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Constitutive equations of anisotropic hyperelasticity
|

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

Y =Y(C,A,) Ao=a,8a,, |aol=1.

W= 1,(C),1,(C),1,(C).1,(C.a,).15(C.a,) |
For the two families of fibers, the free energy is
Y =Y(C,A,.B,) Ap=a,83,, Bo=bo8b.
W=w/1,(C),1,(C),1,(C).1,(C.a,).15(C.a,),
6(C.b, ). 1, (C.by), 15(C.a,.b,) |




Constitutive equations of anisotropic hyperelasticity

V=W (9) + WLz ) + i (1)

T _ ~-23 _ 1-43
,=J 1, l,=J I,
1 — 172/31 for a=4.6.8: 1 = 143 fora=5,7.
l.=Jd I, l.=Jd |,
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Some forms of the free energy function

Volumetric part
_ K _1\2
LIJvol(J)—E(J 1)
W..(J)=«G(3)
G(3)=p>2(BInI +37* -1

G :—(J2 —1—2InJ) for B=-2.
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Some forms of the free energy function
|

Isotropic isochoric part

Neo-Hookean: W :g(l_1 —3)

Mooney-Rivlin: ~ W._ =c, (|_1 —3) +Cyy (E —3)

Ogden: Y.

ISO
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Some forms of the free energy function

Anisotropic isochoric part




Material model implementation into Comsol
Multiphysics
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Material model implementation into Comsol
Multiphysics
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Applications and examples
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Applications and examples

One family of fiber

Tiinw=J maliae von e sl [MP]  Cordodin vor Meses sl [80G] Pl - (1. 738 Tivw=0 Sl voi b sliess M) Comliedin vois Meses alyoss [80)] Pl - (1505
Dadcampdion | [isglesceirestl [mim| Cadlcamdtion | Tibpdeceirestl [min|




Applications and examples

One family of fiber
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Applications and examples

One family of fiber
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Applications and examples

Two perpendicular families of fibers

Thivwe=1  Sewlice vih b aliees [P Comlsni: o PMess sl (B8] P - (1814 Tiivwe=2 S lice, vid b aliees [P Conlsnn: o Mess slyes [B%) P - (1658
Dadcampdion | [isglesceirestl [mim| Cadlcamdtion | Tibpdeceirestl [min|
1k ik
L] [
L L
i i
[ [
i i
2 1
1 1
& n
a f
1k ik
6 -14 4k -10 B & -4 -2 0 P 4 & E 10 1 M 16 15 pgy- w3 6 -14 12 -1d B & -4 -3 0 2 4 & B 10 1F M 16 1F pyy 3 0Les

(I):]_SO ¢:300




Applications and examples
|

Two perpendicular families of fibers
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Applications and examples
|

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

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

Comparison of different material models
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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 iIin qualitative agreement with experimental
observations.
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