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Abstract
Membranes are becoming increasingly important and widely used in diverse fields including deployable and
lightweight structures, environmental protection and purification systems, and energy conversion and storage
devices. Understanding the mechanics of membranes that exhibit time and temperature dependent behavior is
critical to ensure long-term reliability in applications. However, the nonlinear viscoelasticity of polymers coupled
with the small thickness of membranes pose challenges in characterization and modeling. In this talk, I will describe
a hybrid method (experimental + computational) to develop nonlinear orthotropic viscoelastic models for the linear
low density polyethylene (LLDPE) membranes used in the NASA Superpressure Balloon. I will first show that the
master curves of creep compliance obtained from creep tests and oscillation tests for linear viscoelastic
characterization are not equivalent due to the semi-crystalline nature of LLDPE and one has to be careful to choose
between the two approaches. A nonlinear viscoelastic membrane model based on the free volume theory is
developed while it couples the through-plane strain to the in-plane deformation of the membrane, and in practice the
through-plane material properties are difficult to measure. I will present a two-step computational scheme
combining an evolutionary algorithm and a simplex optimization to extract material parameters through inverse
analysis of experimental results. The validity of the model is then demonstrated on tests at a wide range of
temperatures and strain rates. Finally, I will discuss several possible avenues of future research.
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