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TMCP Type HT570 Steel Plates with Excellent Weldability

Shigeo Okano Takuo Koyama( Yoichiro KobayashiO Manabu Yamauchi

A new type of 570 MPa grade rolled steel plate (HT570) for welded structures was developed through the
application of a thermo-mechanical controll process (TMCP) to low-carbon steels. The steels used contain
small amounts of Ti, Mo and B to promote finely dispersed bainite structures without special quenching and
tempering. The resultant HT570 plates provide constant high yield strength independent of thickness.
Moreover, preheating before welding can also be eliminated. The newly developed HT570 steel cuts the
delivery lead time and has the potential to reduce the cost of rationalized bridge constructors.
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Fig. 1 Comparison between YP of SM570 steels and that of SM570-H
steels
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01 TMCP O HT5_7O noooo . .5 V-notch Charpy properties
Table 1 Target properties of TMCP type Tensile properties .
HT570
Thickness Test YP TS El. Thickness Eos
(mm) piece (MPa) (MPa) (0) (mm) )
tO 16 No.5 4600 190
t0d 12 O
160 160 No.5 260
t
040 4500
200 No.4 5700 720 200
td 12 470
400t 50 1 As per JIS [
No.4 spec. 4300 200

O T-direction, O O L-direction
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Fig. 2 Effect of additional elements on tensile properties
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ooooooo Steel C Si Mn Cu Ni Cr Mo Nb Ti (opm) Ceq Pem
Table 2 Chemical compositions oo | 6e | 529 | 150 | O 0 o o 0 |o048| 15 | 031 | 014
of steels for selection of
additional elements Nb | 005 | 032 | 147 | O 0 0 0 | o015 | 0046 | 16 | 031 | 0.14
cr | 005 | 030 | 152 | O o |o2 | O 0 | o048 | 16 | 036 015
Mo | 005 | 031 | 149 | O 0o o |oww | 0 |o004a7| 15 | 036 016
cu | 005 | 032 | 148 | 020 | O 0 0 0 |o0o047| 13 | 031 | 015
Ni | 005 | 020 | 153 | o |02 | O o 0 |o0047| 14 | 032 015

Ceq(0 ) O CO Mn0O 60 Si1 240 NiJ 4000 Cr0 50 Mo 40 VO 14
Pen(0) O CO SilJ 300 MnO 200 Cul 200 NiOJ 600 Cr 200 MoO 150 VO 100 5B
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Table 3 Chemical compositions of steels for optimization of rolling
process (massO)
C Si Mn Others Ceq Pewm
0.05 0.33 146 | Cu, Ni,Mo, Ti,B| 0.38 0.19
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Fig. 3 Effect of reheating temperature on mechanical properties
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Fig. 4 Effect of FRT (finish rolling temperature) on mechanical
properties
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Table 5 Tensile properties of developed steels
) Tensile properties
Thickness Position | Direction | Test piece
(mm) YP TS El.
(MPa) [ (MPa) | (O)
Full 572 673 25
% thickness NoS | 570 | 670 | 25
507 677 26
2 va T Nod | 503 | 674 | 26
565 615 31
50 va Nod4 | 561 | 614 | 31
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Table 4 Chemical compositions of developed steels 0 0 0000000000000 DOOOO (massO)
Steel Thickness | si | mMn | P s Others Cuy | Po
(mm)
° 0.0 0.3 0.006 | 0.002 0.38 | 0.19
Developed .05 32 | 154 | 0. . ) _ . A
HT570 25 Cu, Ni, Mo, Ti, B
50 0.05 | 0.28 1.57 | 0.010 | 0.002 0.37 | 0.18
JISS?)';/(I:SYO t0 50 00.18 | 0 0.55| O 1.60 |0 0.035| 0.035 0 O O

Ceq(0) O CO MnO 60 Si0) 240 NilD 400 CrO 50 MoO 40 VO 14
Pew(0) O CO SiD 300 MnO 200 Culd 200 NiJ 600 Cr0 200 Mo 150 VO 100 5B
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Fig. 5 V-notch Charpy energy of developed steels
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Fig. 6 Comparison between maximum hardness test results of
conventional steel and that of developed steel
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Fig. 7 Comparison between y-groove cracking test results of
conventional steel and that of developed steel
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Table 6 Welding conditions

o7 oooooooooo
Table 7 Mechanical properties of welded
joints

ooooooo

Welding Welding Welding
method material condition
60°
O Current 350A
Wire( MG-60 28 Voltage[l 35V
GMAW 0 1.2mme O M X 0 Speedd 250mm/min
Heat input 2.9kJ/mm
2 X P
70°
Wired US-49 Currentd 750A
27 Voltage 38V
SAW 04.8mme O 50 .
FlwOME-38 7 Speed 340mm/min
lb Heat input(] 5.0kJ/mm
70°
Wire US-49 Currentd 750A
27 Voltage 38V
SAW 04.8mme O 50 -
FluOME-38 v SpeedO 250mm/min
1@ Heat input0 6.8kJ/mm
70°
Welding Tensile test Side V-notch Charpy impact test
method TS Position of bend . Eos
(heat input) (MPa) fracture test Position 0)
Weld metal 177
GMAW Weld Bond 220
(2.9kJ/mm) 650 metal Good Bond O 1mm 211
Bond O 3mm 304
Weld metal 135
SAW Weld Bond 115
(5.0kJ/mm) 639 metal Good Bond O 1mm 172
Bond O 3mm 276
Weld metal 117
SAW Weld Bond 89
(6.8kd/mm) 632 metal Good Bond O 1mm 163
Bond O 3mm 356
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