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Bond-Based Peridynamics Simulation for Tensile Large Deformation and Fracture

Behavior of Incompressible Neo-Hookean Hyperelastic Membranes

Lei Zhu Jiangtao Zhang Jiale Zheng Mei Zhang Pengcheng Zhai
(Hubei Key Laboratory of Theory and Application of Advanced Materials Mechanics, School of Physics
and Mechanics » Wuhan University of Technology, Wuhan, 430070)

Abstract This study presents a two-dimensional (2D) bond-based peridynamics (BBPD) model based
on the incompressible neo-Hookean (NH) constitutive model for simulating the tensile large deformation
and failure behavior of incompressible hyperelastic membranes. First, the force density vector and micro-
potential function of the PD bond are derived by equating the strain energy density of the 2D BBPD model
with that of the NH hyperelastic constitutive model. The model parameters are found to be related to the
ratio of principal stretches in the neighborhood of the PD bond. Then a bond-associated horizon is intro-
duced, and principal stretches are calculated based on the calculation of the deformation gradient within
this horizon. A 2D BBPD model for NH hyperelastic materials is thus established. To validate the model,
the nominal stress-stretch curves for a square hyperelastic membrane under uniaxial tension and biaxial
tension with different biaxial tension speed ratios are calculated using the proposed BBPD model, and com-
pared with theoretical curves. The deformation and load-displacement curves of a hyperelastic membrane
with a central circular hole under uniaxial and biaxial tensile loads are also calculated and compared with fi-
nite element method (FEM) predictions. Finally, the deformation and failure processes of the hyperelastic
membrane with a central circular hole under different tensile loads are calculated, and the influences of
loading conditions on the mechanical properties and failure behavior of the NH hyperelastic membrane are
analyzed based on the evolution analysis of strain energy density and damage of material points at the crack
tip. It is found that the proposed BBPD model achieves less than 10% error in calculations. The failure
load of the hyperelastic membrane with a central circular hole decreases while the failure displacement in-
creases with rising biaxial tension speed ratios. Crack bifurcation occurs in the hyperelastic membrane with
a central circular hole, with the bifurcation angle increasing alongside the biaxial tension speed ratio.

Key words peridynamics, hyperelastic constitutive, large deformation, failure, biaxial tension





