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Goal-Setting Design to Ensure Integrity of High-Strength and Large Diameter

Pipeline*
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PIFE 2 S04 L 72 8048 0 i ) B8 i B A 1 & SR AL
TEDPRZ R 2D 7280, £ 8 IIR§ MBI OIE 7T E it
Zflio CTHEOMTER & A REF B CRSE L 720, =A
FoOIEMMIE, ZRIERICENRT A 7V — T LET

22, o
n

257

K8 =IERDIIREHM

Group No. YS (MPa) | TS (MPa) Y/T

M1 589 720 0.818

A M2 552 696 0.794
M3 562 705 0.796
M4 600 740 0.810
M5 611 708 0.863

B M6 596 686 0.869
M7 579 664 0.872
MS8 563 633 0.889

C M9 597 666 0.896
M10 614 685 0.897

S 30
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g 25 5 SR
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5 15 ga S

8 8

< 10
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Q 00 ‘

105 110 115 120 125 130
Stress ratio (TS/YS)
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RPN SVC I V—TF, ZLCHEDOHHIAET 2
B/ V—7TH4s. WEIXHEE O HISIIA50, 60,
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HTHbH., LhL, WEDLWEE O LR EBEEE G
TEEHE T 2ENEL, (DX, QDABIT1H XD X
IRODOLNTVLOPHRTHL., 22 TiE, ¥ 7
VCHE ARG DSE W (14) & -, MR SR B 46
ExHeE T ket X2 3T 59,

6 OFENT# (Analytical solution) 1X(14)3.TH 1,
FRNT IR DHEEREE % 500 5 728, PE D 7 WiE 5 O E i
JR R B IR E 2 FEA (Finite Element Analysis) O
WexflioTHIIEL, BIE (Regression formula) % 3K
OTBL. RIZ, WEXZWIGEE AN LA 0RE
AR R L, lﬁﬁ@ﬁﬁ“%ﬁﬁf@%ﬁﬁ%kﬁg?%ﬁ]ﬁ
D% AT 5% (Pressure conversion function)

ZRDBH. LI, WEZARN LZEEOMFLEZ
FEA CTRMEL THB &, MR AR B aaE & ih s ke

JE B TE % 23 5% (Comp-Bending conversion
function) %KD 5.

B IE AT P23 B & it il T A R B B % e 57 g,
AL, WNIEZ A6 L7258 ol R & EEE B IR E %
e 2N LHITkvohs, 72, (15)
KD e HENHET (14 XE2RATS. (15 RTL-T,
W & B L 72188 o iy & 30 e T B 46 T8 & TEARAL AR 1
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T(5) X CTEMEL 725 & FEA OFREZ LT 712
Y. SORE, (15)RUTE-T, BREREIENA S
V=7 OEEOMTREEREGEELBE L ST 5
ZLENTE DY,

F72, TITIFFMICIERR L awvas, (15) % B
LI OWTIRWTBIFIE, 54 84 FTOERMRE

Compression Bending
Analytical FEA
Solution
Q
Regression hd Pressure
formula  ["=""" kg conversion RLLTNS
function .
%
v
FEA Comp-Bend FEA
conversion
Pressure function Pressure
. -
To propose a design formula for bending 2 Design
using an analytical solution and two - formula
conversion functions Pressure

X6 [EHEEEREERE & T B EBEEE DRI R
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<
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E 20
© o o %SMYS
5 N mo 72
210 AL 60 |l
a ® 0 50
N Solid: M1-M4
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0.0 1.0 2.0 3.0 4.0

2D av. crit. comp. strain (%) (FEA)
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NCTEDL., CNPMEHFORRLLY, BHEET A ~
WA TIEERE R G52, N T I4 v oREEER
2L EWPTES.

& 2Dcr(50)(%) = 2.83 & Cer(0) — 0.40 = 283 Eer ™

& 2ver60)(%) = 3.31 € corip —0.62 =331 £er —
& 2er72(%) = 4.20 € co— 1.05 =420 g —

0.40
0.62
1.05

4.6 BEWT A N1 TOERIEREE I RER

T4 w4 ToMIFERERE

X 8 i34t
B

FEAFTFEER

FORE, KO, 5%
%, HMED 24"~48" DFEE 2o THAEL 7.
36" DEERLT A v 54 T, X9 FIMELAS O
FA A THIOMITEBIRR TH 5. X¥10id

X9 48 %?ﬁf&‘axﬂ/ﬂﬁ@ﬁjﬁ%ﬁ%

— f' |
10 48" m%@fgﬂﬂm@%ﬁﬁf ENsaizaad

DESRERIEE S T T4 v oVkhERGEE & etk



° r‘/‘_‘\
7
/\3 \ m—— A)
S 6
aﬁ 5 BEMSAI4T T
5 4 —BDOSA2 4T
B
o 3
EH o
# o SeT— |
1 o]
0 = = —

10 20 30 40 50 60 70 80 90 100
ER/EE
M1 SREEREMEDRARRER

it

THDAS" T4 V34 TOMITEBRIRNZ R L TW5.
FAHEBROKE R %, — X A EOERF— vk
BLUTHINGRT. KOs EEICN T 25 %0
(D) ZRLTHBY, fitdng, BEEBROTF—5 OB
JERRAREAZERLTBY, BEETA v 34 TOIGEE
Bg7— 13 2D ‘P TIREE G EZ K L Tn 5.
MINRTBEAEOEREFT— 7 2 /15 L, FEICHTS
BREOXPFA—0RE T, WERAEDWEEL < 54 L
Twa., Zhuxtl, BEEIT A V3L TOEEERT
— &%, BAEERT— % O EAIRGHBTOM LT
b, BIRETKRIOELR I A4 Vo8 TOLERMERRIZ, E%
BET—HRIIEDTA 234 7LD HIKRT T LMHAIDDH
5. oL, EEOFEEBOTF—sIRT LI, £
BALEMZa PO — V35281055 TC, BRETK
%R 74 V84 TOLERKEZM ESE5Z LTS
B,

5. & »

BIEH AN T T4 v OFRFHIME T 2R WM 2 BB
XOHARFITA v BLORRNREZ FE2IKEL, 7
WCRER SN T VB ERNER & AN 2% 2 T2 R LIz
I A RS54 > OMES 2B L 7.

HESNDIN D EMEIZTF LTH AN, TT4 V0%
RENBWREIE, EWETHLIWNERLEFIIH L Tid
HEERCH L DI L, EMETH HME/NIIITH L
TRAARELHALERENGZONTVWLEI LTHA.
INSER—ZDOBEMIZ, X657 L—FUTDIA >~
NATER/RELZDDOTH D, BT/ T, Mg
FTA VA T REHT AEASH D, X70 B X X80 7
L— FOROFES A 234 TOLERMREZ N LSS, #H
RHAFRES BT B3, T4 v orstzmE s
BB ENR—ARFAERIER I N TN S,

FA VR T ORENE  RIUIEREREIMR T T 5
2B Y, 51T, MEEMIIL > THEREZIRS &
5 EEREREIMET 5. AT T VICk o TREN
PR AR D B, L T 54 v oReEwRE
2BV, REEPEET 208 ) MIEELRRA ¥
FTH B, BRMEBIENFA VL FI2Eo5T, &

259

BECRKOBEL S T4 v OREWEZMIRT 5T LA
T& 5. AXDOMHA, "WHMETRIOERNSLTI4 ¥
DOME RGN & Btk Eo—B) & ZEENOETTH
5.

2 E X

1) xhttp://www.iae.or.jp/energyinfo/energydata/data2010.html

2) Glover, A (2002): Application of Gade 550 (X80) and
Grade 690 (X100) in Arctic Climates, Proc. of Pipe
Dreamers' Conference on Application and Evaluation of
High-Grade Linepipes in Hostile Environments.

3) Glover, A, Zhou, J, Horsley, D, Suzuki, N, Endo, S, and
Takehara, J (2003): Design, Application and Installation
of an X100 Pipeline," ASME OMAE2003-37429.

4) Ji, L, Xiao, Li, X, Chen, H, Yong-Huo, C, Gong, S, and
Zhao, X (2007): On the Relationship between Yield
Ratio, Uniform Elongation, and Strain Hardening
Exponent of High Grade Pipeline Steels, ISOPE2007-
SBD-43.

5) Li, X, Ji, L, Zhao, W, and Li, H (2007): Key Issues
Should Be Considered for Application of Strain-Based
Designed Pipeline in China, ISOPE2007-SBD-46.

6) Gao, H, Wang, M, and Yu, Z (2007): Strain-Based Design
of X80 Gas Pipeline in Seismic Area in China,
ISOPE2007-SBD-50.

7) xhttp://japanese.china.org.cn/business/txt/2008-
01/17/content_9547361.htm

8) xhttp://203.192.6.79/201007/aaa230131449_1.htm

9) xhttp://www.transcanada.com/alaskapipelineproject.html

10) xhttp://www.thealaskapipelineproject.com/

11) 7 AL YETAI

12) BEAFHEL TS 6 H 2 HEUEM.

13) FIEA AREZERIGE 08 RUEM.

14) #RiIfREE: SPI164F 6 J1 9 HEUE.

15) GEREEE CPR224F 3 H 31 H ek,

16) I “FR224F 3 A 31 H bt k.

17) A LAE Al 3R HE - AR O a2 RELET IR

18) ASME B31.8 (2009): Gas Transmission and Distribution
Piping Systems.

19) ASME B31.4 (2006): Pipeline Transportation Systems for
Liquid Hydrocarbons and Other Liquids.

20) ISO 13623 (2009): Petroleum and Gas Industries
Pipeline Transportation Systems.

21) HAHT ATH43(2004), #5177 A B 52 i s iR $F, JGATE -
206-03.

22) HARAT A143(2001), B 7 A B4 HCRACT 52 3% &L 81,
JGA¥R-207-01.

23) Tl ¥4 77 4 HRED TG4 T T I8HEKIE.

24) B FR214E 5 H 1 HEER.

25) tARFE&M (2010) D HITTA TTA N RT Y I

26) xhttp://www.uguisu.skr.jp/recollection/jisin.html

27) Kuesel, T. R (1969): Earthquake Design Criteria for
Subways, Journal of the ST Div., Proc. ASCE, Vol. 95,
NoST6, 1212-1231.

28) EhBHIEHMN L ¥ —
().

29) HAA A% (2011) @ JGA RAEIE & Bk 3 5 i 523kt
DFANTA Y (F).

30) Gerard, G (1956): Compressive and Tortional Buckling
of Thin Wall Cylinders in Yielded Region, NACA, TN-
No. 3726.

31) Ramberg, W and Osgood, W, R (1943): Description of
Stress- Strain Curves by Three Parameters, NACA, TN.
902.

DRIEAT AN T T4 v BatiiRE

i

il
<%
"
s

%80 & (2011) %5 3 & 45

il



260

32)

33)

34)

35)

36)

37)

46

Suzuki, N and Toyoda, M (2002): Critical Compressive
Strain of Linepipes Related to Work-Hardening
Parameters, Proc. of the 21 Int. Conf. on OMAE, Paper
No. OMAE 2002-28253.

Suzuki, N, Zhou, J and Toyoda, M (2008): Compressive
Strain Limits of High-Strength Linepipes, Proc. of the
7" International Pipeline Conference, Paper No.
TPC2008-64526.

Suzuki, N, Kondo, J, Muraoka, R, Okatsu, M and Igi, S
(2008): Correlative Hardening Parameters to Strain
Capacity of High Strength Linepipes, Paper No.
ISOPE-2008-TPC-623.

Suzuki, N, Kondo, J, Endo, S, Ishikawa, N, Okatsu, M
and Shimamura, J. (2006): Effect of Geometric Imper-
fection on Bending Capacity of X80 Linepipe, Proc. of
the 6" International Pipeline Conference, Paper No. IPC
2006-10070.

Suzuki, N, Tajika, H, Igi, S, Okatsu, M, Kondo, J and
Arakawa, T (2010): Local Buckling Behavior of 48", X80-
High Strain Line Pipes, Proc. of the 8" International
Pipeline Conference, Paper No. IPC2010-31637.
Zimmerman, T.J.E, Stephens, M.J, DeGeer, D.D and
Chen, C (1995): Compressive Strain Limits for Buried
Pipelines, 1995 OMAE, Vol.V, Pipeline Technology, 365-
378.

~

BERESHE-XBRE— H

38)

39)

40)

41)

42)

43)

44)

Suzuki, N, Endo, S, Yoshikawa, M and Toyoda, M
(2001): Effect of Strain-hardening Exponent on Inelastic
Local Buckling Strength and Mechanical Properties of
Linepipes, Proc. of the 20** OMAE, Paper No. OMAE
2001/MAT3104.

Suzuki, N, Muraoka, R, Glover, A, Zhou, J, and Toyoda,
M (2003): Local Buckling Behavior of X100 Linepipes,
ASME OMAE 2003-37145.

Zimmerman, T, Timms, C, Zhou, J, Glover, A and
Suzuki, N (2004): Local Buckling and Post-Buckling
Behavior of High Strength Linepipe, Pipeline
Technology Confe- rence 2004.

Suzuki, N, Glover, A, Zhou, J and Toyoda, M (2004):
Bending Capacity of High Strength Line Pipe, Proc. of
the 4" Int. Conf. on Pipeline Technology, Vol. 3, pp.
1361-1374.

Suzuki, N and Igi, S (2007): Compressive Strain Limit of
X80 High-Strain Line Pipes, ISOPE-2007-SBD-20.
Suzuki, N, Kondo, J, Ishikawa, N, Okatsu, M and
Shimamura, J (2007): Strain Capacity of X80 High-
Strain Line Pipes, OMAE2007-29505.

Suzuki, N and Masamura, K (2009): Stress-Strain Curve
Control Requirements for High-Strength Line Pipes
with Luders Elongation Type Tensile properties, Paper
No. PTC2009-088.

s

DEBREROLE A T T4 v ovkRgkEH L At



