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The continuum media and its configuration.  
Motions Motions 

t=0 – Material configuration
t – Spatial configuration
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The continuum media and its configuration 
Motions Motions 
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Material  configuration
Reference configuration

( ) ( )
( ) ( )A

o
A

o
A

o
baaabb

xxx

xxxxxx

χχχ == ;

;

Motion:
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Regular motion : no opening of holes and no material interpenetration
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The continuum media and its configuration 
Motions Motions 
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Material velocity:
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The continuum media and its configuration 
Motions Motions 

Lagrangean (material)  
description of motion ( )txA

ott ,vv =
Eulerian (spatial) description 
of motion
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The continuum media and its configuration 
Motions Motions 

Material velocity of a particle αα evtt =v
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The continuum media and its configuration 
Motions Motions 

Temporal material derivative: following the particle

Description Coordinates

Lagrangean (material)  
description of motion

Fixed Cartesian
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The deformation gradient tensor

t=0 – Material configuration t – Spatial configuration
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The deformation gradient tensor
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The deformation gradient tensor is a two-point tensor
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The deformation gradient tensor

aP
a a l

PbP

11
www.simytec.com



The deformation gradient tensor
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The right polar decomposition

The Green deformation tensor

S t i• Symmetric
• Positive-definite
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The right polar decomposition

The right stretch tensor

• SymmetricSymmetric
• Positive-definite

Th  i ht l  d itiThe right polar decomposition

is orthogonal

The right polar decomposition is unique
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The right polar decomposition is unique



The right polar decomposition
Physical interpretationPhysical interpretation

If
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The left polar decomposition

The Finger deformation tensor

• Symmetric
• Positive-definitePositive definite
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The left polar decomposition

The left stretch tensor

The left polar decomposition is unique
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The left polar decomposition
Physical interpretationPhysical interpretation

Please notice that:

and have the same eigenvalues
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The polar decomposition
Physical interpretationPhysical interpretation
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Strain measures

Green

Finger

Green-Lagrange

20
www.simytec.com



Strain measures
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Strain rates

Velocity gradient tensor i
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Strain rate tensorStrain rate tensor

Vorticity tensorVorticity tensor
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Compatibility
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