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Abstract of Thesis

The objective of this dissertation is to have an insight into the size dependent plasticity of the crystalline
materials and amorphous materials. The intrinsic defect scales, external geometrical scales, interaction of grain
boundary (GB) and defects and “flow defects” have been investigated to understand the physics of the deformation
mechanism. The main tasks of this dissertation are (i) to study the relationship among the size dependent
yielding (surface), defects and surface in pure single crystalline micro-pillars; (i) to develop the
dislocation-nature-base plasticity to describe the plastic deformation of single-crystalline and bi-crystalline
micro-pillars, and study the deformation inside the pillars and near the GB; (iii) to summarize the size effect of
crystalline material and amorphous material, preform the temperature-based constitution to study the plastic
deformation without classical dislocations motion.

First, the experiments for micro-scaled samples are introduced, including the detailed experimental procedures
employed in this dissertation, and experimental results of single-crystalline (SC), bi-crystalline (BC), and metallic
glass (MG) micro-pillars by uniaxial compression test with a flat punch. The experimental data presents strong
size dependent mechanical response of SC micro-pillars (SCMs) and BC micro-pillars (BCMs), interplay of grain
boundary effect and strain-stress response of BCMs, and size dependent plastic response of MG micro-pillars. It
provides the basis of study on the physics and mechanics of these phenomenon in the following parts of the
dissertation.

Based on the experiments, the physical model considering dislocations pile-up, source starvation, and surface
energy is established to explain the size dependent yielding. The size dependent crystalline yield surface is
provided in order to understand the size effect well. Our proposed models agree better than the original single
arm source (SAS) model with the experimental data. That means that the size effect is mainly dominated by the
inner defects evolution and surface energy/stress.

And then, a dislocation-based constitution is provided by combining the dislocation physics with the crystal
plasticity to describe the plastic flow of single-crystalline and bi-crystalline micro-pillars. It is shown that
size-dependent dislocation evolution is related to the hardening modulus of the micro pillars, and this makes the
stress—strain response vary with the micro pillar size. Grain boundary effect on the slip deformation is studied
from simulations. The GB in BCMs can inhibit the dislocation transfer across the each grains, and dislocations
pile up after the GB and slip along the GB on the maximum Schmid factor slip planes of the each sides of the
bi-crystalline micro pillar.

Finally, the size dependence of yielding in metallic glass is examined based on the experimental results. The
size effect of crystalline materials and amorphous materials is summarized and compared. The size dependent
strength of MG micro-pillars different from that of crystalline materials results from different physics: the
truncated sources interplay the dislocations motion and source activation, and the small volume forms the
starvation of dislocations in the crystalline micro-pillars; but in the MG micro-pillars, the “flow defects” in the
globally homogeneous form or inhomogeneous shear localization affects the propagation energy of shear bands,
which results in the size dependent strength. The constitution based on free volume theory is provided to study
the plastic deformation of metallic glasses. The plastic deformation of MG specimens is related to the size,

temperature and strain rate.
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