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Abstract

The influence of groove design on mechanical properties of AISI 1018 mild steel welded joint was studied. An 8 mm thick mild steel plate was
marked out and cut to dimension of 120 X 75 X 8 mm using a portable cutting machine. Groove preparation was done for the single-V and single-
beveled grooves. After proper alignment of the edges, the work pieces were welded using the Shielded Metal Arc Welding (SMAW) method with
aDirect Current (D.C.) welding machine with voltage and current of 220 V and 100 A respectively. Specifically, gauge-12 (2.5 mm) stick electrodes
were used for the root run while many passes (hot pass, filling and capping) were undertaken with gauge-10 (3.25 mm) electrodes because of the
volume of filler metal required to fill the single-V and single beveled joints. The mechanical properties of the butt, single beveled and singe vV
joints were evaluated. The results showed that microstructural changes occurred in the specimens due to heat in the fusion and heat-affected
zones with the appearance of ferrite, pearlite, martensite and bainite phases with grain boundaries, which confirm recrystallization. The heat-
affected zone single V-joint exhibited the highest tensile strength of 442.41 MPa while fusion zone single V-joint exhibited the highest hardness
of 358.9 HV. In fusion zone, the butt-joint specimen exhibited impact energy of 65.2 J/mm? compared to 62.37 J/mm? and 48.81 J/mm? exhibited
by the single V and single beveled joints respectively. However, the heat-affected zone single V-joint exhibited the highest impact energy of

73.22 J/mm?,

Keywords: AISI 1018 mild steel; Groove variation; Welded-joints; Mechanical properties

1. Introduction

Welding is an important fabrication process that is applied in
engineering and technology. In welding, mild steel and electrodes
of different grades are some of the vital materials that are used.
Welding can be regarded as the joining of materials (metals or non-
metals) via heat up to the appropriate temperature [1]. Various
types of welding have been developed and investigated and have
been found to be more beneficial than some of the other joining
processes [2]. Generally, welding is very useful for effecting perma-
nent joints in the manufacturing of automobiles, aircraft frames,
railway wagons, machine frames, structural works, tanks, ship-
building, etc [3]. Hence, welding is very important in engineering
and technology.

The mechanical properties of joints produced after welding are
influenced by some factors such as current and voltage used, ap-
plied speed, edge preparation, etc [2]. The current, voltage and ap-
plied speed are the major factors, which control the fusion, depth
of penetration, heat input and shape of weld puddle while elec-
trode polarity, angle of inclination (edge preparation) and welding
technique are the secondary factors, which influence energy ab-
sorbed and melting rate of base and weld metals [2]. For instance,
increase in the welding current will cause an increase in heat input
and penetration with increased width of weld bead [2]. However, if
the current is too high, there will be formation of a wide bead with
flat and irregular shape leading to excess spatter [4].

The two main types of welding are plastic (pressure) welding
and fusion (non-pressure) welding. In plastic welding, the pieces
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Figure 1: Diagram illustrating the arc welding equipment and process [3].

Molten weld metal

of metals to be joined are heated to a plastic state and forced to-
gether by external pressure. Example is resistance welding. In fu-
sion welding, the materials at the joint are heated to molten state
and allowed to solidify. Examples of this are gas and arc welding
[3]. The equipment that are necessary for arc welding are welding
generator (D.C.) or transformer (A.C.), two cables for work and elec-
trode, electrode holder, electrode, protective shield, gloves, wire
brush, chipping hammer and goggles. As regards power source,
A.C.machines are less expensive but generally restricted to ferrous
metals. However, D.C. equipment can be used on all metals and is
generally known for better arc control [3].

The Shielded Metal Arc Welding (SMAW) method is employed
to melt and join metals by heating them with an arc established
between a stick-like covered electrode and the metals. The equip-
ment for SMAW are also simple and economical [5]. A simple dia-
gram illustrating the arc welding equipment and process is shown
in Fig. 1.

The fusion welding method, which is widely used for joining
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combinations of various metals. Has its own challenges because
of the formation of undesirable brittle intermetallic compounds
(IMCs) at weld zone coupled with segregated phases and formation
of residual stresses because of variation in the constituents of the
joining metals [6]. Generally, it is very important to employ appro-
priate welding parameters in order to achieve a good weld because
the performance of a welded joint is influenced largely by the main
parameters (current, voltage and applied speed) [7].

During welding, high deposition of carbon should be avoided be-
cause it reduces ductility of the weld. It also affects negatively the
weldability and impact toughness. It has been proven that materi-
als with carbon content higher than 0.5 % in the heat-affected zone
(HAZ) of weldment do exhibit high hardness resulting to brittle
joint with cracking [8]. Despite these challenges, fusion-welding
method is most widely used in joining of different types of ferrous
alloys.

Many studies have been conducted to investigate the efficacy of
fusion welding by examining the mechanical properties of welded
joints of low carbon steel using the SMAW method. For instance,
Talabi et al [9] studied the effect of welding parameters on the me-
chanical properties of welded 10 mm thick low carbon steel plate
welded using the SMAW method. The results indicated that the
welding parameters (current, arc voltage, welding speed and elec-
trode thickness) had much influence on the mechanical properties
of the welded specimens. Increase in voltage and current caused
an increased in the hardness and decrease in yield strength, ten-
sile strength and impact energy of the weld. Increase in the speed
led to an increase in the hardness. Increased electrode diameter of
enhanced the mechanical properties.

Bodude and Momohjimoh [5] investigated how increase in heat
input affected the mechanical properties of low-carbon steel em-
ploying two welding methods, SMAW and oxy-acetylene welding
(0OAW) while using two different edge preparations with different
welding parameters and mild steel electrodes. The results indi-
cated that increased heat input enhanced the impact energy of
the welded joint whereas the tensile strength and hardness de-
creased. Furthermore, straight edged samples exhibited lower me-
chanical characteristics compared to V-grooved edge samples un-
der the same situation. The welded joints showed that using differ-
ent cooling media had much influence on the resulting microstruc-
ture with different phases of ferrite and pearlite of varied ratio.

Sumardiyanto and Susilowati [10] studied the mechanical prop-
erties of API 5L low carbon steel welded joints using SMAW method
with varied electrodes and current. The results revealed that vari-
ation in electrode type and current had significant effect on ten-
sile strength, impact energy and hardness of the weld. For all
types of electrodes, the tensile strength, impact energy and hard-
ness of the welds decreased when the amount of current increased.
Pathak et al [11] studied the effects of current and electrode an-
gle on tensile strength of low carbon steel plates using SMAW. The
results obtained indicated that increased current and electrode an-
gle improved the ultimate tensile strength of the weld. In addi-
tion, variation of groove affected the mechanical properties of the
samples with the single-V groove exhibiting higher impact energy
than both single-beveled and double-beveled grooves. The SMAW
method has proven to be effective and economical. Hence, it was
used in the current study to investigate the influence of weld-joint
groove variation on the mechanical properties of AISI 1018 mild
steel welded joint.

Figure 2: Snapped pictures of (a) AISI 1018 mild steel plate (b) some of the
beveled mild steel plates before welding (c) welding of the plates
(d) some 8 mm welded butts using a weld gap of 2 mm.

2. Materials and method
2.1, Materials and equipment

Locally sourced 8 mm thick AISI 1018 mild steel plates were em-
ployed with E6013 welding electrodes of gauge-10 (3.25 mm) and
gauge-12 (2.5 mm). A Direct Current (D.C.) welding machine with
avoltage and current of 220 V and 100 A respectively was used.

2.2. Specimens preparation and welding procedure

The AISI 1018 mild steel plates were marked out and cut to the
specified dimension of 120 X 75 X 8 mm using a portable cutting
machine. The cut plates were cleaned with acetone to remove dirt,
grease and other contaminants to avoid impurities in the molten
metal pool that can affect the quality of the weld-joint. Groove
preparation was done for the single-V and single-beveled grooves.
Specifically, oxyacetylene gas cutting was used to miter the edges
of the plates in order to bring out the grooves (single V and sin-
gle beveled). Thereafter, a portable grinding machine was used to
achieve a perfect surface finish on each joint (butt, single V and
single beveled) leaving a 2 mm gap between them (root face) for
proper penetration and to reduce any chance of blowholes. Af-
ter proper alignment of the edges of the work pieces, they were
welded using SMAW method. A Direct Current (D.C.) welding ma-
chine with voltage and current of 220 V and 100 A respectively was
used. Gauge-12 (2.5 mm) stick electrodes were used for the root run
while three passes (hot, filling and capping) were undertaken with
gauge-10 (3.25 mm) electrodes because of the volume of filler metal
required to fill the V and single beveled joints. The work pieces
were turned-over and tack welded to hold them and prevent them
from warping or bending inward when the welds are finished. Af-
ter welding, the slag were chipped off using chipping hammer and
wire brush to clean the weld surface properly. Some of the mild
steel plates before, during and after welding operation are shown
in Fig. 2.

2.3. Characterization of the welded joints

The chemical composition of the as-received mild steel speci-
men shown in Table 1 was determined using a spectrometer. Mi-
crostructural examination was performed using an optical micro-
scope and scanning electron microscopes (SEM). Transverse ten-
sile test specimens were cut from welded butt joints to determine
the transverse tensile strength according to ASTM E8/E8M-22 [12]
standard. Each of the specimens was fitted separately to the uni-
versal tensile testing machine and load was applied at room tem-
perature. The load and extension for the construction of stress-
strain curve of each tested specimen was recorded and the Young’s
modulus, yield strength, ultimate tensile strength, fracture strain,
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percentage elongation and percentage area of reduction of each
specimen were determined using equations egs. 1, 2, 3 and 4.

o= — (1)

Where
o = Stress, F = Force and A = Area

D
A= — 2
: @)
Where 7 = 3.142, D = Diameter
AL
‘=T ®

Where AL = change € length, L = original length

_ Ao
T Ac

Where E = Young’s modulus, o = stress, € = strain

Hardness of specimens was determined by using a Vickers hard-
ness tester. An indentation load of 100 gf was applied on each of
the specimens in a time of 10 s in accordance with ASTM E384-11
[13] standard. Some of the specimens of size 55 X 10 x 10 mm with
a V-notch of 2 mm depth at the middle for the purpose of impact
test. The impact energy of the specimens was determined in ac-
cordance with ASTM E23-18 [14] standard using a Charpy impact
tester. Each of the specimens was placed vertically in-between the
grips of the testing machine and clamped into position. The pendu-
lum’s angle, weight, impact energy and striking velocity of 1400, 22
kg, 300 J and 5 m/s respectively were used to break the specimen.

(4)

3. Results and discussion
3.1. Microstructure

The optical micrograph of the as-received mild steel plate shown
in Fig. 3 reveals the presence of ferrite matrix and the dispersion
of pearlite in the microstructure. The microstructural changes in
the welded joints due to heat input in the fusion and heat-affected
zones are shown in the micrographs (Fig. 4 to 10). There is appear-
ance of the ferrite, pearlite, martensite and bainite phases with
grain boundaries, which confirm recrystallization. In all the mi-
crographs of the welded joints, the microstructures were altered
during the welding process such that the heat input re-distributed
the phase orientation and sizes. The phases of the specimens
are revealed by the Energy-dispersive Spectroscopy (EDS) spectra.
Martensitic phase formation in the heat-affected zones of the spec-
imens indicates rapid cooling of the welds during solidification [15].
InFig. 4, 5a and 6a, there is no much change in the microstructures
of the butt-joint specimens at the fusion and heat-affected zones
due to lack of penetration of the weld into the butt joint [4]. The
microstructures of the single beveled-joint specimens at the fusion
and heat-affected zones shown in Fig. 7 and 8a also reveal the pres-
ence of ferrite, pearlite, martensite and bainite phases. The optical
and SEM micrographs (Fig. 9 and 10a) of the single V-joint spec-
imen reveal that there is recrystallization and evidence of grain
growth at the fusion and heat-affected zones due to high heat in-
put during welding. In addition, there is an increase in pearlite due
to carbon deposited by the electrodes. Generally, microstructural
evaluation of mild steel weldment produced could be used to eval-
uate the effect of welding current on the microstructural inhomo-
geneity of the weldment. In welding of steels, there are different
solidification paths, transformation sequences, and solidification
starts in most of steel welds with the formation of §-ferrite and in

(@ (b)

Figure 4: Optical micrographs of butt-joint specimen in (a) fusion zone (b)
heat-affected zone.

most cases, accompanied by the nucleation of austenite on the §-6-
ferrite grain boundaries [16]. The microstructure of base metal is
completely different from weld metals irrespective of heat input.
Fully austenitic structure with little annealing twins is observed
in base microstructure. The microstructure of these weld metals
contains ferrite and austenite i.e. §-ferrite structure that could be
described by primary solidification modes of weld metals [7].

3.2. Tensile strength

The fusion zone (FZ) single beveled joint exhibits tensile
strength of 334.26 MPa while the single V and butt joints exhibit
tensile strength of 325.89 MPa and 278.2 MPa respectively as shown
in Fig. 11a. The lower tensile strength is due to lack of penetration
of the weld into the single V and butt joints [4]. This could also
be due to defects because the single V joint has more deposition of
the electrode than the single beveled joint. As shown in Fig. 11b,
the heat-affected zone single V joint exhibits the highest tensile
strength of 442.41 MPa. This may be due to the even distribution
of heat within the welded joint. Comparing tensile strength ex-
hibited by specimens in the two zones, the heat-affected zone sin-
gle V weld/joint exhibits the highest tensile strength (442.41 MPa)
compared to the fusion zone. The lower tensile strength exhibited
could be due to introduction of high heat during welding in the fu-
sion zone, which could cause forming of defects. This agrees with
the report by Talabi et al [9].

3.3. Hardness

In the fusion zone (FZ), the single V joint specimen exhibits the
highest hardness of 358.9 HV followed by the single beveled spec-
imen with 341.7 HV while butt specimen exhibits the lowest hard-
ness (329.1 HV) as shown in Fig. 12a. This shows that the more
the electrode has access to the root (deeper penetration), the bet-
ter the joints. Similarly, in Fig. 12b, the heat-affected zone single
V specimen exhibits higher hardness value than the other welded-
joints. Comparing the hardness exhibited by specimens in the two
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Table 1: Mild steel elemental composition.

Elements Fe C Si Mn P S Cr Ni Cu
Weight(%) 98.3342 0.1885 0.1204 0.5456 0.101 0.086 0.0266 0.0278 0.0165

Elements Al Ti \Y Co Nb W Sn Ce
Weight (%) 0.0808 0.0023  0.0087 0.006 0.019 0.044 0.093 0.2996

(a) (b)

Figure 7: Optical micrographs of single beveled-joint specimen in (a) fu-
sion (b) heat-affected zones.
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Figure 8: (a) Microstructure and (b) EDS spectrum of the fusion zone single
beveled-joint specimen.
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Figure 5: (a) Microstructure and (b) EDS spectrum of fusion zone butt-joint
specimen.
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Figure 9: Optical micrographs of single V-joint specimen in (a) fusion (b)
heat-affected zones.

Figure 6: (a) Microstructure and (b) EDS spectrum of the heat-affected
zone butt-joint specimen. Figure 10: (a) Microstructure and (b) EDS spectrum of the fusion zone

single-V joint specimen.
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Figure 11: Tensile strength.
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(b) Hardness of the heat-affected zone welded-joint specimens.

Figure 12: Hardness.

zones, the higher hardness exhibited is due to more carbon depo-
sition in FZ than HAZ heat-affected zone. Generally, high hard-
ness exhibited by the specimens in fusion and heat-affected zones
may be due to martensite phase and/or carbide precipitates. This
agrees with the report by Osoba et al [16].

3.4. Impact energy

In the fusion zone, the butt joint specimen demonstrates impact
energy value of 65.2 J/mm?* compared to 62.37 J/mm?” and 48.81
J/mm? exhibited by the single V and single beveled joints respec-
tively as presented in Fig. 13a. The lower impact energy could be
due to welding slag inclusion at the joints. However, at the heat-
affected zone shown in Fig. 13b, the single V joint/weld exhibits
the highest impact energy of 73.22 J/mm?®. The higher impact en-
ergy value is due to the low carbon deposition during welding at
the heat-affected zone. This agrees with the report by Pathak et al
[11] where the single-V groove revealed higher in impact energy
than single and double-beveled joints.
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(b) Impact energy of the heat-affected zone welded-joint specimens.

Figure 13: Impact energy.

4. Conclusion

In this study, the influence of weld-joint groove variation on the
mechanical properties of AISI 1018 mild steel welded joint has been
investigated. From the results of investigation and discussion, the
following inferences can be drawn:

1. Microstructural changes occurred in the specimens due to
heat in the fusion and heat- affected zones with the appearance
of the ferrite, pearlite, martensite and bainite phases with grain
boundaries, which confirm recrystallization.

2. Martensitic phase formation in the heat-affected zones of the
specimens indicates rapid cooling of the welds during solidifica-
tion.

3. The heat-affected zone single V-joint exhibited the highest
tensile strength of 442.41 MPa while fusion zone single V-joint ex-
hibited the highest hardness of 358.9 HV.

4. In fusion zone, butt-joint specimen exhibited impact energy
of 65.2]/mm? compared to 62.37 J/mm?® and 48.81]/mm? exhibited
by the single V and single beveled joints respectively. However,
the heat-affected zone single V-joint exhibited the highest impact
energy of 73.22 J/mm?,
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