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Analysis of fatigue crack growth using fictitious crack model

Pese, PHE
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ABSTRACT

A fictitious crack model was used to analyze fatigue crack growth under the influence of residual stress. In
the fictitious crack model, crack is represented in terms of the separation of two adjacent interfaces and the
constitutive equation between the separation and traction is assumed. The effect of fatigue loading was included
in the constitutive equation by considering damage accumulation in the cohesive zone. To investigate the effect
of the residual stress on the fatigue crack growth, we calculated the residual stress distribution due to transient
heat flux to the specimen by finite element method. Fatigue crack growth was simulated by the fictitious crack
model] with repeated loading. The mode-I crack growth rates were compared for the cases with and without the
compressive residual stress around the crack tip. It was observed that the mode-1 crack growth can be suppressed
by compressive residual stress.

Key words: Fatigue crack growth(3j2 3 843%), Fictitious crack model(7F3 7 @2 4), Damage
accumulation (£4Hr ), Residual stress(ZHF2-8)
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Table 1. 7} A EED £33 Hatulg g

o, 1000 MPa

o, 0.05 mm ’
B 1 § Y

oy 0.5 mm

o, 150 MPa

o, 0.25 mm

Fig.1. Fictitious crack model.
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Fig.2. Normal traction vs. normal displacement Fig.3. Shear traction vs. shear displacement relation

relation when &, =0. when &, =0.
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Fig.4. Normal traction vs. normal displacement Fig.5. Finite element mesh for 2D CT specimen. Height
of the model is 75mm, and the distance between the

relation when &, =94, .
notch tip and the right hand side boundary is 100mm.
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Fig.6. Numerical fatigue crack growth result for
constant amplitude fatigue without residual stress.
Amplitude of the cyclic displacement loading was
0.1 mm.

Fig.8. Vertical residual stress &y, distribution by
heating along C-D line in Fig. 5.
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Fig.7. Numerical fatigue crack growth rates with
and without residual stress distribution. Triangle:
without residual stress. Circle: with compressive
residual stress around the crack tip.
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Fig.9. Residual stress 0, and ©,, distributions
along A-B line in Fig.5. Dashed line: o,. Solid

line: ,,.

-84 - .



