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Potential Elastic Constants

Stiffness, cijkl:
σij = cijkl εkl

Compliance, sijkl:
εij = sijklσkl

cijkl and sijkl have 3×3×3×3 = 81 elements each. How many are
independent?



Define Matrix Form
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Matrix Notation

Stress and strain are symmetric: σT =σ and εT = ε
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6×6 = 36 potentially independent elements



Strain-Energy Relationship

The strain-energy relationship of the elastic potential function
requires that cij = cji and sij = sji.
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General elasticity: 21 independent elastic constants.



Orthotropic Material Symmetry
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c11 c12 c13 0 0 0
c12 c22 c23 0 0 0
c13 c23 c33 0 0 0
0 0 0 c44 0 0
0 0 0 0 c55 0
0 0 0 0 0 c66
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Cubic Material Symmetry
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=



c11 c12 c12 0 0 0
c12 c11 c12 0 0 0
c12 c12 c11 0 0 0
0 0 0 c44 0 0
0 0 0 0 c44 0
0 0 0 0 0 c44
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Isotropic Elastic Constants

Lamé’s Constants:

Γ = Eν

(1+ν)(1−2ν)
=λ

µ = G

Shear Modulus:

G = E

2(1+ν)



Isotropic Elasticity
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Γ+2G Γ Γ 0 0 0
Γ Γ+2G Γ 0 0 0
Γ Γ Γ+2G 0 0 0
0 0 0 G 0 0
0 0 0 0 G 0
0 0 0 0 0 G
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