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Abstract 

In order to characterize the deformation behavior accompanying damage of 

microstructures in micro-scale metallic materials, a new theoretical model is 

developed based on a low order strain gradient plasticity theory. Not only the size 

effect induced by strain gradient plasticity but also the one of microstructure damage 

induced by deformation is considered. The feature of the new theory includes two 

aspects: the strain gradient is taken as an internal variable to affect the tangential 

hardening modulus without the introduction of high-order stress or high-order 

boundary condition; both the elastic modulus and the involved intrinsic length are 

influenced by the microstructural damage. Two commonly used samples with size 

effect in micro-scales, i.e., the thin wire torsion and the ultra-thin beam bending, are 

re-analyzed with the new model. It is found that stiffness of the micro-scale material 

is gradually reduced along with the increasing deformation and the theoretical 

prediction is consistent well with the existing experimental data. All the results 

demonstrate that the present theory should be a promising way for predicting the 
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