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1.Introduction 
Welding is a fabrication technique where several 

variables are involved, which affect the output. Thus, 

making it a complex manufacturing technique. 

Welding is being used commonly in power plants, 

aerospace, marine and pressure vessel applications. 

Residual stress is one of the detrimental effects which 

is induced due to welding. Residual stresses induced 

in the base metals produce distortions such as 

buckling and bending [1]. The magnitude of peak 

residual stresses will be in the range of yield strength 

of the metal. Weld distortions significantly ruin the 

performance and reliability of the welded 

components [2]. In case of welded cylinder 

structures, the residual stress variation and distortion 

are more complex as it produces axial and 

circumferential shrinkages in the cylinder. 

Circumferential and longitudinal welded cylinders 

are used in piping systems carrying fluids at very 

high temperature [3].  
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Circumferential welding is used when cylindrical 

components are having a diameter equivalent to 

standard sizes. Cylinder components having 

diameters other than the standard sizes are fabricated 

by longitudinal welding of rolled metal sheets. 

Welding of cylinder structure induces residual hoop 

and axial stresses, which makes them different from 

welded flat plates [4, 5]. Weld induced hoop and 

axial stress distributions depend on the cylinder outer 

diameter, thickness, welding sequence and procedure 

[6]. Circumferential and longitudinal weld joints in 

pressure vessels experience catastrophic failures 

because of residual stresses. So, it is essential to 

investigate the residual stress distribution and 

optimize the welding process parameters. Though 

experimental methods deliver valuable insights of 

welding technique, they are complicated and 

expensive. Numerical approach based on finite 

element method is an appropriate tool in thermo-

mechanical investigation of arc welding process. In 

this research work, finite element (FE) analysis is 

carried out to investigate the thermal distribution and 

residual stresses in circumferential and longitudinal 

butt weld joints. The primary aim of this study is to 
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enhance the structural integrity and in-service 

performance of welded cylinder structures by 

presenting a comparative study on circumferential 

and longitudinal butt weld joints. The research work 

comprises the preparation of FE model of 

circumferential and longitudinal weld joints. 

Simulation of the welding arc is carried out using a 

moving heat source. Temperature profiles and 

residual axial and hoop stress distributions on the O/S 

and I/S of the cylinder are investigated.  

 

The current research work is presented as follows: 

the literature review illustrating the approach of 

different authors is discussed in section 2. The 

method employed for the simulation of welding is 

presented in section 3. The numerical results and its 

validation are discussed in section 4. The 

comparative study of the numerical results and 

limitations are discussed in section 5. Conclusion and 

the future work are covered in section 6. 

 

2.Literature review 
Experimental methods like hole drilling techniques 

and X-ray diffraction are commonly used to measure 

the weld induced stresses [7, 8]. Strain gauge rosette 

was used to measure residual stresses [7]. In that 

research results show that the axial and hoop stresses 

are tensile near the weld zone. In the research work 

[8], the authors defined the procedure for using deep 

hole drilling and X-ray diffraction method in 

measuring the residual stresses. They considered butt 

welding of high grade steel piping systems in power 

plants in their work. Many numbers of research 

works are carried out on FE analysis of welding 

process. Ansys tool was used to predict the weld 

induced axial and hoop stress in welded pipes [9]. 3D 

finite element analysis has proved to be more 

efficient than 2D in predicting the weld induced 

stresses. The magnitude of residual stress decreased 

by considering multi pass weld joints. As the number 

of weld passes increases, the residual stress decreases 

[10]. Numerical investigations carried out on butt 

welded pipe joint [11] reported that the plastic 

compressive strain induced on the I/S of the pipe is 

higher than O/S. In this work, it is also reported that 

the residual stresses induced on the I/S of the pipe are 

tensile. An increase in the outer diameter of the 

cylinder increases the bending in welded cylinders 

[12]. Experimental investigations on longitudinally 

welded pipes revealed the cracks initiated on the I/S 

of the cylinder, where the residual stresses are tensile 

and maximum [13]. An investigation on welded line 

pipes reported that the residual axial stresses initiate 

fatigue cracks at the weld root [14]. The residual 

stresses in the girth welded pipes reduces the fracture 

toughness at the weld region [15]. Failure in the pipe 

flange weld joint, handling steam at high temperature 

and pressure was studied [16]. From the 

investigation, it is found that the higher the 

magnitude of tensile residual stress and larger size of 

the grains of the weld root are responsible. Strip 

samples from circumferential welded pipes can be 

used for validation in engineering critical assessment 

results, as no change in the magnitude of residual 

hoop and axial stresses is observed [17]. The 

magnitude of residual axial and hoop stress in welded 

cylinders depend on the material of base metal. 

Investigation of residual stresses in welded stainless 

steel and carbon-manganese steel cylinders showed 

that the magnitude of tensile hoop stress is higher in 

carbon-manganese steel cylinders [18]. Welding 

current is one of the important parameters in the 

welding process. It decides the metal deposition rate 

and depth of penetration during welding. By 

increasing the current, the peak temperature during 

the weld increases [19] and also the residual stress 

increases [20]. As welding technique affects the in-

service performance of the welded structures post 

weld treatments are carried out. Post weld techniques 

relieve the residual stresses induced during welding. 

Weld overlay is one of the post weld technique to 

reduce the residual stresses. The weld overlay 

process in low alloy and austenitic stainless steel 

piping systems reduced the magnitude of residual 

stress [21]. Also, the length and thickness of the weld 

overlay have no effect on the induced stresses. Repair 

welds are the post weld techniques used to join the 

defects such as cracks initiated by fatigue or 

corrosion. The repair welds on the welded cylinder 

structures increased the residual stresses. The 

magnitude of residual axial stresses increases by 

larger extend than hoop stresses by repair welds. 

Even by increasing the length of the repair weld, the 

magnitude of peak tensile residual stresses is not 

reduced [22]. Post weld processes like ultrasonic 

impact treatment induce compressive stress on the 

surface of the welded components. The induced 

stresses are compressive up to a depth of 8mm 

irrespective of the nature of the initial weld induced 

stress [23, 24]. Post weld heat treatment, like 

tempering on circumferentially welded cylinder 

reduced the magnitude of residual stresses [25]. By 

observing the previous research works, it is found 

that weld induced residual stresses and distortions are 

inevitable. Even the repair welds used to cover the 

cracks induces residual stresses and adds to the 

previously existing stresses. Some of the post weld 

techniques like weld overlay, ultrasonic impact 
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treatment and tampering reduces the magnitude of 

tensile residual stresses and are expensive. So it is 

required to select the type of weld which induces 

lower residual stresses. In this paper, a comparison of 

thermal histories and residual stresses between 

circumferential and longitudinal weld joints is carried 

out. Also, the literature suggests that, with the 

availability of advanced computer technology, weld 

induced residual stresses can be predicted more 

precisely. A numerical study has been conducted to 

find the temperature variation, maximum temperature 

and residual stress distributions in circumferential 

and longitudinal weld joints.  

 

3.Methods 

Sequentially coupled thermal structural analysis 

approach is used in the present work and is as shown 

in Figure 1. 

 

 
Figure 1 Method followed in the present work 

 

In the first step, an investigation is carried out to 

measure the thermal cycles during the weld. Thermal 

histories from the first step are applied as thermal 

load during structural analysis to determine the 

residual stress distribution. The analysis of gas 

tungsten arc welding (GTAW) is carried using 

commercially available FE software. 

 

3.1FE modelling 

To measure the temperature and induced stresses, 

three dimensional FE models of circumferential and 

longitudinal butt weld joints are developed. During 

the analysis of circumferential butt weld joints, two 

cases having a cylinder outer diameter 300mm (C-

300) and 200mm (C-200) are considered. Similarly, 

for the analysis of longitudinal butt weld joints, two 

cases having a cylinder outer diameter 300mm (L-

300) and 200mm (L-200) are considered. Thus, in 

total four cases, i.e. C-300, C-200, L-300 and L-200 

are considered for analysis. In all the mentioned 

cases, the length and thickness of the cylinder are 

300mm and 3mm, respectively. The dimensions of 

the weld bead in all the four cases are as shown in the 

Figure 2. 

 
Figure 2 Dimension of the weld bead 

 

The dimension of the weld bead is taken from the 

experimental study carried by Malik et al. [9]. They 

have studied circumferential welding on cylinders 

having dimensions same as the case C-300. Figure 2 

shows V-type of butt welding where the included 

angle is 70
0
. The FE models for C-300 and L-300 

after discretization are shown in Figures 3 and 4. 

 

 
Figure 3 FE model of C-300 after meshing 

 

 
Figure 4 FE model of L-300 after meshing 
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From the Figures 3 and 4, it can observe that the 

density of the mesh is higher near the weld region. 

The number of elements on both the cylinder 

components are same. During FE meshing, 1D linear 

elements are used to represent the weld line. The line 

on which the heat source travels are welding line. 

The free surfaces of the FE model are meshed by 2D 

quadrilateral elements. Cylinder components and 

weld bead are meshed by 3D quadrilateral elements. 

Along the weld line, elements of size 1.8mm are used 

in all the four cases. For meshing the cylinder 

components, within a distance of 10mm measured on 

both the sides of weld line, elements of size 1mm are 

used. The distance 10mm from weld line is measured 

in transverse direction. For the other regions of 

cylinder components, the size of the elements used 

for meshing is 5mm. Since, thickness of the cylinder 

is constant in all the cases, three elements, each 

having a size of 1mm are used along the thickness.  

Temperature distribution and residual stresses in 

welded components depend on the material 

properties. Thus, thermal and mechanical properties 

at different temperatures are required to get valid 

results. During the analysis, FE tool uses the material 

property data as shown in Figures 5 and 6. 

 

Figure 5 shows the magnitude of density, thermal 

conductivity and specific heat at different 

temperature. Figure 6 shows the magnitude of elastic 

modulus, thermal expansion and Poisson’s ratio at 

different temperature. 

 

 
Figure 5 Thermal properties of AH 36 

 

 
Figure 6 Mechanical properties of AH 36 
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3.2Thermal model  

The thermal analysis is conducted to measure the 

temperature distributions during the welding process. 

A double ellipsoid heat source model by Goldak [26, 

27] is considered for representing the heat 

distribution during the welding process. The power 

density distributions according to Goldak’s model are 

defined by the governing Equations 1 and 2. Equation 

1 describes the amount of heat flux in the front 

portion of the double ellipsoid heat source model. 

Similarly, Equation 2 describes the amount of heat 

flux in the rear portion. 
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Where Q is the magnitude of heat input and is given 

in the Equation 3. Heat input is the amount of heat 

energy transferred for unit length. The portions of 

heat energy placed in the front and rear quadrants are 

represented by factors hf and hr respectively. The 

magnitude of factors hf and hr are 1.25 and 0.75, 

respectively. The shape and size of the heat source 

model are defined by arbitrary constants af, b, c and 

ar. The moving heat source travels on the weld line 

and the calculated volumetric heat flux density is 

employed to the elements of FE models. The values 

of the constants af, b, c and ar in the Equation 1 and 2 

are 5mm, 5mm, 3mm and 15mm respectively. The 

magnitude of heat input during welding depends on 

the thickness of the base metals. Also, the magnitude 

of residual stresses induced depends on the 

magnitude of heat applied. Therefore, parameters 

such as current and voltage (power) for welding are 

considered from the work carried by Malik et al. [9]. 

In their research, an experimental study is carried out 

on GTAW of cylinder components. 

  
   

 
     (3) 

 

Where I is the current (2*10
2
A), V is the voltage 

(12.5V), ƞ is the efficiency of weld (80%) and n is 

the arc travel speed (3mm/s). Equation 3 describes 

the amount of heat input during the welding process. 

During the thermal analysis, both convective and 

radiative heat loss is considered. Heat is lost by 

natural convection from all the free surfaces of the 

FE model. The governing equations for heat loss is 

given by Equations 4 and 5. 

                              (4) 

      [              
      

  ]       
          (5) 

 

Where h represents convective heat transfer 

coefficient (25 W/m
2 0

C), As is the surface area (m
2
), 

Tamb is ambient temperature (25 
0
C), T is the present 

temperature, σ is Boltzman constant (5.670 × 10
-8 

W/m
2
 K

4
), Ɛ is emissivity coefficient (0.8). Equation 

4 represents the total heat loss considering both 

convection and radiation mode. Equation 5 represents 

the heat lost from the surface of welded cylinder 

surfaces.  
 

3.3Mechanical model 

The successive step after thermal analysis is 

structural analysis. To find the weld induced residual 

stresses, structural analysis is conducted. The same 

FE model after evaluating the temperature 

distribution is used here. The mechanical properties 

considered are temperature dependent. Thermal 

histories of all the nodes during thermal analysis acts 

as the load input. Von Mises criteria is employed 

during residual stress evaluation. The boundary 

conditions applied are the restrictions, which 

represents the clamps used to fix the cylinder 

components during welding. The boundary condition 

applied for C-300 and L-300 is as shown in Figures 7 

and 8. During the structural analysis, all the nodes on 

both the edges of the cylinder section are constrained 

in x, y and z planes. The same boundary condition is 

being applied in the case of C-200 and L-200. The 

displacement is restricted in all the directions for the 

nodes at 00 and 1800 in case of C-300 as shown in 

Figure 7. Locations 00 and 1800 are measured from 

the weld start location. In case of L-300, 

displacement of the nodes at 90
0 

on both the edges of 

the cylinder are restricted as shown in Figure 8. 

Location 90
0
 is measured from the weld line. 

 

In case of C-300 and C-200, the heat source travels 

along the circumference of the cylinder. Thus, the 

weld direction will be normal to the axis of the 

cylinder. Whereas in the cases L-300 and L-200, the 

heat source travels along the linear direction parallel 

to the axis of the cylinder. 
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Figure 7 Boundary conditions in case of C-300 

 

 
Figure 8 Boundary conditions in case of L-300 

 

4.Results  
4.1Validation 

The thermal histories and residual stresses from the 

analysis of C-300 were compared with the 

experimental measurements available in the work 

carried by Malik et al. [9]. They have used 

thermocouples and strain gauges to measure the 

temperature and residual stresses, respectively. The 

thermal histories at different time frames are 

compared. The magnitude of temperatures at two 

different locations, 10mm and 300; 20mm and 900 

for different time frames are considered. The 

distances 10mm and 20mm are measured in the 

transverse direction of the weld line. The locations 

300 and 900 are measured from the weld start 

location. Comparing the results, a maximum of 9% 

variation is observed as shown in Figure 9. 

 

From the Figure 9, it can be observed that initially 

the temperature rises to a higher value, showing heat 

transfer from the moving heat source. After the 

completion of welding, the temperature gradually 

reduces with time, showing heat loss from the surface 

of the cylinder. It is also found that the magnitude of 

temperatures obtained in case of C-300 is in a close 

match with the experimental values. 

 

Similarly, the residual stresses are compared as 

shown in Figure 10. The residual stresses at two 

different locations 450 and 2250 at a distance of 

10mm from the weld line are considered. The 

locations 450 and 2250 are measured from the weld 

start position. 

 

Figure 10 shows the comparison of residual hoop and 

axial stresses on O/S of the cylinder at two different 

locations. A maximum of 40% and 10% variations 

are observed in the magnitudes of axial and hoop 

stress, respectively. 

 

The temperature profile and residual stresses from the 

analysis matches closely with the experimental 

results, thus the developed FE model is validated. 
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Figure 9 Comparison of thermal histories obtained for C-300 with experimental results 

 

 
Figure 10 Comparison of residual stresses obtained for C-300 with experimental results 

 

4.2Thermal analysis 

With the weld speed of 3mm/s, the heating period 

along the weld line is 314s in case of C-300. The 

peak temperature recorded during the welding is 

1865.2
0
C and is observed on the weld line. The peak 

temperature is recorded at 108s. The temperature 

variation on the weld line and cylinder components is 

as shown in the Figure 11.  

 

As heat source travels on the weld line, the 

temperature is maximum on it. Due to heat transfer, 

the temperature at the regions near to the weld line 

increases gradually. The gradients trailing the heat 

source in Figure 11 indicates the cooling 

phenomenon of the cylinder components. It can also 

be observed that the region in front of the heat source 

is at ambient temperature. Thus, the welding model 

developed is appropriate. 

 

Figure 12 (a) and (b) shows the temperature variation 

for C-300 at two different time frames. The 

magnitude of temperatures recorded are 1739.5
0
C 

and 1778
0
C at 78s and 157s, respectively. From the 

Figure 12, it can be observed that the temperature is 

maximum on the weld line compared to other 

regions. 

 

As the results from FE analysis are mesh sensitive, 

refinement is necessary. Sequence of analysis is 

carried out in case of C-300 by increasing the mesh 

density. The magnitude of the peak temperature and 

the corresponding number of elements in each 

analysis are recorded as shown in Figure 13.  
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Figure 11 Temperature profile on O/S in case of C-300 at 108s 

 

 
Figure 12 Temperature profiles for C-300 at two different time frames 

 

The peak temperatures recorded during the analysis 

increased with the increase in the number of 

elements. The magnitude of peak temperature is 

found to increase by 40%. From the Figure 13, it can 

be observed that there is no change in the peak 

temperature above 54090 elements. The FE model 

developed to analyse the welding in case of C-300, is 

implemented in L-300 to find the thermal history and 

residual stress distribution. With heat source 

travelling at a speed of 3mm/s, it takes 100s to 

complete welding of 300mm. Peak temperature is 

recorded at 44s in case of L-300 and is as shown in 

Figure 14. 
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Figure 13 Peak temperatures recorded with respect to the number of elements 

 

 
Figure 14 Temperature profile on O/S in case of L-300 at 44s 

 

From Figure 14, it can be observed that maximum 

temperature recorded is 1993.9
0
C on the weld line. 

The maximum temperature on the weld line is 

because of the heat source. 

 

From Figures 11 and 14, it can be observed that the 

maximum temperatures during the analysis are 

1865.2
0
C and 1993.9

0
C for C-300 and L-300, 

respectively. Thus, the peak temperature in case of L-

300 is higher than C-300. The time taken in case of 

L-300 to weld half distance, i.e.100 mm, is 100 

seconds. Whereas in case of C-300, it takes a time of 

157 seconds for the heat source to travel 180
0
. 

  

Figure 15 (a) and (b) shows the temperature variation 

for L-300 at two different time frames during the 

welding process. The magnitude of temperatures 

recorded on weld line are 1975.3
0
C and 1975.6

0
C at 

25s and 50s, respectively. It can be observed that the 

temperature is maximum on the weld line compared 

to other regions. 

 

The temperature variations for C-300 and L-300 at 

different time frames are shown in Figures 16 and 

17.  

 

Figure 16 shows the temperature variations in the 

case of C-300 at location 135
0
 for time frames 118s 

and 196s. The location 135
0
 is measured 

circumferentially from the weld start position on the 

weld line. Similarly, Figure 17 shows the 

temperature variations at 135mm in case of L-300 for 

time frames 45s and 145s. Distance 135mm is 

measured axially from the weld start position on the 
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weld line. In case of C-300, it takes 118s for the heat 

source to travel 135
0
. Whereas in case of L-300 it 

takes 45s for the heat source to travel 135mm. 

Because of the heat source, the temperature is 

maximum on the weld line. The locations away from 

the weld line are at ambient temperature. At 196s and 

145s, the temperature on the weld line decreases due 

to heat loss in case of C-300 and L-300, respectively. 

The temperature on the locations away from the weld 

line increased due to heat transfer. Thus, the 

temperature is maximum at the welding arc position 

and decreases as the arc crosses the location. The 

analysis is carried out for 1800s, so that the complete 

cylindrical vessel cools to ambient temperature. From 

the temperature profiles of C-300 and L-300, it is 

found that the magnitude of peak temperature is 

higher in case of L-300. By considering the same 

welding parameters and boundary conditions, FE 

analysis of C-200 and L-200 is carried out. Since the 

outer diameter is 200mm in case of C-200 and L-200, 

the analysis is carried out to find the effect of 

cylinder outer diameter. In case of C-200, the heat 

source takes 209.5s to complete the welding. During 

welding, the peak temperature recorded is at 109s and 

is shown in the Figure 18. 

 

 

 
Figure 15 Temperature profiles for L-300 at two different time frames 

  

 
Figure 16 Temperature variation in case of C-300 at different time frames 
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Figure 17 Temperature variation in case of L-300 at different time frame 

 

 
Figure 18 Temperature profile on O/S in case of C-200 at 109s 

 

The peak temperature recorded during welding is 

1857.2
0
C, as shown in Figure 18. The temperature is 

maximum on the weld line because of heat source. 

 

Figure 19 (a) and (b) shows the temperature variation 

for C-200 at two different time frames during the 

welding process. The maximum temperature 

recorded are 1855.9
0
C and 1853

0
C at 52s and 98s, 

respectively. The maximum temperatures recorded 

are on weld line. 

 

In case of L-200, the heat source takes 100s to 

complete the welding process. The peak temperature 

is recorded at 45s and is as shown in the Figure 20. 

 

The peak temperature recorded is 1921.4
0
C and is 

observed on the weld line. From Figures 18 and 20, 

the peak temperature recorded in case of L-200 is 

higher than C-200. Peak temperature in case of L-200 

is around 64
0
C higher than C-200. 

Figure 21 (a) and (b) shows the temperature variation 

for L-200 at two different time frames during the 

welding process. The maximum temperature 

recorded are 1921
0
C and 1911.3

0
C at 21s and 63s, 

respectively. The maximum temperatures recorded 

are on weld line. The gradients trailing the heat 

source are wider at 63s indicating heat transfer. Thus, 

the peak temperature recorded is higher during 

longitudinal welding when compared to 

circumferential welding. 

 

The magnitude of peak temperatures for cases C-200 

and C-300 is almost same. For the cases L-200 and 

L-300 a very small amount of difference is found in 

the magnitude of peak temperatures. Also, the peak 

temperatures recorded are almost at the same time 

frame. The time taken from the heat source to 

complete the welding for L-300 and L-200 are same. 
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Figure 19 Temperature profiles for C-200 at two different time frames 

 

 
Figure 20 Temperature profile on the O/S in case of L-200 at 45s 

 

4.3Structural analysis 
For circumferential butt weld joints, stress parallel to 

the weld line is hoop stress, and the stress along the 

axis of the cylinder is axial stress. Similarly, in case 

of longitudinal butt weld joints, stress parallel and 

normal to weld line is axial and hoop stress, 

respectively. 

 

Weld induced stresses are evaluated on both the I/S 

and O/S of the cylinder during structural analysis. 

The residual axial stress variations on the cylinder 

surfaces, for all the four cases, are shown in Figures 

22 and 23, respectively. Similarly, residual hoop 

stress variations on the cylinder surfaces are shown in 

the Figures 24 and 25, respectively. The weld 

induced hoop and axial stress variations are evaluated 

at 180
0
 for the cases C-300 and C-200. In cases  

L-300 and L-200, stress variations are considered at 

150mm cross-section. It can be noted that the section 

180
0
 is considered circumferentially from the weld 

start location. The section 150mm is considered 

axially from the weld start location.  
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Figure 21 Temperature profiles for L-200 at two different time frames 

 
Figure 22 Weld induced axial stress distribution on the O/S of the cylinder 

 

From the Figure 22, axial stress induced due to weld 

on the O/S of the cylinder is compressive on the weld 

line, for all the four cases. The stress reverses to 

tensile at the regions away from the weld line. Then 

stress gradually becomes nil at the sections which are 

around 80mm away from the weld line. Beyond 

80mm, the magnitude of residual stresses is very 

small and can be neglected. From the Figure 23, the 

axial stress on the I/S of the cylinder is tensile on and 

near the weld line for all the four cases. The stress 

reverses to compressive at the regions away from the 

weld line. Stress almost becomes zero at the sections 

75mm away from the weld line. The axial stress 

distribution profiles are similar in all the four cases, 

but significant difference can be found in their 

magnitudes. 

 

The magnitude of axial stress on both O/S and I/S of 

cylinder in case of C-200 is lower than C-300 at all 

the locations. Also, the stress zone is an important 

parameter in considering the integrity of the cylinder 

vessels. Stress zone is the area until the residual 

stress is induced from the weld line. In case of C-200, 

the stress zone is compressive and extended till 

18mm on either side of weld line on the O/S of the 

cylinder. Whereas in case of C-300 stress zone is 

extended till 24mm on either side of the weld line. 

Similarly, on the I/S, the stress zone is tensile and 

extended till 21mm and 27mm on either side of the 
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weld line for C-200 and C-300, respectively. Thus, 

the stress zone is smaller in the case of C-200 when 

compared to C-300. The magnitude of axial stress on 

the I/S for L-200 and L-300 are almost same at all the 

locations. While the magnitude of axial stress on the 

O/S is higher in case of L-300. The stress zone on 

either side of the weld line is almost same for both L-

300 and L-200. The compressive stress zone on either 

side of the weld line for L-300 is larger than C-300 

on O/S of the cylinder. While the stress zone is 

tensile and is almost same for both L-300 and C-300 

on I/S of the cylinder.  

 

From the Figures 24 and 25, it is found that the 

residual hoop stresses are tensile on and near the 

weld line, for all the four cases. The hoop stress 

reverses to compressive at the sections away from 

weld line. Stress gradually reduces to zero beyond 

80mm from the weld line. 

The magnitude of hoop stress on both the O/S and 

I/S, in case of C-300, is slightly higher than C-200. 

The hoop stress zone on the O/S of the cylinder is 

tensile and extended till 16.9mm from the weld line 

in case of C-200. Whereas in case of C-300 the 

tensile stress zone is extended till 18.3mm. Similarly, 

on the I/S of the cylinder, the hoop stress zone is 

tensile and extended till 16mm and 19mm from the 

weld line in case of C-200 and C-300, respectively. 

Thus, the hoop stress zone in case of C-200 is smaller 

than C-300. The magnitude of hoop stress on O/S and 

I/S of the cylinder for L-200 and L-300 are same at 

all the locations. Also, the hoop stress zones are 

equal. In case of L-300, the stress zone is tensile and 

extended till 20mm on O/S of the cylinder. Whereas 

on I/S of the cylinder, the stress zone is tensile and 

extended till 24.6mm. Thus, the stress zones for L-

300 are significantly larger than C-300. 

 

 
Figure 23 Weld induced axial stress distribution on the I/S of the cylinder 

 

Figure 24 Weld induced hoop stress distribution on the O/S of the cylinder 
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Figure 25 Weld induced hoop stress distribution on the I/S of the cylinder 

 

It can be noted that peak hoop and axial stresses are 

observed in case of L-300. The magnitude of peak 

axial and hoop stresses are 454Mpa and 375Mpa. 

These peak residual stresses are tensile and found on 

the weld line. Also, the magnitude of hoop stresses 

for L-300 are 135Mpa and 185Mpa greater than C-

300, on O/S and I/S of the cylinder, respectively. The 

magnitude of residual stresses for L-300 and L-200 is 

almost equal and are greater than C-300 and C-200. 

 

5.Discussions 

From the thermal analysis, it is observed that the 

peak temperature recorded during longitudinal 

welding is higher when compared to circumferential 

welding. The residual stress distribution profiles for 

all the four cases C-300, C-200, L-300 and L-200 are 

similar. But the magnitude of residual stresses is 

higher in case of L-300 and L-200. Therefore, 

residual stresses are higher in case of longitudinal 

butt weld joints than circumferential butt weld joints. 

The arc travel time during circumferential welding 

increases with an increase in the outer diameter of the 

cylinder. Thus, residual stress zone increases with an 

increasing outer diameter of the cylinder. Whereas 

during longitudinal welding, increasing the outer 

diameter does not affect the arc travel time. Because 

of internal pressure in the thin-walled cylinder, hoop 

and axial stresses are induced. The hoop stress will 

be two times larger in magnitude than the axial stress. 

This pressure induced hoop stress sums up to the 

residual hoop stress in case of welded cylinder 

vessels. Therefore, the magnitude of peak hoop 

stresses induced in longitudinal butt weld joint is 

significantly higher than circumferential butt weld 

joint. Thus, it can be concluded that longitudinal butt 

weld joints are not advisable for fabricating 

cylindrical component. In the present work, FE 

analysis is carried out on GTAW, does not consider 

any welding defects like undercuts, porosity and 

inclusions. The weld defects, affect the residual stress 

distribution in welded structures. A complete list of 

abbreviations is shown in Appendix I. 

  

6.Conclusion and future work 
In the present work, FE method is used to calculate 

the thermal histories and residual stress variation in 

circumferential and longitudinal butt weld joints of 

cylinder vessels. By observing the results following 

are the conclusions drawn: 

1) The thermal histories and residual stress 

distributions for circumferential butt weld joints 

from the FE model, matches closely with the 

experimental measurements available in the 

literature. 

2) The magnitude of peak temperatures recorded are 

1865.2
0
C, 1993.9

0
C, 1857.2

0
C and 1921.4

0
C for 

C-300, L-300, C-200 and L-200, respectively. 

Therefore, peak temperature during longitudinal 

welding is higher than circumferential welding. 

3) As the cylinder components considered for 

welding are of the same material, the induced 

residual stress profiles are similar on either side of 

the weld line. 

4) The residual hoop stress induced in both 

circumferential and longitudinal weld joints is 

maximum near the weld line and is tensile. 

5) As the outer diameter of the cylinder increases, the 

stress zone increases and this is because of higher 

bending in cylinders of larger diameter. 

6) The magnitude of peak axial stresses is 435Mpa, 

454Mpa, 345Mpa and 254Mpa for L-300, L-200, 

C-300 and C-200, respectively. Similarly, peak 

hoop stresses are 375Mpa, 339Mpa, 210Mpa and 

112Mpa for L-300, L-200, C-300 and C-200, 

respectively.  
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The magnitude of the axial and hoop stresses is 

maximum in longitudinal butt weld joints. Thus, 

longitudinal welding is not desirable for fabricating 

cylinder components, as it reduces the service life. 

The FE model developed for GTAW can be 

implemented to other welding processes like Metal 

Inert Gas welding and Electron Beam Welding by 

considering minor changes according to welding. The 

present FE model used for low alloy steel to predict 

thermal histories and residual stress distributions can 

be used for other metals by considering its 

temperature dependent properties.  
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Appendix I 
S. No. Abbreviation Description 

1 0C Degree Celsius 

2 A Ampere 

3 amb Ambient 

4 CAD Computer-aided design 

5 D Dimensional 

6 FE Finite Element 

7 GTAW Gas Tungsten Arc Welding 

8 I/S Inner Surface 

9 J Joule 

10 K Kelvin 

11 m Meter 

12 mm Millimeter 

13 Mpa Mega pascal 

14 O/S Outer Surface 

15 Ux Displacement in x-Coordinate 

16 Uy Displacement in y-Coordinate 

17 Uz Displacement in z-Coordinate 

18 V Volt 

19 W Watt 
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