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The purpose of this research is to determine effect of the repair welding process on the microstructure and hardness 
of the T-joint S355J2+N steel. This process was carried out by moving the welding position 10 mm from the initial 
position using Gas Metal Arc Welding (GMAW) with AWS ER-706S filler metal at a diameter of 1.2 mm. The result 
showed that the repair welding process causes changes in the microstructure due to repeated heating, thereby in-
creasing the grain size of the microstructure with a decrease in hardness.
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INTRODUCTION

S355J2+N is a high-strength steel with low carbon 
content often used as a vehicle frame due to its dynamic 
loads and ability to work at low temperatures. Its strength 
is obtained from heat treatment in the manufacturing pro-
cess [1]. Furthermore, the most frequent type of welding 
used in the vehicle manufacturing industry is Gas Metal 
Arc Welding (GMAW) because it is efficient with the 
electrode wire fed and melted by the arc semi-automati-
cally. [2]. GMAW can also be applied to ferrous and non-
ferrous materials [3]. However, it is more expensive and 
complex due to the use of shielding gas [4].

Errors, such as misplaced joints and types, as well as 
sizes and defects of joints in the welding process, pre-
vents it from meeting the specified criteria [5]. The repair 
welding process can improve production time and cost 
efficiency by eliminating the need to replace part that 
does not comply with the specified criteria [6]. In gener-
al, repair welding results in a decrease in hardness. This 
is because the workpiece is subjected to repeated heat 
from the initial and repair welding processes, as well as 
the specimen’s microstructure, especially in the heat-af-
fected area, which becomes rough. [6-8]. However, data 
on the effect of the repair welding process on the material 
properties of S355J2+N structural steel is still limited. 
The scarcity is because the mechanism for strengthening 
the steel is heat treatment, which can damage its strength.

EXPERIMENTAL PROCEDURES

This research was carried out using the S355J2+N 
steel plate with dimensions 400 x 150 x 25 mm. The 
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electrodes used in the welding process are AWS ER 
70S-6, with a diameter of 1,2 mm. Table 1 describes the 
chemical content of S355J2+N steel and AWS ER 70S-
6 filler.

The welding process is carried out with a joint de-
sign, as shown in Figure 1. Furthermore, it uses a 
GMAW OTC type XD350S machine with the parame-
ters shown in Table 2. After the welding is completed, 
the joint is repaired by a series of cutting, grinding, and 
rewelding processes with the joint position shifted 10 
mm, as shown in Figure 2. The rewelding process com-
prises similar parameters to the initial phase. Further-
more, the repair welding process is characterized by 
observing the macro and the microstructures as well as 
the hardness test around the joints. The same charac-
terization was also performed on the initial welded 
joints as a comparison. Hardness tests were conducted 
at a depth of 5 mm, 6 mm, 7 mm, and 8 mm, as shown 
in Figure 3.

Table 1 Chemical composition of materials /wt. %

Element
Materials

S355J2+N ER70S-6 
P 0,005 0,025
C 0,15 0,15
S 0,001 0,035
Mn 1,42 1,85
Cu 0,01 0,85
Si 0,4 1,15
Cr 0,02 <0,5
Mo 0,002 <0,5
Nb 0,029 -
Ni 0,16 <0,5 
Ti 0,003 -
V 0,058 -
Fe Balance Balance
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where the weld metal penetrated both the web and the 
flange. The Heat-Affected Zone (HAZ) occurs around 
the weld metal, while the macrostructure has the same 
area as before the repair. However, due to the repair, 
there are areas of former weld metal and HAZ of the 
original joint on the flange, which is also re-heated dur-
ing the repair welding process.

Table 2 Welding parameters

Welding Process Semi-automatic (GMAW) 
Type of Joint Tee Joint (Multipass)
Basic Material S355J2+N
Filler Metal Type : AWS ER70S-6

Diameter : 1,2 mm
Shielding Gas Type  : Ar (82 %) + CO2 (18 %)

Flow  : 15-17 L/min
Current Polarity  : DC +

Ampere  : 225–275 A
Voltage 22-27 V

Figure 3 Position of hardness testing point (mm)

Figure 1 Weld joint configuration.

Figure 2 Repair welding process

RESULTS AND DISCUSSION

Observation of the parent metal microstructure indi-
cated the presence of ferrite (F) and pearlite (P) phases. 
Borko et al, (2018) stated that the ferrite content in 
S355J2+N steel can reach 90 % [9]. The morphology of 
this phase belongs to the ferrite columnar phase with 
small grain sizes and elongated grooves due to the hot 
rolling treatment during the production process [10].

Figures 4 and 5 show a comparison of the original 
and repaired T-welded joints macrostructure. The origi-
nal consisted of a fillet area on either side of the web 

Figure 4 Macro and microstructure of original welded joints

Figures 4 and 5 also show a comparison of the mi-
crostructure in the important areas, as indicated by the 
arrows. The HAZ on the original welding specimen 
consists of ferrite and pearlite phases. Furthermore, the 
originally elongated microstructure turned into finer 
grains with random configurations. The microstructure 
in this area is dominated by the ferrite phase, while 
those in the weld metal of the original welding speci-
men comprise small percentages of ferrite and pearlite. 
The ferrite phase in this area is of the Widmanstatten 
Ferrite (WF) and Acicular Ferrite (AF)[11,12].

The repair welding process causes the area to be 
subjected to repeated thermal cycles, increasing amount 
and size of grains near the weld zone [7, 13]. The micro-
structure in the HAZ repair welding area consists of fer-
rite and pearlite with fine grains. It is the first welding 
area consisting of ferrite, pearlite, CF and AF phases. 
Additionally, the microstructure of the weld metal in re-
pair welding is dominated by small percentages of fer-
rite and pearlite phases. The ferrite phase in this area is 
of the Grain Boundary Ferrite (GF) and acicular ferrite 
(AF) types [11, 12, 14].

The results of the original weld joint hardness test 
without repair are shown in Figure 6. The original weld-
ing metal area has the lowest amount of hardness. Its 
average at depths of 8 and 7 mm, were 148,83 HV and 
157,94 HV, respectively. Furthermore, the microstruc-
ture at 8 mm and 7 mm depths is coarse and small. Its 
average at a depth of 5 and 6 mm was 157,50 HV and 
157,88 HV, respectively, which was almost the same as 
the hardness at 7 mm. This is because the microstruc-
ture size in this area is the same as at a depth of 7 mm.

Figure 7 shows the results of the repaired welded 
joint area hardness test. The lowest average hardness is 
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at a depth of 8 mm, with a value of 151,05 HV. This is 
because, in this area, the microstructure is large due to 
the heat input received during the repair welding pro-
cesses. Therefore, due to the repeated heat input during 
repair welding, the average hardness in the depth area 
of less than 8 mm is lower compared to the initial weld 
joint without repair. The lowest hardness in each depth 
area is located at a distance of +10 mm from the center 
of the joint. This is because that area gets twice the heat 
input of the original and repair welding processes.

The average hardness of the original welding speci-
men’s HAZ was 155,9 HV. This is lower than the hard-
ness of the repair welding specimen at 156,73 HV. The 
HAZ microstructure on the original welding specimen 
is finer than the HAZ repair welding microstructure.

Figure 5 Macro and microstructure repair welding

Figure 6 Original welding hardness

Figure 7 Repair welding hardness

Figure 8  Average hardness in the area of base metal, HAZ, 
and weld metal

The highest hardness is in the weld metal (WM) area 
because the filler used is ER70S-6, which has higher 
mechanical properties than S355J2+N steel. The aver-
age hardness in the WM original weld and repair weld-
ing area is 219,1 HV and 215,26 HV, respectively, as 
shown in Figure 8. The increase in hardness is caused 
by the type of phase contained in the area. WM original 
welding comprises AF and WF phases, while WM re-
pair welding consists of AF and grain boundary ferrite. 
Therefore, the hardness of WM original welding is due 
to the higher content of Acicular Ferrite (AF) and Wid-
manstatten Ferrite (WF)[15].

CONCLUSIONS

The microstructure of original welding HAZ is dom-
inated by the ferrite phase, while those of original weld 
metal comprise small percentages of ferrite and pearl-
ite. The repair welding process causes the microstruc-
ture to expand and become coarse due to repeated heat 
input. It causes the repair welding hardness to be lower 
than the original welding hardness in both HAZ and 
WM. Furthermore, the flange area up to 7 mm in depth 
has an almost uniform hardness, which becomes ran-
dom after the repair welding process.
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