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An analytical method for predicting bi-directional torsional
stiffness of unbonded flexible pipes

WU Shang—hua', SHEN Zhuo—yuan', YANG Zhi—xun’, YIN Yuan—chao', LIU Jun—yu'
(1. School of Chemical Engineering, Ocean and Life Sciences, Dalian University of Technology, Panjin 124221, China;
2. College of Mechanical and Electrical Engineering, Harbin Engineering University, Harbin 150001, China)

Abstract: An analytical model of pipe torsional stiffness in clockwise and counterclockwise directions is
derived based on the helical winding structural characteristics of steel wires in the unbonded flexible pipe
armour layers considering radial contraction and expansion phenomena. Taking a typical unbonded flexible
pipe as an example, the bi-directional torsional stiffness analysis is conducted. The results show that the
analytical model has a close match with the results of existing numerical model. It can be found that the error
is 3.5% in clockwise torsion, and the error in counterclockwise torsion is 4.6%. This paper can provide a
useful reference for the design and analysis of the torsional performance of flexible pipes.
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Fig.1 Typical structure and longitudinal section of an unbonded flexible pipe
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Fig.2 Torsional failures of flexible pipes in the process of installation and in-situ applications
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Fig.5 Two-dimensional diagram of stress conditions of the inner and the outer steel wires in the tensile armors for positive twist
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