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FEATURE : Materials for Ships, Buildings and Bridges
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355-460 MPa Yield Point Steel Plates and Welding Consumables for
Large Heat-input Welding for Giant Container Ships

Shigeo Okano[ Yoichiro Kobayashill Mitsuaki Shibatall Toyoaki Shiwaku Kaoru NagataniOJ Shyuji Sasakura

In order to respond to the trend towards container ship enlargement, high strength steel plates with YP 355
to 460, up to 65 mm thickness, and corresponding welding materials have been developed which ensure
HAZ toughness for high heat-input welding (for example 50 kJ/mm SEGARC welding). The chemical
compositions of these materials are of the low C,, type, and utilize small amounts of Ti. They have the
potential to contribute to the increased efficiency of giant container ship fabrication.
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01 oood Strenath Base metal properties Properties of welded joints
Table 10 Target properties 9 Thickness YpP TS Eow Welding | Heat-Input | ,Eq
class
(mm) (MPa) (MPa) (@) method (kJ/mm) )
YP355 J 65 0355 4900 620
050
0 41(av.) 1pass 0 41(av.)
P390 Hes 0390 | 51000650 | o9 miny | SEGARC 0 29(min.)
YP460 55 0 460 5400 690 040
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Fig. 1 ldeas for steel plate

development

(Subjects)

(Measures)

Attendant
problems

Decrease in

Ensuring of
large
heat-input
HAZ toughness

C, Ceq

Difficulty
in strength
ensuring

Decrease in

P, S

KST treatment

Increasing
in plate
thickness

small amount

Steps
to solve

Addition of
Cu, Ni

[ No satisfaction |

of HAZ
toughness
requirements

D Application ofU

of TiN

Application of

extreme strong
cooling type

NiOOOODOOOOODOOOOODOOoOO HAZOO
goboobbooboooboo
ocooooooo T™McpPOOOOOODOOOODOOO
gobooboobboobooboboobooboo
ooooogo T™MCcPOOOOOOO
200000
goodoobboooobbooobboooobboo
gmgboobobobobooooobooooobon
ooooOo TioBOOODOOOOOOOOODOOOODO
Oo00oOoO00ooOOoOoOooOoOoOooooNiODDOboOooon
gboboooobooboboboboooooooo
gbobobobobobobocobuoboobogoo
gbobooooobooboboboboooooogoo
oooooon

3ngoooood

3moooog
gobooboobboobooboboobooboo

0 20

gobooooooooooooo

TMCP

00000000 YP3OMPaO D OOOOOO0 200
000000000 008000000000 NbOTiO
00000000000000 YP460MPaD 0O OO0
O0HAZOOOOOOODOOOOBOOOOMnOOODO
000000000000000000000 CyO
034000000000000
O0000000000000000000000 Eygel
280000000000

30000
0000000000000000000000000
0000000000000000000000000
000

3BOOOOOOO
OYP390MPa 0D O0OO0OO00 3000 9000 OO0
0000100000000000000000000
0000000000400000000000000
00000000000000000

Table 200 Chemical compositions and base metal properties of developed steel plates

Main chemical compositiond (O ) Base metal properties
Strength Steel hick Ceq
class Thickness| ¢ Mn Nb Ti B |ooo | WP TS | vEow
(mm) (MPa) (MPa) )
VYP355 Developed 65 0.08 151 0.017 0.010 O 0.34 380 503 303
Conventional 50 0.12 1.52 0.019 0.012 O 0.38 449 553 238
VP390 Developed 65 0.08 154 0.018 0.011 O 0.34 411 533 314
Conventional 50 0.12 1.54 0.017 0.009 O 0.38 452 562 225
YP460 Developed 55 0.08 1.43 0.019 0.011 Added 0.33 486 589 284
030 0o0o0oooooo Oxygen Acetylene Height of .
Table 30 Conditions of line-heating tests  gyrength|Thickness o Fluid |, Fluid | Cutting | cutting I-;eear:ng Type of [Number of
class | (mm) r&s;”re rate rl\ells;ure rate | nozzle | nozzle @ g cooling | heating
(MP2) | (1 /miny | (MP) | (1/min) (mm)
Cooling
YP390 60 0.5 50 0.1 20 No.10 30 900 | start just 10
after heating
040 ODODOODODOO L Tensile properties Impact properties
Table 400 Results of line-heating tests ine- vp TS El Fracture E
heatin irecti i : irecti i Vo a0
g |Direction| Location (MPa) | (MPa) ©) position Direction| Location 0
Done L Full 404 529 27 Base L | Surface | 355
thickness metal
Notdone| T Full 411 533 25 Base L t/4 314
thickness metal
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Table 5 Chemical compositions of weld
metal

)

Strength

Thickness | Gap

C Si Mn P S Ni Ti B
class (mm) (mm)
YP390 60 8 0.06 0.15 155 | 0.012 | 0.009 | 2.00 0.04 | 0.004
YP460 55 8 0.06 0.16 1.45 | 0.013 | 0.009 1.90 0.04 | 0.003

001 OoO0o0O0oooooooood

SR

9.3kJ/mm)

Photo 1 An example of microstructure of weld metal

060 SEGARCOOOO
Table 6 Conditions of SEGARC welding
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Groove preparation ) . )
Strength | Thickness Root | Welding | Pass Welding | Welding | Welding _Heat
class (mm) Angle of gap | consumable | number current | voltage speed_ input
Groove QY] (V) |(mm/min)| (ki/mm)
(mm)
10 WireQd 520 48 31.2 479
DWS-1LG
mod.
YP390 60 200V 8 1 520 48 41.9 35.7
(1.6mmeo )
Shielding
6 gas CO, 520 48 42.2 35.4
10 Wirel 510 48 39.9 36.8
DWS-1LG
mod.
YP460 55 200V 8 1 510 48 50.2 29.3
(1.6mmo )
Shielding
5 gas CO, 510 48 59.7 24.6
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070 SEGARCOODODODOODOO Stren i Enz0 ()
000 gth Root gap Heat input Position v=020
Table 7 Impact test results of SEGARC class (mm) (ki/mm) Weld metal | Fusion line | FL O 1mm
welded joints Surface 64 256 226
10 47.9 t/2 60 101 175
Back surface 75 145 152
Surface 150 200 213
YP390 8 35.7 t/2 112 104 85
Back surface 102 116 81
Surface 125 175 198
6 35.4 t/2 89 96 238
Back surface 84 113 102
Surface 51 162 183
10 36.8 t/2 48 127 81
Back surface 49 120 173
Surface 71 159 206
YP460 8 29.3 t/2 80 134 101
Back surface 103 124 165
Surface 91 230 276
5 24.6 t/2 87 154 166
Back surface 92 142 81
080 SEGARCO O DOODOO CTOD .
oooo Strength Root gap Heat input Position Not(_:h Test temp. |CTOD valued ,
Table 8 CTOD test results of SEGARC class (mm) (kd/mmy) location @) (mm)
welded joints .
J YP390 10 47.9 Ful Fusion 0 0.46
thickness line
YP460 10 36.8 Full Fusion 0 0.62
thickness line

002 SEGARCOOOOOOOOOOOOOOO

(YP390, 0 O 60mm, 0000 10mm, OO 47.9kJ/mm)
Photo 2 An example of cross section macrostructure of SEGARC welded
joints (YP390, 60mm thickness, Gap 10mm, Heat input 47.9kJ/mm)
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note) Test methodd BS7448 (1991) 3-point bend test

gobodooboooooooooooooooooonn
oo

gobOboooboooooooooooOoOooOooOooonon
0000000000000000moodsokd/mmO
00000 SEGARCOUO0OO0O00O0 HAZOOOODOO
gobbooobooooboooooooooooOooonon
gobboooboboooboooooooooooooono
gobobooooboooooooooboobooooboooo

ooooooo

10 000000000000000 Vol.410 No.60 20010 p.249.
20 0000000000000 0No.2560 200100 O [ p.135.
30 000000000000000Vol.39, No.20 1999(] p.70.
40 000000O0OR&D OO DO OO OOVol45, No.10 19950 p.75.
50 0000000R&DOOOONONONOVoL47, No.20 19970 p.6.
60 000DO00OO0OCAMP-ISI), Vol.1100 199803521.

70 00000000000 Vol.65 No.8O 19790 p.102.

O

R:D 000000/ Vol 52 No. 10 Apr. 20020 5



