Independent Elastic Constants and Symmetry

Eric M. Taleff

The University of Texas at Austin

January 16, 2014



Potential Elastic Constants

Stiffness, cjjx;:
Oij = Cijki€kl
Compliance, s;j;:
€ij = Sijkl O ki
cijki and s;jx; have 3 x 3 x 3 x 3 = 81 elements each. How many are
independent?



Define Matrix Form
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Matrix Notation

Stress and strain are symmetric: 0’ =g ande’ =€
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6 x 6 = 36 potentially independent elements
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Strain-Energy Relationship

The strain-energy relationship of the elastic potential function
requires that ¢;; = ¢j;; and s;; = sj;.

[ 01 | [ ci1 2 c3 cu cs ce | €1 |
02 : C2 (3 (4 C5 Cp €2
o3 | _ : €33 (34 (35 C36 €3
oy | : : G G455 46 €4
05 : : : 055 Cs6 €5

| 06 | | ) : : © Ge ] | €6 |

General elasticity: 21 independent elastic constants.



Orthotropic Material Symmetry
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Cubic Material Symmetry
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Isotropic Elastic Constants

Lamé’s Constants:

By
1+v)(1-2v)
b= G

Shear Modulus: E

G=
2(1+v)




Isotropic Elasticity
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