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Finite Element Analysis for the Prediction of Fatigue Crack Opening Behavior
Using Cyclic Crack Tip Opening Displacement

Hyeon Chang Choi

Key Words :  Fatigue Crack Growth(¥]2 ¢¥ ZI3), Finite Element Analysis(fr&24H),
Prediction of Crack Opening(Z &€ €% 9| %), Cyclic Crack Tip Opening Displacement
(FZ0) #4d Ag 473 W9, Reversed Plastic Zone Size(H E0] 243 % 7))

Abstract

The relationship between fatigue crack growth behavior and cyclic crack tip opening displacement is
studied. An elastic-plastic finite element analysis (FEA) is performed to examine the growth behavior of
fatigue crack, where the contact elements are used in the mesh of the crack tip area. We investigate the
relationship between the reversed plastic zone size and the changes of the cyclic crack tip opening
displacement along the crack growth. We investigate the effect of the element size when predict fatigue crack
opening behavior using the cyclic crack tip opening displacement obtained from FEA. The cyclic crack tip
opening displacement is related to fatigue crack opening behavior.
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Table 1 The results of the stress intensity factor range
ratio for the stress ratios and the sizes of
element on crack tip region for steel

Steel. R=0 R=0.1 R=0.3 =-0.5 R=-1

5 pum 0.661 0.730 0.841 0.494 0.419
10 pm 0.658 0.710 0.838 0.503 0.384
20 pm 0.660 0.717 0.839 0.488 0.400
30 um 0.656 0.714 0.831 0.491 0.403
40 pm 0.657 0.712 0.838 0.485 0.396
50 ym 0.652 0.701 0.849 0.476 0.391
60 pm 0.653 0.717 0.871 0.463 0.392

Exp. 0.667 0714 0.833 0.500 0.400

Table 2 The tolerance percentage (%) between the
experiment and CTOD results for steel

Steel. R=0 R=0.1 R=0.3 R=-0.5 =-1  Ave.

5 pm 0.55 1.57 0.81 0.63 1.88 1.09
10 pm 0.85 0.44 0.43 0.33 1.63 0.74
20 pm 0.68 0.30 0.58 1.19 0.04 0.56
30 pm 1.04 0.02 0.24 0.90 0.26 0.49
40 pm 0.96 022 045 147 0.38 0.70

50 um 145 1.27 1.62 2.40 0.92 1.53
60 pm 1.32 0.27 3.74 3.68 0.78 1.96
Ave. 0.98 0.58 112 1.51 0.84 1.01

Table 3 The results of the stress intensity factor range
ratio for the stress ratios and the sizes of
element on crack tip region for aluminum

Al R=0 R=0.1 R=0.3 R=-0.5 =-

5um 0.672 0.730 0.859 0.498 0.393
10 pm 0.666 0.726 0.847 0.509 0.399
20 um 0.664 0.721 0.844 0.492 0.408
30 pm 0.659 0.715 0.824 0.480 0.395
40 um 0.669 0.712 0.839 0.480 0.390
50 um 0.672 0.736 0.895 0.542 0.433
60 pm 0.689 0.757 0.925 0.495 0.404

Exp. 0.667 0.714 0.833 0.500 0.400

Table 4 The tolerance percentage (%) between the
experiment and CTOD results for aluminum

AL R=0 R=0.1 R=0.3 R=-0.5 R=-1 Ave.
5 pum 0.55 1.59 2.59 0.16 0.70 1.12°
10 pm 0.03 1.17 135 0.86 0.06 0.69

20 um 0.24 0.69 1.06 0.85 0.82 0.73
30 um 0.77 0.12 0.95 2.00 0.50 0.87
40 um 0.21 0.19 0.62 2.00 1.00 0.80
50 ym 0.52 223 6.18 422 329 3.29
60 pm 2.29 4.28 9.12 0.54 0.36 3.32

Ave. 0.66 1.47 3.12 1.52 0.96 1.55
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