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happenings in one part of the globe have significant impact
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undergoing continual innovations aimed at reducing time
and cost of the development and delivery, while improving
the reliability and quality of products. Two of the contribut-
ing factors in this connection are (1) the development of
realistic mathematical models and powerful computational
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methods, and (2) the availability of cheaper and powerful
computing environments.

The Third Pillar

Advances in science, engineering, and technology have
rested historically on two pillars: mathematical models and
physical experiments. With the advent of high performance
computing and visualization, physics-based numerical simu-
lation, known as computational mechanics'?, has emerged
as a third pillar. This encompasses mathematical and statis-
tical modeling, data assimilation, numerical simulation and
visualization, uncertainty quantification, and numerical
experimentation with alternative design parameters.

Computational mechanics research includes (1) mathe-
matical model development, (2) numerical solution methods
such as the finite element method*®%, and (3) numerical sim-
ulations and visualization using a suitable computing envi-
ronment. Many of the mathematical models of physical phe-
nomena are based on fundamental scientific laws of
physics” and observations that are extracted from centuries
of research on the behavior of mechanical and biological
systems. This subject is referred to simply as mechanics - a
phrase that encompasses broad fields of science and engi-
neering concerned with the behavior of fluids, solids, and
complex materials. All mechanics models are characterized
mathematically by very complex expressions, many of
which, until the advent of electronic computation, stood out-
side the reach of the science and engineering communities.
Over the last four decades, however, scientific computing
has made it possible to solve many problems of engineering
and science, dramatically expanding the capabilities for
physics-based mathematical modeling and simulations.

Role of Computational Mechanics

All scientific or technological problems with potentially
immense societal impact require multidisciplinary solutions,
and they rely on advances in computational mechanics.
Major established industries such as the automobile, aero-
space, chemical, pharmaceutical, petroleum, electronics and
communications, biotechnology, and environmental science,
rely on computational mechanics-based capabilities to simu-
late and model complex systems for the analysis, simulation,
design, and manufacture of high-technology products and
systems. Computational mechanics is playing an increas-
ingly significant role in all sectors of World’s economy,
including manufacturing, service, agriculture, government,
national security, and defense.

Impact of Computational Mechanics

In many areas of science, engineering, and technology, the
impact of computational mechanics has been revolutionary,
driving a paradigm shift in how progress is achieved. Virtual
prototyping has nearly supplanted physical prototyping in
many manufacturing industries; molecular modeling and

simulation is increasingly replacing physical trial and error
in drug design, virtual surgeries and patient-specific diag-
nostics, medication, and prosthetics are no longer beyond
the reach of clinical practice; progress in materials design,
informatics, medical imaging and sensing, genetic/biomed-
ical engineering, nondestructive testing and evaluation,
improved climate modeling, and assessments of the impact
of global warming — all rely advances made in mathemati-
cal modeling, computational approaches, and scientific com-
puting.

Future of Computational Mechanics

The use of computational mechanics in contemporary
aerospace and biotechnology industries is essential in the
design and control of space stations and space vehicles.
Detailed computer simulations play a crucial role in the
behavior assessment of these space structures in orbit.
Similar types of computer simulations are under way to
study the design and performance issues in orbital mechan-
ics and submarine technology. For instance, advances have
been made in computer simulations of the mechanics of
nuclear and non-nuclear explosions, and the impact of pro-
jectiles (e.g., birds and meteors) on targets. It is possible
that computer modeling can displace the expensive testing
of such events. Similarly, most diseases (such as heart dis-
ease, cancer, stroke, and respiratory diseases) and their
treatments, whether surgical or pharmacologic, involve com-
plex physical responses and interactions between biological
systems, from the molecular to organism scales. Simulation
methods can therefore dramatically increase our under-
standing of these diseases and treatments, and furthermore,
improve treatment. Computational science has already made
significant inroads in many biomedical domains, most
notably genomics and proteomics. A current challenge is the
application of computational mechanics tools to clinical
medicine and to the study of biological systems at the cellu-
lar, tissue, and organ scales.

Computational mechanics is increasingly important in
simulating both large- and small-scale phenomena. For
example, the dispersion of contaminants in the atmosphere,
food, agricultural products, and oceans and estuaries is gov-
erned by physical processes that can be modeled.
Computational mechanics can play a fundamental role in
developing the mechanisms to control, contain, and abate
environmental pollution. Computational mechanics is also
being applied to fossil energy recovery and conversion as
well as for energy generation and storage. Computer simu-
lations of oil and gas fields and implementation of advanced
oil recovery methods could help increase current oil sup-
plies. Simulation of chemical processes, fluidized beds,
energy structure behaviors, and related technologies could
significantly enhance energy conservation efficiencies.
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Computational Mechanics in Education and Research

There is a growing use of computational mechanics tech-
niques as a fundamental research tool. This ranges from the
use of computer modeling for the design of physical experi-
ments and design of new materials to the materials perform-
ance response to stress, damage, and deformation under
various loading conditions. Events that occur on sub-
microsecond time scales are difficult to study in depth in a
laboratory but can be modeled computationally and studied
on whatever time scale the investigator chooses.

The acceptance of computational tool as an alternative to
experimentation leads to the need for a class of graduates
with broad cross-disciplinary background, with a major
emphasis on modeling of physical phenomena. Thus, the
mechanical engineering students should be proficient in
numerical methods and the practical use of advanced com-
puter architectures, in addition to the proficiency in one or
more subject areas such as heat transfer, fluid mechanics,
and solid mechanics. Such proficiency is gained, in part,
through courses that are specially designed to reduce the
usual barriers to interdisciplinary work.

A Message to the CMD Members

The availability and application of powerful numerical
methods and high-performance computing to increase pro-
ductivity and improve quality are considered to be the
greatest economic benefits to the society and they are
important for maintaining a country’s competitiveness in
science and engineering. Graduate education and research
must be re-directed so that speed and the pace of innovation
and significant gains in productivity and competitiveness
are realized.

There is a need for fundamental interdisciplinary research
and graduate education in mechanical engineering science.
The purpose is to foster interdisciplinary, simulation-based
research among all fields of mechanical engineering science
and to prepare mechanical engineers to work effectively in
such an environment. Students should become proficient in
mathematical modeling, experimental techniques, and
numerical simulations of interdisciplinary problems involv-
ing multi-physics and multi-scale phenomena. Passion and
dedication are the necessary elements to make significant
contribution their fields.

Areas requiring attention include: (1) the development of
refined mathematical models of physical, chemical, biologi-
cal, geological, and geophysical phenomena; (2) develop-
ment of efficient, robust, and accurate computational
approaches that are free of ad-hoc hypothesis; and (3)
research and education in advanced material systems
(including multifunctional materials and systems), bioengi-
neering and medical technology, pattern recognition and
sensing, and energy and environment, to name a few.
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JEAH (US $160.00) (ISBN:978-1-119-95185-8)
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