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Fatigue Fracture Analysis of Curved Pipes Under Cyclic Loading
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Abstract

In this study, we numerically analyze fatigue cracks of curved pipes under cyclic loadings. Numerical models of the curved pipes
are developed. The models are verified with the experimental results in terms of fatigue lives and development process of the fatigue
cracks. Erosion technique is applied to the solid elements in order to describe shapes of the fatigue cracks and estimate the fatigue
lives. Also, development of the fatigue cracks is described by allocating sufficient number of solid elements in the radial direction.
Fatigue lives and shapes of the crack resulting from numerical analyses show good agreement with those of the experiment
considering £100mm displacement. In addition, estimation of the fatigue life caused by displacement with different magnitude is
conducted. We expect that the model can be applied to understand the relation between fatigue lives and characteristics of pipes or

loadings.
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Fig. 1 Notations for curved pipes(Yahiaoui et al., 2000)
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Fig. 2 Drawing of a curved pipe

Fig. 3. Specimen installation
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Table 1 Properties of material used in experiments

Spec. for Material SA234

Yield stress(Pa) 3.18E8

Ultimate tensile stress(Pa) 4.84E8
Elongation 0.42

Table 2 Properties of material models for numerical

analysis
Properties of material PLASTIC
model KINEMATIC BLASTIC
Mass density(kg/m?) 7860 7860
Young's modulus(Pa) 2.00E11 2.00E11

Poisson ratio 0.3 0.3

Yield stress(Pa) 3.18E8 -
Tangent modulus(Pa) 3.97E8 -
Failure strain for eroding 17~23 B

elements
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Table 3 General characteristics of the FE model of the
curved pipes

Element size(mm),
Element number

Properties of Element type,
material model | Material model

3D-SOLID,
X X
Curved part |PLASTIC_KINE 3.14 1léi201'10'
MATIC
Straight part 3D-SOLID, 9.00%x1.13%1.10,

(1) ELASTIC 8100

Straight part 3D-SOLID, 9.00%x4.53%2.75,
(2) ELASTIC 540
Joint BEAM, 53 and 125,
ELASTIC 2
Total - 21062 (element number)
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Table 4 Results of parametric study

Failure strain for Fatigue life(cycle)

eroding element |(numerical analysis)| (experimental)
1.7 7.05 cycles
2.0 8.10 cycles 8.44 cycles
2.3 8.95 cycles
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Fig. 10 Fatigue crack of FE model
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Fig. 11 Focusing of effective plastic strain in case of
100 mm and 120 mm displacement loading according

to time.
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Fig. 12 Average of effective plastic strain-time curve
according to magnitude of displacement
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