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Influencing Factors of Interference between Corrosion Defects in the
Inner and Outer Wall of Oil & Gas Transportation Pipelines

HUANG Kun, YANG Lei, LI An-ran

(College of Petroleum Engineering, Southwest Petroleum University, Chengdu 610500, China)

ABSTRACT: In this paper, the interference mechanism and influencing factors of corrosion defects in oil and gas pipelines
were studied to provide guarantee for the safety of pipelines. By using ABAQUS and the double elastic slope method and the
control variable method, the ultimate load of the pipelines with internal and external corrosion defects were solved when the
sizes of internal and external corrosion defects (relative depth, relative length, relative width) and the axial distance of the defect
are changed. The influence criterion was determined by the limit of 5% interference effect, and the limit influence distance of
internal and external corrosion defects were obtained. At the same time, MATLAB was used to establish the relationship between
the corrosion defects with the interference effect limit distance. Also, the formula was obtained by fitting. The constructed

quaternary cubic polynomial fitting formula R’>=0.9898, SSE=0.5361, RMSE=7.3219, showing low dispersion and high precision.
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The results show that: With the increase of depths of internal and external defects a,/t and ay/t from 0.1 to 0.3, the influence distance

of the interference increases significantly from 46 mm to 193 mm, and the rate of change becomes larger and larger. With the

increase of the lengths of internal and external defects b/ JRt and b,/ VRt from 0.5 to 2.5, the influence distance of the

interference increases continuously from 71 mm to 219 mm, but the rate of change becomes smaller and smaller. With the increase

of the internal and external defect widths ¢, and ¢, the influence distance of the interference is unchanged. Defect depth is the most

important factor affecting the interference distance, the defect length is second, and the defect width is not affected.

KEY WORDS: oil & gas pipeline; internal and external wall corrosion defects; interference; ultimate load bearing; ABAQUS;

double elastic slope method
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Tab.1 Geometric model parameters of pipeline

Yield strength/ Tensile strength/
MPa MPa

Material Young's

Poi 's rati
modulus/GPa oisson's ratio

Length/m Diameter/mm Thickness/mm

API X80 555 625 210

0.3 4 1016 18.4

Internal wall

Internal wall
Bl 1 2 PAIMEE XU A T LA A 78

Fig.1 Geometric model of double defect pipeline in inner and outer walls
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Fig.2 Finite Element model of double defect pipeline
in inner and outer walls
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Fig.3 Schematic diagram of double elastic slope method
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Tab.2 Error analysis of Finite Element calculated value

%
Error with Error with  Error with  Error with
Group GB/T19624 DNVGL- Original Modified
RP-F101 B31G B31G
1 6.37 2.34 4.64 3.89
2 5.48 1.22 4.84 1.98
3 8.13 2.51 8.13 1.53
4 8.42 3.21 7.38 3.27

30

B Value by ABAQUS
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Fig.4 Error analysis of ABAQUS
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Tab.3 Solution example of impact factor

Axial Ultimate load of Ultimate load of  Impact
ax pipeline with double pipeline with single factor
distance
L/mm effects by effects by (o)
FEA(P;)/MPa FEA(P,)/MPa %

50 17.83 19.02 6.26
150 18.23 19.02 4.15
250 18.62 19.02 2.10
350 18.80 19.02 1.16
450 18.87 19.02 0.79

2.2 ETREREMRRZMEE S

KRR AS vk, iR N AN A KB b=~Re ( B]
96.68 mm ). T&J¥ ¢=20 mm, NELFATERIE ay/t. HMk
FATRIE ay/t #2312 0.1, 0.15. 0.2, 0.25. 0.3, &
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Fig.5 Solution example of limit influence distance
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Tab.4 Double defect interference limit influence distance under different defect depths

Group 1 2 3 4 5 6 7 8 9 10 11 12 13
aylt 0.1 0.1 0.1 0.1 0.1 0.15 0.15 0.15 0.15 0.15 0.2 0.2 0.2
a/t 0.1 0.15 0.2 0.25 0.3 0.1 0.15 0.2 0.25 0.3 0.1 0.15 0.2

Lyj/mm 46 54 64 82 109 48 59 72 97 122 51 67 89

Group 14 15 16 17 18 19 20 21 22 23 24 25
ay/t 0.2 0.2 0.25 0.25 0.25 0.25 0.25 0.3 0.3 0.3 0.3 0.3
a/t 0.25 0.3 0.1 0.15 0.2 0.25 0.3 0.1 0.15 0.2 0.25 0.3

Ljj/mm 103 144 66 79 101 128 172 78 99 126 152 193
T .
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Fig.6 Diagram between defect depth and interference limit influence distance: a) 3D rainbow map b) line chart
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Tab.5 Double defect interference limit influence distance under different defect lengths

Group 1 2 3 4 5 6 7 8 9 10 11 12 13
b,/ B 0.5 0.5 0.5 0.5 0.5 1 1 1 1 1 1.5 1.5 1.5
b/p 0.5 1 1.5 2 2.5 0.5 1 1.5 2 2.5 0.5 1 1.5

Lijm/mm 71 113 145 175 199 92 128 149 182 204 115 142 168

Group 14 15 16 17 18 19 20 21 22 23 24 25
b,/ B 1.5 1.5 2 2 2 2 2 2.5 2.5 2.5 2.5 2.5
b/p 2 2.5 0.5 1 1.5 2 2.5 0.5 1 1.5 2 2.5

Ly /mm 190 208 133 156 177 194 211 144 174 191 206 219
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Fig.7 Diagram between defect length and interference limit influence distance: a) 3D rainbow map b) line chart
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Tab.6 Fitting parameter value

Parameter m m, ms my ms me my
Value 3478.0135 —797.9935 318.0556 -2655.3183 2424.8627 —331.7537 0.1447
Parameter mg mgy mio my mi, mi3
Value —7.4821 69.9249 -2.3887 11.3465 7.5725 —62.2588

RT MEHERER
Tab.7 Fitting accuracy

Precision

Sum of squares of correlation coefficients ( R*)

Sum of residuals ( SSE ) Mean square error ( RMSE )

Value 0.9898

0.5361 7.3219




- 204 - * wm #H R

2020 4 3 H

240

220 - —— Results by fitted formula
200} = Rawdata .
180 +

160 |
140 |
120 |
100 +

Limit influence distance/mm
o0
S
*

(=)
(=]
T
*

IS
(=]
Tx

0 10 20 30 40 50
Group

K8 AL K

Fig.8 Regression fitting curve

240
220 b Fitting target line

» Limit influence distance data .
200 =5

180 |
160 |
140 + *
120 | *
100 *

80
60F .=

0~
40 60 80 100 120 140 160 180 200 220 24
Target

K9 mHLLA I X-Y F
Fig.9 Regression fitting curve X-Y
TASES, [~ fo S, WKL, 2303
TEAMBRFEATRRE . PIBRFATREE | SAMBRFE I | P BRBE K
JEXT R BREF B iy, 2ok B G, 49 2B N SRR B T
WA B PR 2 A = CanF
Ly = fo + [ + 5 + 5, —62.2588
£, =3478.0135% 4 —797.9935x 4 +318.0556x 4,
[, =—26553183x A, +2424.8627 x 4," —331.7537x 4,
[, =0.1447x B’ =7.4821x B +69.9249x B,

f3,=—23887xB,’ +11.3465x B,* +7.5725x B,

Calculated

*

)
4 g

D) B2 PIAMIBIRIE a1 a B3R, FEIEHR
FRARRE T T, R WIS K RSk T
R IR IS A S S, L P AR

2) B PISMGRG KT by by MUK, FRICIR
ARSI FHE, 4RI K BT 2 5VR B, B
SRS . KU TV B B S A
EEEES STV

3) BEATASMBRMEAA BERE ¢, o BOIK, I
ORI 3 AAE | U T L i B 3

RS, TR b ] 2 R B T T A B R

4) XS AT, S BRI TR B S e T Y
B BN R, SRR, BREE T8 R LA R
TSI T F R RGBS TR AT BRI 1 B8 2 7 TR O

5) it ZoulHAEL ARG, 152 AR
e FRA 90 0 B[R] SMBR B TR . P BRBE TR IE | AMBRIE 1<
JE . N BRIE R Z T A 3, n] T A s
FE AT AR

S 3k

(11 E/hsk, EOREE, EH, % RIERE KR UEEIUR
KR BRG] AR5t 2018, 29(5): 1-6.
WANG Xiao-qiang, WANG Bao-qun, WANG Bo, et al.
The current situation and development trend of China’s
long distance natural gas pipeline[J]. Petroleum planning &
engineering, 2018, 29(5): 1-6.

2] T, FUEE. AERI B O KR R IR, R,
2018, 41(3): 6-11.

MA Gang, BAI Rui. Global oil and gas pipeline distribution
and development prospect[J]. Welded pipe and tube, 2018,
41(3): 6-11.

[3] BLEHE, 2845, RE, % 2017 FRRhVEEE R
PR B JEREH[]. T fifiz, 2019, 38(4): 373-378.
ZHU Que-zhi, LI Qiu-yang, WU Chao, et al. Construction
status and development trend of global oil & gas pipelines
in 2017[J]. Oil & gas storage and transportation, 2019,
38(4): 373-378.

[4] DNVGL-RP-F101, Recommend practice corroded pipeline[S].

[5] CHEN Y, ZHANG H, ZHANG ], et al. Failure assessment
of X80 pipeline with interacting corrosion defects[J]. Eng-
ineering failure analysis, 2015, 47: 67-76.

[6] ABDALLA FILHO J E, MACHADO R D, BERTIN R J,
et al. On the failure pressure of pipelines containing wall
reduction and isolated pit corrosion defects[J]. Computers
and structures, 2014, 132: 236.

[71 BENJAMIN A C, FREIRE J L F, VIEIRA R D, et al.
Interaction of corrosion defects in pipelines—Part 2: MTI
JIP database of corroded pipe tests[J]. International journal
of pressure vessels & piping, 2016, 145: 41-59.

[8] BENJAMIN A C, FREIRE J L F, VIEIRA R D, et al. Burst
tests on pipeline containing closely spaced corrosion def-
ects[C]//International conference on offshore mechanics
and arctic engineering. Shanghai: Schiff und Hafen, 2006:
103-116.

[91 BENJAMIN A C, CUNHA D J S. New method for the
prediction of the failure pressure of interacting corrosion
defects[C]//International offshore and polar engineering
conference. Lisbon: Journal of marine science and appli-
cation, 2007: 264-271.

[10] BENJAMIN A C, ANDRADE E Q D, JACOB B P, et al.
Failure behavior of colonies of corrosion defects composed
of symmetrically arranged defects[C]/International pipe-
line conference. Calgary: Experimental techniques, 2006.

( FH55 223 11)



F49% H£3W

XDEAE: BTk Mo/8YSZ JIREM L M BR TR = 45 M DAL 5 O R & DT 53 +223 -

[20]

[22]

surface engineering, 2009, 22(6): 68-71.

FIE, FRE, PRIA, 55, 7TA04 555G 40 1 il fusk:
Je BB A ST AT 0], MR TR, 2018, 46(4):
74-81.

DU Juan, TIAN Hui, CHEN Ya-jun, et al. Susceptibility
to stress corrosion and crack initiation and propagation of
7A04 aluminum alloy[J]. Journal of materials enginee-
ring, 2008, 46(4): 74-81.

F5E. R T BUIRIOR S AR 2 HAVEE ) 55 A
N1 HT[D]. FERIEE: MAIRIE Tl K2, 2008.

WANG Liang. Analysis of microstructure and residual str-
ess of plasma sprayed nano-structured thermal barrier co-
atings[D]. Harbin: Harbin Institute of Technology, 2008.
B, sk, 30 JET ANSYS AFEHITIERZ
FEBTRIRARBGED]. &R, 2017, 42(12):
225-231.

ZHAO Yun-cai, ZHANG Jia-ru, HE Wen. Simulation of
multi-layer plasma spraying system based on ANSYS ele-
ment death and birth method[J]. Heat treatment of metals,
2017, 42(12): 225-231.

FROR. MRS R AN TR BTSRRI FE D],
BUH: WrTLK2%, 2003.

WANG Qiu-cheng. Research on residual stress elimina-
tion and evaluation technology of aviation aluminum all-
oy[D]. Hangzhou: Zhejiang University, 2003.

HIE, AR, AL 6013 S5 B R AR R AL N T
ML BIE S A Iy fE[I]. T EA G4 R4k, 2014,
24(5): 1268-1274.

XIAO Gang, LI Luo-xing, YE Tuo. Modification of flow
stress curves and constitutive equations during hot plane
compression deformation of 6013 aluminum alloy[J]. The

[24]

[25]

[27]

Chinese journal of nonferrous metals, 2014, 24(5):
1268-1274.

i, PRHEE R HA T A P S5 P RERIT S (D).
JEnt: ALt BRI S, 2012

LU Shuai. Study on thermal fatigue of the chilling roll
materials in rapid solidification techniques[D]. Beijing:
General Research Institute for Nonferrous Metals, 2012.
WO, ZME, EER, S OBG4a R s S
mn AT A BEIE0]. WA & Jm A RS TR, 2011, 40(4):
669-672.

XIE Han-fang, LI Fu-guo, WANG Yu-feng, et al. Study
on dynamic recrystallization behavior of powder metall-
urgy molybdenum[J]. Rare metal materials and enginee-
ring, 2011, 40(4): 669-672.

PG SRS R A IR TR A A AT S [D]. R AL
KIEHLT R, 2016.

SUN Rui-jing. Indentation behavior of zirconia ceramics
at room temperature[D]. Taiyuan: Taiyuan University of
Technology, 2016.

VPR, 8YSZ BEIR 2 FRFAMERE KR P RE A B
WD) g LIASE R, 2015,

LING Xi-xiang. Numerical study of the thermal insulation
and thermal shock performance of 8YSZ thermal barrier
coatings[D]. Shanghai: Shanghai Jiao Tong University, 2015.
W, 2R, SRR TR 8YSZ IR IZIEMIGMER T
o ATy BB R[], REER, 2018, 47(4):
102-108.

XIE Yi-ying, LI Qiang. Numerical simulation of thermal
shock behavior of plasma sprayed 8YSZ thermal barrier
coatings subjected to molten aluminum[J]. Surface techn-
olog, 2018, 47(4): 102-108.

( 358 204 T0)

[11]

[15]

AL-OWAISI S S, BECKER A A, SUN W. Analysis of
shape and location effects of closely spaced metal loss
defects in pressurised pipes[J].
analysis, 2016, 68: 172-186.

HOSSEINI A, CRONIN D S, PLUMTREE A. Crack in
corrosion defect assessment in transmission pipelines[J].

Engineering failure

Journal of pressure vessel technology, 2013, 135: 8.
KYUJY, KIM W S, KYU H O. Integrity assessment of
API X70 pipe with corroded girth and seam welds via num-
erical simulation and burst test experiments[J]. Engineer-
ing failure analysis, 2016, 70: 254.

FREIRE JOSEL F, VIEIRA RONALDO D, FONTES
PABLO M, et al. The critical path method for assessment
of pipelines with metal loss defects[J]. Journal of pipeline
engineering, 2013, 14: 658.

LI X, BAL Y, SU C, et al. Effect of interaction between
corrosion defects on failure pressure of thin wall steel pip-
eline[J]. International journal of pressure vessels & piping,
2016, 138: 8-18.

IS R o SN RO BRI I B SE (D). )N 4R
MHETRE, 2013.

[17]

[18]

QIU Chang-sheng. Investigation on the ultimate pressure
of ultrahigh pressure tubular reactor[D]. Guangzhou: South
China University of Technology, 2013.

TR, TR, BRI, X80 A LRAIIL A B o R KA
IR A HT ], BN T2, 2017, 46(3): 174-177.
XU Xue-li, YAN Pei-lin, BI Zong-yue. Effect analysis of
chemical composition of X80 pipeline steel on weld toug-
hness[J]. Hot working technology, 2017, 46(3): 174-177.
BN, BRI, 250, 55 Z80EAHEAE R RO A
TESREE SRR ST DU T A e 24 (H BHIR), 2016,
29(2): 46-50.

MU Huai, ZENG Xiang-guo, LI Yang, et al. Interaction of
multi defect and its influence study on the strength of oil
and gas pipeline[J]. Journal of Sichuan University of Sci-
ence & Engineering (natural science edition), 2016, 29(2):
46-50.

ZO, B E, B, 5. &2 R s
AV TR THE . A, 2010, 27(5):
21-25.

PENG Jian, ZHOU Chang-yu, XUE Ji-lin, et al. Discussion
on safety assessment of pressure pipe with multiple local
wall thinning defects[J]. Pressure vessel technology, 2010,
27(5): 21-25.



