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Back to Lamb Modes in a Soft Plate

Soft Solids

EcoFlex® = silicon gel

Order of  magnitude :

Lamb modes in a Plate of  Ecoflex

Families of  modes

Unchanged

Symmetric

Antisymmetric

Dispersion Relation, thickness=3mm (COMSOL)

In-plane displacement & Non-dispersive
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Experimental Setup

1 Prepare a plate

2 Monochromatic point source

3 Stroboscopy

4 Digital Image Correlation
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Measurement of  Mode Velocities in a Soft Plate

Monochromatic

plane wave

Mode dispersion

and velocities

Time-Fourier coefficient of  the displacement field

for different source polarisations at 120 Hz

Spatial FT

𝒗𝑻 = 𝟔m. s−𝟏

𝒗𝑷 = 𝟏𝟐 m. s−𝟏
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And in a Stretched Soft Plate
Along the elongation Perpendicular to the elongation



Evolution of  Mode Velocities with Stretch Ratio
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 Change in Velocities

 Non-linear Evolution

 Induced Anisotropy

How to build a model to understand those evolutions ?

Along the elongation Perpendicular



From Linear Elasticity …
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Deformation gradient

Displacement field

Linear Strain tensor

Cauchy’s Stress tensor

Let’s define some useful tensors

Wave Equation

Hooke’s Law = Constitutive Law for Linear Materials

Major Symmetries → Voigt Notation

where

Elasticity Tensor



… to Non-Linear Elasticity
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Tensors need to be modified

Cauchy stress tensor

defined in the 

deformed configuration

2nd Piola-Kirchhoff  tensor

defined in the

reference configuration

0                0               0         0

Hyperelasticity, with a strain energy density function

Eulerian Elasticity

(using material coordinates)

Wave Equation

and

Neo-Hookean

Mooney-Rivlin

Gent

Fung



Hyperelasticity
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Neo-Hookean

Mooney-Rivlin

Gent

Fung

Shear Velocities and Slowness Curves

Christoffel Equation for plane waves
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Neo-Hookean Mooney-Rivlin (c1=c2)



Fitting of  Experimental Measurements
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Along the elongation Perpendicular

TO COMPLETE



What’s next ? Guided elastic waves in a soft strip
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Dispersion relation of  Lamb modes 

with new Poisson’s ratio 𝝂 = 𝟏/𝟑

vstrip
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J. Laurent, D. Royer, C. Prada. In-plane backward and zero group velocity guided modes in rigid and soft strips. JASA (2020)

M. Lanoy, F. Lemoult, A. Eddi, C. Prada. Dirac cones and chiral selection of elastic waves in a soft strip. PNAS 2020
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Thanks you for your attention !
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Rayleigh-Lamb Equation

D. Royer, E. Dieulesaint. Elastic Waves in Solids I, Masson 1996  
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Rheology of  Ecoflex
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Fractionnal Kelvin-Voigt

Viscoelastic Model


