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An Evaluation of the Effect of Internal Thinning Defect on the Failure
Pressure of Elbow
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Abstract : In the present study, three-dimensional finite element analysis was performed to investigate the effects of
internal wall thinning defect on the failure pressure of elbow in the piping system and to develop the failure pressure
evaluation model. From the results of finite element analysis, the failure pressure was derived by employing local stress
criteria, and the effects of thinning location, bend radius, and defect geometry on the failure pressure of internally wall
thinned elbow were investigated. Also, based on these investigations and previous mode! developed to estimate the failure
pressure of elbow with an external pitting defect, the failure pressure evaluation model to be applicable to the elbow
containing an internal thinning defect was proposed and compared with the results of finite element analysis. The failure
pressure calculated by the model agreed well with the results of finite element analysis.
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Fig. 1. Definition of elbow and wall thinning geometry
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Table 1. Matrix for FE analysis of wall thinned elbow
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Fig. 2. FE model and boundary condition

. Thinning length . Minimum
Location | Ro/Ro LD, LoD, Thinning angle, &/ thickness, Utrin
0.25, 0.5, 1.0, 2.0 0.334, 0.667, 1.334, 2.667 025 0.5
3 1.0 1.334 0.0625, 0.125, 0.25, 0.5 0.5
1.0 1.334 0.25 0.25, 0.5, 0.75
Extrados -
0.25, 0.5, 1.0, 2.0 0.292, 0.583, 1.167, 2.334 0.25 0.5
6 1.0 1.167 0.0625, 0.125, 0.25, 0.5 0.5
1.0 1.167 0.25 0.25, 0.5, 0.75
0.25, 05, 1.0, 2.0 0.167, 0.334, 0.667, 1334 0.25 0.5
3 1.0 0.667 0.0625, 0.125, 0.25, 0.5 0.5
1.0 0.667 0.25 0.25, 0.5, 0.75
Intrados
0.25, 0.5, 1.0, 2.0 0.227, 0.454, 0.909, 1.828 0.25 0.5
6 1.0 0.909 0.0625, 0.125, 0.25, 0.5 0.5
—
10 0.909 0.25 025, 0.5, 0.75
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Fig. 3. True stress—strain curve used in FE analysis
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Fig. 4. Effects of defect location and bend radius on failure
pressure of wall thinned elbow
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