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divided into seven equal parts and cut into small pieces 
of 200 mm in (length). The small pieces were descaled, 
reheated, finish rolled by three passes into steel plates 
of 5.2 mm (thickness) × 180 mm (width) × 600 mm 
(effective length), and then rolled by five passes into 
steel plates of 3.2 mm (thickness) × 180 mm (width) × 
800 mm (effective length).

Air-cooled steel plates were cut into the sizes of the 
test pieces for welding and then annealed at 690°C for 
10 hours at a cooling rate of 20°C. The thicknesses of 
the two kinds of steel plates were then adjusted to 5 mm 
and 3 mm, respectively, by machining, and the steel 
plates were pickled and used to prepare the welding test 
materials.

2.3	 Welding Method

The welding was performed by the gas metal arc 
welding (GMAW) method using MGS-309LS wires of 
1.2 mm in diameter (Kobe Steel Corp.) and a shielding 
gas with a composition of 98% Ar and 2% O2 at a flow 
rate of 20 l/min. The flat position was adopted for the 
welding of all test materials. The welding conditions for 
the test materials were as shown in Fig. 1 and Table 2.

A Y-groove was prepared in the double-butt weld of 
a 5 mm thick plate. The welding was performed by mak-
ing a first pass on the side without a groove and a second 
pass on the grooved side.

2.4	 Test Pieces for Welding

The shape and surface condition of each test piece 
for welding were obtained by the following methods:

(1)  Test Pieces for Double-fillet Welding
A lower plate was obtained by cutting a flat plate of 

400 mm (length) × 60 mm (width) out of a test mate-
rial, annealing it, and then grinding a 40 mm portion 
in the middle part of a 60 mm wide weld surface. An 
upright plate was obtained by annealing a flat plate 
of 400 mm (length) × 40 mm (width), grinding the 
surface along a 20 mm length on the weld side, and 
then pickled. The lower plate and the upright plate 
were assembled into a T-shaped test piece of 400 mm 
in (length) and then double-fillet welded was per-
formed from both sides under the conditions shown 
in Table 
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in Table 3. The numerals ① to ④ in Table 3 denote the 
positions of the heat affected zones shown in Photo 2. 

In Table 3, the results obtained in the four positions 
in the two samples are indicated by the following sym-
bols:

○ : No corrosion
△ : Slight corrosion
× : Deep corrosion or intergranular corrosion

In all of the welds, the corrosion occurred at posi-
tions in heat-affected zones with enlarged grains at the 
ends of the beads. In position ③ of Table 3, deep cor-
rosion or intergranular corrosion of the kind shown in 
Photo 2 was observed in some types of test pieces.

When the corrosion resistance of the tested steel 
grades was rated qualitatively from the results of Table 3 
and the results of an observation carried out under a ste-
reoscopic microscope, the Hi Ni-Hi Mn steel showed the 
best corrosion resistance and the Low Ni-Hi Mn steel 
came in second place.

3.3	 Evaluation of Weld Toughness

Table 4 shows the results of the investigation of the 
toughness of the test pieces for double-butt welding. In 
the test, the absorbed energy transition temperature was 
defined as the equivalent of 1/2 of the absorbed energy 
at the minimum temperature at which the ductile frac-
ture rate becomes 100%. 

The transition temperatures of JFE410DH and 
JFE410DH Pd
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