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General weight functions for corner quarter-elliptical crack

in three-dimensional rectangular plate
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2. State Key Laboratory of Mechanics and Control of Mechanical Structures,
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Abstract: General weight functions of the corner quarter-elliptical crack in three-dimen-
sional rectangular plate were studied. Uniform, higher-precision and relatively wider-appli-
cation-range approximate expressions of reference stress intensity factors were obtained, by
using the reference finite element data of the stress intensity factor when the crack surface
was subjected to in-plane uniform, linear and secondary power law distribution loading along
the plate width. On this basis, the general weight functions of the corner quarter-elliptical
crack in three-dimensional rectangular plate were obtained, the accuracy of the general
weight functions was validated by finite element method finally when the crack surface was
subjected to in-plane 3, 5, 7 times power law distribution loading. The results show that
the accuracy of established general weight functions is raised from 4% (point A) and 6%
(point B) to 1.06% (point A) and 1.6% (point B) compared with the existing general

weight functions. The accuracy of complementary validation of stress intensity factors
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calculated by general weight function method under seven times power law distribution load-

ing reaches 3.67% (point A) and 7.45% (point B).

Key words:

three-dimensional rectangular plate; corner quarter-elliptical crack;

stress intensity factor; general weight function; finite element method
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three-dimensional rectangular plate
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Table 1 Reference loadings and reference stress

intensity factors
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Table 2 Coefficients of geometric correction factor under uniform reference loading at A point

FM

b WA R B

B R A Ay A A, A; Aq A

b —3.70486 6.92948 1. 59509 —5.07196 —0.28358 1. 49540 0.01971
b 32.72934 —49.86168  —11.06000 38. 04765 2.00904 —11. 49270 —0.14111
b3 —49. 27200 75.00848 17.22575 —57.12279 —2.99541 17.18707 0.21089
Pa 36. 77629 —12.54820 —56. 69790 2.18824 46. 28849 —0.15290 —14. 77150
bs —66. 106 90 22.57152 104. 25510 —3.94227  —83.93090 0.27558 26. 75471
s 332.60290  —113.36100 —524.61700  19.72372 422.70330 —1.36960  —134.54500
b7 —909. 52000 309. 16560 1435.23800 —53.52050 —1157.09000 3. 68667 368. 80960
bs 1424.51500 —482. 78700 —2250.27000 83. 14964 1818. 71800 —5.68369 —579.79000
Do —1189. 17000 401.99190 1880. 18900 —68.93080 —1524.73000 4.68168 486. 71180
P10 411.22300  —138.78000 —650.36500  23.72224 529. 86820 —1.60388  —169.44500
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Table 3 Coefficients of geometric correction factor under linear power law distribution reference loading at A point

F g4l b LS REL

FEEN A, A, As A, As A, A
h —2.88379 5. 44783 1. 29867 —3.99336 —0.23011 1. 18536 0.01594
P 26.41956  —40.069100  —9.06491 30. 55334 1. 64473 —9.234070 —0.11500
by —39. 609 30 60. 00566 13.98211 —45.64060  —2.44086 13.73593 0.17130
Pa 29. 48249 —10.03410 —45. 50580 1.74778 37.23821 —0.12206 —11. 88320
bs —59. 48240 20. 26919 93.99256 —3.53317 —75.79250 0. 24654 24.20110
s 300. 52230 —102. 15100 —475.34600 17.72766 383.88610 —1.22822 —122.50600
pr —823.60800  279.02660  1304.52300  —48.15740 —1055.20000  3.30886 337. 25440
s 1286.44800 —434.32700 —2041.20000  74.55438 1656.08000  —5.08233  —529.67800
P —1068. 94000 359. 81680 1698. 67400 —61.47740 —1383.29000 4.16340 443.10350
Pro 367.38310 —123.405000 —584.35900 21.01247 478.11740 —1.416 25 —153. 40500
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Table 4 Coefficients of geometric correction factor under binomial power law distribution reference loading at A point

F& 4

by BIHUE R B

EEYi A A, A; A, A; As A

P —2.32839 4.45653 1. 09101 —3.25249 —0.19219 0. 96585 0.01326
Do 22.41246 —33.90260 —7.74597 25.82991 1.40255 —7.80479 —0.09777
bs —33. 39530 50. 45973 11. 83737 —38. 34470 —2.06762 11. 53759 0.14472
b1 24. 37605 —8. 28115 —37.62850 1.44137 30. 86897 —0. 10064 —9.85344
ps —55. 02380 18. 72278 87.064 37 —3.25870 —70. 27570 0. 22706 22.46090
Ds 279.04120 —94. 66970 —442. 18700 16. 39819 357.58220 —1.13414 —114. 27000
b7 —765.75000 258. 84000 1215. 74800 —44. 57740 —985. 14400 3.05713 315. 30810
bs 1193.36300  —401.89300 —1898.67000 68. 82859 1543. 44200 —4.68291 —494. 44200
Do —987. 76600 331. 59730 1574. 46200 —56.52020 —1284.67000 3. 82009 412. 16350
Pro 337.78140 —113.13300 —539.08500 19. 21515 441. 883 30 —1.29243 —141. 97300
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Table 5 Coefficients of geometric correction factor under uniform reference loading at B point

FP (4 pi MIELE R

"R G C, G Ci G Gs C
b1 0.31068 0.58323 3.62167 —12.66426 18. 66918 —13.15840 3.61822
P —1.06858 24.49666  —119.40250  285.48199  —365.77980  239.72662  —63.08000
Py 3.07453 —41.41069  241.29119  —655.26720  908.93933  —626.84940  170.67312
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gk

FP 4l pi MBLE REL

BERE G G G G G Co G
D 0.78226 16.16767  —161.97800  511.56515  —756.29160  538.96251  —149. 56280
bs 55. 79085 —18.83050  —86.95790 3.26039 70. 67271 —0.22626 —22.63170
D5 —11. 72590 3.34203 21.13818 —0.45356  —18.71490 0.02158 6.38938
b 82. 29455 —23.80920  —146. 78600 3.31139 128. 87840 —0.16535 —43. 68440
ps —294.20400  87.10692 516.15630  —12.56650 —445.85700 0. 67137 150. 58310
o 583.69780  —177.61100 —1005.07000  26. 70833 858. 756 50 —1.52932  —287.39400
po —564.16200  174.87720 958.80350  —27.00810  —812.20100 1. 61096 270. 108 20
an 211.27420 —66.37310  —355.51900  10.44153 298. 846 60 —0.63961 —98. 81540

xo6 ZUELHSEHET BREJILMEERFHEERH

Table 6 Coefficients of geometric correction factor under linear power law distribution reference loading at B point

FP 14l i MBLE REL

G RE G (0 G o G G o
P 0. 05576 —0. 75746 5.53065 —13. 32890 16. 82301 —10. 90580 2. 85539
P —0.72131 15. 26900 —72.67000  171.38820  —218.32100  143.02780 —37. 74500
s 1. 66446 —24.21800  144.59720  —395.16800  550.70480  —381.99500  104.71860
P 0.78613 8. 38345 —96.67710  312.32120  —466.49600  335.21010 —93. 77390
Ps 32.01268 —10.83980  —50.11590 1.87841 40.43010 —0.13035 —12. 92530
s 5. 34404 —2.18485 —7.02667 0. 45474 4. 74838 —0.03773 —1.30101
pr —25. 40350 10. 89678 31. 47994 —2.35557  —19.90140 0. 20140 5.11387
s 67.92451 —29.83860  —81.93110 6.57278 51. 60378 —0.57040 —12.59260
Do —85. 17500 39.51819 95. 08829 —9.05372  —54.05540 0.80911 11. 35857
Pio 57. 84289 —28.03030  —60. 36390 6.61533 31.20138 —0. 60414 —5.40349
P —17.01120 8.41771 17. 24785 —2.01747 —8.79134 0. 18648 1. 47590
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Table 7 Coefficients of geometric correction factor under binomial power law distribution

reference loading at B point

FP 4l b MG R

B R G G G G G G o
P 0. 04533 —0.64673 3.84603 —8.71407 10. 64441 —6.77304 1. 75402
po —0.55183 11.12397 —52.12390  121.67870  —154.03000  100.56090 —26. 49450
s 1.18185 —17.62750  104.70450  —283.97000  393.56980  —272.07300  74.44120
b 0.61910 6.07429 —70.45730  226.34970  —336.56500  241.12170 —67.32630
Ps 17. 004 25 —5.74774  —26.61660 0. 99449 21. 49092 —0.06890 —6.88103
bs 5.09228 —2.01042 —6.98510 0. 40672 4. 94850 —0.03295 —1.42156
pr —25.92010 10. 499 26 34.58441 —2.17233  —23.87400 0.17940 6.72855
s 74. 26221 —30.24250  —98. 83680 6.29290 69. 24201 —0.52252 —19. 35610
py —106.71400  44.07151 140. 02250 —9.28978  —96.72420 0.78033 26. 77086
o 82.90597 —34.35380 —108.61800 7.27253 75.19121 —0.61375 —20. 87980
P —27.15300 11.17721 35.96777 —2.35792  —25.40260 0.19872 7.21394
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Fig. 2 Comparison of general weight function method and finite element method when i=3
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Fig.3 Comparison of general weight function method and finite element method when i=5
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Fig. 4 Comparison of general weight function method and finite element method when i=7
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different power law distribution loadings
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