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Course Aim: To impart the theory and practice of the finite element method and its connection to 
Computer Aided Design and design optimization so that all students will be able to model and analyze 
the behavior of complicated mechanical engineering systems and structures.

Intended Learning Outcomes:
On successful completion of the course, the students should be able to;

⮚ apply finite element method for mechanical engineering problems of different application areas 

such as structural, thermal and fluids; 

⮚ develop special-purpose finite element programs in a procedural programming platform; 

⮚ solve problems in the areas of  structural,  thermal and fluids using professional-level  Finite 

Element Analysis software packages;

⮚ evaluate the accuracy and reliability of finite element solutions and solve problems arising from 

errors in a given finite element analysis;

⮚ apply design  optimization  techniques  in  mechanical  engineering  design  applications  using 

software tools.

Course Content:

⮚ Introduction to Finite Element Methods: Discrete systems and origin of finite element method, 

general  steps  and  applications,  advantages  and  disadvantages,  practical  considerations  in 
modeling and interpreting results, computer programs

⮚ Displacement based finite element method: derivation of stiffness matrix for a spring element, 

assembling of total stiffness matrix using direct stiffness matrix, applying boundary condition, 
solution techniques,   transformation matrix for a spring in 2-dimension and 3-dimension spaces 
and derivation of stiffness matrix for truss element in 2D and 3D ,  computer implementation of 
the process using a programming language, 

⮚ Development of beam equations: Derivation of  stiffness matrix for beam element based on 



Euler-Bernoulli beam theory and Timoshenko beam theory, assembling the element stiffness 
matrices using direct stiffness method and applying boundary conditions, equivalent nodal forces, 
computer implementation of the process using a programming language

⮚ Development of plane stress and plane strain stiffness equations: Derivation of constant strain 

triangular (CST) element stiffness matrix and linear strain triangular (LST) element stiffness 
matrix assembling the element stiffness matrices using direct stiffness method and applying 
boundary conditions, equivalent nodal forces

⮚ Isoperimetric formulations:  Isoperimetric formulation for 4-node quadrilateral element;  Gauss 

points  and  Gauss  quadrature  numerical  integration;  equivalent  nodal  forces  ,  higher  order 
elements.

⮚ Three dimensional stress analysis: 3-D stress and strains, tetrahedral element formulation.

⮚ Thermal  system analysis:  Formulation  of  thermal  stress  problems and 2-D finite  element 

formulation.

⮚ Structural  dynamics:  Lumped-mass  matrix  and  consistent-mass  matrix,  derivation  of  bar 

element equations, numerical integration in time, natural frequencies of a one-dimensional bar, 
time dependent one-dimensional bar analysis.

⮚ Computer  aided  design:  Design  of  mechanical  components  and  assemblies  of  complex 

geometries and loading conditions using software tools.

Teaching/ Learning Methods:
Classroom lectures, tutorials and in-class exercises and assignments

Assessment Strategy:

Continuous Assessment
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Final Assessment
60%
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Other (%)
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