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Analysis of the Fatigue Crack Growth in Pipe Using Finite Element
Alternating Method
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Abstract

Finite element alternating method have been suggested and used for assessing the integrity of cracked
structures. In the paper, in order to analyze arbitrarily shaped three dimensional cracks, the finite
element alternating method is extended. The cracks are modeled as a distribution of displacement
discontinuities by the displacement discontinuity method and the symmetric Galerkin boundary element
method. Applied the proposed method to three dimensional crack included in the elbow, the efficiency

and applicability of the method were demonstrated.
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Fig. 2 Singular cases for boundary elements.
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Table 1 Analysis condition for surface crack in an

elbow.
Classification Variables
Pipe length( Zthg mm) 4000.0
. Diameter( Do, mm) 400.0
Pipe geometry
Thickness( £ 0y, mm) 20.0
Bend radius ( Vb/ Ym) 6.0
Shape Elliptical surface
Crack . - _
configuration Axis ratio( b/ a ) 0.5 2.0
Location Inner surface
Loading condition Internal pressure 10 MPa
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Fig. 3 Rectangular inner crack under tension

in an infinite body.
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Fig. 4 Growth of a rectangular crack under

cyclic loading condition.
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Fig. 5 Mesh configuration for a semi-elliptical

surface crack in an elbow.
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Fig. 6 SIFs according to angle of the crack tip
for the surface crack in an elbow.
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Fig. 7 SIFs according to the major length

for a surface crack in an elbow.
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Fig. 8 SIFs according to b/h for a semi-

elliptical crack in an elbow.
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Fig. 10 SIFs of a semi-elliptical crack in an

elbow under cyclic loading condition.
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