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Research on ultimate bending moments of pipelines with
irregular corrosion defects

LUO Wei—hong', SU Xuan—he’, SU Guan—1Ii', LU Wei'
(1. School of Mechanical Engineering, Guangxi University, Nanning 530004, China; 2. Natural Gas Division, Sinopec
Corporation, Beijing 100029, China)

Abstract: The complex relationship between irregular corrosion defects and pipeline failure presents
substantial challenges for pipeline safety assessments. To investigate the interaction between irregular
corrosion defect parameters and pipeline failure bending moments, a theoretical calculation model for the
ultimate bending moment of pipelines with irregular corrosion defects was first established under the
individual or combined effects of internal pressure, axial force, and bending moment, based on the Net
Section Collapse criterion. Then, the accuracy and reliability of the proposed model were verified through
experimental data from the literature and finite element analyses. Finally, taking API 5L X80 pipeline steel as
an example, the impacts of defect shape, depth ratio, length ratio, and relative position of shallow and deep
defects on the ultimate bending moment of pipelines with irregular corrosion defects were analyzed under
three different working conditions. The research results indicate that the ultimate bending moment of the

pipeline is related to the shape of the corrosion defect. Considering the shape of the corrosion defect in the
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calculation of the ultimate bending moment can avoid the underestimation of residual strength. The increase
in the depth length ratio of irregular corrosion defects reduces the ultimate bending moment of the pipeline.
When the depth length ratio remains constant, the larger the depth/length of the corrosion defect, the faster the
rate of decrease of the ultimate bending moment. Additionally, adding internal pressure and axial force loads
also reduces the ultimate bending moment. When a deep corrosion defect is located in the center of a shallow
corrosion defect, the ultimate bending moment reaches its minimum. As the deep corrosion defect moves
from the center towards the edge of the shallow corrosion defect, the ultimate bending moment of the pipeline
gradually increases but the change is not significant. This paper presents a failure assessment method with the
merits of clear physical concept and convenient calculation for pipelines with irregular corrosion defects,
which enriches and develops the relevant theories of pipeline safety assessment.

Key words: pipeline; irregular corrosion defect; combined load; ultimate bending moment

][l

0 5]

EHE AT A B, ARG R GBS R Tz po RN B T R
B FF & 1, R 22 )45 TE Bl SO TRV IRS 5 LA, S (IR BE VR B AR Y i Jre o (4573 i FH il b R
R BRI B ERARRBsEY Y, TEIRBEIR], S A B R A B A TR T, 164
% B M T 32 S AR AR AL (UEL 25 | WK IR 3))) 7 A 0 Bl ) 0 AN B 2y, 7 308 8 77 A B R W 3 AR
T, ATEARTIA 3% ZeA5" . SR, o1 Tl A RN B R 2 0 S0, 45 T W] S f b 2 1 S0 ol e
JE o ke o 2 S A T A R RS U, AT ARG B B, 258 ok R A 22 A s ™ B 1 At
T g, 45 w2 o IRRR RE Az B 19 &2 P, A 0 X o e o 45 8 R A T 4 T - B P 8 % A 2 0 T
APV T P AN X B e A R A AT TR SE IR TS S AT BRIT M . SR, SEBRAE T A T R
FR/NEA R, HHARSZ 2R AN S A] R, X B pAR 3 5, A PR T/ B AS v 68 i 55
SR e, R AR A AT A B A (B A TR A DR 58 HH S, G SERF AR il e A H bR K &2
SRS A AR AR, AR TR JT, TS i R T — R
B T T A 08 T AR B LTS, B ASME-B31G 75, RSTRENG 0.85 dL 75 %" il DNV-RP-F101 J5
VU A ORI, BT 2 I P T IR AR L A 4 K 23T, A T R el ) g R 2 e A T R K 5
M, Kok J (A 18 O U FE g P AT AN 8400 AN, — BB AE ST R Z 00 T — et 00 T SR TR 3
02 RN, i1 bR AN AU 0] FE ok 5t 57 7T Ay R 005 b e, DA T o 0 T A R 2y i B 2 S LA R
el

I R AR T AL B AR B AT I GBI 1 2 R T I v 0
PR, A7AE G PR 8 )45 T8 2 R A SR IR A, DR M P i IR Ao 28 B A DA AR 3R RE 7 RN 25 44 58 3
[ EEFE AR . Kanninen 25 45 4 %75 8T 5 13 (Net Section Collapse, NSC) v I & B4 1 185 )12 14
BB R RIS i 22—, 1 ENA A BB A5 T A 2 A A T SRR ZS i, 3R AR ) 5345
A3, ELIGI R B R/ N TS B AR I J1 0 3E—20Hl, Miller™ B4k T 7715 5 i) B8 25 R 43
BT PN 2 T A A e 1) ) | S A A A T OB R . SRR AR S T Je s
T B A JEE Bl e 100 1 0 65 1 SR P IR 28 mmy B A, 36 U 1 ) v B 328 33 o DU B3 T B VR v
W R B AT HERY . 1A, Huang 2527 SR FIVD IS M40 T 2 0 1) A5 S 4 1 9 B A0 18 ) S M R
FHAHE, e 1 S ARG A A Rl v ) R RS R S R F R SR A BR 2R AT 0 4 — BRI i, 4R
TG T 0 A DU 35 P 5 AR BB o <A Y e VR T

JUE AT i i v S e A T T T 2 MR A I FE, {EL R 1 AR 57 P AN H 0] 6 b e e fr 3 1
BRI AR SCFRE T v 4R T A v U] B R — A X AN R ke R 5 A T 1) B B A R T v LA



42 10 Bl KU P A A B PR A R 297

API-5 L-X80 LA A 91, 4R35 (b ol o 2 B0 45 T IR 25 R By S R, 5 0 b AN W DU ot e A 1
2 e E R IR TE 5

1 AN R B BB AR RS FER T EAR B 2

H T IR A B BRS04 2278, SR Dl ) UR BE AR A DR AR 1E E , SEBRA 2 2R, 718 R ik
BRBE 22 2B AR, HARAE TR —A s 2 e i TR A ™, I 1 s . NIRABISTE
e S o A5 T 1 2 8RR AT 5 T LA R 2 TR G 2R, R FH Bk B i KRIRE d 53R B dy O LUAEL
VR R R A WU E B8 B i),
2. dufd Q)
die 1+(dy/ds—1)(La/Ly)
o dy HIRE A TREE (mm), dg SRS SR FE TR B (mm), Ly AR T e S8 a) K B (mm), Ly A

JE& PR J 1] B (mm)

() ANHHLI S b ke b L ST 2] (b) RIS (o) AU fh ik A1
Pl 1 b ke B s R

Fig.1 Schematic diagram of corrosion defects for pipelines
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Tab.1 Comparison between experimental values and calculated values for ultimate bending moments

under action of bending moment

API RP-579—1/
- A R IoE AR SCH AR AR
LAE®Y ) ASME FFS—1%

(kN-m) FEAE/ MXE EAE X PEME AN
(KN'm) i#2/% (kN'm) #%%/% (kN'-m) i%%/%

% M R/mm #mm D/mm Og/°

1 STS410 52.85 8.6 1.7 180 39.6 35.40 10.61 40.15 1.39 42.72 7.88
2 STS410 5285 86 43 180 38.4 27.50 28.39 35.92 6.46 34.87 9.19
3 STS410 52.85 8.6 6.9 180 29.5 16.67 43.49 3091 4.78 33.67 14.14
4 STS410 52.85 8.6 3.0 180 38.8 31.75 18.17 36.83 5.08 38.64 0.41
5 STS410 5285 8.6 43 90 375 32.13 14.32 37.25 0.67 39.48 5.28
6 STS410 5285 86 43 60 38.6 3437 10.96 39.86 3.26 41.76 8.19
7 STS410 52.85 8.6 6.9 60 38.1 30.74 19.32 37.67 1.13 37.80 0.79
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Fig.5 Finite element simulation results of stress for pipelines with irregular corrosion defects
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Tab.2 Calculated results of ultimate bending moments using different methods for different loading

conditions

s faREr R /mm A PR CAR I

‘5‘

6, (6,) 20 d, dy M P+M P+N+M
1 60 60 2 3 0.84 0.78 0.63
2 60 60 2 35 0.83 0.76 0.60
A SRR API RP-579-1/ASME FFS-1%

R THEAE AHRHR22/% ARG X AR 22/%

M P+tM  P+N+M M  P+tM  P+N+M M P+M  P+N+M M P+M  P+N+M
1 0.86  0.75 0.60 238  3.85 4.76 0.82 0.71 0.53 2.38 8.97 15.87
2 0.84 0.74 0.58 1.20 2.63 3.33 0.78  0.67 0.47 6.02 11.84 21.67
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Fig.7 Relationship between the ultimate bending moments and depth ratios for pipelines with irregular corrosion defects
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