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Theoretical and Numerical Analysis of Glass-Fiber Reinforced
Thermoplastic Flexible Pipe for Marine Engineering

YAO Lu, WANG Shu-Qing, HE Wen-Tao, MENG Xiang-Jian
( Shandong Provincial Key Laboratory of Ocean Engineering, Ocean University of China, Qingdao 266100, China)

Abstract: In recent years, the marine composite flexible pipe has gradually emerged in marine engi-
neering due to its unique performance. Compared with the steel pipe, the composite flexible pipe has a
series of excellent properties, such as better bending performance, light weight and strong corrosion re-
sistance, which makes it continuously favored in the field of oil and gas exploitation. The research object
of the current paper is a three-layer bonded glass fiber reinforced thermoplastic flexible pipe (RTP),
which is composed of three main components: an inner high-density polyethylene (HDPE) liner, middle
reinforced layers made from thermoplastic composite pipe (TCP) laminates and an outer HDPE cover.
Based on the theories of 3D elasticity and the classical laminated plate, this paper established a theoreti-
cal calculation model of RTP, derived the equilibrium differential equations of the RTP under axial sym-
metrical load, then calculated and analyzed the deformation and stress of each layer of glass-fiber rein-
forced thermoplastic flexible pipe (RTP). In addition, the results from numerical simulation in
ABAQUS show a good agreement with the theoretical values. Then, according to the theoretical model,
the effect of the thickness ratios between inner liner (outer cover) and reinforced layers on the RTP’s
mechanical behaviour is further studied. It can be concluded that the middle-reinforced layers are the
main load bearing component. The stress along the fiber direction of the reinforced layers is much larger
than that in other directions. As the reinforced layers expand from inside to the outside, the stress in the
fiber direction gradually decreases, and the thickness of the inner layers (outer layers) has almost no
effect on the mechanical performance of RTPs.

Key words: glass-fiber RTP; elastic theory; numerical simulation; deformation and stress

nEREE B #



