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Abstract

Structural members were constructed through welding and were
subjected to various loads. In this paper, stress concentration of typical
welding connections due to variable loads has been studied using
numerical approach. Fillet welding, penetration welding and partial
penetration welding characteristics are investigated by changing
parameters such as penetration length, welding leg length, size and
penetration angle. To verify proper structural configuration, various
steel welding connections are chosen to be objective structures and
relevant structural analysis is carried out using Finite Element
Methods combined with ANSYS code. Stress concentration
phenomenon and structural behavior have been the main outcomes of
interest. It is found that in certain cases, a typical welding connection
has lower stress concentration factors with well chosen welding
parameters.
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1. Introduction

Among various steel welding connections, asymmetric perpendicular
cross type section of welding connection was the subject structures.
Structural analysis was carried out by changing the welding length of the
edges and connecting angles of the members. Finite Element analysis
combined with ANSYS code was carried out [1, 2]. Stress concentration
factors of each different welding connection were obtained.

2. Finite Element Modeling of Asymmetric Welding Connections

4 typical asymmetric welding connections with homogeneous materials
were chosen as subjects and modeled by using 2-dimensional plane-stress
element. Parameters were based on thickness of the member, welding
penetration length, angle of the attached welding parts, and size of the
welding section. ANSYS Mechanical APDL V12.0 was used to carry out
modeling process and the following finite element analysis [3]. Fine meshed
modeling techniques were adopted where abrupt stress changes are
anticipated. Plane 82 element with multi nodal points was used. Young’s
modulus was 206,000 N/mm?, Poisson’s ratio 0.3 [4].
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Figure 1. Asymmetric cross section type of the welding connection.

Thickness of the member T, welding penetration length a, and angle of
the attached welding part to the base material 6 of different models are listed
in Table 1. The models had welding penetration length of 0 mm [5, 6].
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Table 1. Asymmetric cross section types of the welding connection
(unit : mm, deg.)

Dimensions
Model T a 0 L L, L3 Ly
Ua 18 0 15.5 5 5 5 5
Uao 18 0 29 5 5 5 10
Uas 18 0 39.8 5 5 5 15
Uas 18 0 48 5 5 5 20

First model had thickness of 18 mm, length of L; to be 5 mm, that of L4

to be 5 mm and corresponding angle of the attached welding part to the base
material was 15.5 degree. They were modeled as shown in Figure 2. The hot
areas were modeled by fine meshes.
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Figure 2(b). Mesh detail of model 1.

Second model had thickness of 18 mm, length of L; to be 5 mm, that of

L, to be 10 mm and corresponding angle of the attached welding part to the
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base material 29 degree. It was modeled as shown in Figure 3. The hot areas
were modeled by fine meshes.
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Figure 3(b). Mesh detail of model 2.

The third model had thickness of 18 mm, length of L; to be 5 mm, that
of L4 to be 15 mm and corresponding angle of the attached welding part to
the base material 39.8 degree. Fourth model had thickness of 18 mm, length
of Ly to be 5 mm, that of L, to be 20 mm and corresponding angle of the

attached welding part to the base material was 48 degree. Like the first and
the second model, the third model’s hot spots were modeled by fine meshes.

3. Finite Element Modeling Analysis using ANSYS

Finite element analysis was carried out with proper boundary conditions
and external load conditions. Stress concentration phenomenon was
examined by nodal solution contour plot obtained.
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Lower part of the model was fixed and the upper part of the model was
constrained properly to remove the corresponding rigid body motions. In
order to figure out the stress concentration phenomenon of the structural
element, unit loads were applied at nodes of upper part of the model.

4 models were analysed in the view point of stress concentration with
pre-mentioned boundary conditions and applied loads. Stress concentration
phenomenon of each model was obtained. 4 models with thickness of 18 mm,
length of Ly 5 mm, that of Ly 5 mm to 20 mm and corresponding angle of

the attached welding part to the base material 15.5 degree to 48 degree were
analysed using ANSY'S code. Figure 4 shows the analysis result of model 1.
Nodal solution with von Mises stress of the first model was represented in
Figure 4(a) and (b). It was observed that the high stress occurs at toe area of
the model. Stress concentration factors at toe area of every 4 model was
calculated and compared with each other. Figure 5(a) and (b) show the
analysis results of the second model.
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Figure 4(b). Stress detail of model 1 in Nodal solution.
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It was also observed that the high stress occurs at toe area. Structural
analysis of the third and the fourth models also shows how stress is
concentrated at the toe area as expected.

Figure 5(b). Stress detail of model 2 in Nodal solution.

4. Analysis Results and Conclusions

4 models were analysed in view point of stress concentration. Stress
concentration phenomenon of each model was obtained. 4 models with
thickness of 18 mm, length of Ly 5 mm, of Ly 5 mm to 20 mm and
corresponding angle of the attached welding part to the base material 15.5

degree to 48 degree were analysed by using ANSYS code. Table 2 shows the
result of the analysis.
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Table 2. SCF of asymmetric welding joint group model

Stress concentration factor

Group Model Hot spot
Toe Root
Ua]_ 313 toe
Uaz 3.43 toe
Ua
Uas 3.64 toe
Uas 3.80 toe

97

Table 2 shows that increment of stress of each model compared with the
first one was 9.49%, 16.32%, and 21.30%, respectively. Conclusions of this
study are summarized as follows. Stress concentration phenomenon is highly
dependent on the welding size and the angle of the attached welding part to
the base material. A symmetric welding configuration is thought to be
optimal regardless of welding connection types and size. An asymmetric
welding configuration has disadvantages to the symmetric one in the view
point of stress concentration. It is also observed that high stress occurs at the

toe area.
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