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Abstract  The quality and reliability of welded structures are principally dependent on factors such as: welding current 

and voltage, speed of the weld pass, groove angle, type of filler material, characteristics of the base metal and method of 

cooling/quenching of the weldment. Research efforts had been focused more on the effect of these factors excluding groove 

angle and quenching substance on weldment quality and reliability. This study was based on measuring the reliability of 

welded structures using optimization technique in consideration of two weldment quality determinant factors- groove angle 

and type of cooling/quenching substance. The designed experiment employed in the optimization process, used the input 

variables of groove angle (55°-60°) and type of quenching substance. The mechanical properties of the weldment were used 

as the measured responses. The results showed that air quenched weldment for a groove angle of 60° had the highest yield 

strength, ductility and the desired minimum percentage reduction in area. Water quenched weldment for a groove angle of  

60° offer high ultimate tensile strength and hardness. While weldment quenched with palm oil using a groove angle of 59° 

had the highest engineering fracture strength. A groove angle of 60° and air as cooling substance was considered a better 

factor combination for achieving good weldment performance in terms of strength, ductility and percentage reduction (area) 

following the optimization outcome.  
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1. Introduction 

Welding is an operation that involves the joining of two 

similar or dissimilar materials (metals) through the 

application of heat and/ or pressure with or without the use of 

filler materials. During welding operation, other auxiliary 

materials such as: shielding gases, fluxes or pastes may be 

used to aid the process. Welding of similar metals is not as 

challenging as welding dissimilar metals of different 

chemical, thermal, physical and mechanical properties. The 

quality and strength of a weldment are affected by factors 

such as: type of welding adopted, welding current, welding 

voltage, nature of the base metals, the speed of the weld 

passes, type of filler material used, type of cooling 

substances and the weld groove type and angle deployed. 

Selection of an arc welding process is complex with 

respect to the workpiece, application, simplicity, 

infrastructure, cost, expected quality, etc. Therefore, 

particular welding application is performed with the 

interaction of many factors and attributes as shown in Figure 

1. In this regard, the arrangement of Shielded Metal Arc  
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Welding (SMAW) process is chosen in the industry due to its 

simplicity as few process-attributes such as workpiece, 

welder, power source and electrode make the set up complete. 

It is an effective and low-cost process for producing quality 

products [1]. SMAW technique is a type of fusion welding 

that uses electric current supplied to an electrode from the 

welding machine to melt the electrode on the prepared 

groove forming a weld at that joint. Application of SMAW 

or Manual Metal Arc Welding (MMAW) is gradually 

replaced in the global context with the introduction of new 

processes while it is very important for developing countries 

with low-cost infrastructure, simplicity and availability of 

human capital [2]. The shielded metal arc welding is most 

widely used in small scale industries, because of its low cost, 

simplicity, flexibility and portability [3]. Further, manual 

welding still occupies a leading position in domestic, 

maintenance, fabrication and offshore applications [4]. 

Special advantages of Shielded Metal Arc Welding (SMAW) 

process are the improved microstructure at the welded joint 

by varying chemical coating formulation, availability of 

electrodes for almost all steels [Welding Handbook, 1991], 

proper weld zone protection without additional equipment 

and possible to produce thin electrodes in diameter (up to 

1mm) [1]. SMAW is carried out best by human skill and 

practice and assessed by inspection and/or testing of the weld 

[5]. 
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Figure 1.  Input and response variables relationship for SMAW welding process 

The failures noted in welded structures are often attributed 

to the residual stresses induced in the metals during welding 

operations. This induced stress thus affects the mechanical 

properties and the morphological state of the metals. Sequel 

to this concern, researches have been carried out by so many 

persons in quest of finding the good welding methodology 

that will mitigate if not eradicate the consequent effects of 

the induced residual stresses. To this regard, [6] employed 

different welding angles to join high-strength armor steel 

inquest of finding out the effect of groove angle and 

geometry of the welding groove on tensile, compression  

and bending strength of welded samples. From their 

experimental studies, the highest tensile strength was gotten 

at the welding angle of 54° and with a V-welding groove 

geometry. It was also deciphered that at a groove angle   

of 48° and X-welding groove geometry, the highest 

compression strength was obtained. Also, [7] studied the 

effect of groove angle configurations on the mechanical and 

microstructural properties of SS400 structural steel joined by 

fusion welding. From their study, double half-rooted 35° 

V-groove angle and root width of 2mm had the highest 

tensile strength while the sample with half V-groove with  

35° angle and 9mm root width had the highest impact 

strength. In addition, other researchers [8] investigated the 

influence of different input process parameters-current, 

voltage and groove angle on the weld quality of mild steel 

material and the optimal factor combinations that yielded 

the best weld quality using optimization tool. Mechanical 

tests and microstructural examinations were carried out on 

the 36 mild steel samples employed in the study. According 

to their findings, best quality weldment with highest 

ultimate tensile stress (UTS) is obtained at current values of 

104A, 119A and 123A; voltage of 27V and groove angle of 

60°. 

The combined effect of varying groove angles and 

cooling/quenching media on the mechanical properties of 

mild steel weldment performed using SMAW needs to be 

investigated and the optimum welding factor combinations 

that would yield the best weldment quality and reliability 

established. This study is essential since the type of 

cooling/quenching media and angular value of the groove 

has a direct effect on the microstructural formation and 

arrangement of weldment molecules which characterizes 

the mechanical properties of the base material- mild steel. 

To this concern, optimization technique will be used to 

output the optimal groove angle and cooling/quenching 

media for the best weldment performance using the 

measured values of the considered mechanical properties of 

mild steel weldment and the welding factors- groove angle 

and type of quenching/cooling media. The optimization and 

statistical analysis tools employed would help in deciphering 

the individual and interactive effects of the welding factors 

on each of the mechanical properties of the weldment. This 

forms the basis of this study. 

2. Materials and Method 

2.1. Materials  

The materials used in this study were: AISI/SAE 1020 

mild steel (dimension: 100mm × 46mm × 1mm), polishing 

reagent (diamond powder and alumina powder), water, 

etching reagents (nitric acid and ethanol), quenching 

substances (palm oil, water and air), sand paper, electrodes 

(basic type- because it gives good arc penetration       

and excellent mechanical properties). The chemical 

compositions of the mild steel specimen used in this study is 

shown in table 1. 
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Table 1.  Chemical compositions of mild steel specimen [9] 

Elements C Si S P Mn Ni Cr Mo V Cu 

Average contents 0.1999 0.1548 0.0594 0.0459 0.5826 0.131 0.1105 0.016 0.0013 0.384 

Elements W As Sn Co Al Pb Ca Zn Fe - 

Average contents 0.0076 0.0051 0.0377 0.0098 0.0028 0 0.0001 0.0048 98.247 - 

 

2.2. Method 

The research method employed in this study stems from 

design of experiments through sample preparations and 

welding, quenching of the samples, mechanical tests to 

optimization of the responses in quest of finding the optimal 

factor characteristics for good weld integrity or performance. 

The following sections provided detailed description of the 

research methods.  

2.2.1. Design of Experiment 

Design expert software 11.0 was employed in designing 

an experiment using response surface methodology tool   

for carrying out mechanical analysis of the weldment. The 

experiment was designed using the input factors: type of 

quenching substances (water, air and palm oil) and various 

single V-groove angles (A). The response variables used 

were: yield stress, ultimate tensile stress, engineering 

fracture stress, percentage ductility and reduction. The 

groove angle and type of quenching substances were taken  

as numeric and categorical variables respectively. The 

mathematical inequality that governed the development of 

the experimental design for the factor of groove angle    

was: 55°  Groove angle (A)  60°. At the end of the 

experimental design, a total of eleven (11) simulations/runs 

were gotten. 

2.2.2. Sample Preparation and Welding 

Eleven (11) samples were prepared by cutting out two 

mild steel plates that would give a dimension of 100mm   

× 46mm × 1mm when assembled together by carefully 

following the designed experiment. The two metal pieces 

were then joined together using shielded metal arc welding 

(SMAW). The welding parameters used are: welding 

current 180A, welding voltage 220V AC.  

2.2.3. Quenching of the Specimens 

Immediately after welding the specimens, each was 

dropped into the respective cooling substances- water, palm 

oil and air with the aid of a hand tong. After the cooling 

process of the specimens, they were taken out of the cooling 

substances and labeled accordingly. Figure 2 shows the 

appearance of some of the specimens after quenching. 

 

   

Figure 2.  (a) Water quenched sample (b) Oil quenched sample (c) Air cooled sample 

The various forms of the samples quenched in water,  

oil and air as shown in figure 2 can be attributed to the 

microstructural and macrostructural arrangement of the 

atoms of the weld metal and the base metal. The cooling 

method and substance applied determine the structural form 

and mechanical properties of the weldment. The weldments 

may be fine or coarse depending on the type of cooling 

medium used. Microstructural and macrostructural analysis 

are beyond the scope of this study. 

2.2.4. Laboratory Testing of the Specimens 

a. Tensile Test 

The tensile strength of the specimens was tested in 

tension to failure by mounting each sample on the jaws of a 

tensiometer on which a gradually increasing load was 

applied and the initial area and width of the samples were 

noted as 140mm2 and 2mm respectively before subjecting 

them to tension. The yield and maximum loads were 

recorded directly from the resulted graph. The broken ends 

of each specimen were fitted and the final gauge length, 

final width and final area were measured. The readings 

obtained were used in the determination of yield Strength 

(𝜎𝑦 ), ultimate tensile Strength (𝜎𝑢 ) percentage elongation 

and engineering fracture stress.  

b. Hardness Test 

Hardness test was also conducted on the samples with the 

aid of Rockwell hardness tester (Indentec, 2007 Model). 

This test was carried out by placing the specimen on the 

anvil of the machine and the penetrator seated by means of 

a 10 kg body. The dial indicator was zeroed and then major 

loads of 60, 100 or 150 kg were sequentially applied, 

forcing the penetrator into the specimen. Upon removal of 

major load, the indicator specimen recovers slightly, and the 

final depth of the penetrator was registered directly on the 

dial indicator as a hardness number. 

a b c 
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2.2.5. Statistical Analysis 

Statistical test (Analysis of variance-ANOVA) was 

carried out on each of the considered variables in order to 

ascertain their significant effects on weldment performance 

of mild steel metal. The response having either an 

individual or combined/interactive two-factor effects were 

determined. Analysis of variance (ANOVA) is a collection 

of statistical models and their associated estimation 

procedures (such as the variation among and between 

groups) used to analyze the differences among means in a 

sample. It provides a statistical test of whether two or more 

population means are equal or not. 

2.2.6. Optimization Technique 

The values of all the considered responses used in the 

experimental design were determined and recorded 

appropriately. Response surface methodology tool was then 

used in optimizing the responses in order to get the best 

factor combination that would yield a good weldment 

performance in terms of its mechanical properties- yield 

stress, ultimate tensile stress, engineering fracture stress, 

percentage ductility and reduction. 

3. Results and Discussions 

3.1. Statistical Tests- ANOVA 

a. Yield Stress 

The result of the ANOVA analysis performed for the 

response variable – yield stress of mild steel material is 

shown on table 2.  

The respective P-values of the model and factors (groove 

angle and quenching substances) were all less than the 

chosen significance value (∝ -value) of 5% using 95% 

confidence interval. This thus implies that each of the factor 

has a significance effect on the yield strength of mild steel 

weldment. The two-factor interaction (2F1) on the response 

variable was insignificant.  

b. Ultimate Tensile Strength (UTS) 

Table 3 shows the result of the ANOVA analysis for 

ultimate tensile strength of mild steel material.  

From table 3, the P-values of the groove angle and 

quenching substances were all less than the significant value 

of 5% for 95% confidence interval. Hence, both the groove 

angle and type of quenching substance used have an 

individual effect and a combined effect on the ultimate 

tensile strength of mild steel weldment. 

c. Engineering Fracture Stress 

Table 4 shows the ANOVA result of engineering fracture 

stress for mild steel weldment. 

Table 4 shows that each of the factors- groove angle and 

quenching substance has its own effect on the response 

variable- engineering fracture stress without any interactive 

effect on the response variable. 

d. Percentage Ductility 

The ANOVA result of the response variable-ductility is 

shown on table 5. 

There is no interactive factor effect on this mechanical 

property of mild steel weldment but each of the factors has 

their individual significant effects on the ductility of the 

weldment. This is attested to by their respective P-values 

which were less than the chosen significant value (∝-value) 

of 5% for a 95% confidence interval. 

Table 2.  ANOVA Analysis for Response 1- Yield Stress 

Source Sum of Squares df Mean Square F-value p-value 
 

Model 144.81 3 48.27 156.30 < 0.0001 significant 

A-Groove Angle 23.94 1 23.94 77.54 < 0.0001 
 

B-Quenching Substances 110.65 2 55.33 179.15 < 0.0001 
 

Residual 2.16 7 0.3088 
   

Lack of Fit 2.16 6 0.3603 
   

Pure Error 0.0000 1 0.0000 
   

Cor Total 146.97 10 
    

Table 3.  ANOVA Analysis for Response 2- Ultimate Tensile Stress 

Source Sum of Squares df Mean Square F-value p-value 
 

Model 162.52 5 32.50 219.24 < 0.0001 significant 

A-Groove Angle 23.04 1 23.04 155.39 < 0.0001 
 

B-Quenching Substance 136.63 2 68.31 460.75 < 0.0001 
 

AB 5.31 2 2.66 17.91 0.0053 
 

Residual 0.7413 5 0.1483 
   

Lack of Fit 0.7413 4 0.1853 
   

Pure Error 0.0000 1 0.0000 
   

Cor Total 163.27 10 
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Table 4.  ANOVA Analysis for Response 3- Engineering Fracture Stress 

Source Sum of Squares df Mean Square F-value p-value 
 

Model 123.38 3 41.13 53.53 < 0.0001 significant 

A-Groove Angle 34.39 1 34.39 44.76 0.0003 
 

B-Quenching Substances 94.29 2 47.15 61.37 < 0.0001 
 

Residual 5.38 7 0.7683 
   

Lack of Fit 5.38 6 0.8963 
   

Pure Error 0.0000 1 0.0000 
   

Cor Total 128.76 10 
    

Table 5.  ANOVA Analysis of Response 4- Ductility 

Source Sum of Squares df Mean Square F-value p-value 
 

Model 256.29 3 85.43 1214.57 < 0.0001 significant 

A-Groove Angle 16.37 1 16.37 232.79 < 0.0001 
 

B-Quenching Media 220.39 2 110.20 1566.69 < 0.0001 
 

Residual 0.4924 7 0.0703 
   

Lack of Fit 0.4924 6 0.0821 
   

Pure Error 0.0000 1 0.0000 
   

Cor Total 256.78 10 
    

Table 6.  ANOVA Analysis for Response 5- Percentage Reduction 

Source Sum of Squares df Mean Square F-value p-value 
 

Model 853.33 3 284.44 426.44 < 0.0001 significant 

A-Groove Angle 49.08 1 49.08 73.58 < 0.0001 
 

B-Quenching Media 827.20 2 413.60 620.07 < 0.0001 
 

Residual 4.67 7 0.6670 
   

Lack of Fit 2.67 6 0.4449 0.2224 0.9218 not significant 

Pure Error 2.00 1 2.00 
   

Cor Total 858.00 10 
    

Table 7.  ANOVA Analysis for Response 6- Rockwell Hardness Value 

Source Sum of Squares df Mean Square F-value p-value 
 

Model 816.47 5 163.29 1860.71 < 0.0001 significant 

A-Groove Angle 36.20 1 36.20 412.48 < 0.0001 
 

B-Quenching Media 781.64 2 390.82 4453.34 < 0.0001 
 

AB 8.36 2 4.18 47.65 0.0006 
 

Residual 0.4388 5 0.0878 
   

Lack of Fit 0.4388 4 0.1097 
   

Pure Error 0.0000 1 0.0000 
   

Cor Total 816.91 10 
    

 

e. Percentage Reduction  

Table 6 shows the result of the ANOVA analysis for the 

response variable- percentage reduction. 

The P-values of each factor is less than the significant 

value of 5% using a confidence interval of 95%. This proves 

that each of the considered factors has an individual effect 

and a combined effect on the response variable as endorsed 

by their respective P-values. 

f. Rockwell Hardness Value 

Table 7 shows the ANOVA result of Rockwell hardness 

value for mild steel weldment. 

Each of the factors has an individual significant effect and 

an interactive effect on the hardness of mild steel weldment. 

This was attested to by the respective P-values of the factors 

which were all less than 5% significance value using 95% 

confidence interval. 

3.2. Response Surface Methodology- Optimization of the 

Variables 

The optimization operation aimed at maximizing the yield 

strength, ultimate tensile strength, engineering fracture 
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strength, percentage ductility and Rockwell hardness of mild 

steel weldment. The percentage reduction degree was 

minimized in the optimization process inquest of best factor 

combination that would give minimal percentage reduction 

characterized with a reduced rate of necking on the 

weldment.  

The graphical plots displayed thus show the results of the 

numerical optimization performed using the considered 

input and response variables. 

From figure 3, the highest desirability value of 0.788 was 

achieved at a groove angle of 60° and with air as the cooling 

substance. This thus implies that such factor combination is 

the optimum for a good weldment performance of mild steel 

material. The quenching substance- water at a groove angle 

of 60° had the second higher desirability value followed by 

palm oil at a groove angle of 59°.  

The yield stress of mild steel weldment has a highest value 

of 42.86𝑁/𝑚𝑚2 at a groove angle of 60° using air as the 

cooling substance. Figure 4 depicts this. The design point as 

indicated by the cross is the optimum factor point that would 

yield desirable weldment performance of mild steel material. 

Within the yield point region, the weldment still retains some 

degree of elasticity but beyond it, a plastic structure was 

formed. The yield strength of the weldment cooled by air 

was higher than that quenched by water with a value of 

3.57𝑁/𝑚𝑚2. This could be attributed to the high viscosity of 

water compared to air and the abrupt quenching process that 

will cause some effects on the lattice structure of the 

micro-atomic constituent of the weldment, thereby affecting 

its yielding strength by a small degree. Palm oil quenching 

media gave the lowest value of yield strength because of it 

higher value of viscosity. 

 

Figure 3.  (a) Plot of desirability against groove angle (b) Plot of desirability against quenching media 

 

Figure 4.  (a) Plot of yield stress against groove angle (b) Plot of yield stress against quenching substance 

a b 

a b 
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Figure 5.  (a) Plot of ultimate tensile stress against groove angle (b) Plot of ultimate tensile stress against quenching media 

 

 

Figure 6.  (a) Plot of engineering fracture stress against groove angle (b) Plot of engineering fracture stress against the quenching substance 

From figure 5, weldment quenched by water at a groove 

angle of 60° gave the highest ultimate tensile strength. Water 

quenched weldment at a groove angle of 60° gave an 

ultimate tensile strength value of 51.43𝑁/𝑚𝑚2  while air 

cooled weldment gave 50𝑁/𝑚𝑚2 at 60° groove angle. Palm 

oil gave the lowest value of 45𝑁/𝑚𝑚2 at a groove angle of 

59° The ultimate tensile stress measures the highest stress 

point the weldment can withstand before necking ensues and 

then fracture. The higher ultimate tensile strength value 

given by water quenched weldment can be attributed to large 

heat extraction capacity of water causing the formation of 

refined metallurgical structure and martensite. 

Figure 6 shows that air cooled weldment at a groove angle 

of 60° has a good engineering fracture strength after palm  

oil quenched samples which has the highest value. Water 

quenched weldment was by 0.13% greater than that of air 

cooled weldment.  

Furthermore, figure 7 depicts the plots of ductility against 

the groove angle and quenching media. It was deduced that 

air cooled sample at a groove angle of 60° gave the highest 

value of ductility. This implies that such weldments are more 

elastic than those of water-cooled and palm oil quenched. 

This is because when steel is heated by welding heat no 

structural change takes place until the lower critical point is 

reached. At this point, the carbon in the steel starts forming a 

solid solution with the iron and this change takes place 

through the critical range. The transformation is completed 

at the upper critical point and at temperatures above this, the 

steel consists of a solid solution of carbon in iron called 

a b 

a b 
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austenite, which is hard and non-magnetic substance [10]. 

When it is allowed to cool down normally (air cooled) 

passing through the critical range, the austenite is 

transformed back to pearlite accompanied by ferrite in steel 

[10]. And again, considerable contraction occurs at the 

critical range and during cooling, there is a corresponding 

instantaneous expansion which makes the material to 

become plastic and ductile. 

For a weldment that wouldn’t form neck zones too fast, a 

small percentage reduction of its area is desired. Figure 8 

shows that air cooled weldments has the smallest value of 

percentage reduction compared to water and palm oil 

quenched. This was because of the higher value of yield 

strength of air cooled weldment and its good ductile property. 

Palm oil quenched sample has the highest value.  

Figure 9 illustrates that water quenched weldment at a 

groove angle of 60° has the highest hardness value compared 

to air cooled and palm oil quenched samples. The 

characteristic constituent of water quenching substance 

caused a very close compart arrangement of the weldment 

atom leading to the martensite formation. Hence the 

observed high hardness value of water quenched weldments. 

 

 

Figure 7.  (a) Plot of ductility against groove angle (b) Plot of ductility against quenching media 

 

 

Figure 8.  (a) Plot of percentage reduction against groove angle (b) Plot of percentage reduction against quenching media 

a b 

a b 
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Figure 9.  (a) Plot of Rockwell hardness value against groove angle (b) Plot of Rockwell hardness value against quenching media 

Table 8.  Optimal Factors and Predicted Response Values 

Number 
Groove 

Angle 

Quenching 

Media 

Yield 

Stress 

Ultimate 

Tensile 

Stress 

Engineering 

Fracture 

Stress 

Ductility Reduction 

Rockwell 

Hardness 

Value 

Desirability 
 

1 60.000 Air 42.796 49.712 64.605 22.283 48.764 71.717 0.788 Selected 

2 60.000 Water 39.770 51.322 66.061 14.755 54.839 79.000 0.700 
 

3 58.876 Palm Oil 33.795 43.278 70.624 10.608 69.065 58.111 0.221 
 

 

3.3. Optimal Factors Combination 

The selected optimal factors and the response values 

predicted at these factor point using their respective 

developed models is shown in table 8. 

From table 8, it can be inferred that using air as a 

quenching media and a groove angle of 60° offered a better 

weldment characteristic performance compared to water 

cooled and palm oil quenched samples. A higher desirability 

value of 0.788 was obtained at such factor combination. This 

was followed by water and then palm oil quenching media. 

3.4. Stress-Strain Plots of Mild Steel Weldment  

The stress-strain plot shows pictorially the behavior of 

engineering materials under the action of loads. The zones of 

interest such as the: proportionality limit, elastic zone, yield 

point zone, ultimate strength zone and the fracture zone are 

depicted on stress-strain plots for material engineers to study 

the behavioral phenomena of materials. From the performed 

experiment and optimization outcome, air cooling at a 

groove angle of 60° was obtained as the optimal factor 

combination for better weldment performance of mild steel 

material. This was followed by water quenching media at 

same groove angle and lastly, oil quenched at a groove angle 

of 59°. These conclusions were deduced from the respective 

desirability values of each factor combination as shown on 

table 8. To further observe pictorially the behavior of the 

mild steel weldments under various load actions, the 

stress-strain values of each of the factor combinations shown 

on table 8 were plotted. Table 9 shows the values of loads 

applied on each mild steel material that led to its necking and 

fracturing. 

Table 9.  Applied Load Values on Mild Steel Material 

Substance Applied Loads (N)  

Air 0 2000 6000 6400 7000 7000 5600 

Water 0 2000 5500 6000 7200 7200 5400 

Palm oil 0 2000 5700 6000 7200 7200 5600 

The responses of the weldments to the loads are shown 

graphically on figure 10, 11 and 12. 

Figures 10, 11 and 12 show the behaviors of the 

weldments on loads leading to fracture points. The yield 

stress values could be observed at points 39.29𝑁/𝑚𝑚2 , 

42.86𝑁/𝑚𝑚2 and 35.625𝑁/𝑚𝑚2 for air-cooled, water and 

oil quenched samples respectively. Below these points, the 

material is still within the elastic zone but beyond the points 

lead to plastic formation. The figures print the ultimate 

strength values of the material to be 50𝑁/𝑚𝑚2, 51.43𝑁/
𝑚𝑚2 and 45𝑁/𝑚𝑚2 for air-cooled, water and oil quenched 

samples respectively. Loads beyond these stress points led to 

neck formation and consequently, fracture of the material’s 

weldment. 

a b 
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Figure 10.  Stress/Strain plot of air cooled sample at a groove angle of 60° 

 

Figure 11.  Stress/Strain plot of water quenched sample at a groove angle of 60° 

 

Figure 12.  Stress/Strain plot of oil quenched sample at a groove angle of 59° 
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4. Conclusions 

The study reveals that good weldment performance in 

measures of quality and reliability is achieved when welded 

structures are cooled by air and the weld groove angle is 

maintained at 60°. By quality and reliability, the weld has a 

high strength and ductility values with minimum percentage 

reduction in area which are needed in practice at these 

conditions. Industrially, good weldment integrity will be 

achieved through the application of this research finding to 

mitigate the failure rate of welded structures caused by 

induced residual stresses. Microstructural examination of 

these weldments- air cooled, water quenched and oil 

quenched and their respective groove angles will be helpful 

in knowing the compactization and grain sizes of the 

weldments which contribute to good weld quality and 

reliability. Also, finite element weld simulation should be 

employed to further validate this research conclusion. These 

are the required areas that this study should be furthered on. 
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