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Abstract: Service with cracks is the normal state of engineering structures. Due to the fluid invading into the crack, the
crack surface is loaded directly, which makes the crack further expand, and even affects the safety of the structure. In the
analysis of fracture problems, according to the Williams element with generalized degrees of freedom (W element), the
Williams series was used to establish the displacement field of the singular zone around the crack tip, and the stress
intensity factors (SIFs) can be directly obtained by solving the generalized stiffness equation with high precision and high

efficiency. However, the W element needs to satisfy the free boundary condition of the crack surface in the singular zone, so

*

W BHE: 2021-10-25; 1&ITH#A:  2021-12-20
EL&WH: ERARERERSE (FAH)(51738004); )78 A ARRESE S (2019GXNSFAA245012)
BB A4 (1979—), B, Bz, 4, B4 SIi GEAEE . E-mail: xuhua@gxu.edu.cn).

SIAE:  IRIE, WL AR, BRI, SEECH 73 IR STFs Z0HT i) LS 4L Williams FRITLT]. R HTECE AL 27,

2022, 43(7): 752-760.
752


http://www.applmathmech.cn
http://www.applmathmech.cn
mailto:xuhua@gxu.edu.cn

07 TRAE, 4 B ST INERFR SIFs 3BT LSHL Williams 17T 753

it is limited in the analysis of crack surface loading. Based on the SIFs reciprocity, the loading on the crack surface is
equivalent to the concentrated force on the crack surface at the periphery of the equivalent singular zone, so the loading on
the crack surface in the singular zone can be avoided, and the W element can be easily used for calculation. The numerical
examples show that, the size of the equivalent singular zone is 1/20 of the crack length, the suggested equivalent load
coefficient P is 2.0, and the calculation accuracy of the W element meets the error limit of 1%. The equivalent treatment
method for the analysis of crack surface loading in the singular zone is reasonable and universal, and overcomes the

limitation on the W element in analysis of the loading problem on crack surface.

Key words: loading on the crack; load equivalence; stress intensity factor; Williams element; generalized degrees of

freedom
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3) S ARL IR, 2L SZ AT, BEE a/W BINEOR, 1 BUJCE 4 SIFs 2R d, HIE IR 2 A
WA BEE H/W RIHER, JoiE2N SIFs S /N R 3, X LR W45 ) AR i g 3084 22 2 T L R A AR [
FRIRAS R, AR B TE R 4 SIFs BT O RS, B T RS 2R ER] SIFs BYSZIHIR.
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