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A new numerical model replicating the stick-slip contact of two elastically similar materials is developed in this 
study. The model adopts a complementary condition that is slightly different from the recent literature to 
separate the stick and slip regions by strictly following the micro-slip conditions proposed by Ciavarella. The 
model is validated and applied to investigate the effects of surface roughness parameters. It is found that the 
ratio of stick regions to the total contacting region is unaffected by the surface roughness, which is revealed to 
have a linear relationship with the input tangential load. 
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1. Introduction 

The problem of combined normal and tangential loading 
has always been the focus to determine the frictional 
behavior of materials in contact. In this condition, stick 
and slip zones may coexist presenting a ‘partial slip’ 
contact interface. In addition to the common fretting wear, 
the relevant stick-slip analysis plays an essential role 
when it comes to the study of rubber friction, powder 
tribology and polymer tribology. Considering the 
similarity between the normal contact and tangential 
contact problems for two elastically identical materials, 
this study aims to develop a stick-slip contact model with 
the same form of algorithm for both the independent 
normal and tangential components. 

2. Methods 

The boundary element method (BEM) is used to develop 
this model, where the contact traction and surface 
deformation are determined by minimizing the total 
complementary condition following the quadratic 
programming approach [1]. With the implementation of 
discrete convolution, fast Fourier Transform (DC-FFT), 
the individual normal contact model is developed based 
on the conjugate gradient method (CGM) algorithm for 
contacting elastic surfaces by Keer and Polonsky [2]. 
Regarding the tangential contact component, the 
following complementary condition derived from the 
theory of Ciavarella [3] is used to identify the stick and 
slip regions: |𝑞(𝑖, 𝑗)| < 𝜇𝑝(𝑖, 𝑗),  𝑠(𝑖, 𝑗) = 0,   (𝑖, 𝑗) ∈ 𝐼𝑠; (1) |𝑞(𝑖, 𝑗)| = 𝜇𝑝(𝑖, 𝑗), |𝑠(𝑖, 𝑗)| > 0, 

& 𝑞(𝑖, 𝑗) ∙ 𝑠(𝑖, 𝑗) < 0,   (𝑖, 𝑗) ∈ 𝐼𝑐 − 𝐼𝑠; (2) 

3. Results and Discussion 

After validating the developed model with the Hertzian 
contact analysis and Muser’s formulas for nominally 
Hertzian contacts [4], the model was used to study the 
effects of roughness parameters on the separation of stick 
and slip regions. Contacts between four rough surfaces 
with different RMS values and RMS gradients against a 
rigid plane were simulated under increasing tangential 
force. The ratio of stick region to total contacting region  

 
is not affected by the surface roughness under a constant 
tangential load as shown in Figure 1. Besides, instead of  
the non-linear relationship in the smooth Hertzian-type 
partial slip contact problem, the declining trend between 
the ratio of stick regions (dark areas in Figure 1) to 
contacting regions and the tangential load becomes linear 
when it comes to the rough surface contact. As a result, 
the stick region is unaffected by RMS and decreases with 
higher RMS gradient when input loads remain as 
contacting regions are mainly affected by RMS gradients. 

 

    
Figure 1 Progressive decline of stick region (dark 

area) under increasing loads (grey area: slip region) 
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