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The main objective of this paper was to establish how the thickness of welded pieces  influences the metallograph-
ic structure of welded joints. Thus were made a total of 6 samples, and from each sample were taken test specimens 
for metallographic analysis of the base material, the filler material respective heat affected zone (HAZ). The samples 
were carried out by welding process: metal active gases (MAG) using a steel E 36-4, and the welded pieces had a 
thickness between 10 and 24 mm. The welding regime was characterized by parameters IW = 200 / A, Uw = 24 / V. 
The joint by welding pieces was “T” form and both piece used as the base and the piece used as heart for welded 
joint were made of sheets with different thicknesses.
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INTRODUCTION

The main feature of each metallic material is the 
metallographic structure, which influence on properties 
condition in the largely the use of the material in ques-
tion.The successive deposition of the layers of filler ma-
terial realize the regeneration of the microstructure 
whereas at the melting of a layer is heated the previ-
ously filed over AC3 transformation point, to give, after 
air cooling, a finer structure, stress relieved. The only 
unregenerate remaining layers are those which are de-
posited last [1-3]. 

Preparing the joint envisages: balancing contraction 
tensions and the avoidance of deformation in the assem-
bly area. The size of the grains in the base material and 
the thickness of pieces that are assembled by welding 
influences the metallographic structure of welded joints 
[4,5].

In these conditions the constructive design of weld-
ed joints should be sought, not only removing the caus-
es which, during execution (the application of specific 
technologies of welding joints) generate nonconformi-
ties, and also how to ensure a homogeneous metallo-
graphic structure for welded assemblies.

For the future conception, for the mobile complex 
metal constructions are necessary chases in exploitation 
and in the design’s activity so as to ensure a larger life 
which can be achieved with a homogenity of metallo-
graphic structure for welded joint [6,7].

The obtaining of more homogeneous metallographic 
structure in welded joints is possible by applying heat 
treatments and optimal welding regimens [8-10].
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MATERIALS

The realized researches has followed the T-shaped 
welding joints of pieces with different thickness using 
MAG welding process, and the pieces were made of 
steel E 36-4. The use of this steel is indicated for the 
fabrication of resistance elements (beams, columns, 
sections, rails, brackets, etc.). To achieve the desired re-
sults in the research, for E 36-4 steel, primarily, was 
established the mechanical characteristics shown in Ta-
ble 1.

Table 1 Mechanical characteristics of E 36-4 steel

Rm /
N / mm2

Rp02 /
N / mm2

Z /
%

A /
%

KCV 20°C / J KCV
0°C / J

568 402 23 31 79 64

The welded joints were performed by applying the 
MAG welding process using a wire type SG2 with the 
diameter of Ø 1,2 / mm as the filler material; the filler 
material characteristics are shown in Table 2. 

Table 2 Mechanical characteristics of filler material

Rm / N / mm2 Rp02 / N / mm2 KCV 0°C / J

535 642 40

RESULTS AND DISCUSSIONS

In order to achieve the welded joints there was used 
MAG welding process and welding regime was charac-
terized by the following parameters: IW = 200 / A, Uw = 24 
/ V. Metallographic sample preparation was done in sev-
eral steps: sampling of the welded joint, surface samples 
straightening, finishing samples, chemical attack. Also, 6 
samples were prepared by “T” form joint using combina-
tions of thickness of joined pieces, Table 3.
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Table 3 The way of sample preparation for welding joints

No. Sample’s 
notation

The thickness of joined sheet

1 1.1 Two sheets with thickness g = 10 mm
2 2.1 Two sheets, sole with thickness g = 16 mm 

respectively heart with thickness g = 10 mm
3 3.1 Two sheets with thickness g = 16 mm
4 4.1 Two sheets with thickness g = 20 mm
5 5.1 Two sheets, sole with thickness g = 24 mm 

respectively heart with thickness g = 20 mm
6 6.1 Two sheets with thickness g = 24 mm

There were used sheets with thickness between 10 
mm and 24 mm because they are widely used in prac-
tice. From each welded joints 3 samples were taken spe-
cific to filler material, base material and heat affected 
zone. Samples taken have followed a technological pro-
cess that started with debiting and blasting and contin-

ued with the preparation of the side, for the hearts that 
are welded and are in contact with the sole, by machin-
ing with removal of material between 3-6 mm: 3 mm to 
hearts of 10 mm, 4 mm to hearts of 16 mm, 5 mm to 
hearts of 20 mm and 6 mm to hearts of 20 mm. 

Material removal was necessary to remove the de-
carburized layer and to obtain the perpendicularity be-
tween the side which comes into contact with sole and 
laminated surface of the heart.

It was made a metallographic analysis for the base 
material because depending on its thickness there were 
observed some differences between metallographic 
structures determined by the way that semi-fabrication 
process was made. 

The metallographic structure for the 6 welded 
sample’s is shown in Figures 1 - 6. 

 a.  b. c.
Figure 1  Metallographic structure for sample 1.1: a - metallographic structure of filler material, b - metallographic structure of the 

heat affected zone, c - metallographic structure of the base material

 a.  b. c.
Figure 2  Metallographic structure for sample 2.1: a - metallographic structure of filler material, b - metallographic structure of the 

heat affected zone, c - metallographic structure of the base material

 a.  b. c.
Figure 3  Metallographic structure for sample 3.1: a - metallographic structure of filler material, b - metallographic structure of the 

heat affected zone, c - metallographic structure of the base material
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Sample 1.1: Fillet weld in T of two sheets with 
thickness g = 10 mm, (sole and heart) by MAG process, 
with SG2 wire. In Figure 1 is shown specific structure 
of filler material and the report ferrite / pearlite is 50/50 
then drops to 35/65 % to outlying areas. In Figure 1 b, 
the structure shown is pearlite and needle ferrite, grain 
size 8-10 in proportion 50/50 % specific to heat affected 
zone. In Figure 1c strings are presented strings of perlite 
in ferrite clouds with a 2-3 score and a grain size 8 (9), 
and this structure is specific to base material and at the 
same time it is observed the direction of rolling.

Sample 2.1 - T welding of two sheets, sole with 
thickness g = 16 mm and heart with thickness g = 10 
mm. In the filler material appears ferrite, pearlite and 
fine sorbite in the form of elongated grains, Figure 2 a. 
In Figure 2 b is presented HAZ structure with ferrite, 
pearlite and needle ferrite with fine bainite, the propor-

tions being between 30/70 to 60/40 % in different areas 
with real grain size 4-5 and even 8 in overheating suba-
rea. Base material has the metallographic structure 
shown in Figure 2 c, where ferrite and pearlite are ob-
served in the strings of rolling with the proportion 25-30 
/ 75-70 % with a real grain size 7-8 (9).

Sample 3.1. T welding, heart and sole are of sheet 
with thickness g = 16 mm. Filler material has the metal-
lographic structure shown in Figure 3 a, and it has fer-
rite and pearlite in the strings of rolling with the propor-
tion 35-30 / 65-70 %. Filler material has been achieved 
through a concave deposition. HAZ structure shown in 
Figure 3 b shows the sorbite’s proximity to the deposit-
ed material and fine grain ferrite, then pearlite away 
from the metal bath which was melted. In the metallo-
graphic structure of filler material, Figure 3 c there can 
be observed ferrite and pearlite that are arranged in 

 a.  b. c.
Figure 4  Metallographic structure for sample 4.1: a - metallographic structure of filler material, b - metallographic structure of the 

heat affected zone, c - metallographic structure of the base material

 a.  b. c.
Figure 5  Metallographic structure for sample 5.1: a - metallographic structure of filler material, b - metallographic structure of the 

heat affected zone, c - metallographic structure of the base material

 a.  b. c.
Figure 6  Metallographic structure for sample 6.1: a - metallographic structure of filler material, b - metallographic structure of the 

heat affected zone, c - metallographic structure of the base material
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rows. The proportion of ferrite / pearlite starts at 30/70 
% and reach 50/50 %.

Sample 4.1 T welding of two sheets with thickness 
T = 20 mm. In the deposited material, Figure 4 a, besi-
des ferrite and pearlite with needle ferrite, fine sorbite 
appears; same constituents appear in HAZ in proportion 
between 60/40 to 35/65 and it is observed an increase in 
real grain size from 5-6 to 8-9 as it moves away from 
the deposited material. In the base material Figure 4 c, 
the metallographic structure of the base material, ferrite 
and pearlite appear in strings in proportion 30/70, with 
grain size 8-9 and with some needle ferrite insertions.

Sample 5.1 T welding in which the heart thickness 
is g = 20 mm and sole has thickness g = 24 mm. The 
metallographic structure of the filler material, Figure 5 
a, consists of ferrite and pearlite in rows of rolling in the 
proportion of 25-30 / 75-70 %. The structure in HAZ, 
Figure 5 b, consists of ferrite and pearlite in the propor-
tion of 70-60 / 30-40 with a real grain size between 8-9 
(10). The base material, Figure 5 c, shows ferrite and 
pearlite in the proportion of 20-80 % and a real grain 
size of 7-8.

Sample 6.1 Fillet weld in T of two sheets with thick-
ness g = 16 mm. In the filler material, Figure 6 a, in 
addition to ferrite, pearlite and needle ferrite, sorbite ap-
pears. Heat affected zone, Figure 6 b, consists of ferrite 
and pearlite with needle ferrite, it appears in the propor-
tion of 50/50-20/80 % depending on the distance from 
the molten bath. The base material, Figure 6 c, has fer-
rite and pearlite in rows with a real grain size of 7-8 (9).

CONCLUSIONS

Following conducted researches there could be 
drawn the following conclusions:
– the thickness of the piece influences metallographic 

structure even for base material, thus differences are 
observed between grain size, but different ratios be-
tween the proportion of two structural constituents 
ferrite and pearlite that depending on the thickness 
of the base material. Also it was found that the met-
allographic structure of the base material influences 
the rolling direction and the arrangement of welded 
piece depending on it;

– filler material has a different metallographic struc-
ture depending on the thickness of pieces, thus there 
are differences both between grain shape and pro-
portion between the two structural constituents, 
namely, ferrite and pearlite, and for pieces with re-
duced thickness there was observed the presence of 
fine sorbite;

– in HAZ, the metallographic structure is different de-
pending on the thickness of pieces, thus there are 
differences both between grain shape and proportion 
between structural constituents, namely ferrite, 
pearlite, bainite and sorbite which is generally made 
up of fine elongated grains. So if the piece has a less 
thickness, the real grain size is 4-5 and even 8 in 
heating subarea as it moves away from the deposited 
material.
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