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Abstract:

Increase of the size of offshore structure proceeds steadily, and the strength and plate thickness required for steel
plates have increased. In addition, the demand for specifications with welded joint CTOD properties has also
increased for the construction in cold regions. Therefore, it is necessary to achieve both high strength of the base
plate and excellent HAZ toughness. JFE Steel has developed steel plates with excellent welded joint CTOD property
through elaborate HAZ microstructure control utilizing microalloying technology. This developed steel has both high
strength of base plate and excellent welded joint CTOD properties by applying advanced thermo-mechanical control

process and making island martensite, which is an embrittlement microstructure in HAZ, harmless. In this paper,

YP500 N/mm? class steel plate of 75 mm in thickness with excellent CTOD properties is introduced.
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Table 1 Target properties for the developed steel

Steel plate Welded joint
Charpy Charpy
Tensile properties absorbed . . absorbed CTO?
energy Welding | Heat input energy properties
Thick method (kJ/mm) CTOD val
) ickness 2 2 value
Class (mm) YS (N/'mm”) | TS (N/mm”) | VvE-40(J) VE-40(J) at — 10°C (mm)
FCAW 0.7
- - = = =
YP500 75 500-580 600-700 =60 SAW 35 =60 =(.25

" Test piece: Transverse direction
YS: Yield strength, TS: Tensile strength,

FCAW: Flux-cored wire arc welding, SAW: Submerged arc welding
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Fig. 1 Concept for improving HAZ toughness
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Fig. 2 Effect of Si content on microstructure of simulated
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Fig.3 Relationship between Charpy absorbed energy of
simulated tempered-ICCGHAZ and Si amount
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Table 2 Chemical composition of developed steel plate

*

C Si | Mn | P S Al Others Ceq

Cu, Ni, Mo,
0.07 | 0.18 | 1.58 | 0.004 | 0.002 | 0.035 | Nb, Ti, Ca, | 0.46
etc.

"Ceq = C+Mn/6+(Cr+ Mo+ V)/5+ (Cu+Ni)/15

LD Converter

Secondary refining

Continuous casting

Slab reheating

TMCP/Thermo-mechanical controlled rolling
(Super-OLAC™-A)

K4 870X

Fig.4 Manufacturing process
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Table 3 Results of tensile test and Charpy impact test for base plate

i Tensile test Charpy impact test
Thickness PWHT Position | Direction 3 2 by Ip

(mm) YS (N/mm®) | TS (N/mm®) El (%) vE-40(J) vTrs ("C)
o 1/4t 565 627 26 289 < -100

1/2t 533 633 21 216 -73

75 T
1/4t 559 625 27 284 < -100
580°C —4 hr
1/2t 543 625 23 152 —-81

1/4t

1/2t

5 BMOI U OB
Fig.5 Optical micrographs of base plate
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Table 4 Results of strain aged Charpy impact test forbase plate

Thickness . L Pre'- Charpy impact test
(mm) Position | Direction | Strain
(%) | VE4o(J) | vIrs ("C)
5 216 -85
75 Surface T 8 164 -82
10 189 -79
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Table 5 Results of drop weight test for base plate
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Fig. 6 Results of CTOD test for base plate
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Table 6 Welding conditions
Thickness | Welding Welding G h Preheat Interpass Heat input
(mm) method consumable roove shape temperature (°C) | temperature ("C) (kJ/mm)
MX-A62L 35
FCAW (1.2 mmg), 150 >150 0.7
(Kobe steel, Ltd.)
10 mm
75
US-2N
(4.0 mmg), 30°
SAW PFH-551T 130 >140 3.5
(Kobe steel, Ltd.)
10 mm
KT APEAEAR 0.7K]/mm 122\ T3 % E O FCAW,
\ - 35KJ/mm (2D TIIZED SAW (2 & ) VAHET 2 /ERk L
foo B 7 BT O~ 2 nfiifirRT,
42 TAREBFORHAE
FCAW -3 G =p S 5 S~ o o =p
R 7 BT 5 IEABR R B L Uy v v e — 5
BRERE R, WINoOEBEGFICBLTY, 5E v
. nE—FEY LICHEY TSR L TWw 5,
1o mm 43 SEESFO CTOD it
—— B 8 |2 AR T 0 CTOD AlBiAS K & /R . 1S015653 12
p,“.Q*? WL, ARBRIEE—10°C I THRBR L 7o W. M., CGHAZ,
Subcritically reheated HAZ (SCHAZ) D\ > 210 iRERNLE,
AERSEIFICB VT L CTOD HIFHEEZ TR L, TAHEHwTFEYS
SAW BN PR I 2 R © ¥ AR S L,
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Fig. 7 Macrostructures of welded joint
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Table 7 Results of tensile test and Charpy impact test for welded joint

Tensile test Charpy impact test
Thickness | Welding | Heat input
(mm) method | (kJ/mm) PWHT s 5 Position VE-0()
(N/mm”) WM. | FL. | FL.+2mm | FL.+5mm
Sub-surface 175 226 229 252
FCAW 0.7 — 655
Root 172 325 118 142
Sub-surface 161 177 247 241
75 — 629
Root 119 213 268 274
SAW 3.5
Sub-surface 174 202 279 265
580°C —4 hr 626
Root 82 164 234 258
W. M.: Weld metal, F. L.: Fusion line
10 :
@ : 5, type
® O3, type
g
2=}
8 () [ T
To 1 * ] % *7¢ oo °
5 - O®e © ©
2 r @)
c O OO o O
a O
o O
[_1
Q
0.1
Notch position | W.M. CGHAZ | SCHAZ W.M. CGHAZ | SCHAZ W.M. CGHAZ | SCHAZ
Heat input 0.7 kJ/mm (As weld) 3.5kJ/mm (As weld) 3.5 kJ/mm (PWHT)
Test temp. -10C

8 AREUF D CTOD HERER
Fig. 8 Results of CTOD test for welded joint
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