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Higher Yield Strength Steel Plates for Bridges: SBHS Series
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Abstract

This article introduces the design concept and key characteristics of the thick steel plates of the SBHS series.
The SBHS500 exhibits excellent toughness and a high yield point (YP) thanks to the formation of a fine bainitic
microstructure, which suppresses the formation of ferrite and martensite-austenite constituents(MA). On the
other hand, the SBHS700 attains a high YP by employing particle dispersion strengthening within an upper
bainite microstructure that is free of martensite-austenite constituents(MA). The steel also achieves excellent
flatness by optimizing the accelerated cooling process conditions. All steels developed in the SBHS series
satisfy the base material specifications and exhibit sufficient weldability along with favorable welded joint
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Table 1 Mechanical Properties of SBHS series
Tensile test Charpy impact test °
Steel YP TS Test temp. | Energy 2
(N/mm?) | (N/mm?) (C) 0) “g
SBHS400 ]
=400 [490~640 0
SBHS400W
SBHS500
=500 [570~720 -5 =100
SBHS500W .
SBHS700 fme
SBHST00W =700 |780~930 -40 1 CCT Hi#t OBE&IX
Fig.1 Conceptual diaglam of CCT curve
£2 Poy & FHIRIED L
Table 2 Comparison of P¢y; and preheating temp.
o Thickness(mm)
Strength Steel Classification
t=25mm | 25<t=40 [ 40<t=50 [ 50<t=100
Pem SM490Y 0.26(-) 0.26(80°C)
SM490Y _
(Preheating temp.) [SMA490W 0.26(-) 0.27(80°C) | 0.29(100°C)
490N/mm? SMA490W
No preheating required Pcy - 0.24 | 0.22
SBHS400(W) Pcu(Preheating temp.) =0.22(-)
570 Pew(Preheating temp.) 0.26(-) 0.27(80°C) [ 0.29(100°C)
570N/mm? No preheating required Pcy - 0.24 | 0.22
SBHS500(W) Pcem(Preheating temp.) =0.20(-)
) HT780 Minimum preheating temp. 100 | 120
780N/mm — -
SBHS700(W) Minimum preheating temp. 50
x 3 WIEHWOILER S O—F (SBHS500)
Table 3 Example of chemical compositions of developed steel (SBHS500)
Chemical composition(mass%)
Steel
C Si Mn P S N(ppm) Others Peum
Developed
0.04 0.32 1.93 0.004 0.001 40 Cu,Ni,Nb,Ti 0.17
Steel
Spec. =0.11 =0.55 =2.00 =0.020 | =0.006 =60 - =0.20
x4 FFEMOEMNKEEO—F (SBHS500)
Table 4 Example of mechanical properties of developed steel (SBHS500)
Tensile test Charpy impact test
Thickness
YP TS VE.s
(mim) : : ‘
(N/mm?) (N/mm”*) ()
6 551 627
25 588 632 365
50 574 652 338
80 538 620 328
100 546 636 318
Spec. =500 570~720 =100
x5 yEHEENHABRR (SBHS500)
Table 5 Results of y-groove weld cracking test (SBHS500)
. ) . . . Crack(%)
Thickness | Welding Welding Welding Heat input
o Preheating
(mm) method consumable condition (kJ/mm) Surface | Root | Section
temperature(°C)
170A-24V 5 0 0 0
50 SMAW | Wire : LB-62UL i 1.6
-150mm/min 25 0 0 0
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Fig.2 Tip shape of SAW (SBHS500)

3 SAW Wi~ 27 o5 (SBHS500)
Fig.3 Macroscopic photograph of SAW (SBHS500)

xR 6 BHESLMB X URFREME (SBHS500)
Table 6 Welding conditions and mechanical properties of welded joint (SBHS500)

Tensile test Charpy impact test

Thickness | Welding Welding Preheating Interpass Heat input TS £.0)
(mm) method | consumable | temperature(°C) | temperature(°C) | (kJ/mm) Fracture Area vEs
(N/mm?) Position | Depo | Fusion line |FL+1mm |FL+3mm
Wire : US-40
50 SAW - ~250 640 Base Metal t/4 97 116 248 373
Flux : MF-38
Spec. =570 - =47
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Table 7 Mechanical properties of SBHS700 and K-TEN""780

Spec.
Thickness
Steel YP TS
(mm) . .
(N/mm?) (N/mm?)
SBHS700 =100 =700 780~930
=50 =685
K-TEN"™780 780~930
50<t=100 =665
(@) (b)
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Fig.4 Schematic diagram of cementite formation process
((@) Long diffusion distance (b) Short diffusion distance)
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Fig.5 Cementite dispersion of SBHS700 ((a) 500C stop (b) 410C stop (c) 270TC stop)
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spacing and YP
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Fig.9 FEM analysis results of shape after accelerated cooling of SBHS700
((a) Before adjusting the water flow rate (b) After adjusting the water flow rate)
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Table 8 Example of chemical compositions of developed steel (SBHS700)

Chemical composition(mass%)

Steel

C Si Mn P S Mo \Y B(ppm) | N(ppm) Others Pem
Developed
Steel 0.05 0.24 1.97 0.004 0.001 0.39 | 0.002 11 40 Cu,Ni,Ti 0.27
ee
Spec. =0.11| =0.55| =2.00| =0.020| =0.006| =0.60 | =0.05 =50 =60 - =0.30

®9 FFEMOEMYFEO—B] (SBHS700)

Table 9 Example of mechanical properties of developed steel

(SBHS700)
Tensile test Charpy impact test
Thickness
YP TS VE 40
(mm)
(N/mm?) (N/mm?) )
6 784 831 -
12 748 853 -
32 851 874 159
75 796 845 129
Spec. =700 780~930 =100
10 Bi%E o SEM 1§ (SBHS700)
Fig.10 SEM image of developed steel (SBHS700)
F10 yREHEHEAE R (SBHS700)
Tablel0 Results of y-groove weld cracking test (SBHS700)
) ) ) . Crack(%)
Thickness | Welding Welding . " Heat input
Welding condition Preheating
(mm) method consumable (kJ/mm) Surface | Root | Section
temperature(°C)
32 . 280~300A-30~31V 50 0 0 0
—— GMAW | Wire : MG-S80J . 1.7
75 -300~330mm/min 50 0 0 0

K11 BELEMEB LT (SBHS700)
Tablell Welding conditions and mechanical properties of welded joint (SBHS700)

Tensile test Charpy impact test
Thickness | Welding Welding Preheating Interpass Heat input . VE 40(J)
(mm) method consumable temperature(°C) temperature(°C) (kJ/mm) Fracture Area Fusion
(N/mm?) Position | Depo line FL+1mm|FL+3mm
Wire : US-80LT
32 SAW 100 95~180 5.0 891 Weld Metal t/4 150 252 259 260
Flux : PFH-80AK
Spec. =780 - =47
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