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Stress Intensity Factor Analysis of Elliptical Arc Through Cracks. at
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- Development of Weight Function Method - ‘
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Abstract

It has been reported that cracks at méchanical fastener holes usually nucleate as elliptical corner:
cracks at the faying surface of the mechanical joints and grow as elliptical arc through cracks after..
penetrating the opposite surface. The weight function method is an efficient technique to calculate the. |
stress intensity factors for elliptical cracks using uncracked stress field. In this study the wc;—:igl‘lti :
finction method for three dimensional mixed-mode problem applied to elliptical corner cracks' is
modified for elliptical arc through cracks and the stress intensity factors at two surface points of
elliptical arc through cracks at mechanical fastener holes are analyzed by the weight function method. .
This study consists of two parts and in part I, the weight function method for elliptical arc through. |
cracks is developed and verified. ‘ P
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Fig. 7 Finite element mesh for an uncracked plate

with a mechanical joint
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Fig. 9 Finite element mesh for symmetric elliptical
arc through cracks at a fastener hole
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Table 1 Reference stress intensity factors at t1p A
of, elhptlcal arc through cracks

ale; 1 12 15 18,
Fiona 1.205 09963 | 08660 & |
F%, | 04160 0.3436 02996 |
Fh, 2.42E3 221E3 47485 |
Fiehs | 551E4 | 423E5 6.99E-4
F&, | 1993E4 235E3 22563 |
Fi%, | 13884 6.17E-4 2.4TE-4
Figh, | 1363 1133 | 09832 °
Fi, | 05463 04544 | 03946 '
F, | -L19E3 | -448E5 | 65285
Fat.e -3.75E-5 -2.89B-5 2.99E-5
FE& | 04162 -0.3553 03116,
Fuh. -0.2011 0.1757 -0.1568

Table 2 Reference stress intensity factors at tip B
of elliptical arc through cracks : ‘

ale, | 12 1.5 18
Fla, | 1382 1265 1.061 '
Fiths 0.9749 07808 | 06563
Fity, | 67553 3.57E-5 S36E-3
Fi, 547E-3 1.95E-5 127E-5" |
Fil; 236E-4 | 661E-3 | 494E:S
F&, | 498E3 6.35E-5 144E.3
Fitha 1.31E-3 21983 | 781E:5
F, 1.52E-3 3.70E-4 5.30E:5
Fég. | a8 3288 | 2412
Fiiha 3.167 2.155 1584
Fo | 2304 -1.715 1336
Fiths -1.461 -1.092 -0.8550
P& | 108E3 | 2.03B3 | -6.09E-S
Fis 33E-3 | 7.83E-4 | -3.62E-S
F L 02770 0.3176 0.3510
Fi, 0.2576 0.1178 0.1864 : |
Fis | 2101 -1.742 -1.458
Fé, | 1248 | 09983 -0.8418
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KH(B) f {Ri1(x, ) Te () + hah 1 (%, €Ty (x)}dx+f (R 208, €)Te(2) + hih o(x, )T ()} di (36)

Kun= [ (hiig (e, e+ it (. ) () et f (R 2(x, €) 20 (2) + hnchy o(x, )T ()} dv (37)

Table 3 Stress intensity factors for elliptical arc through cracks at mechanical fastener holes by weight

function method and finite element method

alt=1.2, afc=1.5 a/t=1.5, a/c,;=0.9
Position Mode clearance=1% clearance=5% clearance=1% clearance=5%
‘ WEM FEM WFM FEM WFM , FEM WFM FEM
Fia 2.266 2.196 2.291 2.228 2.309 2.262 2.343 2.300
Tip A Fr 0.3704 0.3743 0.4231 0.4251 0.4113 0.3904 0.5193 0.5049
Fya -0.1145 | -0.1185 | -0.1291 | -0.1314 | -0.1226 | -0.1222 | -0.1540 | -0.1559
‘ Fip 3.705 3.643 3.712 3.656 3.423 3.457 3.476 3.511
Tip B Fuw 0.3419 0.3509 0.3727 0.3868 0.4932 0.4701 0.6043 0.6019
Fup -0.3535 -0.3193 -0.3863 -0.3535 -0.4096 -0.4022 -0.5255 -0.5139
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