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Motivations

Friction of finite size bodies

Theoretical descriptions
Extended contact interfaces

Stress and strain heterogeneities at the macroscopic contact length scale
+

Soft matter substratesҦ enhanceddeformations

Implication of friction-induced surface stretching on local friction within smooth
glass / rubber contact interfaces??
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Slidingvelocityat contact interface Ídrivingvelocityv,
Moleculareffects: friction on stretchedpolymerchains,
ΧΧ
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Constitutive interface friction law resolved 
at the scale of about 10 x 10 µm2

Interface stresses
Å Lateral displacements

Å Vertical displacements
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Imaging of macroscopic frictional contact interfaces

A. Chateauminoiset al Eur. Phys. J. E 27 (2008) 
D.T. Nguyen et al J. Adhesion 87 (2011)



Shear and contact pressure distributions

Surface shear stressContact pressure

R=9.3 mm, P=1.4 N, v=0.5 mm/s
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R = 9.3 mm , v =0.5 mm s-1



Frictional shear gradient along sliding direction

Å Shearstress profiles acrossthe contact area

Along slidingdirection
Perpendicularto slidingdirection

PDMS
displacement

Normal loadP=1.4, 2.3 and 3.3 N

Ҧ Frictionalstress gradient independenton contact pressure

Ҧ Not a simple viscoelastic effect
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Friction - induced surface stretching

Longitudinal stretch

Transverse stretch
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Stretch gradient alongthe slidingdirection well beyondthe 
linearrange !

Spacederivativeof the displacementfield : in-planesurface stretch distribution



Local stretch / frictional shear stress relationship

Å Generalization to different contact conditions (sphere-on-flat):

R=9,3 mm
v=0.5 mm s-1

P=3.3 N

5.2 < R < 25.9 mm
0,1 < v < 1 mm s-1

1.4 < P < 3.3 N

Local frictional stress 
proportional to in-plane

local stretch ratio

Chateauminoiset al, Soft Matter 2017
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Contact geometry ?       friction with a flat punch

Longitudinal stretch ratio Frictionalshearstress

Å PMMA triangularflat punch

Independent on contact geometry



Orientational effects ?                     Friction on pre - stretched PDMS

No orientationaleffect in the stretch dependenceof the frictional
shearstress
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C. Frétigny& A. Chateauminois, PRE, 2017

q l=1.3



Discussion

Stretch effect on friction surprising for a liquid-like material such as rubber !

Å Molecular origins of friction: {ŎƘŀƭƭŀƳŀŎƘΩǎmodel

Pinning / de-pinning of rubber 
chains to the rigid surface

Schallamach, Wear 1963
Vorvokalos& Chaudhury, Langmuir 2003
Singh & Juvekar, Soft Matter 2011

Velocity

Average pinning force

Fraction of bonded chains

Log(velocity)

Friction force



Schallamachõsmodel : logarithmic velocity regime
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Logarithmic regime

Ln(v0/v*)

Experimental steady-state
average shear stress 

Frictional stress:

Only is the number of available surface bonding sites is proportional to 
surface stretch 

Stretching brings to surface polar bonding sites otherwise buried within the bulk. 
Other effects
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Conclusions

Å Frictionalshearstress within smoothglass/PDMS interfaces is
proportionalto in-planesurface stretch

V different contact geometries
V wide range of contact conditions

Å No orientationaleffectsin  t=lt0

ÅWithin the frameworkof {ŎƘŀƭƭŀƳŀŎƘΩǎmodel, this effect canbe accountedfor 
only if the densityof bondingsites for molecularchainsisproportionalto stretch

Ҧ Sameeffect with other rubberswith polar/apolar groups ?

Friction of glass/PDMS contact interfaces is affected by finite size effects
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Implications on friction of rough contact interfaces with rubber ?

Microscopically rough body slidingon a flat substrate

Stretch
ratio

Local stretch ratio  ll : asperityinteractions at variouslengthscales
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Not yet accountedfor in meanfield theoreticalfriction model
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