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Recently, low alloy steel types have been widely utilized in the manufacture of many 

important products, which may be damaged during service and require repair by welding. 

Shielded metal arc welding of 6 mm thick AISI 5155 low alloy steel plates with different 

electrodes was employed to examine and compare the microstructure and mechanical 

properties of the welds. The results showed diverse microstructures over the weld metals. 

The maximum hardness values across the welds were in the CGHAZ, where the structure 

contained ferrite and pearlite coarser than that of the base metal. The finest structure was 

in the inter-critical HAZ, in which the minimum hardness was; where partial 

spheroidization of pearlite occurred. The average weld metal hardness value, for all 

welds, was lower than that of the base metal (~465 HV). The highest hardness value was 

(~337 HV) for the weld produced using the OK48.00 electrode, whilst the maximum 

tensile strength was (938 MPa) for the weld due to the use of the OK76.18 electrode. The 

low cost electrode (OK46.00) and the expensive one (OK92.18) gave relatively lower 

mechanical properties, whereas the optimum properties were achieved as a result of using 

iron powder low hydrogen covering electrodes (OK48.00 and OK76.18). 
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1. INTRODUCTION

In the past decades, alloy steels have been developed for 

several reasons, the most important being to eliminate the 

limitations of using carbon steels. With carbon steels, it is 

usually difficult to obtain a tensile strength higher than (700 

N/mm²) if toughness and ductility are also required. In 

addition, carbon steels have poor resistance to corrosion. Steel 

compositions can be developed by adding several alloying 

elements of different weight percentages including chromium, 

nickel, tungsten, cobalt and vanadium. Manganese and silicon, 

as well as sulphur and phosphorous are also incorporated in 

larger quantities compared to carbon steels [1, 2]. The function 

of these additives is mainly to improve the strength of steel 

and its resistance to heat and corrosion, as well as enhancing 

ductility, machinability and hardenability. Compared to 

carbon steels, low alloy steel types typically have greater 

strength, though their cost is slightly higher. A wide range of 

industries utilize these steels, including railways, oil and gas 

pipelines, storage tanks, and heavy-duty vehicles. They are 

also well-suited for construction panels and the manufacturing 

of dies and various components for agricultural equipment [3, 

4]. These industries may fail under heavy duty and therefore 

require repair using a viable fusion welding process. 

As the weight percentages (wt.%) of carbon and alloying 

elements increase in low alloy steels, their hardenability thus 

increases at the expense of decreased weldability. Among 

welding defects, hot and cold cracking in the weld zone (WZ) 

and heat affected zone (HAZ) are particularly critical, as the 

weldability of steels is largely determined by the sensitivity to 

these cracks [5, 6]. Weld cracking can be prevented employing 

many different measures, like preheating, postheating, and/or 

buttering. Implementing these measures is however a waste of 

money, effort and/or time and is sometimes impractical based 

on the size and geometry of the pieces being welded [7, 8]. 

Cold cracks (hydrogen cracking) in low alloy steel welds can 

be prevented by providing low hydrogen welding conditions 

and slow cooling rates [2]. However, prohibiting or avoiding 

hot cracks is still a challenge. One of the most efficient ways 

to reduce hot cracking in steel welds is adding specific wt.% 

of nickel to the weld pool, as nickel additives can increase 

toughness and therefore impact strength of the WZ.  

On the other hand, shielded metal arc welding (SMAW) 

process is globally the most common, accounting for more 

than half of the overall welding processes in certain countries. 

Due to its simplicity and versatility, this process is a leader in 

the repair and maintenance work, and is broadly utilized in 

steel structures and industrial manufacturing. Given the 

widespread applications and low cost of equipment, the 

process is expected to remain popular, mainly in small 

workshops where automated and semi-automated processes 

are considered uneconomic and unnecessary. The shielding 

features of its electrodes make the SMAW process less 

sensitive to wind flow than gas-shielded arc welding processes 

[7]. With the SMAW process, the selection of appropriate 

welding electrodes can play a crucial role in controlling weld 

defects, mainly cracks, and thus the performance and cost of 

welds.  
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AISI 5155 is a low alloy steel that has various applications 

in the automotive, aerospace, construction, oil and gas 

industries due to its strength, toughness and corrosion-erosion 

resistance. SMAW of this type of steel requires very careful 

selection of the electrode type used among the multiple 

welding electrodes [9]. The types of electrodes specified in 

this study were chosen based on their availability and 

knowledge of their potential use in welding this type of steel 

[10]. 

After surveying the former literature, articles [11, 12] were 

found dealing with the study of the influence of electrode type 

on the microstructure and mechanical behavior of austenitic 

stainless steel welds achieved using the SMAW process. Other 

researches [13-17] have focused on shielded metal arc low 

carbon steel welds by the use of different electrodes. The 

significant influence of electrode type and welding current on 

the microstructure and mechanical properties of these welds 

has been clearly revealed. In 2018, Winarto et al. [18] 

investigated the influence of using two types of rutile 

electrodes (E6013 and E7024) on the mechanical behavior of 

high-strength, low-alloy AH-36 marine steel welds, which are 

joined underwater at various electric current values. The 

outcomes showed that the HAZ hardness values for both 

electrodes were higher than those of the WZ, which in turn 

were greater than the hardness of the base metal (BM). Besides, 

the E6013 electrode gave better tensile properties. Finally, 

Tahmasebi Manesh and Nasresfahani [19] evaluated in 2021 

the microstructural and mechanical behavior of high-strength, 

low-alloy P460NH steel welds of pressure vessel tanks 

achieved using the E8018-G electrode. The findings showed 

that the WZ included the greatest proportion of pearlite 

(~62%), whereas the BM comprised the greatest proportion 

(~73%) of ferrite. Correspondingly, the HAZ had the greatest 

hardness value (298 HV) compared to the softer BM (210 HV). 

The present article aims to investigate and compare the 

structure and mechanical behavior of the welds resulting from 

the use of various electrodes with the SMAW of AISI 5155 

low alloy steel.  

 

 

2. EXPERIMENTAL WORK  
 

2.1 Base metal 

 

Table 1 exhibits the chemical composition of the BM steel 

alloy used in the present study, conforming to the 

specifications of American Iron and Steel Institute (AISI) [20]. 

Chemical composition analysis presents that the composition 

of the raw material (as an average of three readings) is within 

the ranges identified by AISI. Table 2 shows some important 

specifications of the BM used. 

 

2.2 Filler metal 

 

Table 3 shows the specifications of electrodes used as filler 

metal with the SMAW process according to ESAB [10]. 

 

2.3 Welding of low alloy steels 

 

The following procedures as recommended by the AWS 

were carefully performed before starting the welding process. 

1. Removing rust from the piece surfaces by (0.5 mm) from 

each surface, then cleaning the pieces from oils, grease, 

chip residues and other contaminants.  

2. Drying the welding electrodes by gradually heating in 

ovens from room temperature to the appropriate drying 

temperature for the electrodes as recommended by the 

AWS.    

3. Fitting-up the distance between the two plates being 

welded on (2.5 mm) as in Figure 1, which shows the 

dimensions of these plates and the weld joint design 

(square butt).  

4. Tack welding the two plates at both ends using the same 

designated electrode selected for final welding. Any slag 

formed during tack welding is then removed.  

5. Adjusting the welding amperage according to the 

electrode characteristics (type and size) and welding 

position. The setting should be within the manufacturer's 

recommended range for these electrodes. 

 

Shielded metal arc welding for the 6 mm thick tack-welded 

plates of AISI 5155 low alloy steel has then been achieved on 

a large steel table on both sides according to AWS. The slag 

produced on one side was completely removed before welding 

the other side. Table 4 presents the welding conditions for low 

alloy steel plates. 

 

2.4 Microscopy 

 

Specimens were prepared for microstructural examination 

according to standard metallographic procedures (based on 

ASTM E3-2017 and ASTM E 407-2015) which include the 

following steps: specimen cutting, wet grinding, mechanical 

polishing and etching. To achieve the wet grinding process, 

the specimen surface was exposed to an electrically powered 

rotating disc equipped with SiC sandpaper of various grit sizes 

(180, 220, 320, 400, 600, 800, 1000, 1200 and 1500) 

sequentially. After grinding, mechanical polishing with 

diamond particle pastes (3, 1, and 0.25 μm grit size) was 

performed using special cloths mounted on the rotary disc. The 

function of this step is to eliminate grinding-induced new 

scratches. Finally, a 2% Nital etching was used to differentiate 

the phases based on their chemical reactivity. 

Specimens were prepared for use with optical microscopy 

and SEM to recognize the microstructures and topography of 

the welds. The prepared specimens were also utilized to detect 

and identify the type, size and location of the probable surface 

defects across the welds.    

  

2.5 Micro-hardness examination 

 

Vickers micro-hardness examination was executed across 

the welds (WZ, HAZ and unaffected BM) after grinding and 

polishing the surfaces being measured. This test was carried 

out under conditions of a 500 g load for 10 s, with an average 

of three measurements per point. 

 

2.6 Tension test  

 

Three tensile test specimens from each weld were prepared 

conforming to the American Standards for Testing of 

Materials (ASTM) [21] shown in Figure 2. The center-line of 

the weld was located in the mid of the specimen, and the 

reported tensile strength was an average value. All specimens 

were notched in the weld zone with a radius of 2.5 mm to 

ensure that the fracture occurs in this zone (Figure 3). 
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Table 1. Chemical composition of the BM steel alloy used in the present study 

 

AISI 5155 

Steel 

Chemical Composition (wt.%) 

C Mn Si Cr P S 

Nominal 0.51-0.59 0.7-0.9 0.15-0.3 0.7-0.9 0.035 max. 0.04 max. 

Actual 0.558 0.666 0.237 0.752 0.0105 0.0079 

 

Table 2. Specifications of the BM used in the study 

 

Spec. Symbol 

(AISI) 

Raw Material Shape and Cross Section  

(mm) 

Ultimate Tensile Strength  

(MPa) 

Vickers Hardness 

(HV) 
Raw Material Condition 

5155 Plate (7*70) ≧1230 220 Annealed and cold drawn 

 

Table 3. Electrodes specifications according to ESAB [10] 

 

Typical Composition of the Weld Metal 

(wt.%) 

Typical Properties of the 

Weld Metal 
Wire Alloy Type 

Coating 

Type 

Electrode 

Type 

Electrode 

Ø 3.2mm 
Ni Cr Mo Fe Si Mn C 

El. 

(%) 

Y.S. 

(MPa) 

T.S. 

(MPa) 

- - - B* 0.3 0.4 0.08 28 400 510 Mild steel 
Titania-

Potassium 
Rutile OK46.00 

- - - B* 0.5 1.1 0.06 29 445 540 Mild steel 
Iron powder-

low hydrogen 
Basic OK48.00 

- 1.3 0.5 B* 0.3 0.7 0.06 20 530 620 
Low alloy steel 

1.25Cr 0.5Mo 

Iron powder-

low hydrogen 
Basic OK76.18 

12.0 18.5 2.8 B* 0.7 0.8 0.03 35 480 580 S.S.18Cr12Ni3Mo - Acid rutile OK63.20 

94.0 - - 4.0 0.6 0.8 1.0 12 100 300 Ni˃ 90% - Basic OK92.18 

 

Table 4. Welding conditions of the low alloy steel plates. 

 
Welding by the 

Welding 

Conditions 

OK46.00 

Electrode 

OK48.00 

Electrode 

OK76.18 

Electrode 

OK63.20 

Electrode 

OK92.18 

Electrode 

Electrode size (mm) 3.2 

Current type DCRP 

Position Flat 

Current value (A) 125 140 130 130 145 

 
 

Figure 1. Dimensions (mm) of the plates to be welded 

 

 
 

Figure 2. Tensile test specimen based on the ASTM 

 

 
 

Figure 3. Tensile specimen geometry 

3. RESULTS AND DISCUSSION  
 

A square butt weld joint, the most common and widely used 

design, was chosen as it is suitable for the BM thickness 

employed in this study according to AWS specifications. In 

addition, there is no need to prepare the edges of this joint 

except the conventional cleaning [2]. 

The microstructural examination of the shielded metal arc 

AISI 5155 welds made with various electrodes (OK46.00, 

OK48.00, OK76.18, OK63.20 and OK92.18) revealed three 

specific regions in each weld: the WZ, the HAZ and the 

unaffected BM.  

Depending on the electrode type used, the microscopic 

structures of the weld metals varied. This examination also 

showed variations in the HAZ starting from the vicinity of the 

WZ (grain growth region) up to that which is unaffected by 

welding heat, passing through the grain refined and transition 

regions. These variations are due to the large thermal gradient 

that the HAZ experiences from the melting temperature to that 

of the BM unaffected by heat. This is followed by a rapid 

cooling rate caused by the relatively cold adjacent BM and the 

atmosphere. This heating and cooling cycle is different heat 

treatments for each region in the HAZ. As it is known, the 

difference in the nature of microscopic structures reflects a 

variation in properties and a difference in performance [2].  

Figure 4 illustrates the microstructure of the BM unaffected 

by welding heat, which comes immediately after the HAZ, 

displaying primarily a mix of pearlite and ferrite grains in 
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addition to a very small amount of intergranular pro-eutectoid 

ferrite depending on the base material's chemical composition 

and condition (Tables 1 and 2). 

 

 
 

Figure 4. Micrography of the AISI 5155 low alloy steel BM 

using an (a): OM and (b): SEM 

 

Figure 5 shows that the coarse grain heat affected zone 

(CGHAZ), the immediate vicinity of the WZ, has a coarsened 

grain structure. This is due to the higher temperatures to which 

this region is exposed during welding compared to other 

regions within the HAZ. The microstructure of this region 

consists mostly of coarse ferrite and pearlite, and even coarser 

than those of the BM, as well as a small amount of a needle-

like microstructure. The resulting particle size depends on the 

size of the austenite grains. After welding, this region 

generally experiences faster cooling rates than other regions 

within the HAZ, due to the severe thermal drop from the 

temperature of this region to that of the cold BM [2]. Moving 

outwards from the center of the weld, the CGHAZ exhibits a 

progressive decrease in grain size, ultimately reaching the fine 

grain heat affected zone (FGHAZ). The lower temperature to 

which this region is exposed results in minimal grain growth, 

thereby maintaining a fine grain structure. The microstructure 

of this region shows that the grain size of ferrite and pearlite is 

finer than that in the BM. However, there are no distinct 

boundaries between the CGHAZ and the FGHAZ, but rather 

the grain size changes gradually. The heat treatment to which 

the grain refined region is subjected is identical to the 

normalizing heat treatment which is typically applied on 

carbon steels. The properties of this region are therefore 

comparable to those of the normalized steel.  

 

 
 

Figure 5. Microstructure of the grain growth region by the 

use of an (a): OM and (b): SEM 

 
Figure 6 demonstrates the structure of the transition region 

(Inter-critical HAZ), the region adjacent to the FGHAZ. The 

finest structure across the welds can be observed in this region, 

accompanied by partial spheroidization of pearlite colonies. 

This is consistent with what Hammadi obtained [22]. 

The HAZ microstructures were similar in all welds, while 

the microscopy test revealed various structures of the weld 

metals.  

Figure 7 shows that the microstructure of the WZ obtained 

using the OK46.00 welding electrode was pearlite colonies 

within a ferrite matrix in addition to a needle-like 

microstructure which might be a martensitic structure. As 

expected, the microstructure of the weld produced using the 

OK46.00 electrode, mainly consists of ferrite and pearlite, 

since the wire metal type of this electrode is mild steel (Table 

3). It is known that the wt.% of the electrode material within 

the deposited weld metal is the main. However, pearlite 

appeared in a greater proportion than expected, due to the 

effect of dilution with the BM, a low alloy steel.  
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Figure 6. SEM Micrography of the inter-critical HAZ with 

two magnifications 

 

 
 

Figure 7. WZ Microstructure of the OK46.00 electrode 

 

Figure 8 clearly illustrates that the microstructure of the 

weld resulting from the use of the OK48.00 electrode was 

similar to that of the OK46.00, which mainly consists of ferrite 

and pearlite, because the electrode wire is also made of mild 

steel (Table 3). 

Figure 9 exhibits that the microstructure of the weld made 

with the OK76.18 electrode was predominantly acicular ferrite 

and a small amount of pearlitic structure with intergranular 

ferrite. This is in agreement with that obtained by Trindade et 

al. [23] which might be due to the presence of 1.3% Cr and 

0.5% Mo in the typical all weld metal composition (Table 3). 

Due to the fact that the OK63.20 and OK92.18 welding 

electrodes have relatively high percentages of nickel (Table 3), 

the microstructures of the weld metals made with these types 

of electrodes generally seem to be gamma phase only (Figures 

10 and 11 respectively). Moreover, during the microscopic 

examination of the welds, no cracks were observed in the WZ 

or in the HAZ. 

 

 
 

Figure 8. WZ Microstructure of the OK48.00 electrode 

 

 
 

Figure 9. Microstructure of the WZ of the OK76.18 

electrode by the use of an (a): OM and (b): SEM 
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Figure 10. WZ structure of the OK63.20 electrode 

 

 
 

Figure 11. WZ Microstructure of the OK92.18 electrode 

 

Given the series of microstructural variations observed 

within the welds, it was expected that there would be 

corresponding variations in hardness as well. Figure 12 shows 

the hardness variation across the AISI 5155 steel weld (on 

cross section) made using the OK46.00 electrode. When 

moving from the center of the weld (1) to the unaffected BM 

(4), it was observed a sharp increase in hardness value from 

(~239 HV) reaching to a peak value over the weld (~741 HV) 

at a distance of 5 mm from the center of the weld (2). The 

hardness value then decreased significantly to a minimum 

(~353 HV) at a distance of 12 mm from the center (3). Finally, 

the hardness gradually increased to that of the BM (~465 HV) 

at almost 20 mm from the center of the weld (4).  

 

 
 

Figure 12. The hardness variation across the center of the 

weld joined with the OK46.00 electrode, (1): weld center  

(2): CGHAZ (3): inter-critical HAZ (4): unaffected BM 

On average, the hardness at the weld center (1) is lower than 

that of the BM (4). This could be attributed to the greater 

proportion of the soft ferrite phase at the center of the weld 

(Figure 7) as opposed to that in the BM (Figure 4). This 

variation in structure is because the weld metal typically 

comprised of both the molten BM and the filler metal 

produced from mild steel (Table 3). The highest value of 

hardness across the weld was located at a region close to the 

center of the weld (2). A possible reason for this rise in 

hardness is the lower content of the softening ferrite phase 

within the microstructure observed in this region (Figure 5). 

On the other hand, this region generally experiences a faster 

cooling rate compared to the other regions of the HAZ due to 

the severe temperature gradient between this region and the 

unaffected BM. Since quicker cooling rates result in smaller 

interlamellar spacings in pearlite [24], the hardness value is 

thus higher. This rapid cooling rate might be the reason for the 

presence of a needle-like microstructure in this region, which 

may be another cause for this rise in hardness. The minimum 

hardness across the weld (3), observed in the inter-critical 

HAZ (Figure 6), likely originated from the presence of a 

partially spheroidized pearlitic structure in this zone consisting 

of a partially spheroidized cementite dispersed in a softer 

ferrite matrix. These findings are generally similar to those 

obtained by Jilabi [25]. However, the researches [18] and [19] 

also revealed that the HAZ has exhibited the highest hardness 

value across the welds.    

Figure 13 shows the average hardness values of the welds 

resulting from the use of the different electrodes (OK46.00, 

OK48.00, OK76.18, OK63.20 and OK92.18). It is clearly 

observed that the average hardness value has increased 

significantly while using the OK48.00 electrode; it is the 

highest value among the welds. This relatively high value 

might be due to the manganese content (1.1%) in the weld 

achieved using this electrode (Table 3). Trindade et al. [23] 

revealed that manganese has a strong effect in hardening weld 

metals through solid solutions. The average hardness value 

due to the use of the OK76.18 electrode has decreased 

compared to that of OK48.00 owing to the existence of 

acicular ferrite at the expense of pearlite (Figure 9). Figure 13 

also shows that the hardness values have decreased in the 

welds caused by using the (OK63.20 and OK92.18) electrodes. 

The reason for these values is the austenitic structure of these 

welds (Figures 10 and 11) due to the high wt.% of Ni in the 

typical all weld metal composition (Table 3).  

Figure 14 displays the average tensile strength values 

measured from tensile specimens prepared from the shielded 

metal arc AISI 5155 steel welds. During tensile testing, the 

fracture in all specimens was from the WZ, therefore, the 

measured values indicate the average tensile strength of the 

weld metals.  

It could be noted from Figure 14 that the average tensile 

strength value of the weld produced using the OK46.00 

electrode was (650 MPa). This electrode is specially 

manufactured for welding mild steel, not low alloy steels, 

being a cellulosic electrode (high in hydrogen), which exposes 

hardenable steel welds to cracks of both types, hot and cold. 

The weld tensile strength thus decreases, as well as promoting 

the formation of porosity for being high in hydrogen [5, 10, 

26]. The OK46.00 electrode was chosen to be used in this 

research for comparison purposes, due to its cost-effectiveness 

and wide availability. This is attributed to the high percentage 

of titania and potassium in the covering of this electrode. 

These materials are readily ionized under the electric arc's heat, 
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thus increasing arc stability and facilitating arc initiation 

during welding [9]. 

 

 
 

Figure 13. The average hardness in the center of the welds 

achieved using the different electrodes 

 

 
 

Figure 14. Tensile strength achieved by the welds on 

average, using the different electrodes 

 

Figure 14 also reveals that the tensile strength of the weld 

created using the OK48.00 welding electrode was (761 MPa). 

The wire of this electrode is also made of mild steel, not of low 

alloy steels (Table 3). As for the relative increase in the value 

of tensile strength, it might be due to the electrode cover 

contains a significant percentage of iron powder and low in 

hydrogen (as evidenced in Table 3). The presence of a large 

percentage of iron powder (reaching up to 40%), enhances 

weld deposition rates, and thus reduces dilution, which avoids 

hot cracks in welds. Moreover, by reason of being low in 

hydrogen, it reduces the formation of cold cracks, as well as 

the weld porosity. The weld achieved using this electrode 

comprises almost (1.1% Mn), which would also enhances the 

tensile strength of the weld [5, 10, 26, 27].  

While using the OK76.18 electrode, it is clear from Figure 

14 that the weld tensile strength has increased to (938 MPa). 

This might be due to the fact that the covering of this electrode 

is rich in iron powder while maintaining a low hydrogen 

content (Table 3), thus avoiding weld cracks, both hot and cold, 

and porosity as well (as mentioned earlier). In addition, the 

weld achieved using this electrode comprises (1.3% Cr, 0.5% 

Mo) (Table 3). These alloying elements (as is well known) 

increase the tensile strength of the weld [1, 10]. 

When using the OK63.20 electrode, which is specialized for 

welding austenitic stainless steels, the tensile strength reached 

by the weld was on average (603 MPa). This relatively 

moderate value is due to the fact that this electrode is made of 

austenitic stainless steel, and the austenite is a soft phase. As a 

result, this property enhances the ductility of the weld and 

reduces its hardness, thus avoiding cracks in the weld metal 

[10, 28].  

On the other hand, the OK92.18 welding electrode is a 

nickel electrode specialized for welding cast iron, repairing 

broken parts and joining parts made of steel, copper or nickel 

with castings. The weld obtained as a result of using this 

electrode comprises (Ni≥94 wt.%) [10, 29]. This increases the 

weld ductility and decreases its brittleness to a large extent, 

thereby avoiding the occurrence of cracks in cast iron. Figure 

14 shows that when this electrode was used for welding the 

AISI 5155 low alloy steel, the tensile strength was (527 MPa). 

The specific reason behind this relatively low outcome is that 

increasing the percentage of nickel by this amount increases 

the ductility of the weld metal to a very large extent, resulting 

in lower yield strength and tensile strength of the weld. This is 

very evident in the fracture zone shown in Figure 15.  

 

 
 

Figure 15. Fractography of the weld produced using the 

OK92.18 electrode 

 

Table 3 exhibited the typical tensile strength of weld metals 

achieved using the different welding electrodes in various 

industrial applications according to ESAB standards. In 

comparison, the tensile strengths resulting from welding the 

AISI 5155 low alloy steel using these electrodes were notably 

higher. 

It is worth noting that the prices of the welding electrodes 

used in this study increase, starting from the OK46.00 to the 

OK92.18. The increase in welding electrode prices is certainly 

reflected in an increase in overall welding costs. It is however 

clear from the results obtained that the use of expensive 

welding electrodes in welding AISI 5155 low alloy steel did 

not necessarily lead to an improvement in the resulting 

mechanical properties, but even led to their decrease in some 

cases, as is the case when using OK63.20 and OK92.18 

electrodes (Figures 13 and 14). 

 

 

4. CONCLUSIONS 

 

The main conclusions for joining 6 mm thick AISI 5155 

steel plates by the SMAW process employing several types of 

electrodes (OK46.00, OK48.00, OK76.18, OK63.20 and 

OK92.18) can be drawn as follows: 

1. The microstructure of the weld metals ranged from 

pearlite colonies within a ferrite matrix in addition to a 

needle-like structure (for OK46.00 and OK48.00) to an 

austenitic structure (for OK63.20 and OK92.18) passing 
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through predominantly acicular ferrite and a small amount 

of pearlitic structure with intergranular ferrite (for 

OK76.18). 

2. The coarsest structure in the HAZ was for all welds in the 

CGHAZ directly adjacent to the WZ; where the structure 

contained ferrite and pearlite coarser than that of the BM. 

The finest structure across the welds was however in the 

inter-critical HAZ, in which the pearlite was partially 

spheroidized. 

3. The average hardness value of the weld metal, for all 

welds, was less than that of the BM (~465 HV). The 

maximum hardness across the welds was in the CGHAZ 

at a small distance from the center of the weld, whereas 

the minimum hardness was in the inter-critical HAZ. 

4. The highest hardness value of the weld metals was (~337 

HV) as a result of using the OK48.00 electrode, whereas 

the lowest value was (~239 HV) for the weld produced 

using the OK46.00 welding electrode. 

5. The maximum tensile strength was (938 MPa) for the 

weld due to the use of the OK76.18 electrode, while the 

minimum value was (527 MPa) for the weld achieved 

using the OK92.18 electrode. 

6. The low cost, commonly used, cellulosic (high hydrogen) 

welding electrode (OK46.00), and the expensive electrode 

(OK92.18) gave relatively lower mechanical properties 

(hardness and tensile strength). These properties notably 

increased while using iron powder low hydrogen covering 

electrodes (OK48.00 and OK76.18). 

7. The tensile strengths resulting from welding the AISI 

5155 low alloy steel using different electrodes were 

notably higher than typical tensile strengths of weld 

metals as a result of using the same electrodes in various 

applications according to ESAB standards. 

8. The mechanical properties obtained as a result of using 

the low cost electrode (OK46.00) could be sufficient for 

many industrial applications of low alloy steels. 

 

 

5. RECOMMENDATIONS 

 

There are some suggestions that can be taken into 

consideration for future work: 

1. Other welding processes can be used for comparison, such 

as SAW, TIG and MIG. 

2. The impact test can also be carried out for low alloy steel 

welds to identify their toughness. 

3. Using X-ray radiography to detect the size, number, 

location and type of some potential internal defects in the 

welds. 
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NOMENCLATURE 

 

El. elongation, % 

T.S. tensile strength, MPa 

wt. weight percentage, % 

Y.S.    yield strength, MPa 

 

Greek symbols 

 

Ø electrode diameter, mm 

 

Subscripts 

 

 

AISI American Iron and Steel Institute 

ASTM American Standards for Testing of 

Materials 

AWS American Welding Society 

CGHAZ coarse grain heat affected zone 

DCRP direct current reverse polarity 

FGHAZ fine grain heat affected zone 

HAZ heat affected zone 

MIG metal inert gas 

OM optical microscopy 

SAW submerged arc welding  

SEM scanning electron microscopy 

SMAW shielded metal arc welding 

TIG tungsten inert gas 

HV Vickers hardness 

WZ weld zone 
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