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Evaluation of Plastic Collapse Bending Load of Elbows with
Thinning Area of Various Shapes
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Abstract : Elbows with various shapes of local wall thinning were numerically analyzed by finite element method to
get load-displacement curves and the maximum loads. Results were compared with the experimental data obtained by
another study. Elastic-plastic analysis were carried out under the combined loading conditions of internal pressure and
in-plane bending loads. Two types of bending loads were considered such as elbow opening mode and elbow closing
mode. Also, two different wall thinning geometries were modeled. Wall thinning area located extrados or intrados of
elbow inner surface was considered. Longitudinal and circumferential lengths of the thinning area and the thinned
thickness were varied for analysis. The results showed that the maximum load of the wall-thinned elbow decreased
with increasing of the circumferential thinning length and the thinned thickness in both of extrados and intrados
thinning locations in both loading types. The maximum load obtained by the analysis were in good agreement with
the experimentally measured maximum load with the same wall thinning type and dimensions. This supports accuracy

of the analysis results obtained in this study.
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Fig. 1. Schematic diagram of elbow with extrados and intrados
wall thinning.
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Table 1. FEA conditions of various wall thinning cases in

elbow
Thinning t 2C t 2C
Location LD, (mm) | (degree) LD, (mm) | (degree)
90 90
1 2 180 | 4 180
360 360
Extrados
%0 90
1.5 2 180 1.5 4 180
360 360
90 90
1 2 ] 4
180 180
Intrados
90 90
1.5 2 1.5 4
180 180
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Fig. 3. Finite element model of elbow with intrados wall
thinning,
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Table 2, Comparison between predicted and measured values
of maximum load

o B i Measured value | Predicted value
(DJ/L) | (2n2C) | (1)) | Ao, B, 1) fla, B, v)
4 1.35 0.9444 0.9967
2.05 0.9313 0.9293
Lo ) 1.35 0.8505 0.6976
2.05 0.8422 0.8180
| 1.35 0.4792 0.5481
2.05 0.7598 0.7624
4 1.35 0.9310 0.9823
2.05 0.9310 0.9227
1.35 0.7791 0.6759
0.67 2
2.05 0.8060 0.8041
1.35 0.4421 0.5227
! 2.05 0.7133 0.7448
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