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The enriched finite element method for 3-D
fracture problems in viscoelastic materials

DUAN Jingbo, LEI Yongjun
(College of Aerospace and Materials Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract: The enriched finite element method was developed for three-dimensional fracture problems in a linear viscoelastic body. To manifest
the singularity at the crack tip, the 8-node hexahedral enriched elements and corresponding transition elements were employed, combined with
ordinary elements on the zone far away from the crack tip. Three types of elements were used together to form the whole mesh. Based on the
boltzmann superposition principle, the incremental constitutive relation for viscoelastic materials was formulated. Furthermore, the incremental
formulations of the enriched FEM were derived. The strain energy release rate in a cracked viscoelastic body was obtained through the enriched
degree of freedoms. The numerical results show that the present method is accurate and efficient.
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Fig. 1 The crack element on the
three-dimensional crack front
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Fig.2 The three-parameter linear viscoelastic solid
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Fig.4 The finite element model for the edge cracked plate
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Fig.5 The accuracy comparison for crack opening

displacement with different Gauss quadrature points
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Tab.1 The crack opening displacement for the edge cracked plate (r/a =0.15)

A% Y1) fiEe AT it AL fif W R Wz

20 1.6248 1.5750 4.98% 1.5612 3.91%

—— 40 1.8563 1.8289 1.48% 1.8129 2.34%

. 80 1.9728 1.9572 0.79% 1.9402 1.65%
(BT, 0.01a)

120 1.9885 1.9747 0.69% 1.9575 1.56%

190 1.9909 1.9766 0.91% 1.9594 1.58%

20 1.6248 1.5410 5.16% 1.4711 9.46%

S 40 1.8563 1.7894 3.60% 1.7083 7.97%

o 80 1.9728 1.9150 2.93% 1.8282 7.33%

(HICLK 0. 0250) 120 1.9885 1.9321 2.84% 1.8445 7.24%

190 1.9909 1.9340 2.86% 1.8463 7.26%

20 1.6248 1.5008 7.63% 1.3612 16.22%

g = 40 1.8563 1.7428 6.11% 1.5806 14.85%

80 1.9728 1.8651 5.46% 1.6915 14.26%

(¥ K 0.05a) 120 1.9885 1.8817 5.37% 1.7067 14.17%

190 1.9909 1.8836 5.39% 1.7083 14.19%
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Tab.2 The accuracy comparison for crack opening displacement and strain energy release rate
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CES L CEi L
20 1.5157 1.5410 1.6248 7.5292 8.7138 9.3067
40 1.7601 1.7894 1.8563 8.7166 10. 1178 10. 6328
80 1.8836 1.9150 1.9728 9.3208 10. 8308 11.3000
120 1.9005 1.9321 1.9885 9.4034 10. 9282 11.3903
190 1.9023 1.9340 1.9909 9.4093 10.9351 11.4040
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Fig.7 The local mesh for crack tip
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