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Effect of Internal Pressure on Plastic Limit Loads for Elbows with Circumferential
Through-wall Crack under Closing Bending Incorporating Large Geometry Change
Effects
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Abstract

Based on three-dimensional (3-D) FE limit analyses, this paper estimates effect of internal pressure on

plastic limit loads for elbows with circumferential through-wall crack under in-plane bending incorporating
large geometry change effects. Circumferential through-wall crack in extrados is considered. The FE limit
analyses using the large geometry change option provide plastic collapse loads (using the twice-elastic-slope
method). For the bending mode, closing bending is considered. Other relevant variables affecting plastic limit
loads are systematically varied, related to pipe bend geometry (the mean radius, thickness and bend curvature)
and defect geometry (the length of circumferential through-wall crack).
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Fig. 1 Schematic of elbow ; (a) 90 ° pipe bend (b)
circumferential through-wall crack, and (c) pipe
bends with attached straight pipes
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Fig. 2 A typical finite element mesh, employed in the
present work
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Fig. 3 Comparisons of three correction factors related
to pipe bend geometry (the mean radius,
thickness and bend curvature) and defect
geometry (the length of circumferential through-
wall crack).
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Fig. 4 Comparison of proposed solution with FE results
under combined pressure and closing bending:
(a) 1/t=20, (b) r/t=15, (c) r/t=10, (d) r/t=5,
(e) r/t=12.5and 17.5
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