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Abstract

Stress intensity factors are important in the analysis of cracked materials. They are directly related to the frac-
ture propagation and fatigue crack growth criteria. Based on the analytical solution (Crouch, S.L., 1976. Solution of
plane elasticity problems by displacement discontinuity method, Int. J. Numer. Methods Eng. 10, pp. 301–343;
Crouch, S.L., Starfield, A.M., 1983. Boundary Element Method in Solid Mechanics, with Application in Rock Mechan-
ics and Geological Mechanics, London, Geore Allon and Unwin, Bonton, Sydney) to the problem of a constant
discontinuity in displacement over a finite line segment in the x,y plane of an infinite elastic solid, recently, the
crack-tip displacement discontinuity element which can be classified as the left and right crack-tip displacement dis-
continuity elements are developed by the author Yan, X., (in press. A special crack-tip displacement discontinuity
element, Mechanics Research Communications) to model the crack-tip fields to more accurately compute the stress
intensity factors of cracks in general plane elasticity. In the boundary element implementation the left or the
right crack-tip displacement discontinuity element is placed locally at the corresponding left or right crack tip on
top of the ordinary non-singular displacement discontinuity elements that cover the entire crack surface and the other
boundaries. To prove further the efficiency of the suggested approach and provide more results of the stress intensity
factors, in this study, analysis of an asymmetric branched crack bifurcated from a main crack in plane extension is car-
ried out.
� 2004 Elsevier Ltd. All rights reserved.

Keywords: Crack; Stress intensity factors; Crack–tip element; Displacement discontinuity

0093-6413/$ - see front matter � 2004 Elsevier Ltd. All rights reserved.
doi:10.1016/j.mechrescom.2004.10.005

E-mail address: yanxiangqiao@hotmail.com

Mechanics Research Communications 32 (2005) 375–384

www.elsevier.com/locate/mechrescom

MECHANICS
RESEARCH COMMUNICATIONS

mailto:yanxiangqiao@hotmail.com


1. Brief description of the present numerical method

In this section, a boundary element method is briefly described. It consists of the constant displacement
discontinuity element presented by Crouch and Starfield Crouch and Starfield (1983) and the crack-tip dis-
placement discontinuity element due to the author Yan (2004).

1.1. Theoretical foundation of constant displacement discontinuity element

The problem of a constant displacement discontinuity over a finite line segment in the x,y plane of an
infinite elastic solid is specified by the condition that the displacements be continuous everywhere except
over the line segment in question. The line segment may be chosen to occupy a certain portion of the x-axis,
say the portion jxj < a,y = 0. If we consider this segment to be a line crack, we can distinguish its two sur-
faces by saying that one surface is on the positive side of y = 0, denoted y = 0+, and the other is on the
negative side, denoted y = 0�. In crossing from one side of the line segment to the other, the displacements
undergo a constant specified change in value Di = (Dx,Dy).

The displacement discontinuity Di is defined as the difference in displacement between the two sides of
the segment:

Dx ¼ uxðx; 0�Þ � uxðx; 0þÞ
Dy ¼ uyðx; 0�Þ � uyðx; 0þÞ

ð1Þ

Because ux and uy are positive in the positive x and y coordinate directions, it follows that Dx and Dy are
positive as illustrated in Fig. 1.

The solution to the subject problem is given by Crouch and Starfield Crouch and Starfield (1983). The
displacements and stresses can be written as

ux ¼ Dx½2ð1� mÞF 3ðx; y; aÞ � yF 5ðx; y; aÞ� þ Dy ½�ð1� 2mÞF 2ðx; y; aÞ � yF 4ðx; y; aÞ�
uy ¼ Dx½ð1� 2mÞF 2ðx; y; aÞ � yF 4ðx; y; aÞ� þ Dy ½2ð1� mÞF 3ðx; y; aÞ � yF 5ðx; y; aÞ�

ð2Þ

and

rxx ¼ 2GDx½2F 4ðx; y; aÞ þ yF 6ðx; y; aÞ� þ 2GDy ½�F 5ðx; y; aÞ þ yF 7ðx; y; aÞ�
ryy ¼ 2GDx½�yF 6ðx; y; aÞ� þ 2GDy ½�F 5ðx; y; aÞ � yF 7ðx; y; aÞ�
rxy ¼ 2GDx½�F 5ðx; y; aÞ þ yF 7ðx; y; aÞ� þ 2GDy ½�yF 6ðx; y; aÞ�

ð3Þ

Fig. 1. Schematic of constant displacement discontinuity components Dx and Dy in infinite region.
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