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A new method to measure surface mechanical properties by shear, was developed. It consists in machining a 
specific micropillar by FIB, inspired from the macroscopic shear compression specimen, and compressing him 
using an in situ microindenter. The method was applied on fused silica (calibration material used for 
nanoindentation / microcompression).  The results show very good reproducibility. They were compared to 
numerical simulation, showing the deformation is mainly shear during the test, and large shearing deformation 
and high strain rate can be reach. This method opens the way to shear properties measurement of surfaces, a 
deformation strongly present in tribological contacts.   
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1. Introduction 

To understand friction and wear properties surfaces, it is 
necessary to measure their mechanical properties. 
Indentation and microcompression techniques are 
strongly used to characterize surfaces / layers or wear 
surfaces at micro / nanoscale. However, the mechanical 
properties measured by these techniques are not always 
consistent with tribological properties [1]. Let us note 
that in a tribological contact, friction between two 
surfaces induce shear, and nanoindentaion and 
microcopression model only partially this deformation. 
For this reason, a new technique to measure surfaces 
mechanical properties of surfaces by shear was 
developed. 

2. Methods 

The method was inspired from the “Shear Compression 
Specimen” [2], consisting in compressing a macroscopic 
pillar where two grooves, inclined at 45°, are machined. 
This geometry was reproduced at microscale by Focused 
Ion Beam (FIB, Figure 1). Some microscopic Shear 
Compression Specimen were machined on Fused silica, 
which is the calibration material at micro / nanoscale. An 
in situ microindenter was used to compress them. The 
data were compared to numerical simulation in order to 
observe the properties evolution in the grooves.  

 

 
Figure 1: Shear compression Specimen made by FIB 

technology. 

 

3. Results and discussion 

An example of load-displacement curve, obtained by 
microshear, is presented in Figure 2. This curve was 
compared with FEA, showing very good correlation with 
experimental data, in the elastic and plastic domains. The 
yield stress difference can be caused to the groove 
section, which is not perfectly constant in the pillar, or a 
material effect [3]. The numerical simulation permits to 
validate that the deformation is mainly shearing in the 
grooves. Also, this shows high shear deformation and 
very high strain rate can be reach using this technique, 
which is more complicated to reach using classical 
methods (not shown in this abstract). This new method is 
of primary importance, since the properties measured 
using this technique are directly linked to the shear 
deformation met in a tribological contact. 

  
Figure 2: a) Load displacement curves obtained 

experimentally and numerically. b) Equivalent plastic 

deformation localized in the grooves 
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