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I. COURSE OVERVIEW:

This course provides a comprehensive introduction to the Finite Element Method (FEM), a powerful numerical
technique for solving engineering problems. It focuses on the formulation and application of FEM in structural,
thermal, and dynamic analysis. Students will learn the mathematical foundations, element types, discretization
techniques, and solution procedures. Emphasis is placed on practical implementation using software tools. The
course aims to build competency in modeling and analyzing real-world engineering systems through FEM.

II. COURSES OBJECTIVES:

The students will try to learn

I.  The basic concepts of Finite Element Methods and their applications to complex engineering problems.

II. The characteristics and selection of different finite elements used in Finite Element Methods.

III. The equilibrium equations and stress-strain relations for different boundary conditions encountered in
structural and heat transfer continuum problems.

IV. The application of the FEM technique to dynamic problems and validate the solutions through simulation
software for real-time applications.

III. COURSE OUTCOMES:
At the end of the course students should be able to:

COl1  Explain the discretization concepts and shape functions of structural members for computing
displacements and stresses.

CO2  Make use of shape functions of truss and beam elements for obtaining stiffness matrix and load
vector to compute nodal displacements and stresses.

CO3  Apply the discrete models of CST elements for estimating displacement and stress.

CO4  Make use of axi-symmetric modelling concepts for solids of revolution for stress approximation

CO5  Apply numerical techniques for heat transfer problems to compute temperature gradients under
various thermal boundary conditions

CO6  Develop the governing equations for dynamic systems to estimate natural frequencies and mode
shapes in correlation with modern tools




Module — I: INTRODUCTION TO FEM (10)
Introduction to FEM, Overview of FEA software packages, Stress—strain and strain-displacement relations for,
2D and 3D elastic problems, Types of boundary conditions, Applications in engineering problems.

Module — II: ONE-DIMENSIONAL FINITE ELEMENT ANALYSIS (09)

One-dimensional problems: Finite element, modeling, coordinates, and shape functions, Assembly of global
stiffness matrix and load vector, Application to axial deformation problems, Boundary conditions and load vector
formulation, Temperature effects in 1D elements.

Module — I1I: 2-D & 3-D ANALYSIS (10)

Finite element modeling of two-dimensional stress analysis with constant strain triangles and treatment of
boundary conditions, Estimation of load Vector, stresses. Constant strain triangle (CST) and Linear strain triangle
(LST).

Finite element modeling of axisymmetric solids subjected to Axisymmetric loading with triangular elements.
Two-dimensional four nodded isoperimetric elements, Assembly of global stiffness matrix and application of
boundary conditions.

Module — IV: STEADY STATE HEAT TRANSFER ANALYSIS (10)

Steady state Heat Transfer Analysis - 1D Heat conduction of slab and fin elements problems on heat transfer
related to fins and Slab, Analysis of beams and frames, Derivation of beam element stiffness matrix, Applications
in bending and torsion problems.

Module — V: DYNAMIC ANALYSIS (09)

Dynamic Analysis - Dynamic equations, formulation of lumped and consistent mass matrices, Eigen Values and
Eigen Vectors for a stepped bar, beam; Finite element formulation to 3D problems in stress analysis, Heat
generation and convection boundary conditions.
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Course template

Tutorial question bank
Tech-talk topics
Open-ended experiments
Definition and terminology
Assignments

Model question paper - 1
Model question paper - 2
Lecture notes

Power point presentations
E-learning readiness videos (ELRV)
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