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MECH 5605 Finite Element Analysis I 
 

Department of Mechanical and Aerospace Engineering 
Carleton University 

Fall 2016 
 
 

Instructor: 
  
 Dr. Alexander M. Jablonski, P.Eng. 

       David Florida Laboratory, Canadian Space Agency 
 Phone: (613) 991-6264 (w), (613) 820-1616 (h) 
 E-mail: alexstarza@gmail.com 
 
Classroom Schedule: 

 
Class will be held Tuesday evenings, 6 p.m. – 9 p.m., Room No. 201 Commons 

 
Course Objectives: 

 
This graduate course is designed to provide a basic knowledge of the finite element method 
(FEM) as applied to various engineering problems with applications to aerospace, mechanical and 
civil (structural) engineering for both graduate and senior undergraduate students. The primary 
focus is a basic understanding of the finite element methodology. Background material on 
elementary matrix algebra is provided at the beginning with basic concepts of the direct and 
mathematical approaches (based on calculus of variation). Then application to simple and more 
complex problems is introduced in the step by step manner including characterization of simple 
finite elements. This course concentrates on analytical side and basics of the finite element 
methodology used for structural analysis and heat transfer. 

 
COURSE OUTLINE 

 
1. INTRODUCTION  
 

1.1 Course objectives and scope  
1.2   What is the FEM and some historical comments 
1.3   The FEM Analysis Process 

1.3.1 The Physical FEM (the Direct Approach) 
1.3.2 The Mathematical FEM (Mathematical Approach) 
1.3.3 Difference between Direct and Mathematical Approaches  

1.4 A short overview of the FEM - Seven steps to obtain the solution of a continuum 
problem by finite element method (FEM)  

1.5 Basics of linear matrix algebra 
1.6   Basics of calculus of variations 

 
2. DIRECT APPROACH 
 

2.1  1-D Heat Conduction  
       Derivation of the FEM for 1-D heat conduction problem with Example 1 
2.2  2-D Truss  

             Derivation of the FEM for two-dimensional truss with Example 2 
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       2.3  Application of constraint type boundary conditions 
        2.4  2-D Constant Stress Triangle 
        2.5  Summary of the Direct Approach  

 
3. MATHEMATICAL  APPROACH 

 
3.1 Comments on the mathematical approach 
3.2 Derivation of governing equation for a 1-D heat transfer problem 
3.3 Method of Weighted Residuals - Galerkin's Method 

3.3.1 Strong and weak form for the differential equation - integration by parts 
3.3.2 Finite Element Equations 
 

4.   TWO-DIMENSIONAL HEAT TRANSFER 
 
Two-dimensional finite element equations are derived from the mathematical approach for heat 
transfer problems. Both heat conduction and convection problems will be discussed. The 
elements derived include both triangular and quadrilateral isoparametric elements. 
 
5.  TWO-DIMENSIONAL ELASTICITY 
 
Using the mathematical approach, two-dimensional finite element equations are derived for stress 
analysis. Both triangular and quadrilateral isoparametric elements are discussed. 
 
6.  SPECIAL TOPICS  
 
Discussions are conducted on several special/practical aspects of finite element analysis. 
This chapter will be covered if time allows. 
 
NOTE: Some changes of the outline are possible to include more structural mechanics problems. 
 
 
Recommended Text Books (can be also changed later) 

 
K.H. Huebner and E.A. Thornton, “The Finite Element Method for Engineers”, (John Wiley and 
Sons, 3rd or 4th Edition).   
 
J. N. Reddy, “An Introduction to the Finite Element Method”, (Third Edition, McGrawHill 
Higher Education Series)  
 
Lecture Notes (not for distribution) 
 
Lecture notes will cover all materials. In addition to the recommended text book, a reference 
book list is also provided at the end of this outline. These can be used as supplementary 
reading/problem-solving materials for the course. 
 
Assignments 
 
Problems will be assigned through the course in the form of three assignments (Assignment # 1,  
# 2 and # 3).  Solutions for the assignments will be made available later on. Additional 
assignments can be considered. 
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Exams 
  
Mid-Term: 1.5 hour; Final 3 hours. (lecture notes and calculator only, no example problems or 
assignments will be permitted). 
 
Marking Scheme 
 
 3 Assignments      15%  

Mid-Term Examination     35% 
 Final Examination     50% 
 Total                 100% 
 
 
References 
 

R.D. Cook, D.S. Malkus and M.E. Plesha, “Concepts and Applications of Finite Element 
Analysis”, (3rd Edition, John Wiley & Sons, 1989). 
 
K.J. Bathe, “Finite Element Procedures in Engineering Analysis”, (Prentice Hall, 1996). 

 
O. Zienkiewicz and R. Taylor, “The Finite Element Method”, (4th Edition, 1989). 

 
 
Academic Integrity Statement for Graduate Course Outlines: 
Plagiarism and cheating at the graduate level are viewed as being particularly serious and the 
sanctions imposed are accordingly severe.  Students are expected to familiarize themselves with 
and follow the Carleton University Student Academic Integrity Policy (See 
http://www2.carleton.ca/graduate-studies/policies-and-guidelines). The Policy is strictly enforced 
and is binding on all students.  Plagiarism and cheating – presenting another’s ideas, arguments, 
words or images as your own, using unauthorized material, misrepresentation, fabricating or 
misrepresenting research data, unauthorized co-operation or collaboration or completing work 
for another student – weaken the quality of the graduate degree.  Academic dishonesty in any 
form will not be tolerated. Students who infringe the Policy may be subject to one of several 
penalties including: expulsion; suspension from all studies at Carleton; suspension from full-time 
studies; a refusal of permission to continue or to register in a specific degree program; academic 
probation; or a grade of Failure in the course. 
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