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Many experiments have found that the plastic behavior of metals at the micron and sub-micron scales
is obviously different from the classical plasticity. Torsion of micro-dimensioned metallic wires has been
viewed as one of the most fundamental approaches for characterizing the mechanical behavior of
small volumes. In this talk, the anomalous plasticity of micron-scale metallic wires will be
systematically discussed experimentally and theoretically. Firstly, in order to characterize the torsional
behavior of microwires, an automated torsion tester has been established based on the principle of
torsion balance. The torsion tester permits the measurement of torque to nN·m, as a function of
surface shear strain to a sensitivity of sub-microstrain. An electro-mechanical wire tensile tester has
also been designed as a complementary test to torsion experiment. Then, we performed (monotonic
and/or cyclic) torsion and tension tests on polycrystalline copper and gold wires. It is found that (i) a
size effect appears in both the initial yielding and the plastic flow of torsional response; (ii) a reverse
plasticity (anomalous Bauschinger effect) occurs upon unloading in cyclic torsion response; (iii) the
Hall-Petch effect and the strain gradient effect are synergistic, and the interaction between two effects
strongly depends upon the grain size; (iv) a significant strain gradient effect is confirmed in torsion of
coper wires with different diameters but the same grain size. Finally, four phenomenological theories of
strain gradient plasticity, due to Fleck and Hutchinson, to Chen and Wang, to Aifantis and co-workers,
and to Nix and Gao are assessed within the context of wire torsion and tension data, and the
corresponding rigid-plastic solutions are derived. Distinctions between the theories are highlighted
through comparison with experiment, emphasizing the difference in predicted trends in the size
dependence of initial yielding and of hardening rate.
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