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Abstract

The aim of this work is to define and identify viscoelastic constitutive laws for thermo-
rheologically complex polymers, focusing on the open problem of the vertical shift function
(alongside the traditional horizontal shift function) in the Frequency-Temperature Super-
position (FTS) mastercurves. More precisely, we investigate the feasibility and the inter-
pretability of incorporating a vertical shift function from both theoretical and experimental
perspectives, aiming to shed light on the phenomena occurring at the micro-scale. For this
study, we have adopted polypropylene, a semi-crystalline and thermo-rheologically complex
polymer, as the base material. First, we have experimentally assessed the possibility of pro-
ducing consistent FTS mastercurves by introducing a vertical shift function using dynamic
mechanical tests carried out under various loading scenarios (tensile, shear, torsion). To sup-
port these experiments, we have complemented our analysis with calorimetry measurements
and with comparisons with available literature data. We found that such vertical shift func-
tion seems to have strong physical bases related to structural transitions of the interphase
between crystals and the amorphous phase. We then propose a simple multiaxial consti-
tutive model to represent the linear viscoelastic behavior of thermo-rheologically complex
polymers. The model is built on a generalized Maxwell framework, explicitly incorporating
both vertical and horizontal shift functions. We detail the numerical implementation process
(in both the frequency and time domains) and the parameter identification procedure (in
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the frequency domain). Model parameters are hence identified, and the model is validated
in the time domain (in creep and stress-relaxation scenarios) comparing the results with ex-
perimental data, finding a good qualitative and quantitative agreement. Finally, we provide
predictions of the material behavior at various temperatures in the frequency domain. This
work could serve as a foundation for the development of nonlinear, physics-based continuum
mechanical models for thermo-rheologically complex polymers.



