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SANTRAUKA 

 

Šiame projekte nagrinėjamas gamyboje suvirinimo metu atsirandančių įlinkių formavimasis. Palyginti 

įlinkių koregavimo procesai didelėse ir mažose įmonėse bei iškeltos problemos dėl  suvirinimo metu 

atsirandančių nevaldomų įlinkių, kurie aptinkami montavimo metu. Eksperimentinis strypo modelis 

parengtas įvertinant gamybos įmonės rekomendacijas. Solidworks programa atliktas strypo modeliavimas ir 

atlikta analizė ANSYS programa. Siekiant rasti priimtiniausią suvirinimo sprendimą, palyginti įtempių 

analizės rezultatai esant skirtingiems suvirimo jungties griovelio matmenims ir, kaip tinkamiausias 

patobulinimo sprendimas, pasiūlytas pilno pravirinimo  procesas. Siekiant patobulinti suvirinimo procesą, 

nagrinėti skirtingi eksperimentinio strypo suvirinimo sluoksniai. Gamybos proceso patobulinimui suvirinimo 

metu siūloma naudoti skirtingas strypo atramas. Skirtingo tipo atramų analizė atlikta esant toms pačioms 

apkrovoms. Siekiant parinkti labiausiai priimtinas surinkimo proceso operacijas, palyginti skirtingo tipo 

strypų įtempių ir deformacijų analizės rezultatai. Palyginta strypų gamybos trukmė mažose ir didelėse 

gamybos įmonėse. Nustatyta, kurioje vietoje veikia maksimalūs įtempiai ir pasiūlytos prevencinėms 

priemonės, kurias siūloma taikyti. Siekiant nustatyti, kurioje vietoje esant atitinkamai apkrovai strypas 

deformuojamas labiausiais, atlikta strypo deformacijų analizė. Pateiktos projekto tyrimų išvados. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Devadoss Manikandan.   ANALYSIS OF WELDED JOINTS AND IMPROVEMENT OF THEIR 

MANUFACTURING PROCESS.    Master‘s thesis Final project/ Supervisor  

Assoc. prof. dr.Jolanta Baskutiene. The Faculty of Mechanical engineering and design, Kaunas University of 

Technology.  

Research area and field: Technological sciences, Production Engineering 

Key words: welded joints, simulation, Solidworks, Ansys, stress, deformation. 

Kaunas, 2017. 51 p.  

 

 

 

SUMMARY  
 

 

This project analyses the formation of bends occurring during the welding in fabrication industries. The bend 

correction process of large and small scale industries is compared and the problems due to the un-controlled 

bends in the erection site are to be analysed. The experimental beam is taken into analysis from the 

fabrication company. The beam is modelled in Solid works and undergoes analysis using ANSYS. The stress 

analysis is compared between the different weld bevel groove dimensions and full penetration welding 

process is proposed as the best solution to pursue the improvement of the material preparation. Aiming to 

improve the welding process different weld layers of the experimental beam is analysed. It is proposed to 

use different type supports of the beam during the welding process. Different type of supports are analysed 

under the same loads. The resulting stress and deformation is compared for different type beams.  The time 

needed to finish the entire process in build up the beams is compared between the large scale and small scale 

fabrication industries. The area of maximum stress is analysed and preventive means to be used prior to 

welding are proposed.  Aiming to define the area of maximal deformation under particular loads the 

deformation analysis is carried out. The conclusions of the project analysis are given. 
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Introduction 

    Nowadays in Fabrication industries, based on the client needs there is a process of built up the beams is 

happening when there is no need of standard beam. The standard beam is that beams of pre-fabricated 

dimensions which depend upon the ISO or ANSI standards. Due to the needs of the architectural design, 

clients go with the non-standard beams. This is done by the welding of flanges with web plates separately as 

per the required thickness and dimensions. 

  The working procedure varies from large scale industries to small scale fabrication industries. In large scale 

industries this welding is carried out by using the automatic welding or robotic welding where the welding 

speed and power supply is controlled. And also this work is made with the proper fixture specially made for 

this work. But in the case of small scale fabrication industries, the use of these machines is not feasible. 

They depend upon the skilled workers to perform the jobs, but the defects raises are not controlled in the 

process. 

   In the large scale industries, there are large advanced machineries to control and remove the bends. In the 

case of small scale, there is always problem with the formation of bends in the beam due to the welding 

process. They are using traditional method of heating to remove the bends raised in the welding area. This 

utilise much energy from manpower and utilities. The utilities are oxygen-acetylene gas supply to make the 

heating process. This may damage the welded area occasionally, and leaves the welded area tempered which 

has the high probability in the formation of cracks. 

   Even though much bend removal process is done, it doesn’t fulfil the control of bends for 100%. It leaves 

with some defects which causes lots of problems in the erection area. When the erection is happening in 

heights, if the beam is made with bends, it is difficult to connect with the parent beam already erected. The 

chances of errors are flanges don’t match, web plates mismatch, connection holes mismatch, erection plates 

mismatch. This made the entire part of the structure unstable and needs lot of time to correct and finish the 

erection. To avoid these problems in the initial stage of fabrication, this project deals with ideas of 

improvement in the welding and manufacturing process of how to control the bend formation.  

   This project also undergoes stress analysis of different ideas and compares the results of the ideas 

generated. The best idea is selected based on the need of the job under fabrication. This project takes an 

sample drawing from the fabrication company and analyse the stress formation for the un-controlled welding 

process and reveals the formation of bends and cracks in the fabrication stage which is later be controlled. 
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Aim 

To analyse the full penetration welding process by improving the manufacturing process in structural beams. 

Tasks Involved 

The tasks involved in this project are 

1. Selection of material and the welding process 

2. Type of bend formations and its manual correction methods 

3. Improvement in material preparation 

4. Improvement in welding process 

5. Improvement in production process 

6. Analysis of results 

By achieving these tasks, the bends formed due to the full penetration welding process is controlled which 

helps small and medium scale industries to increase their production and productivity. 
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1. Literature Review 

 

1.1 Production process of large scale companies in removal of welding bends [1]  

 

   In the large scale companies, there are lot of machines to remove the bends raises in the beams due to   

welding. Where, this process requires large advanced machineries in eliminating bends such as sweep bends, 

camber bends, bow bends, flange bends and buckling of webs. 

   Special machineries are installed in the factory to remove these bends which involve heavy requirement of 

space and high skilled workers, which is obviously not possible in medium scale industries and small scale 

industries. 

    It also involves the excess amount of man power, electricity consumption after the common welding 

process. This manpower and utilities may install in the other production functions in the organization for 

increasing the production and productivity. 

    The cost of those machines depends upon the capacity of the machine and typical view of eliminating the 

different type of bends in a single machine itself. 

 

 

                                    Fig. 1 Hydraulic jack to remove the flange bends [1] 

   The figure 1 shows the usage of hydraulic jack machines to remove the war-pages raised in the beams. It 

involves hydraulic and machine installations in large facility location in the company. It shows the machine 

assembly of removing the flange bends in the beams. This involves the installation of large space area which 

is highly not possible in the medium sized companies. It also includes the skilled man power in operating the 

machine and electricity too. The above shown image works in the removal of flange bends in the beam by 

giving hydraulic pressure opposed to the area of bends. The machines are limited to remove the bends form 

the beam of particular dimensions. For bigger sections, it needs large advanced machines in use. 
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                                      Fig. 2 Elimination of bow bends in the entire length [1] 

The above figure 2 shows the removal of bow bends in the entire length of the beams. For example, a beam 

of 12 metre is to be undergone the bend removal process, the facility area of installing the beam is of 14 

metre length and 2.5 metre width. It also involves the work of skilled labour and electricity to process the 

function. When this facility area is utilised for the production process in medium sized companies, it will 

help in improving the production and increase the productivity [1]. 

1.2 Reasons behind the formation of bends 

1.2.1 Completion of entire welding in a single side  

   It is quite common in medium scale companies that in the built-up of beams, for processing the complete 

joint penetration welding (CJPW) the entire welding is done in the single side instead there is a double 

groove provision for welding process. It is done that the complete welding process in a single side of the 

beams made the amount of weld material deposited is high  

   Due to the amount of material deposited in the weld area is high; the heat generated in the area is also high. 

Due to the heat generated, the stress experienced in the area is quite high; this obviously causes the bending 

of flange plates associated with the weld area. After the metal gets solidified, it doesn’t retract to the original 

position when the welding process in the opposite side does.  

   The error is that the welding process is done completely in the side 1, so that the amount of weld material 

deposited is high. The stress induced in the weld area is high due to the heat generated by the amount of 

material deposited. Where, the heat generated is directly proportional to the stress produced [1]. The figure 3 

shows the built-up beam section with the weld groove. It is modelled as per the real time drawing from the 

fabrication industry which is attached in the annexure 2. The annexure 2 shows the built-up beam section of 

dimensions 340mm×600mm for the length of 2582mm. 
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                                    Fig. 3 A Built up beam of CJPW groove [Annexure. 2] 

The error is that the welding process is done completely in the side 1, so that the amount of weld material 

deposited is high. The stress induced in the weld area is high due to the heat generated by the amount of 

material deposited. Where, the heat generated is directly proportional to the stress produced [1]. 

1.2.2 Improper welding speed  

The welding speed plays a prominent role in the arrival of bends. Due to the improper welding speed, the 

weld material deposited in areas gets different. The area which has more weld material deposited results in 

the huge amount of stress developed in the particular area. The figure 4 represents the different weld profiles 

for different welding speed, since based upon the weld profile the heat dissipated is analysed.  

 

                                        Fig. 4 Weld profile for different welding speeds [2] 

    Where in large scale companies, the welding process is processed by the automatic welding machine or 

Robotic welding arms, where the travel speed is determined and the arms holding the welding rods travels in 
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 the uniform speed. So there is no probability of over deposition of weld material in a selected area. This 

automatically reduces the amount of stress produced due to heat. Hence the probability of bends raises is 

totally reduced [2]. 

1.2.3 Improper welding current and voltage 

       Due to the improper welding current and voltage, the defect occurs varies. The welding current and 

voltage varies from type of material gets welded, the size of the weld which is based upon the requirements 

of the job, and the volume of the weld to be done as total. The improper welding current and voltage leaves 

lot of defects which include the excess deposition of the weld material over the weld itself. Due to this the 

production of large amount of heat in the selected welds area. This heat produced contracts the parent 

material towards the weld beads, which causes bends in the area. 

 

                                                Fig. 5 Excess penetration of weld material [2] 

   The figure 5 represents the excess penetration of the weld material in the designed bevel groove. In large 

scale companies, where welding process is done automatically the welding current and voltage is set to the 

weld size and the welding speed. But in small scale companies, due to manual operations the welding speed 

and voltage cannot be controlled up to the mark. So due to this, the defect of excessive penetration of weld 

material happens. The figure 6 shows the excess deposition of the weld material in the width and height 

which causes  more dissipation of heat when compared to normal. 

 

                                           Fig. 6 Excess deposition of weld material [2] 
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Due to this excess penetration and excess deposition of weld material, the heat developed is high in this area. 

Hence the bend raises in the area is high too. In the figure Z1 is the amount of material deposited in the 

horizontal position; Z2 is the amount of material deposited in the vertical position. 

                                                                    Z1>Z2 

The material deposited in this area is higher than needed which causes unnecessary generation of heat which 

obviously increases the chance of bends formation [2]. 

1.3 Common production process errors in medium sized fabrication companies 

         In the production process, the built up of beams is done by the assemblage of flanges and a web plate. 

In medium sized companies, what the common error is done is that the web plate is fitted up with flange 

with no gap for welding process.  

     Due to this there is no achievement of full penetration weld in the welding process. Hence the beam 

requires gouging process to achieve the full penetration process. Due to this excess heat generated which 

automatically produce the stress in the gouged area. It also involves the heat developed due to re-welding 

process in the area to achieve the full penetration weld [2]. The figure 7 shows the built-up beam without 

root gap which causes the failure of full penetration weld. This need gouging process in extra to grind the 

area in the bottom side and made the welding process afterwards. Thus the full penetration welding process 

is achieved. This extra process applies more heat in the parent material in addition to the welding process. 

 

 

                              (7a)                                                                     (7b) 

                                        Fig.7 Built-up beam: a-without root gap, b-with root gap 
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2. Selection of material and welding process [3] 

   Weld-ability is determined by the properties of the mild steel. The selection of the mild steel depends upon 

the usage of the metal in most of the heavy structural fabrication industries. Mild steel has its own strength 

where it is highly suitable for the steel structural applications in high rise buildings and power plants. 

Based on the carbon content and the manganese, the mild steel are classified into three categories named 

high, medium and low weld ability. If the mild steel has the carbon content of less than 0.15% and the 

manganese content less than 0.6%, it comes under the low weld-ability. When the material has the carbon 

content range of 0.15%-0.6% and manganese content of 0.9% it comes under the medium weld ability. If the 

carbon content beneath the 0.22% especially, the material has great weld-ability [3]. 

Welding heat input 

Based on the welding heat there are so many grain structure changes in the entire mild steel. It totally 

depends upon the effect of heat experienced by the material. The welding area is in molten state at the time 

of welding process, the area near to the welding results in austenite grain structure where it is highly 

responsible for the formation of stress and bends in the welded area. The figure 8 shows the difference in the 

grain structure for the changes in position of heat generation in welding process.  

 

 

              Fig.8 variation in temperature from the centre of the weld to the base material [3] 

                                                          (Source: kobelco.co.org) 
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Types of welding process 

 

2.1 Flux coated arc welding process (FCAW)[4] 

     

    Flux coated arc welding process (FCAW) is the method in which the welding is done by the effective 

supply of molten weld material between the anode wire. The anode wire is covered with the flux material to 

prevent the molten metal from oxidizing and it acts as a kind of protecting gas. 

    It is largely used in the fabrication industries since it is one of the traditional ways of doing welding. It 

dissipates more heat in welding when compared to other advanced welding process. Hence it is used in some 

of the heavy thickness plates where the plates are able to withstand the heat dissipated from the arc welding 

process.  

   It is used minimum in welding the low thickness plate ranges from 5mm-20mm where there are chances 

for bend formations due to the inability of withstand the heat dissipated due to the welding. The stress 

produced is also high, if unnoticed it results in the formation of cracks in the parent material and the entire 

structure may goes unstable [4]. 

Effects of welding current    

  The welding current and voltage is made suitable for the required weld fillet. Otherwise there will be lot of 

defects raise which includes the lack of penetration of weld material in the welded area. 

  Due to the improper welding current or sudden change in the welding current, there is high probability of 

formation of pinholes within the weld material. These pinholes are the start of formation of cracks. It 

involves much time to identify and rectify the defect. At the time of rectification, there is a need of re-weld 

the given defected area which causes the irregular bends which is very hard to remove [4]. 

  The figure 10 shows the variations in the weld bead and the penetration of weld material based on the 

different welding current and voltage. It shows the heavy deposition of weld material for low travel speed. 

Travel speed 

The travel speed results in the proper welding based on the requirements of the job. If the job needs a 6 mm 

fillet, the welding speed should be low with proper welding current and voltage. It can be finished in the 

single run to achieve the 6mm fillet. If the travel speed is high, it results in the achievement of 4mm instead 

of 6mm and more work is needed to achieve the required weld fillet. The figure 9 shows the achievement of 

weld beads for different weld speed. This results in effective control of amount of weld material deposited in 

the weld area [4].  The deposition of molten weld metal is directly proportional to the amount of heat 

generated. This heat generation produces much stress which is responsible for the deformation of flange 

plates and web plates. The figure 9 shows the  represents the different weld bead formation for different 

travel speed. 
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                    Fig.9 Difference in weld beads for different travel speeds (source: weldguru.com) 

The figure 10a shows the bead height variation for different welding speed, welding current and welding 

voltage. It clearly shows the large deposition of weld metal and the bead height when there is minimum 

welding speed which gives more heat in that particular area. The figure 10b shows the penetration variation 

for different welding current, welding voltage and the welding speed. The penetration of the molten metal 

increases in the minimal travel speed of the welding. These penetration is highly affected the heat produced. 

 

 

                                                   

                                

                                       (10a)                                                                           (10b) 

                                 Fig.10 Variations in weld bead [4]: a- bead height, b- penetration 

 



11 
 

2.2 Calculation of heat input to the parent metal (FCAW) 

                         1000

)60(






S

Ivk
Q KJ/mm 

1. For 225 amperes current ,25 volts, travel speed of 80 mm/min 

            Heat input to the parent material is, 

                         Q = 225×25×60 / (80×1000) 

                         Q = 4.2 KJ/mm 

2. For 375 amperes current ,26 volts, travel speed of 130 mm/min 

            Heat input to the parent material is, 

                         Q = 375×26×60 / (130×1000) 

                         Q = 4.5 KJ/mm 

3. For 450 amperes current ,30 volts, travel speed of 107 mm/min 

            Heat input to the parent material is, 

                         Q = 450×30×60 / (107×1000) 

                         Q = 7.5 KJ/mm 

 

The above calculations clearly indicates the increase of heat applied to the parent material is resulted by the 

increase in the voltage ,current and the decrease of travel speeds of flux coated arc welding  (FCAW) 

process. 

2.3 Gas metal arc welding process (GMAW) [5] 

  Gas metal arc welding process is also known as MIG welding, where the welding is done by the means of 

wire. The wire is the filler material needed for the welding purposes. This wire is allowed to pass through the 

gun, where the required speed is maintained and controlled. Through this speed welders can be able to 

perform the uniform welding throughout the welding process. 

  Even though it is costlier than the conventional welding process, it is used in fabrication industries 

nowadays to increase their production. It is faster than arc welding process. In the arc welding process where 

the welder needs to change the welding rod for every finish of the filler material. But this is not in the case of 

MIG welding process, continuous supply of the filler material is possible here. This rapidly reduces the time 

required to complete the welding process. 

It is also used in the industries for the small generation of heat when compared to the arc welding process, 

where this entire project is subjected to the analysis of bends caused by the heat generated from the welding 



12 
 

process [5]. The table 1 shows the average value of welding voltage, welding current and travel speed for the 

better outcome of weld.  

For single pass, welding flow of GMAW process is determined from the table 1, 

                          Table.1 welding parameters of GMAW process (source: tpub.com) 

S.no     Welding voltage (volts)   Welding current (amps) Travel speed (inches/min) 

     1.                15-17            30-50               15-20 

     2.               17-19           80-100               35-40 

     3.               18-20          110-130               25-30 

     4.               19-21          140-160               20-25 

     5.              20-23          180-200               18-22 

2.4 Calculation of heat input to the parent metal (GMAW) 

                       1000

)60(






S

Ivk
Q  KJ/mm 

1. For 50 amperes current , 17 volts, travel speed of 20 inches/min 

                          Heat input to the parent material is, 

                                    Q = 0.8×50×17×60 / (508×1000) 

                                    Q = 0.08 KJ/mm 

2. For 130 amperes current ,20 volts, travel speed of 30 inches/min 

                          Heat input to the parent material is, 

                                    Q = 0.8×130×20×60 / (762×1000) 

                                    Q = 0.16 KJ/mm 

3. For 200 amperes current ,23 volts, travel speed of 30 inches/min 

                    Heat input to the parent material is, 

                                     Q = 0.8×200×23×60 / (762×1000) 

                                     Q = 0.28 KJ/mm. 

The comparisons show that the amount of heat produced is high in the Flux coated arc welding process than 

the Gas metal welding. So it is nice to use the GMAW process in welding the built-up beams of heavy 

thickness as to control the deformation in its initial stage of fabrication. 
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3. Type of bend formations and its manual correction methods [6] 

3.1 Sweep bends 

     Sweep bends are the bends occurred in the built-up beams due to the improper welding process. This is 

happened by the welding process done maximum in the single side. This results in the application of more 

heat in the parent material which resulted in the sweeping bends in the beams. This is done by the maximum 

heat generated by the welding process [6].   

    The sweep bends is that the flange of the beams is deviated from the centre line or midline of the beams. 

This is done by the force experienced by the heat generated due to welding process. Due to this force, the 

flange of the beams deviates from the centre line results in sweeping [6]. The figure 11 and 12 shows the 

geometric view of the sweep bend formations in the beam. It is happened by the improper input of welding 

heat produced from the welding process. Due to that the beam deviates from the centre axis for its overall 

length. This is more common in the lengthy structural beams. 

 

                                  Fig.11 Geometric view of sweeping in beams (source: aisc.org) 

 

                              Fig.12 Sweep bends in beams by loads experienced by welding process [6]. 
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3.2 Camber bends 

    Camber bends is that the bend occurred due to the continuous welding in the one side of the web. This 

initiate the continuous distributive loading along the flange results in the bow bend or camber bend .This is 

identified by reference line where the centre line of web deviates from the reference line .This is experienced 

by the heat generated by welding which gives the much force that tend beam to bend [6]. The figure13 and 

figure 14 shows the formation of camber bends in the beam where the beam  

 

                                       Fig.13 Camber bends of a section (aisc.org) 

 

                              Fig.14 Camber bends in the beam by continuous load on flanges [6] 

3.3 Buckling of webs 

     Buckling of webs is caused by the bending of web by forces experienced on the web centre line. These 

forces are generated by heat developed when all the flange and web connections are welded continuously. 

By this, force is developed which is flow and acting towards the centred reference line of web. 

3.4 Shortening of sectional length and width 

    This is the defect where the length and the section dimensions get decreased from original lengths and 

sections. This results in the huge error due to erection of the beams after getting fabricated. The figure 15 

shows the buckling of web plates due to the excess heat generation in the welding process. 
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                                                          Fig.15 buckling of web plates [6] 

3.5 Dimensional shrinkage  

    This is the defect where the length and the section dimensions get decreased from original lengths and 

sections. This results in the huge error due to erection of the beams after getting fabricated. This is done by 

generating large amount of heat by continuous welding process [6].For example, in the length of 5000mm, 

the shortened length results in 4995 mm which gives shortage of 5 mm. In the section depth of 544 mm, the 

shortened section is 541 mm which gives shortage of 3 mm. 

 3.6 Twists 

    Twists are the defect caused by the improper welding process where one end section is deviated to the 

other end of the section. The end to end section is deviated from the centre line which results in the improper 

assembly of fabricated components. In the erection, the section of the bended beam doesn’t match with the 

female section for assemblage, where the bolting will be big problem. In medium scale industries it requires 

large skilled manpower which goes useless at the end, when involved in the production process it will yield 

productivity [6]. The figure 16 shows the twisted area in the beam due to improper welding process. 

   

                                            Fig.16 Twists in sections of a beam [6] 

Twisted area 
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3.7 Manual correction of bends 

  The above said bends are removed by different types of heating process. Each defect should deal with 

different heating process for their removal. The area to be heated to remove the bends also differs. To 

remove the bends the beam should undergo different heating methods such as [7] 

1. Pre-heating 

2. Inter pass heating 

3. Annealing 

4. Normalizing 

5. Quenching and tempering 

       6.   Stress relieving methods 

 3.8 Pre-heating  

     Pre- heating is the process where the entire part of the parent material gets heated to certain temperature 

before the welding process. Then the welding process starts along with the previous heat applied. When the 

product gets cooled, there is less contraction occurs and less stress produced. The contraction and stress 

produced is less when compared to the material welded without pre heating process[7]. 

3.9 Inter pass heating 

     Inter pass heating is the process of heating the weld material between the passes. This automatically 

reduces the amount of heat generated and stress produced as a result of welding process. For every pass of 

the weld, the external heat to be supplied to reduce the heat generated from the particular area and stress 

produced from the particular area. It helps in the stress reduction of thick plates and thick pipes. 

3.10 Annealing and Normalizing 

  This is the process in which the material gets heated to deform the welded bend plate to its original 

position. This is done after welding process where the metal is already in the bend position. The metal gets 

heated in the opposite direction of the weld, particularly in the weld bead area. This allows the metal gets 

heated to certain temperature, and regains its original position when it is getting cooled. 

  This is suitable for only plates of low thickness. For heavy thickness plates this process is highly negligible 

[7]. To overcome this process, the material can be prepared in the fit up stage itself. The flange and web 

plates are tack-welded with the slight deviation from the original dimension. When the welding is done the 

plates are arrived to the original dimension as per the drawing. The figure 17 shows the material preparation 

in the initial stage of welding process. This is suitable for medium thickness plates where for heavy 

thickness plates there is chance for plates not to deform. 
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                Fig.17 Pre heated area for the weld [7]: A-weld area, B-direction of bend 

  3.11 Quenching and tempering 

    This is the process in which the material gets heated to the particular temperature. After attaining the 

calculated temperature, the material is allowed to cool suddenly by immersing it in the liquid or water. This 

makes the material hardened where it gives less response to the heat generated during the welding process. 

Thus the stress produced in the hardened material remains low and hence this not causes the deformation  in 

beams [7]. 

 3.12 Stress relieving 

  It is that the material is heated to 1200 F and allowed to air cool. It is allowed to keep at the temperature for 

few hours. It is similar to annealing process but the usage of temperature is low here. 

  These all above said process involves the enormous usage of energy to heat the material. For heating, the 

gas mixture of Oxygen-acetylene is to be used. The combination of Oxygen- LPG is used in some special 

cases. 

Considering the enormous usage of these gases may be feasible in large scale companies, but in small and 

medium sized companies this is consider as the costly feature to remove the bends. In this case, it is very 
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much better to get weld the beams without any bends, which may be possible by optimising the welding 

process and production process in the early stage itself [7] 

Major problems in the erection 

3.13Flange mismatch [8] 

  In the erection process, due to bend raised by the welding, the two flanges get bend towards the position of 

welding. Hence the section varies in dimension. For example if the section varies for 5 mm each side, the 

entire section differs from 10 mm of its original length. Due to this there is a huge mismatch from the parent 

beam. So the bolting of the two beams for its connection is made much more difficult or even impossible. 

  Even after the crucial erection, there is a high probability of breakage of bolts. This made the entire 

erection is going unstable [8]. It also involves the improvement in the production process and the welding 

process. The below figure18A shows the flange mismatch of the beam with the parent beam, where the 

chance of the breakage of bolts is increased with the time goes [8]. The figure 18B shows the instability in 

the bolted connection of the erected part. 

 

                                                                             (A) 

 

                                                                                              (B) 

                                     Fig.18 Flange mismatches [8]: A-entire part, B-mismatched part 

 

Deformed area 
Deformed area 

Deformed 

portion 
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This mismatch leaves the deformed gap between the flange surface and the connection plate that makes the 

beam differs from the parent beam. This action makes the entire structure goes unstable. 

 

 

                       Fig.19 Entire connection of bended beam with the parent beam [8] 

As the above figure 19 indicates that there is a difficult in the bolting of connection plate when the deformed 

flange surface and the good parent metal flange surface get connected. The amount of deformation depends 

upon the type of welding process, welding speed and the input welding current and voltage. Even though a 

minimum deformation makes the connection of entire steel structure goes unstable. 

3.14 Buckling of webs 

In the erection process, due to the buckling of webs there is mismatching between the webs of different 

beams. Due to this, bolting of the web plates is made highly impossible or if it is made it will be unstable. 

The connection plate erection in this area will leave a huge problem. 

It is to be eliminated in the production stage itself. Due to the bend, there is mismatching in the web plates 

for 10mm as an example. Due to this it is not possible to connect both plates in the web using the given 

connection plates is highly impossible. It leaves huge space between the web surface and the connection 

plate surface. Thus the bolt has no support and leaves much stress in the gap space, which leads to breakage 

of the bolts. As long the days go, the chance of breakage is increased which leads to collapse of the entire 

structure [8]. 

Connection of 

deformed part 

with the parent 

structure 
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The below figure20 shows that the buckling of web plates and also the connection holes present in the web 

plates gets mismatched. This results in avoidance of bolting of web plates.  

 

                                   Fig.20 Buckled web plates shown in the beam erection [8]  

 

                      

                                            Fig.21 Mismatching of web plates [8] 

 The above figure21 shows the 3D model of a fabricated beam with the web plate deviation from the original 

dimension. This deviation also leads to the breakage of web plates too. There are also several other problems 

that made the entire erection structure goes unstable such as shortened length, twists formation in the bends, 

camber bend formations. To avoid these erection errors effectively, it is necessary to fabricate the beam with 

high quality by following the coming improvements in this project. 

Buckled area 
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web surface 
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surface 

Parent 

web plate 
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4. Improvement in the material preparation 

4.1 Calculations of material deposited in the weld groove of 45
°
 [9] 

      Due to unskilled man power, it is quite common in medium scale industries to make the weld groove of 

welding for 45
°
. This degree leaves the major area for welding. Hence the weld material deposited in the area 

is also high. The heat produced in the large weld area due to the high weld material deposited is also high. 

Since the stress produced is directly proportional to the amount of heat developed, the 45
°
 bevel area leaves 

with more amount of stress [9]. 

    The figure shows the bevel of 45
°
 taken in the given beam. The beam is taken to analysis as per the 

dimensions of drawings from a large scale industry named EVERSENDAI engineering India limited. The 

given drawing is modelled in a 3D software solid works, and taken into analysis. This is an example of a real 

time work which is happening in that industry. 

   The beam is analysed in ANSYS for the force produced during welding process. The force developed is 

depends upon the amount of weld material deposited during the welding process. It varies for different types 

of weld area and the volume of weld material deposited in the designed weld area. 

 

(A)                                                                             (B) 

                               Fig.22 Beam with bevel 45° [Annexure.2]: A- entire beam, B- bevel position 

The figure 22 shows a flange and web plate connections with a bevel of 45
°
 as a weld groove. The weld 

grove is completely filled with the weld material where heat and its respective stress are produced in that 

area which leaves bends in the flange plate. The detailed 2D drawing of the bevels and its angle are as shown 

below. The 2D drawing of the model and dimensional change is shown in the annexure 2. 

Bevel 45° 
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                              Fig.23 A 2D drawing of the experimental beam with bevel [Annexure.2] 

The figure 23 shows the dimensions of the built up beam with the bevel groove of 45°. 

The volume of the weld is calculated using the following calculations, 

Width of the weld cap, )(tan tbW   

Where, b = groove angle of 45 degrees 

            t = thickness of the parent material in which weld should be done in cm 

            g = Root gap in cm  

Width of the weld cap, W= (tan 45 x 3)  

                                       W = 3 cm 

Area of the weld cap,  hWA   

Where, h= height of the weld cap 

Area of the weld cap, A = 3 x 0.2 = 0.6 cm
2
 

Area of the Bevel     B = (W x 3) / 2 = (3 x 3) / 2 = 4.5 cm
2
 

Total Area of the weld = A+B = 4.5+0.6 = 5.1 cm
2
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Volume of the weld, LAV   

Where, L = Length of the weld area 

                                   V = 5.1 x 258.2  

                                   V = 1316.82 cm
3
 

Heat input to the parent material is calculated using the formula, 

                                     1000

)60(
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 The welding current of 50 amperes, voltage of 17 volts and welding speed of 40 inches/min is taken into 

analysis, then the heat produced is  

                                     
Q = 0.8×50×17×60 / (1016×1000) 

                                     Q = 0.0402 KJ/mm 

Thus the thermal force expelled under the given conditions for the length of 2582 mm is of 103.5 N.                         

4.2 Calculations of material deposited in the weld groove of 30°
 
[9] 

In the previous section it is shown that the area exerted by the weld groove, the weight of the weld material 

deposited, the volume of the weld material and the load acts due to that. This load act is applied in the 

analysis using ANSYS, where the stress developed during the welding process is calculated [9]. 

   When going for this project, to minimize the amount of stress developed, it is necessary to reduce the 

amount of material deposited and minimize the heat produced due to that. Hence the project is to minimize 

the size of the bevel. The bevel degree is reduced from 45°to30°. The full penetration weld (CJPW) or 

complete joint penetration weld is achieved by having the root gap of 4 mm. This process is used to 

eliminate the gouging process to achieve the full penetrations. When the size of the weld decreases the 

volume of the weld material deposited is also decreased since they are directly proportional. When having 

the non-destructive testing check for the full penetration, due to the root gap, the result is easily achieved [9]. 

   The below figure 24 represents the change in the bevel dimensions from 45° to 30°. The same 

experimental beam is taken into consideration for analysis. The width of the entire section is maintained 

same by reducing the width of the web plate and by providing the root gap. It is also explained that the root 

gap is made to achieve the full penetration in welds by eliminating the gouging process as excess. The 2D 

model of the beam with the bevel groove of 30° and the dimensional change of the bevel in the beam is 

shown in the annexure 3. 
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                               (A)                                                                               (B) 

                       Fig.24 Beam with bevel 30° [Annexure.3]: A-entire beam, B- bevel position
   

 

                     Fig.25 A 2D drawing of the experimental beam with bevel of 30° [Annexure.3] 

The figure 25 shows the built up beam with the bevel groove of 30° where the width of the weld is decreased 

and the amount of material deposited is also minimised. The decrease in the weld with is shown in the 

annexure 3. 

Bevel 30° 
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The volume of the weld is calculated using the following calculations, 

Width of the weld cap, )(tan tbW   

Where, b = groove angle of 30° 

            t = thickness of the parent material in which weld should be done in cm 

            g = Root gap in cm  

Width of the weld cap, W= (tan 30° x 3)  

                                       W = 1.732 cm 

Area of the weld cap, hWA   

Where, h= height of the weld cap 

Area of the weld cap, A = 1.732 x 0.2 = 0.3464 cm
2
 

Area of the bevel     B = (W x 3) / 2 = (1.732 x 3) / 2 = 2.59 cm
2
 

Total Area of the weld = A+B = 0.3464+2.59 = 2.9364 cm
2
 

Volume of the weld,  LAV   

Where, L = Length of the weld area 

                                   V = 2.9364 x 258.2  

                                   V = 758.18 cm
3
 

4.3 Stress analysis of beam with bevel 45°
 

The beam is bevelled for 45° as groove for its welding and it is taken into analysis. The beam is taken into 

ANSYS for analysis where the corresponding load of 103.5 N is given as the force. Hence due to there is no 

supports, the beam flanges bends together due to the stress produced in the welding process [9].  As a result 

the maximum stress achieved is of 0.0020192 MPa or 2019.2 N/m
2
. The beam is analysed for the triangular 

mesh type with the force of 103.5 N is applied at the welding area between the flange plates and the web 

plate. The force is given as a line contact between the plates rather giving it as the surface contact in the 

weld area. The figure 26 shows the meshed image of the fabricated beam with the bevel of 45°, where the 

beam is meshed to the below said boundary conditions.
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                                        Fig.26 Meshed beam structure with bevel of 45° 

 

 

                                 Fig.27 Stress image of beam with bevel 45° [Annexure.4] 

The figure 27 shows the stress image of the beam where the heat produced due to the number of passes in 

the bevel produces the stress in the flange plates and web plates. The analysis is shown in the annexure 4. 

Boundary conditions 

Type: Fine quality triangular mesh 

Thermal Force: 103.5 N in the weld surface  

Fixed supports: Web plate surface 

Force, F=103.5 N 
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Results analysis 

  As a result the stress developed when the web plate for the beam is bevelled for 45° is of 2019.2 N/m
2
. The 

stress varies for the different type of flange plates of different thickness. In this analysis the web plate is 

acting as the fixed support where the flange plate deforms due to the force in the welding area. This makes 

the flange plate bends; the chance of formation of cracks in the parent material is increased. The plates of 

heavy thickness are not regained to its original position when it even undergoes heating process for 

correction. The flange plates of low thickness are regained to its original dimension when heating. This 

requires lot of time and energy to rectify the errors. Hence it is controlled in the initial stage of material 

preparation by reducing the bevel size. This automatically reduces the area required for welding process. 

This leads to less amount of material deposited. The strength of the weld is not decreased since it contains 

the weld gap of 4 mm in the initial stage of material preparation. The figure shows the type of bend occurs 

due to the welding force acts in the given area [9]. 

4.4 Stress analysis of beam with bevel 30° [9] 

  The beam is bevelled for 30° as groove for its welding to reduce the amount of material deposited. The 

beam is taken into ANSYS for analysis where the corresponding load of 103.5 N is given as the force. Hence 

due to there is no supports, the beam flanges bends together due to the stress produced in the welding 

process. As a result the maximum stress achieved is of 0.0011627 MPa or 1162.7 N/m
2
. The figure 28 shows 

the meshed image of the beam with the bevel of 30° and the conditions are shown in the annexure 5.
  

 

 

       Fig.28 Meshed image of the beam with bevel 30° [Annexure.5] 

Force F=103.5 N 
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                             Fig.29 Stress image of beam with bevel 30° [Annexure.5] 

Boundary conditions 

Type: Fine quality triangular mesh 

Thermal Force: 103.5 N in the weld surface  

Fixed supports: Web plate surface 

 

The figure 29 shows the stress image of the beam with the bevel of 30°. The flanges are bending together in 

the direction of welding process. These bends are not easily to retrieve to its original position since the 

thickness of the plates is very high which is of 65 mm. For low thickness plates these bends are easily get 

corrected using the above discussed heating types [9]. 

From the above figure, it is to be noted that the flange plates bend towards the area of welding process where 

the forces are acting due to the welding is in the opposite direction. To remove the bend what is to be done 

that, heat is given as the input to remove the bends. This is that the heating process is to be done in the area 

in the opposite direction of the developed bend [9].It requires high skilled manpower and much time to 

remove the bends. Sometimes in the heavy thickness plates these removal process is highly impossible. The 

stress values are getting compared for the web plates of bevel size 45° and 30°. The result is that the thing 

which developed low stress in the welding process made small deformations in the beams. The stress value 

changes due to the change in the parametric dimension of different weld bevel grooves. The much stress 

produced as the result of design of much weld area. 

Maximum stress 

1162.7N/m2 
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4.5 Parametric comparison 

The various parameters calculated for different bevel of 45° and 30° are shown in the table 2. 

                             Table.2 Parametric comparison of various bevel dimensions results [9] 

S.no                    Parameters     Bevel 45°    Bevel 30° 

  1.          Width of the weld cap      3.0 cm   1.732 cm 

  2.          Area of the weld cap      0.6 cm
2
   0.3464 cm

2
 

  3.          Area of the Bevel      4.5 cm
2
   2.59 cm

2
 

  4.         Total area of the weld      5.1 cm
2
   2.9364 cm

2
 

  5.         Volume of the weld      1316.82 cm
3
   758.18 cm

3
 

 

  The above table 2 defines the changes in the parameters for different type of bevel grooves in the material 

preparation. Due to the change in the bevel dimensions, there is decrease in the width of the weld from 3cm 

to 1.732cm. The area of the weld cap decreased from 0.6cm
2
 to 0.3464cm

2
 which includes the consideration 

of weld gap of 4mm between the web plate and the flange plate set up in the material preparation stage itself. 

The total area is the area of the weld cap and the bevel area which is decreased from 5.1cm
2
 to 2.9364 cm

2
. 

Obviously the volume of weld material deposited in the bevel area is decreased due to minimised total area 

of the weld. Considering the density of mild steel, the force of the weld is calculated [9]. 

4.6 Stress results comparisons 

The stress produced in welding the beam of different bevels is analysed from the annexure 4 and the 

annexure for the bevel 45° and bevel 30° respectively. The stress value ranges from minimum to maximum 

is noted and compared. The maximum stress produced in the beam of bevel 45° is 2019.2 N/m
2
. The 

maximum stress produced in the beam of bevel 30° is of 1162.70 N/m
2
. There is a huge decrease in the 

stress produced by the percentage of 42.4%. The percentage differs for different type of flange plates of 

different thickness. It also depends upon the type of welding process and the welding method. The welding 

method is that which is of fillet weld, full penetration weld or partial penetration weld. 
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The stress values are compared between 45° and 30°; they are tabulated as follows, 

                                      Table.3 Stress results comparison of different bevels [9] 

                

             Stress 

          

            Bevel 45° 

             (N/m
2
) 

              

            Bevel 30° 

               (N/m
2
) 

                 S1                 0                  0  

                 S2             224.35             129.19 

                 S3             448.70             258.38 

                 S4             673.06             387.58 

                 S5             897.41             516.77 

                 S6            1121.80             645.96 

                 S7            1346.10             775.15 

                 S8            1570.50             904.35 

                 S9            1794.80             1033.50 

                 S10            2019.20             1162.70 

       

 The above table 3 shows the stress comparisons of the beam with different bevels. By comparing the above 

stress values it is clearly indicates that there is decrease in the stress formation when the amount of material 

deposited. In the bevel 30° the weld material deposited is much lesser when compared to the higher bevel. 

By optimizing the bevel groove we can reduce the stress produced in our initial stage of material 

preparation. There is average decrease of 42% from welding the beam with bevel 45° to weld the beam with 

bevel 30°. 

  It can be conclude that the beam with minimum bevel responds to the weld material deposition for low. 

Due to this the weld process requires minimum number of passes to finish the process. The heat produced 

due to the excess passes is eliminated for the same welding current, welding voltage and welding speed. 

Thus the generation of heat is reduced in the improved bevel position. This depends upon the different 

welding types and processes. This project is taken into analysis of beam with the flange plate thickness of 

65mm, web plate 60mm and full penetration welding process as the required welding process using MIG 

welding [9]. 
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5. Improvement in the welding process [10] 

  The improvement in the welding process is done by divide the entire welding process in three steps. At first 

the welding process is done by having the primary pass. The primary pass is that welding the root area gap 

by filling with the single run rather completely welding the entire portion. Hence the weld material deposited 

is much less when compared to the complete welding in a single time. The weld volume is divided into three 

divisions as, primary pass, second pass and final pass [10]. 

5.1 Primary pass 

    In the primary pass, welding is done in the root gap. It covers the root gap for the entire length. Then the 

beam is turned to the down side and welds the root gap in the area. The weld volume produced in the 

welding area is low hence the amount of heat dissipated by the welding process is also low. Hence the stress 

produced in that area is low. When the beam is welded in the downside the stress produced in the top side is 

get equalised each other or cancelled each other. For this experimental beam the flange plate is of heavy 

thickness, it does not respond to the low weld heat produced from the single pass. The figure 30 shows the 

built up beam with the primary pass of welding in the beam modelled. 

 

                                          Fig30. Primary pass in the experimental beam [10] 

5.2 Second pass 

     The second pass is done welding above the primary pass. At that time the primary pass made lost its 

stress and heat produced and acts as the supports for the second pass welding. So when the welding is done, 

the initial weld acts as the supports and does not allow the flange plates to bend. The load acts by the second 

pass welding process is 20N. The force acts also divided into three parts [10]. The figure 31 shows the beam 

Primary pass 
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with the primary pass and secondary pass of the welding where the primary pass acts as the support for the 

secondary pass made when it is air cooled. 

 

                                                     Fig.31 Secondary pass welding [10] 

 5.3 Final pass 

  The final pass is done by welding the portion above the second pass, where the previous done passes acts as 

the supports. The final pass is done on either side, where the stress produced from the final pass welding gets 

cancelled each other. In the large scale industries the welding is done by the robots or it would be automated, 

hence the distortions caused by the welding process are controlled heavily. Apart from them it uses the large 

machineries to remove the bends if raised. The three layers of welding automatically divide the stress 

produced among the layers. So when the primary pass is done only 1/3
rd

 of the stress acts in the area which 

does not affect the flange plates to deform. Even though it requires much time to turn the job front and back 

to pursue the welding process it helps to avoid the costs required for purchasing large machines. But in the 

case of small scale industries, these facilities are not possible. The figure 32 shows the beam with the 

primary pass, secondary pass and the final pass of the welding process. 

 

                                                        Fig.32 Final pass welding [10] 

Second pass 

Primary pass 

Flange plates 

Final pass 

Primary pass 

Secondary pass 
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6. Improvement in the Production process 

  As the way of improving the production process in welding the beams the bends occurred is controlled. 

There are 4 different ways to be followed in this project under production process. They are majorly 

involved in the control of the flange bends more than the stress produced in the welding process since the 

same bevel of 30° is maintained in full penetration welding process using metal inert gas welding (MIG) 

process [11]. 

6.1 Type A. Provide temporary stiffeners 

  As the improvement in the production process, the first step to eliminate the bends the temporary stiffeners 

are to be provided. The temporary stiffeners are to be fabricated based on the inner sectional dimensions of 

the beam taken for welding. The stiffeners should be in the thickness which tackles the bending motion of 

the flange plates. It depends on the thickness of the flange plates. For example, flange plate of thickness 

more than 36 mm, it is necessary to give the stiffeners of thickness more than 10 mm. If the stiffeners below 

the said thickness are used to control the bends, the stress induced by the flange plates is experienced by the 

stiffener plates which are placed temporary. 

   Due to this it allows the flange plate to bend, by accepting the stress induced by them. Hence it leaves no 

use of placing the temporary stiffeners. And also the stiffeners are placed at the regular intervals to eliminate 

the bend formation equally. The below figure reveals the process of placing the temporary stiffeners in the 

sectional portion. It should be placed at regular intervals to control the bends uniformly. The diagram 

represents that the stiffeners which are temporary are places at the regular intervals of 500 mm.  

  The stiffeners should equally divide the entire length of the beam. The stiffeners are welded or tack welded 

along the connections based on the fabrication needs. Even it is quite difficult to remove the weld beads after 

the process completion, it will leave the effective control in bends where the final result what we want is 

achieved efficiently [11]. 

    After decreases the bend in the initial stage of material preparation by taking the bevel of 30°, the next 

step is to provide the temporary stiffeners in between the sectional width. The area of contact between the 

support plates, flange plates and the web plate is made as the fixed support. The input of 103.5 N is given as 

the force in the weld area of flange and web plates. The force is acting as the line contact in the weld area 

where the entire force acts in the direction normal to the flange plates. 

   The stiffener plates arrest the flange and web plates from deformation. The flange plates are not deformed 

even after the removal of support plates. The beam is taken into analysis with the input force of 103.5 N and 

fixed support where the support plates made the connection. The thermal force is given in the weld surface. 



34 
 

6.1.1 3D view of the beam with stiffeners 

     

                                                                                (A)     

 

                                                                               (B) 

                       Fig.33 Beam with temporary stiffeners [Annexure.6]: A-3D view, B-2D view. 

  The figure 32 show the 3D modelled beam with the temporary stiffeners welded to the flange plates and 

web plates. The figure 33 shows the 2D view of the beam with temporary stiffeners where the interval in 

which the support plates should be placed is understood clearly. The modelled beam is taken into analysis 

for the force of 103.5 N of bevel 30° in ANSYS, where the stress experienced is calculated and compared. 

From the above figure it is clearly noted that the support plates arrest the flange and web plates. The support 

plates are tack-welded for easy removal after the completion of process. The beam is taken into analysis 
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using ANSYS to determine the amount of stress produced after placing the support plates in the beam, which 

is done in the stage of fabricating the beam. 

6.1.2 Stress analysis of the beam 

The beam is modelled for the AISI 304 in solid works and taken into analysis using ANSYS. The figure 34 

shows the meshed beam and the beam with produced stress under defined boundary conditions. 

 

                                                                             (A) 

 

                                                                             (B) 

                             Fig.34 ANSYS results [Annexure.6]: A-meshed image, B-stress results 
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Boundary conditions: 

Force: 103.5 N as line contact in the weld area 

Fixed support: Contacts between the flange, web and support plates 

Mesh type: Fine type triangular mesh 

The maximum stress produced is of 280.36 N/m
2
, which reduces the chance of formation of bends in the 

beams. Since the flange and web plates are arrested using support plates, there is not much deformation 

produced. The stress produced with support plates (temporary stiffeners) and the beam without support 

plates are compared and analysed. The comparisons between the stress values of beam with bevel 30° and 

the beam contains temporary stiffeners along with bevel 30° are tabulated as follows, 

                               Table.4 Stress comparisons of beam with temporary stiffeners [11] 

        

       Stress 

      Beam with bevel 30° 

     (without support plates) 

                  N/m
2
 

     Beam with bevel 30° 

 (with temporary stiffeners) 

                  N/m
2
 

         S1                       0                        0 

         S2                  129.19                    101.0 

         S3                  258.38                   123.42 

         S4                  387.58                   145.84 

         S5                  516.77                   168.26 

         S6                  645.96                   190.68 

         S7                  775.15                   213.10 

         S8                  904.35                   235.52 

         S9                 1033.50                   257.94 

        S10                 1162.70                   280.36 

 

  As from the table 4, it clearly indicates that the maximum stress produced in the beam of bevel 30° is of 

1162.70 N/m
2
. But the beam with temporary stiffeners produces the maximum stress of 280.36 N/m

2
. It 

shows that the support plate doesn’t allow the stress to produce more since it arrested the flange and web 

plates entirely. The more stress is formed when the flange plate responds to the heat produced during 

welding process is more. There are different type of support plates where it depends upon the thickness of 

the plates undergoes welding process. For this experimental beam, it undergoes a different support plate 

analysis to find the best one [11]. There is a huge decrease in stress percentage by 75% which goes more 

effective when used in the fabrication industries. 
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6.2 Type B. Provide angular supports   

The method of controlling the bends caused by the welding process is to give the angular supports between 

each flange plates to the web surface. The stress produced in the welding process is taken by the supports 

given; as a result the deformation may happen in the given temporary supports. This causes the supports to 

bend instead the flanges to bend. The Force of 103.5 N is given in the same welding position and the fixed 

support is given in the point of contact between the flange plates to support plate and web plates to support 

plate. 

 

 

 

                                        (A)                                                                                       (B) 

                       Fig.35 Beam with angular supports [Annexure.7]: A-entire beam, B-angle supports 

The figure 35A show the beam with angular support plates which is welded to the flange edges and to the 

web surface as the fixed support. The figure 35B shows the side view of the beam with the angular support 

plates. The angular support plates of thickness which should be able to control the bends caused by the 

heavy thickness plates. For heavy thickness plates, the support should be made of heavy thickness plates. 

The support plates are welded in the point of contact between the flange plates and web plates. The weld 

fillet is made high as the welding volume increases. Then the support plates are removed using the cutting 

process or grinding process, which can be used in further welding process [12]. 

The angular supports are placed at the regular intervals to eliminate the bends uniformly. It is shown in the 

annexure how to place the supports at regular intervals and it should divide the entire length of the beam 

taken for welding process 

Angular support 

Fixed support area 
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6.2.1 Stress analysis [12] 

The beams with the angular supports are taken into analysis in ANSYS, where the object is meshed to the 

fine quality as a complete object. The point of contact between the flange plates and the web plates are made 

as a fixed supports, and the force of 103.5N exerted by the welding process in the bevel 30
0
 is given in the 

welding area, then the beam is subjected to analysis. 

 

                                                                           (A) 

 

                                                                            (B) 

                      Fig.36 ANSYS stress results [Annexure.7]: A-meshed image, B-stress image 

The figure 36A and 36B shows the meshed and stress image of the beam with angular support plates which 

is made under defined conditions considering the entire supports along with the beam as single part.  
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6.2.2 Deformation analysis 

 

 

                          Fig.37 Deformation results [Annexure.7]: A-deformed image, B- strain image 

 

   The above figure 37 shows the deformation of support plates due to the produced stress which indicates 

the breakage of support plates when stress exceeds. It totally depends upon the flange plates of different 

thickness. For medium thickness flange plates the probability of breakage is low. The maximum deformation 

achieved is 0.0022mm which is too small and highly negligible. As a result we can find there is no 

deformation in the flange plates due to the full penetration welding process (FCAW), where the entire 

deformation is taken by the angular support plates it includes the high probability of breakage of the support 

plates. Thus the beam is controlled from the bends raised by the welding process using the angular support 

plates [12]. From the figure it is noted that these types of support plates are suitable for the low thickness 

flange plates to control the bends. This is not fair idea to be used for heavy thickness plates. Because for that 

much welding process, the stress produced is more and the flange plates exerts much force to the support 

plates connected to that. Due to this support plates break and allow the flange plates to bend towards the 

direction of welding.  

  In low thickness plates, these support plates of thickness more than the flange plate thickness is easily 

withstand the force exerted by the flanges. So there is very less chance of deformation and no probability of 

breakage. The control of bends using the plates is made more efficient. Hence these types of supports are 

well suited for the low thickness plates. It is because there is only a point contact between the flange and 

web plates to the support plates which is not able to withstand high force exerted by the welding process.  
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6.3 Type C. Provide flange to flange supports 

 This is the type of bend controlling process in which there is welding of large support plates between the 

two flanges. There is no more contact with the web surface, where the force exerted by the two flange plates 

is cancelled each other. One flange plate acts as the support when the other flange plate undergoes welding 

process. Even though there is a requirement of huge volume of material for usage it will control the bends 

more effectively. The length of the support plates varies as the sectional width of the beam varies [13].                  

  

                             Fig.38 3D view of flange to flange support plates in the beam [Annexure.8] 

 The figure 38 shows the 3D modelled beam with flange to flange support plates welded with the flange 

surface as the fixed support. The support plates are equally divided for the entire length and to be welded in 

the flanges at regular intervals. The weld size is depending upon the thickness of the plates. For low 

thickness plates, it will react to the weld heat more severe so the support plates are welded with maximum 

fillet size [13]. The modelled beam is shown in the annexure 8. 

   In the contrast, for heavy thickness plates the support plates are welded with normal fillet that suits the 

flange plates. It also depends upon the main type of welding is going to proceed in the process. In the 

analysis using ANSYS, the load is given in the main welding area where welding action does. The fixed 

support is given in the contact region between flanges and support plates. Among the other processes, this 

type of controlling is more welcome in the fabrication industries, even though it requires large volume of 

materials. The support plates are made up of heavy thickness plates to withstand the stress produced by the 

flange plates. These plates are not suitable for low thickness plates since it results in the formation of wave 

bends which is very hard to rectify by heating especially in small scale industries. The support plates are 

welded with flange surface also by considering the ease removal of it. Even though the material usage is 

high it will control the bends in heavy thickness plates more efficiently [13]. 

Support plates 

Fixed support 

position 
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  6.4 Stress analysis 

        The beams with the flange to flange supports are taken into analysis in ANSYS, where the object is 

meshed to the fine quality as a complete object. The point of contact between the flange plates and the 

support plates are made as a fixed supports, and the force of 103.5N exerted by the welding process in the 

bevel 30
0
 is given in the welding area. The maximum stress achieved is 0.0017862 MPa [13]. 

  

                                                                           (A) 

 

                                                                              (B) 

                        Fig.39 ANSYS stress results [Annexure.8]: A-meshed image, B-stress image 

The figure 39A show the meshed of the beam with flange to flange supports under defined conditions where 

the support plates along with the beam is considered as the single object. The figure 39B shows the stress 

image of the beam under the thermal force acts in the weld surface for bevel 30°. 
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6.5 Type D. Provide vertical supports 

The method is of giving the vertical supports in the flange surface. Due to this the entire flange surface acts 

as the fixed support. Hence there is much control in the bend formation by the flanges. This is of same type 

of support plates given in the angular supports where it is placed in flange surface at the regular intervals. 

The intervals are equally divided for the entire length of the beam [13]. The beams with the vertical supports 

placed in the flange surface are taken into analysis in ANSYS, where the object is meshed to the fine quality 

as a complete object. The point of contact between the flange plates and the flange surface are made as a 

fixed supports, and the force of 103.5N exerted by the welding process in the bevel 30
0
 is given in the 

welding area. The maximum stress achieved is 0.0017862 MPa. The beam with the vertical support plates 

are shown in the annexure 9. 

 

                                        Fig.40 Beam with vertical support plates [Annexure.9] 

  The figure 40 shows the meshed image of the beam with the vertical support plates. The 3D modelled beam 

is taken into analysis in ANSYS. The force of 103.5 N is given as the input value in the welding line area in 

the web plates. The support plates acts as the fixed one. So when the welding process is done the stress 

exerted by the flange plates don’t have any options for showing it. When the beam gets air cooled, the 

support plates get removed and used for any other beam requires similar process. These vertical plates are 

placed at regular intervals to control the bend formation uniformly. For heavy thickness plates, this leads to 

break the connected weld joint between the flange plates and support plates. Due to this the entire flange 

surface acts as the fixed support. The meshed analysis is shown in the annexure 9. 
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6.6 Stress analysis 

 

                       Fig.41 Stress analysis of beam with vertical supports [Annexure.9] 

The figure 41 shows the stress result of the beam with vertical support plates and the analysis taken is shown 

in the annexure 9. The maximum stress experienced by the beam is of 841.84 N/m
2
. Hence the sectional 

width of the beam is maintained and there is no chance for having buckling of web plates. The stress 

produced is low when compared to the beam without support plates and high when compared with the beam 

with temporary stiffener plates. The stress is compared for the beam of bevel 30° without support plates and 

with vertical support plates [12]. The table5 shows the stress comparison of beam with and without vertical 

support plates. 

                            Table.5 Stress comparisons of beam with vertical support plates [12] 

 

 

 

 

 

 

 

 

       Stress         Beam with bevel 30° 

             (no supports) N/m
2
 

            Beam with bevel 30° 

         (vertical support plates) N/m
2
 

         S1                       0                         0 

         S2                  129.19                        0 

         S3                  258.38                    187.07 

         S4                  387.58                    280.61 

         S5                  516.77                    374.15 

         S6                  645.96                    467.69 

         S7                  775.15                    561.22 

         S8                  904.35                    654.76 

         S9                 1033.50                    748.30 

        S10                 1162.70                    841.84 



44 
 

6.7 Stress results comparison 

The stress results analysed for the ANSYS are tabulated and compared and shown in the table 6. 

                                 Table.6 Stress comparison table for different supports [13] 

      Stress      Type A 

     (MPa) 

    Type B 

     (MPa) 

    Type C 

     (MPa) 

  Type D 

  (MPa) 

  Stress, S1 7.8579 e
-5

 1.1139 e
-13

 9.3131 e 
-15

        0 

  Stress, S2 0.00010100 0.00022795 0.00019847 9.3537 e 
-5

 

  Stress, S3 0.00012342 0.00045590 0.00039694 0.00018707 

  Stress, S4 0.00014584 0.00068384 0.00059540 0.00028061 

  Stress, S5 0.00016826 0.00091179 0.00079387 0.00037415 

  Stress, S6 0.00019068 0.00113970 0.00099234 0.00046769 

  Stress, S7 0.00021310 0.00136770 0.0011908 0.00056122 

  Stress, S8 0.00023552 0.00159560 0.0013893 0.00065476 

  Stress, S9 0.00025794 0.00182360 0.0015877 0.00074830 

  Stress, S10 0.00028036 0.00205150 0.0017862 0.00084184 

                      

Note 

Type A- Beam with temporary stiffeners 

Type B- Beam with angular support plates 

Type C- Beam with flange to flange support plates 

Type D- Beam with vertical supports 

Stress, S1- Minimum stress produced in MPa  

Stress, S10- Maximum stress produced in MPa 
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6.8 Graph comparisons 

 

 

                                    Fig.42 Graph shows the stress comparisons report [14] 

The above figure 42 clearly indicates that the stress produced in the beam with temporary stiffeners is low 

when compared with the beam with other type of supports such as angular support plates, flange to flange 

support plates and vertical support plates. Ten types of stress values are taken into consideration which 

ranges from minimum to maximum. The maximum stress value produced in the beam with temporary 

stiffeners is about 280.36 N/m
2
.  The maximum stress value produced in the beam with other type of support 

plates such as angular supports, flange to flange supports, and vertical supports are noted as 2051.50 N/m
2
, 

1786.2 N/m
2
, and 841.84 N/m

2
 respectively. In this project for this experimental beam of required thickness 

of flange plates and web plates, the beam of bevel 30° with temporary stiffeners as support plates is made for 

better fabrication. This process will finish the beam with high quality and made no problem in the erection. 

This process easily avoids the mismatching errors during erection time. This avoids unnecessary correction 

works in the site. The support plates differ for different types of beam with different flange thickness and 

web thickness [14]. 
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7.  Analysis of results [14] 

  In the above analysis, it is to be noted that the stress produced in the type A of 280.36 N/m
2
 is low when 

compared to other types. This is due to that there is weld arrest in the web plates and flange plates heavily 

when compared to others. Hence there is less distortion in the flange plates due to the welding process. In the 

case of angular supports, even though there is a weld arrest in the web and flange plates, due to less coverage 

of weld area, it leads to breakage in the support plates [14].
 

  This automatically allows the flange plates to bend towards the welding processed area. This results in less 

efficient when compared with the previous process of having temporary stiffeners. The next process is about 

giving support plates between the flange plates. Since there is no connection between the web plates the web 

is not acting as the fixed support. So there is high possibility of producing much stress even though there is 

connection between the flanges. The stress produced is of 1786.2 N/m
2
 where this stress is getting released 

when the support plates get removed. After this act the flange plates gets the distortion where the welding of 

support plates results in useless [14]. 

In the final method the supports are given in the flange surface, where the entire flanges acts as the supports 

so there is minimum probability of heavy stress produced. The support plates gets removed and used as the 

angular supports. The surface of the support plates are welded with the surface of the flange plates but in 

angular support plate case the edges are welded with web and flange plates.  

  The first step in reducing the bends and stress produced is of optimizing the bevel region from 45° to 30°. 

The next step is to take the built up beam to weld process by providing the temporary stiffeners before that. 

The next stage in the welding process is to make the welding properly as per the standards with high skilled 

welders [14]. 

  This process is that in major small scale industries, there is no control in the welding current and voltage 

for the required weld. They are not taken into account the type of weld, weld size and the parent material 

thickness. It is to be done like the beam should be welded layer by layer. The first pass is to be made in the 

root region, and then the beam is to be turned downside and made the root pass. Then the second pass over 

the root pass is to be done, and it is followed by the second pass in the down side. This process is 

continuously done as per the fillet or cap size needed. The main problem occurs when the entire welding is 

completely done in the single side and after going for further process. This process is taken the material 

usage in consideration since it involves some decent costs which is much low when compared to buy 

advanced machines used in this process. These works are discussed in the forthcoming topics. 
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Material and manpower Analysis 

                                    Table.7 Material requirement analysis for temporary supports [15] 

Type           Support Dimensions 

     (cm) 

Thickness 

     (cm) 

Volume 

  (cm
3
) 

Weight 

  (kg) 

Material 

required 

   

 

 

  A 

 

 

 

14cm×47cm 

 

 

      1 cm 

 

 

  658 

 

 

5.165 

 

 

    12 No’s 

  

 

 

 B 

 

 

 

18.44×3.26 

 

 

    3cm 

 

 

180.33 

 

 

1.415 

 

 

  24 No’s  

 

 

 C 

 

 

 

 

53.5×4.5 

 

 

 

   5cm 

 

 

 

1203.75 

 

 

 

  9.5 

 

 

 

12 No’s 

 

 

   

  D 

 

 

 

 

   34×4 

 

 

 

     4 

 

 

 

  544 

 

 

 

  4.27 

 

 

 

  12 No’s 

       The above table 7 shows the amount of material usage in giving the supports for controlling the bends. 

These supports are given for various beams of same size or minimum size. In this analysis, it shows that the 

type C gains more material usage when compared to other supports. It also shows that type B consumes less 

amount of material when compared to others. The stress produced in the type A is low but the amount of 
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material used is somewhat high. These supports automatically eliminate the use of big machineries and bend 

removal machines as in the case of large scale industries. It involves the minimal supervision and use of 

skilled welders. This information is tabulated as follows [15], 

 

                                                          Table.8 Manpower requirements [16] 

         Type    Manpower Time needed to give   

support plates 

Time needed for welding 

process 

        A 2 MIG 

welders 

 

      20 min 

 

      4 hours 

        B 2 MIG 

welders 

 

      15 min 

 

      4 hours 

        C 2 MIG 

welders 

  

      20 min 

 

      4 hours 

        D 2 MIG 

welders 

 

       10 min 

 

      4 hours 

                                         

The above table 8 shows the manpower requirements to finish the entire welding process. This clearly 

indicates the costs required is very much low when compared to implement the advanced high technology 

machines in welding and bend removal process. This project is highly suitable for the small and medium 

scale industries where the buying behaviour of heavy machineries is not feasible [16]. 

As a result, how the taken experimental beam is being welded in well manner is by having the weld groove 

bevel for 30° and have the support of type A which is well suited for the beam and follow the three step 

process in welding as discussed earlier. The requirement of supports differs from beam to beam. The time 

require for the entire welding process is more or less equal in both small and large scale industries when 

done manually. But the error correction time differs with large and small scale industries if occurs. In large 

scale industries, it is corrected with the use of large machines and proper work location. But if it is in the 

small scale industries, it is done manually by extreme heat application using oxygen-acetylene mixture. This 

takes lot of time and enormous utilisation of manpower in process [16]. 
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8. Conclusions 

 

1. The mild steel is selected as the working material since most of the fabrication industries use mild steel 

for its fabrication of heavy structural beams since of its discussed quality. This selection is based upon 

the client needs where the experimental beam taken into analysis is of mild steel. The welding process is 

compared for the heat produced for different travel speeds and voltage, finally MIG welding process is 

taken for pursuing the fabrication process. 

2. During welding process, the different types of bend are formed as discussed in the project. It is normally 

corrected using different heating process as per the type of bends formed. In the manual correction 

process, the application of heat is done by the external heating process where may result in the entire 

length shrinkage of 5mm from overall length of 2582mm. 

3. In the material preparation stage for built-up beams, the bevel of 45° is normally taken for welding to 

achieve the full penetration process. Because of more area and large amount of weld metal deposited, 

heat produced is more which causes the flange plates to bend. But by giving the root gap of 4mm and 

improving the bevel dimension from 45° to 30° we can reduce the weld material required in minimized 

area and achieving the full penetration is made efficiently. 

4. By pursuing the welding process layer by layer, we can reduce the enormous heat produced when the 

entire welding is done at the first time itself. This layers depend upon the weld fillet size varies from 2 to 

5 passes normally. 

5. By providing different type of support plates to the beam before the welding process, the stress produced 

in the beam is controlled, which doesn’t affect the flange plates even after the removal of support plates. 

In this project the best support plate is chosen as temporary stiffeners for the minimum stress production 

of 280.36 N/m
2
 when compared the same beam to other type of support plates. 

6. This project works on reducing the stress produced from the initial stage of material preparation to the 

welding process, production process included in the fabrication of structural beams in fabrication 

industries. It is done by optimizing the bevel dimension from 45° to 30° and by controlling the stress 

produced to 1162.7 N/m
2
. This is followed by the improvements in welding, production process. 

7. This project shows the ways of determining the control parameters in welding process and the 

elimination of weld bends raised in the process. This paves a decent way in improving the productivity in 

the small scale and medium scale industries without the need of heavy machineries for the removal 

process. It will be useful in future for the ship building industries, heavy steel structural fabrication 

industries to minimize the usage of heavy machineries and minimize the usage of enormous time in the 

defects elimination process since they are monitored and controlled in the early stage of their process. 

 

 



50 
 

9. References 

1. Oldrich Sucharda, Malgorzata Pajak, Tomasz Ponikiewski, Petr Konecny.  

“Identification of Mechanical and fracture properties of self-compacting concrete beams with different types 

of steel fibres using inverse analysis”. Construction and Building Materials, Volume 138, 1 May 2017, 

Pages 263-275. 

2. Mario D'Aniello, Raffaele Landolfo, Vincenzo Piluso, Gianvittorio Rizzano. “Ultimate behaviour of steel 

beams under non uniform bending”. Journal of Constructional Steel Research, Volume 78, November 2012, 

Pages 144-158. 

3. Saman Karami, Hamidreza Jafarian, Ali Reza Eivani, Shahram Kheirandish. “Engineering tensile 

properties by controlling welding parameters and micro structure in a mild steel processed by friction stir 

welding”.  Materials Science and Engineering: A, Volume 670, 18 July 2016, Pages 68-74. 

4. Ke Li, Zhisheng Wu, Yanjun Zhu, Cuirong Liu. “Metal transfer in submerged arc welding”. Journal of 

Materials Processing Technology, Volume 244, June 2017, Pages 314-319. 

5. E.R. Imam Fauzi, M.S. Che Jamil, Z. Samad, P. Muangjunburee. “Microstructure analysis and 

mechanical characteristics of tungsten inert gas and metal inert gas welded AA6082-T6 tubular joint. A 

comparative study”. Transactions of Nonferrous Metals Society of China, Volume 27, Issue 1, January 

2017, Pages 17-24. 

6. Rodrigo Gonçalves, Dinar Camotim. “A system based approach for the design of laterally unbraced multi 

spaced steel columns and beams”. Engineering Structures, Volume 135, 15 March 2017, Pages 10-20. 

7. Lixin Li, Lin Xiao, Hanqing Liao, Sheng Liu, Ben Ye. “Welding quality monitoring of high frequency 

straight seam pipe based on image feature”. Journal of Materials Processing Technology, Volume 246, May 

2017, Pages 285-290. 

8. A. Tomaszewska. “Influence of statistical errors on damage detection based on structural flexibility and 

mode shape curvature”. Computers & Structures, Volume 88, Issues 3–4, February 2010, Pages 154-164. 

9. D.W. Cho, S.J. Na, M.H. Cho, J.S. Lee. “A study on V-groove GMAW for various welding positions”. 

Journal of Materials Processing Technology, Volume 213, Issue 9, September 2013, Pages 1640-1652. 

10. Rong Chen, Ping Jiang, Xinyu Shao, Gaoyang Mi, Chunming Wang, Shaoning Geng, Song Gao, 

Longchao Cao. “Improvement of low temperature impact toughness for 304 welded joint produced by laser-

MIG hybrid welding under magnetic field”. Journal of Materials Processing Technology, 7 April 2017. 

11. Yusuf Ozcatalbas, Alpay Ozer. “Investigation of fabrication and mechanical properties of internally pre 

stressed steel I beam”. Materials & Design, Volume 28, Issue 6, 2007, Pages 1988-1993. 

12. H.X. Yuan, Y.Q. Wang, Y.J. Shi, L. Gardner. “Stub column tests on stainless steel built up sections”. 

Thin-Walled Structures, Volume 83, October 2014, Pages 103-114. 



51 
 

13. Gui-Lin She, Fuh-Gwo Yuan, Yi-Ru Ren. “Thermal buckling and post buckling analysis of functionally 

graded beams based on general higher order shear deformation theory”. Applied Mathematical Modelling, 

Volume 47, July 2017, Pages 340-357. 

14. Martin Heidenreich. “Innovation patterns and location of European low and medium technology 

industries”. Research Policy, Volume 38, Issue 3, April 2009, Pages 483-494. 

15. G. Karthikeyan, K.N. Krishnaswamy. “Assembly manpower allocations under proportionality 

constraints”. European Journal of Operational Research, Volume 44, Issue 1, 5 January 1990, Pages 39-46. 

16. A. Li Puma, G. Aiello, F. Gabriel, G. Laffont, G. Rampal, J.-F. Salavy. “Requirements and proposals for 

controlling and monitoring measurements of HCLL TBM”. Fusion Engineering and Design, Volume 85, 

Issues 7–9, December 2010, Pages 1642-1652. 

 

 

 

 

 

 

       

 

 

 



Annexures 

 

 

Annexure.1   CAD drawing of the experimental beam 

Annexure.2   Beam with weld groove of 45° 

Annexure.3   Beam with weld groove of 30° 

Annexure.4   Stress results for bevel of 45° 

Annexure.5   Stress results for bevel of 30° 

Annexure.6   Stress results for Beam with stiffener plates 

Annexure.7   Stress results for Beam with angular support plates 

Annexure.8   Stress results for Beam with flange to flange supports 

Annexure.9   Stress results for Beam with vertical support plates 
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Annexure.4      Stress results for bevel of 45° 

 

 



 

 

Annexure.5      Stress results for bevel 30° 

 

 

 



 

 

            Annexure.6      Stress results for Beam with stiffener plates (Type A) 

 

 

 



 

 

          Annexure.7      Stress results for Beam with angular support plates (Type B) 

 

 

 



 

 

Annexure.8     Stress results for Beam with flange to flange supports (Type C) 

 

 

 

 

 

 



 

 

 

Annexure.9      Stress results for Beam with vertical support plates (Type D) 

 

 

 


