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[ Abstract] The Thermoplastic Composite Flexible Pipe (TCFP) is a fully-non-metallic, fiber-reinforced composite
pipe. It offers a combination of lightweight structure, high strength, excellent fatigue resistance, and superior corrosion
resistance, making it a promising alternative to conventional unbonded flexible pipes. To evaluate its pressure-bearing
capacity, this study established a theoretical model for the stress-strain distribution of TCFP under internal pressure. This
model is formulated based on three-dimensional anisotropic elasticity theory and the principle of minimum potential
energy. Its accuracy is validated through comparison with a refined finite element model developed in Abaqus, showing
good agreement across the stress field. Further, by incorporating a modified Hashin failure criterion, this study examines
the influence of the winding angles and relative layer thicknesses of the tensile and pressure armor layers on the first-ply
failure pressure. A systematic evaluation of 847 parameter configurations yields the following findings: (1) As the thickness
ratio of the tensile armor layers to the pressure armor layer increases, the optimal winding angles of both armor layers
exhibit an overall increasing trend. (2) Failure consistently occurs in the pressure armor layer, with approximately 89%
attributed to matrix tensile failure. (3) Increasing the matrix tensile strength of the pressure armor layer effectively enhances

the first-ply failure pressure of TCFP. This work provides a theoretical basis and analytical framework for the structural
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design and performance optimization of TCFP, offering guidance for its engineering application.

[ Keywords] Thermoplastic composite flexible pipe; Theoretical model; Finite element; Failure criterion; First-ply

failure pressure
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