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Abstract  The virtual element method is an advanced numerical method for solving solid mechanics problems. In the
past ten years, the numerical method has been widely developed and applied in linear elasticity problems. This work
attempts to give a general high-order virtual element method format that can be used to calculate hyperelastic problems
and more general nonlinear problems. Different from the traditional virtual element method for solving mechanical
problems, its main idea is to solve the projection operator for the Poisson equation and use the projection operator
directly for the approximation of the displacement field, so that it can solve many nonlinear mechanical problems. Since
the projection operator of the scalar field is used to approximate the vector field, the method has a simple format and can
be easily extended to high-order formats or three-dimensional problems. This work will start from the Poisson equation
and introduce the calculation method of the elliptical projection operator in the virtual element method. On this basis, the
specific format of the virtual element method in solving hyperelastic problems will be derived in detail, and the
calculation of the tangent stiffness matrix will be given. Finally, this paper gives several typical hyperelastic numerical
examples to prove the effectiveness of the virtual element method format.
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Table 1  Algorithmic process framework

Algorithm flow framework: Novel virtual element method for solving

hyperelastic problems

1. Read mesh, define boundary conditions, set material parameters.
2. Calculate the element stiffness matrix and internal force vector:
Calculate the projection operator H/Y* based on Egs. (31) and (38);
Calculate the second P-K stress and constitutive tensor based on Egs. (14)
and (15);
Calculate coordination stiffness matrix based on Egs. (38), (50), (51), (56),
(57)and F, D;
Calculate stabilization term based on Eq. (61);
Calculate the tangent stiffness matrix K 2based on Eq. (55).
3. Use Newton iteration method to solve the displacement and output results

for each loading step.
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