	Instructor 
	Dr. Amit Varma 
	CIVL 4123 Phone: 496-3419 

E-mail: ahvarma@ecn.purdue.edu 

	Office Hours 
	Varma: MWF 2:30 – 3:30 pm. If you would like to talk with me outside of these office hours, please make an appointment. 

	Grading 
	Grades will be based upon the following elements: 

• Homework (25% of total grade) Due in class at dates to be announced. 

• Hourly Exam #1 (25% of total grade) Tentatively scheduled for February last week.
• Hourly Exam #2 (25% of total grade) Tentatively scheduled for April first week. 

• Course Project or Final Exam (25% of total grade) Schedule will be announced later in the semester. 

	Textbook 
	Robert D. Cook, Finite Element Modeling for Stress Analysis, John Wiley & Sons, 1995. 



	Web Page 
	http://cobweb.ecn.purdue.edu/~ahvarma/ce595/

	Course Policies


	· Academic integrity is expected of all students at all times. Further information on academic integrity policies may be found in the handbook University Regulations and on the Web at http://www.purdue.edu/ODOS/osrr/integrity.htm. 

· Homework is due in class on the date indicated. In general, no late homework will be accepted. If you feel that you have serious extenuating circumstances (eg., illnesses or accidents requiring medical attention, personal or family crises), you must discuss your situation with Dr. Varma as soon as possible. In particular, foreseeable conflicts with due dates (eg., interviews, participation in sports activities, religious observances, etc.) must be brought to our attention before the due date. 
· It is anticipated, even encouraged, that students will consult with each other on homework assignments. It is expected, however, that all work submitted by the student represent his/her own effort. Instances of plagiarism on an assignment will result in full loss of credit for that assignment.

· Instances of cheating in any form during an exam will result in full loss of credit for that exam. Additional measures, including immediate failure of the course, may be applied at the discretion of the instructor and/or University staff. 

· Students who have documented disabilities and require accommodations must make an appointment with Dr. Varma to discuss their needs by the end of the second week of class. Students with disabilities must be registered with Adaptive Programs in the Office of the Dean of Students before classroom accommodations can be provided.


I. Theory of Elasticity Review (3 lectures)
A. Stress and Strain

1. Definitions

2. Equilibrium

3. Compatibility

B. Constitutive Theory

1. Generalized Hooke’s Law

2. Plane Stress/Plane Strain

3. “Other” Material Relations (orthotropic, nonlinear, plasticity)
C. Energy Methods

1. Strain Energy

2. Virtual Work and the Rayleigh-Ritz Method

II. Finite Element Analysis Theory (5 lectures)
A. Method of Weighted Residuals

1. Formulation

2. Techniques

a) Collocation

b) Subdomain

c) Least Squares

d) Galerkin

3. Examples

B. Calculus of Variations

1. Introduction and Definitions

2. Euler Equations and Boundary Conditions

3. Relation to Rayleigh-Ritz Method

III. Implementation of Finite Element Analysis: The Constant Strain Triangle (6 lectures)
A. Fundamentals (degree of freedom, compatibility, completeness, differentiability)
B. Element Formulation

1. Shape Functions

2. Interpolation

3. Strain-displacement Relations

4. Stress-strain Relations

5. Stiffness Matrix

6. Load Vector

C. Assembly

1. Local/global Coordinates

2. Connectivity

3. Coordinate Transformations

D. Boundary Conditions

E. Solution Methods and Examples

IV. Implementation of Finite Element Analysis: Other Elements (4 lectures)
A. Quadrilateral Elements

1. Shape Functions

2. Jacobian and Gauss Quadrature

3. Stiffness Matrix and Force Vector

B. Higher-Order Triangular Elements

1. Area Coordinates

2. Stress Interpolation

C. Cubic/Serendipity Elements (XX)

V. Finite Element Modeling Basics ( 10 lectures)

A. Different types of finite elements used

1. Planar Elements




Degrees of Freedom




Shape functions and strain variations




Integration points and stresses 




CST, LST, Bilinear quadratic, quadratic quadrilateral




improved bilinear quadratic 

2. Using ABAQUS 




Defining finite element model using ABAQUS


Using planar elements in ABAQUS (all elements mentioned above)

Post-processing results related to displacements, strains, stresses etc.

Contour plots and discontinuity

Convergence of finite elements

Issues and limitations of various elements 

How to select the right element for the right application?

3. Applying finite elements for complex problems




Isoparametric elements




Gauss quadrature points, reduced integration issues




Hourglass control




Solving equations – Gauss method, Gauss-Siedel Iteration, etc.

4. 3D Finite elements 




Shape functions and strain variations 




8-node linear and 20-node quadratic elements




Hourglass control and reduced integration




Integration points and stresses (all versus reduced)




Jacobian Matrix




Axisymmetric elements and solids of revolution

5. Various examples and problems from Mechanics




Solved using the finite element method and ABAQUS

VI. Finite Element Modeling of Plates (6 lectures)


1. Behavior of Plates




Kirchoff plate bending theory




Mindlin plate bending theory

2. Finite elements for plates 




Kirchoff plate elements – issues 




Mindlin plate elements




Thin vs. thick shell elements




Using the right finite element ?

3. ABAQUS plate finite elements




Selecting the right finite element ?




Reduced integration, and points of output




Thin and thick shell elements




Convergence and accuracy of various plate elements in ABAQUS




Example problems and closed-form solutions

VII. Finite Element Modeling for Building Structures (2 lectures)

1. Linear elastic behavior



Beam-column elements



Joint elements



Rigid offsets etc.

2. Nonlinear elastic behavior



Geometric nonlinearity using beam-column elements



2nd order analysis

3. Nonlinear inelastic behavior



Geometric and material nonlinearity



Plastic hinge beam-column elements



Fiber-based elements

Homeworks = 25 points

Exam no. 1 = 25 points

Exam No. 2 = 25 points

Final Exam = 25 points

