fAmBkeEE 2017 4F 6 H 55 2 55 2 1. 288-297

Jesh i F A

Petroleum Science Bulletin

Q

X2

JEE A I W SEVE VI 5 TSR

WS, A, x| #ArE2

1 AR (AU MU S figis TREABE, dbat 102249
2 i E I TERHE AT L, Y 065000
*SHAEVEH , shuaij@cup.edu.cn

WK H W 2016-11-06
TR EFRPH I (2015BAK16B00) FE i

HE HAFHEB R GEETER TN T ER S AE AR METEES —F A, xt—MFHNEREHE L
BE M A R A ATIE ZE AT, IE LA A % F ASME B31G-2009., DNV RP-F101, PCORRC, CSA Z662-
07. RAM PIPE REQUAL, NETTO ETAL% 7 £ A A E Gy E . TP AR, 20§ sk esk
BHBRRAEFE, RARFFEENFTEZUHETERRUME, t5HCEA T LAvES 7Rt H4 RafT
AT, EREW . TR E Y K &R 5 PCORRC, ASME B31G- 2009 UL % DNV RP-F101 ¥ /A i
BT HERME, #TTEREINMEARTFNEA S, ARSHELELNMBFHER. FHBEE, HE. WE.
B EMEEREMINT BN R 7RG AT H LB E N m A A X b, 7 ak3E g 3 K it & o 5

BT R FREERBRENRAN HHERFRER A AR YW FRE LT A REE R,

Kol

FEtk B, WA RBBEE; RIRRA; S&K

0 515

JIG e S o A 9 A T R DL B — R R, X E Y
SER SERENERE ™ U, 25 5 i U T A R R
T, At P ROABE i B R e . LTl sEtkn
I ITEEREAE LR 75 TR R IR 3R BN P 48 T 2R
ORI, FanEkpE R MR E M . #RE TN
AN PR, X AN P X i ol 5 1 8 4 T
P U, R, SR R AT AR S B R R TE
T b RS A A B Ay [ PR A s SR FH ) AR
X, XEERZ s T BEAREEE L,

HAr, TR LAV 2 b a8 8 88U
Hy A=, Bl ASME B31G—2009"), DNV RP-F101
MOP | RSTRENG', PCORRC™, CSA Z662-07"1,
RAM PIPE REQUAL!"" NETTO ET AL, [N 4P#

HHET AR A T 23 B X 1 A I B T SEME AT T
ARSI, (H X ST H R A T H P —Ff
PO AT EEE AT i TSR BN A s PRy
PEREAN—HF, T30k S AL 8 1) W S P B 24 2Rt
BRI B, Wil RE 1 R I . A 2% TR
Pl F A LA N, A B A [R] B T A
R PEAT AT SEVE 73 M B IS PP BEA T 20 B RV R RS 2
o P T 2 3 A T s Pl 2 T S 0

BT LRI, 53 e T — R (4 BEINORS L 5
(UFE2 T IR R (R F/AS: W VAR §1 S EE R G TS AN
Tk, XIS TE A D R P R AT DR IS, AR T
EIER MR, RS RSB E T TR
B AR . I I R RT3 A9 R S R
XL, S AT SRR B PRAF k. S oA 1B A
T PP A5 BE R AL H X T R RSB R A SR

SURREEC: il SC, D, SHPH . R P AE T Al SEMEE I A IESE . Al RkE ), 2017, 02: 288297
SHUALI Yi, SHUALI Jian, Liu Chaoyang. Research on the reliability methods of corroded pipeline. Petroleum Science Bulletin, 2017, 02:

288-297. doi: 10.3969/j.issn.2096-1693.2017.02.027

©2016 PRI (ILat)  ERR AT R 7]

http://sykxtb.cup.edu.cn



JEE T AE S AT SRR RIS

289

1 A JEE hiBRIE 5 38 80Ty P e

A B TC 7 VSR X 5 SR A T S AR B A TR R O
EAROTE, E52RSHEEBECRHSE, &
B A A S T A B T R YR A ST B b feE
FESCHR USSR A 20 15 SRS THARSE S oG, #ar &
JE8 b e o A T A B TCEIEAR AR o DA Ry 2 ok DX 3 )
F1IB BB e W s i, BRIV ok X e /NS 5 T
IR R RO BRI UTS I, i kAR RHIZ
A BRI T 2 2 e i A 1 B T o
SR, A IROTTT A B0 0 8 SO AR R e
TR AR, Hat B R/ EXTIRZE N 049%,
FAHXT IR 2E R 10.78%, HiiE T A PRI [ HERf 1
FE LA T 39 AUAS R 0 9 8 1ok 45 T LR
JE 7, AT A BRI T AR ), PUFHE T RR
“CUP” #Hil,

5 6
p =215 1—d{1—(0.1075-(1—(wj J +
D t nD

~0.4103L da\'?"
0.8925-exp| ——>= | [.|1-&
=P [ JDi D( ‘
b, DNEIEEHAS, o NEEBEE, L NEhEEK

(1

®1 SEMRAEEERTERRREE

Table 1 Full scale burst experiment datas of corroded pipelines
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IS S /mm BEJE /mm GRFEKE /mm BRETRE /mm BREETERE /mm JEREE L /MPa SR /MPa KT T /MPa

1 304.80 6.35 26.00 4.95
2 304.80 6.35 33.00 4.25
3 304.80 6.35 37.00 4.64
4 324.00 6.01 19.35 3.60
5 324.00 10.30 243.00 5.15
6 324.00 10.30 243.00 5.15
7 508.00 6.60 381.00 2.62
8 508.00 6.35 900.00 3.43
9 508.00 6.35 1 000.00 3.18
10 508.00 6.70 1016.00 2.66
11 323.90 9.80 255.60 6.95
12 323.90 9.71 350.00 6.85
13 323.90 9.91 433.40 7.08
14 323.90 9.74 527.80 7.06

20.0 351.00 543.00 15.36
21.0 382.00 570.00 16.29
30.0 351.00 463.00 14.29
19.0 382.00 570.00 16.22
154.5 380.00 514.00 23.20
30.9 380.00 514.00 22.00
25.4 443.40 598.90 11.25
25.4 429.60 672.50 8.00

254 434.80 672.50 8.40

254 430.00 601.00 11.55
95.3 422.50 589.60 14.40
95.3 422.50 589.60 13.58
95.3 422.50 589.60 12.19
95.3 422.50 589.60 11.30
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Fig.1 The comparison of calculation errors using five method
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Fig. 2 The flow chart depicts the calculation procedure of
Monte Carlo method
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Fig. 3 Failure probability calculated from different models
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Fig. 9 Effect of the cov(Py) on the failure probability
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Fig. 11 Effect of the cov(d,) on the failure probability
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Fig. 10 Effect of the cov(UTS) on the failure probability
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Fig. 14 Effect of the cov(V,) on the failure probability
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Fig. 16 Effect of the cov(V,) on the failure probability

FME . AT LA i AT S o BT 2 2 FE #%

(2) cov(D). cov(t). cov(R) . cov(Vy) 24k
Xof A T 2R SBORE S A S e B AT X ) 1, R S AR B
KT BE 3 2 BOME 38 (%) 38 R B/, 8 T8 2R MO 3 %
cov(ﬂ)%ﬂcov(%)%flﬁf{@, KL, 7EA8 8 ROF Skt
BIATTAR FYIE OGS, AT SR ERUHE it s/ N T A ) ok
SN A R BN R B2 A S A I 2 k. 5 4h, AR
M, cov(r) K cov( D)X JEih A 18 2 RURE A )2 i B
KL, cov(V)) . cov(V, ) X & miAE 18 19 2R S5HE 4 1Y)
SR/, b, TR v R A e LT AT LA Zm
X5 280 E T RIEMAE B RBUE T AR
7 R TR S R A — 2 .



296 FIMELEER 201746 H 2 &5 2 )

() ASCE X E AR T SEE TR TS SRE, BER S EARZ AR, NIk, et
BEMUAS R SL PR SE . SEPr b, AUERENVE R Z R 22 ) A RH O T b A T8 RS R A e — 25
fAE—EHRAR, PINSERE . KE, BESEM O TR,

CEPUN

[1] CALEYO F, GONZAL J L, HALLEN J M. A study on the reliability assessment methodology for pipelines with active corrosion defects
[C]. International Journal of Pressure Vessels and Piping, 2002, 79(1): 77—86.

[2] PAPADRAKAKIS M, LAGAROS N D. Reliability-based structural optimization using neural networks and Monte Carlo simulation [J].
Computer Methods in Applied Mechanics and Engineering. 2002, 191(32): 349—357.

[3] STEPHENS M J, AND VAN ROODSELAAR A. 2008. Developments in Reliability-based Corrosion Management and the Significance
of In-line Inspection Uncertainties [C]. Proceedings of IPC 2008, 7th International Pipeline Conference, Paper No. IPC2008—-64384,
Calgary, Alberta, September 29—October 3, 2008.

(4]  T4tE, BOFth, HERL, HEE . i R A A A i (7. AL, 2000. 28(2): 29—-32. [LUO J H, ZHAO X W, BAI Z Q,
LU M X. Residual Life Prediction Method of Corroded Buried Oil Pipeline [J]. China Petroleum Machinery, 2000. 28(2): 29-32.]

[5] ASME B31G—2009. Manual for determining the remaining strength of corroded pipelines[S]. American Society of Mechanical
Engineers, 2009.

[6] Recommended Practice DNV RP-F101. Corroded pipelines[S], 2004.

[7] KIEFNER J F, VIETH P H. A Modified criterion for evaluation the remaining strength of corroded pipe [C]. Final report on project PR
3—805 to the Pipeline Research Committee of the American Gas Association, 1989.

[8] DENNY R, STEPHENS B N. Development of alternative criterion for residual strength of corrosion defects in moderate-to-high-tough—
ness pipe [C]. Battelle Energy Products Division, 505 King Ave Columbus, Ohio 43201-2693. In: 2000 international pipeline
conference, vol. 2. ASME 2000.

[9] CSA Z662—07. Limit state equation for burst of large leaks and rupture for corrosion defect [S]. Oil and Gas Pipeline Systems, Canadian
Standards Association, 2007, 554—555.

[10] BEAR, XU T. Corrosion effects on burst pressures RAM pipe requal[R]. University of California at Berkeley, 1999. Pipeline Requalifi—
cation Guidelines Project Report 1, 103—104.

[11]  NETTOTA, FERRAZ U S, ESTEFAN S F. The effect of corrosion defect on the burst pressure of the pipeline[J]. Journal of Construc—
tional Steel Research 2005(61): 185—204.

[12]  SIKDER H, FAISAL K, SHAWN K. Probability assessment of burst limit state due to internal corrosion[J]. International Journal of
Pressure Vessels and Piping, 2012, 89(2): 48—58.

[13] NESSIM M A, ZHOU W. Reliability based design and assessment for location-specific failure threats[C]. Proceedings of IPC 2006,
International Pipeline Conference, Paper No. IPC06—10097, Calgary, October.

[14] MCCALLUM M, FORD G, FRANCIS A. Extend the in-line inspection interval for a gas pipeline using direct assessment[C]. 7th
International Pipeline Conference, Canada, 2008.

[15]  Uibfd, SKRAFME, PRmk . AEQetA BT T 7 f 4870 e U 0 78000 [T, A28, 2008(06): 933-937. [SHUAI J, ZHANG C E,
CHENG F L. Prediction of failure pressure in corroded pipelines based on non-linear finite element analysis [J]. Acta Petrolei Sinica,
2008(06): 933-937.]

[16] CHOUCHAOUI B A, PICK R J, YOST D B. Burst pressure predictions of line pipe containing single corrosion pits using finite element
method [J]. Pipeline-technology. ASME OMAE 1992, Vol. V-A: 203-210.

[177 CHOUCHAOUI B A, PICK R J. Behavior of circumferentially aligned corrosion pits [J]. Journal of pressure vessel and piping.
1994(57): 187-200.

[18] BJORNOY O H, OLE R, STEIN F. Residual strength of dented Pipelines[C], DNV Test Results. Proceedings of the 10th (2000)
International Offshore and Polar Engineering Conference Seattle, USA, May 28—June 2, 2000.

[19]  ADILSON C, BENJAMIN R D, VIEIRA J L F, et al. Burst tests on pipeline with long external corrosion [C]. International pipeline
conference, 2000.

[20] DARUO B N J, ASILSON C B. Finite element models for the prediction of the failure pressure of pipeline with long corrosion defects
[C]. Proceedings of IPC’ 02, 4th International Pipeline Conference. Sep. 29—Oct. 3, 2002, Canada.

[21]  MOK D R B, PICK R. J, GLOVER A G. Bursting of line pipe with long external corrosion[J]. Journal of pressure vessel and piping,
1991 (46): 195-216.



JEE T AE S AT SRR RIS 297

[22] BOHR, P atE . ah EE RPN R [M]. BEVE H iREEAT , 2010. [ZHAO X W, LUO J H. Integrity assessment technology of oil
and gas pipelines[M]. Shanxi Publishing Group, 2010.]

[23]  ZHOU W. System reliability of corroding pipelines[J]. International Journal of Pressure Vessels and Piping, 2010: 587—-595.

[24]  QIAN G, NIFFENEGGER M, LI S X. Probabilistic analysis of pipelines with corrosion defects by using FITNET FFS procedure[J].
Journal of corrosion Science, 2011(53): 855—-861.

Research on the reliability methods of corroded pipeline
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Abstract There are many reliability evaluation methods for the corroded pipelines. But there is no unified standard and the
versatility is poor. In order to solve the problem, this paper studied a prediction formula mentioned in one literature. The error
analysis shows that it has higher precision than the models of ASME B31G-2009, DNV RP-F101, PCORRC, CSA Z662-07,
RAM PIPE REQUAL and NETTO ET AL. Based on the structural reliability theory, a limit-state function is defined. Then the
probabilistic damage model is formulated and numerically calculated by using Monte Carlo Simulation (MCS). The failure
probability of a corroded pipeline was calculated, and compared with the candidate standards. The results show that the failure
probability calculated by this model is similar to that calculated by the allowable stress methods of PCORRC, ASME B31G-2009
and DNV RP-F101. This indicated that the new prediction formula can provide a choice for the reliability analysis of corroded
pipelines. Through the parameter sensitivity analysis, it is found that an increase in the variation coefficient of random variables
as wall thickness, diameter, internal pressure and radial corrosion rate may lead to an increase or a decrease in the failure
probability. It is pointed out that the radial corrosion rate and internal pressure are the two key factors affecting the reliability of
corroded pipelines.
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