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Introduction to
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with Finite Element Method
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Static/Dynamic Deformation

Static deformation Dynamic deformation

static equilibrium

undeformed shape
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Static Deformation

Governing equations: Lagrange equations
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Static Deformation: Overview

Governing equations: Lagrange equations

1. Derive the elastic potential energy
in terms of strain and stress

2. Solve the partial differential equations
with finite element discretization
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Review

Strain Tensor (review)

Small deformation linear strain tensor
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Strain Tensor (review)

Small deformation linear strain tensor

3x3 symmetric matrix representation
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Strain Tensor (review)

Small deformation linear strain tensor

6x1 column vector representation for convenience
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Stress Tensor (review)

Stress is force per (oriented) area
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Stress-Strain Relation (review)

Hooke’s law:
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Elastic Potential Energy (review)

Strain energy ⇐ “displacement x force”

strain x stress
LawsHooke'εEσ ⋅=
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End of Review

Static Deformation: Overview

Governing equations: Lagrange equations

1. Derive the elastic potential energy
in terms of strain and stress

2. Solve the partial differential equations
with finite element discretization
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Review

Finite Element Discretization

Governing equations: Lagrange equations
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Finite Element Discretization

Governing equations: Lagrange equations
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Finite Element Discretization

Governing equations: Lagrange equations
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Finite Element Discretization

Governing equations: Lagrange equations

For a numerical solution,
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Strain Tensor

Linear strain with linear basis results in constant strain

depends on the original tetrahedron only!126×∈RB
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Stress as a function of the displacements

Energy as a function of the displacements
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Stiffness Matrix

Potential energy

Force due to elastic potential energy
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Single element Entire body
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Dynamic Deformation

Governing equations: Euler-Lagrange equations
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Governing equations: Euler-Lagrange equations
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Governing equations with damping terms

Adopting proportional (Rayleigh) damping:
Or, incorporating visco-elastic formulation 
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Assembling Element Matrices

Single element Entire body
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End of Dynamic Deformation


