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Essais de Treloar (1944)
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Identification approach

We choose a constitutive model and we determine the parameters

so as to minimize the following cost function:
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Identification procedure

Uniaxial tension

Equibiaxial tension

Planar tension
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Uniaxial tension

Equibiaxial tension

Planar tension

Identification procedure
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Uniaxial tension

Equibiaxial tension

Planar tension

Identification procedure
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Uniaxial tension
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Uniaxial tension
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Equibiaxial tension
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Equibiaxial tension
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Planar tension
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Prévision de l'essai de traction simple
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Prévision de l'essai de traction simple
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Prévision de l'essai de traction simple
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Identification of parameters from the data of the 

uniaxial tensile test only
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Prévisions de l'essai biaxial
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Prévisions de l'essai biaxial
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Prévisions de l'essai biaxial
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Prévision de l'essai de traction plane
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Prévision de l'essai de traction plane

0

5

10

15

20

25

30

35

0 0,5 1 1,5 2 2,5 3 3,5 4 4,5

déformation nominale

c
o

n
tr

a
in

te
 n

o
m

in
a
le

 e
n

 M
P

a

Expérience

Ogden N=1

Ogden N=2

Ogden N=3

Engineering strain

E
n
g
in

ee
ri

n
g
 s

tr
es

s 

(M
P

a)

Identification of parameters from the data of the 

uniaxial tensile test only

Prediction of the biaixal tension data

21 719.001 - Mechanics of biological tissues - Oct 2021 



Institut Mines-Télécomavril@emse.fravril@emse.fr

Prevision de l'essai de traction plane
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Prévision de l'essai de traction simple
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Prévision de l'essai de traction simple
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Prévision de l'essai de traction simple
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Prévisions de l'essai biaxial
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Prévisions de l'essai biaxial
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Prévisions de l'essai biaxial
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Prevision de l'essai de traction plane
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Prevision de l'essai de traction plane
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Prevision de l'essai de traction plane
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Testing soft tissues: arteries
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[Duprey, 2010]

Tensile test - uniaxial tension
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[Holzapfel, 2005]

Tensile test - uniaxial tension
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Biaxial tension

[Sacks, 2000]

[VandeGeest, 2006]
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 P - d curve

d

P

[Genovese,2009][Avril, 2010](CIS)

[Cox, 1978]

Canine arteries

Tension inflation
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Functional biomechanical behavior
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Tension inflation =
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[Avril, 2011]

Reconstruction du champ de vitesse radial de la paroiCoupe IRM du cou
[Avril, 2010]

In vivo measurements
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Residual stresses
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[Fung, 1993]

0 pressure 0 stress
In vivo

bovine aorta
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Incompressibility
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[Carew, 1968]
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Advanced investigations

Fibrillin 1 mgR/mgRFibulin 4 SMC KOControl
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MEASUREMENT OF THE RESPONSE 

USING DIGITAL IMAGE CORRELATION

719.001 - Mechanics of biological tissues - Oct 2021 

classical panoramic

Genovese. Optics Lasers Eng, 47, p 995-1008, 2009. Badel et al. CMBBE, 15, p 37-48, 2012. 
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DIC tend to be used for all kind of soft tissues
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Undeformed Deformed

x

y

Principle of DIC
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The pDIC technique

719.001 - Mechanics of biological tissues - Oct 2021 

Posterior Anterior
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Posterior Anterior

Suprarenal Abdominal Aorta (SAA)

Anterior Posterior

Untreated Ang II

Measurement of surface deformation 
fields using Panoramic Digital Image 
Correlation (pDIC)

ANT

POST

Circumferential Green Strain
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pDIC measurements

Fibrillin 1 mgR/mgRFibulin 4 SMC KO

dorsalventral inflation
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dorsalventral inflation
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OCT-DVC applied to arterial mechanics
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Measurement of bulk deformation 

fields by Digital Volume Correlation 

on OCT images
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Image Processing Methodology – Inflation Test

Title: REF

Width:  667 pixels

Height:  640 pixels

Depth:  100 pixels

Voxel size: 1x1x1 pixel^3 (2.38um)

Pressures: 20, 40, 60, 80, 100, 120, 140 

Lambda (λ) 1 – 2 – 3

Original 

Image Parameters

Original *raw files

• Algorithmic Mask – Threshhold: 48

• Correlation window size [voxel]: 24 (8x8x8)

• Overlap : 75%

• Passes : 10

• Required valid voxel per window: 44%
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