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780 MPa Grade Steel Plates with Low Yield Ratio
by Microstructural Control of Dual Phase
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Abstract:

High strength steel plates with 780 MPa in tensile strength, suitable for building construction taking seismic
design into account, have been developed. The steel plates provide high strength, toughness, weldability and
resistance to fracture in earthquake. The key technology to obtain the excellent combination in mechanical
properties of the steel is the microstructural control of martensite-austenite constituent (M-A) and the bainitic
ferrite dual-phase structure through the on-line heat treatment HOP® (Heat-treatment On-line Process) immediately
after the accelerated cooling in thermo-mechanical controlled processing (TMCP). The developed steel plates have
microstructure of fine M-A particles dispersed in the bainitic ferrite matrix. Trial production of the developed
780 MPa grade steel plates was carried out with the actual plate mill. The obtained plates showed the satisfactory

combination of high strength, low yield ratio, weldability and excellent toughness in welded joints.
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Fig.1 Schematic illustration of conventional multiple heat
treatment for dual phase microstructural control
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Fig.3 Effect of volume fraction of M-A on mechanical properties
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Table 1 Chemical composition of newly developed steel
plates
(mass%)
C Si Mn P S Others Ceoq Pom
Cu, Ni, Cr,
0.06 0.18 1.98 0.011 0.002 Nb, V. Ti 0.54 0.24

Coq=C+8i/24+Mn/6+Ni/40+Cr/5+Mo/4+V/14
Pey=C+S1/30+Mn/20+Cu/20+Ni/60+Cr/20+Mo/15+V/10+5B
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Table 2 Mechanical properties of newly developed steel plates

Mo | Py | (upay | FLOO | YROO | e
12 688 923 23 75 188

25 703 912 33 77 216

40 665 852 36 78 199
Target >630 >780 >16 <85 >70

Tensile test specimen: Full thickness(JIS No.5)-transverse
Charpy impact test specimen: 1/4¢-transverse
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Fig.4 Typical stress-strain curves of newly developed
780 MPa steel and conventional 780 MPa steel
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Photo 1 Microstructure and volume fraction of M-A in the
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Fig.5 Typical hardness distributions in the
25 mm steel plate through the thickness
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Fig.6 Results of maximum hardness test for the
25 mm steel plate
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Table 3 Results of y-groove weld cracking tests for the 25 and
40 mm steel plates

. Thick- | Preheating Cold crack retio (%)
Welding
condition ness temperature Surface | Root Cross
(mm) °C) section

CO, welding 25 0 0 0
Welding 25
consumable:
MG.80 50 0 0 0
Heat input:
1.7 kJ/mm 40 2 0 0 0
Atmosphere:
20°C-60% 50 0 01 0
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Table 4 The welding condition and mechanical properties of CO2 welded joints

Thickness Shapes and dimensions of groove Welding conditions Tensile properties | Charpy impact properties
35° TS Fracture .

k\ Welding consumable: (MPa) | position Notch position | ,Egec (J)

4 MG-80 WM 97

40 mm mm Heat input: 2.1 kJ/mm
. 804 WM FL 79
7 mi Preheat: None 306 WM
<> Inter pass temp: <150°C HAZ1 mm 174
HAZ3 mm 270

WM: Weld metal FL: Fusion Line HAZ: Heat affected zone

K5 BHRMOY Tv—TI7—UBE (SAW) MFIEREMGS L OBFIERE
Table 5 The welding condition and mechanical properties of SAW welded joints

Thickness Shapes and dimensions of groove Welding conditions Tensile properties | Charpy impact properties
. IS Frayt}.lre Notch position | (Epec (J)
21 mm Welding consumable: (MPa) | position
US-80BN-PFH80AK WM 37
40 mm Smm Heat input: 4.6 kJ/mm oL py
Preheat: 50°C 817 WM
14 mm Inter pass temp: <250°C 816 WM HAZ1 mm 231
HAZ3 mm 250

WM: Weld metal FL: Fusion Line HAZ: Heat affected zone

350 350
. t CO,: 2.1 kJ/mm . SAW: 4.6 kJ/mm
2 300 | g °
= ¥ =
?, 5 U5 o o @%%W& -g ozo @@M @%@&@9 dsz;o%oqszsﬁ
EF2s0 T BUT Sipg 7S 28 & @
g2t g
2 b 2
£ 200 - BM _HA WM AZ BM 2 HAZ WM AZ BM
> 7 <] piN > Pl
150 [FETTTIT I [T L Lo 180 D, [T I I I [ITITIT I Lo
—40 —-20 0 20 40 —-20 0 20 40
Position (mm) Position (mm)

7 FRMOBEMFEESTH (EREEDL S 2 mm)

Fig.7 Hardness distributions of the welded joints (2 mm from surface)
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