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ABSTRACT
In this work we show that the structural engineering models are very helpful in
constructing an accessible basis to experts in different domains of engineering
science in order to build best microscale representation (as replacement of atomistic
models) in multi-scale models for various multi-physics phenomena. That was the
first motivation for this work. The second motivation comes from the intent to
preserve the knowledge accumulated by long-term efforts of experts in structural
mechanics (with many of them retired, or gone), and provide a priori selection of
reduced model by means of corresponding kinematic hypotheses and constraints
that reduce the cost compared to solid or continuum mechanics approach (e.g. see
[1, 2]). Such an approach is opposite of the currently active research on constructing
such reduced model in a posteriori fashion, by using the statistical approach of data
processing to provide the reduced model in terms of Proper Orthogonal
Decomposition (POD) or Proper Generalized Decomposition (PGD), which seems to
reduce the model construction skills to the application of artificial intelligence
algorithms. I firmly believe that the knowledge of alternative methods with natural
intelligence of engineers should also be brought to bear upon any completely
successful solution to complex engineering problems, and that either approach
should be tried in seeking such optimal results. In fact, I would like to illustrate with
this work perhaps the best possible manner to combine the expertise in structural
engineering with artificial intelligence skills. Namely, for models construction in terms
of the best choice of hypotheses for given goal, one should have the expertise in
structural engineering, and for models selection in terms of validation and
verification, one should also include the adequate stochastic tools with statistical
methods and probability.
The illustrations of these ideas come from current applications in multiscale modeling
and probability computations. We provide only a brief presentation of the useful
synergy between the nonlinear mechanics and stochastic that can be used not only
to build the model of interest for dealing with real-life heterogeneous structures, but
also to develop solution procedures that reach way beyond traditional engineering
tools. More details can be found in our recent works [3,4,5,6] and forth-coming book
[7].
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