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Abstract
Future advancements in energy technologies demand novel materials that tolerate extreme
environments that exceed the capability of even the most advanced materials to date. For centuries,
improvements in structural materials are largely based on enhancing the microstructures and properties of
the constituents. In the recent years, with the discovery of various classes of ultrafine-scaled (UFS)
materials (such as nano-multilayered composites, nano-crystalline materials, nano-twinned materials),
materials science is entering a revolutionary era. Now, specific properties of the UFS materials can be
attained through “interface engineering”, where the architecture/structure of the interfaces are carefully
controlled. Interfaces are important in materials of any microstructural size scale, because they can act as
sources, sinks, barriers, and storage sites for defects - including dislocations, which are the main carrier of
plastic deformation. In nanostructured materials, interfaces dominate material’s mechanical response and
can engender properties superior to those of their coarse-grained counterparts. However, the “interface
engineering” of the UFS materials is hindered by the lack of an accurate, efficient materials model that
incorporates the important role of the interfaces. The conventional materials models follow the ‘constituentdominated paradigm’ and are unable to capture the physics of unit mechanisms at interfaces. Among the
modern models, atomistic modeling can elucidate the unit processes occurring within/at/across interfaces
but cannot predict macroscopic properties. Dislocation Dynamics (DD) models have the unique advantage
of exploring the dislocation activity in single crystal, but typically do not incorporate the role of interfaces
in mechanical deformation. Therefore, to achieve efficient “interface engineering”, my research takes a
bottom-up multiscale approach which combines the advantages of the atomistic modeling and DD models.
The focuses are: (1) to understand the interface’s structures and the role of interface in material’s
deformation using atomic-scale study; (2) to develop a multiscale materials modeling tool by advancing the
current DD models and incorporating interface physics characterized at atomic scale to predict mechanical
performance of materials at meso-scale.
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