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Equivalent mechanical properties of spiral skeleton composite flexible

low-temperature pipeline based on NIAH
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Abstract:  Floating liquefied natural gas ( FLNG ) is a new offshore floating production system integrating
liquefaction, storage and loading/unloading of LNG. Spiral skeleton composite flexible low-temperature pipeline is FLNG’ s
core supporting equipment. However, the pipeline’ s structural form is complex, and there are a large number of nonlinear
problems, such as, contact and friction among structural layers to make theoretical modeling and numerical analysis more
difficult. Here, according to one-dimensional periodic characteristics of the pipeline, based on the new novel
implementation of asymptotic homogenization ( NIAH) , the micro-cell model of the pipeline was established and periodic
boundary conditions were exerted on the model for solving to obtain equivalent stiffness parameters of the corresponding
macrostructure. Compared with the calculation results using the fine finite element model, the NIAH-based equivalent
method’ s calculated results showed that the equivalent error is within 3. 60% and the calculation cost is reduced by about
32 times to verify the accuracy and efficiency of the NIAH-based equivalent method. In addition, according to the
pipeline’ s spiral wound structure characteristics, a method of applying double-symmetric boundary condition was
proposed, and the calculated results showed that this method can reduce error by 78. 00% compared with the traditional
single symmetric boundary condition. Finally, structural characteristics applicable to different periodic boundary
conditions were summarized. It was shown that the study results can provide a reliable and fast equivalent calculation
method for structural design and analysis of spiral skeleton composite flexible low-temperature pipeline.
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Fig. 1  Typical FLNG system
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Fig.2  Structure of spiral skeleton composite flexible

low-temperature pipeline
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Fig.3 Finite element model of spiral skeleton composite

flexible low-temperature pipeline
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Tab. 1  Structural parameters of spiral skeleton composite
flexible low-temperature pipeline
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Tab. 2 Material parameters of spiral skeleton composite
flexible low-temperature pipeline
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Fig.5 Typical periodic structure and microcell model
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Tab.3 Comparison of fine finite element models and NIAH equivalent calculation results
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