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Abstract: This study examines the mechanical behaviour and structural integrity of T-joint welds under thermal
cycling, representing one of the most important issues from the structural point of view in applications like
construction, automotive, and heavy machinery. In fact, because of their geometrical configuration and induced
thermal stresses during both the welding and cooling process, T-joints are faced with problems of highly concentrated
stresses, deformations, and elastic strains. In this regard, fatigue damage can develop after a certain period of time, as
a result of which failure can occur. The objective of this work is to investigate the distribution of stresses and strains
in T-joint welds to determine the regions of the weld that are prone to failure, besides proposing optimised welding
strategies with the aim of attaining improved durability in the joint. In this paper, ANSYS FEA software is employed
in an effort to simulate the effects of thermal cycling on the T-joint weld by studying equivalent stress, total
deformation, and elastic strain along the weld bead and HAZ. It follows from the results that peak stresses are
concentrated within the HAZ, while the maximum deformation happens around unsupported edges. Optimised cooling
rate, structured support configurations, and tailored welding sequences were proposed to mitigate these effects.
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1. INTRODUCTION

The welding process is the basic art adopted in
mechanical engineering for the fabrication of parts used in
construction, aircraft, motor vehicles, and other
manufactured products. There are several types of welded-
joints, but among them, the T-joint is very important in that
it allows the linking of two plates at a right angle to each
other in order to form the shape of T. This kind of
arrangement finds its application in girders, frames, and
pressure-vessels. However, mechanical behaviour is
complex, particularly under varied loading circumstances.
T-joint weld integrity straight influences the performance of
the overall structure; hence, mechanical tests of T-joint
welds are very significant to forecast their behaviours under
diverse stresses. The most powerful of such a tool, which
would allow a great amount of detailed simulation
concerning stresses, strains, and deformations of welded
joints, would be finite element analysis (FEA) software,
such as Ansys [1], [2].

In T-joint welds, two metal plates are joined at an angle
of a 90-degree, normally by utilising the fillet weld along
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the junction of the plates. The welds in T-joints are
engineered to endure forces exerted in many directions,
including tensile, shear, and compressive stresses.
Nevertheless, the geometric-discontinuity just at the weld,
T-joints are especially prone to the advancement of stress
concentration and may fail unless they are well-designed
and examined. The quality of the Weld, thickness of the
plate, material properties, and the residual stresses as a
result of the welding process itself can greatly influence the
performance of the joint. However, in practical application,
the loading circumstances of a T-joint are usually dynamic
with fluctuation or vibration of the forces, which may cause
more exacerbation to fatigue and early failure [3].

The primary impetus for research in the welding-field
may be said to spring from the need to ensure that weld
defects, among other constraints, are tackled as an essential
process for joining metals. The mutual unwelcome impacts of
putting metals through welding circumstances and cooling
subsequently are the material's distortion, and mechanical
features change. Deterioration at the area of the weld owing
to the induced residual-stresses, among further considerations
related to the alterations in the microstructure of the material
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[4] [5]- Residual stresses from welding may have a notable
impact on the mechanical behaviour or the structure response.
As such, these may raise the possibility of brittle fracture,
fatigue, and structural buckling, as well as the stress corrosion
cracking of the material [6].

The change in the microstructural of the material is an
unavoidable problem in welding as the process inherently
requires heating the welding materials above the equilibrium
point and melting temperature. There are convective-effects
that occur in the liquid pool, which enhance the transfer of
the heat. Upon removal of the heat sources, the metal
becomes solid as it cools. In the process of cooling,
temperature variation in the alloy creates a solid-state
transition [7], [8]. The microstructural modifications induce
changes in the characteristics of the material as the process
advances. The elastoplastic thermal strains taking place
around the zone of the welding interact with their resultant
stresses to cause permanent -distortions, which in turn
impact the dimensional integrity at the joint [9], [10]. The
mechanical tests and comprehensive metallographic analysis
in microstructural differences of the weld area are necessary
for the evaluation of the weld-joint [11], [12], [13], [14].

Prior research facilitated the swift advancement of the
welding techniques, thorough examination of thermo-
mechanical characteristics of welded-materials, as well as the
practical solutions for the defects that associated with the
weld, which contributed to the mitigation of essential
problems [15], [16]. The associated welding problem gets
complex as the base metals or alloys display regional changes
in chemical configurations, as observed in dissimilar metals
and alloys or various alloys of identical metals, resulting in
disparities in thermomechanical characteristics [17], [18].

Consequently, this research further proposes a
comprehensive mechanical analysis of T-joint welding
plates, focusing attention on the integrity of the structure and
the behaviour of the welded-joint under different loading
circumstances. Advanced tools will be used to present such
an analysis, which is FEA software Ansys since this research
aims at simulating the mechanical responses that are
produced in the T-joint welds, stresses, strains, and
deformations. This study will determine the probable modes
of failure, fatigue behaviour, and effects of residual stresses
through a detailed mechanical assessment in order to optimise
the design and performance of T-joint welds.

1. LITERATURE REVIEW

In mechanical engineering, the fillet welded T-joints
have been in great demand for applications, including
vehicles, shipbuilding, aircraft, offshore industries, civil
engineering, and many other allied fields. These structures
are usually welded with the help of filler fusion methods,
which produce significant heat. The localised heat produced
through welding, followed by quick cooling, results in
persistent geometric flaws in structures and the formation of
residual welding stresses [19]. These geometrical flaws often
lead to serious issues throughout the assembly, while
residual-stresses may promote stress corrosion cracking,
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fragile fractures, or fatigue crack initiations  [20].
Mitigating these impacts necessitates supplementary
financial expenditures and is sometimes unfeasible owing to
the substantial dimensions of the structures. During the last
few decades, advances in fast computer technology have
stimulated several numerical simulation improvements and
applications to forecast the deformations and residual
stresses of the welded structures during their initial design
stage [21].

However, for the last years, because of their large
diffusion in several fields of structural use, the T-joint fillet
welded joints have become of great interest to academics.
[22] examined the impact of the thickness of the plate on the
welding deformation by numerical simulations and
experiments. [23], [24]and [25] study the impact of sequences
of welding on residual stress distribution and deflections of
the plate. [26]Performed a combination of numerical and
experimental investigations of various parameter impacts,
including the boundary conditions and sequences of welding,
on the residual stress fields and the deflections of the plate.
While [27] examined the effect of different designs of plates
on weld-induced distortions and the utmost strength of plates
that have been fillet welded.

The behaviour of T-joint welds is analysed by FEM in
[28], through the adoption of the SYSWELD software. In
particular, the modelling of distortions of the welding and
residual stresses in the simulation of laser and arc beam
welding methods are considered. As well in this work, the
issue of mesh-sensitivity has highlighted that hybrid hexa-
tetrahedral meshes allow getting more effective outcomes in
residual-stress and distortion analysis. Both Single and
double-pass T-joint configurations were considered to study
how such welding processes could influence the natural
level of stress concentration and the degree of distortion.
The developed simulation methodology in this work is
further extended to more complex structures like heat
exchanger joints, showing how laser beam welding could
reduce the residual stresses and distortion due to its
concentrated heat input.

To expedite the simulation process of welding, [29],
[30], and [31] introduced innovative welding simulation
techniques that integrate shell and three-dimensional finite
elements(FE). Meanwhile, [32] and [33] examined the gaps
and contact in welded-plates with a T-joint fillet. [34] and
[35] examine the impact of simplifications of the property of
the material on both temperature and residual stress and the
deflections of the plate fillet welded connections in T-joints.
[36] created an interface element in order to characterise
efficient penetrations, dimensions of fillet weld, and the
interaction between the plates and the stiffeners throughout
the simulations of welding distortion.

Considering that, in general, the heat generated by the
deformation of the material's plasticity may be disregarded in
the heat transfer study., in all aforementioned simulations of
welding the T-joint fillet, a sequentially-linked nonlinear
method of computing is utilised. The computational
technique comprises two distinct analyses: thermal and
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mechanical. The transient stress field is computed in the
thermal analysis using temperature-dependent material
parameters. The acquired Thermal history is subsequently
employed in mechanical analysis as a thermal load. The
element birth and death approach is used in both thermal and
mechanical investigations to model weld filler deposition.
This technique first involves deactivating the weld set
components in the thermal analysis and adjusting their
associated conductivity to a value near zero. Upon the
application of heat input, the weld set components are
reactivated, restoring their associated conductivity to the
initial value. In the mechanical analysis, all weld sets are
initially disabled, and their stiffness is adjusted to a value near
zero. Upon reactivation of the elements, their stiffness is
restored to the initial value.

The birth and death approach of the element is very
frequently utilised because it vividly describes the physical
characteristics of a welding process. Conversely, it is well
known that large displacements are induced by enormous
strains; hence, using this method can lead to a significant
issue that arises during the mechanical analysis of the welding
[37].

A hybrid method, as presented in [38], was proposed to
overcome these problems. This hybrid method focused on
performing an accurate simulation using Finite Element
Analysis (FEA) for the welding process of T-joint fillets. This
study addressed some of the related challenges that resulted
from the large-displacements and stresses in conventional
birth-and-death techniques that are widely utilised to simulate
the welding process. The hybrid method makes the simulation
processes simpler, especially when performing thermo-
mechanical analysis and customising simulation thermal
inputs. The validity of the simulated and thermo-mechanical
analytical model is verified by comparing the simulation
results (deflections of the plate and residual stresses) with the
values of the actual practical application of the experiment.
The outcomes of the comparison between both procedures
confirmed the high agreement between the simulation and the
actual experiments. Thus, the effectiveness of applying the
hybrid method to study the thermo-mechanical effects of T-
joint welding is very high. This could greatly improve
welding procedures while maintaining the structural integrity
of the structure.

1. METHODOLOGY

The mechanical integrity of welded structures is a very
important feature. Especially for practical applications,
structures may be subjected to thermal and mechanical loads
periodically. This paper provides an analysis of a T-joint
under a thermal cycle. This is because T-joint is a basic form
of welded joints. It is also widely used in most structural
frameworks.
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Besides that, the T-joints is that they provide high
structural support, and they are capable of high load bearing.
Thus, these joints are susceptible to stress concentration that
may lead to fatigue or failure, especially with the repeated
heating and cooling processes during the welding process.
The analysis in this paper will rely on the finite element
analysis (FEA) in ANSYS. This is to accurately model the
mechanical behaviour of the T-joint welds under thermal
cycles. This analysis will provide sufficient details on the
mechanical flexibility of the joint and possible sites of failure.

A. Overview of T-Joint Weld Simulation

ANSYS simulations are performed in this paper to
evaluate the stress, strain, and deformation that T-joint welds
undergo during the welding process. The high temperatures
that the joint is exposed to are estimated to be around 400 °C.
The T-joint is then gradually cooled to room temperature (25
°C). This is a thermal cycling scenario, which represents the
operational conditions of the real-application of the welding
process. Then, during the welding, the T-joint is exposed to
large temperature fluctuations, which can lead to thermal
expansion and contraction within the joint's material. This
event can lead to residual stresses and potential deformation
in the T-joint. Therefore, the joint may experience structural
stability over time.

The applied simulation involves several steps and
procedures. Starting with the sequential creation of a thermo-
mechanical model of the T-joint in ANSYS. The created
model allows the temperature distribution across the T-joint
to be represented. It also allows the mechanical response of
the joint to be analysed later, providing a detailed mechanical
analysis of T-joint welds under thermal cycling. The outcome
of this simulation will enable the study of how temperature
affects the mechanical properties- stress, strain, and
deformation- of the T-joint. After that, It will be possible to
detect the potential weak points inside the joint. Based on
these results, some improvements can be suggested to
enhance the T-joint design.

B. Ansys's Modelling Approach for the T-Joint

Step-by-step procedures were used to achieve the
study's objectives. This is carried out to ensure that the
temperature and mechanical behaviours of the T-joint are
accurately modelled. At this stage, the joint was created in
ANSYS through the following steps:

» Step 1: Create a Geometry Model of the T-Joint in
SpaceClaim

In this step, the T-joint geometry is created using the
ANSYS SpaceClaim tool. This tool prepares and modifies
CAD models specifically designed for FEA. The T-joint
model was created using two metal plates intersecting at a 90-
degree angle. The geometry of the constructed model is
(0.15m*0.16m*0.1m). The weld bead was modelled as a
triangular section along the intersecting edge of the plates.
The following Figure shows the created T-joint geometry:
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Fig 1 T-Joint Welding Plate Designed on Space Claim

The beads represent the fusion zone between the joint's
plates. This configuration accurately simulated the weld bead,
allowing for accurate simulation of the heat-affected zone
(HAZ) and stress concentration points.

» Step 2: Importing the Created Geometry into the ANSYS
Mechanical Module

After the T-joint, 3D geometry is created in SpaceClaim
and saved in a separate IGES file. In the current step, it will
be imported into the ANSYS Mechanical module as ‘.scdoc’
file. The properties of the imported model are a volume of
3.22 « 10™* m3 and an estimated mass of 2.5268 kg. After
the geometry is loaded in the mechanical module, it can be
analysed to simulate a real-world system. In this module, the
direct measurements, applied loads, and boundary conditions
can be set.

» Step 3: Setting up the Initial Load and Meshing

At this stage, the approved material properties will be
assigned, which is Structural steel, S355J. The properties of
this material which were included in this simulation were the
material temperature, thermal conductivity, specific heat, and
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others. Some of the main properties are shown in the Figure
below:

Table 1 The Properties of S355J Steel Material

Density 7835 kg m~-3
Tensile Yield Strength 3.834e+008 Pa
Tensile Ultimate Strengthr5.653e+ﬂﬂs Pa

Specific Heat 469.9 ) kgh-1 C"-1

Resistivity 2.232e-007 ohm m

To obtain an accurate description of how stress and
strain are distributed across the T-joint, meshing of the model
is a very important step. It provides the ability to analyse the
areas close to the weld bead and HAZ. The meshed model is
shown in the subsequent Figure:

ANsys

2024 R1

0.200 (rm)

Fig 2 Mesh Applied on T-Joint Welding Plate on ANSYS
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After that, the detailed meshes were created, and the
boundary conditions were set. This module n supports a wide
range of material and load configurations. Four bodies were
used to represent T-joints (two plates and two triangular
beads, therefore, after the meshing step, 7719 nodes and 1269
elements were identified.

In this step, the loads will be determined, and the initial
constraints will be determined in preparation for the thermal
and mechanical analyses in the subsequent steps.
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» Step 4: Setting the Support Constraints

In the current step, the fixed supports will be applied in
certain locations on the T-joint structure, which are the top
surface and the two-end surface. This step encounters the
realistic boundary conditions in the simulation, which can
prevent unwanted displacements of the joint throughout the
thermal cycle simulation. Therefore, setting these constraints
helps in the stabilisation of the model during the thermal
cycle. The following Figure presents the location in the T-
joint model:

Ansys

2024 R1

0.200 {rm}

Fig 3 Application of Fixed Support on Modelled T-Joint.

These constraints will provide thermal loading stability
in the structure of the model. The real deformation that
normally happens and is bound near the regions of interest
around the weld is ensured here. Next, the thermal boundary
conditions for defining will be done in the next step.

C. Thermal Simulation

Thermal loading and boundary conditions are
indispensable in simulating the realistic behaviour of the T-
joint weld during thermal cycling. In this stage, the modelling
of a joint being exposed to high temperature and subsequently
cooled will be done. Stress and deformation increase from
there due to thermal expansion/contraction, which are then
extracted and presented in the Results section.

A: Static Structural
The Co

0.000

» Step 5: Setting Thermal Boundary Conditions

The boundary conditions were applied in two sub-steps.
This is to apply a realistic simulation of the thermal cycle.
This was to simulate the real thermal exposure of the joint
during welding operations. The details of the two steps are as
follows:

e High-temperature initial load at 400°C. In this sub-step,
the entire body of the T-joint weld was subjected to a
uniform temperature load of 400°C. This step simulates
the exposure of the weld to extreme operating
temperatures. The image below shows the thermal
condition under the initial condition of the structure:

0.200 (m)

Fig 4 Thermal Condition Applied to the T-Joint Weld Plate on ANSYS.
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e The second stage is the gradual cooling stage to room
temperature, which is 25 °C. In this step, the thermal load
will be gradually reduced from 400 °C to 25 °C, which
represents the cooling stage. The cooling is applied
uniformly across the T-joint structure. This is to capture

residual stresses within the T-joint weld.
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D. Mechanical Analysis Residual Stress/Deformation

In this step, the mechanical analysis of the T-joint
structure during the thermal cycle from 400 °C to 25 °C will
be performed. The analysis includes residual stress
distribution, deformation, and strain behaviour of the
structure. This analysis is crucial for understanding the
response of the T-joint structure after being exposed to high
temperatures and subsequent cooling. Static Structural (A5)
properties are set to perform the analysis, as Table 2 shows.

Table 2 Analysis Definition and Settings

Object Name | Static Structural (A5)
Definition
Physics Type Structural
Analysis Type Static Structural
Solver Target Mechanical APDL
Options
Environment Temperature 22.°C
Generate Input Only No
Object Name Analysis Settings
State Fully Defined
Step Controls
Number Of Steps 1.
Current Step Number 1.
Step End Time 1.s
Auto Time Stepping On
Define By Substeps
Initial Substeps 20.
Minimum Substeps 10.
Maximum Substeps 20.

» The Following Subsection Provides the in-Details
Evaluation Steps:

Residual Stress Evaluation

Since the residual stress is one of the most prominent
aspects of the mechanical behaviour of T-joints, it represents
the effects of the recurrent expansion and contraction in the
joint structure due to temperature changes. This analysis is
performed by mapping the distribution of residual stress
using the von Mises criterion across the T-joint. In this map,
the region of high residual stresses in the structure can be
identified. These regions act as a stress concentration area,
which will be a potential weak point under cyclic thermal
loading. High values of residual stresses in these areas mean
that the area is more susceptible to material stress.

o Deformation Analysis

In this analysis, the recurrent joint expansions and
contractions will deform its structure. This may affect the
dimensional stability of the structure and lead to joint
misalignment during the thermal cycle. Full deformation of
the entire T-joint is measured in this analysis. Areas with a
high deformation value mean that there is a large
displacement within these areas. This means that the specified
areas might experience failure later under operational loads.
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Normal Elastic Stress Distribution

In this analysis, the elastic distribution of the stress in a
T-joint weld will be measured. Since the elastic stress
distribution demonstrates how the material resists the load
without yielding. This analysis gives an idea about the zones
which can fail due to fatigue. Elastic stress analysis normally
relies on mapping the elastic distribution of stress throughout
the T-joint structure. Correspondingly, after elastic stress
mapping, areas with severe elastic deformation can be located
according to the highest value of elastic stress.

V. RESULTS AND DISCUSSION

This section outlines the outcomes of the ANSYS
simulation for the T-joint weld plate under thermal cycling.
The three critical mechanical responses from the simulation
are; The equivalent (Von-Mises) Stress, Total Deformation,
and the normal Elastic Strain, which enable the understanding
of the regions of high stresses, deformation modes, and the
elastic strain distribution along the T-joint.

A. Equivalent (Von-Mises) Stress Distribution

The outcomes for the equivalent (Von-Mises) Stress
Distribution develop critical insight into the thermal cycling-
induced stress behaviour of the T-joint weld. This type of
analysis is considered very important for the identification of
highly stressed regions, which act as possible crack initiation
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and fatigue failure sites in high-temperature applications. The
distribution and intensity of von Mises stress around the T-
joint weld would better explain the action of thermal
expansion and contraction on the structural integrity of the

A: Static Structural

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: Pa

Time: 15

10/16/2024 1:40 PM

e 4.9377e8 Max
4391428
3.8451e8
3.2988e8
2.7525e8
2.2062e8
1.6599%8
1.1136e8
4 5.6727e7

== 2.0964e6 Min
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weld. Figure 2 shows a pattern of distribution of the stress,
pointing to the main area where stress accumulation can
compromise the joint durability under cyclic loading
conditions.

0.200(m})

Fig 5 Equivalent (Von-Mises) Stress of T-Joint Welding Plate Resulted from the Thermal Condition on ANSYS.

Figure 5 displays the equivalent (Von-Mises) Stress
distribution in the T-joint welding plate under thermal
circumstances. It can be seen from the gradient colour that the
low stresses are blue- colour, while the high stresses are red-
colour. It is noticed that the highest value of stresses, with a
maximum magnitude of about 4.9377x10"8 Pa, is
concentrated within the HAZ near the weld bead and also at
the intersection between the vertical and horizontal plates.
This area of high-stress concentration indicates portions
within the welds that may most easily fail under the stress.

A: Static Structural

Total Deformation

Type: Total Deformation

Unit: m

Time: 1s

10/16/2024 1:40 PM

™ 0.00095295 Max

{ 0.00084707

0.00074118
0.0006353
0.00052942
0.00042353
0.00031765
0.00021177
0.00010588

' 0 Min

B. Total Deformation Analysis

The Total Deformation experienced by the T-joint
welding plate as a result of thermal cycling from 400°C to
room temperature (25°C) are examined. This analysis is an
important aspect in order to find out the influence of thermal
expansion and contraction on the structural integrity of the
weld, especially in the case of an unsupported area around the
weld. The deformation pattern allows the identification of the
regions that are most vulnerable with respect to displacement.
Problems in alignment or affecting the stability of the whole
structure may appear when there is repeated thermal loading.
Figure 3 displays the Distribution of deformation - maximum
and minimum displacements across the T-joint weld.

Ansys

2024 R1

0.200{m)

Fig 6 Total Deformation of T-Joint Welding Plate Resulted from the Thermal Condition on ANSYS.
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The total Deformation of the T-joint welding plate is
represented in Figure 3 above. The minimum value of
deformation is 6.5878 x 10~7m, while the maximum value
of deformation is 9.5295 x 10~*m. Maximum deformation
is located around the free edges of the vertical plate.
Minimum displacements are located in the fixed support
regions. It therefore follows that the influence of thermal
expansion and contraction is most pronounced in those areas
of the T-joint left unsecured, while it becomes less
pronounced near the constrained areas themselves.

C. Normal Elastic Strain Distribution

The distribution of the normal elastic strain imparts
information on the deformation that occurs within the T-joint

A: Static Structural

0.0014777 Max
0.0012049
0.00093201
0.00065914

0.00038628
0.00011341
-0.00015%46
-0.00043233

| -0.00070519
-0.00097806 Min

Figure 7 displays the Normal Elastic Strain distribution
for the T-joint weld plate along the Y-axis. The minimum and
maximum values were —9.7806 x 10™* m/m and 1.4177 x
1073 m/m, respectively. High elastic strain concentrations
are reflected in the strain distribution around the weld bead
and along the edges of the plates adjacent to the weld. These
areas are subjected to very high elastic stretching due to
thermal loading; they show the probable regions of material
fatigue in cases of long-term exposure to thermal cycling.

D. Discussion

This part discusses the implication of findings from
simulation, with a focus on how stress distribution,
deformation, as well as strain observed can influence the
structural soundness and the fatigue resistance of the T-joint
weld, besides relating them to the results from existing
literature on T-joint weld behaviour under thermal cycling.
Comparing our findings with prior studies enables drawing
more specific inferences related to how the distributions of
stress, deformation, and strain impact structural integrity and
fatigue resistance in T-joint welds.

IJISRT25JUN784

Fig 7 Normal Elastic Strain of T-Joint Welding Plate Resulted from the Thermal Condition on ANSYS.
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weld plate due to thermal cycling without material yielding.
As a matter of fact, this parameter is of primary importance
while assessing the material resilience against the repetitive
action of thermal stresses, since it shows to what extent the
material will be elastically stretched before switching to
plastic deformations. The elastic strain in the weld is
investigated, particularly in the HAZ and in regions around
the weld bead, to identify where fatigue processes are likely
to occur. With this study, the long-term performance of the
weld in-service loading conditions could be identified. Figure
4 displays the normal elastic strain contours that highlight
areas which could potentially be problematic for the accrual
of fatigue damage over time.

0,200 {rm)
0.150

» Analysis of Equivalent (Von-Mises) Stress Distribution

Figure 2 shows that high values of the stress
concentration are developed around HAZ and at the toe of the
weld. These are locations where stress-induced failures
associated with crack initiation and fatigue fracture are most
likely to occur. This agrees with observations reported by
[12]., in which residual stresses tend to concentrate around
the HAZ because of geometric discontinuity and localised
heating and cooling during welding. These sites represent
critical crack initiation and possible fatigue fractures under
cyclic loading conditions.

In our simulation, the peak of the stress was around
4.9377 x 108 Pa . which shows a good agreement with the
work done by [12]. Came to the conclusion that the thermal
gradient and the welding sequence have substantial
influences on the residual stresses. The longitudinal stresses
can vary according to the welding passes in thicker plates, as
derived from Chen's case study. In turn, our findings also
show that control of the cooling process and optimisation in
weld design can mitigate residual stresses, which would
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benefit fatigue life and structural stability. However, our
results show that these HAZ geometric discontinuities
constitute a residual source of stress, even for optimum
cooling, which is in agreement with the observation by [20]
. that there is no way to avoid stress concentration around T-
joints but it can be minimised through an appropriate design
and selection of the materials.

» Analysis of Total Deformation

The deformation result is displayed in Figure 3, where
high magnitudes of displacement are seen in the unsupported
regions, especially around the free edges of the vertical plate
of the T-joint. From this mode of deformation, thermal
expansion and contraction due to heating and cooling,
respectively, are most effective in those regions of the
structure where there is no support; thus, misalignment may
be expected in welded assemblies. The optimisation of the
support configuration and cooling strategies will contribute
toward minimising the permanent distortions, hence
improving the dimensional stability of T-joint welds under
cyclic thermal loading. Gradual cooling rates can further help
control the deformation magnitude to ensure that residual
distortions remain within acceptable limits for the application
intended. This finding is in good agreement with the remarks
by [21] and [28], who pointed out that deformations in T-
joints are mostly concentrated in unsupported regions,
especially in the neighbourhood of the weld bead. The rather
high values of deformations that have been found in the
vicinity of the free edges in our studies confirm that lack of
support worsens structural misalignment and makes it
problematic for applications requiring high accuracy.

Moreover, the study by [25] showed that the sequence
of welding is very important in controlling deformation and
that starting from the centre of the joint towards the outside
reduces the angular distortion. Though our study is not
explicitly related to the sequence of the welding passes,
deformation patterns indicate that controlled cooling rates
and structured support can minimise permanent distortions.
Our findings support the suggestions of [30] that multi-pass
and controlled cooling approaches can manage deformation;
hence, these are the indispensable methods that shall be
considered in their improvement of dimensional stability in
the T-joint welds.

» Analysis of Normal Elastic Strain Distribution

The normal elastic strain distribution displayed in
Figure 4 highlights the high elastic stretching around the weld
bead and along the HAZ. These regions correspond to a
maximum accumulation of elastic strain, and high residual
stress correlates with high strain values, which may indicate
a possible transition from elastic to plastic deformation under
repeated thermal cycling. Such a transformation can be led to
strain hardening, which over a period of time will reduce the
fatigue resistance of the joint and increase the likelihood of
material failure. Therefore, the optimisation of weld
geometry and control of thermal gradient during cooling can
maintain the strain within the elastic limit and thus reduce the
risk of fatigue. Those are in agreement with the study of [32],
which reported high elastic strain within HAZ as one main
cause of fatigue damage since these regions often jump from
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purely elastic into plastic deformation when thermal loading
is repeated. According to Barsoum, such a transition may
result in strain hardening and fatigue failure, also as
insinuated in our study. The high elastic strain level in our
results indicates the need for optimised thermal gradients in a
way that decreases strain accumulation in order to prevent
fatigue damage.

On the other hand, [29]showed that certain
simplifications for welding simulation, such as using shell
elements instead of solid elements, tend to sometimes
underestimate strain accumulation in the HAZ. In this
investigation, structured meshing was utilised, which is likely
to give a better prediction of strain accumulation. This also
supports the procedures of [28] to analyse complicated welds
for distributions of stress and strain, further justifying our
approach to get realistic strain behaviour in the T-joint weld
under thermal cycling.

Additionally, the authors, of [30] [24] further
emphasised that multi-pass welding configurations present a
concern about strain gradients, which are required to be
controlled in order not to get an accelerated strain
accumulation. Our work upholds this view since strain
gradients identified in this investigation enforce the need for
gradual cooling and optimised welding sequences as one of
the means of maintaining strains within elastic limits and
reducing the risk of fatigue failure.

V. CONCLUSION

This paper discusses the mechanical behaviour and
structural integrity of T-joint welds under thermal cycling
using ANSYSS finite element analysis. It also includes stress
concentration, deformation, and elastic strain within the joint.
The T-joints are a critical component in several structural
frameworks, including girders and frames, which are prone to
develop complex distributions of stresses and strains because
of geometrical configuration and thermal stresses induced
during welding and subsequent cooling. The results of the
simulation show that a high concentration of stress in the
HAZ and its surroundings from the weld bead face makes
them susceptible to fatigue damage and crack initiation from
repeated thermal loading. From the deformation analysis, it
can be noticed that unsupported areas around free edges are
most vulnerable to displacement and, hence require
controlled support. It also manifests in elastic strain
distribution with high accumulation in HAZ, which indicates
an elastic-plastic deformation transition and, thus, a
possibility of poor fatigue resistance.

The research work proffers enhancing the cooling rate,
conceptual supportive configurations, and welding sequences
to reduce negative effects on joint durability. The multi-pass
welding sequence has demonstrated a reduced level of
residual stresses and deformation, especially the medium
cooling and alternate passes; these can balance the thermal
gradient across the joint. The current research gives hands-on
recommendations for improving dimensional stability,
fatigue life, and integrity of T-joint welds against residual
stresses, deformation, and strain. This simulation-based

WWW.ijisrt.com 3234


https://doi.org/10.38124/ijisrt/25jun784
http://www.ijisrt.com/

Volume 10, Issue 6, June — 2025
ISSN No:-2456-2165

approach forms a basic foundation for further studies and
applications, mainly optimisation of the welding process to
enhance lifespan and reliability in real applications of T-
joints.
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