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ABSTRACT 
 

The quality of welded joints, in term of strength and characteristics of the heat affected zone is a function of available 

welding technology and the skill of the welder. The most common welding technology in Nigeria is the shielded metal arc 

welding. The mechanical properties of welds produced via shielded metal arc welding by welding shops in Minna, Nigeria 

were investigated in this work. Nine welders were randomly selected from different parts of Minna metropolis while a tenth 

welder who passed through formal technical training was selected. The specimens for welding were cut from the same plate, 

subjected to the same edge preparations and welded under the same conditions (current, voltage and welding position) in 

order to limit the quality of the welded joint to the skill of the welder. It is expected that a sound weld should be stronger 

than the parent metal. The study revealed that the weld produced by the welder with formal technical training was 5 % 

stronger than the parent metal while all the nine indigenous welders produced joint that were less in tensile strength than the 

parent metal. However one of the indigenous welders produced a weld of 97% strength while 55.6 % of them achieved 

strengths above 60 %. Though the quality of weld produced by an average welding shop falls below expectation, there is 

great potential for technology transfer among these craftsmen. 
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1. BACKGROUND TO THE STUDY 
 

Indigenous welders provide needed maintenance 

services, fabrication of tanks, mechanical engineering 

services in the construction industry and small scale 

fabrication of homemade machines in cities and towns 

in Nigeria. This group acquire their welding skills 

informally by submitting to apprenticeship training for 

three to five years. The much needed technology 

transfer can only be achieved if the country seeks to 

utilise available technology correctly. The soundness of 

the weld produced by this group of craft men is a 

function of their welding skill. Almost all welders 

operating welding shops lay claim to being experts 

without any measurement of the soundness of their 

welds. A proper assessment of the state of this 

technology will make it possible to know the measure 

required to bring about adequate technology transfer in 

the field of shielded metal arc welding in Nigeria. This 

research work aimed at assessing the soundness of the 

welds produced in welding shops using Minna as a case 

study. 

 

Kumar (2006) indicated that most steels can be welded, 

but satisfactory joints cannot be produced in all grades 

with equal ease. A metal is considered to have a good 

weldability if it can be welded without excessive 

difficulty or the need for special and costly procedures. 

He further noted that low carbon steels (0.08% C to 

0.3% C) have good formability and excellent 

weldability.  

 

 

 

Adamczyk (2006) indicated that the weldability of 

construction steels is characterized in term of carbon 

equivalent and by the heat affected zone cracking parameter 

(especially for steels in extreme climatic conditions). Ion and 

Ashby (2011) characterized weldability in terms of a material 

index (which relates to the hardenability of the steel and the 

hardness of solid state transformation products) and process 

index which characterises the property of the welding process 

most relevant to weldability - its energy input. Gery et al. 

(2005) indicated that excessive heat input can cause damage 

to the material. 

 

2. STATEMENT OF PROBLEM 

 

The input energy is a function of the welding process. The 

effects of welding parameters on mechanical properties of 

steels have been investigated by several researchers in the 

resent past (Gery et al., (2005); Haragopal, (2011); Sapakal 

and Telsang (2012); Monika et al., (2013); Kumar and 

Kumar, (2014); Bodude and Momohjimoh, (2015); Osayi et 

al., (2015)). The welding process parameters often reported 

include current, voltage, root gap, welding speed and heat 

input. Full fusion is always assumed in all cases. Production 

of full fusion is however dependent on the skill of the welder. 

The welding speed and good control of the welding process at 

a given current, voltage and root gap is a function of the skill 

of the welder. 
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3. OBJECTIVE 
 

The main objective of the present research is to 

determine the mechanical properties of welded joints 

produced by indigenous welders, with Minna, Nigeria 

as a case study. 

 

4. METHODOLOGY 
 

4.1 The Research Design 
 

Mild steel was used for this study because it is the 

material that local welding shops work on over 90% of 

their time. The mild steel plate welded is AISI C1020 

(As Rolled). Its chemical composition is o.23% C, 

0.35% Mn, 0.28% Si, 0.02% S, 0.04% P and 99.08% 

Fe. The E6013 electrode having a composition of 

0.12%C, 0.1%Si, and 0.45%Mn were used. The 

diameter is 3.2mm and 350mm long. The mild steel 

plate of thickness 2.5mm was cut into sixty three (63) 

pieces.  

 

 

 

 

 

 

The specimens for welding were cut from the same plate, 

subjected to the same edge preparations and welded under the 

same conditions (current, voltage and welding position) in 

order to limit the quality of the welded joint to the skill of the 

welder. 

 

Nine welders, with different years of welding experience, 

were randomly selected from different parts of Minna 

metropolis while a tenth welder who passed through formal 

technical training was selected. The ten welders produced 

welded joints under the same welding conditions and the 

mechanical properties of the joints were tested. 

 

4.2 Welding Procedure 
 

A pair of the test pieces were laid down parallel and facing 

each other. The welding machine amperage was set at 120 

Amperes. The metal was tack welded to the backing strip at 

both ends of the joint to keep the metal aligned. An arc was 

struck and a single bead was made down the root of the joint 

ensuring equal fusion in both plates and into the backing 

strip. Any slag noticed was removed before the deposition of 

additional beads after which the metal was welded on both 

sides. The tensile test piece specimens were then prepared for 

each steel plate by cutting them into required shape and size 

for further investigation and analysis. 

 

 

4.3 Tensile Test 
 

The yield strength and ultimate tensile strength of welded samples was determined using a universal tensile machine (UTM) 

(model: TERCOCE MT 3037) in the Department of Mechanical Engineering, Federal University of Technology, Minna- 

Nigeria. The tensile test pieces were prepared from the welded plates with hack saw and hand file. The stress applied (N/m2) 

were calculated from the following formula: 

Applied stress,σ = 

Applied load  

= 

F 

(1)

 

original area of the specimen A

 

    

The corresponding strains were calculated from equation (2):    

Strain = ∆     (2) 

 

where ∆L = extension (or change in length) and Lo = initial length. 

 

4.4 Bend Test 

 

A flat strip of metal is cut from the welded plates. The bend test was performed by mounting the test piece securely in the 

clamps of the upper and the lower cross beam of the testing machine. The hydraulic jack was operated and the lower cross 

section of the beam moves up and bends the specimen into U – shape. 

 

 

5. DATA PRESENTATION 
 

5.1 Tensile Strength Test Results 
 

The stress-strain curve for the parent metal (un-welded plate) is shown in figure 1. Similar plots of stress-strain curves for all 

the welded joints were made and the yield strength, tensile strength, and per cent elongation for each joint were determined 

from the plots. 
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Figure 1: The stress-strain curve of the un-welded plate Source: Plotted with data from laboratory test. 

 
 

6. DISCUSSION OF FINDINGS 

 

6.1 Tensile Test 
 

Table 1 presents the summary of the mechanical properties of all the specimens. 

 

Table 1: Results of the yield strength, tensile strength, elongation and per cent soundness of weld (as per cent of parent strength) for 

the ten welders 

 

   Tensile  % of

  Yield Strength Elongation Parent strength 

Specimen Years  of Strength (TS) (%) 

No Experience (Mpa) (Mpa)    

0 Parent 330.79 422.5 32.5 100  

1 8 342.61 409.88 31 97.01  

2 5 153.58 209.88 20.6 49.68  

3 25 307.17 444.44 23.8 105.19 

4 18 231.56 271.6 21.7 64.28  

5 4 271.72 308.64 19.5 73.05  

6 6 106.33 135.8 17.3 32.14  

7 12 283.54 370.37 21.7 87.66  

8 3 94.51 123.46 16.3 29.22  

9 4 153.58 197.53 19.5 46.75  

10 5 224.47 283.95 19.5 67.21  
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The stress-strain curve of the un-welded steel plate (Fig. 1) shows that the yield strength of the material is 330.79MPa while the 

tensile strength is 422.5MPa. The results presented in 

 

Table 1 show that only specimen number 3 is stronger than the parent material. The per cent tensile strength was more than that of 

the parent metal which is the expected result since a welded joint is expected to be stronger than the parent metal. Though the welder 

number 3 has the highest years of welding experience, the overall result has not indicated good correlation between the quality of 

weld and years of welding experience. Welder one with 8 years achieved 97.01% soundness, while welders 4 and 7 with 18 and 12 

years respectively achieved only 64.28% and 87.66% soundness respectively. Similarly welder 5 with only 4 years of welding 

experience produced a stronger weld (73.05%) than welder 4 who has 18 years of welding experience. These results suggest that the 

training received by the welders might have accounted for the qualities of the weld that were produced. Welder 3 who produced the 

strongest weld passed through formal technical school training in welding while the rest nine welders had informal training. The 

average soundness of the weld produced by the nine welders with informal training was 60.78%. This implies that the average welds 

produced in welding shops in Minna are of low quality in term of tensile strength. The quality of the welds produced by welder 1, 4, 

5, 7 and 10 is above average soundness for this group and indicates high potential in this group of informally trained welders. The 

absence of real correlation between the years of experience and quality suggests that this group of welders need reorientation in 

addition to retraining. Interactions with this group of informally trained welders indicate that they assume to be expert welders 

without any measurable test on the quality of their weld. Such assumption hinders improvement in skill acquisition. The 

Government needs to work out a retraining programme for this group of welders if Nigeria is to achieve the much needed 

technology transfer. 

 

6.2 Bend Test Results 
 

Specimen 1, 3, 4 and 7 were able to bend and form a good U – shape without any surface defect while specimen 2 and 5 also bend 

into a good U – shape but cracks were detected on the outer surface of the weld and specimen 6, 9 and 10 also form a good U – 

shape but micro holes were found on the outer surface of the weld. Only specimen 8 failed during bending. 

 

The specimen 8 that failed during bending recorded the least tensile strength (29.22%) and the least ductility (16.3% elongation). 

This indicates that the welder had a very poor control of the welding process. The four specimens that passed the bend test also had 

tensile strength values that were above average. 

 

6.3 The Heat Affected Zones (HAZ) 

 

The micrograph of the parent metal is presented in plate I, while those of the HAZ for the two top quality welded specimens 

are presented in plate II and III respectively. Equally presented are the micrographs of the HAZ of the two bottom quality 

welded specimens in plate IV and V respectively. 

 

 

 
 

Plate I: Micrograph of parent metal (Magnification: X40) 
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Plate II (Specimen 3) (X40) Plate III (Specimen 1) (X40) {Micrographs of heat affected zone of specimen 3 and 1. 

[A structure of pearlite (dark) and ferrite matrix distribution (light) with occurrence of oxidation (brown)]} 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Plate VI Specimen 6 (X40) Plate VII: Specimen 8 (X40) {Micrographs of heat affected zone of specimen 6 and 8. 

[A structure of pearlite (dark) and ferrite matrix distribution (light) with occurrence of oxidation (brown)]} 
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The microstructure of the parent metal (Plate I) reveals a fine 

structure of pearlite (dark) and ferrite (light) with closely 

packed grains and as a result, the parent metal possessed good 

mechanical properties. In comparison to the control specimen 

the micrograph of HAZ of specimen 3 (Plate II) reveal a fairly 

good structure of pearlite and ferrite and occurrence of 

oxidation due to the etchant. This indicates that the welder has 

a good control of the welding process. On the other hand the 

micrograph of specimen 1(Plate III) showed a structure of un-

even distribution of ferrite and pearlite which indicate that the 

welder did not maintain a good control of the welding process 

despite the high strength rating of 97.01%. The grains were 

also coarser in the HAZ than in the weld, thereby leading to 

failure in the HAZ. 

 

The structures of the heat affected zones of specimen 6 (Plate 

IV) and 8 (Plate V) were very coarse when compared to the 

control specimen. This indicates that both welders had very 

poor control of the welding process. This also accounts for the 

failure of specimen 8 during bending while specimen 6 had 

holes on the outer surface of the weld after bending into a U 

shape. 

 

 

7. CONCLUDING REMARKS 
 

This study has established that the mechanical strength of 

welded joints produced by welding shops in Minna falls below 

expectation. The work established an average strength rating of 

60.78% which indicate that the welders in the study area have a 

good potential for skill improvement if adequate training is 

provided. 

 

8. CONTRIBUTIONS TO KNOWLEDGE 
 

The study has revealed the need for retraining and reorientation 

of indigenous welders in Nigeria in order to achieve sound 

welding. The lack of improvement in welding skill with years 

of experience calls for a complete overhaul of the indigenous 

training process for welders. 
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