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Abstract: The volumetric locking of the conventional finite element method (FEM) was investigated through
the nearly incompressible elasto-plastic analysis, and the extra-DOF-free reinforcement function was introduced
in the framework of the generalized finite element method (GFEM) for improvement of this problem. Through
the introduction of the reinforcement function, a richer approximation space was obtained for the interpolation
function, of which the ability of correctly reflecting structural deformations was promoted under the approxi-
mate volumetric invariance constraint. Furthermore, the construction of the reinforcement function is independ-
ent of the extra degrees of freedom, which eliminates the linear dependency in the traditional GFEM. Different
triggering conditions and manifestations of volumetric locking of the conventional FEM were found in linear e-
lastic, hyperelastic, and plastic analyses. Three classical numerical examples show that, the extra-DOF-free

GFEM can effectively alleviate the volumetric locking in all analyses, and obtain accurate and reasonable re-
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sults.
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Fig. 2 Displacement fields and deformations obtained with the GFEM for constant,

quadratic and cubic bases in the Cook membrane exmaple
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Fig. 3 Convergence results of the GFEM for constant, quadratic and

cubic bases in the Cook membrane example
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Fig. 6 Displacement fields and deformations obtained in the necking bar example
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Fig. 7 Comparison between experimental data and numerical results in the necking circular bar example
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