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Abstract 

The study provides a comprehensive analysis of the impact 

of welding parameters, specifically welding speed and the 

number of passes, on the residual stress distribution in AISI 

304 (Z7CN18-09) austenitic stainless steel tubes. A three-

dimensional finite element model (FEM) is developed in 

ABAQUS® to simulate the circumferential welding process. 

DFLUX and FILM subroutines are employed to represent 

double-ellipsoid moving heat source and thermal boundary 

conditions, respectively. Model validation is achieved by 

comparing simulated weld bead profiles and thermal cycles 

with experimental data, yielding excellent agreement (devia-

tion < 5 %). 

The coupled thermal-mechanical analysis enables the eval-

uation of the spatiotemporal evolution of the temperature 

field at various welding speeds (80, 160, and 240 mm/min) 

and the distribution of axial and circumferential residual 

stresses across the tube thickness. The numerical results high-

light the significant influence of welding parameters on the 

magnitude and distribution of residual stresses. Optimised 

welding speeds are shown to reduce maximum stress levels, 

while multi-pass welding improves stress homogenisation. 

Ključne reči 

• AISI 304 nerđajući čelik 

• zaostali naponi 

• metoda konačnih elemenata (FEM) 

• višeslojno zavarivanje 

• prenos toplote  

Izvod 

Ovaj rad daje sveobuhvatnu analizu uticaja parametara 

zavarivanja, konkretno brzine zavarivanja i broja prolaza, 

na raspodelu zaostalih napona u cevima od austenitnog 

nerđajućeg čelika AISI 304 (Z7CN18-09). Razvijen je trodi-

menzionalni model metode konačnih elemenata (FEM) u 

ABAQUS®-u za simulaciju procesa cirkularnog zavarivanja. 

Potprogrami DFLUX i FILM korišćeni su za predstavljanje 

dvostrukog elipsoidnog pokretnog izvora toplote i termičkih 

graničnih uslova. Validacija modela izvršena je upoređiva-

njem simuliranih profila šavova i termičkih ciklusa sa eks-

perimentalnim podacima, što pokazuje izuzetno poklapanje 

(devijacija < 5 %). 

Spregnuta termičko-mehanička analiza omogućuje proce-

nu prostorno-vremenskog razvoja temperaturnog polja pri 

različitim brzinama zavarivanja (80, 160 i 240 mm/min) i 

raspodelu aksijalnih i cirkularnih zaostalih napona po deblji-

ni cevi. Numerički rezultati ističu značajan uticaj parametara 

zavarivanja na veličinu i raspodelu zaostalih napona. Opti-

mizovane brzine zavarivanja pokazuju smanjenje maksimal-

nih nivoa napona, dok višeprolazno zavarivanje poboljšava 

ujednačavanje napona. 

INTRODUCTION 

Welding, a fundamental assembly process in industry, 

encompasses various techniques broadly categorised based 

on their heat source into arc-based and beam-based pro-

cesses. Among these, TIG (Tungsten Inert Gas) welding is 

particularly favoured for critical applications, such as in the 

nuclear industry, due to its high reliability and precision. 

Despite its widespread use, TIG welding has certain limita-

tions, including high heat input requirements that necessitate 

groove preparation and multiple passes for thicker materials. 

These factors result in significant residual stresses, which 

can adversely affect the performance and durability of 

welded components. Such stresses are especially critical in 

the heat-affected zone (HAZ), where peak residual stress 

values are observed /1/. 

Extensive studies have highlighted various factors influ-

encing the intensity and distribution of residual stresses, 

including heat input and the number of passes /1, 2/, weld 

geometry /3/, material properties and microstructural changes 

/4/, as well as specific process parameters /5/. Finite element 

modelling (FEM) has proven to be an indispensable tool for 

predicting and analysing these stresses, with recent findings 

establishing the superiority of 3D models over 2D models 

/6, 7/. Smith et al. /8/ demonstrates that 3D models offer 

more accurate and realistic stress predictions for multi-pass 

welding of stainless-steel pipes, while Xu and Wang /9/ 

observe that residual stress values are higher in 3D models 

compared to 2D axisymmetric models. Additionally, research 

by Deng and Murakawa /10/ confirm a strong correlation 

between 3D FEM predictions and experimental observations 

for residual stresses and temperature cycles. 
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Recent advancements have shown that welding speed and 

heat input have a greater effect on circumferential stresses 

than on axial stresses, and that three-pass welding generates 

significantly lower stresses than two-pass procedures /11/. 

Genchev et al. /12/ further report that increasing heat input 

in thin-walled pipe welding raises the maximum HAZ tem-

perature and expands the weld pool root. In the context of 

fast reactors, austenitic stainless steel AISI 304 is commonly 

employed for sodium transport pipes due to its superior 

mechanical properties and corrosion resistance. 

Welded assemblies are critical elements in many indus-

trial applications, requiring thorough analysis of their mechan-

ical behaviour and reliability. In this context, the significant 

work of Djordjević et al. /15/ has considerably enriched our 

understanding of challenges related to welded joints. Their 

research covers a wide range of aspects, from multiple defect 

analysis to the study of innovative characterisation method-

ologies. Particularly relevant is their most recent study on 

numerical analysis of different weld geometries in lap joints 

of ammonia transport tanks /13/, along with their investiga-

tion of the influence of multiple defects in welded joints 

under fatigue loading, in accordance with SIST EN ISO 

5817:2014 /14/. These studies have significantly enhanced 

our understanding of factors affecting the performance and 

durability of welded joints under real-world conditions. Their 

research on stereometric methods for measuring strains and 

displacements in welded joints under tensile loads /15/ 

provide valuable data for validating numerical models. The 

team also made notable advances in numerical and metallo-

graphic analysis of welded joints with root microcracks /16/. 

Their earlier work on inverse iterative methodology for 

characterising welded joints in construction design demon-

strates significant advantages compared to classical ap-

proaches /17/. Additionally, their foundational study on fail-

ure analysis of welded joints with multiple defects, using 

the extended finite element method and critical engineering 

analysis /18/ establishes a robust methodological framework 

for evaluating the structural integrity of complex welds. 

This method is also used by Khiari et al. /19, 20/. 

This study focuses on numerically analysing residual 

stresses in these tubes, particularly evaluating the influence 

of welding parameters (welding speed and pipe thickness) on 

stress distribution. Using three-dimensional finite element 

modelling in ABAQUS®, DFLUX and FILM subroutines 

simulate the double-ellipsoid mobile heat source and thermal 

boundary conditions, respectively. Coupled thermal and 

mechanical analyses assess the spatiotemporal evolution of 

temperature fields across different welding speeds (80-160-

240 mm/min) and the distribution of axial and circumferen-

tial stresses relative to tube thickness. This novel approach 

enables optimisation of welding parameters to reduce resid-

ual stresses, thereby improving the quality of welded assem-

blies and advancing the understanding of austenitic stainless-

steel welding for critical nuclear applications. 

USED STRUCTURE GEOMETRY AND PROPERTY 

The pipe, constructed from AISI 304 stainless steel, has an 

inner diameter of 115 mm, a thickness of 6 mm, and length 

of 150 mm. Figure 1 depicts the pipe dimensions along with 

the welding direction. A two-pass welding procedure is car-

ried out to validate the developed FEM model, with welding 

conditions specified in Table 1.  

 
Figure 1. Pipe dimensions and welding direction. 

The calculation of net heat input depends on arc energy 

multiplied by the arc efficiency, using the formula: 

 
(60 )

1000

I V
HI

v

  
=


, (1) 

where:  is welding efficiency (set at 80 %); I is welding 

current (A); V is welding voltage (V); v is welding feed veloc-

ity (mm/min); and HI is resulting heat input (kJ/mm). 

Table 1. Welding condition for verifying experiments. 

Pass 

no. 

1 

Voltage 

(V) 
14.5 

Welding speed 

(mm/min) 
80 

Current 

(I) 
105 

Net heat input 

(kJ/mm) 
0.913 

Pass 

no. 

2 

Voltage 

(V) 
14.5 

Welding speed 

(mm/min) 
80 

Current 

(I) 
130 

Net heat input 

(kJ/mm) 
1.131 

The welding setup consists of two pipes with specified 

dimensions, aligned side by side with a 2 mm gap between 

them. During the welding process, the pipes are automati-

cally rotated at a constant speed. Temperature and residual 

stress measurements are taken at a 45° angle from the start-

ing point. Each pipe undergoes two TIG welding passes, 

and the welded samples are subsequently analysed using X-

ray diffraction (XRD) to assess residual stresses. 

GOVERNING EQUATIONS 

Thermal analysis 

A transient heat transfer analysis in the welding region is 

performed relating to the equation: 

 ( , , , ) ( , , , ) ( , , , )
T

c x y z t q x y z t Q x y z t
t




= − +



, (2) 

where:  is material density; c is specific heat capacity; T is 

current temperature;   is spatial gradient operator; q is heat 

flux vector; Q is internal heat generation rate; x, y, z are 

coordinates in the reference system; and t is time. The funda-

mental nonlinear isotropic Fourier heat flux equation is /11/: 

 q k T= − 


. (3) 

Here, k denotes the thermal conductivity, a parameter that 

varies with temperature. The heat generated by the welding 

arc is modelled using a volumetric heat source A based on 

the ellipsoid heat flux distribution, as described by Goldak's 

model (Fig. 2). This model ensures precise characterisation 
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of the thermal input during the welding process (Velaga and 

Ravisankar) /11/. Front and rear heat sources are represented 

by Eqs. (4) and (5), respectively.  

 
Figure 2. Heat source model. 
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where: x, y, z are local coordinates of the double ellipsoid 

model. 

The welded pipe is aligned such that the heat fraction is 

distributed between the front and rear regions, defined by ff 

and fr, respectively. It is important to note that ff + fr = 2. In 

this study, ff and fr are specified as 1.4 and 0.6, respectively, 

due to the steeper temperature gradient observed at the lead-

ing edge compared to the trailing edge of the weld path. 

The power of the heat source Qw is determined as a func-

tion of arc voltage, current, and welding efficiency. Param-

eters af, ar, b, and c characterise the welding heat source 

and are crucial for defining its specifications, as described 

by Velaga and Ravisankar /11/. 

The heat transfer coefficient, implemented via the FILM 

subroutine in the model, is described by Eq.(5). These param-

eters are critical for optimising conditions in the molten zone. 

At the welding surfaces, heat losses occur through both 

thermal radiation and heat transfer mechanisms. 

In regions near the weld, where temperatures are high, 

radiation loss dominates. In contrast, farther from the weld 

region, where temperatures are cooler, convection becomes 

the primary heat loss mechanism. The thermal boundary con-

ditions are simulated using a user-defined subroutine to accu-

rately represent these processes. 
8 2

16 2

0.68 10  (W/m ) 0 500 C

(0.231 82.1) 10  (W/m ) 500 C

T T
h

T T

−

−

    
= 

−   

 (6) 

The temperature (T) significantly affects thermal conduc-

tivity in various ways. When temperatures exceed the melt-

ing point, thermal conductivity is assumed to increase artifi-

cially several times higher than its room-temperature value 

to account for the enhanced heat transfer resulting from 

fluid flow within the weld pool. 

The thermal boundary condition is initially applied to all 

free boundaries of the model during the first welding pass. 

During the second pass, it is extended to include the bound-

aries formed by the first pass. Additionally, the model incor-

porates the latent heat of fusion to account for the thermal 

effects during weld pool solidification. 

For the AISI 304 pipe material used in this study, the 

specific values for latent heat, liquidus temperature, and soli-

dus temperature are provided in Table 2. 

Table 2. Latent heat and liquidus and solidus temperatures for AISI 304. 

Material AISI 304 

Latent heat (kJ/kg) 260 

Solidus temperature (°C) 1340 

Liquids temperature (°C) 1390 

Melting point (°C) 1365 

Mechanical analysis 

The mechanical analysis utilises temperature histories 

derived from thermal analysis. Under the assumption that 

no solid-state phase transformations occur in either the filler 

metal or the base metal, the total strain rate increment () 
can be decomposed into three components, as expressed in 

Eq.(7):  

 e p th   = , (7) 

where: e , p , th  represent elastic strain rate, plastic strain 

rate, and thermal strain rate, respectively. Equation (6) is 

applicable primarily for small plastic regions. The elastic 

strain is calculated using Hooke's isotropic law, incorporat-

ing a temperature-dependent Young's modulus as outlined 

in Eq.(6). These calculations rely on temperature-dependent 

mechanical properties listed in Table 3, including Young's 

modulus and Poisson's ratio. 

First form (principal stresses): 

 2 2 2
1 2 2 3 3 1( ) ( ) ( ) ys s s s s s s s= − + − + − = . (8) 

The combined model (yield function): 

 
0[ (1 )] 0pb

f s s R e


= − + − =


, (9) 

where:  is flow stress;   is initial yield stress; R is 

maximum change in yield stress (saturation value); b is the 

hardening rate parameter; and 
p  is equivalent plastic strain. 

This represents the yield condition where plastic deformation 

occurs when f = 0. 

NUMERICAL METHOD 

Finite element modelling 

A FEM model is developed to accurately predict the tem-

perature fields and residual stress distribution around the pipe 

weld line. Due to the negligible influence of dimensional 

variations and mechanical work in arc welding relative to the 

arc's thermal energy, a decoupled formulation is employed to 

simulate the thermomechanical behaviour of the weld metal. 

This decoupled approach solves the thermal conduction 

problem independently of the stress field, although it accounts 

for thermal expansion, temperature-dependent thermophysi-

cal and thermomechanical properties, and the transient tem-

perature field's influence on stress analysis. 

The simulation process consists of two steps: first, a ther-

mal analysis generates the temperature history. This thermal 

history is then applied as a thermal load to the relevant nodes 

during the mechanical analysis phase to evaluate the result-

ing residual stress field. Finally, the model is used to examine 

the effects of welding speed, heat input, and the number of 
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welding passes on the internal and external surface stresses 

of the pipe. 

The TIG welding simulation model is developed using 

ABAQUS coupled with FORTRAN codes. The weld design 

features a circular configuration around the pipe, with a coded 

transformation matrix to accurately represent the moving 

heat source. Surface temperature variations and heat transfer 

quantities are computed using the FILM subroutine, while 

the volumetric heat flux is modelled using the GOLDACK 

method. 

The weld deposition process is simulated using the element 

birth and death method, effectively representing material 

addition during welding. Both radiation and convection heat 

transfer coefficients are incorporated into the model for accu-

rate thermal analysis. The filler metal used in the TIG weld-

ing process is Y308L, chosen due to its compatibility with 

the base metal, as both exhibit nearly identical properties. 

Their temperature-dependent mechanical and thermal prop-

erties are detailed in Table 3. For temperatures exceeding 

1500 °C, ABAQUS applies the properties specified for the 

highest temperature listed in the Table, /21/. 

Table 3. Thermal, physical, and mechanical properties of AISI 304. 

T 

(°C) 

Spec. 

heat 

(J/kg°C) 

Conduct. 

(W/m°C) 

Density 

(kg/m3) 

Yield 

Stress 

(MPa) 

Therm. 

exp. 

coef. 

(°C–1) 

10–5 

Young’s 

modulus 

(GPa) 

Poisson 

ratio 

0 462.0 14.6 7900 265.0 1.70 198.5 0.294 

100 496.0 15.1 7880 218.0 1.74 193.0 0.295 

200 512.0 16.1 7830 186.0 1.80 185.0 0.301 

300 525.0 17.9 7790 170.0 1.86 176.0 0.318 

400 540.0 18.0 7750 155.0 1.91 167.0 0.326 

600 577.0 20.8 7660 149.0 1.96 159.0 0.333 

800 604.0 23.9 7560 91.00 2.02 151.0 0.339 

1200 676.0 32.2 7370 25.00 2.07 60.00 0.339 

1300 692.0 33.7 7320 21.00 2.11 20.00 0.342 

1500 700.0 120.0 7320 10.00 2.16 10.00 0.388 

Meshing 

The 3D finite element (FE) model, depicted in Fig. 3, 

consists of 9,360 elements and 12,150 nodes. Exploiting 

weld line symmetry, the model represents only one-half of 

the pipe, with results for temperature distribution and resid-

ual stress mirrored to reflect the entire geometry. 

The mesh design incorporates gradient refinement, with 

finer elements (minimum size: 0.5 mm  1.5 mm  3.5 mm) 

concentrated near the weld line to capture detailed thermal 

and mechanical effects. Element sizes increase progressively 

with distance from the weld line to optimise computational 

efficiency. The modelled pipe dimensions are 150 mm in 

length, 127 mm in outer diameter, and 6 mm in thickness. 

 
Figure 3. 3D model of the pipe and boundary conditions. 

The welding simulation adopts a sequential pass strategy, 

defining distinct element zones corresponding to each weld-

ing pass. During the first pass simulation, elements assigned 

to the second pass remain inactive. After completing the 

first pass, these dormant elements are activated to simulate 

the second welding pass, ensuring the thermal and mechani-

cal effects of the first pass are preserved. 

The weld deposition process is modelled using the ele-

ment birth and death method. Elements along the weld path 

are initially deactivated and are progressively activated to 

simulate the step-by-step fusion of the pipe material during 

welding. 

Validation 

The finite element model (FEM) for multi-pass TIG weld-

ing of stainless-steel pipes is validated through experimental 

comparison. The validation process involves an AISI 304 

stainless steel pipe welded using a two-pass butt welding 

technique, with current values of 105 and 130 A for the first 

and second passes, respectively, as outlined in Table 1. 

The model is first verified by comparing its predictions 

for temperature history and residual stress distribution with 

experimental measurements for the two-pass welded AISI 

304 pipe. Following validation, the model is employed to 

analyse the effects of welding pass number, heat input, and 

welding speed on temperature history and residual stress 

distribution. 

Validation of thermal history 

The two-pass TIG welding conditions for the AISI 304 

pipe are outlined in Table 2, with parameters specified indi-

vidually for each pass. Both passes maintain a constant volt-

age of 14.5 V and a welding speed of 80 mm/min. Figure 4 

displays the numerical temperature history curve at the weld 

centre, along with numerical and experimental temperature 

history curves measured at distances of 7 and 13 mm from 

the weld line for both passes. The results demonstrate good 

agreement between numerical and experimental temperature 

histories at these distances, validating the model's accuracy. 

 
Figure 4. Time-temperature cycles for the first and second passes 

of TIG welding of AISI 304 at the pipe outer surface and distances 

of 7 and 13 mm from the weld line. Results are taken at the angle 

of 45° after the weld start. Welding speed: 80 mm/min. 

These temperature history curves are recorded on the 

pipe's outer surface at specific weld points (0, 7, and 13 mm 

from the weld centre), which contribute to the development 

of residual stresses around the weld zone. The study exam-
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ines axial and circumferential residual stresses on the welded 

pipe's inner and outer surfaces. These stresses arise due to the 

severe temperature variations during the welding thermal 

cycle, including heating, peak temperature, and cooling phases. 

Temperature fluctuations significantly affect the filler metal 

and regions near the weld pool, particularly HAZ. The mag-

nitude and distribution of residual stresses vary across dif-

ferent welding stages due to these thermal changes. Addi-

tionally, the outer surface's centre temperature remains at 

ambient levels before the second welding pass, as material 

deposition has yet to occur. Temperature curves in Fig. 4 

highlight notable differences in peak temperatures at three 

measured locations, reflecting the dynamic thermal behav-

iour of the welding process. 

Validation of residual stresses 

Figures 5a-d illustrate excellent agreement between 

numerical and experimental results for both axial and cir-

cumferential residual stresses measured on inner and outer 

surfaces of the pipe. This validation confirms the reliability 

of the FEM in simulating multi-pass butt welding of stain-

less-steel pipes. The model demonstrates high accuracy in 

predicting both thermal and mechanical responses, further 

supporting its effectiveness in capturing the complexities of 

the welding process. 

a)

 

b)

 

c)

 

d)

 
Figure 5. Comparison of stress results obtained from the numerical 

model and experiments: a) inside hoop stress; b) outside hoop stress; 

c) inside axial stress; d) outside axial stress. (Asadi et al. 2020) /22/. 

RESULTS AND DISCUSSION 

Following the validation of the numerical model, a 

detailed investigation is conducted to evaluate the influence 

of welding speed, heat input, and number of welding passes 

on residual stress distributions and temperature fields. The 

results of this analysis are presented and discussed in the 

subsequent subsections. 

Validation 

Experimental parameters for the multi-pass TIG welding 

of AISI 304 stainless steel pipes are summarised in Table 4, 

with distinct welding conditions specified for each pass in 

the two-pass procedure. Voltage is consistently maintained 

at 14.5 V across all welding operations, while current inten-

sity and consequently the heat input are increased during 

the second pass. 

Table 4. Welding conditions in the two-pass TIG welding of AISI 

304 stainless steel pipe. 

Pass 

no. 

1 

Voltage 

(V) 
14.5 Welding speed for case 1 (mm/min) 80 

Current 

(I) 
105 Welding speed for case 2 (mm/min) 0.913 

Pass 

no. 

2 

Voltage 

(V) 
14.5 Welding speed for case 2 (mm/min) 80 

Current 

(I) 
130 Heat input for case (kJ/mm) 1.131 

Three welding speeds are evaluated: Case 1 at 80 mm/min, 

Case 2 at 160 mm/min, and Case 3 at 240 mm/min. This 

systematic variation in welding parameters provides a com-

prehensive basis for analysing their effects on the thermal 

behaviour of the welded joint. 

Figure 6 presents a detailed analysis of temperature dis-

tributions around the weld zone, illustrating thermal patterns 

when the heat source is positioned at a 45° angle from the 

second pass initiation point, across different welding speeds 

in two-pass welded specimens. The results show an inverse 

relationship between welding speed and peak temperature 

in two-pass welds, which is attributed to the reduced heat 

input at higher welding speeds. 

This correlation can be explained by the decreased volume 

of filler metal deposited per pass, resulting in a more con-

centrated heat input at each point during the welding process. 

Consequently, the residual stresses that develop can either 

be tensile or compressive, depending on the type and loca-
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tion of non-uniform volumetric changes. These changes occur 

simultaneously at both macroscopic and microscopic levels, 

influencing the overall stress distribution. 

a)

  

b)

  

c)

  
Figure 6. Temperature distribution around the weld line at 45° 

after the start point of two-pass welding. Welding speeds: a) 80, 

b) 160, and c) 240 mm/min. 

Temperature distribution analyses across the weld cross-

section are presented in Fig. 7, showing maximum thermal 

profiles for both the initial and subsequent passes on pipe 

external and internal surfaces. Experimental data reveal an 

inverse relationship between welding speed and peak temper-

atures. 

a)

 

b)

 

c)

 

d)

 
Figure 7. Peak temperature distribution with distance perpendicular 

to weld centreline for: a), b) inner surface; and c), d) outer surface; 

a), d) first pass; and b), c) second pass of the weld. 

During the initial pass, the internal surface experiences 

significantly higher thermal loads, reaching 1400 °C at 80 

mm/min, Fig. 7a. In contrast, a pronounced through-thick-

ness thermal gradient is observed with temperature attenua-

tion through the lower layers, resulting in internal surface 

temperatures of 1350 °C for specimens welded at 80 mm/min 

(Fig. 7b). 

Subsequent pass generated temperatures exceeding the 

material's fusion point on the external surface, Fig. 7c, with 

peak values around 2200 °C for specimens welded at 80 

mm/min, Fig. 7d. Specimens fabricated at 80 mm/min also 

exhibit a maximum temperature of 458 °C at a peripheral 

location away from the centreline, due to the absence of 

material at pipe exterior surface centre, resulting from direct 

arc impingement. 

These thermal distributions align with the well-established 

heat transfer mechanisms in multi-pass welding operations, 

where heat input and material deposition progressively shape 

the thermal profile. 

Residual stress analysis as a function of pipe thickness 

Figure 8 presents the maximum residual stress profiles as 

a function of distance from weld centreline, incorporating 

detailed measurements of both axial and von Mises residual 

stresses on the external and internal surfaces at a 45° angle 

from the weld start position. This analysis covers three pipe 

thicknesses: 6 mm, 8 mm, and 10 mm. 

The examination of axial stress patterns on the external 

surface, Fig. 8a, reveals compressive stresses at the weld 

centreline, which transits to tensile stress beyond 16 mm 

radially. As pipe thickness increases, there is an inverse 

relationship between tensile axial stress in HAZ and thick-

ness, while compressive stress variations at the weld centre 

remain minimal. Specifically, as thickness increases from 6 
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to 10 mm, peak tensile axial stress decreases from 135 to 

104 MPa, while the peak compressive stress decreases from 

297 to 290 MPa. The narrowing of the residual stress-affected 

zone with greater thickness is attributed to improved heat 

dissipation due to the increased material volume. 

Axial stress distribution on the internal surface, Fig. 8b, 

exhibits a complementary pattern, with tensile stress at the 

centre transitioning to compressive stress beyond 16 mm 

from the centreline. Thickness variation has minimal impact 

on the stress patterns, with slight reductions in peak tensile 

stress at weld centre. The peak tensile axial stress decreases 

slightly from 336 to 329 MPa as the thickness increases from 

6 to 10 mm, while peak compressive stress remains rela-

tively unchanged. 

Von Mises residual stress distributions, Figs. 8 c and d, 

exhibit consistent thickness-dependent behaviour on both 

surfaces, with maximal stresses approaching yield strength 

of AISI 304 in thicker specimens. This is particularly note-

worthy for structural integrity considerations, as high von 

Mises stresses may influence potential for material failure 

under loading. 

a)

 

b)

 

c)

 

d)

 
Figure 8. Distribution of residual stresses across pipe thicknesses of 

6, 8, and 10 mm for two-pass welding conditions: a) axial stress 

patterns on outer surface; b) axial stress patterns on inner surface; 

c) von Mises stress profile on outer surface; and d) von Mises stress 

profile on inner surface. All measurements are taken at 45° angle 

from the weld start position. 

CONCLUSIONS 

In this study, a numerical model is developed using 

ABAQUS® software to analyse temperature fields and resid-

ual stress states in multi-pass TIG welding of AISI 304 stain-

less steel pipes. Following the validation of the proposed 

model, the effects of welding speed and pipe thickness on 

axial stresses for both internal and external surfaces of the 

AISI 304 pipe are investigated. Key findings include: 

‑ At the weld centre, while the axial stress on the inner sur-

face is tensile, it is compressive on the outer surface. As 

distance from the weld centre increases, stress values ini-

tially decrease, and then the stress type inversely transi-

tions between tensile and compressive. 

‑ Maximum axial stress on the pipe decreases with increas-

ing welding speed. Additionally, the width of the stressed 

zone narrows at higher welding speeds. 

‑ Heat input has a minimal influence on axial stress, but it 

significantly impacts stress distribution. For instance, a 

40 % increase in heat input results in approximately a 5 % 

change in peak axial stress, while causing 20 to 40 % vari-

ations in overall stress levels, depending on stress type 

(compression or tension) and position (inside or outside 

of the pipe). 

‑ Heat input has a minimal influence on axial stress, but it 

significantly impacts stress distribution. For instance, a 

40 % increase in heat input results in approximately a 5 % 

change in peak axial stress, while causing 20 to 40 % vari-

ations in overall stress levels, depending on stress type 

(compression or tension) and position (inside or outside 

of the pipe). 

These findings provide valuable insights for optimising 

welding parameters and predicting residual stress distribu-

tions in AISI 304 pipe welding applications. The developed 

model and methodology can be extended to other materials 

and welding configurations, offering a cost-effective approach 

for predicting and controlling residual stresses in industrial 

welding processes. This work contributes to the advancement 

of welding process optimisation and quality control in criti-

cal applications where structural integrity is paramount. 
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