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Abstract

Deformation behavior of amorphous solid (glassy) polymers under isothermal condi-
tions is investigated. Due to the excellent combination of strength and toughness
under cyclic and impact loadings, glassy polymers are widely applied e.g. in engineer-
ing components of vehicular and aeronautic systems. The research concerns all the
elements including experimentation, modeling, and simulation testing. To investigate
the deformation behavior properly, a large test program comprising tension and torsion
tests under both monotonic and cyclic loadings was conducted. The test set up includ-
ing manufacturing of test specimens and their mold as well as the experimentation per
se are introduced. The effects of rate dependence are revealed through displacement
controlled tests, whereas the effects of mean stress, stress amplitude, and cyclic loading
history on cyclic hardening (ratcheting) are investigated under load controlled tests.
Present state of modeling glassy polymers is revealed by reviewing state-of-the-art mod-
els. Most of the existing models are based on a purely elastic or hyperelastic initial
response when they are incapable to predict neither the shape of cyclic stress-strain
hysteresis loops nor ratcheting correctly. Moreover, state-of-the-art models that are ca-
pable under cyclic loadings suffer from a large number of material parameters needed to
be defined. Based on the compact viscoelastic-viscoplastic constitutive model proposed
by Barriere etal 2019 deformation behavior of a solid polycarbonate polymer is inves-
tigated and simulated. The model is based on the distinguished Haward and Thackray
(1968) -model for glassy polymers, which model is augmented by a few thermody-
namically motivated internal state variables making possible to predict the missing
viscous and multidimensional deformation behavior. Comparison of the model predic-
tions with the experimental results and state-of-the-art model results reveals that the
model is able to predict the deformation behavior under different loading conditions
well. Due to the compactness, the model is also easy to implement in a finite-element
program for simulation testing.

1


