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This study investigates the formation of surface instabilities when a dry granular layer is sheared at its surface 
by a mass-spring system (slider + cantilever spring) pulled at constant velocity. A combined experimental and 
numerical approach is used, which makes possible to vary the different parameters (mass of the slider, pulling 
force location, etc.). Different regimes are described and the role of granular friction is investigated.  
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1. Introduction 

The study of granular materials under shear is relevant to 
understand various systems in the field of soft matter as 
well as geophysical and industrial processes. However, in 
spite of the numerous works in the past decades, there is 
still a challenge in understanding the link between the 
properties of the grains at the microscale, and the 
occurence of events – in particular the formation of 
instabilities and patterns – at the macroscale [1]. On the 
one hand, pulling a mass-spring system over a dry 
granular layer is a paradigm for studying granular 
friction. It has been shown that the system exhibits 
different regimes: a stick-slip behavior at low speeds, 
continuous sliding for higher speeds or oscillations in the 
‘inertial’ regime, depending on the three key parameters 
m (mass), k (stiffness) and v (pulling speed) [2]. On the 
other hand, it has been observed that a granular material 
develops ripples at its surface when an object is dragged 
over it multiple times at a constant velocity (above a 
critical velocity), this effect is known as washboard 
instability [3]. This study aims at bridging the gap 
between these mechanisms at different scales and at 
better understanding the role of solid friction between the 
grains on the dynamics of the packing and the formation 
of surface instabilities. 

2. Methods 

2.1. Experimental setup  

A granular bed is prepared by filling a rectangular tank 
(50x15x4cm) with glass beads. Its surface is then scraped 
to ensure a flat initial topography. Then, a slider is pulled 
at the surface of the grains through a steel cantilever 
acting as a spring, connected to a trolley moving at 
constant speed. During the experiment, we measure the 
topography of the surface of the grains and the position 
and angle of the slider, as well as the pulling force exerted 
(through a measure of the deflection of the cantilever). 
One can vary the coefficient of friction between grains by 
changing the material or altering its surface properties.  

 

2.2. Numerical simulations 

We use discrete elements method (DEM) to simulate the 
behavior of a packing of grains. All the forces exerted 

between grains are explicitly computed. The equations of 
motion are then integrated numerically to compute all the 
positions and speeds of every grain at each timestep. A 
slider is added to the simulation by mechanically linking 
a subset of grains. Its displacement is computed based on 
the set of forces exerted on the slider grains and used to 
derive their new positions. 
 

 
Figure 1: Formation of ripples after pulling a slider over 

the granular bed. The grains are colored according to 

their total horizontal displacement (𝑥 − 𝑥𝑖) (scale on the 

left, R is the average grain radius). The image is 

compressed 20 times in the horizontal direction for 

clarity.  

3. Discussion 

In the experiment and simulations, we characterize the 
development of instabilities leading to the formation of 
granular ripples (see Figure 1). We demonstrate that the 
instabilities formation depend on the confinement 
pressure exerted by the slider on the granular surface. We 
quantify the role of friction properties on the ripples 
formation, and compare the experimental and numerical 
results.  
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