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Fig.1 The tensile stress-strain curve of 20 Steel specimen
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Fig.2 The microstructure of 20 Steel ( X500)

H/NYS), S LR, PRI R RO A
B, TRARFRILIR LG AN BOEIR, BRI
BERAYHEL, BMOGRE N B
1.2 BRFLEE SR AR

TR0 SR FH 255 il By R 7Ry 2 He e 2T 4 54 T il
AT, $BR GB/T 1447—2005, #1457 3 2. 4 2.
5)2. 6 2. 8 ZEZIUT I 0° i 3K-T300 ~F-2hi
YRR, PR RS I 3 . &2
A AR AR R I A A0 A2 5 T B A R
WGP, N E N 2 mm/min, 20 4 MalRE, I
OV AR Z A B S 8GR BN ) ik £F
YHE 20 F 2 S 7, X & AN ]2 40 3K-
T300 V-LURET HERFETEF TN B e o

~—

25 mm

50 mm 100 mm

1 S

250 mm

B3 fffilERTS5ER

Fig.3 The Tensile specimen size and picture
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Table I The longitudinal maximum load and tensile strength
for T300 plain weave carbon fiber of different layers
- MM R PAN MR o, /MPa a. TR b. BB o, I
32 089 10.96 494.40 E5 Geps L iTisE
4z 1.16 15.75 542.94 Fig.5 The defect model
52 1.39 19.65 576.44
6 155 24.01 620.96 ®3 BERERELE
g B i - s Table 3 The datas of pipeline surface defect
. TSRS o BRBAUEYEEE w/(mm)
Gl R mm / AT S/(mm’)
* 2 AEZEH T300 FLRRALHERSRNEH IS 1 G 1 15 100
N \
R . . 2 ERIBR 2 20 100
Table 2 The longitudinal tensile modulus and Poisson's ratio :
for T300 plain weave carbon fiber of different layers 3 PP 1 25 1963
- [ Sy 4 [ i 2 5.0 1963
= mm KWK E/MPa WS 1 R /% 5 [FTE B 3 5.0 3 848
32 0.89 35897.75 0.045 1.0 6 TG 1 2.5 625
4 )2 1.16 38 515.83 0.060 13 7 I 2 2.5 1225
5)2 1.39 41 992.16 0.056 22 8 BBk 3 25 2 500
8 )= 2.05 45994.98 0.054 23 9 Ik 4 5.0 625
10 WpIA N N 5.0 1225
2.1 ﬁ?&]‘ﬁ%ﬁﬁl‘ﬁﬁﬁi”ﬁ’\]@ﬁ 11 TG 6 5.0 2 500
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Fig.4 The pipeline model

x4 20 SWTEEME
Table 4 The material properties of 20 steel

R p/ TAMERIE IR JEIRSREE BrhRE DILAE
(g-em® EJ/GPa lttu o/MPa o,/MPa E, /GPa

210 0.3

e

20# 7.85 324.5 550 6.1

Al LLE AT AR ITRST AT, AR B0 1) 25 4R 7
FEHE 5 i TR 2 SR R A M A S R R K, (B
A% R IR —E RS, TR R T
Fax. M ANSYS A% BT U PE, X R 2248
BBk AL B TR L S, A AR L A% B
X R A B K BN ST R . AL 6 AT LU Y
Bl DRSS A3 N, — AR Y B K AE AL T A8 Ak
AR ETHATIE, BB, B =MARHE G
TENE R 8 MPa. P [EE 29N, AR A TR
R UF S KSR T THRRE R . R, 2R G5 B
PUTT S BRS RIS I], SR P i XA A R T
7°0.005 8 m, MIKEELHN 23 179 5 BT BRLFA X 1 R A%
KT 0.004 m, RIAEECH 2031 5 T3 B Bk B DX
F&RSFR 0.005 5 m, MIASECH 25 619,
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Fig.6 The relationship between maximum stress and finite
element mesh quality
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Fig.7 The equivalent stress of defective pipes at different internal pressures
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Fig.8 The equivalent strain of defective pipes at different internal pressures
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Fig.9 Stress-strain for pipeline with loop defect 1
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Fig.10 Stress-strain for circular defect 3
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Fig.11 Stress-strain for quadrate defect 6
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Table 5 The simulation results for pipeline with loop defect

P VB R ¢/mm BREEIGHETE R w/imm IR T o/MPa BRPPERIE £,/ (m/m)
1 1.5 100 297.36 0.001 486 9
2 2.0 100 325.36 0.001 627 4

*6 BERGRAEEERLIER

Table 6 The simulation results for pipeline of circular defect

F5 VIR /mm BRI S/mm®  BeREERLN JT o/MPa FeRFRPER AR e,/ (m/m) R RIPPERAE &,/ (m/m)
1 2.5 1963 335.32 0.001 677 6 0.001 585 2
2 5.0 1963 388.62 0.002 010 9 0.009 797 6

3 5.0 3848 546.81 0.002 739 7 0.035 150
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Table 7 The simulation results for pipeline of quadrate defect

¥ RS ymm PG S/mm” R KBRS €,/ (m/m) KA T] o/MPa FRIBVERZE ¢,/ (m/m)
1 25 625 0.001 692 8 338.39 0

2 2.5 1225 0.001 693 2 338.24 0.000 595 25

3 25 2500 0.001 6829 336.19 0.001 329 20

4 5.0 625 0.001 713 3 342.11 0.002 886 40

5 5.0 1225 0.001 854 8 370.41 0.007 384 90

6 5.0 2 500 0.002 164 2 432.49 0.017 222 00
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Fig.12 The pipeline model after reinforcement
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Table 8 The material property of T300 plain carbon fiber
reinforced with epoxy resin

KR B p/ HRE IR
(g-em™) i /mm E./MPa Lt

T300 AT 4 0.54 0.37 40 600.18  0.054
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Table 9 The repair plan of T300
75 P S IR ¢/mm BRI S w/(mm)/ B TEAR S/(mm) BEEKE L/mm FRHEEL
1 LG 2 2.0 100 200/220/240/260/280 4
2 LG 2 2.0 100 200 3/4/5/6/8
3 BT e 2 5.0 1963 260/280/300/320/340 4
4 BT s 2 5.0 1963 260 3/4/5/6/8
5 i 2 2.5 1225 140/160/180/200/220 4
6 ik 2 2.5 1225 140 3/4/5/6/8
7 TG 5 5.0 1225 140/160/180/200/220 4
8 TG 5 5.0 1225 140 3/4/5/6/8
9 i 6 5.0 2500 150/170/190/210/230 4
10 i 6 5.0 2500 150 3/4/5/6/8
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Fig.13 Stress-strain for loop defect repaired by composite
reinforcement
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Fig 14 Stress-strain for circular defect repaired by composite reinforcement
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Fig.16 The relationship between the repaired length of pipeline
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Fig.15 Stress-strain for quadrate defect repaired by composite reinforcement
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Fig.17 The relationship between the repaired length of pipeline
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Fig.18 The relationship between the repaired layers of pipeline
and the maximum equivalent stress of the defect

0.012
—8— Y 2 #itE —w— ik 2 O —>— I 5 ik
—o— [ 2 5iitE —e—JJE 2 itk —e— Ik 6 Itk
0.010 [ —a— ¥ 2 8Pk —<a— I8 5 11 —x— J7E 6 Mtk

0.008[ \
0.006|

FRFIPPERE / (m/m)

0.004 :

0.002 " - "
L &—o—o— o o

0.000 1 1 1 1 1 1

BERI=E

19 HEEERHEMRMEAEEEMNTHXR
Fig.19 The relationship between the repaired layers of pipeline
and the maximum elastic-plastic strain of the defect
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The Study on Numerical Simulation of Defective Pipe Reinforced with Carbon
Fiber Composite Materials

Zhou Yun, Wang Qi, Wang Yining
(Special Equipment Safety Supervision Inspection Institute of Jiangsu Province, Nanjing, Jiangsu 210036, China)

Abstract: Nowadays oil, natural gas and other energy sources are mainly transported by pipeline, the pipeline will produce various
defects in long-term use, and these defects will have an affect on the structure and strength of the pipeline. The current advanced
pipeline repair technology is composite reinforcement technology, of which carbon fiber reinforced plastic (CFRP) are the better
choice. In order to test the effect of reinforcing the pipe defects with/without carbon fiber, the tensile experimental study of CFRP
with different number of layers was carried out. Combined with ANSYS numerical simulation, the stress and strain distribution
of different defective pipelines in bearing before and after repair were investigated, and the influencing factors of the repair and
reinforcement effect were analyzed. The results show that: the thickness of defect thinning has a greater affect on the stress and strain
state of the pipe, CFRP technology can optimize the stress and strain distribution of the pipe defects while reducing the stress and
strain, and the repair effect can be improved by increasing the number of carbon fiber repair layers, and the relevant research has a
certain guiding significance for the repair of the pipeline reinforcement.

Keywords: pressure pipeline; localized defect; composite material; carbon fiber reinforcement; numerical simulation



