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A finite deformation fractional viscoplastic model for the glass
transition behavior of amorphous polymers

Rui Xiao®*, HongGuang Sun?, Wen Chen?

4Institute of Soft Matter Mechanics, College of Mechanics and Materials, Hohai University, Nanjing, Jiangsu
210098, China.

Abstract

The stress response of amorphous polymers exhibits tremendous change during the glass transi-
tion region, from soft viscoelastic response to stiff viscoplastic response. In order to describe the
temperature-dependent and rate-dependent stress response of amorphous polymers, we extend the
one-dimensional small strain fractional Zener model to the three-dimensional finite deformation
model. The Eyring model is adopted to represent the stress-activated viscous flow. A phenomeno-
logical evolution equation of yield strength is used to describe the strain softening behaviors. We
demonstrate that the stress response predicted by the three deformation model is consistent with
that of one-dimensional model under uniaxial deformation, which confirms the validity of the ex-
tension. The model is then applied to describe the stress response of an amorphous thermoset at
various temperatures and strain rates, which shows good agreement between experiments and sim-
ulation. We further perform a parameter study to investigate the influence of the model parameters
on the stress response. The results show that a smaller fractional order results in a larger yield
strain while has little effects on the yield stress when temperature is below the glass transition
temperature. For the stress relaxation tests, a smaller fractional order leads to a slower relaxation
rate.
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1. Introduction

The thermomechanical properties of polymers show tremendous change during the glass transition
region [1, 2]. For the stress response, the polymers show rate-independent hyperelastic behavior
when the temperature is well above the glass transition temperature (7y). In the glass transition
region, the polymers exhibit rate-dependent viscoelastic response [2]. When approaching the onset
temperature of the glass transition, a transition from viscoelastic to viscoplatic behaviors occurs,
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