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Development Trend of Linepipe Steel and It’s Weldability

Woo-Hyun Song, Dong-Han Seo and Jang-Yong Yoo
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Table 1 Specification for Nord stream pipeline project

Tensile Properties (MPa) Hard
Grade VExC | DWTT(-20T) arcness
YPT) | YP(L) | TS | YR(%) | EL(%) (HV10)
515~ | 500~ | 570~
X7 < < . . SA>85% <240
0 oy 600 | eso | <92 | 215 | Ave 150] | Ave SA>85% 24

Table 2 Requirements for tensile properties of pipes according to the API Specification

Pipe grade Y8 5 Pipe grade IS T8
(MPa) (MPa) (MPa) (MPa)
X60 =415 =520 X80 =555 =625
X65 =450 >535 X100 =690 =760
X70 >485 >570 X120 =830 >915

REBEH - ReBa $274 $15, 20094 25
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Table 3 Chemical compositions of X120 plate and seam weld
C Mn Mo Ti B Pem
0.041 1.93 0.32 0.020 0.0012 Others 0.21
Plate
0.036 1.96 0.34 0.017 0.0012 Others 0.21
C Si Mn Ni Mo Cr Pem
ow 0.05 0.23 1.63 2.2 0.92 1 0.31
W 0.05 .18 1.69 2.6 0.98 1.1 0.32

OW:Outside weld. IW : Inside weld

Table 4 Examples of mechanical properties of X120 pipes

Tensile test*' Charpy V-notch B-DWTIT
Trans- ™
" T stardin weld Aver u whear
Circumferential Longitudinal J{average of 3 specimens) Area(%)
YS TS | E1® |YS/TS| YS TS El |YS/TS TS Base | Weld | FL+ | FL+ Base
(MPa) | (MPa) | (%) | (%) |{(MPa)(MPa)| (%) | (%) (MPa) metal | metal | Imm*? | 2mm*® metal
0T 287 200 228 249 0T |64.65
Pipe 1| 897 | 974 25 92 05 | 938 27 96 941
-30T | 287 178 126 172 | -20C | 62.59
0C 287 172 156 226 0T |88.81
Pipe 1} 920 | 1.,017| 24 90 911 | 981 23 93 988
-30T | 290 167 43 106 | -207C 190.79

*' API strap specimen, ** Elongation, ** Distance from the intersection of the SAW

RS - ARG B278 H1E, 2009 28
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Table 5 Tensile Properties of X80 linepipe newly

developed
Dimention Tensile properties“ Impac‘t
properties
Grade
oD | WT D/T YS TS | Y/T| n | vEao | vTrs
(mm) | (mm) (MPa) | (MPa) | (%) @ | O

762 | 15.6 | 49 | 532 | 702 | 76 |0.12| 271 | -98
X80

1016 | 17.5 | 58 | 581 | 734 | 79 |0.14| 264 | -105
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Fig. 12 Newly developed Girth welding machines
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(b) TEM image in weld metal
Fig. 13 Microstructure of Girth welds
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Table 7 Chemical compositions of X80, X100 and X120 steels (wt. %)

Steel C Si Mn P S Others Ceq
X80 0.05~0.07 0.25 <1.8 <0.01 <0.001 Mo Ni Cu 0.42~0.44
X100 0.05~0.07 0.25 <2.0 <0.01 <0.001 Ti. Nb, v 0.46~0.48
Cr, Mo,Ni,Cu, N
X120 <0.05 0.15 <2.0 <0.01 <0.001 Ti Nb. V. B 0.52~0.58
Table 8 Tensile properties of X80, X100 and X120 pipes (transverse direction)
Y TS DWTT SA%
Plat di Eooce (J
ake grace (MPa) (MPa) at -20C VB (D)
X80(19.1lmmt) 553 630 99 488
X100 (19.8mmt) 743 844 100 220
X120(16mmt) 883 1023 80 259
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grade €l plate & 380 F Soam SAW I Inner 1
2 0l : Outer ]
TS VE—zo“C (J) 9« sl _]
> <
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T 280} ]
Girth weled joint | 646 289 237 S ool ]
Target > 625 > 51 > 51 240 ]
220 F Weld Metal HAZ Base Metal 1
200 1 1 1 1 il 1 1 1 1
-18 -16 -14 -12 -10 -8 -6 -4 =2 0] 2
Table 10 Mechanical properties of seam & girth Distance (mm)
welds for X120 grade steel plate Fig. 18 Hardness distribution of seam welded
joint in X120 plate
TS VEvZO"C (J)
(MPa) | Wweld metal | Fusion line WS 253 BEFE 1400 o) =L A4S o
Seam welded joint 968 144 181 2 4 99tk =3 o] we] {77 735;;;55—2— Fig.
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