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Constitutive equations of anisotropic hyperelasticity

The free energy for the material with one family of fiber is:

( )0,Ψ = Ψ C A A0=a0⊗a0, |a0|=1.
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For the two families of fibers, the free energy is

( ), ,Ψ = Ψ 0 0C A B
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A0=a0⊗a0, B0=b0⊗b0.



Constitutive equations of anisotropic hyperelasticity

( ) ( ) ( )1 2,vol iso aniJ I I IαΨ = Ψ + Ψ + Ψ
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Some forms of the free energy function

( ) ( )21
2vol J JκΨ = −

( ) ( )vol J JκΨ = G

( ) ( )2 ln 1J J J ββ β− −= + −G

( )21 1 2 ln
4

J J= − −G for β=-2.

Volumetric part



Some forms of the free energy function

Neo-Hookean: ( )1 3
2iso IµΨ = −

Mooney-Rivlin: ( ) ( )10 1 01 23 3iso c I c IΨ = − + −
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Isotropic isochoric part



Some forms of the free energy function
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Anisotropic isochoric part



Material model implementation into Comsol 
Multiphysics



Material model implementation into Comsol 
Multiphysics



Applications and examples



Applications and examples

One family of fiber

ϕϕϕϕ=00 ϕϕϕϕ=150



Applications and examples

One family of fiber

ϕϕϕϕ=300 ϕϕϕϕ=450



Applications and examples

One family of fiber

ϕϕϕϕ=600



Applications and examples

Two perpendicular families of fibers

ϕϕϕϕ=150 ϕϕϕϕ=300



Applications and examples

Two perpendicular families of fibers

ϕϕϕϕ=450



Applications and examples

Two families of fibers arranged symmetrically with respect 
to the axis of loading

ϕϕϕϕ=150 ϕϕϕϕ=300



Applications and examples

Two families of fibers arranged symmetrically with respect 
to the axis of loading

ϕϕϕϕ=450



Applications and examples

Comparison of different material models



Conclusion

The new material model of the anisotropic composite material 
in finite strain and the Ogden model of hyperelastic material in
2-D were implemented into Comsol Multiphysics. 

Some simple examples were subsequently presented, namely 
the extension of a composite block with a central hole. The 
results are in qualitative agreement with experimental 
observations. 
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