservative Systems

· The Differential Eigenvalue Problem for Self-Adjoint systems

· Solution of the Eigenvalue Problem for Strings, Rods, Shafts, and Beams   
· System with Boundary Conditions Depending on the Eigenvalue

· Timoshenko Beam

· Vibration of Plates

· Dynamic Response of  Continuous Systems

5. Introduction to the Dynamic Finite Element Analysis 

· Derivation of the Element Stiffness and Mass Matrices

· Assembling the Total Stiffness and Mass Matrices

· Boundary Conditions

· Numerical Integration in Time

· Beam Element Formulation

6.    Further Topics in Structural Dynamics

· Random Vibrations

· Nonlinear Vibrations 
Course Outcomes:

Students who successfully complete the course will demonstrate the following outcomes.

1. Explain the assumptions used to model dynamic systems. 

2. Derive appropriate equations of motion for a given model of a dynamic system. 

3. Solve the equations of motion to determine the response of the modeled system. 

4. Use knowledge of the modeled system's response to describe the behavior of the physical system and determine appropriate ways of changing this behavior, if needed. 

Related Websites: 

http://www.vibrationdata.com/
http://www.vibrate.net
http://www.vibinst.org
http://www.kettering.edu/~drussell/Demos
Grading:

Homework Sets: 

15 %

Midterm Exam: 

30 %

Project:    
 
            20 %

Final Exam:   

            35 %
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