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Abstract

As steel building structures become taller, there are high hopes for the use of 780 N/mm?®class steel for welded
box columns. However, it has been difficult to ensure the strength and toughness of welded joints when using
high-heat input welding. To counter this, Kobe Steel has developed a steel plate that improves the toughness
of the heat-affected zone in high-heat input welding by suppressing the formation of the M-A constituent
(island martensite), a brittle hard phase, through increased Cr and Mo and reduced C, Si, and Mn. Evaluation
of the mechanical properties of the base material, electroslag, and submerged arc welded joints confirmed
favorable results in terms of strength, toughness, and weldability, making this plate suitable for high-efficiency
construction.
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Table 3 Base chemical compositions of conventional steel
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Fig.1 Thermal history assumed for ESW

Developed steel (+ Cr, Mo, -C, Si, Mn)
MA area ratio:0.8%

MA (White part)

2 CrBXU'Mod#gn& C, Si,
32

Fig.2 Effect of increased Cr and Mo and reduced C, Si, and Mn on

MA suppression
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Table 4 Representative chemical composition of the developed steel

(%)
Steel C Si Mn P S Others Py
D"‘Zf::]ped 0.04 0.03 1.42 0.004 0002 | Cr. Mo, ete. 028
R 5 HIEH OBEMMEE
Table S Mechanical properties of the developed steel
Thickness YS TS EL YR vE,
(mm) (N/mm?) (N/mm?) (%) (%) )
25 712 886 23 80 238
50 708 889 22 80 219
85 690 869 21 79 254
B R < < < . .
KBSA630C 630-750 780-930 17= =385 47= £7 yBHEEE N

Table 7 Results of Y-groove cracking test

- - - Welding consumables Cracking ratio (%)
®6 yIBEEINRBROBEEN

Table 6 Welding conditions for Y-groove weld cracking test Surface 0
MG-60(1.2 ¢) Section 0
Thickness (mm) 85 Root 0
JIS 73312 G59JA1UC3MIT MG-60(1.29) Surface 0
Welding consumables JIS 73312 G78A2UCN4AMAT MG-80(1.2¢) MG-80(1.2 6) Section 0

JIS 73312 G78A2UCN4MAT MG-82(1.2¢) -
Root 0
Heat input (kJ/cm) 17.0 Surface 0
Preheating temperature (°C) 5 MG-82(1.2¢) Section 0
Testing atmosphere 5°C, humidity-60% Root 0

*8 ESW4Af
Table 8 Condition of ESW
Th(l;l::;? 5 Groove shape Welding consumables Welding conditions
Skin plate:
518 1':1::16 380 A-52V
(developed steel) R o Wire: JIS 73353 YES602-M ?@ﬁﬁxf¢
Diaphragm: 3 Flux: JIS Z3353 FES-CS o .
65 mm Heat input:
1,146 kJ/
(590 N/mm? steel) % ‘ o
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TWwb, K6 ISR RN E 2R, BESEEHE 7 mm{7E ® Weld Metal, 75 ~ Yl Bond & HAZ,
WOt EoRE =27 VY OFEET, FIER & 512Bond & HAZ 7» 5 HAZ M 1 mm {71 @ Bond &

BRAETIS Z 3111 Als e L, BEMZFREZ5 10 mm i HAZ +1 mm TRERF 2 RILL 720

HAZ(Bond+1 mm)

Charpy impact
test specimen

14

Weld metal(Bond-1 mm)

~J

Bond

6 mm

Tensile test specimen

50 mm

3 B RILE (ESW)
Fig.3 Test specimen sampling position (ESW)
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Fig.4 Cross-sectional macrostructure (ESW)
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Table 9 Mechanical properties of ESW joint

Tensile test of weld metal Charpy impact test, VE,
Steel vs TS Weld metal Bond HAZ
(N/mm?) (N/mm?) (Bond-1 mm) o) (Bond+1 mm)
) Q)
Developed 497 698 84 86 193
steel
Conventional ) ) ) 15 )
steel
590 N/mm” steel 440= 590= 47= 47= 47=
#£10 SAW &A1
Tablel0 Condition of SAW
Thickness Groove shape Welding consumables Welding conditions
(mm) (mm)
35°
Skin plate: — e . L:2050A-40V
S0mm | 0 Wire:J 12 f‘:’j rfl ;YS'NM6 T: 1500A-48V
(developed e Welding speed: 20 cm/min
steel) N Flux: JIS 23352 SACG-I Heat input: 462 kJ/cm
50

5 SAWHTFO~ 7 uGH
Fig.5 Cross-sectional macrostructure (SAW)

] ._._._\._._\._._7('__ ..........
7 mm T \V Bond & HAZ

Weld metal

N

6 AERTIRIUTE (SAW)
Fig.6 Test specimen sampling position (SAW)
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Tablell Mechanical properties of SAW joint

Tensile test of weld metal Charpy impact test, VE,
Steel YS TS Weld metal Bond&HAZ Bond&HAZ+1 mm
(N/mm?) (N/mm?) ) O} )
Developed 652 829 46 55 51
steel
Conventional ) i ) 20 )
steel
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