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Development of High HAZ Toughness Steel Plates for Box Columnswith High Heat I nput Welding
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Abstract

For safety against earthquake and for high efficient welding in high-rise building constructions, high
HAZ toughness steel plates have been developed. Based on the new technology for HAZ microstructure
refinement, HTUFF®, and by optimizing chemical compositionsof steel, BT-HT355C-HF and BT-HT440C-
HF steel plates possessing high-per formance of HAZ toughness have been commercialized. High heat
input welded joints of box columns made of the developed steel plates, joined by electroslag welding or
submer ged arc welding with high efficiency, had excellent HAZ toughness more than 70J at 0 °C. The
weld metal had also good toughness by using newly developed welding materials matched to the devel-

oped steel plates.
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Development targets of high HAZ toughness steel pates for box columns

Steel standard 0O [

[0 SN490C, BT-HT325C, BT-HT355C, BT-HT440C, SM520B-SNC

Welding method0) O 00 O 0O ESW, multi electrodes SAW, etc.

Maximum welding heat input [0 Approximately 100kJ/mm

HAZ toughness

[J Charpy absorbed energy at 000 [I 70J (average)
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Simulated HAZ microstructure of BT-HT355C class steels correspond-

ing to ESW0O equivalent heat inputJ70kJ/mm, reheated peak
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Simulated HAZ toughness of BT-HT355C class steels corresponding
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Effect of alloy elements on mechanical properties of ESW weld metal

of BT-HT355C developed steel
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Chemical compositions of developed steel plates] mass %0

Steel C Si Mn P S Others HTUFF Ceq Pcm
BT-HT355C-HF 0.12 026 150 0.008 0.002 Nb,Ti Treated 039 0.21
BT-HT440C-HF 010 016 156 0.006 0.002 Cu,Ni,Nb,V,Ti Treated 0.39 0.23

Ceq=C+Si/24+Mn/6+Ni/40+Cr/5+Mo/4+V/14
Pcm=C+Si/30+Mn/20+Cu/20+Ni/60+Cr/20+Mo/15+V/10+5B
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Mechanical properties of developed steel plates

Steel Thickness| Direction Tensile properties Charpy properties Through-thickness
O mmt 1/4 thickness position 1/4 tickness position properties
Yield Tensile Elonga- Yield vE, min/av. Tensile Reduction
point  strength  tiom ratio strength of area
O N/mm?000 N/mm?20 O %0 0 %0 0Jo O N/mm?0 0 %0
BT-HT355C-HF 50 L 450 574 32 78 298/302 564,564,562  77,77,76
T 451 579 26 78 220/252
BT-HT440C-HF 60 L 468 610 31 77 251/254 607,615,610 69,74,75
T 466 603 32 77 234/236

0 LO longitudinal,[0 TO transverse
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Welding conditions of box columns

Steel for Welding portion Welding method Welding conditions
column Current | Voltage Speed Heat input Welding
OAO OovOo O mm/mind O kd/mmO material
BT-HT355C-HF | Column diaphragm | ESW/single pass 380 51 14.3 81.4 YM-55HF
BT-HT440C-HF | Column diaphragm | ESW/single pass 380 51 11.6 100.4 YM-55HF
BT-HT355C-HF | Column corner SAWI/single pass L 2100 36 230 41.0 Y-DLHF
T 1700 48 NSH-53HF
BT-HT440C-HF | Column corner SAWY/single pass L 2200 37 200 50.3 Y-DLHF
T 1800 48 NSH-53HF
BT-HT355C-HF | Column-beam GMAW/multi passes 380 40 220/450 2.0/4.0 YGW18/21HF
BT-HT440C-HF | Column-beam GMAW/multi passes 360 41 220/450 2.0/4.0 YGW18/21HF

L0 leading electrode,[] TO traling electrode
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HAZ5
WM ; WM
HAZ3 Skin plate HAZ5 . HAZ3
HaZS " e \ ! Skin plate HAZ1
FL HAZ1 HAZ1 ™ — . 16mm FL
LA HAZ3 Tt - A wm
6mm L T m T il 1
|| —— HAZ5 \ ( \ Web r A= r &mm
Diaphragm Diaphragm Beam
Flange FL
HAZA1
HAZ3
HAZ5
MW : weld metal
FL : fusion line
HAZ1: 1mm from FL
HAZ3: 3mm from FL
HAZS5 : 5mm from FL

0 allColumn diaphragm joint

0 bOColumn corner joint

O cXColumn-beam joint
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Positions of V-notches and specimens of Charpy impact tests in welded joints of box columns
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Welded joint macrostructure of BT-HT355C-HF column
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Notch position

0 allColumn diaphragm joiril ESWO

Notch position

0 bOColumn corner joirifl SAW

Notch position

O cCColumn-beam joiril GMAWO
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Welded joint toughness of box columns
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EWS joint microstructure of BT-HT440C-HF columril Skin plate side HAZ of diaphragm joint[
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