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Lecture 4 – Stress measures and their examples
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Cauchy stress tensor 
(at current configuration) 

Euler-Cauchy Stress Principle

“Tractions exist across every internal surface element of a
body, and in terms of these tractions, the laws of motion
apply for any interior region as well as the body as a whole”
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Cauchy stress tensor 
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(2nd rank order symmetric tensor)

** Defined at current configuration

 i : plane normal and j : directionijσ
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Stress measures at original configuration

1st Piola-Kirchhoff stress
σ⋅=Σ −1I )det( FF  Non-symmetric

2nd Piola-Kirchhoff stress
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work-conjugate

“The choice of stress measure depends on the case of 
finding strain measure, which is work-conjugate of 

the selected stress measure”
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Stress power

 

 

 

 

 
Cauchy stress ↔ Deformation Rate Tensor      

1st P-K stress ↔ Deformation Gradient Rate      

2nd P-K stress ↔ Green-Lagrangian Strain Rate   
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Examples 
- Uniaxial Tension or Compression

R, F, U, V, C, B, E, e, L, W, D, σ, ΣI, ΣII ?
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Examples 
- Uniaxial Tension or Compression
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