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Abstract:

Recent construction location of natural gas pipelines is expanding toward remote regions and regions under severe
environmental conditions. This requires linepipe materials to have higher strength with properties suitable for the environment,
such as high deformability or sour gas resistance. JFE Steel has developed series of high strength UOE linepipes with various
excellent properties by applying cutting edge processing technologies: “Super-OLAC,” on-line accelerated cooling, and “HOP,”

heat-treatment on-line process by induction heating. This paper introduces characteristics of the recently developed UOE

linepipes and metallurgical controlling technologies.
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Table 1 Production results of X100 linepipes (all heat average)

ob WT Tensile properties (round bar specimen) Charpy test DWTT
Project (mm) (mm) Direction YS TS EL YiIT vE (J) SA%
(MPa) (MPa) (%) (%) at —5°C at —5°C
Transverse 763 838 21 91 241 100
1 1219.0 14.3
Longitudinal 623 801 22 78 - -
Transverse 779 851 22 92 236 100
2 914.4 132
Longitudinal 642 816 23 79 - -

OD: Outer diameter, WT: Wall thickness, YS: Yield strength, TS: Tensile strength, EL: Elongation,
Y/T: Yield ratio, VE: Charpy absorbed energy, DWTT: Drop weight tear test, SA: Share area

4. BEWEZANA4T
4] BEWREIA N1 TORE=—X

WROLT % LI L5 ROTHADOFEESTHEI NG A
TIA L ONE, EEESWEDANS, T4 2% T8
Wb L LT, RERZZE L LTWINGED BT
bNb, HIEEEHNTILSHWHNTWE T A 3, 7Tl
PRI I D/t 28 40 Fiif% C —Hil 5 A 58 © o (RS HE i O 37
F 1%L O RELAEREEZRT, LML, APIX80 & &
DEREET A 23 TR LEE OB Z K56, K
JEIREEAME T 3 22 RT T L — W TH b, L7z
Mo T, BERET A 3 TOMERFEEZz I LsE5 2
LY, EWETA N THEEANTREE D, DX
I HEERICESR, REBREBOTAEET L EHLEET A
VO TR LI, AETIE, BATRRZELZOOM
RTINS L OB L2 T 4 34 TORMTERE, it
FEJR R 72 B2 W TR B,

4.2 EHEER LD -HD SS H— T HlEE

SEWRET A V8 TOREIINSLY, flirDI=FET
WS A T %o J- WA IR SR & 4T\, 34 THEM O
il )5 M O ) B AR & R RE O BIfR % Fi A L 72, Fig. 3
BRI E & 54 T ORIE (D/H) OBtR%ERT. D/t
MHREL 2 I LB ENKT T 225, #HRERT (round-
house type) ORNEMMTH 2 EODDIIFULE D/t TH

O Round-house type
4 Liders elongation type |

0,07 =n=0.12

Maximum backling strain (%)
W

0 , . ‘ . .
10 20 30 40 50 60 70
Diameter to thickness ratio, D/t
Fig.3 Relation between maximum buckling strain and D/t of
small scale pipe under uni-axial compression

FWEHEEZR L TW5b, ik chom n i (KR
PRI DEHEMBEZEL7-0ODRE % I 7 Dk EL
BWHRT 572912, FEM (F %) X Micromechanics
DF iz e TRITMRET 217 - 72, Fig. 4 IZHA 2V E
7N Y L9 FEM &7 VIS & o THHF L 72, 50 B i
WCRATFRAF A MpROPEEZRT, 7274 MIZOD
DOEFBERM ARG L TODA, XA F 4 MEEARZ MM
fke 922 LTk REI OIS BRI SN D, T,
Fig. 5 |3 Micromechanics 1 & % ~AH#L#k 50 o S AT 5 5 7
THY, E-HOBRRS LRI 72135 2 Hlo5RE -5
KXo Tnfil AT 5, $72, 7294 F-XA4F A4 |
MO E, XA F A4 MAOT AT M ERAT S, ¢
HOBLELEFENATRE LMk E T4 2 L TrEd AT
LEVIHHRLELN TV,

Fdho X9 e E b &I, HIHIELE S X U Super-

800 1,
| - Bainite FEM
700 e
= 600 -
& |
%5005. ,.ﬁw.a.*.r:*_a:aﬁ-‘“:*ﬂ"* tr=tr—dr—dr—a
é t - F\ . Banite volume
& 400 4 errite franction
-
300 ()
Bainite aspect ratio = 2.0 | —— 30%
200 & i . i PR
0 5 10 15
Strain (%)

Fig.4 Effect of bainite volume fraction on stress-strain curves
of ferrite-bainite steel by FEM analysis

Martensite
0.25+  Volume fraction of o
second phase = 50% ~_+% :
£020 Bainite 40%
< - ‘ ‘
” Pearlite 73090, N
=015 l 30% Lo
20%
0.10 |~ 10%
0.05 TS .
370 40 980

Difference in tensile strength (MPa)

Fig.5 Effect of difference in tensile strength of each constituent
phase on #n-value of dual phase steel

JFE $i#t No. 9 (2005 4 8 H)



74 ¥ 254 7wittae UOE S

OLAC &b ik A2 T3z aflikz 7254 b -
NAF A bEL, HEHERRE TR HoI hEMSREZ S5
TENTED, TOL) RERBEDL LT [JFE-
HIPER® 2Bi%s S, i, #VE 238 Haksn Lok
BREIIE LT 7 =74 b -4 54 MERIZREORB LD
RENTWAS,

F72, Fig. 512 R T LIS, EMELTI YR
<VT A MHEHWDLZELHERNTH 525, @HEOM
FHINC X BEHEE T Ok 2 TR R GEROT VT
T A MlfEE OB E RS 2 LIdTE RV, £2T,
Fig. 117k L7- HOP 7ut A& $ 5 2 & T, #Hlikz~
£+ 4 MEMA (BIR=VTF V94 b)) oEMHMERE L7
# L\ JFEHIPER b B X hTns 2,

4.3 BEREES A >/ 17 [JFE-HIPER] O
45 & BIEERIE
Wi C#A L 72 Super-OLAC 12 X 2 EHIHLER HI6 & 15 Sy

AR FE AL X o TR PRI BN 72 T RE 7 4
¥ 734 7 [JFE-HIPER] 725p%€ S, X52 75 X100 7L —

b —

Photo 1 Microstructure of X65 grade JFE-HIPER

2.0
I JFE-HIPER| @ Ferrite-bainite
‘i\i 5L },/ A Bainite-MA
R=! e
£ O e
172} 1 O - ~
2 g S
= 5 g
2 05F D\\\ED
M [ Conventional D\ -~
0".w‘|.\|\|\.u|.u‘
30 40 50 60 70
D/t

Fig.6 Relation between maximum buckling strain and D/¢ of
full scale pipes under uni-axial compression
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Table 2 Mechanical properties of JFE-HIPER

API grade Dimention Longitudinal tensile properties* Impact properties
OD (mm) WT (mm) Dt YS (MPa) TS (MPa) YIT (%) n vE_;, (J) vTrs (°C)
X65 762.0 19.1 40 463 590 78 0.16 271 —98
X80 610.0 12.7 48 553 752 74 0.21 264 —105
X100 914.4 15.0 61 651 886 73 0.18 210 —143

* Round bar specimen

OD: Outer diameter, WT: Wall thickness, D/t: OD/WT, YS:Yield strength, TS: Tensile strength, Y/7: Yield ratio,
n: n-value, VE_,: Charpy absorbed energy at —10°C,

JFE $## No.9 (200548 A)

vTrs: Brittle to ductile transition temperature




74 v 34 THEERE UOE M4

Photo 2 Microstructure of X80 grade JFE-HIPER produced by
applying HOP

Table 3 Mechanical properties of JFE HIPER produced by
applying HOP

Dimention Longitudinal tensile properties*

API grade OD WwWT
(mm) | (mm)

YS TS YIr

Dit | mpay | (MPay | (%) | "

762 | 15.6 49 532 702 76 0.12
X80

1016 | 17.5 58 581 734 79 0.14

* Full thickness strip specimen
OD: Outer diameter, WT: Wall thickness, D/t: OD/WT, YS: Yield strength,
TS: Tensile strength, Y/T:Yield ratio, n: n-value
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Table 5 Trial production results of X70 sour linepipes by applying HOP

Tensile properties™*! Impact properties DWTT HIC*2
API grade PlpC number YS TS EL YIT vE (J) SA% CLR (%)
(MPa) (MPa) (%) (%) at —10°C at 0°C 90° 180°
%70 1 531 613 23 87 373 100 0,0,0 0,0,0
2 523 600 22 87 343 100 0,0,0 0,0,0

*11SO lecutanglar specimen, trans. direction
*2 NACE TM0284-solution A

YS: yield strength, TS: tensile strength, Y/7:Yield ratio, EL: Elongation, VE: Charpy absorbed energy,
DWTT: Drop weight tear test, SA: Share area, HIC: Hydrogen induced cracking, CLR: Crack length ratio
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Fig.8 Relation between roundness and D/¢"® for the linepipes
with different manufacturing process
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Table 4 Chemical composition of trial X70 sour linepipe

(mass%)
APL Chemical compositions
grade | ¢ Si | Mn P S others Pcm
X70 | 0.05 | 0.28 | 1.13 | 0.014 | 0.000 5 | Mo,Ni,Cr,Nb,Ca | 0.14

Pcm = C + Si/30 + Mn/20 + Cu/20 + Ni/60 + Cr/20 + Mo/15 + V/10 + 5B
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