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Adhesion forces are present in most contact interactions and depend strongly on the microscopic properties of 
the surfaces in contact. In this work we present measurements of the adhesive properties of a contact between 
a PDMS semi-sphere and a glass plate during normal unloading of a contact submitted to a preliminary shear. 
Our objective is to decipher the role of shear loading on the evolution of the adhesion. Our results show a 
significant decrease in the the pull-off force, ie that necessary to fully separate the solids in contact, even for 
small initial shears on the order of a few microns. We will discuss the effects of this shear on the adhesion 
energy and possible models that describe the situation. 
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1.Introduction 

From industry to biomechanics and basic sciences,  the 
adhesion force has been an object of study for the last 
decades. This attractive force appears in the contact 
between two surfaces and its responsible, for example, 
that geckos and some insects can walk on walls and 
ceilings, even on smooth surfaces such as glass. In this 
work, we aim at showing the effects of an initial tangen-
tial force on the adhesion forces in a smooth and dry 
contact. 

2.Methods 

A conventional method to measure the energy of adhe-
sion between two surfaces is to measure simultaneously 
the force and the real contact area during a contact 
charge or discharge and then to evaluate the adhesion 
energy by applying a relevant adhesive model for in-
stance, the JKR model [1]. In our experiments (Fig.1a, 
b), we have first created a contact between a semi-
sphere of elastomer (PDMS) and a glass plate under  
constant normal force. A shear motion is then performed 
performed (with different amplitudes) generating a tan-
gential forces smaller than the necessary to trigger the 
full sliding. Finally, the normal load is reduced until the 
full separation of the two solids. During the process, 
high precision measurements of the 6 forces/torques and 
detailed images of the contact area are obtained. 

3.Discussion 

As a first result, we study the pull-off force necessary to 
get out of contact and compared two situations: with 
and without initial shear. The sphere radius is about 10 
mm, and the normal load is such that the radius is a few 
100µm (Fig. 1c). The results show a decrease in pull-off 
force of the order of 50% for an initial shear as small as 
10 microns. Such a drastic decrease in pull-off forces 
could be used as a method to separate surfaces in a pos-
sibly more efficient way that simple normal pulling. 

In order to access the shear-induced evolution of the  
adhesion energy, we will discuss the outcomes of adhe-
sive models that accounts for tangential forces [2]. We 
will also present a detailed study of the contact zone, 
looking for: peeling, local micro sliding and/or macro 
sliding induced by the vertical unloading. Those insights  
could be useful when trying to explain how smooth pad 
insects can walk on smooth surfaces, without using too 
much energy at each step [3]. 
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Figure 1: (a), (b) Sketch of the first steps of the experi-
ments: normal loading, slight shear and normal 
unloading , (c) PDMS-glass interface contact zone, (d) 
Smooth pad insect leg, from [3]
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