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Soft biological tissues: many challenges 

for continuum mechanics
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Essais de Treloar (1944)
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Hyperelasticity
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Pseudo-hyperelasticity: 

Irreversible effects are neglected…
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Stored energy per unit volume 
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first invariant?
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Deformation mapping in 3D

Deformation Gradient
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Green Lagrange strain
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Nominal/ 1st Piola-Kirchhoff

Material/2nd Piola-Kirchhoff
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Stored energy per unit volume 

න𝑺: ሶF𝑑𝑡 = න𝝅: ሶE𝑑𝑡 = Ψ(E)
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Hyperelasticity
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compressible hyperelastic behaviour

incompressible hyperelastic behaviour (𝐽=1)

?Strain energy density:

𝛔 = 𝐽𝐅.
𝜕Ψ

𝜕𝐄
. 𝐅𝑇

𝛔 = 𝐅.
𝜕Ψ

𝜕𝐄
. 𝐅𝑇 + 𝑐𝐈
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Polynomials of the first invariant

Initial shear modulus 100 2C

Initial compressibility modulus

1

0

2

D
k 

Ψ E = Ψ(ഥ𝐼1, ഥ𝐼2, 𝐽)

Ψ(ഥ𝐼1, ഥ𝐼2, 𝐽) 𝐽
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Particular case 1: Neo-Hookean behaviour (N=1)
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Polynomials of the first invariant

Ψ E = Ψ(ഥ𝐼1, ഥ𝐼2, 𝐽)

Ψ(ഥ𝐼1, ഥ𝐼2, 𝐽) 𝐽
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Particular case 2: Yeoh behaviour (N=3)
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Polynomials of the first invariant

Ψ E = Ψ(ഥ𝐼1, ഥ𝐼2, 𝐽)
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Ψ E = Ψ(ഥ𝐼1, ഥ𝐼2, 𝐽)

Other functions of the first invariant
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Ψ E = Ψ(ഥ𝐼1, ഥ𝐼2, 𝐽)
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Anisotropy induced by collagen fibers
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Anisotropy induced by collagen fibers
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19

Anisotropic strain energy density

(Holzapfel et al., 2000)
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Micro-fiber approach
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Layer-specific constitutive model

Strain-energy function based on the constrained mixture theory

Humphrey & Rajagopal, Math Models Methods Appl Sci. (2002) ; Bellini et al, ABME (2014), Mousavi & Avril, BMMB (2017) 
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Damage and plasticity
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Abaqus finite-element 

implementation and verification
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 FE software ABAQUS coupled with UMAT

 Hexahedral and tetrahedral elements

 Structural mesh (𝑟, 𝜃, 𝑧)

 Two different layers (media and adventitia)

Mousavi et al, IJNMBE, 2018
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Time dependent material properties: 

different approaches
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