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WEIGHT FUNCTION METHODS AND ASSESSMENT FOR AN EDGE CRACK IN A
SEMI-INFINITE PLATE Y

Tong Dihua Wu Xuerei Hu Benrun Chen Bo
(Beijing Institute of Aeronautical MaterialsBeijing 100095 China)

Abstract  Weight function method (WFM) is highlyfcient and accurate for the determination of stress intensity
factors (SIFs) and crack opening displacements (CODs) of cracked bodies under arbitrary load conditions. Comparing
to the numerical methods such as the finite element method, WFMs have distinct advantage in terms of computationa
efficiency and reliability. This paper makes systematic analyses and comparisons of three WF approaches by Wu-Carlssol
Glinka-Shen and Fett-Munz, respectively, which are representative in the international fracture mechanics community. By
employing the Wigglesworth analytical solutions to CODs of an edge crack in a semi-infinite plate under uniform tension,
the WF and corresponding Green'’s function (SIF for a pair of point forces acting at an arbitrary location along the crack)
are derived and used as the base for point-to-point comparison. The results are also compared with other existing WF
in the literature, including those by Bueckner, Hartranft-Sih and Wigglesworth udiiegedit analytical approaches. The
study also includes the influence of selection of three reference load cases, including uniform, linear and reverse-linea
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stress distributions and their combinations, and geometric conditions related to CODs on the WF accuracy. Results sho
that the WF based on COD analytical expression for one reference load case are more accurate than that based on t
SIFs due to two reference load cases. Furthermore, solution accuracy of the later approach is consttirtzol\og

the selected reference load case(s). The geometric condition that the third derivative of COD vanishes at crack mouth hg
little effect on the accuracy of one-reference-load-case-based weight function. Finally, SIFs for four load cases calculatet
by using various WFMs are presented and compared.

Key words semi-infinite plate edge crack weight function method Green'’s function stress intensity factor
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Fig.1 An edge crack in a semi-infinite plate
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Fig.2 An edge in a semi-infinite plate subjected to various loading cases
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Fig.2 An edge in a semi-infinite plate subjected to various loading cases
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Table 1 Based on fferent weight function methods, stress intensity factors of an edge crack in a semi-infinite plate crack surface

subjected to power function load

and reverse linear distributed load

. Based on Based on Based on
Wu — Carlsson Glinka— Shen Fett— Munz Tada
Load case Eq.(27) Eq.(26) .1 Ea(28)~ Eq(30)
method method method s 4 handbook?] ' s
Hartranft— Sil'®  Buecknef*] Wiggleswortht6]
1 0.6820 0.6701 0.6827 0.684 4 0.6869 0.6839
o(X) = oo(x/a) 0.6829
(-0.13%) (-1.87%) (-0.03%) (0.22%) (0.59%) (0.15%)
2 0.5245 0.5089 05253 0.5269 05281 0.5267
a(X) = oo(x/a) 0.5255
(-0.19%) (-3.16%) (-0.04%) (0.27%) (0.49%) (0.23%)
3 0.4400 0.4234 0.4409 0.4422 0.4428 0.4420
a(x) = oo(x/d) 0.4410
(-0.23%) (—3.99%) (-0.02%) (0.27%) (0.41%) (0.23%)
0.4395 0.4514 0.4388 0.4378 0.4430 04371
(X) = ool - (x/a)] 0.4388
(0.16%) (2.87%) (0.00%) (-0.23%) (0.96%) (-0.39%)
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