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High Performance Steel Plates for Bridge Construction
—High Strength Steel Plates with Excellent Weldability
Realizing Advanced Design for Rationalized Fabrication of Bridges—
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Abstract:

A new, YP500 MPa grade high strength steel plate was developed to meet the requirements of BHS500 (bridge high
performance steel). Microstructure control of extremely-low carbon bainite associated with thermo-mechanical controlled
rolling and advanced cooling by Super-OLAC were applied to attain manufacturing a high yield strength steel plate of low Pcm
(weld cracking coefficient) by on-line process. The produced steel plates satisfied the required mechanical properties, and
showed sufficient toughness after cold working and no deterioration of mechanical properties after lineheating process. The
maximum heat affected zone (HAZ) hardness value was below 280 in Vickers number under arc-strike conditions, and the
results of y-groove weld cracking test showed that preheating is not needed for welding. Evaluation of butt welded joints
produced by electro gas welding (EGW) and submerged arc welding (SAW) revealed that the developed steel plate also had
good weldability.
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Photo 1 Examples of microstructure of extremely-low carbon
bainitic steel (a) YS = 485 MPa (b) YS = 535 MPa

Table 1 Property targets of steel plates and their welded joints

Steel plate Welded joint
Tensile test
Grade - - B Charpy Heat input
Yield strength and tensile strength Elongation impact value, Py (%) (J/mm) vE 5 (J)
E J
Thickness (mm) YP (MPa) TS (MPa) | Thickness (mm) El (%) Ve o
BHS500 6=1t=100 = 500 =570 =100 =0.20 =10 = 47
t= 16 = 460 t= 16 =19
l6<t= 40 = 450 l6<t= 20 =26 =028 (r=50
JIS G 3160 570720 =47 ( < 77 =47
SM570 40<t= 75 = 430 20 <t =100 =20 =0.30(50<1)
75 <t=100 = 420
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Photo 2 Microstructure of YS500 MPa grade extremely-low
carbon bainitic steel
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Table 3 Mechanical properties of steel plates

Thickness Position | Direction YP s El vE-s
(mm) (MPa) (MPa) (%) )
L 587 684 27 361

1/4t
55 C 611 709 26 276
L 582 681 27 355

1/2¢
C 611 703 25 278
L 513 595 29 311

1/4¢
60 C 529 613 27 256
L 508 589 28 340

1/2¢
C 527 610 28 252
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T 180 Table 4 Results of strain aging test
£ 160 i E (]
E 140 Thickness Position | Direction - vE-s (@) -
= 120 ) X - ) ) (mm) 5% strain 10% strain
0 10 20 30 40 50 60 25 U4t L 285 130
Distance from surface (mm) 0 a L T e
. . . t
Fig.1 Hardness distribution over the thickness of the steel
plate
Table 2 Chemical compositions of steel plates (mass%)
Thickness (mm) C Si Mn P S Others Ceq Py
25 0.02 | 030 | 1.57 | 0.008 | 0.003 | Cy, Ni, Cr, 0.31 0.13
60 0.02 | 025 | 154 | 0.014 | 0.003 | Nb,Mo, B 0.39 0.16

Py = C + Si/30 + Mn/20 + Cu/20 + Ni/60 + Cr/20 + Mo/15 + 5B
Ceq = C + Si/24 + Mn/6 + Ni/40 + Cr/5 + Mo/4 + V/14
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Table 5 Mechanical properties of the steel plates after line-heating treatment

Thickness
(mm)

Maximum heating
temperature (°C)

Cooling
conditions

YP
(MPa)

TS
(MPa)

El
(%)

vE-s (J)

Side notch

Surface notch

Maximum
hardness, HV

25

900

Immediate WQ
WQ from 600°C

599
607

697
675

33
34

300
358

396
416

277
246

1000

Immediate WQ
WQ from 600°C

566
575

676
667

38
34

357
396

379
394

2175
238

60

900

Immediate WQ
WQ from 600°C

521
518

610
602

52
52

301
254

247
392

267
239

1000

Immediate WQ
WQ from 600°C

516
509

605
589

48
51

315
264

199
372

265
223

I
<J

%t=25,60 e +
A
= =y

Heating zone

Heating zone

(a) Side notch

Fig.2 Preparation of tensile test specimen and location of
V-notch Charpy impact specimen

(b) Surface notch
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Fig.3 Result of maximum hardness test
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Table 6 Welding condition for y-groove weld cracking test and results

Atmosphere Preheat Welding conditions Crack ratio
Thickness
(mm) Temperature Humidity | temperature Rod Current Voltage  Speed | Surface  Root Section
(°C) (%) “C) ) V) (mm/s) | (%) (%) (%)
0.0 0.0 0.0
60 20 60 20 LB-62UL 170 25 2.5 0.0 0.0 0.0
(4 mmg)
0.0 0.0 0.0
Table 7 Welding conditions
Welding | Thickness | Welding ~ Welding  Shielding Fer;hi::?ugre Current Voltage Speed Heat input Groove
method (mm) wire flux gas I()O ) (A) V) (mm/s)  (kJ/mm) shape
DWS-60G Co, Room
EGW 25 1.6 mmo 100%  temperature 380 38 1.17 12.3 \%
SAW 60 | KWIOIB g - Room 750-850 3438 4655 5169 X
4.8 mmg temperature
300 300
2 mm from surface EGW 2 mm from surface SAW
250 250
z z
o0 o0
) >
Eﬁ 200 E 200
H H
= e
< =
T 1s0 =150
100 I I L L 100 L L L L

-10 0
Position (mm)

10 20 30

—-50 —40 =30 —20 —10 O 10

Position (mm)

20 30 40 50

Fig.4 Hardness distribution of the welded joints

Table 8 Mechanical properties of butt welded joints

) . Tensile test Bend test Charpy impact value, vE 5 (J)
Welding | Thickness TS Positi Side bend
method (mm) osition 1de bend,
(MPa) of failure | R = 2.0¢ Weld metal Bond HAZ 1 mm HAZ3mm HAZ5mm
EGW 25 619 HAZ Good 109 86 187 213 331
SAW 60 620 BM Good 154 178 250 282 333
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Table 9 List of JFE Steel’s steel plates for bridge construction

ooooo JFEO O SO0
JFE-LY 100
gooo JFE-LY 160
JFE-LY225
JIS G 3101 SS400
gooo
JIS G 3101 SM400
SM490Y-EX JIS G 3106 SM490Y
ooooo
SM520-H-EX JIS G 3106 SM520
oooo
SM570(-H)-EX JIS G 3106 SM570
gooooo JFE-HITEN780EX JIS G 3128 SHY685
Soo SM490Y-EG JIS G 3106 SM490Y
SM570-EG JIS G 3106 SM570
ooo SM570TMC(-H)(-LB) | JIS G 3106 SM570
gooo JIS G 3114 SMA400W
Cooo SMA490W(-H)-EX JIS G 3114 SMA490W
SMAS570W(-H)-EX JIS G 3114 SMA570W
gooooo Coo SMA490W-EG JIS G 3114 SMA490W
ooooo SMA570W-EG JIS G 3114 SMA570W
ooo SM570WTMC(-H)(-LB) |JIS G 3114 SMA570W
JFE-ACL400Type 1, 2 (SMA400W-MOD)
gooooo
00000 JFE-ACL490Type 1, 2 (SMA490W-MOD)
JFE-ACL570Type 1, 2 (SMA570W-MOD)
goooooo
LPO0OOOOOOOODOL
400, 490, 570 N/mm?
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