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Fig. 1 The thin plate with a random group of cracks Fig. 2 The calculation model for the group of cracks
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Fig. 5 A rectangular plate with 3 collinear cracks Fig. 6 K., Ky, exact vs. l/c
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Table 1 The exact solutions of crack tips A,B & C
crack tip position exact solution note
. 2 _ 2 7 _ ;2
A Ky, = Fyo /me, Ky, = Fyr /e (BB fe ma e b
‘ T F(R) N B -a? e’ - a?
2 _ 2 2 _ 2 E
B Kiy = Fyo Jac, Kyy = Fpr Jme  F, = |20 —a0) [1 ¢ —e Eb)
(e =b)(e* - b?) b? - a® F(k)
C K. =Feovme, Kyo = Fer V/me F. :L 2 [1—M
’ g y ’ ‘ kENe-b F(k)

E ORPa=cb=1"e =1 +2; F(k) FECk) 50085 — M 52 MBS,
Note intable 1,a =c¢,b =1",e = 1" + 2¢; F(k) and E(k) are complete elliptic integrals of
the 1st and 2nd kinds, respectively.
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Table 2 SIF of each crack tip vs. I/¢

crack tip W element solution ANSYS solution exact solution
ve position Ky Ky Ky Ky K, Ky
A 1.2450 0.620 8 1.2822 0.634 2 1.242 8 0.621 4
5 B 1.224 5 0.612 4 1.267 7 0.627 8 1.228 8 0.614 4
C 1.206 4 0.602 6 1.256 6 0.622 5 1.216 3 0.608 1
A 1.226 9 0.612 3 1.262 9 0.624 4 1.2249 0.612 4
6 B 1.214 4 0.605 8 1.252 4 0.619 6 1.214 8 0.607 4
C 1.203 5 0.599 6 1.246 4 0.616 8 1.208 0 0.604 0
A 1.213 5 0.607 3 1.254 5 0.622 7 1.214 8 0.607 4
7 B 1.207 3 0.602 5 1.245 1 0.617 0 1.207 2 0.603 4
c 1.201 1 0.596 4 1.240 6 0.614 6 1.203 0 0.601 5
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Fig. 7 The rectangular plate with 2 Fig. 8 SIFs around crack tips A, B vs.y

axisymmetric oblique cracks
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A Finite Element Method With Generalized
DOFs for Stress Intensity Factors
of Crack Groups
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Abstract . Stress intensity factors ( SIFs) at crack tips of crack groups were solved by means of
the finite element method with generalized DOFs. Firstly, based on the improved Williams se-
ries, the typical Williams elements in the singular region around the crack tip were set up. Then
the global governing equations were formulated through intergration of the block matrices. Fi-
nally, with the undetermined parameters of the Williams series, SIFs at all the crack tips could
be directly obtained. The influences of the parameters such as the distance between the centers
of 2 adjacent cracks, and angle y between the oblique crack and axis X on the calculation results
were further analyzed through several examples. The results show that the proposed method
can effectively overcome the defects of traditional finite element methods and it has higher ac-
curacy and efficiency. Moreover, as for an infinite plate with multiple collinear horizontal
cracks, when the ratio of the distance between the centers of 2 adjacent cracks to the half
crack length is bigger than 9, the interaction among cracks can be ignored, so multiple cracks
can be regarded as a single crack for calculation. For an infinite plate with an even number of
axisymmetric oblique cracks, as angle y increases, K| decreases, but K first increases and then
decreases.

Key words: generalized DOF'; stress intensity factor; crack group; Williams element; singular

region size
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