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TMCP Steel Plate for Architectural Structures Compatible with High-Heat
Input Welding
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Abstract

This paper introduces the design concept and properties of the 550 N/mm?® class TMCP steel, “KCL A385C-
ST,” and the 590 N/mm? class TMCP steel, “KCL A440C-ST,” for architectural structures, which have excellent
HAZ toughness and weldability in high-heat input welding. These products fully exploit TMCP technology
to achieve both HAZ toughness and weldability, leveraging Kobe Steel's proprietary HAZ structure control
technology. They meet the required base material characteristics for a wide range of plate thicknesses. In
addition, a HAZ toughness of 70 J or greater has been achieved, even in electroslag welding (ESW), through
combined thicknesses of skin plate and inner diaphragm, where the post-welding cooling rate is slow and not
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conducive to HAZ toughness.
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Fig.1 Schematic diagram of architectural structure
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Table 1 Specification for chemical composition of KCL A385C-ST and KCL A440C-ST

Plate thickness

Chemical composition (mass%)

% Pon(%)*2
Grade (mm) S S e S S Ceq(%)*1 om(%)
_ 1951550 < < < < < =040 =0.26
KCL A385C-ST B0Gt= 100 =0.20 =055 =160 | 0020 | =0.008 042 =027
19=5t<40 <0.44
KCL A440C-ST =0.12 =0.55 =1.60 <0.020 | =0.008 =0.22
40<t=100 =047

*1 Ceq=C+Si/24+Mn/6+Ni/40+Cr/5+Mo/4+V/14

*2 Pgy=C+Si/30+Mn/20+Cu/20+Ni/60+Cr/20+Mo/15+V/10+5B
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Table 2 Specification for mechanical properties of KCL A385C-ST and KCL A440C-ST

i Tenisile properties Impact properties
Plate thickness -
Grade (mm) Types of test | YP or 0.2%YS TS El. YR Types of test E W)
pieces (N/mm?) (N/mm?) (%) (%) pieces Voo
1951532 JIS 72241 No.1A 215
KCL A385C-ST 385~505 550~670 =80 =70
32<t=100 JIS 72241 No.4 220
JIS 72242 No .4
19=1<20 JIS 72241 No.5 =29
KGL A440C-ST 440~540 590~ 740 =80 =70
20<t=100 JIS 72241 No 4 220

11234567 1
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2 ESW o~ 7 ulik
(AFX v 7VL—MEL70 mm, WA 7 75 LE70 mm)
Fig.2 Macro structure of ESW joint for =70 mm and #,=70 mm
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Fig.3 Macro structure of ESW joint for £=50 mm and 7,=70 mm
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Table 3 Example of chemical composition of KCL A385C-ST

Chemical composition (mass%)

Grade
C Si Mn P S others Ceq Powm
KCL A385C-ST 0.07 0.36 1.52 0.006 0.001 Ti,B 0.34 0.17
<040" | =0.26"
Spec. =0.20 =055 <160 | =0.020 | =0.008 -
<042" | Z0277
*1 Plate thickness =50mm
*2 Plate thickness >50mm
F 4 KCL A440C-ST Dbk 55 > — 4l
Table 4 Example of chemical composition of KCL A440C-ST
Chemical composition (mass%)
Grade
C Si Mn P S others Ceq Pcu
KCL A440C-ST 0.04 0.10 1.49 0.005 0.001 Cu,Ni,Cr,TiB 0.38 0.21
S *1
Spec. =<0.12 =0.55 =1.60 =0.020 =0.008 - _0'44* =0.22
<047
*1 Plate thickness =40mm
*2 Plate thickness >40mm
%5 KCL A385C-ST O+ 45M: %6 KCL A440C-ST O
Table 5 Mechanical properties of KCL A385C-ST Table 6 Mechanical properties of KCL A440C-ST
Tenisile properties Impact properties Tenisile properties Impact properties
Plate Plate
thickness | (7.0 | TS Bl YR £ thickness | .7 | TS Bl 'R Ef)
. N \ Eatl 2 o VE
(mm) |y | N/mmd) | ) ® 0 (mm) |y | /) ) ®)
19 454 594 23 76 268 19 469 696 38 1 261
40 435 594 33 73 281 ?é 2‘7’; ggg g; ;g gg;
65 452 623 29 73 256 100 481 639 32 75 273
100 422 565 31 75 244 S
> 1 5*1 ~ ~ < =
Spec. [ 385~505 | 550~670 | = ‘2‘3*2 <80 270 Spec. | 440~540| 590~740| S, =80 =70

*1 Plate thickness 19mm
*2 Plate thickness 40,65,100mm

18

*1 Plate thickness 19mm
*2 Plate thickness 32,45,100mm
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Table 7 Welding conditions for Y-groove weld cracking test

Plate Welding conditions
Grade thickness Welzri]inj Weldirjgl Pre-heating Current Voltage Welding speed |Heat input
(mm) metho materia tem;zg&a)ture A W) (mm/min) (kd/cm)
KCL A385C-ST 100 GMAW(CO,) JIS Z3312 YGW18 none 280 30 30 16.8
KCL A440C-ST 100 GMAW(CO,) | JIS 23312 G 59J A1 U C 3MIT none 280 30 30 16.8
x£8 BHSMB X ORLIIR
Table 8 Welding conditions and groove shape
Grade Plate(:lri:)kness Welding method Preheat Groove shape Cu(r;int Vo(l:;/e;ge W?Lﬂ:ﬁ:‘?sed H&zt/i;ﬁ;lt
Skinplate:40 Skinplate
KCL A385C— L : JIS 723353 YES560-S
ST D;ar;?;:az%rggo /JIS 73353 FES-0S none S 380 51 145 802
ty
Skinplate:45
KCL A440C- > ) JIS 73353 YES600-S ! 3
ST D;a;}l;:a:%r'ré.SS /JIS 23353 FES-CS none \Z—SE— L 380 52 15.0 790
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Fig.6 Results of charpy impact test for KCL A440C-ST
(t, = 45mm and ¢, = 65mm)
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