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Abstract— Welding represents one of the most complex 

manufacturing processes in terms of number of variables 

involved and factors contributing to the final output but it is 

one of the most important operations of the manufacturing 

industry. The Objective of this paper is to examine and study 

the variation in the values of temperature which will lead to 

determination of intensity and severity of the thermal 

distribution induced in the vicinity of the junction of plates. 

In the present research work, detailed investigation was done 

for determination of temperature distribution in four steel 

specimens confirming to the standard ASTM A572[6] Grade 

50 Type 1 welded in T-joint geometry.In this experiment, 

thermal distribution measurement was performed by placing 

various thermocouples at predefined position in the vicinity 

near weld toe to measure and record the variation in the 

values of temperature. The data was received from these 

thermocouples was analyzed and processed by the 

ABAQUS[1] version 6.12 software. This software directly 

converted the input values of temperature variation into the 

corresponding thermal distribution values. 
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I. INTRODUCTION 

According to the American Welding Society (AWS), “A weld 

is a localized coalescence of metals or non-metals produced 

either by heating the materials to the welding temperature, 

with or without the application of pressure or by the 

application of pressure alone and with or without the use of 

filler material.” 

Welding is generally considered to be a highly 

effective and efficient means of connecting not only steel 

plates and sections but various materials together to fabricate 

a structure also. During fabrication of steel structures, 

residual stresses were induced in the welded structures and 

these stresses are always present in the welding sections due 

to non-uniform temperature distributions followed by 

different cooling rates in various parts of the steel sections[14].  

For decades, common structural steel and tubular 

materials have been extensively used in the fabrication of 

high-rise steel buildings, heavy duty bridges and heavily 

loaded structures in order to exploit excellent and consistent 

mechanical properties provided by the mild steel[7].As a 

widely used manufacturing operation, welding offers a 

number of technical defiances to the community which is 

directly associated with welding, i.e. specially shop floor 

engineers engaged in manufacturing of structures integrated 

through welding. During the joining of components of a 

structure together by welding, the highly localized thermal 

gradients from welding result in high magnitude residual 

stresses of the order of yield strength of the material within 

and around the weld region, along with significant 

deformation/distortion of the structures to be welded. Both 

weld residual stress and distortion can significantly impair the 

performance and reliability of the welded joints as well as the 

welded structures[5].Therefore, they must be critically dealt 

with during design and manufacturing phases, to ensure 

intended in-service use of the welded structures. 

The distortion induced to the structure due to 

welding may be defined as, “Change in shape and dimension 

of a structure after welding procedure; when the structure is 

free from any external forces of thermal gradients.” After 

completion of the welding process, change in the physical 

dimensions and shape of the material occurs due to the fusion 

of molten weld metal with the parent base metal. After 

solidification, it results in change in dimensions and shape of 

the weldments, generally termed as welding distortions. In 

the recent years, many researchers explored and presented the 

involved mechanism and the factors affecting different types 

of welding distortions[10,11,12,13,17]. As welded joints fabricated 

by the linear butt-welds technique are not of significant 

interest in the present research, the discussion in this thesis is 

confined to the induced residual stresses and distortions in the 

welded sections due to fillet welding. 

 
Fig. 1.1: Schematic representations of the joint with 

direction of stress 

In case of horizontal welded T joint, pattern of 

residual stress distribution and distortion is more complex as 

shown in Figure 1.1. There are two types of dominating 

distortions which having major importance -   

 The longitudinal shrinkage, and  

 The transversal deflection. 

The shrinkage due to the welding in the longitudinal 

direction induces longitudinal force F, to the joint as show in 

Figure 1.2, which are the resultants of the residual stresses in 

both longitudinal and axial directions[18]. Thus, the 

circumstances of stresses present in fillet welded joint may be 

quite diversed from the stresses presented in the flat 

plate[19,20]. Distribution pattern of residual stresses in the joint 

is affected by many tenors such as thickness of plate, size of 

specimen, weld geometry, welding procedure and 

sequence[14,15,16,17]. 
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II. OBJECTIVE AND SCOPE 

The scope of this research work is confined to T-joint welded 

structures and bridges. In order to exploit full structural 

benefits offered by the structural steel material, it is very 

crucial to examine comprehensively and properly quantify all 

the possible effects on these steel materials after completion 

of the welding processes. This investigation helps in 

determining the intensity and the severity of the induced 

thermal zone formation/distortion patterns. 

This investigation is an attempt to determine the 

Thermal distortion generated due to welding done by Flux 

cored arc welding and Submerged arc welding procedures on 

medium manganese low carbon alloy mild steel test 

specimens. Residual stress has severe effect on fracture by 

crack propagation due to crack present on metal or on weld 

pool. Fatigue strength of object is significantly reduced due 

to variable loading when one of the directions supports the 

residual stress causing loading unsymmetrical and 

measurement of life of object become difficult. 

In some of these applications, the effect of residual 

stress and thermal distribution having major area of interest 

as these factors are responsible for various cause of failure 

like crack opening, crack propagation, reduction of fatigue 

life. This may lead to the failure of the component during its 

service life.Various aspects and subtasks during the research 

are defined as: 

A. Task A: Experimental Investigation 

1) Task A1 

Medium Manganese Low Alloy Steel plates confirming to the 

standard ASTM A572[6] Grade 50 Type 1 were used to 

fabricate four welded Sections in T-Joint of three different 

thicknesses. 

2) Task A2 

During the welding phase, surface temperatures of these four 

test specimens were measured at specific locations near to the 

junctions of flange and web by deploying thermocouples. 

B. Task B: Numerical Investigation 

1) Task B1 

Full scale shop floor experiments with proper instrumentation 

and data acquisition to find Temperature distribution using 

thermocouples and the data obtained from these 

thermocouples was analyzed and processed by using 

ABAQUS[1] ver.6.12 software. 

III. MATERIAL 

The American Iron and Steel Institute (AISI) defines carbon 

steel as, “Steel is considered as carbon steel when no 

minimum content is specified or required for chromium, 

cobalt, nickel, titanium or any other element to be added to 

obtain a desired alloying effect.” 

Basically, steel is an alloy of iron (Fe) and Carbon 

(C) and some other elements to get the desired mechanical 

and chemical properties in it. Carbon steels generally contains 

up to 2.14% total alloying elements and can be classified 

according to their carbon content, as:- 

1) Low Carbon Steels, 

2) Medium Carbon Steels, 

3) High Carbon Steels, and 

4) Ultra High Carbon Steels. 

 
Fig. 3.1: FIE make Universal Testing Machine (Model UTE 

40) 

This research is carried out on low carbon medium 

manganese low alloy mild steel as it is most used steel in 

structural and heavy fabrication industry and other area. We 

have chosen mild steel as per the acceptance criteria defined 

in ASTM A572[6] Gr 50 Type 1for this objective. The 

alloying specifications of this steel are given in the table 3.1 
 C Mn S P Si CEQ 

Value (%) 0.23 1.50 0.045 0.045 0.40 0.42 

Table 3.1: Chemical composition of ASTM A572 material 

The yield strength of ASTM A572 Grade 50 Type 1 

mild steel is 345 N/mm2; i.e. It is called S345 material. In 

order to obtain the actual data of physical properties of S345 

material, a total nine samples of different thickness (6mm, 

10mm and 16mm) were prepared and tensile tests were 

carried out as per the guidelines described in the standard EN 

ISO 6892-1 on a universal testing machine as shown in fig3.1.  

The stress-strain curves are computed and plotted by 

the plotting unit of UTM. These curves are illustrated in 

Fig3.5 and mechanical properties of the steel plates and 

welding electrodes are summarized in table3.2. EN ISO 

1993-1-12[8,9,10] specifies the following ductility criteria for 

steel materials with various steel grade. 

Four test specimens, namely C1 to C4 were prepared 

from the steel plates by cutting and welding two plates 

together. Summary of the mechanical properties of steel 

plates and welding electrodes using for the experimental 

investigation is shown in table3.2 and the details of various 

cross-sectional dimensions of these sections are shown in 

fig3.4. 

 
Table 3.2: Mechanical Properties of S345 Steel Plates& 

electrodes 
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The details of each specimen is given in the table 3.3 

 
Table 3.3: Dimensions of the various specimens 

 
Fig. 3.4: Calculated stress strain curves of S345 steel plates 

The result of tensile testing of all strips is shown 

collectively in the Fig3.2.and some of the fractured test strips 

during tensile testing are shown in the Fig3.3. The results 

shown that all the steel plates meets the ductility criteria and 

thus, these steel plates are readily qualified to be high strength 

steel materials as per the specifications described in the 

standard EN 1993-1-1 and 12[9]. 

 
Fig. 3.5: Image of fractured test strips of various thickness 

IV. WELDING AND JOINT SELECTION 

The two different welding processes, i.e. Flux cored arc 

welding (FCAW) & Submerged arc welding (SAW) 

processes were adopted in fabrication of test specimens are 

shown in Fig4.1 (a) and Fig4.1 (b) respectively. Flux cored 

arc welding (FCAW) is performed manually while 

submerged arc welding (SAW) is carried out on the semi-

automatic welding station. 

 
Fig. 4.1: (a) Schematic diagram of FCAW 

In welding of each specimen, two fillet weld runs, 

i.e. one weld run per side was carried out by the qualified 

welders and a preheating temperature between 120°C to 

150°C was adopted and maintained to avoid weld 

imperfections and cold hydrogen cracking[3]. FCAW 

operation was conducted manually by qualified welders on 

Lincoln Electric made FCAW machine while SAW process 

was conducted with the help of Jing gong make semi-

automatic machine which was operated by qualified welding 

operators. 

 
Fig. 4.1: (b) Schematic diagram of SAW 

The welding electrodes were in the form of wires. 

The welding electrodes E71T-1C and EM12K were 

employed for FCAW and SAW respectively accordance to 

AWS A5.36[5] and AWS A5.17[4]. Detailed welding 

parameters of the two processes are presented in Table4.1. 

 
Table 4.1: Welding parameters 

The T welding joint was selected for the test. It is 

one of the easy to perform and most used type of joint in 

welding which is found its application in many fields. This 

joint is subjected to both compression and tension along with 

bending. Two fillet weld runs were carried out for fabrication 

of test specimens in controlled conditions. Welding operation 

was carried out by qualified welders and welding machine 
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operators. Actual image of FCAW welder and SAW welding 

machine setup was shown in the fig4.2 

 

V. TEMPERATURE MEASUREMENT 

Temperature measurement was done by installing 

thermocouples at various specific locations in the vicinity of 

the flange and web junctions. The thermocouple is a 

temperature sensor which is commonly used to measure the 

temperature at one specific point in the form of the EMF or 

an electric current. Generally, the thermocouple consists of 

two dissimilar metal wires that are connected together at one 

junction. The temperature can be measured at this junction, 

and the change in temperature of the metal wire stimulates the 

voltages. A thermocouple is shown in the fig5.1 

The working operation of thermocouple is based on 

SeeBeck Effect. In 1821, the German physicist Thomas 

Johann Seebeck discovered that when different metals are 

joined at the ends and there is a temperature difference 

between the joints, a magnetic field is observed. At the time, 

Seebeck referred to this consequence as thermo-magnetism. 

 
Fig. 5.1: Thermocouple 

Generally, the voltage is in the microvolt range and 

care must be taken to obtain a usable measurement. Although 

very little current flows, power can be generated by a single 

thermocouple junction. The electromagnetic force induced in 

the circuit is calculated by the following equation, 

E = a(∆Ө) + b(∆Ө)2 

Where, 

a & b are constant while ∆Ө is temperature 

difference between hot and cold thermocouple junction end. 

VI. EXPERIMENT 

Total nine thermocouples in quantity which were named as 

T1 to T9 were attached to the different specific locations in 

the vicinity of the web and flange junction at the upper 

surface of plate P1 for each specimen. Fig6.1 illustrates the 

specified placing positions of the various thermocouples. 

These thermocouples were placed to measure the 

variation and provide the elaborated data of the surface 

temperatures of these specified locations continuously during 

each weld run. These thermocouples were having a working 

temperature range upto 1500°C and these thermocouples 

having accuracy within ±1.5°C. When the welding arc was 

established for the weld run 1, the first set of dedicated 

thermocouples (T1, T2 and T3) measured and report the 

change in the temperature of the surface of the test specimen. 

After some time, the second group of thermocouples, namely 

T4, T5 and T6 registered the difference in temperatures and 

the same incident happens again after another time delay for 

the third set of installed thermocouples, which was denoted 

as T7, T8 and T9. 

 
Fig. 6.1: placement diagram of thermocouple placement for 

Specimen C3 

Similar values of temperature variations were 

measurements and recorded by the thermocouples when the 

second run of welding was performed on the other side of 

specimen. Typical values of the variation of surface 

temperature recorded by the three sets of thermocouples 

during different welding runs is illustrated in the Fig.6.2(a) 

and Fig. 6.2(b) respectively. 

 
Fig. 6.2: Representation of temperature histories for 

Specimen C3 

VII. RESULT 

The values of temperature distribution obtained by 

thermocouples during welding at various points and data was 

provided to the ABAQUS ver6.12 software which converts 

these temperature values into the corresponding values of 

induced thermal distributions. Fig7.1 illustrates the 

https://en.wikipedia.org/wiki/Germany
https://en.wikipedia.org/wiki/Thomas_Johann_Seebeck
https://en.wikipedia.org/wiki/Thomas_Johann_Seebeck
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distributions of typical transient temperature at the T-section 

of the test specimens during each welding runs. 

Here, two distinguished cross-sectional views of the 

T-joint junction of the specimens are provided to illustrate 

and elaborate maximum temperature distributions during the 

different weld runs. In the vicinity of the T-joint junction, the 

grey-colored region represent molten welding material which 

was being deposited during welding and the temperature of 

the region exceeds 1500°C. 

 
Fig. 7.1: Temperature distribution during each welding run 

It is shown that due to the presence of large amount 

of through-thickness temperature gradients in the vicinity of 

plate-to-plate junction, variation in the values of 

corresponding through-thickness residual stresses are also 

very large. Moreover, the maximum values of residual 

stresses in the side associated with weld run 2 is larger than 

the side associated with the weld run 1. 

Fig7.2 illustrates 3D graphical representation of the 

induced thermal distributions and the intensity of the thermal 

zone in welded specimens. 

 
Fig. 7.2: 3D representation of Temperature distribution 

VIII. CONCLUSION 

In this research work, we have demonstrated the result of 

carefully designed experimental study to determine the 

distribution of induced thermal distribution in the vicinity of 

the welded T-joint test specimens. The obtained result can be 

classified as per two major points – 

 Thermal Distribution near weld toe, and 

 Effect of the plate thickness. 

The result clearly indicates that the magnitude of the 

thermal distribution is much smaller as compared to the value 

of thermal distribution presented at the middle of the joint. It 

also indicates that residual stress increases as the thickness of 

plate increases and decreases as distance increases from the 

weld toe. 
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