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Abstract- The present work pertains to the study of mechanical 

properties of SA516 Grade 70 weldment prepared with Tungsten 

Inert Gas welding process. The effect of heat input on 

mechanical properties was studied and correlated with the 

mechanical properties of base metal. Plates of SA516 Grade 70 

steel were TIG welded with combination of different current, 

voltage and welding speeds. Following the welding, strength, 

hardness and impact toughness of the specimens were examined. 

Mechanical Testing was performed as par ASTM SA370 and 

ASME Section IX Ed-2015. Hardness testing was performed 

according to ASTM E384-16. Tensile testing was performed 

according to ASTM E8-13 and weldments as per ASME Section 

IX Ed.-2015. Charpy impact testing was performed according to 

ASTM E 23-12c on specimens notched in the weld metal to 

measure the impact toughness. It has been observed that the 

mechanical properties are highly affected by the amount of heat 

input provided during the TIG welding process. 
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TABLE I 

NOMENCLATURE 

 

E Arc Voltage S Travel Speed 

H Heat Input w 
Width of The Heat-Affected 
Zone 

I Current   

 
I. INTRODUCTION 

 
A. Overview 

          The desire for increased productivity of the 

manufacturing industries provide an on-going incentive to 

find methods to improve the manufacturing processes being 

used. The ability to increase the efficiency of the welding 

process while maintaining weld integrity has been a source of 

research for many years. Selection of appropriate parameters 

in TIG Welding is essential, not only to optimize the welding 

process itself, but also to obtain the most desirable mechanical 

properties of the weld. The integrity of the welded joint is 

crucial in ensuring the performance of fabricated structures. 

           The welding process creates a solidification structure 

called the weld metal (WM) that is distinct from the parent 

metal (PM) in chemical composition. The properties of the 

weld joint are determined by various factors such as the 

cooling rate, heat input, weld metal composition etc. The 

sketch of three main regions of a welded joint are shown in 

figure 1.  

 
Fig. 1. Basic regions of a welded joint. 

 

          Selection of appropriate welding parameters is essential 

in order to economically achieve an optimum combination of 

high strength and excellent low-temperature toughness in 

welds. Good toughness is dependent on many factors such as 

the welding parameters, initial grain size, post weld heat 

treatments (i.e. stress relieving), chemistry of the plate, 

welding rod and flux, and the rate at which the weld metal 

cools down. 

B. Principle of TIG welding 

           The Gas Tungsten Arc Welding – commonly referred 

to as Tungsten Inert Gas (TIG) – process uses the heat 

generated by an electric arc struck between a non-consumable 

tungsten electrode and the work piece to fuse metal in the 

joint area and produce a molten weld pool. The arc area is 

shrouded in an inert or reducing gas shield to protect the weld 

pool and the non-consumable electrode. The process may be 

operated autogenously (without filler), or filler may be added 

by feeding consumable wire or rod into the established weld 

pool. The TIG process is capable of producing very high 

quality welds in a wide range of materials and in thicknesses. 

It is particularly suited to welding of sheet material and for the 

root run of pipe butt welds. 

C. Operation of TIG Welding                                                                                              

          For DC operation, the tungsten may be connected to 

either output terminal, but is most often connected to the 

negative pole. The output characteristics of the power source 

can have an effect on the quality of the welds produced. 
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Shielding gas is directed into the arc area by the welding 

torch, and a gas lens within the torch distributes the shielding 

gas evenly over the weld area. 

 

Fig. 2. Operation of TIG welding. 

 

          In the torch, the welding current is transferred to the 

tungsten electrode from the copper conductor. The arc is then 

initiated by one of several methods between the tungsten and 

the work piece. In most Arc welding processes, the arc is 

struck from a consumable electrode to the work piece and 

metal is melted, transferred across the arc and finally 

incorporated into the molten pool. TIG process employs on 

electrode made from high melting point metal, usually 

tungsten, which is not melted. The electrode and the molten 

pool is shielded from the atmosphere by a stream of inert gas 

which flows around the electrode and is directed onto the 

work piece by a nozzle which surrounds the electrode. 

         In TIG welding, the primary function of the arc is to 

supply heat to melt the work piece and any filler metal which 

may be necessary. This filler metal is fed manually into the 

molten pool at its leading edge. The second function of the arc 

is to clean the surface of the molten pool and immediately the 

surrounding parenteral of surface oxide films. The shielding 

gas must be inert with respect to the tungsten electrode and 

the choice is therefore more limited than with the MIG 

process. When using DC the DCEN electrode negative 

polarity is almost invariably employed. 

D. Operating mode 

The TIG process may be operated in one of the following 

modes  

 Direct Current Electrode Negative (DCEN)  

 Direct Current Electrode Positive (DCEP)  

 Alternating Current (AC)  

The mode used is largely dependent on the parent 

material being welded. DCEN is the most common mode of 

operation and is widely used for welding all carbon, alloy and 

stainless steels, as well as nickel and titanium alloys. Copper 

alloys, with the exception of those containing aluminium in 

significant amounts, can also be welded with this polarity.  

DCEP is used for aluminium alloys when welding, with 

pure helium as the shielding gas, since this polarity has a 

strong cathodic cleaning effect capable of removing the 

tenacious aluminium oxide film from the surface. It may also 

be used for TIG welding magnesium alloys.  

AC polarity is used most commonly when welding 

aluminium and it alloys with pure argon or argon-helium 

mixtures to take advantage of the combination of the cyclic 

heating and cleaning action. It is also suitable for welding 

magnesium alloys and aluminium bronze. 

E. Material Selection 

          The material studied for this work is ASME SA516 

Grade 70 [11] otherwise known as pressure vessel steel. The 

material was supplied as normalized steel plates measuring its 

composition and mechanical properties, as supplied. Chemical 

composition of the steel and filler wire was based on test 

certificates provided by the company.  
 

TABLE II 

 Material Properties of SA-516 Grade 70. 

Properties  

/ 
 Material 

TS 

(MPa) 

YS 

(MPa) 

% EL  

(200 mm) 
gauge length 

% EL 

(50 mm) 
gauge length 

SA516 Gr.70 485-620 260 17 21 

 
          ASME SA516 (also known as ASTM A516) steel is a 

C-Mn (Carbon-Manganese) or ferrite steel, which, according 

to ASTM specifications, is of pressure vessel quality (PVQ) 

and is normally used in applications requiring moderate to 

low temperature reserve where excellent notch toughness is 

important. It is the most popular pressure vessel steel plate 

grade in the industry and is produced in grades 55, 60, 65, and 

70 with grade 70 being the most common. SA516-Gr. 70 has 

been widely used in nuclear piping or pressure vessel systems 

because of its relatively good fracture characteristics.  

         This steel is used for pressure vessels in a variety of 

industries including railway (rail car pressure vessel parts), 

petrochemical, oil and gas, nuclear, ship building, 

construction, and mining. 

1) Main Alloying Elements in SA516 Steels 

          The mechanical properties of steels are sensitive to 

the amount and type of alloying additions they contain. For 

example, impact toughness greater than 60 J at –100 °C in 

combination with yield strength of over 900MPa was 

achievable once the optimum level of Mn, Ni, and C were 

chosen. It is well known that it is pertinent to choose 

alloying elements that minimize the formation of martensite. 

Only a low level (3-wt %) of martensite has been found to 

downgrade the low-temperature properties of the weld 

metal. The bulk of common alloying elements shift the 
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“nose” of a continuous cooling diagram to the right, 

allowing finer-grained structures to develop under a lower 

cooling rate. [1] 

The dominant alloying elements of SA516 Gr. 70 steel and 

their effects are briefly described as follows: 

2) Carbon, C (0.22 wt %) 

          Additions of carbon increase its wear resistance and 

ability to harden by heat treatment. It is found that a 0.1wt 

% carbon level gave optimum toughness in a Cr/Mo 

pressure vessel steel. Carbon in excess of 0.2wt %, in 

carbon steels, forms hard microstructures such as martensite 

or bainite that are susceptible to hydrogen cracking. 

3) Manganese, Mn (1.14 wt %) 

          The main reason manganese is added to steels is to 

counteract the harmful effects of sulphur. Additions of 

manganese can improve toughness but has been found to 

cause rapid deterioration of notch toughness. It is found that 

the presence of manganese (1.37 wt. %) in SA516 Gr. 70 

steel encouraged the formation of acicular ferrite in the 

columnar region and refined the polygonal ferrite (PF) in 

reheated regions of a multi pass weld. [10] 

4) Silicon, Si (0.24 wt %) 

          Silicon is added to steels primarily to act as a 

deoxidizer and to increase the strength and hardenability. 

However, high proportions of Si are avoided, as it tends to 

deteriorate toughness and weld ability. For example, high 

silicon (0.8 wt %) had an undesirable effect on the low 

temperature toughness of a C-Mn SA516 Gr. 70 steel by 

encouraging the formation of marten site-austenite (M-A) 

micro phases.[6] 

5) Other Minor Alloying Elements 

          Strengthening of steels is also achieved by the other 

minor alloying elements such as molybdenum, chromium, 

titanium, nickel, copper, and nitrogen. Molybdenum, 

chromium, and nickel are added for hardenability. Nickel 

has also been found to increase toughness. [9] 

           Toughness is affected by minor elements such as 

molybdenum. However, excessive addition of molybdenum 

(0.5 wt%) has been found to encourage the formation of 

coarse-grain boundary ferrite and ferrite with aligned second 

phase, both of which cause poor low-temperature notch 

toughness properties. and raises the grain coarsening 

temperature. Small aluminium additions improve the 

toughness by promoting a fine grain size. [2] 

F. Effect of Welding Process Parameters on Weld Geometry 

of a Weldment 

          Weld quality is primarily determined by the weld 

bead geometry, which depends greatly on the amount of 

filler metal deposited. The penetration is the depth to which 

molten metal deposits into a joint. Penetration determines 

both the size and strength of bead that will hold the joint 

together. The mixing ratio of the filler and parent metal are 

influenced by the penetration. The depth of penetration 

depends on the current, voltage and the cross-sectional area 

of the bead. Manipulation of the electrode can be used to 

increase or decrease the penetration. For example, an 

increase in the distance between the electrode and the weld 

increases arc flaring, which consequently leads to a 

widening of the bead but reduced penetration. Deepened 

penetration occurs with a higher current level and the 

subsequent increased arc intensity. [5]  

1) Effect of Welding Speed 

          According to the findings of many researchers, the 

welding speed is the main factor next to current that governs 

the heat input and the HAZ size and the joint penetration. As 

the heat input and welding speed are inversely proportional, 

an increase in the weld speed will result in a lower heat 

input. Hence as the welding torch travels at lower speeds the 

heat input will be greater. The added heat conducts out 

further from the fusion zone to the parent metal increasing 

the width and grain size of the HAZ. Weld interface (WI) 

and the different regions of the HAZ are all narrower with 

faster welding speeds as less of the parent metal is affected 

by the elevated temperatures. Excessive travel speeds may 

cause weld defects such as porosity, poor bead appearance, 

undercutting, arc blow, incomplete penetration, and a lack 

of fusion between the deposit and the base metal. Slow 

travel speeds allow more gases to escape before cooling 

thereby reducing the occurrence of porosity defects. On the 

other extreme, very slow travel speeds can also cause 

problems such as rough, convex, or large weld beads that 

are susceptible to cracking, spatter, or slag inclusions. 

2) Effect of Heat Input 

          The size of the weld bead is generally proportional to 

the amount of heat input supplied. Increased supply of 

energy from the arc will promote electrode and base metal 

melting and produce a larger bead. Additional heat input 

also reduces the cooling rate for a given thickness of base 

metal. The metal cooling rate plays a primary role on the 

development of the microstructure in both the weld and the 

HAZ. 

         Much research has been focused on the role of heat 

input on the geometry of the weld bead and the heat-affected 

zone. The general consensus of studies in this area has 

concluded that excessive heat input results in wider HAZ 

dimensions. The size of the HAZ indicates the extent of 

which welding heat has altered the structure of the base 

metal. A wide HAZ may indicate deterioration of the 

mechanical properties correlating with low-impact strength, 

particularly in high-heat input submerged arc welds. For this 

reason the selection of appropriate process variables is 

essential in managing the HAZ dimensions and the weld 

integrity. [1] 



International Journal of Research and Scientific Innovation (IJRSI) | Volume IV, Issue VS, May 2017 | ISSN 2321–2705 

www.rsisinternational.org Page 32 
 
 

 

           Reduction in the welding speed (with current and 

voltage constant) will cause an increase in the heat input and 

will consequently cause the material to cool at a slower rate. 

High heat input results in a larger molten pool, which 

remains liquid for a longer period of time. Consequently, 

there is increased heat flow into to the metal, enlarging both 

the individual grains and the width of the HAZ. At low heat 

inputs, with faster welding speeds, there will be less time for 

wasteful heat flow. The larger molten pool from the 

increased heat input also results in the achievement of 

deeper penetration into the joint. 

II. MATERIALS AND EXPERIMENTAL PROCEDURE 

A. Materials Composition 

Chemical composition of the steel and filler wire was based 

on test certificates provided by company is shown in Table 

III. 

TABLE III. 

Chemical Composition of SA-516 Grade 70. 

Material SA516-Gr.70 

C 0.22 

Mn 1.14 

P 0.019 

S 0.008 

Si 0.24 

Al 0.054 

Cu 0.02 

Ni 0.01 

Cr 0.02 

Mo 0.002 

Ti 0.004 

 
TABLE IV.  

Chemical composition of filler wire (ER70S2). 

Material Composition of Filler wire 

C 0.05 

Mn 1.15 

Si 0.55 

Cr 0.04 

Mo 0.005 

V 0.008 

P 0.012 

S 0.006 

Cu 0.010 

Ti 0.10 

Zr 0.07 

Al 0.10 

 

B. Weld Procedures 

           TIG welding technique was used for single-pass 

welding of the test plates for this study. The 6 mm thick plates 

were butt-welded, a single pass on each side with bevelling. 

          Using a welding machine, the first side was welded at 

room temperature then the plates were flipped and welded on 

the other side. On account of this technique, the temperature 

of the plate for the second side weld was much higher than 

that of the first. This difference in temperature produced 

variations in both the weld geometry and hardness of the two 

welds. 

TABLE V.  

Parameter of welding process. 

WELDING GTAW (TIG) 

Position 1G 

Current 110-145 A 

Electrode Tungsten 

Electrode angle 45 degree 

Polarity DCEN 

Shielding gas Argon 

Filler wire ER70S2 

Filler wire angle 15 degree 

 
TABLE VI.  

Heat input. 

Sr 
No 

Volts  
(V) 

Current  
(Amp) 

Length  
(mm) 

Time  
(sec) 

Speed  
(mm/sec) 

Heat 
Input 

H = (E*I) 

/ 1000*S 
(KJ/mm) 

T1 12.24 110 228 180 1.267 1.063 

T2 12.80 115 224 170 1.318 1.117 

T3 13.30 120 225 172 1.308 1.220 

T4 14.00 125 232 175 1.326 1.320 

T5 14.30 130 231 170 1.359 1.368 

T6 14.57 135 222 165 1.345 1.462 

T7 15.34 140 224 167 1.341 1.601 

T8 15.57 145 224 180 1.244 1.814 

 

 
Fig. 3. TIG Welding Process. 



International Journal of Research and Scientific Innovation (IJRSI) | Volume IV, Issue VS, May 2017 | ISSN 2321–2705 

www.rsisinternational.org Page 33 
 
 

 

 
Fig. 4. Welded Plate of SA-516 Material. 

 
C. Experimental Procedure 

          In order to obtain a good understanding of the 

mechanical properties of the different welds, a variety of 

mechanical tests were performed, including Charpy impact 

testing, hardness measurements, and tensile testing. 

Meachnical Testing was performed as par ASTM SA370 [13] 

and ASME Section IX Ed-2015 

1) Hardness Test 

            Hardness tests were performed on base metal and 

welded samples. Tests were performed on micro Indented 

Vicker cum Brinnel hardness Tester as per ASTM E384-16 

[14]. For welded samples tests were performed on weldment 

and at HAZ & Parent metal.  

        Hardness variation along the weldment, HAZ and base 

metal etc. were studied. During testing major load of 10 kg 

was used.  

       These hardness measurements were taken across the weld 

not only to correlate with other properties but also to discover 

if any excessive hardening or softening of the joint has 

occurred. The hardness traverse therefore shows the variations 

in material hardness from the parent metal, heat-affected zone 

and weld metal. 

 

Fig. 5. Illustration of hardness measurements. 

 
2) Tensile Test 

          Tensile tests were performed to report yield strength 

and ultimate tensile strength (UTS) of the as welded and heat 

treated welded specimens, base metal as per ASTM E8-13 

[15] and welded specimens as per ASME sec IX edition 2015.  

          Testing was performed on universal tensile testing 

machine. Machine had maximum load capacity of 1000KN. 

Load application was electro hydraulic. Elongation rate was 

15mm per min. A Universal Testing Machine otherwise 

known as a materials testing machine/test frame was used to 

test the tensile properties of materials. 

         The dimensions of a standard tensile test specimen 

according to ASTM A370 (or ASTM E8-13) are shown in 

figure 6. 

 

 
Fig. 6. Tensile specimen dimensions. 

 
3) Charpy Impact Test  

          The Charpy impact test also known as charpy V-notch 

test. It is standardized high strain rate test which determines 

the amount of energy absorbed by a material during fracture.  

ASTM code for charpy impact test as per ASTM E23-12C. 

[16]      

          Charpy impact testing was performed on weld 

specimens to determine the effect of welding parameters on 

the impact toughness of the steel. The number of specimens 

tested was dependent on the amount of data required. All 

dimensions of standard specimen of Charpy test as per ASME 

E23-12C is shown in figure 7. 

 
Fig. 7. Charpy impact test specimen dimensions. 

 

III. RESULTS AND DISCUSSION 

A Hardness Test 

 

Fig. 8. Hardness Test specimen. 

 
TABLE VII. 

Result of hardness Test. 
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        In a Hardness test, The final Result and graph are shown 

in table VII and figure 9. During the welding process ,When 

heat input increase ,the hardness  is also increase. The highest 

hardness values are in the WM followed by the HAZ with the 

lowest hardness in the parent metal (PM). 

 

 

Fig. 9. Variation of Hardness. 

 

B Tensile Testing 

 

Fig. 10. Tensile test specimen. 

 
TABLE VIII.  

Result of Tensile test. 

Tensile Test 

SPECIMEN 
UTS 

(N/mm2) 
ULTIMATE 
LOAD (N) 

Y.STRESS 
(N/mm2) 

T1 460 53070 
 

T2 446 51690 
 

T3 434 50730 
 

T4 430 50200 
 

T5 458 53050 
 

T6 485 56350 
 

T7 511 59040 
 

T8 501 58109 
 

Base Metal 547 42750 355 

 

 

Fig. 11. Load Vs Displacement Data. 

          In a tensile test, the final Result and graph are shown in 

table VIII and figure 11. During the welding process, when 

heat input increases, the ultimate load is also increases and 

also increasing the tensile strength. Base metal % elongation 

is observed to be high and in welded joint % elongation is 

observed to be less.Yield point can be easily obsearve in base 

metal and in weld metal Yield point can not be easily 

obsearve. 

 

C Charpy Impact Test 

 

 
Fig. 12. Charpy impact test specimen. 

 
TABLE IX.  

Result of charpy test. 

Charpy Test 

 
Energy Absorbed (Joules) 

SPECIMEN S1 S2 S3 AVERAGE 

T1 38 78 54 57 

T2 35 78 46 53 

T3 45 50 60 52 

T4 65 46 70 60 

Vickers Hardness 

SPECIMEN L1 L2 L3 L4 L5 

T1 162 169 171 166 152 

T2 167 173 178 172 166 

T3 160 167 180 164 161 

T4 160 166 179 166 160 

T5 161 171 180 174 164 

T6 163 174 187 175 162 

T7 161 169 183 177 165 

T8 163 182 187 183 164 
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T5 26 38 36 33 

T6 32 44 30 35 

T7 30 42 32 35 

T8 47 40 28 38 

Base Metal 42 40 38 40 

 

          In a charpy impact test, the final Result are shown in 

table IX. During the welding process, when heat input 

increase, the impact strength decrease. Charpy V-notch 

impact toughness is inversely proportional to strength and 

therefore generally decreases with increase in tensile strength 

of a weldment. 

 

IV. CONCLUSIONS 

         The number of TIG welded SA516 Gr. 70 specimen were 

tested experimently for studying various change in material 

properties. The essential results obtained are as follows: 

 It is observed that with increase in heat input during the 

welding hardness of weldment increases. Also the 

intensity of hardness is highest at the weld zone which 

gradually decreases towards the heat affected zone, 

achiving least value at base metal. 

 It is observed that the tensile strength of weldment 

increases with increase in the heat input, while the impact 

strength decreases with increase in heat input. 

 The % elongation of weldment is found lesser then the % 

elongation of the base metal during the tensile test. 
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