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In contact mechanics studies of semi-infinite solids it is a common practice to neglect any interaction between 
normal and tangential elastic fields. However, when dealing with finite bodies this assumption can no longer 
be made, as the specific geometry of the contact pair plays a key role in determining the mutual normal-
tangential coupling. In this study, we focus on the exemplar case of a thin deformable layer in frictional sliding 
contact with a rough profile, where the interplay between tangential friction and normal pressure may lead to 
significantly different contact behavior compared to the uncoupled case. 
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1. Introduction 

In contact mechanics, the interaction between the normal 
and tangential elastic problem is usually ascribed to the 
material coupling, which is governed by the Dundurs’ 
constants nonvanishing in the case of material 
dissimilarity of the contacting bodies [1]. However, such 
a scenario holds true only for semi-infinite solids, 
whereas in the contact problem of sufficiently thin layers, 
an additional geometric coupling term is present, which 
depends on both the layer thickness and boundary 
conditions. Due to coupling, the interfacial friction in 
sliding contacts can play a key role in determining the 
overall normal behavior of the interface. It is the case, for 
instance, of classical rotary seals where rough contact 
between the thin polymeric sealing layer and the rotating 
shaft occurs in the presence of interfacial frictional 
interactions. In this work, we investigate the geometric 
normal-tangential coupling effect on the overall rough 
contact behavior of thin elastic films in rough sliding 
contact with rigid profiles, in the presence of interfacial 
Coulomb friction (see Fig.1). 

2. Methods 

The contact problem is investigated in the framework of 
linear elasticity, by relying on the Green’s function 
approach. We define  as the interfacial Coulomb friction 
coefficient. The surface displacement vector 𝒗 =(𝑣𝑥, 𝑣𝑦) can be written as 𝒗(𝑥) = ∫ �̿�(𝑥 − 𝑠)𝝈(𝑠)𝑑𝑠Ω         (1) 

where 𝝈 = (𝜇𝑝,−𝑝) is the surface stress vector 
distribution (with p being the contact pressure) on the 
contact domain The Green’s tensor �̿� takes into 
account for the layer thickness and boundary conditions 
and, according to Ref. [2], it can be written in the anti-
symmetric form �̿� = ( 𝐺𝑥𝑥 𝐺𝑥𝑦−𝐺𝑥𝑦 𝐺𝑦𝑦)         (2) 

Eq. (1) can be solved numerically by observing that, 
within the contact domain, the layer normal displacement 
must match the indenter shape. However, a closing 
condition is required to define the right value of the 

contact size a: dealing with adhesiveless contact 
conditions, the stress intensity factor vanishes at the 
contact edge. Due to normal-tangential coupling (i.e. 𝐺𝑥𝑦 ≠ 0) induced by the finiteness of the deformable 
layer thickness a certain degree of asymmetry occurs in 
the contact pressure distribution, even in the case of 
purely elastic materials. This, leads to an additional 
tangential force opposing the relative motion between the 
sliding rough indenter and the deformable layer, whose 
friction coefficient can be calculated as 𝜇𝑝 = 1𝑁 ∫ 𝑝(𝑥)𝑣′𝑦(𝑥)𝑑𝑥Ω          (3) 

where 𝑣′𝑦 is the profile slope. Finally, the overall 
tangential force required to sustain the steady sliding of 
the indenter is 𝑇 = 𝑁(𝜇 + 𝜇𝑝). 

 
Figure 1: a scheme of the rough contact problem (left); 

the normalized contact area as a function of the contact 

pressure (top right); the friction coefficient p due to 

asymmetric pressure distribution vs the layer thickness 

(bottom right). 

3. Discussion 

The effect of the geometric coupling between normal and 
tangential deformations on the main contact quantities is 
shown in Fig.1. We observe that, due to coupling, a 
contact area up to 10% larger than in the case of 
uncoupled contacts involving semi-infinite solids. 
Similarly, even in the case of purely elastic materials, 
asymmetric contact pressure distribution are predicted, 
leading to an increased effective frictional force opposing 
the indenter sliding. 
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