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The Evaluation of Remaining Strength for Corroded Pipeline by
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Abstract

The transmission pipeline industty spends many millions of dollars anmually performing inline

inspections, excavating sites of possible corrosion,

and repairing or replacing damaged sections of pipe.

New criteria for evaluation the integrity of corroded pipe have been developed in recent years to help
in controlling these costs. These new criteria vary widely in their estimates of integrity and the most
appropriate criterion for a given pipeline is not always clear.

This paper presents an overview, comparison and evaluation of acceptability criteria for corrosion

defects in pipelines. By full scale burst tests, this

paper have assessed the relative accuracy of each of

theses criteria in predicting failure and remaining strength. Many of the criteria appear o be

excessively conservative and indicate that defects
burst test data.
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P Predicted failure pressure of the defect

Aet  Area of defect in the longitudinal plane
through the wall thickness

Ao Original cross-section area(Lt)

D Inside diameter of the pipe

t Wall thickness of the pipe

d Maximum depth of the defect

L Total axial extent of the defect

Mt One of the various forms of the "Folias
bulging factor”

Oviad Yield stress of the pipe(0.5% strain
criterion)

o sow Flow stress of the pipe(= ¢ yie+68.9MPa)

ouw Ultimate stress of the pipe

* FIAFA AT

must be repaired when none is needed, based upon

AA7tEE FFate FH7kEFAMY Fi)
Ha dd YA E FHer A5

Bggon FAH) k. ol wiw
Zato) wid=o] A3, vEFe B
A, WHAEZez s staFEol

doid A¢ Fdd AAA, AhsE &4
AAFAE PHE 4 At wdebA The
(AT AAAY FRE WF 2849 &
t2FA FAREAAE FolRg T8 AL
Foltt. ‘

AA o= Fh23Abe] BSEA
sjate] A FAlstol AA g =R A
5ol glo] W9 i}Ol 7h e ® &g 2Add
o} Bulel $89 29 1000km3 W 43 A%
o B4E Faw o}L o] ZAdET o
g S gL RN FAese 4F

[e]

—_—

RO S ]
Lo i

N

St

o
rlo
N

-339-



3153} F2o] 714 2 BES AAstn Y}

HH4S A e AAA Fue Ay
sto] R E= §A4 F st 2EHvle 9§
Aoltk. B7tHEA dY=0] e RAEARS
E UEHAE gPoz Foho] BAEGRI
o] A A9 $iAd diF ARE QAT
stojgte 2ulE HIHE s FFeA YA A
gy E9a9 &£48 JHAL $ 9

S A &E3RE 24898 9 I} BE)
derpras FAd T34 FAwsA g B
a9k RyE FAR 23 A 2388 A)
EEAS 3 ARSET A 5 9
2, gdd 2 A= StaEn ¥F5d9
TA7E 7] WEo] A58 AR o}
2E olgd 2 Ak M3 ¢4 A §
2L vjge] gtAolr) wiHe kAL R
SlHA EHAY RFLE JAEo FARSFHE
A7 fside &3 A3 O
A Frrl et metd B apdn
FI7t2FALA FHlgez A4H T Q=
API 5L X65, 30213, 17.5mm 7t=sj@oz 2Au)
# BAANE S AAFY &g AA IFH
E=E HUe9Y. dujd 3dNd ZgE Ey
2 @A AAZFoA AHEHT Qe RS
# AFAE HirlEe BeAe dHRo

r

o

firoreh e

2. 7|AEFC FAuE &

—

=

0\|

T gt J|E

Y

AAAA Mdso]l ALEHT Q= R4
# IFRAE Gt NNREL 9gH e
2113}.(2)

* Classical ASME B31G criterion

* Modified B31G criterion

* RSTRENG software

* Chell limit load analysis

* Karmninen axisymmetric shell theory criterion
* Sims criterion for narrow corrosion defects
* Sims criterion for wide corrosion defects

* Ritchie corrosion defect criterion

* Baittelle/PRCI PCORRC criterion for plastic
collapse

* BG technology/Det Norske Veritas Level 1
criterion for plastic collapse
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Longitudinal axis of pipe

L

Path of min. thickness
readings in the
longitudinal direction
Exact area, A
_ ‘: t

\
A=0.85dL
L=Length of metal loss
d=Depth of metal loss
A=Area of metal loss
t=Wall thickness of pipe

Parabolic area, A=(2/3)dL

Fig. 1 Corrosion size.

o] FAA bF da AEFHm Yr AL
Classical ASME B31G 7], modified B31G 7}
Z3 RSTRENG ZZago)tt® &xumae) 3
FAEE NAAR FEREG R &89
2718 71Ee2 Addd. weF ANAE 3FF
=7t FEF EAE iK1 wide e
ALY E 295 F$o P4 &40 A%
A Ao steEd wd a¥x] gud 9
HiAE B WA Z5L AYHEE FLAAL
L=

A E43o FEUAS 85 Ry 9
3 ouje Ax ZAAE a9 13 o) aiiy =
B3E aet 2HE FA A4 gHdcn s
ARG FAEQES 248 Wiy FAYg
HS &y 22 Ho gHIY

1-A /A,

ot
Pr=p o 7= japu;| @

o] HolA AP o] WjAHRS FES
gl =d3d Sadan ARG 29 1
A 164 depd AT} o] FA E4FAN 5
AE dold Ho gho] wi@e] F4Fg wet 2
< @ad EATG M A

A (Dol AL A2HAE o QA o] &3
7l 455 39stn 24AQ FHe Ao ge
dut olgd &7E FFA7] A8 OdgH
#Z& ASME B31G & A|Ast9



Dt

_2d

sz%t_(l-lo-yield) 2d3t . V4]
2 ql/2

Mg = [1+0.8L 3)

DOAH (228 vms) 28 ASME B31GY
AL Al A AR & 5 Utk $4 o) 7]
oA %%8@.3 FESH 112 Asg
= F2EGR el a9 1
7 Po] TEA %‘%ﬂﬂ% Rolth, A WA=
L/Dt<209) ZA$ogt A88 4 SIAl Folias
bulging factor& T 79 oz 7veksiA ®E
SHATE LY/D>2001d Ade) gol: 10%= Al
e} olgld A|FL ASME B3IG 71 EA
FAEANE FFAE #% BA2E @A)
2 o] A9 Algel EFS doy A Hrb

ASME B31G 7]&l A2 A 7R e 2
TAAE Eol17] A3 AES} 1980} Fuke] )
At ol F ATFHEAE modified B3IG 7|F
RSTRENG AZEdE =ms5A  HYy.
Modified B31G 71£< &3 2o HNoz o
A,

d
1-0.85-

— @)
1—0.854;’ M)

sz %(Gﬂgw)

L%/ Dr<50),
L2 L4 1/2
M = [1+0.6255; 000330557 | ©)
L/ D#>50,

Mp = 0. 032—+3 3 (6)

0] 7]—"0‘]}\-] "T%"é"‘v, GﬂOWl—— y—_}l:/%‘% %0]
7] A 0act68IMPaE Foj AT 3 TEA
99 4 SRS ARee 239 AR

=

g dilstd d@PHoz ARYH 085FE= e
AM&-3t ot 283 Folias factor® o2 R &3t
A BHs7] S8 Al AN e AgE
“RSTRENG"0]#} B & w23y FEE
Z2a9L AEEA FAEYE FEUAS
AR s BAYAS BNy Y A

-341-

At RSTRENG ZZIWL modified B3IG
NEd ne §E58R A A Fou oo
A Folias factorE A} 3},

AlE

Al H

=1

3.

ngk

B

T

Aol Abg" API 5L X65(30inch ¢ x
175mmt) 7}2=@L Fxmrt2FAL Fojdd A}
&5 vk AP A" shamEe AR 2
71AH 54E€ F 15 24 ‘%EPLH%!U}.

Zbmu e AT R EARE ARFIL
W Je 29 29 2, @?aou AHed &

duiee &4l £ 39 s

S B FELE caps AHEEA SR
o wj@e] F Aol 23m olth. ALY FEA
71 &g viAZ ALgste Ho 1000kgf/cm”
7AA] 7hsbel sbestie & AlAstdch ¥ 2004
Bivbeh o] tdd wE WIAEE FHE
AN SRt 2Hg 2EHAANAE R
Aot WP ESG 54 W 27 14
HolHE Agstdct.

4 AEznt 3 oH
£ 39 &g diste Aeet HEAH e
é—i*lo}aigﬂi Y 3~56% &AM AR sy

FHE BRI QT

Table 1. The chemical composition of API 5L
X65 natural gas pipeline(wt%).

Fe [Mn| C Siy P S Cr | Ni [Nb Ti } v

Bal. | 1.51 0,091 | 0.30{ 0.024 | 0.002 | 0.031

0.030 [ 0.0600.048 [ 0.057

Table 2. The mechanical properties of API 5L
X65 natural gas pipeline.

Specimen ;:lei ::z:e Elongation impa(i?a;i,ergy
. % 9
direction (MPa) | (MPa) (%, 25mm) O
APLSL X65 | 1120 | 5300 | 150 68.0
requirement
Longitudinal | 474.1 | 5566 336 396-400(L-T)
Circumferential{ 495.2 | 5645 344 272-400(T-L)




Fig 2. The shape of mechanically machined
corrosion defect.

Table 3. The summary of burst test pipe

geometries.

Test No. | L(mm) W(mm) d(mm), d/t
DA 200 50 4.2(24.0%)
DB 200 30 8.9(50.9%)
DC 200 50 13.1(50.9%)
LA 100 50 8.4(48.0%)

- LC 300 50 8.5(48.6%)
CB 200 | 100 8.4(48.0%)
cC 20 | 200 | 90(51.4%)
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Fig. 3 The burst pressure according to the
corrosion depth.
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Fig. 4 The burst pressure according to the
corrosion length.
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Fig. 5 The burst pressure according to the
corrosion width.
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Table 4. Conservatism of remaining strength
criteria for corrosion defect.

(unit : kgf/cm?)

Criteria | DA | DB | DC | LA [ LC [ CB | CC | Py/Py

Py 246 | 222 | 175 | 248 {202 | 239 | 231 | -

216.5|1759|1205| 21411622 1831|1748 | 069

(0.88)(0.79)|(0.69)| (0.86) (0.80)| (0.77)| (0.76)| ~0.88
ASME 212.3|1869|1585/2101{179.0{189.9|1863| 0.79

RSTRENG

B31G (0.86)|(0.84)| (0.91)/(0.85)(0.89)| (0.79)| (0.81)| ~0.91
Modified [219.2(1847{141.31216111740/189.0/1838| 079
B31G (0.89)|(0.83)| (0.81)| (0.87)| (0.86) | (0.79)| (0.80)| ~0.89
Chell 2053|1804 164812125 165811826 {180.0| 0.76

(083)|(0.81)| (0.94) | (0.86)| (0.82)1 (0.76) | (0.78) | ~0.94
1965|1252 628 | 1560|1313 1327(1236] 036

Kanninen |0 00| 056)| 0361 063)| 0659 0.5)| 054)| ~0.80
|2130[1648]1023]2037] 1548|1708 | 1636 | 058
Sim wide N
08D}074](058)| 082|077 070 ©7D)| ~087
. 20411579 980 (1952|1484 (163.7{156.7| 056
Ritchie

(0.83)}(0.71)] (0.56) | (0.79)| (0.73) | (0.68) | (0.68) | ~0.83
Battefte 237.9{204.3{155.9231.0(190.3 | 20862034 0.87
/POORRC _ 1(0.97){(0.92)}(0.89)|(093)|(094)|(0.87)| (088)| ~0.97

2444|205311434)12434|1883 21062042 | 0.82
BG/DNV (0.99){(0.92)|(0.82)|(0.98)|(0.93)|(0.88)| (0.88)| ~0.99
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Fig. 6. The strain according to position on the
CB damaged pipeline.
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Fig. 8. After burst test for the CB damaged
pipeline.
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