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Mechanical properties of axial compression of tensile armor of
unbonded flexible pipe with defects
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(National Engineering Laboratory of Oil and Gas Pipeline Transportation Safety, Beijing Key Laboratory of Urban Oil
and Gas Transmission and Distribution Technology, Beijing 102249, China)

Abstract: As an important hub connecting offshore oil and gas fields and offshore platforms, unbonded
flexible pipes play a vital role in marine production. As one of the main bearing parts of flexible pipes, the
failure of the tensile armor layer will threaten the integrity of a pipeline system. Therefore, it is of great
theoretical significance and engineering practical value to clarify the influence mechanism of various defects
on the mechanical properties of the tensile armor layer and to study the mechanical behavior of the tensile
armor layer. The axial compression performance of the tensile armor layer of an unbonded flexible pipe with
defects was studied by numerical simulation method. A five-layer unbonded flexible pipe axial compression
finite element model was established. The effects of non-metallic layer defect size, interlayer friction
coefficient and steel strip fracture on the axial compression stiffness and critical buckling load of the flexible
pipe were studied. The research results show that the decrease in the friction coefficient caused by the

increase in the annular water content will significantly reduce the critical buckling load, and that the defects in
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non-metallic layer and the fracture of steel strip will significantly reduce the axial compression stiffness and
critical buckling load. Therefore, in engineering, more attention should be paid to the annular water content
and the structural integrity of each layer. The results can provide a reference for flexible pipe design and
integrity management.
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Fig.1 Failure mode of the tensile armor layer of unbonded flexible pipe
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Tab.1 Geometric parameters of 6" flexible pipe
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Tab.2 Material properties of 6" flexible pipe
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Fig.3 Effect of mesh accuracy on axial compression load
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Fig.4 Results comparison between the finite element model in

this paper and Malta's method
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nonmetallic layers
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Fig.7 Axial compression mechanical performance of flexible pipe with different degrees of non-metallic layer defects
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Fig.12 Compressive load-strain curves of the flexible pipe with broken wires under different conditions

K13 J7s T AN N80 5. 15, 25 RSS2 e IR g fE D R 4 IR 52 3 ol n)

VAAER, AT e A 1) PR A R S 28 ) S I PSR B s e i e A it R BERAE e A, T 5% s A
SN JZAT AR G R S22 B Bl ) P4 2T iR AR o B SRR 2 R A8, SN 4
AR ARRE ST WIS T I, AR A BEAR Z BOK - K e/ MBS, ARG IR 2 AR B L R

A1) 2 A /KN

500 500 500
o o =
’ et | e BN i e SR
400 onmw | g 40 opms | g 0 s
300 - =s S % 300 \“"\ v SMuBR % 300 | | SR
o \H'\'* il .“‘\. l ‘ .
o e § | e & Poe® e,
200 o ‘ = 200t | A 200t Jl e,
= - 5 A
100 s v—v—: 100 - '7':::,:/::: =100 w:::ﬁ
04 L 0 Ll . 0 Llooit
0 001 002 003 004 005 0 00l 002 003 004 005 0 001 002 003 004 005
Bl EAE NS/ (mm-mm™ ) B FE4E N E/ (mm-mm™) Wi R4E 048/ (mm-mm™)
(a) WAFWTAEES (b) B BT 244515 (c) WA MrA gL 525

Pl 13 SRR MR TS 45 )2 132 3 o0

Fig.13 Loading condition of each layer of flexible pipe with different number of broken outer wires
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Fig.14 Load condition of each layer of flexible pipe with different number of broken inner wires
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