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Abstract- The objective of this article is to investigate the mechanical properties of single v-groove, single pass welded 
joints of ASTM A515 Grade 60 (group designation B) mild steel using submerged arc welding (SAW) and shielded metal 
arc welding (SMAW) and also to study the effect of SMAW-Repair of SAW welded Specimen for mechanical testing. This 
study was conducted to understand the relevance of practical applications. A backing was provided by Metal Active Gas 
(MAG) welding process on the first two specimens followed by a single pass of SAW and SMAW (on the opposite side with 
a single v-groove) respectively. For the third specimen SMAW-Repair- was done over a 40% gouged SAW coupon and a 
similar MAG welding backing was initially provided. This was done in order to study the repair of previously welded SAW 
joints by SMAW welding. These three specimens were then tested for – Charpy Impact test and Vickers Hardness test, and 
metallographic studies were conducted with a microscope in order to study the resulting microstructures. Also the chemical 
composition was obtained by spectrometry. The results of the above investigation have been documented. And they were 
evaluated for chemical composition and weld microstructure variations for aforementioned welded coupons. 
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I. INTRODUCTION 
 
Welding is an integral part of most of the modern 
construction. Therefore failure of welding joint (due 
to mechanical problems, process related problems, 
corrosion problem etc) is the failure of the product 
itself. The situation becomes critical, when welding is 
used to weld pipes lines of the pressurized or 
evacuated systems. Here meager amount of seepage 
in a smallest hole affects the functioning of entire 
system. Thus repairs are required in order to restore 
its intended operating condition, safe operation and to 
prolong trouble free service life. Repair welds are 
often made with welding consumables and processes 
different from those used in the original joint 
construction for example; shielded metal arc welding 
(SMAW) repairs in submerged arc welding (SAW) 
deposit. SMAW repair is preferred over GMAW as 
SMAW is less sensitive to wind and GMAW carries 
the additional cost of shielding gas. Also, the setup of 
SMAW is portable hence it is handy in operation. 
When a defect is detected in a weld by means of 
some non-destructive tests, the weld should be 
repaired; generally the weld metal is removed by 
grinding and inspected to verify the effective removal 
of the defect in order to re-weld under a qualified 
welding procedure. Repair by welding involves 
removal of defective areas. Repair welding of a part 
is the most economical way in comparison with 
replacement of that part, especially in a complex 
structure. It also saves time when you can gouge out 
the defect because making a new weld would take 
more time, effort and ultimately the cost. 
SAW welding is an automated welding whereas 
SMAW is manual welding. SAW welding is 
generally used as the main welding in pipe mills and 

other industries whereas SMAW is used as Repair 
welding of damaged welds.  The aim of this 
investigation is to study the impact of SMAW Repair 
(40%) on SAW welded joints and to study the 
mechanical properties of completely SAW and 
SMAW welded joints.  Three welded joints of 
300*150*9.53 mm single V grove were prepared by 
using single pass of SMAW, SAW and SMAW – 
Repair respectively. A backing of MAG welding was 
provided to each of these welded joints. Specimens 
were prepared from these welded joints for testing 
their impact energy, hardness, microstructure and 
chemical composition. 
 
II. EXPERIMENTAL PROCEDURE 
 
Material Selection: The material ASTM A515 Grade 
60 (Group Designation B) has been employed for 
conducting the investigation. This grade offers 
excellent combination of strength, toughness and 
weldability. It has similar corrosion resistance as 
plain carbon steel and can be readily welded by all 
usual methods such as SMAW, SAW, MAG welding, 
etc. This material conforms to welding category P1 of 
the ASME Pressure Vessel Code. The mechanical 
properties and chemical composition of 
aforementioned steel grade have been listed in Table-
2 and Table-3 respectively. 
Consumables Used: For SMAW welded specimen, 
E7018 electrode (3.15mm dia.) has been used and for 
SAW welded specimen, EM12K (3.15mm dia.) has 
been used. A MAG welding backing has been 
provided using ER70S-6 filler wire (1.2 mm dia.) in 
each specimen. Chemical Composition of electrodes 
used in SMAW, SAW and MAG welding are 
mentioned in Table-3, Table-4 and Table-5 
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respectively. For SAW flux F7A4 type BF 6.30 has 
been used. 
Welding Parameters: 
MAG welding specifications: Shielding gas used 
was 100% CO2 with a flow rate of 18-22 LPM. Wire 
feeding rate was 300 mm/min. Current was 220 A 
while voltage was kept at 26.5 V from a DC power 
source. 
SMAW specifications: Electrode used was E7018. 
Power Source DC with current 122 A and voltage 
varied between 20 V and 28 V. 
SAW specifications: Filler electrode used was 
EM12K and flux used was F7A4. Power source used 
was DC with current 625 A, voltage 34 V and wire 
feed speed 1700 mm/min. The traverse speed was 
1000 mm/min. 
 

 
 

 

 

 
 

 
 
Weld Coupon Preparation: Using 6 rectangular 
metal plates of above specified material, the weld 
coupons were created. All three pair of plates were 
provided with a backing of MAG welding according 
to the parameters mentioned above. A single V-
groove was then prepared on the opposite side of 
each pair of welded coupons. Two coupons were then 
welded using SAW process on the V-groove side. 
Last coupon was welded using SMAW process on the 
V-groove side. Each process was completed using a 
single pass. 40% gouging was performed on one of 
the SAW welded coupon. This was filled with 
SMAW process to create a repair weld. 
SAMPLE-1 SMAW welded coupon 
SAMPLE-2 SAW welded coupon 
SAMPLE-3 Repair SMAW welded coupon 
Each sample had the following dimensions-
300x150x9.53 
 
METALLOGRAPHIC EXAMINATION: 
The metallographic examination of welded joints is 
commonly carried out at two levels of inspection, 
Macro and Micro. Macro examination is commonly 
carried out on uncounted cross sections through 
welded joints and simply involves cutting and coarse 
grinding. The resultant finishing is adequate for 
etching followed by an examination through human 
eye. 
For micro examination techniques, the provision of a 
polished optically flat surface is required. This 
involves cutting, mounting, grinding and polishing of 
the surface followed by inspection under an optical 
microscope. 
Procedure of Micro examination: Samples taken 
from the welded joints contained portions of the base 
metal on either side of the weld. Preliminary 
polishing of the specimen is done with the help of 
emery papers of different grades, starting with 180 
grit paper, till the scratches of hack saw or earlier grit 
paper are completely removed. Change the emery 
paper to next finer grit size and continue polishing till 
all scratch marks of earlier emery paper are removed. 
The next emery papers are 1/0, 2/0, 3/0 and 4/0. This 
procedure is to be carried out till the size 4/0 is 
reached. Final polishing is done either using diamond 
paste on a silk cloth or by wet polishing. Final 
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polishing is done till surface has a mirror finish .The 
sample is then etched and is seen under optical 
microscope to examine grain structure. 
 
IMPACT TEST:  
Impact Testing Toughness is a measure of the amount 
of energy a material can absorb before fracturing. 
This test can be used as a quick and easy quality 
control check to determine if a material meets 
specific impact properties. It becomes an engineering 
importance when the ability of a material to withstand 
an impact load without fracturing is considered. 
Impact test conditions were chosen to represent those 
most severe relative to the potential for fracture, 
namely, deformation at a relatively low temperature, 
a high strain rate (i.e., rate of deformation) and a tri-
axial stress state (which may be introduced by the 
presence of a notch). Two standardized tests, the 
Charpy and Izod, are commonly used to measure 
Impact Energy (also called Notch Toughness). For 
both Charpy and Izod, a v-notch is machined into a 
bar specimen with a square cross section. In our 
investigation we performed Charpy v-notch tests on 
each specimen. 
Procedure of Impact Test: Test samples for Charpy 
V-notch (CVN) impact toughness evaluation are 
prepared according to the ASTM E 23 standard. 
Specimens of dimension 60*60*9.53 were gas cut 
from samples 1, 2, and 3 respectively. These were 
then machined using milling machine and were then 
etched using etching solution of Nitric acid and 
Methanol. The samples were then cut transversely to 
the weld, and three sub-sized specimens of 
dimensions 55*10*5 are extracted from each of the 
samples 1, 2 and 3. A notch normal to the weld 
surface was prepared on all nine test samples. The 
notches prepared in the samples were then checked 
under profile projection machine so as to conform the 
dimensions to the standards. Fig. 1, Fig. 2 and Fig. 3 
shows CVN test sample. 
CVN test samples are kept in the methanol bath for 
about 15 minutes so as to achieve uniform 
temperature. The hammer of the Impact test machine 
is given a free swing to check the reading to be at 0. 
The test samples are place in the anvil using the self-
centering tong and the hammer is released to break 
the specimen. The absorbed energy (in J) reading is 
noted for each specimen. 
 

 
Fig. 1 Charpy Impact test Specimen of Sample-1 

 
Fig. 2 Charpy Impact test Specimen of Sample-2 

 
 

 
Fig. 3 Charpy Impact test Specimen of Sample-3 

 
 

HARDNESS TEST: 
Hardness is defined as the ability of the material to 
resist plastic deformation. The greater the hardness of 
the metal, the greater resistance it has to deformation. 
Hardness is not considered to be a fundamental 
property of a material is just an arbitrary value 
assigned to the material to provide a rough idea about 
its properties (especially when comparing it with 
other materials). Hardness can be classified in scales 
of micro, macro and nano depending upon the force 
applied and displacement obtained. 
Macro-hardness tests (Rockwell, Brinell, and 
Vickers) are the most widely used methods for rapid 
routine hardness measurements. The indenting forces 
in macro-hardness tests are in the range of 50-30000 
N. 
Micro-hardness tests (micro-Vickers, Knoop) are 
applicable when hardness of coatings, surface 
hardness or hardness of different phases in the multi-
phase material is measured. Small diamond pyramid 
is used as indenter loaded with a small force of 10-
1000gf. 
Nano-hardness test uses minor loads of about 1nN 
followed by precise measuring depth of indentation. 
Procedure of Vickers Hardness Test: Three 
specimens of equal length and width were taken from 
Sample-1, Sample-2 and Sample-3. Vickers hardness 
test was carried out using a diamond indenter with a 
square base having face angles of 136° and a load of 
10kg. The indenter was forced upon different zones 
of weld bead including the weld metal, base metal 
and Heat Affected Zone (HAZ) which resulted in 
dark square impressions. The distance across the 
diagonals of the square was measured and using the 
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hardness tables for 10kg load the values of hardness 
was determined in VHN (Vickers Hardness Number). 
 
CHEMICAL ANALYSIS OF BASE METAL: 
Chemical compositional analysis of the sample was 
performed using optical emission spectroscopy. The 
sample for this test was prepared by coarse polishing 
of one side of the sample. The sample was den placed 
with the polished side downwards. Sample material 
was vaporized on the spark stand by an arc or spark 
discharge. The atoms and ions contained in the 
atomic vapor were excited into emission of radiation. 
The radiation emitted was passed to the spectrometer 
via an optical fiber, where it was dispersed into its 
spectral components. From the wavelengths emitted 
by each element, the most suitable line for the 
application was measured by means of a 
photomultiplier. The radiation intensity, which was 
proportional to the concentration of the element in the 
sample, was recalculated internally from a stored set 
of calibration curves and was shown directly on the 
computer. 
 
III. OBSERVATIONS 
 
Metallographic Examination: Microstructure 
observed using an optical microstructure is as shown 
in Fig. 4 to Fig. 7. 
 
Impact Test: Observed values of the Charpy Impact 
Test were tabulated in Table-6. 
 
Hardness Test: Observed readings of the Vickers 
Hardness test were tabulated in Table-7. 
 
Chemical Composition: Observations of Chemical 
Composition Test were tabulated in Table-8. 
 

 
Fig. 4 Microstructure of Base Metal at 100x magnification 

 

 
Fig. 5 Microstructure of Sample-1 at 100x magnification 

 
Fig. 6 Microstructure of Sample-2 at 100x magnification 

 

 
Fig. 7 Microstructure of Sample-3 at 100x magnification 
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CONCLUSIONS 
 
The following were the main conclusions inferred 
from the above results. 

 The results of Hardness and Impact test 
prove that the original toughness and 
hardness of SAW specimen (Sample-2) are 
regained by the repair SMAW performed on 
previously SAW specimen (Sample-3). This 
clearly legitimizes the viability of 
performing SMAW repair on damaged SAW 
welded joints in order to regain its lost 
mechanical properties. 

 Significant grain growth was observed in 
Sample-3 HAZ. 

 The toughness of Sample-3 is more than 
Sample-1 and Sample-2 because during 
weld repair further grain refinement takes 
place. 

 VHN of Sample-3 is quite similar to that of 
Sample-2. 

 The chemical composition (%) of the base 
metal (Table-8) conforms to limits set by 
ASTM A 515 as specified in Table-2. 
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