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= Soft biological tissues: many challenges
for continuum mechanics
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Treolar’s tests on rubber (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:

2

n mes th
- _ Z F™ —F

—_ mes

mes ]
Fi are the experimentally measured forces

—mes _
Fi  istheir average

th .
Fi are the model predictions of the forces
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|dentification procedure

Uniaxial tension

Equibiaxial tension '

Planar tension
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|dentification procedure
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Planar tension
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|dentification procedure

I Uniaxial tension
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|dentification procedure

- Equibiaxial tension
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|dentification procedure

__ =y

Equibiaxial tension
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|dentification procedure

-Hanar tension
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|dentification procedure
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Identification of parameters from the data of the
uniaxial tensile test only
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Identification of parameters from the data of the
uniaxial tensile test only
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Identification of parameters from the data of the
- . uniaxial tensile test only
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Identification of parameters from the data of the
D uniaxial tensile test only
Prediction of the planar tension data
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Identification of parameters from the data of the
. m uniaxial tensile test only
Prediction of the planar tension data

L ——
o /// /
O’W | | Engingering §train |

07 ©

2
60 + O - - EXp

% [ / — Ogden N=1
= / / — Ogden N=2
40 L Er — Ogden N=3

=

i)

c

L

0,0 0,5 10 15 2,0 25 3,0 3,5 4,0 45




Identification of parameters from the data of the
D uniaxial tensile test only
Prediction of the planar tension data
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Identification of parameters from the data of the
D uniaxial tensile test only
Prediction of the biaxial tension data

Engineering stress (MPa)

25 ~

20 ——

- EXp
— Neo Hooke /

— Mooney-Rivlin

15 +—

10 +——

( 0,5 1 1,5 Z 25 3 3.5 4 4|5




Identification of parameters from the data of the
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Identification of parameters from the data of the
- . uniaxial tensile test only
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|dentification of parameters from all the data
I Prediction of the uniaxial tensile test
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|dentification of parameters from all the data
I Prediction of the uniaxial tensile test
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|dentification of parameters from all the data
I Prediction of the uniaxial tensile test
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|dentification of parameters from all the data
I Prediction of the planar tensile test
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|dentification of parameters from all the data
I Prediction of the planar tensile test
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|dentification of parameters from all the data
I Prediction of the uniaxial tensile test
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|dentification of parameters from all the data
I Prediction of the biaixial tensile test
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|dentification of parameters from all the data
I Prediction of the biaxial tensile test
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|dentification of parameters from all the data
I Prediction of the biaxial tensile test
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— Testing soft tissues: arteries

Pressure transducer
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Tensile test - uniaxial tension
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Tensile test - uniaxial tension
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Biaxial tension
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Tension inflation

- P -d curve
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Tension inflation =
I Functional biomechanical behavior
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In VIVO measurements

[Avril, 2010]

[Avril, 2011]
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I Residual stresses

bovine aorta
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I ncompressibility

— ptissu _tr(g)/S > G = E
AVN, AV )V, 2(1+v)

FIGURE 1

Diagram of experimental set-wp, PV = pressure  francducer. Durning on ecpernment the
cepillery tube shown of the top of the figure was directed hovizontelly so that chonges in fluid
Lowol in #he tabe wowld not chenge the static pressuere oeel, Noto from the dirgotional arroe
that the end of the ertery moves o the righé without fuiding oz the crank & edvanced,

[Carew, 1968]
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Advanced investigations
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MEASUREMENT OF THE RESPONSE
USING DIGITAL IMAGE CORRELATION

classical panoramic

ROI of panel(b)

virtual Image

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

Undeformed Deformed
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ROI of panel(b)

360-deg image

Posterior  Anterior

virtual Image
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Measurement of surface deformation
I ficlds using Panoramic Digital Image
Correlation (pDIC)
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pPDIC measurements
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I OCT-DVC applied to arterial mechanics

Uniaxial Tensile Test
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Translation <—
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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
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