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Abstract
Fabrication technology has also penetrated the oil and gas industry, such as in the case of joining materials, one of
the applications being made is the connection of pipes by welding. In the welding process, the heat distribution is
uneven and the cooling rate is fast, resulting in residual stresses. This is indicated by changes in the microstructure
in the weld area and the Heat Affecting Zone (HAZ), causing the material to become hard but brittle (brittle). This
can cause structural failure in the connection area. This study investigates the residual stresses in pipe welding
ASTM A 106 Grade B using the finite element method with ANSYS R17.2 software. The simulation is divided
into 2 steps, namely thermal and structural analysis. The variation used in this simulation is the electric current as
the welding heat input. The electric current is 110 A with an effective heat input of 2337.5 Watts with a maximum
residual voltage of 399.59 MPa, 2762.5 Watts with a current of 130 A of 420.01 MPa, 3400 Watts with a current
of 160 A of 454.06 MPa. The simulation shows that an increase in electric current in the range of 110 to 160 A
can imply an increase in residual voltage. A welding heat input is obtained with the minimum residual voltage

value, namely at a current of 110 A with an effective heat input of 2337.5 watts.
Keywords: residual stress, finite element method, welding simulation

1. Introduction

Technological developments in the oil and gas
industry have been very advanced, including in terms of
fabrication, one of the applications being made is the
joining of materials to support the facilities of the oil and
gas industry. In the welding process, heat energy
continues which causes differences in temperature
distribution in the metal, resulting in uneven expansion
and shrinkage [1]. The existence of local heating due to
welding and rapid cooling or high-temperature changes
causes the stored energy in the weld area to be high,
resulting in residual stress and distortion. High residual
stress in the weld area decreases bending strength, weld
strength, and fatigue life. In circular welded joints, the
residual stress distribution is shown in Figure 1 [2]
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Fig. 1 The residual stress distribution in circular welding

Therefore, in the welding process to improve the
welding quality must get the main attention. One of the
parameters that can affect the strength of the weld is the
welding current, voltage, and welding speed. The
relationship between the three parameters produces
welding energy which is known as heat input.
Appropriate heat input can also minimize thermal
contraction, and distortion in the welded product [3], [4].

The investigations and methods have been
developed to reduce the residual stress in welding,
including heat treating, hammering, preheating and
vibration stress relieving. In some constructions,
the methods and techniques for reducing residual
stress are sometimes difficult, so the factor that
needs to be considered to reduce residual stress is
by selecting the welding cycle. The prediction of
the amount of residual stress in the welding system
and welding cycle is important to support increased
efficiency and strength of welded joints [5], [6].

Residual stress of low carbon steel pipes in
SMAW welding using practical simulations and
measurements. The results show that the
magnitude of the simulated stress tends to be
larger, but there is still a good agreement between
the simulated residual stress distribution and
practical measurements [7], [8]. Using the finite
element method to analyze the residual stress on
the structure of jacket PT. Pertamina Hulu Energi
West Madura Offshore PHE-24 with Shell
Element. The research was conducted by analyzing
the post-weld heat treatment which refers to AWS
D1.1:2000 to reduce the residual stresses that
occur. From the post-weld heat treatment results,
the value of the residual stress can be significantly
reduced [9].

Analysis of the effect of stopper size on the
ship plate joints on residual stress and deformation
using the finite element method shows that the
longer the stopper used, the smaller the
deformation and residual stress generated [10].
[11], [12]. The effect of variation of welding
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sequence on residual stress and distortion in SMAW
welding of tubular joints shows that with this simulation
the residual stress and distortion are known for each
variation of the welding sequence and the type of welding
sequence that produces the smallest residual stress and
distortion is known [13], [14].

2. Material and Method
2.1 Material

The material used in this research is ASTM
A106 Grade B obtained from the petrochemical
industry. The mechanical properties of materila
for Grade A and Grade B are shown in Table 1

b = width of the weld area (mm)
v = welding speed (mm/s)
t = welding time ()

Table 1. Mechanical properties of ASTM A106 Grade A and Grade B

Mechanical Properties

Strength

Grade A

Grade B

Tensile strength, min, psi [Mpa]
Yield strength, min, psi [Mpa]
Elongation in 2 in. or 50 mm

48 000 [330]
30 000 [205]
e = 625 000 [1940] A%2/U°? or Table X4.2 and X4.2

60 000 [415]
35 000 [240]

The welding performed was SMAW process with
single pass filling it’s carried out at the T joint circling
the diameter of branch pipe. The dimensions used are
shown in Figure 2.
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Fig 2. Dimension of welding geometry model

In the welding process, not all energy is used to
heat the electrode and the weld metal. Some of the
energy produced is absorbed into the environment due
to contact with the surrounding air, the arc energy used
in welding can be formulated in equation 1 [15].

Q=nyN./ 1)
Q = net heat input (watts)
n = welding efficiency coefficient (-)
V = arc voltage (volt)
I = electric current (amperes)

Meanwhile, the amount of heat flux applied to the
material is determined by equation 2 and equation 3

ge = Q/Ae 2
gl = ge A1/Af (3)
A = length of element subjected to heat flux load

(mm)
As = area of the resulting loading electrode (mm?)
A, = area of the electrode used (mm?)

Meanwhile, to find the area of the loading
area, equation 4 is used:
Ar=b.v.t

2.2 Finite Element Method

The finite element method is a numerical
method used to solve engineering problems such
as geometry, loading, and material properties,
which are difficult to solve with mathematical
analysis solutions. The finite element method
approach is to use the information at nodes. In the
process of determining the nodes called
discretization, a system is divided into smaller
parts, then problem-solving is carried out on
these parts and recombined to obtain an overall
solution. In this work, ANSYS R 17.2 software is
used. This software is a package program that can
model finite elements to solve problems related
to mechanics, including static, dynamic,
structural analysis, heat transfer problems, fluid
problems, and also problems related to acoustics
and electromagnetics.

Initially the geometry of the pipe
components was designed as shows in figure 2.
The next process is meshing, which divides the
entire system into small, uniform elements with
the aim that the analysis becomes more detailed
on the entire system. The physical form of the
mesh is mechanical, this type of mesh produces
78902 elements and 39049 nodes, the mesh
model is shown in Figure 3

(4)
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Fig 3. Meshing of component

Determine the welding parameters, where the
welding current used is 110 amperes, 130 amperes, and
160 amperes. As for the other welding parameter data
which is a fixed variable, namely the welding speed of
2 mm/s, the voltage used is 25 V, the welding efficiency
is 85%, and the electrode diameter is 3.2 mm.
Determination and provision of heat load in the form of
moving heat flux and convection. Convection is a
boundary condition in transient thermal simulations.

During the welding process, there is a convection
process between the surface of the pipe and the
surrounding air. To simulate the convection process that
occurs, convection data input is carried out. Convection
data obtained from Software Ansys R 17.2. After
performing a thermal analysis, then a structural analysis
is carried out using the output results from the thermal
analysis in the form of temperature distribution.

3. Results and Discussion

The source of welding heat charged in the pipe
model is a heat flux load. Calculation of the amount of
heat flux load applied to the model can be calculated by
equation 2 and equation 3. The results of the calculation
of heat flux with variations in electric current as welding
heat input are obtained with a current of 110 amperes is
19.47 W/mm2, a current of 130 is 23.02 W/mm?, and a
current of 160 amperes is 28.30 W/mm. Thus it has been
known that the amount of heat flux load imposed on the
elements through which the welding grooves pass in the
model. The heat source in the form of heat flux produced
is a connection due to a welding set. However these
results are not a result of this study, but a consequence
of the design of the welding parameters and the
equations used.

The results of the thermal analysis at a current
variation of 110 A with a heat flux load on the elements
through which the welding groove is 19.47 W/mm2
obtained the results in the form of temperature
distribution in the weld area and heat affected areas, the
results are as shown in Figure 3. The maximum
temperature obtained at a current of 110 A has exceeded
the melting point of the material, which is 1500°C. in
the first seconds of welding the maximum temperature
obtained is 1739.6°C.

A

Fig 4. Temperature distribution with a current of
110 amperes

Figure 5 shows the results of running a
thermal analysis with variations in welding
currents, namely 100 A, 130 A, and 160 A. The
results obtained are temperatures at each welding
current, namely 1750°C, 2100°C, and 2500°C.
The simulation results show that there is an
increase in temperature with the greater current
used as welding heat input. This shows that there
is a correlation between the increase in the given
current and the resulting temperature.
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Fig 5. The temperature at each welding current

After running structural analysis with a
current of 110 amperes, it is obtained that the
maximum von Mises residual stress value is
399.59 MPa, and a minimum of 4.68 MPa, at a
current of 130 A, a value of 420.01 MPa is
obtained, at a current of 160 A the voltage value
increases by 454.06 MPa. as shown in Figure 6.
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Fig 6. Results of residual stress analysis with a current
of 110 A

Table 1. Residual stress with current variation

Current Residual stress
(A) von Mises (MPa)
110 399.59
130 420.01
160 454.06

The results of the structural analysis with
variations in welding current in the form of von Mises
residual stress at each welding current are shown in
Table 1. From these results, it can be concluded that by
increasing the value of the electric current, the resulting
voltage will be even greater. The residual stress is
higher with increasing welding current, this indicates
contraction due to the influence of heat on the weld area.

4. Conclusion

Based on the simulation results using the finite element
method software, several conclusions can be
summarized. The maximum temperature that occurs has
exceeded the material's melting point limit, which is
1500°C. Too high a welding temperature will cause the
HAZ area to widen. Residual stress in SMAW single
pass pipe welding on ASTM A 106 Grade B pipe
material. With numerical simulation, the maximum
residual stress value of von Mises at a current of 110 A
is 399.59 MPa. The value current of 130 A produced a
residual stress of 420.01 MPa. At a current of 160 A, the
voltage value increases by 454.06 MPa. Temperature
differences due to welding can also affect the
distribution of heat-induced residual stress. It's causing
the material to become hard but brittle (brittle) so that it
can cause structural failure in the joining area.
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