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Synopsis :

There is a trend in the bridge industry that a steel bridge pier currently constructed in a
city area becomes bigger and is fabricated with higher strength and heavier gauge
plates than in the past. Taking account of this trend, Kawasaki Steel developed an
advanced 570 N/mm2 grade steel which is produced by a thermo-mechanical control
process (TMCP). This steel contains a low carbon of less than 0.02% and has a single
phase microstructure of bainite, and, therefore, has a low hardenability, a superior
weldability and workability. This report describes the pre-qualification test for this low
C-bainitic TMCP steel which was conducted on the occasion of the application of this
steel to the bridge pier. The test result shows that preheating is not especially needed
for the welding of the plates up to 83 mm thickness and that the steel can be heated up
to 1 000, C and then be rapidly cooled by water immediately in hot-forming process
without deteriorating its property. The steel plate also shows a sufficient toughness
after the cold working of 9% straining. So, it is revealed that the low C-bainitic steel

can greatly contribute to the improvement of the efficiency of the fabrication process.
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There is a trend in the bridge industry that a steel bridge pier currently constructed in a city area becomes bigger and
is fabricated with higher strength and heavier gauge plates than in the past. Taking account of this trend, Kawasaki Steel
developed an advanced 570 N/mm? grade steel which is produced by a thermo-mechanical control process (TMCP). This
steel contains a low carbon of less than 0.02% and has a single phase microstructure of bainite, and, therefore, has a low
hardenability, a superior weldability and workability. This report describes the pre-qualification test for this low C-bainitic
TMCP steel which was conducted on the occasion of the application of this steel to the bridge pier. The test result shows
that preheating is not especizally needed for the welding of the plates up to 83 mm thickness and that the sieel can be
heated up to 1000°C and then be rapidly cooled by water immediately in hot-forming process without deteriorating its
property. The steel plate also shows a sufficient toughness after the cold working of 9% straining. So, it is revealed that

the low C-bainitic steel can greatly contribute to the improvement of the efficiency of the fabrication process.
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Fig. 1 Schematic relation between Py and tensile strength
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Table 1 Example of chemical compositions of SM570 stee]

{mass%)

C Si Mn P S Cu Ni C Me V Al B Nb | Py

SM570TMC-H 002 031 154 0008 0.003 056 025 049 —  — 0037 00023 0049 | 018
Thickness = 83 mm

SM570Q-H 013 027 145 0012 0003 016 015 003 0140 0041 0027 0000% — | 024
Thickness = 66 mm

Table 2 Chemical composttions of steels tested

(mass%)

C Si Mn P 5 Cu Ni Cr Al B Nb P

SM570TMC-H 002 031 154 0008 0003 056 025 049 0037 00023 0049 | 018
Thickness = 83 mm

SMS7(TMC-H 002 029 154 0000 0003 052 048 049 0080 00020 0045 | 018
Thickness = 83 mm

SMS70TMC-H 002 03l 153 0003 0003 055 025 029 0037 00023 0045 | 0.16
Thickness = 35 mm
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Fig. 3 Groove geometry of butt weld joints
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Fig. 4 Preparation of tensile test specimen after gas-heating
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Fig. 5 Location of V-notch charpy impact specimen

Table 3 Welding conditions

Welding pass Current (A) Voltage (V) Speed (cm/min) Heat input (kJ/cm) Preheating temperature
GMAW BP 1--35 260300 33~H 25~28 18~25 Room temperature
FP 122 260—300 34 25~28 19—~25
SAW BP1~15 600—700 32~34 35~40 29—~41 Room temperature
FP1~17 600—~700 32—~34 35—~40 29~41
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Table 5 Results of window type restraint weld cracking test

Welding Diffusible hydrogen Welding pass Heat input Preheating temperature | Interpass temperature | Penetrant
consumables {ml/100 g} EP (kJ/cm) (& »] °C) test
Solid wire (30°C x 80%RH) First layer 32 20 20~50 No crack
(1.2 mmg) 1.9 Middle layer 17
Last layer 8—10 50 50150 No crack
FCw (30°C x 80%RH) First layer 32 20 20—~50 No crack
(1.2 mmg) 4.3 Middle layer 17
Last layer 8~9 50 50150 No crack
300 Hvmax = 977 Table 6 Test results of butt welded joints
275 Welding method GMAW SAW Requirements
5 ogg . . Class I Class I Better than
jaa}
w Radiographic test {No crack) | (No crack) Class II
£ 25 Tensile test ~ (N/mm?) 650 675 =570
;f 200 Bend test No crack | No crack No erack
Charpy impact energy (J) =47
175 | (WM, 1/41) 104 203 =5"C
o (HAZ 1 mm, 1/4 414 295 =5°0)
0 10 20 30 40 50 Macro-structure test No defect | No defect | No defect
; Hardness test
Distance (mm)
(Hv, 93 N) 264 (max) | 224 (max.) =370

Fig. 6 Hardness distribution of maximum hardness test

Table 4 Results of y-groove weld cracking test
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Table 7 Result of strain aging test

V-notch charpy impact test Test result | Requirements
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Fig. 9 Effect of hot-forming condition on charpy absorbed energy
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Fig. 7 Effect of hot-forming condition on tensile strength
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Fig. 8 Effect of hot-forming condition on maximum hardness
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