
GENERALIZED
HOOKE’S LAW
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1D Hooke’s Law

stress = stiffness × strain

In Mechanics

In Materials

E is Young’s modulus
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Stress and Strain in 3D

: force in the i-direction on the surface normal to the j-direction.

d.o.f. from 9 to 6
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Generalized Hooke’s Law

stress component ij depends on strain component kl

d.o.f.  from 81 to 21



Voigt notation
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Cubic Symmetry

05

90° rotations about the x, y, and z axes leave the crystal unchanged

normal stiffness+normal coupling+shear stiffness​



Isotropic Material
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Example: Elastic Wave
For a continuous medium, Newton’s second law can be written as:

For isotropic material

This is the elastic wave equation in solids.
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Longitudinal wave / P-wave
Assume a plane-wave solution

The displacement direction is parallel to the propagation direction

After substituting into the wave equation
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Transverse wave / S-wave
The displacement direction is parallel to the propagation direction

After substituting into the wave equation
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Transverse wave / S-wave
The displacement direction is parallel to the propagation direction

After substituting into the wave equation
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Example: Finite Element Method
Displacement→Strain→Stress→Force balance​



THANK YOU
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