Plastic loads of pipe bends under combined pressure and out-of-plane bending
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Abstract

Kuk-Hee Lee, Yun-Jae Kim, Chi-Yong Park, Sung-Ho Lee and Tae-Ryong Kim

Z~ 3| A]), Pipe bend(=F ), Plastic load(4>

Based on three-dimensional (3-D) FE limit analyses, this paper provides plastic limit and TES(Twice-

Elastic-Slope) loads for pipe bends under combined pressure and out-of-plane bending. The plastic limit loads

are determined from FE limit analyses based on elastic—perfectly-plastic materials using the small geometry

change option, and the FE limit analyses using the large geometry change option provide TES plastic loads. A

wide range of parameters related to the bend geometry is considered. Based on the FE results, closed-form

approximations of plastic limit and TES plastic load solutions for pipe bends under out-of-plane bending are

proposed.
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Fig. 1 Schematic illustrations of 90° pipe bends,
considered in the present work, bends (a) without
a straight pipe attachment, and (b) with the
attachment.

Fig. 2 A typical finite element mesh, employed in the
present work.
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Fig. 3 Typical moment-rotation response from FE limit
analyses.
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Fig. 4 FE limit loads under internal pressure
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Fig. 5 Comparisons of the FE limit loads using the
small geometry change (geometrically linear)
option with the proposed closed-form solution,

Eq. (3).
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Fig. 6 Comparisons of the FE TES plastic loads using
the large geometry change (geometrically non-
linear) option with the proposed closed-form
solution, Eq. (4).
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Fig. 7 FE TES plastic loads under combined internal

pressure and out-of-plane bending.
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Fig. 8 P/P,/* to maximize M,;/M, under combined
internal pressure and out-of-plane bending.
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