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Preface

It is by now widely recognized that
both natural and synthetic materials are in-
herently of hierarchical, multiscale charac-
ter. Properties should not be considered as
monolithic quantities that manifest only at
macroscopic levels, as historically taught.
Rather, important properties and material
responses can arise at a myriad of length
scales ranging from atomic to microscopic to
mesoscopic to macroscopic. Problems of in-
terfaces and nanostructures may effectively
require discrete atomistic, fine resolution
treatments. Behavior of MEMS devices
such as medical implants or chemical sen-
sors have chemical, biological and mechani-
cal property requirements at mesoscopic lev-
els, and are therefore of multi-functional
character. Analysis of failure of large struc-
tures may proceed from top-down, with ob-
servations of failure modes motivating ap-
propriate lower scale models that incorpo-
rate material heterogeneity. These notions
of multiscale and multi-functional materials
are rapidly comprising the foundations of
new interdisciplinary fields of study at the
intersection of engineering and the sciences.
One might call this developing field multi-
scale, multi-physics modeling. It cuts
across various fields of endeavor, including
applications of structural, electronic, mag-
netic and bioengineered materials, to name a
few. In fact, it is likely that solutions to
many of the most complex problems facing
humankind today-energy, environment,
sufficient food and clear water, will require
full recognition of the hierarchical and
multi-functional nature of materials to prop-
erly exploit new, novel compositions or
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combinations of materials.

Study of this field necessarily draws
from foundations in quantum mechanics,
the basic building block theory of condensed
matter. Engineers and scientists are in-
creasingly drawn together towards this unif-
ying theme. Upon this foundation rests the
domain of discrete atomistic simulations
based on empirical potentials, permitting
access to millions and even billions of at-
oms, while quantum mechanics is limited at
present to several hundred atoms. Even so,
molecular dynamics models are inadequate
to bridge the range of scales necessary to
address realistic mesoscopic scales of ar-
rangements of point and line defects in crys-
talline solids, or of distributed damage in
materials. Moreover, the long time scales
of many applications are well beyond its
reach. Hence, the classical field of continu-
um mechanics is brought in to communion
with atomistic methods to bridge these
gaps. Numerous atomistic-continuum bridg-
ing methods are emerging, with various
limitations and conditions on accuracy and
range of viable applications. Students and
practitioners interested in these approaches
must develop appropriate Jbackground both
from the bottom-up and from the top-down
perspectives, meaning that quantum theory
and classical continuum modeling are both
essential elements. This amalgam of fields
demands a departure from classical solid
mechanics curricula in engineering colleges,
as well as condensed matter physics in the
fields of physics and chemistry. To this
must be added a broad range of me-thods for
informing successively higher length and
time scale models to capture cooperative re-
sponses, typically with different degrees of
freedom, using various hierarchical and self-
consistent approaches.

I have outlined above the essence of
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this book by my colleague Professor Jing-
hong Fan. With clear articulation of the no-
tion of multiscale structure-property rela-
tions, and building upon the foundations of
quantum theory and empirical approaches of
molecular dynamics, Fan delves into the
realm of coupling these methods with
coarse-grained and continuum models to be
relevant for engineering purposes to higher
scale behaviors that make contact with de-
sign requiremerts of devices and products.
With subsequent emphasis on multiscale
modeling of 'mechanical properties, this
book provides a digestible introduction to
the complexities of this interdisciplinary
field of multiscale modeling of deformation
and failure analysis of materials, respecting
the reader’s need to critically think and ab-
sorb both information and perspective. 1

trust you will benefit from this monograph.
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