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ABSTRACT 
 
In recent decades, due to their great advantages, the aluminium alloys have been more 
and more used in the shipbuilding industry, particularly in the construction of yacht 
superstructures. Nevertheless, a significant disadvantage of aluminium alloys 
subjected to welding is their high deformation tendency, which represents an 
important drawback that needs additional remedial measures. In this study, a finite 
element analysis was performed, in order to investigate and optimize the design of 
welding paths used to carry out AA 5083 aluminium alloy T-joints of 6mm thick sheets 
by Metal Inert Gas (MIG) welding. The research methodology was focused on three 
case studies, in order to determine and comparatively analyse the Heat Affected Zone 
extend and the level of stress and displacement. In the first case, the welding beads 
were successively deposited, following the same welding direction. In the second case, 
the seams were successively welded, but the welding directions on one side and on the 
other side of the joint were opposite. In the third case, the seams were simultaneously 
welded, on both sides of the joint, the welding directions being opposite, as in the 
previous case study. Based on the research results, it was found that the larger Heat 
Affected Zone (HAZ) was identified in the third case study, while the total 
displacement was 25-30% lower, in comparison with the results obtained in the first 
two case studies. This phenomenon can be explained by the high amount of heat 
developed simultaneously by two electric arcs and transferred, by conduction, to the 
base materials. Due to the joining technology applied, that consisted in welding 
simultaneously on both sides of the joint, an adequate balance of stress and strain was 
achieved, determining a lower total displacement. 
 
KEYWORDS: finite element analysis, AA5083 T-joint, welding paths, equivalent 
stresses, heat affected zone, total displacements 

 
 
1. INTRODUCTION 
 
Aluminium-based alloys are widely acknowledged for 
their exceptional properties, including high 
machinability, low density, significant mechanical 
strength, and superior corrosion resistance. These 
attributes make them highly suitable for a wide 
spectrum of industrial applications, particularly in the 
construction of river and marine vessels, as well as 
offshore infrastructures. Among the various range of 
aluminium alloys, those belonging to the 5xxx and 
6xxx series are especially valued for their optimal 
balance of mechanical strength, corrosion resistance, 
and weldability. These characteristics facilitates the 
design and fabrication in shipbuilding industry, for hull 
structures, superstructures, and deck assemblies.  

The use of aluminium alloys in these particular 
components enables the design of vessels with 
enhanced performance capabilities, including 
increased speed, greater cargo capacity, and reduced 
maintenance requirements, thereby contributing to 
overall operational efficiency and cost-effectiveness 
[1-8].  
 In the field of shipbuilding, fusion welding is 
considered to be the predominant method for joining 
aluminium alloy components. This welding process is 
preferred due to its capacity to produce joints with 
favourable mechanical properties, reduced mass, 
excellent seal integrity, and appropriateness for 
automation and robotisation applications. The most 
critical physical property, influencing the weldability 
of aluminium alloys, is the thermal conductivity, which 
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is approximately four times greater that of other 
materials, as steel. As a result, to achieve the same local 
temperature increase in aluminium, as in steels, 
necessitates a fourfold acceleration in heat input. This 
elevated thermal conductivity, while presenting 
challenges in temperature management, also offers the 
advantage of a rapid solidification of the molten metal, 
facilitating welding in complex positions. Moreover, 
the welding of aluminium alloys is challenging by the 
formation of an oxide layer (primarily aluminium 
oxide, Al₂O₃) on their surfaces upon exposure to air. 
This oxide layer has a higher melting point 
(approximately 2072°C) compared to the aluminium, 
potentially leading to welding defects such as lack of 
fusion, porosity, and reduced ductility. To ensure 
defect-free welds, this oxide layer must be 
meticulously removed prior to welding, through 
mechanical methods such as machining, filing, wire 
brushing, or chemical cleaning. For the welding 
technologies applied to shipbuilding, cathodic cleaning 
serves as an alternative approach for oxide removal. 
This method can be achieved via Direct Current Metal 
Inert Gas (DC-MIG) welding with the electrode wire 
as the positive pole or by employing Alternating 
Current Tungsten Inert Gas (AC-TIG) welding. The 
removal of aluminium oxides is critical, as their 
entrapment in the weld seam can compromise joint 
integrity, leading to cracking and diminished structural 
performance. During welding, preventing re-formation 
of the oxide layer is achieved by shielding the weld 
zone with fluxes or employing inert gases such as 
argon, helium, or hydrogen [9-15].  

Another critical aspect during the welding of 
aluminium alloys is their susceptibility to deformation. 
Thermal expansion and contraction during welding can 
lead to warping, which not only affects the aesthetic 
quality of the weld but also its structural integrity [16-
18]. This is particularly noticeable in T-joint 
configurations, which are commonly used in 
shipbuilding structures fabrication. The thermal 
stresses induced by welding often result in deformation 
of the joints, potentially undermining the vessel's 
durability and safety [19-22].  

Finite Element Method (FEM) is a powerful 
computational technique that enables the modelling 
and simulation of heat transfer, stress and strains 
prediction, providing analytical insights for 
determining optimal welding sequence and appropriate 
welding parameters, in order to minimize distortions 
and enhance the quality of the joints. Many researches 
focused on different techniques for the modelling and 
simulation of the heat transfer and distortions 
prediction. In most of the cases, particular conclusions 
were drawn, but methodologies of the design of 
welding paths requires still to be determined [23-26].  

In this respect, in the present study, FEM is 
employed to investigate the influence of the welding 
paths on the stress and strain levels, in case of a 5xxx 
series aluminium alloy T-joint. The analysis aims to 
optimize welding strategies to ensure a structural 

reliability and minimize post-weld corrective 
measures. 
 
2. MATERIALS AND METHODS 
 
2.1. Materials and Methods 
 
To conduct the numerical simulation of the welding 
process, a geometric model of a T-joint configuration 
was developed. This model consists of two aluminium 
plates with dimensions of 500 mm × 600 mm and 500 
mm × 300 mm, respectively, each with a thickness of 
6 mm, as illustrated in figure 1. The chemical 
composition of the AA5083 aluminium alloy used in 
the analysis is detailed in table 1, while its mechanical 
properties, including yield strength, ultimate tensile 
strength, and elongation at break, are presented in 
Table 2.  

The simulated welding process was the Metal 
Inert Gas (MIG), with the welding parameters shown 
in table 3. These parameters were carefully selected, 
reflecting industrial welding procedures, and ensuring 
the simulation fidelity. The relatively higher heat input 
associated with these parameters is required when 
welding aluminium alloys to compensate for their 
enhanced heat dissipation characteristics. 
 

 
 
Fig. 1. Schematic representation of the T joint 

 
The primary objective of this study was to 

analyse three distinct case studies for the bilateral 
welding of the T-joint and determine which welding 
sequence results in the lowest equivalent stress and 
displacement values. The three welding strategies 
investigated are depicted in figure 2 and are described 
as follows:  
 Case Study 1 (Fig. 2a): Welding beads 1 and 2 

are deposited successively, both starting from the 
same side of the joint. 

 Case Study 2 (Fig. 2b): The welding beads are 
also deposited successively; however, the 
process begins from opposite sides of the joint, 
promoting a counterbalanced heat distribution. 
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 Case Study 3 (Fig. 2c): Both welding beads are 
deposited simultaneously, initiating from 
opposite sides of the joint, to assess the impact of 
concurrent heat input on residual stress and 
distortion. 

For the sake of clarity and conciseness, the three 
configurations will henceforth be referred to as Case 1, 
Case 2, and Case 3 in the subsequent analysis.  
 

 

 
a) 

 
b) 

 
c) 

 
Fig. 2. Schematic representation of the weld bead paths  

 
Table 1. Chemical composition of 5083 Al alloy [wt%] 

 
Cr Cu Fe Mg Mn Si Ti Zn Al 

0.15 0.1 0.4 4.5 0.7 0.4 0.15 0.25 Bal.
 

Table 2. Mechanical characteristics of 5083 Al Alloy 
 
Tensile Strength, 

Yield [MPa] 
Tensile Strength, 
Ultimate [MPa] 

Elongation
 [%] 

228  317  23
 

Table 3. Welding parameters 
 

Current 
[A] 

Voltage 
[V] 

Travel speed 
[cm/min] 

Heat input 
[J/cm] 

120 23 50 3284
 

2.2. Geometric Model 
 
The geometric model required for this analysis was 
designed using MSC Apex software, a leading solution 
in the domain of computer-aided engineering (CAE) 
for geometric modelling and meshing. The finite 
element analysis (FEA) simulation was performed with 
Simufact Welding, a specialized simulation 
environment designed for modelling welding 
processes, thermal cycles, and resulting distortions. 
Both software licenses are provided by the Centre for 
Advanced Research in Welding (SUDAV) within the 
Faculty of Engineering at the "Dunarea de Jos" 
University of Galati.  

The model comprises a total of 412160 elements 
and 95992 nodes for the aluminium plates, and 10200 

elements along with 14248 nodes for the weld beads. 
The element type used for meshing is the tetrahedral 
element, which is well-suited for capturing complex 
geometries and thermal gradients. To enhance the 
accuracy of the simulation and optimize computational 
efficiency, the mesh was locally refined along the 
welding paths. The boundary conditions and the 
meshed geometric model is illustrated in figure 3. 
 

 
 

Fig. 3. Finite element model of the 5083 Al alloy 
welded joint 

 
The simulation employed a volumetric semi-

ellipsoidal heat source, based on the Goldak double-
ellipsoidal model, which is widely recognized for its 
ability to replicate the distribution of heat during 
welding with high fidelity.  
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Fig. 4. Heat source model of the AA 5083 welded 
joint 

 
As represented in figure 4, the parameters defining 

the semi-ellipsoid, which were estimated by the 

Simufact Welding software, based on the welding 
parameters, are as follows:  

 af (front length): 2.3 mm; 
 ar (rear length): 9.2 mm; 
 b (width): 2.8 mm; 
 d (depth): 5.8 mm. 

 The variation of thermo-physical and mechanical 
characteristics depending on temperature were taken 
into account, these being available in the database of 
the Simufact Welding program. In figure 5a, b and c 
are presented the thermo-physical and mechanical 
characteristics depending on temperature, respectively 
the thermal conductivity, specific heat, Young’s and in 
the figure 5d the effective plastic strain depending on 
the flow stress. 
  

 

 
a) b)
 

 
c) 

 
d)

 
Fig. 5. Thermo-physical and mechanical characteristics of AA5083 

 

a) b)
 

Fig. 6. Analysed nodes in the FEM analysis  
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 To achieve a comprehensive understanding of the 
thermal and mechanical phenomena that occurs during 
the welding process, data collection points were 
strategically positioned within the plates. These points 
were positioned at the mid-thickness (Fig. 6.a) and 
mid-length (Fig. 6.b) of each plate in order to capture 
the associated thermal gradients and mechanical 
responses both during and following the welding 
process. The spacing between the selected nodes was 
set at 3 mm, providing adequate resolution for 
identifying zones of stress concentration and 
displacement patterns. The gathered data facilitated the 
evaluation of equivalent stress distributions, thermal 
profiles, and residual deformations under different 
welding sequences. This information is important for 
optimizing welding strategies in order to minimize 
warping and improve joint integrity in naval and 
offshore applications. 
 
3. RESULTS AND DISCUSSION 
 
3.1. Temperature Field 
 
The temperature field distribution during the welding 
process describes the spatial distribution of 
temperatures within the welded assembly, reflecting 
the thermal gradients induced by the introduced heat 
input. Understanding the temperature field distribution 
is important for predicting and analysing several 
welding-induced phenomena, such as equivalent stress, 
displacement, and microstructural transformations 
within the welded joint [27].  
 In the figure 7 are presented the resulted 
temperature fields for the three analysed welding 
configurations (Case 1, Case 2, and Case 3). Due to the 
high thermal conductivity of the 5083-aluminium 
alloy, the propagation of the temperature within the 
welded joint components is relatively constrained. This 
rapid heat dissipation, characteristic of aluminium 
alloys, results in more localized temperature elevations 
compared to other materials, with lower thermal 
conductivity.  
 In Case 1 and Case 2, the 185°C isotherm of the 
first weld bead is situated at approximately 12 mm 

from the centre of the melted welding pool. This 
limited thermal extension is indicative of effective heat 
dispersion. In contrast, in Case 3, where both weld 
beads are deposited simultaneously from opposite 
sides of the vertical plate, the 185°C isotherm extends 
50% further into the joint, reaching a distance of 
approximately 19 mm. This extension results from the 
superimposition of two heat sources, which 
concentrate thermal energy at the joint’s centreline, 
due to the close proximity of the bead paths. Such 
localized thermal increase can significantly affect the 
microstructural stability and potential residual stresses 
development in the region. 
 To gain deeper insights into the thermal behaviour 
during welding, the thermal history of specific nodes, 
located within both the vertical and horizontal plates, 
was monitored. These nodes were strategically 
positioned at the mid-thickness and mid-length of each 
plate to accurately capture the temperature evolution 
during welding (Fig. 8). For the vertical plate, Case 1 
and Case 2 exhibit two distinct temperature peaks, 
corresponding to the sequential passage of the heat 
source during the welding of bead 1 followed by bead 
2 (Fig. 8a and Fig. 8b). The maximum temperature 
attained in the middle of the vertical plate's thickness is 
approximately 400–420°C, at nodes V1 and V2.  
 However, at node V4, located 9 mm from the 
centre of the welded joint, the temperature decreases 
by nearly 30%, reaching values of 270–290°C. This 
temperature drop signifies effective lateral heat 
dissipation away from the weld zone. Furthermore, the 
thermal analysis indicates that in Case 1 and Case 2, 
the temperature does not reach the melting point of 
aluminium alloy (~600°C) at the mid-thickness of the 
vertical plate, implying that full penetration is not 
achieved in these welding configurations. In contrast, 
Case 3, which involves simultaneous welding of the 
two beads deposited from opposite sides, and where 
heat sources pass one near each other in the middle of 
the welded joint, significantly higher temperatures are 
achieved at the same nodes. The thermal history of 
nodes V1, V2, and V3 illustrates that the temperature 
exceeds the melting point, indicating complete weld 
penetration in this configuration (Fig. 8c).  

 

 
 

a) 
 

b)
 

c) 
 

Fig. 7. Temperature fields for Case Studies 1, 2 and 3 
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a) b)

c) d)

e) f) 

Fig. 8. Thermal history in the selected nodes: a) vertical plate Case 1; b) vertical plate Case 2; c) vertical plate 
Case 3; d) horizontal plate Case 1; e) horizontal plate Case 2; f) horizontal plate Case 3  

 
 A similar behaviour is observed in the horizontal 
plate, where the thermal history reflects two 
temperature peaks for Case 1 and Case 2, 
corresponding to the deposition of the two welding 
beads. In these cases, the maximum temperature at 
nodes H2 and H3, located adjacent to weld bead 1, does 
not exceed 400°C, which is slightly lower than the 
temperatures observed in the vertical plate (Fig. 8d, e, 
and f). This discrepancy is attributed to the greater 
mass and surface area of the horizontal plate, which 
enhances its capacity to dissipate heat. However, at 
nodes H5 and H6, positioned near weld bead 2, the 
maximum temperatures increase to approximately 
420–440°C. This elevation is explained by the 
preheating effect induced by the prior welding of Bead 
1. In Case 3, the thermal profile shows a single 
dominant peak at nodes H3, H4, and H5, where 

temperatures exceed the melting point, mirroring the 
behaviour observed in the vertical plate.  
 The analysis of the temperature field distribution 
also allows the estimation of the Heat-Affected Zone 
(HAZ), which is the region around the weld that 
experiences microstructural changes due to exposure to 
high temperatures [28-30]. Figure 9 depicts the HAZ 
expansion for the three case studies, highlighting 
regions where the temperature surpasses the critical 
threshold required for HAZ formation. In Case 1 and 
Case 2, during the welding of the first bead, the HAZ 
extends approximately 7mm into the vertical plate and 
11mm into the horizontal plate (Fig. 9a, and c). The 
preheating effect induced by the first bead increases the 
thermal exposure during the welding of the second 
bead, expanding the HAZ in the horizontal plate by 
approximately 30%, reaching a total width of 15mm 
(Fig. 9b, and d). 
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 For Case 3, the simultaneous deposition of the 
weld beads generates the most extensive HAZ, with a 
maximum expansion of 16mm in the vertical plate and 
33mm in the horizontal plate at the centre of the welded 
joint, where the beads pass one near each other, and 
where the peak temperature is reached (Fig. 9e). 
However, as the trajectory progresses towards the 
periphery of the welded joint, the HAZ width 
diminishes to around 7–8mm in the vertical plate at a 
distance of 125mm from the edge. 

 Additionally, a noticeable asymmetry in the HAZ 
extension in the horizontal plate is observed, 
influenced by the preheating effect. When the first 
weld bead reaches the 125mm reference point, the 
HAZ measures 13mm. Upon the arrival of the second 
weld bead, the HAZ further expands to 18mm, 
demonstrating the cumulative thermal impact of 
successive welding passes. 

 

a) b) c) d) 

 
e) 

 
f)

 
g) 

 
Fig. 9. Extension of the HAZ: a) first bead Case 1; b) second bead Case 1; c) first bead Case 2; d) second bead 

Case 2; e) middle of the joint Case 3; f) first bead Case 3; g) second bead Case 3 
 
3.2. Stresses Distribution 
 
The stress distribution that develops during the welding 
process is the result of a complex interaction of several 
factors. The ones that have the most influence among 
these are the non-uniform heating and cooling cycles 
experienced by the welded material.  
 When subjected to localized heat input from the 
welding source, the material near the weld pool 
expands rapidly, while the surrounding cooler regions 
remain relatively stable. This thermal gradient induces 
thermal stresses due to constrained expansion. 
 Upon cooling, the welded material contracts 
unevenly, leading to the development of residual 
stresses. The severity of these stresses is further 
influenced in multi-pass welding, where repeated 
thermal cycles exacerbate expansion and contraction 
phenomena, increasing the potential for distortion and 
residual stress buildup. Figure 10 illustrates the 
equivalent (von Mises) stress distributions for the three 
welding configurations (Case 1, Case 2, and Case 3). 
The simulation results indicate that the maximum 
equivalent stresses are concentrated predominantly 
around the weld beads, with stress magnitudes ranging 
from 170 MPa to 180 MPa, across all case studies. 
Despite the overall similarity in peak stress values, a 

noteworthy observation is noted in Case 3 (Fig. 10c), 
where the area of maximum stress concentration is 
nearly double in size at the centre of the welded joint 
compared to Case 1 and Case 2 (Fig. 10a, and b).  
 This phenomenon is attributed to the simultaneous 
welding of both beads from opposite sides, resulting in 
a higher localized temperature and a more extended 
Heat-Affected Zone (HAZ), as previously observed in 
the temperature field analysis.  
 Figure 11 presents the evolution of equivalent 
stresses at the selected nodes within both the horizontal 
and vertical plates. This temporal analysis provides 
insights into the dynamic stress fluctuations induced by 
the welding process. 
 In figure 11a and figure 11b, the horizontal plate's 
stress development for Case 1 and Case 2 is depicted. 
The stress values at nodes H1-H4 show an initial rise 
to approximately 100-110MPa around the second 30 of 
the simulation process, correlating with the arrival of 
the welding arc at the monitored nodes. As the heat 
source remains in proximity, minor fluctuations in 
stress are observed, followed by a gradual increase to 
around 170 MPa at the nodes positioned adjacent to the 
welded bead (H1-H4). As observed in figure 10, the 
maximum stresses in the welded joint developed in this 
area, near the welding beads. 
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a) 

 
b)

 
c) 

 
Fig. 10. Stress development during welding: a) Case Study 1; b) Case Study 2; c) Case Study 3 

 

a) b)

c) d)

e) f)
Fig. 11. Equivalent stress-time variation during welding: a) horizontal plate Case 1; b) horizontal plate Case 2; 

c) horizontal plate Case 3; d) vertical plate case1; e) vertical plate case 2; f) vertical plate case 3 
 
  On the opposite side of the vertical plate, the 
stress levels at nodes H5-H7 exhibit a gradual decrease 
as the distance from the weld centre increases, reaching 
values below 50MPa. This drop reflects the attenuation 
of thermal gradients with increasing distance from the 
weld line. However, upon the initiation of the second 
welding pass, around second 90, when the second bead 

reaches the nodes, a decrease in the stresses is observed 
again, up to about 100MPa, in the nodes where the 
stresses exceed this value, and, once the heat source 
moves forward, a secondary surge in equivalent stress 
is observed, peaking again at around 170MPa near the 
welded regions. 
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 Notably, after the completion of the second bead, 
the stress values across all nodes become more 
uniform, with reduced variation compared to the initial 
welding phase. This homogenization occurs because 
the vertical plate becomes securely welded to the 
horizontal plate on both sides, creating a more balanced 
load distribution and reducing differential contraction 
stresses. 
 In figure 11c, the equivalent stress history for Case 
3 demonstrates a distinct behaviour. Stress values rise 
to approximately 120 MPa by the 30-second mark, 
coinciding with the simultaneous arrival of the two 
welding arcs at the joint's centre. Unlike Cases 1 and 2, 
the stress levels in the central nodes (H3-H5) 
experience a sharp and abrupt decline to around 
10MPa. This dramatic decrease is explained by the 
complete penetration achieved in this area in Case 3, as 
observed in the temperature field analysis. The 
simultaneous welding leads to localized melting and 
stress relief in the central region, which is not achieved 
in the other two cases. 
 As the heat sources move away from the central 
area, stress values increase steadily to approximately 
170–180MPa, reflecting the material's contraction and 
solidification. Moreover, figure 11 a, b, and c illustrate 
that in Case 3, the stress distribution across the selected 
nodes is more uniform, with considerably smaller 
deviations compared to Case 1 and Case 2, where 
differences of up to 100 MPa in the selected nodes were 
noted. This uniformity is indicative of more balanced 
thermal and mechanical load distribution during the 
welding sequence. 
 The temporal evolution of equivalent stress in the 
vertical plate is depicted in figure 11 d, e, f. A similar 
trend to the horizontal plate is observed, with stress 
values peaking around 170–180 MPa. The rise and fall 
of stress values correspond directly to the proximity of 
the welding arc in the analysed nodes. The maximum 
stress values remain relatively consistent across all 
three welding scenarios; however, the rate of change 
and uniformity differ notably in Case 3 due to the 
simultaneous welding of the beads starting form 
opposite sides. 
 
3.3. Displacements 
 
The study of displacements resulting from welding 
processes is important for ensuring the quality, 
structural integrity, and functional performance of 
welded joints. Displacements can introduce a range of 
structural issues, including misalignment of 
components, which leads to a complicate assembly 
process and compromises the ability to meet design 
tolerances. Furthermore, excessive deformations often 
require expensive corrective measures, such as 
mechanical straightening or machining, in order to 
restore the welded structure to its intended geometric 
specifications. Therefore, both production costs and 
manufacturing time will increase. In structural 
applications, particularly those involving aesthetic 

considerations, such as decorative panels or visible 
maritime structures, significant distortions can degrade 
the visual appearance and compromise design 
specifications. Thus, controlling welding-induced 
displacements is critical for achieving both functional 
and aesthetic requirements in industrial applications. 
 Figure 12 illustrates the total displacement fields 
for the three welding configurations analysed (Case 1, 
Case 2, and Case 3). The simulation results reveal that 
the maximum displacement values are concentrated 
primarily at the edges of the horizontal plate. This 
region is particularly susceptible to deformation due to 
its unsupported length and its exposure to thermal 
gradients during the welding process. 
 In Case 1 and Case 2, the maximum displacements 
are observed to reach approximately 10 mm and 11.5 
mm, respectively. These displacements are 
concentrated in the section of the horizontal plate, 
where the second weld bead is deposited. The 
additional, thermal input during the second pass leads 
to further expansion and contraction, thereby 
amplifying the overall deformation. In Case 3, where 
simultaneous bilateral welding is performed, the total 
displacements are reduced by approximately 20–25%, 
achieving a maximum displacement of 8.6 mm. This 
decrease is due to the simultaneous thermal loading, 
which permits a more symmetric heat distribution, 
thereby mitigating the uneven thermal expansion. The 
variation of displacements in the specific selected 
nodes for the analysis is presented in figure 13. 
Although the displacement values in these points are 
relatively minor, generally not exceeding 1 mm, due to 
their proximity to the weld bead, the displacement 
profiles offer valuable insights into the dynamic 
behaviour of the welded joint, during the thermal 
cycles. 
 In Cases 1 and 2 (Fig. 13a and b), the displacement 
evolution is characterized by a gradual increase to 
approximately 0.2 mm up to the 30-second mark, 
corresponding to the arrival of the welding arc onto 
selected nodes. This period is marked by localized 
thermal expansion, leading to an incremental 
displacement accumulation. When the heat source 
moves beyond the nodes, a slight fluctuation in 
displacement occurs, followed by a secondary 
increase, up to around 0.3 mm. The displacements 
remain relatively constant until around 90 seconds, 
when the second weld bead is deposited. This 
additional pass induces a renewed expansion with 
maximum displacement values of 0.6–0.7 mm, 
recorded at node H7, located in the horizontal plate 
adjacent to the site of the second bead. This behaviour 
highlights the cumulative successive thermal effects 
from the multi-pass welding, which induces further 
plastic deformation in the joint.  
  For Case 3 (Fig. 13c), where both weld beads are 
deposited simultaneously, from opposite sides, the 
displacements show a more controlled and symmetric 
distribution. The values increase gradually up to 
0.3mm, as the two heat sources converge to the joint's 
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centre. At this point, minor fluctuations are observed, 
with displacements stabilized within a range of 0.1-
0.4mm, with the lowest values recorded in node H4. 
This uniformity is indicative of the balanced thermal 
input characteristic of the simultaneous welding 
strategy, which reduces the tendency for uneven 
expansion and contraction. Similar displacement 

patterns are visible in the vertical plate across all three 
case studies (Fig. 13d, e and f). Displacement values 
follow a cyclic increase and decrease, as the welding 
arc approaches and moves away from the analysed 
nodes. The maximum displacements in this region 
reach up to 0.5–0.7mm. 

 

 
a) 

 
b)

 
c) 

 
Fig. 12. Total displacement development during welding a) Case Study 1; b) Case Study 2; c) Case Study 3 

 

a) b)

c) d)

e) f)
 

Fig. 13. Total displacement-time variation during welding a) horizontal plate case1; b) horizontal plate case 2;  
c) horizontal plate case 3; d) vertical plate case1; e) vertical plate case 2; f) vertical plate case 3 
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 The significant reduction in total displacement 
observed in Case 3 can be attributed of two primary 
factors: 
 reduced exposure time to non-uniform heating. In 

Case 3, the welding process concludes 60 seconds 
earlier than in Cases 1 and 2, as both beads are 
deposited simultaneously rather than sequentially. 
Consequently, the welded joint experiences less 
cumulative thermal effects, minimizing the 
potential for excessive thermal expansion and 
contraction. The displacement profile in figure 12c 
and f confirms this behaviour, where deformations 
stabilize after 30 seconds, while in Cases 1 and 2 
(Fig. 13a, b, d, and e), additional deformation is 
observed, at the 90-second mark, because of the 
influence of the second weld bead deposition. 

 uniform stress distribution: The balanced stress 
profiles observed in Case 3 (Figure 11c, and d) 
further contribute to a reduced displacements 
magnitude. Unlike Cases 1 and 2, where 
substantial stress variations occur, due to 
asymmetric heating, the simultaneous welding 
strategy ensures a more homogeneous thermal 
gradient, thereby mitigating localized stress 
concentrations that would otherwise promote 
distortions. 

 The findings underscore the advantages of 
simultaneous bilateral welding, in minimizing 
deformations, thereby reducing the need for post-weld 
corrective measures. This strategy not only enhances 
the geometric accuracy of the welded assembly but also 
lowers production costs by eliminating secondary 
operations, typically required to restore dimensional 
integrity. 
 
4. CONCLUSIONS 
 
The primary objective of this study was to examine the 
influence of welding paths on the thermal, mechanical, 
and displacement behaviours of T-joint configurations, 
applied to AA5083 aluminium alloy. Through the 
detailed analysis of the three proposed welding 
strategies (Case 1, Case 2, and Case 3), the following 
significant conclusions were drawn: 
 The Case Study 3 reveals the most extensive HAZ 

width in the middle of the plate, with double size 
comparing to the other cases. This enlargement is 
attributed to the simultaneous actions of two 
welding heat sources that leads to greater 
concentration of thermal heat in that specific area. 

  In Case Studies 1 and 2, the HAZ expansion in the 
region of the second weld seam was found to be 
approximately 30% larger than in the area of the 
first seam. This increase is a direct result of the 
preheating effect caused by the deposition of the 
initial bead, which elevates the base material 
temperature before the second pass, thereby 
promoting a broader HAZ extension. 

 The analysis of the equivalent stress fields across 
the three case studies revealed that the maximum 

stress magnitudes were relatively consistent, 
ranging between 170–180 MPa, with no significant 
variations between the three welding 
configurations. 

  In Case Study 3, the region exhibiting maximum 
stress values, in the middle of the welded joint, was 
observed to be nearly twice higher that in Case 
Studies 1 and 2. This can be linked to the 
converging heat sources in the centre of the joint, 
which induce localized thermal expansion and 
result in larger stress-concentrated zones. 

 Regarding the total displacements, Case Study 3 
exhibited the lowest deformation values, with a 
reduction of approximately 25–30% compared to 
Case Studies 1 and 2. This reduction is primarily 
attributed to the shortened welding time required 
for simultaneous bead deposition, which minimizes 
the exposure of the welded joint to non-uniform 
thermal gradients. Furthermore, the more balanced 
stress distribution observed in Case Study 3 
contributes to a uniform expansion and contraction 
cycle, effectively limiting overall distortions. 

 For industrial applications involving AA5083 
aluminium alloy It can be noticed that the 
simultaneous bilateral welding strategy employed 
in Case Study 3 proved to be the most effective in 
minimizing total displacements.  

 Future work will focus on validating the findings of 
the proposed FEM analysis with respect to the 
industrial applications of AA5083 welding, 
particularly in the context of T-joint design. 
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