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PLANAR TENSION
= PURE SHEAR S,
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PLANAR TENSION
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PLANAR TENSION
= PURE SHEAR

Cross section

||E1|| = Lo sqrt(2)
|lel|| = Lo sqgrt(1+lambda)

lled||/||E1]| = sqrt([1+lambda]/2)
pythagorus
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PLANAR TENSION
= PURE SHEAR
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EQUIBIAXIAL TENSION
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EQUIBIAXIAL TENSION

)\’2

24

719.001 - Mechanics of biological tissues - Oct 2021

T

MINES
Saint-Etienne



(Fa).(b) = (a).(F'b)
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= Soft biological tissues: many challenges
for continuum mechanics
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enthalpic entropic
elasticity elasticity
(cristal) (biological tissue)
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Hyperelasticity

Treolar’s tests on rubber (1944)
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Nominal stress F/SO (MPa)
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Pseudo-hyperelasticity:
Irreversible effects are neglected...
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Strain energy density

Stored energy per unit volume
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__ I KINEMATICS
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FEl=el
FE2=¢e2
FE3=e3
FEi=el

J=det(F) => change of volume

Deformation gradient F

E1=(1,0,0)
E2 = (0,1,0)
E3 =(0,0,1)
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0 1 0
F= 7 1 0 0 B
0 0 1
) - 1 0 0
0 1 0 C = 1 5 1 0 _
FT = 7 -1 0 0 r
0 0 1
0 0 1

E=0
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_ C = cauchy green stretch tensor

first invariant of C=F'F

Pythogorus

Change of length”2 of diagonals
=Tr(C)

=C11 + C22 + C33
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LO"N2 = 3 a2

L"2 =(A1a)”2 + (A2a)"2
+ (A3a)"2

L2 [ LON2

= (W12 + (A2)"2
+(A3)"21/3

=tr(C)/3

11 =tr(C)
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Neo Hooke behaviour

Energy = G/2 (11 - 3)

Energy of a spring = ¥2 k x"2
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Deformation mapping in 3D

Vi = Xj +Uj (X, X2, X3,1)

Deformation Gradient

Vy=V(x+u(x))=F

or . ? (X +Uj) =5 P2 Fj
OX j OX j OX j Deformed
€ gtr)lr?flirgﬂration Configuration
e
dy =F-dx ’
dy; = R dxy
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Green Lagrange strain

Y.

Deformed

Original Configuration

! Configuration

1, T 1
E=Z(F -F-1) or Bj=2(RiRg %)
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Stress measures

True / Cauchy

)

Origi_nal . Deformed
1 Configuration Configuration

Nominal/ 1st Piola-Kirchhoff

S=JF 1.6 S;=JIR 0

Material/2" Piola-Kirchhoff

m=JF"6-F' m=JR ogFj"
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Hyperelasticity

Stored energy per unit volume

fS: Fdt = _[T[: Edt = Y(E)

=F/A, (MPa)
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_ compressible hyperelastic behaviour

— Faqj FT
c=] ¥

Incompressible hyperelastic behaviour (J=1)

—FatIJ FT + cI
[ = .aE. C

Strain energy density:
o
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