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The macroscopic behavior of materials is defined
by defects and structures present in the material at
the microscopic scale. One of the very well-known
examples of such a multiscale behavior is metal
plasticity. Plasticity in metals is caused by the
nucleation and evolution of a system of dislocations
on specific crystallographic slip planes. Gliding of a
collection of dislocations and their interaction with
other defects (vacancies, grain boundaries, phase
boundaries, etc.) result in the formation of hetero-
geneous cell structures, which dictate structural
properties such as strength and ductility. Thus, to
develop a thorough understanding of deformation
mechanisms in engineering materials and design
new materials with desired properties, a predictive
understanding of the effect of microscopic configu-
rations on macroscopic properties is required. One
of the multiscale approaches is hierarchical charac-
terization, which involves the development of novel
experimental methods and robust computational
approaches applicable at different spatial and tem-
poral scales. This approach involves the analysis of
materials at atomic, microscopic, mesoscopic, and
macroscopic scales and linking the behavior at these
different scales. This particular topic is focused on
progress in localized mechanical testing and high-
resolution imaging techniques and integration of
experiments and modeling for elucidating the evo-
lution of structures and defects at the mesoscopic
resolution. Mesoscopic properties can be reliably
accessed because of recent advances in the small
scale-fabrication and characterization techniques
and the availability of high-performance computa-
tional frameworks.

Enhancements in in situ micromechanical testing
methods for small volumes have enabled the study
of local as well as bulk properties of materials. Also,
high-resolution images can be easily captured using
electron microscopes and digital image correlation
(DIC) algorithms.1 It is this combination that has

made in situ micromechanical testing useful for
various engineering applications.2 Experimental
techniques used in this special topic include in situ
transmission electron microscopy (TEM) tests for
analyzing Cu-Au interface, micro-pillar compres-
sion experiments to study the effect of interfaces on
plasticity in lath martensite, drop hammer tests
with thermal imaging to study the effect of impact
loading on microstructure-dependent properties of
energetic materials, hot compression tests to
undertstand the influence of temperature and
strain rate on microstructural evolution in titanium
aluminide alloys, and bending tests for studying
creep in metallic materials. Although significant
progress has been made in in situ testing
approaches using x-ray diffraction and electron
microscopy, there are still challenges that need to
be addressed. One of the main issues is the efficient
handling of data obtained from these experiments.
A novel machine learning algorithm for extracting
the behavior of grains from the data collected using
high-energy x-ray diffraction microscopy technique
is described in this special topic.

With the advent of computational power, this is
an ideal time for the development of rigorous and
reliable physics-based mesoscopic models. Usage of
such computational frameworks in conjunction with
the accurate material data will lead to a transfor-
mation in scientific understanding of structure–
property relationships, material design, and pro-
duct innovation. This special topic includes a paper
on a crystal plasticity-based model for analyzing the
behavior of crystals in the vicinity of grain bound-
aries and comparison of computational results with
experimental data obtained from synchrotron Laue
microdiffraction and digital image correlation
techniques.
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