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Amorphous solids

[Nicolas, Ferrero, Martens, Barrat, Rev Mod Phys 2018]
2 / 16



Macroscopic behavior
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Stress-strain curve, shear transformations

[Lauridsen et al PRL 2002]
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Shear transformation for bubbles (T1 event)

[Biance et al Soft Mat 2009]
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Shear transformation in simulations of sheared colloidal glasses

• Slowly sheared colloidal glass.

• Big particles loose nearest neighbors (color indicates how many).

[Schall et al Science 2007]

6 / 16



Stress redistribution after a shear transformation

• Response of the system to a localized plastic strain ϵpl(x) = ϵplδ(x).

• Elastic and plastic contributions to the strain: ϵ = ϵel + ϵpl.

• Hooke’s law
σi j = 2µϵ

el
i j + λϵ

el
kkδi j .

• Equilibrium: ∂iσi j = 0.

• [Calculation on the blackboard]

[Picard et al EPJE 2004]
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Stress redistribution after a shear transformation: solution

• For a shear plastic strain in dimension d = 2, we find

σxy (x) ∝
cos(4θ)

r 2
.

• Measurements in an emulsion.

[Picard et al EPJE 2004]

[Desmond et al PRL 2015]
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Elastoplastic models: general structure

• Scalar model: we focus on the shear stress.
• Stress σi at site i .
• A site can deform elastically, ni = 0, or yield, ni = 1.
• The stress evolves according to

σ̇i = µγ̇ − |G0|ni
σi
τ
+

∑
j ̸=i

Gi jnj
σj
τ
.

◦ In the Hébraud-Lequeux model, τ → 0: the relaxation is intantaneous.
• Rules should be given for the transitions 0↔ 1 for ni .
◦ In the Hébraud-Lequeux model, 0→ 1 with rate θ(|σi | − σc)/τy .

[Hébraud and Lequeux PRL 1998, Bocquet et al PRL 2009]
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Possible refinements

• Tensorial model (redistribution, yield criterion, etc.).

• Anisotropic linear elasticity, variation of Lamé coefficients.

• Finite element resolution to reduce the effects of a square grid.
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Hébraud Lequeux model: stress distribution
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[Hébraud and Lequeux PRL 1998]
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Hébraud Lequeux model: stress-strain curves
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Creep and Fracture of a Protein Gel under Stress

• Stress controlled driving.

• Varying stress and “age” of the gel.

[Leocmach et al PRL 2014, Liu et al PRL 2018]
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Ductile to brittle yielding transition

[Ozawa et al PNAS 2018]
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Spatial dependance: kinetic elastoplastic model

∂tP (σ, x , t) = −µγ̇(x , t)∂σP (σ, x , t))−
θ(|σ| − σc)

τ
P (σ, x , t)

+ Γ(x , t)δ(σ) +D(x , t)∂2σP (σ, x , t),

D(x , t) = αΓ(x , t) +m∇2Γ(x , t).

[Goyon et al Nature 2008, Bocquet et al PRL 2009]
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Parameters from microscopic models

[Puosi et al Soft Matter 2015, Liu et al PRL 2021]
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