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Progress on Research and Development of Large Heat

Input Welding Steel Series in WISCO
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Abstract: In this paper, new ideas and principles of oxide-nitride and oxide-sulfide metallurgy was put forward, the
technique of the second phase particles with high melting point which induced phase transformation was invented, thus the
technical difficulties of iron and steel materials can not withstand large heat input welding were broken. The new generation
series of large heat input welding steel innovated by Wuhan Iron and Steel ( Group) Corporation( WISCO) in recent years
was introduced on the following aspects including technology background, metallurgy theory, technology characteristics as
well as applications. The steels are as follows, large heat input welding steel with low susceptibility to welding crack, large
heat input welding steel with high strength, large heat input welding steel with low temperature , large heat input welding
steel with fire-resistance & weathering, large heat input welding steel with earthquake-resistance. The integration and in-
dustrialization of the steel series provided technical support for the demand of this series steel in China, effectively promo-
ted the research, development and production of high performance and high-tech steels, and ended the long-term history of
the dependence on imports of those steels.
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Fig. 1  Various parts of the welded joints
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Table 1 The main technical parameters of large heat input welding steel

Tensile test Impact test

Steel series Trademark
R, /MPa R, /MPa  A/% Temperature /°C Horizontal Ayy/J

Large heat input welding high strength steel WH610D2 =490 610 ~730 =17 -20 =100
Large heat input welding fire-resistant and WGJ510C2 =325 510 ~630 =21 0 =4
weathering steel

Large heat input welding earthquake-resistant ~ WGJ490D =345 490 ~630 =22 -20 =47
building steel WGJ510D =390  510~670 =21 -20 =47
Large heat input welding low crack sensitivity WDL610D2 =490 610 ~730 17 -20 =80
steel WDL610E2 =490 610 ~730 =17 -40 =80
Large heat input welding low temperature and WHD4 =300 440 ~560 =23 -70 =60
room temperature steel WH530 =370 530 ~630 =20 -20 =60
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Fig.2  The typical optical structure of 100 kJ/cm welding

CGHAZ of large heat input welding steel
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Fig. 3 The characteristics and main factors of large heat input low weld crack sensitivity steel
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Fig. 4 SEM images and oxygen sulfide spectrum of refractory Ca-Ce oxide and sulfide in HAZ fracture
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Fig. 5 SEM images and oxygen sulfide spectrum of refractory Ti-Ca-Mg oxide and sulfide in HAZ fracture
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Fig. 6 Nano-scale second phase particles pinning austenite grain boundaries
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Table 2 The major technical parameters contrast of large heat input welding steel of WISCO and the current domestic

and international similar steel

WISCO large heat input welding Comparison of steel grade

Key technical parameters for comparison

Large heat input welding low WISCO 1 WDL610E2 steel
crack susceptibility series steel Nippon Steel WELTEN610CF steel

Large heat input welding high ~ WISCO WH610D2 steel
strength steel

Japan SPV490Q steel

Large heat input welding low  Europe 13MnNi6-3 and 11MnNi5-3 steel
temperature steel

Domestic 09 MnNiDR steel

WISCO WHD4 steel

Large heat input welding steel at  Europe P355N steel

room temperature Japan SPV355 steel
WISCO WHS30 steel

Transverse impact toughness —40 CAgy =47 J
Longitudinal impact toughness —20 ‘CAy, =47 ]

Impact toughness 10 ~ 60 mm thick transverse —20 CAy, =80 J
I groove gas — electric vertical welding energy 193k]/cm Large
heat input welding HAZ impact toughness —10 CAx, =98 J

10 ~45mm thick transverse —15 CAgy =80 J

I groove gas — electric vertical welding energy 164k]/cm Large
heat input welding HAZ impact toughness - 10 CAyy, =73 J

Transverse impact toughness —60 CAgy =27 J

Transverse impact toughness —70 CAyy =47 ]
Transverse impact toughness —70 CAyy =60 J

Transverse impact toughness 0 CAgy =27 ]
Longitudinal impact toughness 0 “CAyy =47 ]
Transverse impact toughness —20 CAyy =60 J
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