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FEATURE : Progress of Technology in 100-year History of Kobe Steel
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High Tensile Strength Steel Plates for High-heat Input Welding
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Large thickness and high tensile strength steel plates are key materials in shipbuilding, high-rise building
construction and bridge construction. And consequently, the demand for large heat input, 1-pass welding for
large thickness steel plates is very high. Corresponding to this demand, Kobe Steel has newly developed
“ Technology of Refining Effective Grain Size in Heat Affected Zones (HAZ) (Low Carbon Bainite Substructures)”
and has successfully lined up high HAZ toughness steel plate series based on the concept of the technology.
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Photo 1 Effect of C amount on morphology of MA in simulated
HAZ (Equivalent heat input[] 25kJ/mm)
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35u mQO 70steps, Equivalent heat inputd 25kJ/mm
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Carbide forming alloying
elements added

Alloying elements with
low ability for carbide
forming added
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Photo 2 Effect of alloying elements on EBSP analysis in simulated
HAZ[ Boundary levelsd 15°0
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Fig. 1 Effect of heat input and alloying elements added on Charpy
V-notch absorbed energy at simulated HAZ (Peak
temperature(] 1 35000 )
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Table 1 Chemical composition of developed and conventional steels (EH40)

Chemical composition (mass( )

Steels

Mn

Others Ce Pcm

Developed 0.15

1.56

Cu, Ni, Ti, Nb, B 0.35

Conventional 0.36

1.49

Ti, Nb 0.37
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Table 2 Mechanical properties of developed steel (EH40)

Mechanical properties
Thickness YS TS El Crr;ag)t/ irr:zpact
(MPa) | (MPa) | (O) prop (Jy)v 0407
80mm 491 586 23 281
Specification 0390 |5100650| 020 055

03 00MEH40DI O DDO0O0OOOO
Table 3 Mechanical properties of welded joints on developed steel

(EH40)
. Mechanical properties
Thickn
ckness TS (MPa) Position of failure
554 HAZ
80
mm 555 HAZ
Specification (EH390) 1510
350 T T T T
300 + 8
_. 250 8
o 200} |
g 150 - Welding methodJ EGW 1
i Heat inputd 58kJ/mm
100 - Plate thickness00 80mm | A -
1
507 55]
O 1 1 1 1
FL HAZ 1mm HAZ 3mm

Notch position/Distance from fusion line

02 00MMEH40DI OO OO
Fig. 2 Charpy V-notch absorbed energy in HAZ on developed steel
(EH40)
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Table 4 Chemical composition of developed and conventional steels
for building structure

Steels Chemical composition (mass[] )
C Si Mn Others
590MPa Developed 0.03 0.09 1.44 Cu, l\.ll, Cr,Ti,B
Conventional | 0.12 | 0.25 1.45 Cu, Ni, Mo, V, Nb
780MPa | Developed 0.05 0.26 2.00 Ni, Cr, Mo, V, Ti, B
300 . i Welding method ESW |
-& - Conventional Heat inputd 100kJ/mm
250 - —&— Developed Diaphram thicknessC) 60mm | -
_ 200k Skin plate thicknessiGOmm |
O 150+ / 4
S
uJ
> 100
N o 47
50 i o B = = - ——— - L
0 1 1 1 1
FL HAZ 1mm HAZ 3mm

Notch position/Distance from fusion line (mm)
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Fig. 3 Charpy V-notch absorbed energy in HAZ of 590MPa
developed and conventional steels
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Fig. 4 Charpy V-notch absorbed energy in HAZ of 780MPa steel
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Table 5 Mechanical properties and weldability of developed and conventional steels for building structure

. Mechanical properties Weldability
Thickness -
Steels (mm) Ys TS El. YR VEo Preheating
(MPa) (MPa) @) a) ) temp. (O)
Developed 60 485 636 32 76 313 0
590MPa -
Conventional 60 467 624 32 75 262 25
Specification (SA440) 4400 540 5900 740 020 080 047 0
780MPa Developed l 50 668 846 25 79 204 25
Specification (KBSA6300] 63001 750 78001 930 016 085 047 O

28

RsD KOBE STEEL ENGINEERING REPORTS/Vol. 55 No. 200 Sep. 20050



06 O000OS50OMPaOOODOODOODO
Table 6 Chemical composition of developed (BHS500) and conventional
steels

Chemical composition (mass( )

C Si Mn Others

Developed 0.03 0.13 151 Ni, Cr, Mo, Nb, Ti, B

Conventional 0.05 0.32 154 Cu, Ni, Cr, Mo, V, Ti, B
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Table 7 Mechanical properties and weldability of developed
(BHS500) and conventional steels

Mechanical properties Weldability
Steel Thickness K

teels (mm) YS TS El. | vEqs: | Preheating
(MPa) | (MPa) | (O) ) temp.(O)

25 542 621 29 308 RT

Developed 50 564 688 26 265 RT

100 540 607 25 294 RT

Conventional 52 542 641 28 275 RT

Specification (BHS5000 | 0 500 | 0570 | 020 | O100 0
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