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The present work reviews and interprets weld bead’s patterns especially on solidified 
weld surfaces. Defects patterns such as rippling, humping, and other unexpected 
surface patterns appearances have been found to be influenced by welding 
parameters such as welding current and travel speed. These welding defects usually 
accompanying with other serious deterioration such as undercut, porosity and 
segregation which clearly decrease the joint’s strength properties.  
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1. Introduction 
 

Connecting one pipe to another is much more of a labour intensive process as it requires welding, 
threading, or flanges along its relevant equipment. Although this type of steel encompasses many 
variety of elemental compositions which basically contain mostly iron, there are several other metal 
composition that can be added to produce a large effect on its weldability and its strength [1-3]. 
Welding steel typically requires pre-heat and post-heat treatment in order to prevent weld cracking, 
whereas welding steel like high carbon steel even more prone to weld cracking and require special 
welding filler metals. The crack refers to a weld where the weld pool is left unfilled and it results from 
the shrinkage strains that occurs as the weld metal cools. When the restriction of contraction 
happened, it will induce the residual stresses that cause cracking. According to that, typical factors 
that usually combine to cause cracking such as, (i) hydrogen generated by the welding process, (ii) a 
hard brittle structure which susceptible to cracking, and (iii) tensile stresses acting on the welded 
joint itself [2,4-6]. It can be said that, the higher carbon equivalent the steel has, the less weldable it 
is. It means that the weldability of steel with more than 0.2% carbon content were considered to be 
poor due to the high hardness and high potential for the steel to crack. In comparison, low carbon 
steel shows to have advantage and the most readily welded steel in a room temperature 
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environment. Instead of that weld cooling rate is also vital during steel selection before welding [4-
9]. 

In addition to this, many factors contributed to the cooling rate of the welded joint such as the 
thickness of the steel plate being welded, the carbon content and alloying elements in carbon 
equivalency and the ambient temperature. Meanwhile, some elements that can found in steel are 
just not conducive to welding. Despite that, no matter what preheat or filler metal selected to be 
used during welding process, it was found to be not suitable to the weld itself. Small amount of 
sulphur and phosphorus are weldable and if the amounts over 0.05% of either could be prone to 
solidification cracking [10-14]. One of the welding techniques that widely and typically used in joining 
the steel is gas metal arc welding (GMAW). GMAW uses a continuous consumable electrode. This 
type of welding application is often used as it reduces the potential for excessive flux production 
which causes corrosion in the welded component and structure [15-17]. 

Although fusion welding such as GMAW, is the largest alloying bond category, as to date, most of 
the welded joint still provide problems to engineers, researchers, and especially manufacturers. 
Importantly, the aim is to produce a welded structure that meets and parallel with the required 
standards [18-22]. Accordingly, scheduled periodic inspections should be carried out to ensure the 
quality of welding is in good condition. During the welding process, high heat sources are produced 
by arc and rapid heating and cooling lead to corrosion and phase changes in different zones in welded 
structures [23-24]. A wide variety of high energy heat sources used during welding that includes a 
gas flame, electric arc, a laser, an electron beam, friction and ultrasound. In addition, the failure of 
such welding that includes gas porosity defects, imperfection in penetration where the actual root 
penetration is less than the specified that caused inadequate penetration, fracture, distortion, 
oxidation, and brittleness has a significant impact on the quality of the structure [25]. The failures 
that usually occur in welded joint can be categorized according to these important factors which are, 
(i) presence of defects in the form of physical discontinuities, and (ii) microstructure heterogeneity 
in welded joint that cause substantial differences on the toughness of the welded joint. Factors such 
as joint design, the difference in chemical composition between base metals and welded metals, 
welding procedures, techniques and heat treatment plays an important role in which it can affect the 
quality of the welded metal produced and (iii) residual stresses [26-30].  

 
2. Thermal Effects in Welding  
 

During welding the internal part of rounded pipe, couples of forces subjected to welding such as 
the impact force given by the burning arc from the welding torch. It is the force where the gravity 
plays an important role which tends to drop the molten metal during welding took place. The other 
is the surface tension force where it focused on the surface of weld which can vitally influence the 
weld bead pattern and contour mainly during solidification process [31-32]. In rounded piping 
system, the weld contour pattern can really basically affect and gives main impact in the pipe line 
service life. A poor or improper welding technique also become one of the main factor that can affect 
the weld contour especially in the first weld pass. Improper technique welding usually includes poor 
shielding gas coverage or incorrect travel speed that can cause weld excessive spatter. This condition 
could lead to weld defects. Instead of that, faulty welding technique and poor weld hygiene generally 
cause porosity. It is also can downgrade the deposition of the subsequent weld passes. It also can 
lead to local turbulent flows mainly at internal inner piping surface. Thus, would induce erosion and 
corrosion phenomenon at the inner parts of the piping streamline. High fluids and hot gas velocity 
also can create catastrophic turbulent flows which can chip-off the metal surface leaving a porous 
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metal surface. These effects would weaken the weld beads and allow the gases to penetrate inside 
the subsurface of the metal whereby will create chemical reaction [33-37]. 

More complex conditions occur when it involves the oxidation of a welded structure in which the 
welded structure itself has different phase changes, composition, microstructure, and presence of 
defects in the welded metal parts that contribute to the reduction of the weld's performance. Factors 
such as joint design, the difference in chemical composition between base metals and welded metals, 
welding procedures, techniques and heat treatment plays an important role in which it can affect the 
quality of the welded metal produced. One of the basic principle that contribute to good joint design 
and its geometry is one that uses correct root openings and groove angles that require the least 
amount of weld metal and give proper accessibility to the joint’s root. Another factor is the difference 
in chemical composition which is basically related to the selection of filler metal whether it is alloys 
or unalloyed metals which when heated, liquefy and melt and smoothly flow into the space and 
creating a weld connection [25]. The correct choice of filler material can produce a welded joint with 
optimum properties in respect of strength, corrosion resistance and weld cracking. In addition to the 
welding technique factor to improve the weld quality, some technique that has been discussed or 
tips to follow such as increase the welding current, cleanliness of the joint before welding, proper 
electrode angles, effective manipulation of welding gun and its travel speed. All of these factors 
determined a good weld quality and become an indicator to prevent the formation of crack and other 
weld imperfections [26, 35].  Indirectly, it affects the performance of the weld structure depending 
on the particular exposed to the environment and condition. Jodia [12,38] found that rough surfaces 
on the weld structure design also affected the oxidation effect, while the oxidation rate was 
influenced by the oxide layer thickness. Although composition and microstructure changes are low, 
it still influences the potential of electrochemistry between the zones in the welded structure [39-
42]. 

Nowadays, the welding is carried out by a robot and less defects produced compared to the early 
days where the welding process was carried out and handheld manually. In some cases, where the 
welding need to be controlled by the workmanship of the welder especially during maintenance and 
repair services, the causes of the defects need to be thoroughly monitored. In other words, the 
welder needs to make a good bridge in order to match the weld joints [43-47]. 
 
3. Metallurgical and Mechanical Aspects  
 

Welding is a high-temperature process. In the welding process, the macrostructure for zone 
division in fusion welding is shown in Figure 1. The perfect welded structure has three main zones, 
which are (i) welded metal zone, (ii) base metal (BM), and (iii) heat effect zone based on the types of 
metal that being welded [8,48]. Welded metal zone is a welded area where metal melted with 
combination of base metal and filler metal. The next region which is closely near to the weld metal 
zone is the heat-affected-zone (HAZ). The metal in this HAZ region does not melt and thus, definitely 
affects by the heat produced during the welding procedure takes place. Moreover, the HAZ is very 
critical area since embrittlement is concentrated and most of the defect usually initiated in these 
zones [10]. The third zone is the base metal (BM) in which this zone is not affected by the process of 
heating and melting of metal during welding and typically free from serious defects [49-51]. 
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Fig. 1. The optical image of the welded structure shows the 
welded metal part, base metal (BM), fusion line (FL) and heat 
affected zone [3] 

 
Solidification of metal plays an important role in understanding the state of microstructure and 

non-homogeneous chemical state in the welded joint. When metal parts are subjected to heating at 
high temperatures during the welding process, the base metal melted and the added filler metal will 
solidify with a non-uniform chemical composition [52-53]. Whereas, the geometry of the welded joint 
and the thermal cycles involved are influenced by thermal conditions and fluid movements. The 
growth of the grains is eventually formed by the arrangement of atoms that grow from the base 
metal. In the case of fusion welding involving the addition of filler metal, solidification welded joint 
is formed and new grain growth begins at heterogeneous locations at welded metal boundaries. 
Thus, the welded metal zones formed a non-uniform orientation. Boumerzoug et al., [24] reported 
on the solidification microstructure of low carbon steel and they showed that welded joint area are 
characterized by the presence of very large grains near the fusion line and these grains are oriented 
and located along the directions of the large heat flow. 

As reported by Bodude et al., [25], the effectiveness of weld joint usually rely on its strength, heat 
distribution ability which includes the response variations that are monitored by welding current, arc 
voltage and welding speed typically during welding A36 carbon steel. They proved that finer grains 
size formed at weld zone of high tensile strength. In addition, they also observed that the grain size 
is larger at HAZ. As well known, weld metal or weld deposit are the welding area that experienced 
higher heat than the HAZ area and that caused the different pattern of weld microstructure. As 
indicated by Budiarto et al., [26], they showed that the weld metal characterized by long-grained 
structure or columnar grains pattern due to heat experienced during welding process as shown in 
Figure 2. Al-Saraireh [27] stated mainly on the changes of mechanical properties behavior of material 
as a function of temperature, loading etc. She reported that as the temperature increase above room 
temperature, it can cause a decrease in strength properties of metallic alloys which includes ductility, 
fracture toughness and elongation. Both of the study by Gupta et al., [28] and Al-Saraireh [27] are in 
agreement as they showed that finer grain size microstructure indicates high tensile properties and 
coarse-grain size indicates lower hardness and low strength value especially for A36 carbon steel [54-
59]. 
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Fig. 2. Microstructure of steel 37 at different welding current [12] 

 
The part closest to the fusion boundary is called HAZ area where the part experiencing high 

thermal cycling and sudden air cooling. This part enables the grain growth and sudden coarsening of 

grains as well as phase changes from austenite into martensite phase [60]. Austenite or -phase Fe 
is a metallic non-magnetic solid solution of Fe and an alloying element such as C. It is a high 
temperature phase and basically it has has face centered cubic (FCC) structure. Meanwhile, 
martensite refers to a very hard constituent of steel. It is formed by rapid cooling of austenite which 
traps carbon atoms that do not have time to diffuse out of crystal structure. Uzun [11] discussed on 
martensitic transformation in LCS. They stated that this martensitic form is extremely hard and they 
proved that increasing carbon content increases the effect of martensitic transformation [61]. 

It is reported by Jodia [12] that as the heat input increase from 100 to 160A, the microstructure 
become coarser and the pearlite phase was greater than ferrite phase as shown in Figure 2. Pearlite 
is a mixture of two phases, ferrite and cementite. It forms by the cooperative growth of both of these 
phases. Asibeluo and Emifoniye [29] found that increasing current from 70 – 120A caused a 
corresponding increase in the temperature of the welded joint and it affects the weld microstructure. 
Silva et al., [16] found that the microstructure of medium CS revealed the predominant coarse ferrite 
grain matrix (white) in pearlite distribution (black) indicating no changes in microstructure due to 
heat generated at the weld. Their study was found in agreement with Jodia [12] and Budiarto et al., 
[26] that characteristics of metallurgy especially in the weld metal and also in HAZ are very 
prominent. This is because of its direct influence behavior of the weld to the mechanical properties 
and joint performance. It is well described earlier that the different characteristics between WM, HAZ 
and BM are related with the distributions of pearlite, ferrite and grain size which is mainly depends 
on the weld condition adopted [62]. 
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Weld metal composition is variable depending on welding condition. In contrast, the HAZ 
composition is the same as that of base plate and the HAZ is defined as the volume of base material 
which is structurally affected by thermal cycle. For example, in low carbon steel, the final 
transformation product in HAZ at high temperature phase in the range of 1100oC close to 1530oC, is 
expected to be austenite. In addition, increase in austenite grain size can be effectively enhances the 
formation of unfavorable microstructural constituents and the coarse austenite grains can transform 
to a coarse structure such as Widmanstatten ferrite side plate and upper bainite and resulting in a 
loss of strength and toughness in the weld. As reported earlier, it is suggested that the only way to 
eliminate coarse grains would be by reducing the heating rate during welding in the range 800 - 1100 

oC, thus the phase changes can be controlled [50, 54]. 
As discussed by Afoegba [31] and Budiarto et al., [26] fast cooling rate during heat treatment 

process produces finer grain structure which imparts higher hardness of A36 CS welded joint. It is 
well understandable the role that plays by ferrite and pearlite phases. As the percentage of ferrite 
(white) is more than pearlite (black), it shows that there is enough time for the molecular structure 
to move. It indicates that the grain size is big because there is proper diffusion and the carbon 
percentage is low. Meanwhile, as a result of having more percentage of pearlite (black) than ferrite 
(white), there is no enough time for the molecule to move and distribute evenly. Since the grain size 
is small and insufficient time for carbon to redistribute because of no proper diffusion due to fast 
cooling rate. Thus, it is important to note that, the microstructure has clear and important effects on 
the mechanical properties of the welded joint such as the hardness, ductility, yield strength and the 
hardening of the sample [63-64]. 

 
4. Weld Bead Geometry and Defects  
 

Controlling the weld bead shape is prominently important as the mechanical properties of welds 
can vitally affected the weld bead shape. Moreover, it is clearly justified that selection of the welding 
process parameter is important in order to provide good weld quality. Various welding method with 
varied techniques were employed to provide the best weld bead shape including selecting accurate 
welding parameters. The aim is mainly to extend or improve the service life of the welded 
components and to reduce the cost [52]. 

In metal transfer process during GMAW, the characteristics usually described by the quality of 
weld bead geometry, weld shape, and droplet transfer [20]. The stability of its characteristics is 
strongly affected by the distance between the welding torch and arc. As reported by Kursun [3] at 
low current, the size of the globular metal transfer mode is characterized by the droplet formation. 
It shows that at low current it provides a periodic formation of big droplets mainly can be found at 
the end of electrodes. It is described when the metal droplets detached from the electrodes due to 
gravitational force, specifically described when the droplets dropped into the weld pool. This mode 
of transfer shows different characteristics if high current applied since the deposition rate is high and 
it is transferred and transit at spray mode [27, 65]. This continuous metal deposition will formed 
smaller drops and hence produce smooth weld bead and stiffer arc. It is in agreement with Dhas et 
al., [21] as they applied curvilinear technique analysis that was performed with the predictors to 
study the weld bead geometry of mild steel. Single pass butt-welding is performed on the 
commercially steel of IS 2062 grade (C 0.25%, Si 0.20%, Mn 0.75% and balance Fe) with electrode 
AWS ER70S-6. They found that bead geometry shows to have direct relation with typical process 
parameters which includes welding speed, arc current and welding voltage [17, 66].  

As well known, weld beads microstructure differs when compared to other weld zones. According 
to Boumerzoug et al., [25] the center of the LCS weld bead is characterised by pseudo-grains and a 
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microstructural inhomogeneity is a result of the fastest cooling rates. It is in agreement with Aloraier 
et al., [32] and Budiarto et al., [26] reported on the weld heterogenous characteristics due to the 
temperature gradients and the chemical gradients that evolve during the process. Bodude et al., [25] 
revealed the effects of electrode size towards weld microstructure. They found that coarse pearlite 
in ferrite matrix became more coarse especially when the grain size increased. It provides an 
explanation where it relates to the decrease in hardness and tensile strength values as the heat input 
was increased. It can be said that from the observation by Jodia [12], Afoegba [31] and Budiarto et 
al., [26], the microstructures with higher concentration of pearlite (black) phase will performed more 
hardness shows its tendency to reach lower ductility. Besides that, it is not possible to state the direct 
relationship, but since ferrite grains are nucleated and grow, the growth of the size and distribution 
location of ferrite and pearlite will depend on time and temperature especially on the cooling rate. 

Instead of Hrabe et al., [37], Norfadhlina et al., [38] they performed an intelligent technique using 
Adaptive Neuro-Fuzzy Inference System (ANFIS) to produce the weld bead width prediction using 
sets of welding parameters. They also stated that minimization of bead width is important in order 
to prevent the wastage of the welding electrode and it consumes more time. They performed an 
analysis on welding with solid wire with gas shielding CO2 and welding with flux cored wire with gas 
shielding. It shows that there is a significant influence of heat input and gas flow on weld bead 
geometry.  In addition to that, Norfadhlina et al., [38] studied comparison of weld defects on A36 LCS 
using two types of shielding gasses which are CO2 and Argon. They found two types of defects 
detected on the samples using Argon as a shielding gas which are undercutting and porosity. 
Meanwhile, only porosity detected on samples that undergone CO2 as a shielding gas during welding. 
The gas pores was found solidified in the weld bead of LCS and the possible causes are atmosphere 
contamination and excessively oxidized workpiece surface. 

According to Shoeb et al., [10] effects produced by arc voltage during welding also shows some 
significant behaviour on the weld bead shape. Higher arc voltage resulting in a wider weld bead and 
reduction in height because it involved the same weld metal. They suggested that the weld bead 
width increased from 4.26 to 6.18 mm as the arc voltage increased. As proposed by them, this 
condition could be attributed by an increment of the arc length resulted in large spread of the arc 
and its base [67]. Besides that, it also attributed mainly by a hotter arc which means that because of 
hotter arc, it leads to a high fluid state of deposited metal. In addition to that, the plasticity and 
toughness of weld metal are influenced not only by the amount of oxide inclusions but also their 
shape. It is reported that inclusion globular shape is more favourable and high melting inclusions of 
irregular angular shape result in greater plasticity and less toughness [25, 65]. Thus, it is necessary to 
give careful attention during welding process parameters selection to get a desirable weld quality 
[31, 68]. 

Bodude et al., [25] found that the V-grooved edge welded joint shows to have high amount of 
weld deposit. This increased the residual stresses in the WM and HAZ area and they found that the 
residual stresses significantly affect the mechanical properties of the LCS weld joint and reduction in 
strength and hardness of the WM and HAZ. As reported by Aloraier et al., [32] high hardness values 
were recorded on mild steel with single weld bead and the values decreased significantly after 
depositing subsequent beads. Instead of that, they also revealed that the coarse-grained HAZ area 
on single weld bead was fully refined after depositing the left and right beads. They suggested that 
the reduction of hardness is due to the internal strain relieving of the martensitic crystals and 
segregation of carbon atoms to dislocation sites. Besides that, a very high hardness value which is in 
unaccepted region in the WM and HAZ were relates to the brittleness characteristics. It depends on 
the martensite quantity and hence, and optimum quantity is required in order to lower the 
brittleness, whereas too little quantity yields a soft material [69]. 
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The presence of gas porosity and the inclusions are likely to cause failure on the mechanical 
properties of the welded joint. The gap is formed when there is a reaction between the metal and 
the gas during the welding process. The inclusion was formed from the imperfections of gas removal 
[12, 48]. Figure 3 show the types of defects often occur in welded joint as a result of welding 
processes performed. The most common defects in welded structures are incomplete fusion, 
lamellar fractures, imperfect welds and tilt slopes. This defect can also cause failure in a building 
structure. Non-homogeneous microstructures at weld boundaries also have significant implications 
and are the cause of failure of such welded structures such as hydrogen cracking, corrosion and stress 
corrosion cracking [2,70]. 

Arivazhagan et al., [72] also found that the effects of surface morphology cause the pores to grow 
in the form of planes, concave, and convex on the same substrate. Different porosity growth rates 
are due to differences in curvature radius. This shows that during the oxidation process, the strength 
of the electric field increases or decreases with the increase and decrease of the bottom of the pit 
whether it is in the form of converging or diverging. Thus, this effect leads to an increase or decrease 
in growth rates [17, 70]. 

 

 
Fig. 3. Defects in welded structures, (A) incomplete fusion, 
(B) lamelar fracture, (C) imperfect weld profile, (D) 
porosity, (E) undercut [30] 

 
Instead of weld joint failures due to the presence of defects and residual stresses, the failures 

encountered due to typical feature of weld joint microstructure would also be the related reasons. 
These also include hot cracking in weld joint, weld decay, lamellar tearing, stress relief cracking, and 
local brittle zone in HAZ region [30, 70]. The HAZ region of a carbon steel or alloy steel is that zone 
which can initiate brittle fracture at low stress levels. As reported by Wei [33] and Aloraier et al., [32], 
all of them were in agreement with Bhattacharya [73] discussed on the failure of weld microstructure. 
Despite that, Bhattacharya [73] reported disagreement where not all regions in HAZ are bad for the 
performance of a weld joint against mechanical loading or corrosion degradation. He stated that in 
most cases, only a narrow zone in a HAZ is harmful and the presence of coarse grain martensite and 
upper bainite in fusion weld is the most common problem encountered. 

As discussed earlier, it can be said that most common problem encountered are basically is how 
to choose and control the process input parameters in order to obtain a good welded joint with 
required weld bead geometry and weld quality. It is also a common requirement to produce a good 
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welded joint with minimal detrimental residual stresses and distortion. Kolahan et al., [74] introduced 
optimization method in GMAW weld bead geometry prediction which is time-consuming, less error 
development effort and produce more ideal welding parameters combination using ANOVA. They 
found that the proposed method were efficiently and accurately determine the desired weld bead 
geometry and its main welding specification [71].  

As shown in Figure 4 and 5, effects from welding speed and current definitely resulted in by the 
appearance of welding defects such as rippling, humping and undercutting. In order to understand 
the weld bead with irregular formation as known as rippling, it exhibit with arc-shaped topographic 
features on solidified surface. It was found slightly elevate above the weld’s surface at the solidified 
region [71,74]. Meanwhile, humping is more complicated welding beads formation. It is irregular with 
unpredictable surface contour.  It comprised of formation of abnormal appearance like swelled 
protuberances as indicated in Figure 6.  These humps usually accompany with serious defects like 
undercut that frequently occurred at the edge of the fusion boundary. Instead of that, another 
microstructure features such as porosity, solute segregation, fracture and crack also can be found 
closely related with the weld beads formation. In overall, all these types of defects formation were 
found strongly deteriorate the strength of the joint properties [72]. 

Good or poor weld beads formation usually depends on the welding technique that is presented 
depends on rippling and humping on a solidification weld surface. Wei [33] reviewed that surface 
ripples on weld bead surface can be reduced by reducing the content of nitrogen when welding using 
GTAW on high manganese stainless steel. He also discussed the results from previous investigator 
suggested that the ripples on the steel welds surface were found in good condition for welds that 
exhibiting poor penetration. Whereas, coarse weld bead surface was found for those with good 
penetration [28, 72]. 

In comparisons, morphologies of humped welds indicate complicated rough surface which 
appeared like gouging region with beaded cylinder-shaped patterns. Most of these kinds of defects 
occur due to high currents and travel speeds. As indicated in Figure 5, the open bead’s pattern with 
unfilled dry spots between the humped beads confirms and irregular shapes with high probability of 
defects initiation. In some location, it’s having parallel grooves clearly observed at the edge of bead’s 
region and it is confirmed the sign of undercutting defects. Its characteristics of split beads that is 
separated by an empty channel with disconnected protuberances can be clearly visualized. Based on 
observations, it can be said that the surface morphology appearances are directly related with beam 
power, welding current applied and travel speed. This phenomenon also leads to an abnormal weld 
pool with significant surface depression [73]. 

As well know, most favorable defects such as pitting usually found on the steel weld beads. 
According to the SEM image, instead of iron oxides, Nur Azhani et al., [75] found a pitting defect on 
the surface of steel weld beads. According to the SEM image, the pits were found at specific 
microstructural features in the weld deposit. Most of the previous researchers found pitting defects 
in welded area, but Murariu et al., [26] identified pitting degradation on base metal of welded 
pipeline grade ASTM A355P5. This steel pipeline used in petrochemical plant as transfer line between 
a thermal cracking heater and a column which are part of an atmospheric distillation and vacuum 
unit. They found the welded area is degraded by selective leaching phenomena as indicated by the 
presence of color change. Instead of pitting, non-metallic inclusions such as oxides and silicates were 
found on the base metal area [26, 74]. 

Garcia et al., [76] reported on the weld bead characteristics and its relation with the failure causes 
which may reduce the life span of steel structure and it is in agreement with Nur Azhani et al., [75], 
Votava [34] and Murariu et al., [26]. The researchers found that corrosion behaviour of welded joints 
can be affected by compositional and microstructural alterations resulting from the heat cycles 
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during previous welding process. All of these factors may create gradients in microstructures, 
chemical compositions and grain size variations leading to galvanic corrosion [33]. Instead of that, 
the toughness of the welds steel thin sheet with surface oxidation degraded, because of the small 
amount of oxygen content, it was still comparable to the toughness of the welds without surface 
oxidation. No oxide inclusions and porosity were found in the weld metal and the grain size was quite 
large. It seems that the oxide film in thin sheet steel metal decomposes during laser irradiation and 
a small amount of oxygen is dissolved in the weld metal. They found that only a small amount of 
oxygen is retained in the weld pool because of the low solubility of oxygen in liquid iron [35,75]. 

  

 
Fig. 4. Rippling surfaces on Al 6061 weld bead for welding speed of, (a) 30mm/s and (b) 15 mm/s [70] 

 

 
Fig. 5. Humps on weld beads using electron beam welding (EBW) for different welding speed [70] 

 
It is different when compared with Potapov [31] and he reported that the weld metal oxygen 

content in submerged arc low-alloy steel welds, as well as in steel welds is dependent on the 
concentration of oxides decomposed at low temperatures in a weld pool slag phase. It was found 
that the oxygen is mainly in the form of fine dispersed oxide inclusions of less than 0.03µm [25,76]. 
Besides that, microscopic slag inclusion precipitation along the grain boundaries would promote 
crack initiation in deformed weld metal and also oxide inclusion in ferrite. All of these would serve as 
stress concentrators and when a stressed state is developed in a metal at the moment of applying an 
external load, oxides would then promote crack propagation [77-78]. 
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Fig. 6. Humps on weld beads using electron beam welding (EBW) for different 
welding speed [70]  

 
Improving weld quality becomes an important issue in order to produce good weld with uniform 

width, an even ripples and well feathered into the base metal and no sign of burning due to 
overheating. The weld also has good penetration and is free of gas pockets, porosity or inclusions. 
Instead of that, the skill level of the welder is an important factor in the delivery of high-quality welds. 
Experienced welder has proper manipulation welding techniques and has certainty in manoeuvres 
the electrode angles, welding gun, and controlling the travel speed effectively. Meanwhile, several 
techniques were applied in order to minimize the weld imperfection such as correct selection of 
shielding gas to protect the molten metal from impurities, the cleanliness of the workpiece, and 
power source setting for proper polarity [76]. In addition to that, due to enhancement of technology, 
laser welding is an excellent substitute to the arc welding process. This method shows to have distinct 
advantages over other welding process such as great for thin materials, capable of welding thicker 
section, minimal shrinkage and distortion [79]. Another technique like ultrasonic metal welding were 
chosen as an option in order to overcomes many of these difficulties and imperfections by using high 
frequency vibration and applied pressure to create a solid-state weld. Thus, this type of welding 
process offers an enhancement of weld strength and quality [80]. 
  
5. Conclusions 
 

In this review, inherent characteristics of weld bead geometry such as rippling, humping, and 
other unexpected surface patterns appearances are different to one another. Instability of welding 
parameters applied reveals the tendencies of irregular surface morphologies to occur whether it 
leads to decreasing or increasing the weld strength properties. Additionally, study on weld bead 
pattern formation is challenging and need to be emphasized with practical and academic importance. 
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