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Time-Dependent Poisson’s Ratio Modeling of Biological Materials in Stress
Relaxation Using the Viscoelastic Nanoindentation

Abstract — The most of biological and food materials have a viscoelastic time-dependent
constitutive behavior, thus the exact identification of their viscoelastic properties is one of the
main objects in biological engineering. Therefore, Poisson’s ratios for viscoelastic solids
generally are a time dependent (in time domain) or a complex frequency dependent (in
frequency domain) quantity. In particular, three-dimensional stress fields depend on Poisson’s
ratios. In a viscoelastic material, a time-dependent Poisson’s ratio will be associated with
time-dependent stress and deformation, thus stress concentration factors and interfacial
stresses will depend on time and frequency. In this study, we present the analytical and
experimental methods to measure the relaxation properties of biological tissues directly using
nanoindentation under a constant-rate displacement loading history. The main aim of this
work is to develop a mathematical approach capable of determining time-dependent Poisson’s
ratio of biological materials in stress relaxation. A generalized Wiechert model has been used
to describe the rheological constitutive equations of biological materials. The relaxation
Poisson’s ratios of two different biological materials have been evaluated and determined by
this novel technique and analytical approaches.

Keywords — rheological properties, stress relaxation, Poisson’s ratio, viscoelastic materials,
nanoindentation



