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Strain Energy Release Rate Analysis of Modified ENF Specimen
Using the Finite Element Method

Jae-Yeul Shim* and Chang-Sun Hong®

ABSTRACT

Finite element analysis of modified ENF specimen with various thickness ratios was performed
using 8 - node isoparametric elements to evaluate mode 1 and mode II strain energy release
rates. Virtual crack closure method and displacement extrapolation method were employed to
calculate the strain energy release rates in the finite element analysis. Isotropic material and
graphite/epoxy laminate for the modified ENF specimen were considered in this analysis, From

the present results, it was found that mode decomposition based on beam theory was not valid.
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Table 1. Material Properties Used in the Pre-

sent Analysis

Isotropic Transversely isotropic
(Al-alloy 2024) (Graphite/epoxy)
E  73(GPa) | E 135(GPa)
v 0.3 Ey, Ez 11.0(GPa)
G2, Gys 4.82(GPa)
Y12, P13 0.31
V23 0.52
2-3. #3t8 4 w4
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Table 2-a. Convergence with Mesh Refinement of MENF Specimen(lsotropic)

. No. of i Gt /Gt Gt /PA(x10%) (G, /Gptes)

: Elem. /Nod. s B VCC [Nm]™" EP VCC bt
0.3 720/2345  0.09 0.91 0.95 116 59.5 62.0 95.3
1303/4142  0.02 0.95 0.96 61.9  62.1
0.5 780/2537  0.08 0.94  0.97 22.6 56.8 58.7 57.2
1325/4228  0.02 0.97 0.97 58.5  58.7
0.7 810/2635  0.08 0.96 0.97 6.18 51.8  52.7 11.2
1331/4226  0.02 0.97 0.97 52.4 52.6

Table 2-b. Convergence with Mesh Refinement of MENF Specimen(Graphite/epoxy)

. No. of - Gy /G2t G+ /PH(x10%) (G, /Gptetn)
Elem. /Nod. s EP Yol [Nm]™’ EP vee b.t.

0.3 720/2345 0.09 110  1.12 62.8 64.0 64.2 95.3
1303/4142 0.02  1.12  1.13 64.5 64.4

0.5 780/2537 0.08 1.16  1.19 12.3 61.0 60.9 57.5
1325/4228 0.02  1.18  1.19 61.0 60.8

0.7 810/2635 0.08 1.16 1.19 3.37 54.5 54.0 12.2
1331/4226 0.02 1.19 1.19 54.1 53.8

b.t. ! beam theory EP @ extrapolation f.e. - FEM VCC : virtual crack closure
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