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Background: Governing equations for linear elasticity
The Principle of Minimum Potential Energy
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Plane strain linear elasticity problem as an energy minimization
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Interpolating the displacement field using constant strain triangles

Computing the potential energy

= Strains, stresses and strain energy density inside an element.
Element stiffness matrix

* Potential energy of a loaded element face — element force vector
= Total potential energy — global stiffness and global force
= Constrained boundary conditions

Minimizing the total potential energy
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Implementation
= Data structures formesh and BC definition
» Assembling the element and global stiffness matrices
*  Prescribing boundary conditions
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Interpolating displacements

(Constant strain triangles — many other
interpolation schemes exist)
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Interpolation Functions
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Topics for today’s class

Calculating strains

Calculating the strain energy density

Calculating the potential energy of external forces
Minimizing the PE

Imposing constrained displacements

Solution and post-processing
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Structure of a simple FEA code

Read data defining problem:

« Material properties

* Nodal coordinates

« Element connectivity

- List of nodes with prescribed DOF
« List of elements with loaded faces

Loop over elements
« Compute element stiffness, add to global stiffness

Loop over elements with loaded faces
- Compute element force vector, add to global force vector

Modify stiffness and RHS to impose prescribed disps.
Solve FEA equations for unknown nodal displacements
Post-processing — compute element strains & stresses
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