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Introduction

Cancellous bone

@ Homogeneized medium: Biot model (1956)
ne

@ 2 frequency regimes LF and HF : fo = ———
2maKg pf

@ Viscous dissipation in the HF regime: Johnson, Koplik and Dashen (1987)
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2D Biot-JKD model

@ 2D transversely isotropic media: 17 positive physical parameters
. 1

@ B8 variables: ¢ = —V.¢ (uf —us), &= > (V us+V u;r) , o, p

@ Constitutive laws and conservation of momentum:

o=C"¢«—mpg¢

pm (37 )
Ovs ow
=V.o
P TP o
n
, — F1(t) 0
Ovs Pwi 0 )aw K1 !
== —_V
pf8t+( 0 puws ) Bt 0 ey | i
K3

High frequency (Biot-JKD)

Low-frequency (Biot-LF)
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Fractional derivative and diffusive representation

1
Diffusive representation: — :/ e ?tdo
Vi
—Qt
e ow
D+Q)Y2w = (— + Qw) non local-in-time
( ) —*ae

_/ 7r\/_/ —(6+9) (-7 < +Qw) dr do

«© 1
= ——= (0, t)dod  diffusive representation
| = p

Ordinary differential equation local-in-time satisfied by the diffusive variable v :

oY ow
— =—(0+Q — +Q
ot O+ + ot + Qw
$(0) =0
N
Diffusive approximation (DA): (D + Q)l/zw ~ Z ap (0, t)

=1
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Determination of the quadrature coefficients (1/2)

@ Goal: determination of 6, and ay

@ The dispersion relation depends on the physical parameters and on the viscous

operator
- 1
FMP(y) = —(jw+Q)? Biot-JKD
(w) m(] )
. Q
FDA(w) j‘” + Z Biot-DA
(9@ +jo.) +Q

@ Frequency range of interest [wp/10, 10 wp]

@ Three methods:

- Gaussian quadrature
- classical linear least-squares minimization

- nonlinear constrained minimization
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Determination of the coefficients (2/2)

Relative error €04

Parametric determination of N
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N: number of diffusive variables

Error of model €,,,,4 at N =5: 84.42%, 6.78%, 0.25%

Best method: nonlinear optimization
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Numerical modeling

@ 8+ 2 N variables. Velocity-stress formulation

U= (Vsx, Vs,z, Wx, Wz,crxx,axz,azz,P,’lZJ’f,wf,'-',wx,,wﬁ,)T

@ First-order hyperbolic system with source term

@ Strang splitting. Successive resolutions of

-6—U +A 8_U + B 8_U =0 fourth-order ADER scheme
ot o x 0z

ou

o =_-SU exact integration

@ Piecewise homogeneous media: Immersed Interface Method

@ Optimal condition of stability CFL = ax  cX(p) At <1
ptim ndition ility APETS,;(/Z] Pf(go) A <
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numerical experiments: multiple scattering (1/2)

@ Wave propagation in complex media

@ Plane wave in transversely isotropic medium

@ Ellipsoidal scatterers randomly distributed: concentration 25%
@ Properties of effective medium
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2D numerical experiments: multiple scatterin
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@ M. Chekroun (Université du Maine) 34000
@ p — w transform of the coherent field

@ Phase velocity and attenuation of the
effective medium in terms of the frequency
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Thank you for your attention!

What if the
order will be

n="%?

It will lead to a
paradox, from which
one day useful
consequences will be

drawn.

G.F.A. de L'Hopital " G.W. Leibniz
(1661-1704) (1646-1716)
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