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Introduction

ADVANCES in computer technology have had a pro-
found effect on structural mechanics as well as on

various engineering, applied science, and mechanics
disciplines. In the last two decades, a new discipline now
labeled computational structural mechanics (CSM), has
emerged as a blend between structural mechanics and other
disciplines, such as computer science, numerical analysis,
and approximation theory. Development of the modern
finite-element method, which is currently the backbone of
many engineering analysis systems, marks the beginning of
CSM.

The application of CSM to contemporary problems
typically involves a sequence of steps53; namely:

1) Observation of the response phenomena of interest.
2) Development of a computational model for the numeri-

cal simulation of these phenomena. This in turn includes:
a) Identification of a mathematical model that describes

the phenomena, and testing the range of validity of this
model;

b) Development of a discrete model, computational
strategy, and numerical algorithms to approximate the
mathematical model; and

c) Development and assembly of software and/or hard-
ware to implement the computational strategy and the
numerical algorithms. Successful computational models for
structures are generally those based on a thorough familiar-
ity with the response phenomena being simulated and a good
understanding of the mathematical models available to
describe them.

3) Postprocessing and interpretation of the predictions of
the computational model.

4) Utilization of the computational model in the analysis
and design of engineering structures.

Within this general framework, CSM is being used today
in a broad range of practical applications. To date, large
structural calculations are performed that account for com-

plicated geometry, complex loading history, and material
behavior. Typical examples of structural calculations made
in aerospace, automotive, off-shore oil, and nuclear in-
dustries are shown in Figs. 1-5.

Major advances in CSM continue to take place on a broad
front. The new advances are manifested by the development
of sophisticated computational models to simulate mechan-
ical, thermal, and electromagnetic material behavior, effi-
cient discretization techniques, computational strategies and
numerical algorithms, as well as versatile and powerful soft-
ware systems for structural analysis and design. Despite all
the advances made, the detailed stress analysis and design of
complex structures is very time consuming and, therefore,
not economically feasible.

Structural and solid mechanics were the primary focus of
computational mechanics up to the 1970's. However, during
the 1970's and early 1980's, the emphasis of computational
mechanics shifted to other mechanics disciplines, particu-
larly, fluid dynamics. To date, there is a resurgence of interest
in CSM. There are a number of compelling motivations for
vigorously developing CSM. The first compelling motivation
is that a number of unsolved current practical problems awaits
experimental and/or numerical solutions. Some of these pro-
blems involve numerical simulations so large and complex that
they overtax the capacity of even present-day large computers.
Examples of these problems are the simulation of the response
of transportation vehicles to multidirectional crash impact
forces, dynamics of large flexible structures incorporating the
effects of joint nonlinearities and nonproportional damping,
and the study of thermoviscoplastic response of structural
components used in advanced propulsion systems. Moreover,
future flight vehicles (e.g., the national aerospace plane) are
likely to require more sophisticated models than has
heretofore been done, with a consequent increase in the com-
putational cost of their analysis and design. This is because of
the requirements of high performance, light weight, safety,
and economy, and the associated stringent design criteria. In
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