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ABSTRACTABSTRACTABSTRACTABSTRACT 
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1. 1. 1. 1. INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION 
Welding is defined by the American Welding Society 
(AWS) as a localized coalescence of Metals or non-
metals produced by either heating of the materials to 
a suitable temperature with or without the application 
of pressure, or by the application of pressure alone, 
with or without the use of filler metal [1]. Residual 
stress is defined as “the stress resident inside a 

component or structure after all applied forces have 
been removed” [2]. Compressive residual stress acts 
by pushing the material together, while tensile 
residual stress pulls the material apart. Residual stress 
affects are the following; distortion, Crack initiation 
and propagation. (Damage tolerance), Peen forming 
(controlled distortion), Fretting, Stress corrosion 
cracking (SCC) and hydrogen initiated cracking (HIC). 
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Any of these effects if not checked is liable to cause 
failure during service. Thus the need to Finite element 
method to predict the expected residual stresses. 
The finite element method (FEM) is a computational 
technique used to obtain approximate solutions of 
boundary value problems in engineering. The finite 
element method is a way of getting a numerical answer 
to a specific problem. A simple description of FEM is the 
cutting of a structure into several elements, describing 
the behaviour of each element in a simple way, 
reconnecting the elements at ”nodes” as if it were pins  
or drops of glue that held  the  elements together [3]. 
Gurinder [4] carried out a research on finite element 
simulation of residual stress in butt welding of two 
AISI 304 stainless steel plates using a finite element 
based commercially available software, coupled 
thermal-mechanical three dimensional finite element 
model was developed by making an approximate 
geometry of the butt welded joint. Jeyakumar, et al [5] 
carried out a thermo-mechanical 3D finite element 
analysis to assess the residual stresses in the butt-
weld joints of ASTM A36 steel plates utilizing the 
commercial software package ANSYS. Stamenkovic [6] 
performed a 3D residual stress analysis of butt-weld 
joint of ASTM 36 steel plates (100 x 100 x 3mm) with 
arc efficiency, ƞ =0.85, arc voltage (V) = 24 V, the 
current (I) = 180A, rb= 3 mm and welding speed = 5 
mm/sec.  The peak temperature reached 1973K with 
tensile stresses were developed in the weld zone. 
 
2. 2. 2. 2. METHODOLOGYMETHODOLOGYMETHODOLOGYMETHODOLOGY    
The material properties are shown in Table 2. These 
properties vary with temperature during mechanical 
operations like welding, smelting, forging etc. These 
were taken into consideration in this work. 
    
    

2.1 2.1 2.1 2.1 Finite Finite Finite Finite Element AnalysisElement AnalysisElement AnalysisElement Analysis    
In this study, the butt-weld joint of two mild steel 
plates (200 x 100 x 6mm) was modeled using ANSYS 
Multi-physics V14 as shown in Figure 1. To simplify 
the welding simulation, the thermal and mechanical 
analysis was performed separately.  
Thermal analysis has been carried out using the 3D 
element SOLID 70, an eight node quadrilateral 
element with a single degree of freedom having 
temperature at each node. While the Structural 
analysis has been carried out using the 3D element 
SOLID 185, an eight node quadrilateral element 
having three degrees of freedom at each node 
(translation in the nodal x, y and z directions).  The 
mesh generated had 14073 nodes and 2380 elements, 
this is shown in Figure 2. The analysis was solved and 
the residual stresses generated were documented.The 
elemental composition of Low Carbon Steel (ASTM 
A36) is shown in Table 1. 

 
Table 1: Elemental Composition of ASTM A36 Low 

Carbon Steel 
Element Content % 

C 
Cu 
Fe 
Mn 
P 
Si 

0.25-0.290 
0.20 
98.0 
1.03 

0.040 
0.280 

Source [8] 
    
2.2 2.2 2.2 2.2 Specimen Specimen Specimen Specimen PreparationPreparationPreparationPreparation    
The experiment was carried out on a welding jig and 
both plates were clamped at the ends to ensure 
rigidity during the welding process. The plates were 
setup for the weld according to the geometry 
described in Figure 1.  

 
 

 

 Figure 1: Butt Welded Low Carbon Steel (ASTM A36) 
plates 

 Figure 2: Meshed model of Low Carbon Steel (ASTM 
A36) plates [7] 
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Table 2:  Material properties of Low Carbon Steel (ASTM A36) 

No Temperature (K) Specific heat 
(J/kg.K) 

Conductivity 
(W/m.K) 

Yield stress 
(MPa) 

Thermal 
Expansion 

Coeff.  (10-5/K) 
Young’s 
Modulus 

(GPa) 
1 273 480 60 380 1.1 210 
2 373 500 50 340 1.15 200 
3 473 520 45 315 1.2 200 
4 673 650 38 230 1.3 170 
5 873 750 30 110 1.42 80 
6 1073 1000 25 30 1.45 35 
7 1273 1200 26 25 1.45 20 
8 1473 1400 28 20 1.45 15 
9 1673 1600 37 18 1.45 10 

10 1823 1700 37 15 1.45 10 
Source [9] 

 
Using the shielded manual metal arc equipment and 
E6011 electrodes, the welding was carried out in a 
single pass which lasted for 50 seconds.  The specimen 
were then allowed to cool down to room temperature. 
All welding precautions were taken into consideration 
during the specimen production to ensure the 
reduction of error. Theoretically, the amount of heat 
input, Q is governed by the equation (1) [10]. 
 

S =  TUV
WX                                                              (1) 

 
The heat input during the welding process is given in 
equation (1) 
In (1), T is the arc efficiency ,V is the arc voltage (V), I 
is the current (I), W is the travel speed (mm/s), x is the 
electrode diameter (mm) . The weld parameters 
were: T = 0.75, V= 25V, I = 90A, W = 2(YY/Z) , x = 
3.142mm. 
 
S =  0.75 [ 25 [  90

0.002 [  0.003142 = 268,539,147 [ \ ]
Y^_  (2) 

 
After the welding process, the samples were cleaned 
with a wire brush to remove carbon deposits and 
washed in a solution of nitric acid (10% nitric acid and 
90% water). Three experimental samples were 
produced as shown in Figure 3. 
    
2.32.32.32.3    XXXX----ray Dray Dray Dray Diffraction Measurement of Residual Stressesiffraction Measurement of Residual Stressesiffraction Measurement of Residual Stressesiffraction Measurement of Residual Stresses 
For measurements of residual stress, the developed 
strain is determined using a portable X-ray 
Diffractometer. This strain is then converted to the 
expected residual stress which is governed by Braggs 
law [12]. 

`a = 2bZc`d                                             ( 3) 

 

 
Figure 3: Low Carbon Steel Plates welded specimens [11] 

 
Here λ is the wavelength; d is the inter-planar spacing, 
θ is the angle between the Incident ray and the 
scattering planes and n is the order of reflection 
For the highest peak variation (Δθ) in the crystal 
lattice, the highest possible angle (θ) was chosen to 
determine the diffraction peak. A monochromatic 
beam with a wavelength of λ = 1.5418740 Å (Cu-K) α 
was used during X-ray diffraction patterns [12]. The 
operating voltage was 40 kV and current of 30mA. The 
method used was the two angle technique, with 
measurement of ψ = 0°, 10°, 20°, 30°, 40°, 50° and 
60°.The specimen to be measured was mounted on 
joint X-ray/detector tube and rotated according to the 
specified ψ angles in the direction of the residual 
stress to be measured. XMAS software was used for 
generating the X-ray diffraction patterns, followed by 
computation of the longitudinal and transversal of the 
residual stresses. The specimen as mounted on the X-
ray diffractometer target is shown in Figure 4. 
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 Figure 4: Specimen mounted on X-ray detector 
tube [8] 

 Figure 5: Contour Plot Temperature distribution on the 
plate at 25 seconds 

 Figure 6: Temperature variation with distance along 
the transverse direction 

    Figure7: Contour plot of residual Stresses (N/m2) 
 
3. 3. 3. 3. RESULTSRESULTSRESULTSRESULTS    
The of the Finite element analysis showing the 
contour plot for temperature distribution on the plate 
at 25 seconds, the temperature variation with the with 
distance along the transverse direction and the 
contour plot of the residual stresses are shown in 
Figures 5, 6 and 7 respectively. 
3.13.13.13.1    Comparison of Residual Stresses from XComparison of Residual Stresses from XComparison of Residual Stresses from XComparison of Residual Stresses from X----Ray Ray Ray Ray 

diffraction and Finite Element Model Simulationdiffraction and Finite Element Model Simulationdiffraction and Finite Element Model Simulationdiffraction and Finite Element Model Simulation    
A graphical comparison of the Transverse Residual 
stresses obtained from the X-ray diffraction and Finite 
Element Model Simulation in the (σx) and (σy) 
direction along the weld line are presented in figures 
8 and 9 respectively. While the graphical comparison 
of the Longitudinal Residual stresses obtained from 
the X-ray diffraction and Finite Element Model 
Simulation in the (σx) and (σy) direction along the 
weld line are presented in figures 10 and 11 
respectively 
    
4444. . . . DISCUSSIONDISCUSSIONDISCUSSIONDISCUSSIONSSSS        
Figure 5 shows the temperature distribution on the 
plate and the maximum temperature can be seen from 

the contour plot. Heat flux generated was 268,539,147 
(W/m2). The initial temperature was 27°C and 
convection coefficient of 15W/m2C. The maximum 
temperature shown was at 1827°C at the node as the 
heat flux moved along the weld line. Which in real case 
was the arc produced by the electrodes. 
Figure 6 shows the temperature variation with 
distance along the transverse direction on the steel 
plates away from the heat affected zone (HAZ). It can 
be seen that the temperature is maximum around the 
line of the welding and gradually reduces towards the 
edge of the plate. The maximum temperature was 
1827°C while that at the end of the plate was 
maintained at around 27°C. 
The stress intensity plot shown in Figure 7 indicates 
the accumulation of stresses around the filler metal 
which is the HAZ region. Based on the intensity plot, 
the transverse stress in the x-direction (σx) had a 
maximum value of 375MPa (tensile) and minimum 
value of -183MPa (compressive) while in the y-
direction (σy), the maximum value of 172MPa 
(tensile) and minimum value of zero.  
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 Figure 8: Comparison of the x-ray diffraction and FEM 
simulation of the transverse residual stress (σx) along the 

weld line. 

 Figure10: Comparison of the x-ray diffraction and FEM 
simulation of the longitudinal residual stress (σx) along 

the weld line in the longitudinal direction 

Figure 9: Comparison of the experimental and FEM 
transverse residual stress (σy) along the weld line 

 Figure11: Comparison of the experimental and FEM 
longitudinal residual stress (σy) along the weld line 

 
 

The longitudinal stress in the x direction (σx) 
indicated a maximum value of 355MPa (tensile) and a 
minimum value of -10MPa (compressive) while in the 
y- direction (σy), the maximum value was 167MPa and 
the minimum value of the residual stress was 375MPa. 
This is in agreement with the result elsewhere [5]. 
With reference to Figure8the line graph comparison of 
the X-Ray Diffraction and FEM simulation of the 
transverse residual stress (σx) along the weld line in 
the transverse direction is shown. The experimental 
XRD values of residual stress varied from 353Mpa 
(tensile) to-209MPa (compressive) while the FEM 
transverse residual stress varied from 365MPa 
(tensile) to -183MPa (compressive).  
Figure 9 shows the comparison of the experimental 
and FEM transverse residual stress (σy) along the 
weld line in the transverse direction. The 
experimental value varied from 177MPa (tensile) to 
zero while the FEM value varied from 172MPa 
(tensile) to zero.  
Figure 8 and9 show that tensile stresses were 
developed in the weld zone. These tensile stresses 

gradually decreased in the transverse direction away 
from the weld center line and become compressive 
towards the edge of the plate. The peak tensile 
residual stress estimates from the X-ray diffraction 
measurement is in agreement with those obtained 
from the Finite Element Simulation Result. This is 
equally similar to the result obtained [5]. 
Figure10 shows the comparison of the x-ray 
diffraction and FEM simulation of the longitudinal 
residual stress (σx) along the weld line in the 
longitudinal direction. The experimental values of 
residual stress varied from 339MPa (tensile) to zero 
(compressive) while the FEM longitudinal residual 
stress varied from 355MPa (tensile) to -10MPa 
(compressive). 
Figure11 shows the comparison of the experimental 
and FEM longitudinal residual stress (σy) along the 
weld line in the longitudinal direction. The 
experimental value of Residual stress varied from 
171MPa (tensile) to -366MPa (compressive) while the 
FEM value varied from 167MPa (tensile) to -375MPa 
(compressive).  
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Figure10 and11 show that tensile stresses were 
developed in the weld zone. These tensile stresses 
gradually decrease in the longitudinal direction away 
from the weld centre line and become compressive 
towards the edge of the plate. The peak tensile 
residual stress estimates from the X-ray diffraction 
measurement is also in good agreement with those 
obtained from the Finite Element Simulation Result. 
This is also similar to the result obtained [6]. 
 
5. 5. 5. 5. CONCLUSIONSCONCLUSIONSCONCLUSIONSCONCLUSIONS    
Experimental samples of ASTM A36 steel plates (200 x 
100 x 6) were successfully butt welded and the 
residual stresses generated were measured using an 
X-Ray Diffractometer. Also, a Finite Element Analysis 
simulation was carried out using commercial software 
package ANSYS Multi-physics V14 to model and 
estimate the residual stresses in the butt welded 
ASTM A36 steel plates. A three-dimensional finite 
element welding simulation was carried out on a one-
pass Manual Metal Arc Welding plain joint structure. 
The welding simulation was considered as a 
sequential un-coupled thermo-mechanical analysis 
and the element birth and death technique was 
employed for the simulation of filler metal deposition 
[13]. The comparison of the residual stresses 
(transverse and longitudinal) determined by the finite 
element method and X-Ray diffraction experiment are 
shown in Figure 8-11 respectively. These show that 
the results obtained by the finite element method are 
in fair agreement with the experimental results. Based 
on this, it can be concluded that Finite Element Model 
can be used to replicate and determine the expected 
residual stresses that would be generated before the 
actual weld is carried out. 
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