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Abstract:
The “JFE EWEL®” technology for improving the 

toughness of heat affected zone (HAZ) effected by large 
heat input welding has been applied to make YP460 MPa 
class steel plates for very large container carriers. The 
“JFE EWEL” technology consists of minimizing the 
coarse grain HAZ region through controlling TiN parti-
cles, refining the microstructure of HAZ by using B, Ca 
and improving the toughness of matrix. Furthermore, the 
reduction of C, Si, Nb contents improves HAZ toughness 
with decreasing martensite-austenite constituents. Pro-
duction of this steel plate was made possible by Super-
OLAC® (OLAC: On-Line Accelerated Cooling) and 
state-of-the-art thermo-mechanical control process. The 
developed steel has been approved by Nippon Kaiji  
Kyokai as rolled steel for hull, and is under the applica-
tion to actual ship.  

1.	 Introduction

The increasing use of long-distance freight by con-
tainers in the shipbuilding industry has led to a rapid 
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2.	 Target Performance

Table 1 shows the target properties of the YP 
460 MPa-class steel, as compared to the Class NK EH40  
(KE40) standard. Welded joints were prepared by large-
heat-input one-pass EGW, and evaluated. With the 
exception of tensile strength, the target properties were 
equivalent to those of EH40.

3.	 Techniques for the Microalloying Design 	
and 
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strength of the welded joints is shown in Table 8. A 
tensile strength of 570 MPa is sufficiently met. The 
results of the Charpy impact test are shown in Fig. 3. A 
sufficiently high absorbed energy is obtained in all of 
the notch positions. The CTOD test results are shown in 
Table 9. The welded joints exhibited sufficiently high resis-
tance to brittle fracture propagation at –10°C. The fatigue 
test results are shown in Fig. 4. The fatigue strength of 
base metals increases with increasing strength, whereas 

that of the welded joints usually remains constant and 
does not depend on the strength of the base metal12). The 
present results also reveal this phenomenon. The newly 
developed steel exhibits fatigue properties comparable 
to those of conventional YP390 MPa-class steels13).

5.	 Conclusion

JFE Steel developed a YP460 MPa-class steel for 
large-heat-input welding by applying its JFE EWEL 
technology for improved HAZ toughness. The authors 
believe that this newly developed steel can help improve 
efficiency in the construction of large container ships, 
improve fuel consumption, and reduce environmental 
burdens.

The present steel was developed in collaboration 
with IHI Marine United Inc., IHI Corp., and Welding 
Company, Kobe Steel Ltd. Detailed examinations on 
the  application of this steel plate to actual ships are now 
being carried out, including fracture experiments with 
a full-scale structural model. According to tests on the 

vE: Absorbed energy    
WM: Weld metal    HAZ: Heat affected zone
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