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Abstract Rehabilitation technique of pipelines plays a very important role in ensuring the safe operation of oil and gas
pipelines. Based on the internal pressure test of repaired pipelines by enwinding glass fiber composites the finite element model
of the repaired pipe is established by considering the anisotropy of the composite material. The finite element calculation results
are in good agreement with the experimental results and the accuracy of the finite element model is verified. The results show that
the circumferential strain of the defect center presents a nonlinear three stage trend with the change of internal pressure after
repaired. The second aggravation of circumferential strain growth trend in defect center is the characteristic of pipeline failure
this moment the expansion of the tube wall is no longer uniform and the elastic retention zone on both sides of the defect will
cause the dent in the defect area. The research results provide reference for the design of pipeline enwinding layer.
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Fig.1 Defect model and location of measuring point
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Tab.1 Strain of each point under different internal pressure
0 1 2
Point 0 Point 1 Point 2
Pressure/MPa
Circumferential Axial Circumferential Axial Circumferential Axial
strain/ e strain/pe strain/ pe strain/ e strain/ pe strain/ pe
1 243.8 24.3 108.3 12.3 101.9 35.8
2 503.6 43.1 215.1 17.9 205. 1 63.6
3 760. 4 59.8 320.8 20. 6 310.4 89.4
4 1045.8 77.4 436.2 26.8 419.0 113.8
5 1305.0 94.8 537.8 27.2 518.8 146.2
6 1 620. 8 99.6 650. 2 27.2 626.8 173.6
7 2 303.8 80. 4 669. 6 -50.8 727.4 199. 8
8 3087.2 91.2 766. 8 -87.0 841.0 231.4
9 4045.4 55.8 851.6 -114.2 936.2 262.2
10 5598.2 5.8 933.6 -151.8 1050. 0 295.8
11 7 753.0 -154.2 972.8 -186.0 1134.4 327.6
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( 0 ) Tab.3 Resin test results
1 2 3 4
Piece number No.l1  No.2 No.3 No4 Average
L2 Flastic modulus/GPa 2.49 2.29 2.21 2.24 2.31
. s . 0.39 0.38 0.42 0.41 0.4
Poisson’ s ratio
(GB/T 14472005 p)
. 102.4 96.9 94.1 97.8 97.8
(GB/T 25672008 Compressive strength/MPa
Do WDW3100
4,
o presaure kel temsometey Strain testing system
\WDW3 1008 FE L] | B3I | [RAERRAS
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Fig.6 Resin compression failure
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Fig.4  Test flow
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2 Fig.7 Finite element model of compound material repair pipeline
Tab.2 Fiber test results
1 2 3 4
Piece number No.1 No.2 No.3 No.4  Average X60 207 GPa
. 20.22 22.14 19.25 19.79  20.35 0.3 413 MPa 590 MPa
Elastic modulus/GPa
- Ramberg-Osgood
. s . 0.31 0.32 0.33 0.28 0.31 12
Poisson’ s ratio
o 9 o 10
Tensile strength/MPa 370 562 340 645 379 &= E 1+ H (360) ] ( 1)
& g °
2.2

Fig.5 Tensile failure of compound material
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Fig.10  Circumferential strain of point 1 and 2
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Fig.14 Transverse symmetric cross section deformation of pipes
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Fig.15 Transverse section deformation of 20 MPa
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Fig.18 The plastic zone of the tube wall of 17 MPa



2020

N 1/2

( References)

American Society of Mechanical Engineer ASME PCC2-2011
Repair of pressure equipment and piping S .New York: American
Society of Mechanical Engineer 2011.

Da Costa Mattos HS Reis J M L et al. Failure analysis of corroded
pipelines reinforced with composite repair systems ] .Engineering

Failure Analysis. 2016 59( 223) : 223-236.

J. 2013 34( 2) :372-379.
SHUALI Jian LIU Wei WANG JunQiang et al. Stress analysis of
repaired pipelines by enwinding composite materials ] . Acta

Petrolei Sinica 2013 34( 2) : 372-379 ( In Chinese) .

] 2013 35( 6) : 869-872.
ZHANG WanLi XI YunTao. Indine monitoring method of carbon
fiber composition pipeline repair effects J . Journal of Mechanical
Strength 2013 35( 6) : 869-872 ( In Chinese) .
I 2012

10

11

12

13

34( 6) : 840-843.

FENG XueJun. Strength analysis of filament wound composite pipe
J . Journal of Mechanical Strength 2012 34( 6) : 840843 (In

Chinese) .

I 2011 32(2) :48-52.
LIU Jun YAN Bo LU YueChuan et al. Fracture analysis for
pressure pipe wrapped with carbon-fiber reinforced composites ] .

Nuclear Power Engineering 2011 32( 2) : 48-52 ( In Chinese) .

J. 2016 35( 11) : 1206-1211.
ZHOU HaiXiang MA TingXia XIE NaNa et al. Simulation analysis
for repairing defective pipelines with AFRP ] . Oil & GasStorage
and Transportation 2016 35( 11) : 12061211 ( In Chinese) .
Netto T A Ferraz US Estefan S F. The effect of corrosion defect on
the burst pressure of the pipeline J . Journal of Constructional Steel
Research 2005 61(8): 1185-1204.
American Society of Mechanical Engineer B31.4-2016 Pipeline
transportation systems for liquids and slurries S . New York:
American Society of Mechanical Engineer 2016.
Khan A'S Colak O U Centala P. Compressive failure strengths and
modes of woven S2-glass reinforced polyester due to quasi-static and
dynamic loading ] .International Journal of Plasticity 2002 18
(10) : 1337-41357.
Charmis C C. Mechanics of composite materials: past present and
future J . Journal of Composite Technology and Research 1989
11(1): 3-14.
.X60
I 2014 37( 8) : 67-75.
MA TingXia YANG YongHe XU Zhen et al. Constitutive relation
and failure criterion for X60 pipeline steel J . Journal of Chongqing
University 2014 37( 8) : 6775 ( In Chinese) .
Duell J M Wilson ] M Kessler M R. Analysis of a carbon composite
overwrap pipeline repair system ] International Journal = of

Pressure Vessels and Piping 2008 85( 11) : 782-788.



