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Abstract

Constitutive models of elastoplasticity may be em-
ployed to describe more macroscopic phenomena
than people thought. In addition to elastoplasticity,
they include cyclic plasticity, hysteresis, friction,
plastic hinge, etc. These phenomena appear not only
in materials, but also in members, interfaces, devices,
and even in a whole engineering structure. In other
words they appear in a variety of solid state systems.

This three-year project was proposed to study
elastoplastic models from a dynamical-system-
theoretic point of view, focusing on the issues of
symmetry groups, modeling and model hierarchy,
model identification and parameter estimation, and
experimental observation.

In the third year we have, in the symmetry groups

aspect, expanded from the Lorentz and Poincare
groups acting on Minkowski spacetime to conformal
group, obtaing its group representations in pseudo-
Euclidean space and relating its Lie algebra to the
strain input. In the medeling and model hierarchy
aspect, we have postulated a comprehensive model
with yield thick-surface to circumvent the problems
of back stress oscillation and over-square elastic-
plastic transition. In the model identification and
parameter estimation aspect we have developed a sys-
tematic procedure for experimental design, data
processing and parameter estimation for models of the
integral-equation type with exponential and power
function kernels.

In the experimental observation aspect we have
found that annealed Aluminum alloys 7075 and 6061
in uniaxial tension-compression cyclic stress-con-
trolled tests exhibited ratchetting even with zero mean
stress and equal amplitudes at room temperature and
that the ratchetting was all in the direction of elon-
gation no mather the cyclic tests began in tension or in
compression. The initail few cycles were dominated by
cyclic hardening, and once the effect of cyclic hard-
ening saturated, ratchetting manifest itself. Careful
comparisons of the stress-strain loops after saturation
showed that there were clear evidences of tension-
compression asymmetry of strain hardening, namely
strain accumulation in the tensile half-cycle of each
cycle being larger than that in the compressive half-
cycle of the cycle, and hence ratchetting tended to
elongate (even with zero mean stress). The observa-
tion was further confirmed by true stress-controlled
tests.

Keywords: elastoplasticity, constitutive law,

cyclic plasticity, Minkowski spacetime,
pseudo-Euclidean space, Poincare group, conformal
group, yield thick-surface, model identification,
parameter estimation, power law, experimental design,
cyclic hardening, Al 7075.
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