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Application of Weight Function Method to the Mixed-Mode Stress
Intensity Factor Analysis of Cracks in Bolted Joints
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Abstract

The reliable determination of the stress intensity factors for cracks in bolted joints is needed to
evaluate the safety and fatigue life of them widely used in mechanical components. The weight
function method is an efficient technique to calculate the stress intensity factors for various loading
conditions using the stresses of an uncracked moedel. In this paper the mixed-mode stress intensity
factors for cracks in bolted joints are obtained by weight function method, in which the coefficients of
weight function are determined by finite element analyses for reference loadings. The effects of the
magnitude of clearance and frictional coefficient on the stress intensity factors are investigated.
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Fig. 1 Weight function method for two-dimensional
crack
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Fig. 2 Configuration of cracks in bolted joints
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Fig. 3 Finite element mesh for double crack model
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Table 1 Stress intensity factors for double
symmetric cracks in bolted joints
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FEM Ju's results
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Table 2 Stress intensity factors for cracks in bolted

joints by weight function method and

finite element method

Mode 1 Mode 11

2a+ryw c=0 c=1% c=1%
WFM|FEM |WFM|FEM | WFM | FEM
033 |2.9732.883(3.242|3.244|0.3348 | 0.3269
0.41 2.13212.07312.318(2.307(0.3677(0.3571
0.49 1.74011.6991{1.857(1.849|0.3366|0.3285
0.57 1.510{1.5091.618|1.609|0.3028|0.2950
0.65 1.43411.426{1.503|1.492|0.272710.2675
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Fig. 4 Stress intensity factors due to the magnitude
of clearance
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Table 3 Reference stress intensity factors for
horizontal and inclined crack

Horizontal Inclined
F{?, 0.9562 0.9679
Fi, 0.3108 0.3180
F®, 1.0696 1.0611
F{, 0.3932 0.3884

Table 4 Nondimensional stress intensity factors for
inclined crack by weight function method
and finite element method

WFM FEM
Mode I 1.6536 1.6968
Mode II -0.4493 -0.4374
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Fig. 7 Stress intensity factors along inclined angle
of crack



26
[} 2 8
-~ 24 o R
= B R
B2zt . B
2 ° e R
w2 ° °
17 e b3
ERK ° o "
ke o 8
S 16t ° °
E §
g 1.4 Foc=0
z Qcs1%
1.2 LAc=5% ;
0c=10%
1
0 a1 0.2 0.3 0.4 05
20/
(a) Effect of the magnitude of clearance
2.5 —_—
r o =0
= ™ [] [*] ap=0.1"
8 53 ' ] Lap=0.3
3 8
2
w 8
@ 21 f
] 9
S
M 19 F
5 ]
£
g 1.7 @
-4
ol
¢ 0.1 0.2 0.3 0.4 0.5
2a/n

(b) Effect of frictional coefficient
Fig. 8 Mode I stress intensity factors along inclined
angle of crack
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