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ABSTRACT 

Surface behaviour plays an important role in the miniaturization at mesoscale. For the free surface 

conditions, i.e. without any oxide or coating on the surface, the Geometrically Necessary Dislocations 

(GNDs) can easily escape from the surface without any constraints. On the contrary, the impermeable 

surfaces (oxide or coating layers) lead to the accumulation of GNDs. The accumulation or annihilation 

of GNDs at surface layer sometimes leads to different mechanical response for the same single crystal 

as reported by C. Keller et al. [1]. During the forming process of a mechanical part at small length scale 

(e.g. Micro-Electro-Mechanical system), the oxidation rate of material can be controlled by the 

fabrication parameters [2]. As a consequence, the surface of material is neither fully impermeable nor 

free to the GNDs. The intermediate conditions need to be considered. In such scenario, the GNDs can 

only partially accumulate on the intermediate surfaces.  

In this study, different numerical approaches based on a penalty function are proposed to take into 

account the intermediate surface conditions while a strain gradient crystal plasticity model simulates 

the grain behaviour. A nickel single crystal with high purity under simple tensile condition is used for 

a numerical sensitivity analysis. Experimental results can be retrieved from the literature for such a 

case. Intermediate surface behaviours are successfully modelled by different values of penalty factors, 

while the extreme cases, i.e. full accumulation / annihilation of GNDs can also be captured by the 

proposed approach.  
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