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1.1 Background

The Finite Element Method (FEM) is a numerical
method for solving differential equations.

Finite Element Analysis (FEA) is the term
generally used when applying FEM to solve a
problem.

In this module we will be applying FEM to solve
structural engineering/solid mechanics problems
and linear elastic behavior 1s assumed throughout.
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The main features of FE methods are:

Spring

* The entire solution domain (the volume) is divided into small ‘finite’
segments (hence the name "Finite Elements").

* Each element is defined by its corner points (called “nodes™).

» Typical element shapes are triangular or quadrilateral (in 2D problems) )
or tetrahedral or hexahedral (in 3D problems). /

* Over each element, the behaviour is described by the displacements of
the nodes and the material law (stress-strain relationships). This is A

P =

usually expressed in terms of the “stiffness” of the element. TWW. !
.
* All elements are assembled together in a “mesh” and the requirements HeRahiEdron
of continuity and equilibrium are satisfied between neighbouring
elements. The assembly process results in a large system of I
simultaneous algebraic L T
equations. Quadritateral
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1.1 Background

The boundary conditions of the actual problem are applied to the

assembly of the elements. This yields a unique solution to the overall
system of linear algebraic equations.

The solution matrix is sparsely populated (i.e. with relatively few
non-zero coefficients).

The equations are solved numerically to compute the displacements
at each node. From the displacements, the stresses and strains over
each element can be obtained.

The FE method is very suitable for practical engineering stress
analysis problems of complex geometries. To obtain good accuracy
in regions of rapidly changing variables, a large number of small
(fine) elements must be used.
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1.2 Abaqus
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Abaqus is a commercial piece of FEA software — it is very capable and flexible.

The Student Edition of Abaqus is available at:
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ABAQUS LZHRNING EDITION

_ OLUTION FOR REALISTIC SIMULATION

DOWNLORAD FOR FREE

3DEXPERIENCE Edu Get Software ABAQUS Learning Edition

The ABAQUS Learning Edition is available free of charge to anyone wishing to get started with Abaqus. The Abaqus Learning Edition is
available on Windows platform only and supports structural models up to 1000 nodes. The full documentation collection in HTML format makes
this the perfect Abaqus learning tool

You can download the ABAQUS Learning Edition free of charge from the SIMULIA Community.

The SIMULIA Community is our user forum for all those interested in simulation of structures, fluids or electromagnetic fields. You can discuss
simulation with your peers, find the latest resources on SIMULIA simulation technology, get insights from experts and select from a large range
of e-seminars to deepen your knowledge.

This version 1s limited to 1000 nodes — sufficient for the exercises and ¢/w in this module
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https://edu.3ds.com/en/software/abaqus-student-edition

1.2 Abaqus

2
25 SIMULIA

Abaqus is a commercial piece of FEA software — it is very capable and flexible.

It 1s also available on the Engineering Desktop:
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This is the full version without the 1000 node limit and can be accessed on and off campus
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1.3 Steps for Performing FEA

1. Discretizing the domain — this step involves subdividing
the domain into elements and nodes (creating the mesh).

2.  Writing the element stiffness matrices — the element
stiffness equations need to be written for each element in the
domain.

3. Assembling the global stiffness matrix — combining the
individual element stiffness matrices to represent the entire
domain/structure.

4. Applying the boundary conditions — like supports and
applied loads and displacements.

5. Solving the equations.

6. Post-processing — to obtain additional information like the
reaction forces and element forces and stresses.
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1.4 MMME3086 FEA Content

1. Direct and Energy based formulation of 1D Elements
(Stiffness Matrices)

2. Assembly of Stiffness Matrices to form the Global Stiffness
Matrix

3. 2D Pin-jointed structures

Y

4. Continuum Elements e o

5. Structural Elements (e.g. shells/plates) g E
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6. Practical FEA Guidelines % =
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