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Abstract: The weld joints are used in various types of mechanical and civil engineering structures to strengthen the joints. The
strength of T shaped weld joint significantly depends upon the design parameters of weld joint. The current research is intended
to investigate the T shaped weld joint using techniques of Finite Element Analysis (FEA). The FEA analysis is conducted on T
shaped weld joint using ANSYS simulation package. The optimization studies are conducted on T shaped weld joint to determine
the effect weld joint parameters on induced deformation. From the optimization studies, the dimensions corresponding to weld
height is determined for maximum and minimum deformation of T shaped weld joint.
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L. INTRODUCTION
Welding is a process involving joining of dissimilar elements by heating at high temperatures. The welding process may or may not
involve application of pressure. The type of filler material to be used depends upon type of welding. The welding process enables to
make permanent joints in automobile components, railway wagons, machine components, machine components and other structural
frames.

Figure 1: T shaped weld joint

Tee joints are used when one part must be joined to the centre of another part forming a “T”. Like the other types of weld, there are
several ways that this joint can be prepared and welded, each with their own benefits and disadvantages. Most methods of welding
tee joints involve welding the two joints between the parts, with either a high or low energy density beam.

1. LITERATURE REVIEW
Wahab et. al.[1] have conducted experimental investigation on fillet weld joint to determine normal stress and shear stress under
different misalignment conditions. The critical regions of fillet weld joints are determined from the research.
Lee et. al.[2] have conducted numerical investigation of cantilever beam with welded joints. The analysis was conducted under
tensile loading conditions as well as axial loading conditions. The lateral deformation, transverse stresses are determined for
Ludwick cantilever beam material.
Wilcox et. al.[3] have presented analytical theory on stress evaluation of weld joints. Different theories are proposed and out of all
the fillet weld theory is found to be more pragmatic and in close agreement with various types of numerical results. The effect of
longitudinal loading and oversizing of weld joints on corner stress is also evaluated.
Mahapatra et al. [4] have conducted research on filleted weld joint using experimental techniques. The effect of angular distortion
on weld stress, notch stresses are evaluated. Various factors which can mitigate the induced stresses on weld joint is presented.
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Kumose et al. [5] have conducted research on elastic straining of welded joint using both numerical and experimental techniques.
The effect of pre-straining and post-straining on induced distortion of welded joints is presented. Different factors determining pre-
strain and post-strain of fillet welded joints are determined. The effect of flange thickness on weld stresses is also investigated.
Michaleriset. al. [6] have conducted research on weldment using experimental techniques. The effect of thermal tensioning,
preheating on weld stresses on distortion are investigated. Thermal tensioning works to “control residual stress and distortion by
generating a tensile strain and the weld zone prior to and during welding by imposing a temperature differential” [6].

1. OBJECTIVE
The current research is intended to investigate the T shaped weld joint using techniques of Finite Element Analysis (FEA). The
FEA analysis is conducted on T shaped weld joint using ANSYS simulation package. The effect of weld height on lateral
deformation of T shape weld joint is investigated using Taguchi optimization method.

V. METHODOLOGY
The FEA analysis is conducted on T shaped weld joint involving different steps i.e. CAD modelling, meshing, boundary conditions
and solution stage. The T shaped weld joint is developed in ANSYS design modeller using sketch and extrude tool. The T shaped
weld joint is shown in figure 2.

Figure 2: CAD model of T shaped weld joint

Figure 3: CAD model of T shaped weld joint

The developed CAD design of T shaped weld joint is imported in meshing module of ANSYS simulation package. The meshed
model of T shaped weld joint is shown in figure 4. The meshing of T shaped weld joint is done using hexahedral/brick shaped
element. The inflation and growth rate is set to 1.2.

Figure 4: Meshed model of T shaped weld joint
From meshing, the number of elements generated is 10642 and number of nodes generated is 53343 as shown in figure 4.
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Figure 5: Loads and boundary conditions

The structural boundary conditions are applied on the T shaped weld joint as shown in figure 5 above. The bottom of T shaped weld
joint is applied with fixed support and vertical feature is applied with 175N load along transverse direction. After applying structural
boundary conditions, the FEA simulation in run which involves individual matrix formulation and assemblage of global matrix
formulation.

V. RESULTS AND DISCUSSION
The structural analysis is conducted on T shaped weld joint to determine deformation and stresses. The maximum deformation is
obtained on the vertical feature with magnitude of more than .04001mm as shown in figure 6.

Figure 6: Deformation plot on T shaped weld joint (side view)

Figure 7: Deformation plot on T shaped weld joint (isometric view)

The equivalent stress is evaluated for T shaped weld joint as shown in figure 8. The equivalent stress is obtained to be maximum at
the intersection zone of vertical and horizontal feature with magnitude of more than 27MPa.
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Figure 8: Equivalent stress plot on T shaped weld joint

The equivalent stress obtained reduces along the vertical direction of T shaped joint and is minimum at the mid center region of
vertical feature as shown in figure 9.

Figure 9: Equivalent stress plot (side view)

The higher stress at the intersection region signifies that this zone is likely to induce damage in the form of crack initiation which
will then propagate to cause catastrophic damage to the weld joint.
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Figure 10: Shear stress plot

The shear stress distribution plot is generated for T shaped weld joint as shown in figure 10 above. The shear stress is higher at the

corner regions with magnitude ranging from .97MPa to 1.36Mpa. The shear stress is almost uniform at the other regions of vertical
and horizontal features of T shaped weld joint as shown in green coloured region.
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Figure 11: Normal stress plot

From the FEA analysis, the normal stress distribution plot is generated for T shaped weld joint which is similar to that of equivalent
stress plot. The maximum normal stress is obtained is more than 6.02MPa.

Table 1: Deformation table

Weld height Total Deformation
(mm) Maximum (mm)
5 0.045021599
4.227441926 0.045977532
5.772558074 0.043950814
5 0.045178509
5 0.044912333
4.227441926 0.046070808
5.772558074 0.04418295
4.227441926 0.045896048
5.772558074 0.043777303

The effect of weld height on total deformation of T shaped weld joint is evaluated from the Taguchi optimization technique. The

maximum total deformation is obtained for weld height of 4.22mm and minimum total deformation is obtained for 5.77mm weld
height.

VI. CONCLUSION
The use of ANSY'S simulation package can significantly reduce the time required to evaluate the strength of T shaped weld joint
subjected to transverse loading condition. The FEA simulation of T shaped weld joint is conducted to determine critical regions
from where the crack can initiate and cause catastrophic damage to the structure. The optimization studies are conducted on T
shaped weld joint to determine the effect weld joint parameters on induced deformation. From the optimization studies, the
dimensions corresponding to weld height is determined for maximum and minimum deformation of T shaped weld joint.
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