0

KIGAS Vol. 14, No. 4, August, 2010
(Journal of the Korean Institute of Gas)

Al Z 3t x|

x| b 2+

ok
mjo

Ha ZtE v £k
to| &l
Agatd st o |1 &7

(2009 124€ 214 H4r, 201

A Simplified Method for Predicting Failure Probability of
Pipelines with Corrosion Defects

*Jin Han Lee, Young Seob Kim®, Lae Hyun Kim
Graduate School of Energy & Environment, Seoul National Univ. of Technology
‘Institute of Gas Safety R&D, Korea Gas Safety Corporation
(Received 21. December. 2009, Revised 24. August. 2010, Accepted 24. August. 2010)

 of
=S T2 o] i ThsAdel] sl EEA AT S st o & westate] ARK 4 gle S
Zﬂ"}o}ﬁ’i‘ﬂr. 52w ghe] sk e o] A wike] A EE 23E u] WAsh=d| o] AV H TR
AAste] EAE F-20] 7(]535101] w2 FEgE tigk EGAE d5E 5 otk o] E’Wﬂ* g g sXsEivt
EA5HA] o HEA o7 B3-S o23517] 2|8 Monete-Carlo Simulation (MCS)S- AR&-ght} B oo A=
SHAPSE] st sil7) shut EAlSE Aol ARl 1 slE FAHoR e WS Xﬂ o3}tk o] WS
MCSE o]&3t A} g wf Qxp7} A oix® w9 wh2 A ALkt 4= 9o Ea‘ﬂo] Wiol}l Fekert

Abstract - An alternative method is presented for predicting failure probability of pipelines
with corrosion defects in this paper. The failure of corroded pipeline occurs when the operating
pressure is grater than the remaining strength of the pipeline, and a limit state function can
be defined as the differences between the remaining strength and the operating pressure. Then,
based on structural reliability theory, we can estimate the failure probability of corroded pipeline,
which is dependent on elapsed time of the pipeline with active corrosion defects. In this study,
a root finding (RF) method has been adopted to solve the limit state function instead of
Monte-Carlo simulation (MCS) method which traditionally has been employed to solve those
kinds of problems. The calculation results shows that there are only small differences between
the RF and the MCS method but the RF has higher efficiency in calculation than the MCS.
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Fig. 1. Failure probability for small leak sce—
nario.
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Table 1. Random variables.

Variable Type mean CoV”

Radial Corrosion Rate [mm] Weibull 0.2 0.87 [9]
Yield Strength [MPal Log-normal 493(SMYSx1.1") 0.08 [9]
Operating Pressure [MPal] Gumbel 3.15(MAOPx1.05"") 0.03 [1]
Pipe Diameter [mm] Normal 300 0.001 [9]
Pipe Thickness [mm] Normal 9.6(Nominalx1.01) 0.01 [9]

CoV : Coefficient of Variance
“ SMYS : Specified Yield Strength
“* MAOP : Maximum Allowable Operating Pressure
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Fig. 3. Flow chart for MCS.

Shth Fig. 391 MCS 2AHE veRfQich

2.5, Ztchst did x| of

Fig. 37 2 "2 Random Numbers 57}A]
PowX FUES ¥ & Arh lﬂib‘r Monte-
Carlo Simulation 52 -2 Algho| Al 214531 W
W] ohn A Ak ol wu} whe}A]

B AToIAE o9 tjeoR RASENS IF
2% M (Stochastic Variable)Z F11 ~1 W #] 1=
(A, FRAE, B3, e 2EAel
Atta 71 38ke] A8 24 W45 (Deterministic vari-
able)= AFE-3lSIT} Table 19 WERS HEe} 7o)
W% A5 (Coefficient of variance, CoV)E' H s X
W RAEEE Xﬂﬂo}‘ﬂ O WeEs2 AsHS
ol ZdiF o g 2SS & 4 Ut o= 4 (), A
)9 stAE ~’F—4 7414 @Y Hﬂ%‘é of 7} & 4
g v A= AT FAS RS AS ov] st

HA L ﬂoﬂL s HEE AAHEA L S
*V“(O% 7]*1 = H s AFESIGITh) 2 74 A
()2 A F2] Zolxto] &7 th<3lH ]

2 (d)=t—d @)

‘:1 2] #
ol Berelch, elm A 2 $4 )
EE 59 408 $AG% BES ol

Failure point

Prob fail

I
Corrosion growth rate

Fig. 4. Failure probability from corrosion growth
rate.

A
Pressure

Pressure resistance

Maximtyrating pressure

Failure point

v

Time

Fig. 5. Failure point of aging pipeline.

(t/ el ek o] RASES 74 $EUe
o] v g,

Qe HASEE 1 BEE TIPS
Fig, 491 7 /IHES LRIt o8 #4 0%
EeAshE ofelsl Ak

Pr=1— af( V;) ®)

U= Ayl 29 A% oS
Z7 0] KAlzlo] who] g A

ey IS

Askl ohew} 2o,
% (d) = Pourst (d) *;00,, (9)

T, A QEFE z=0 Q1 F
& 27 o= & 4 9lom, Fg 5o 1 /i
= UrEM%O*D} 573 7]7J Ay T FE2EES &
AU .8} miR7 A 2 whH o

5H A Zlo], & v=o] dojd wje] 7 J4] Zo|(F
AR 22 kel 473

of Ashs v FAEEE 71 gEo|t) o]
FAEEE 71 S5 AFEY vETIH R 2

r
-
A
=
=
3



L

A8t vhe} o] MCSHHS sll41 49l slE &
7] e A e S e e f8%
WhHolt}h, 712 11 Random Trial®] 5 EHOEH
AUTE =d 4 9k weka] o] MCS B2 of
H A BElo] YT E v wEk| 98 o] &5 7]
T3 upebd B Ao Aokdt WHE A
3t7] 918l MCS d¥s) vmstgow, 7 A%E
Fig. 60 YERNITE o] Fa& s, 279, 3
B, wjEEAl, FF ol it £ 84 (Uncertainty)
< 7HA dd A ge] AAge] mE FEE
W3S Yetdth 27F AlvE 2] ¢ MCSH
Ha Aljbe W Fhells A2 2lolE HolA] sk
th 7 ol dEEE WS T Bl 2§
A Mt FAEE oo w7 st
xaEo] Q7] WEo g Helth s UFE A
U] 29 g Aoty a3ty WHo g A
AFst A7 MCSHPH 0 2 AlAkE b 3 v wdk
uf mAgk 2ozt v RS o 4 Qlok
sk WRo] MCSH el o
A OHANE FHHEHA AFEE ¢

)

AR I E S & 5 ALk g
1 7}&
<]

wll-g- 31 ko] -9 wivs ke A Ak
e AREE A AARE Bl Y
WE Ao Aent

919 WS arHjgo] 2 Y 7, e
<A 5o AR EAR IS 488 5

= el thell FARERE o] F-AEE FAE o]
BE &8t 2o B4 FAToRA 7
ZERONIEE FEEA A2s Tl 78 5 9

1e+0

Cumulative Failure Probability

m —— : Small Leak Prob. (by Monte Carlo Method)

: Small Leak Prob. (by Root Solver)

—— : Large Leak Prob. (By Monte Carlo Method)
m :Large Leak Prob. (by Root Solver)

1e5

] 5 10 15 20 25 30 35 40 45 50
Elapsed Time [year]

Fig. 6. Comparison between MCS and Root
finding method.

[0S
oot

ol AAAA HjZ JHAAKIn-Line
Inspection) HIOJEE & AolA] A€ FA
WHow FAsh, wjie] AEFEE 5T 5
W= ETRE g -85 84 oz 7Y
gk

v. 2 B

= AA EZ A (Deterministic) W2 thAst
o stAIErE] S Falr] S8l 3] W
AFEEE Zheks) W S-S AlISHITH
Abe 2o HEFE fl8) Al AT (Case-Study)
£ Fste] MCSHH ol 23t oS ghs vjast
Ay deshe o] MCSHE el ost Aitel
ZFol7F A oW = AXAZES vl EY &
< & 5 USITE wEbA] o] WS Al 2 QA7
o] Wo] AQF+ MCSHE AT 4= e &
st olet deEnh

.

o

il
rok

S =t

[1] DNV, Corroded pipelines, Recommended Practice
DNV-RP-F101 (2004)

[2] Melchers, R.E., Structural Reliability Analysis and
Prediction, 2nd edition, John Wiley and Sons, NY.
(1999)

[3] Kiefner, J.F., Maxey, W.A., Eiber, RJ. and Duffy,
A.R., “Failure stress Levels of Flows in Pressurized
Cylinders. Progress in Flaw Grawth and Fracture
Toughness Testing. ASTM STP 536”, American
Socity for Testing and Materials, pp 461-481 (1973)

[4] Pandey, M.D., “Probabilistic models for condition
assessment of oil and gas pipelines”, NDT&E
International, Vol. 31, No. 5, pp. 349-358, (1998)

[5] Ahammed M., Melchers R.E., “Reliability Esti-

.35 - St 7k~ k8] 2] A4 Al4T 2010 8€E



(6]

(7]

(8]

KIGAS Vol. 14, No. 4, August, 2010

ol sl - 71

T

mation of Pressurized Pipelines subject to locali-
zed corrosion defects”, Int. J. Pessure vessels and
Piping, 69:267-72, (1998)

Caleyo F, Gonzalez J.L., Hallen J.M., “A study on
the reliability assessment methodology for pipe-
lines with active corrosion”, Int. J. Pessure ves-
sels and Piping, 79:77-86, (2002)

Shu-Xin Li, Shu-Rong Yu, Hai-Long Zeng, Jian-Hua
Li, Rui Liang, “Predicting corrosion remaining life
of underground pipelines with a mechanically-based
probabilistic model”, Journal of Petroleum Science
and Engineering, 65 162-166 (2009)

Moglia, M., Davis, P., Burn S., “Strong explora-

- A e

- 36 -

‘

tion of a cast iron pipe failure model”, Reliability
Engineering & System Safety, vol. 93. issue 6, pp.
885-896, (2008)

[9] Teixeira, A.P., Guedes Soares, C., Netto, T.A.,

Estefen, S.F., “Reliability of pipelines with corro-
sion defects”, International Journal of Pressure
Vessels and Piping 85: 228-237 (2008)

[10] Worthingham, R.G, Fenyvesi, L.L., Morrison

T.B, Desjardins, G.J, “Analysis of Crrosion Rates
on a Gas Transmission Pipeline”, Pipeline and
Gas Technology Magazine, Nov/Dec 2002 issue
-pgd5 (2002)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.99833
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


