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Abstract : As the development of oil and gas fields continues to deepen, the requirements for transportation pipelines have
become increasingly strict. Metal pipelines are prone to corrosion, while plastic pipelines have poor pressure resistance. Fiber-wound
reinforced flexible composite pipes are favored due to their many advantages. In mobile desert regions, traditional non-bonded flexi-
ble composite pipes often face increased failure risks due to structural instability, compressive elongation, and gas permeation. In
contrast, bonded flexible composite pipes, formed through fusion or adhesive bonding, exhibit superior structural stability and
enhanced resistance to gas permeation. To evaluate the applicability of bonded flexible composite pipes in mobile desert environ-
ments, comparative analyses of pressure resistance, tensile performance and torsional performance were conducted among three
types of pipes: polyester filament-reinforced non-bonded composite pipes, polyester tape-reinforced bonded composite pipes and
glass fiber tape-reinforced bonded composite pipes. Research on anti deformation reliability of full-size composite pipes was carried
out and partitioned finite element models of three pipe types were established to simulate their mechanical behavior under internal
pressure loading. Integrating experimental results with finite element analysis data, the findings demonstrate that the pressure-
bearing performance, tensile performance and torsional performance of the bonded reinforcement composite pipe are all superior to

those of the non-bonded composite pipe. Among them, fiberglass tape-reinforced bonded composite pipes exhibit superior overall
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performance compared to polyester tape-reinforced bonded pipes, indicating that fiberglass tape-reinforced bonded pipes are more

suitable for service in mobile desert environments.

Keywords : flexible composite pipe ; bonded type ; deformation resistance reliability ; mechanical property ; finite element

analysis
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Fig. 1 Schematic diagram of traditional non-bonded flexible composite

pipe structure!'”!
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Tab.1 Burst pressure of composite pipes with different reinforce-

ment types
Pipe types Burst pressure/MPa  Failure mode
Polyester fiber reinforf:ed ' 433 Pipe blasting
non bonded type composite pipe
Polyester fiber t: inf
olyester fiber tape rel.n or.ced 531 Pipe blasting
bonded type composite pipe
lass fiber t inf
Glass fiber tape reinforced 58.9 Pipe blasting

bonded type composite pipe

—— Polyester fiber reinforced non bonded type
—— Polyester fiber tape reinforced bonded type
— Glass fiber tape reinforced bonded type
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Fig. 3  Water pressure explosion curves of different reinforced compos-

ite pipes at room temperature

(c) Glass fiber tape reinforced bonded type composite pipe |
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Fig. 4 Blasting morphology of different reinforced types of composite
pipes
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Fig. 5 Tensile test process , tensile curve and blasting morphology after

stretching of polyester fiber reinforced non bonded type composite pipe
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Fig. 6 Tensile test process , tensile curve and blasting morphology after

stretching of polyester fiber tape reinforced bonded type composite pipe
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Fig. 7 Tensile test process , tensile curve and blasting morphology after

stretching of glass fiber tape reinforced bonded type composite pipe
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— Polyester fiber reinforced non bonded type
— Polyester fiber tape reinforced bonded type
— Glass fiber tape reinforced bonded type
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Fig. 8 Water pressure blasting curves of different reinforced composite

pipes after stretching
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Tab.2 Tensile yield strength and post-yield burst strength of differ-

ent reinforced composite pipes

Tensile yield ~ Explosive strength

Pipe t
tPeypes strength/kN  after yielding/MPa

Polyester fiber relnfor‘ced r.lon 47 48 537

bonded type composite pipe
Polyester fiber tape rellnfor‘ced 7285 531

bonded type composite pipe

lass fi infc
Glass fiber tape reinforced 7538 577

bonded type composite pipe
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Fig. 9 Torsion angle and torsion test curve of polyester fiber reinforced

non bonded type composite pipe
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Fig. 10  Torsion angle and torsion test curve of polyester fiber tape rein-

forced bonded type composite pipe
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Fig. 11  Torsion angle and torsion test curve of glass fiber tape rein-

forced bonded type composite pipe
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Tab.3 Torsional yield angle and corresponding torque of flexible

composite pipes with different reinforcement types

Pine t Yield point Max torque/
'pe types torsion angle/(°) (N-m)
Polyester fiber reinfor‘ced r‘1on 60.8 1 420
bonded type composite pipe
Polyester fiber tape rei‘nfor'ced 126.5 3434
bonded type composite pipe
Glass fiber tape reinfor@d 6.0 5482
bonded type composite pipe
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