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Abstract 
 

Bimetallic weld joint is used in pressurized water 

reactor and boiling reactor designs where low alloy 

steel components are welded to stainless steel 

primary piping system. There are various problems 

which need to be addressed while welding the 

bimetallic metals due to the variation in the 

properties of the base metal.  

The coefficient of thermal expansion, chemical 

composition and mechanical properties affect the 

weldability of the joint. For maintaining this issue 

buttering technique is used for such joints. It is 

quite difficult to select the consumable electrode 

for buttering layers, which will satisfy the 

requirement of desirable mechanical properties and 

chemical composition. Carbon migration is one of 

the major issue for buttering layer deposition. 

The objective of the present study is to investigate 

mechanical properties and microstructural analysis 

of welded joint between Mild steel and SS202 with 

two different filler metal SS308L and SS316L by 

tungsten inert gas welding. Higher tensile strength 

was achieved with filler rod SS316L. 

The analysis confirms the well mixing of stainless 

steel and mild steel with filler rods inside the weld 

pool. The mechanical properties in terms of 

ultimate tensile strength found to be high as 467.54 

N/mm2 with filler rod SS316L and microhardness 

value at the center of the welded zone was found 

maximum (294 HV) with filler material SS316L, 

the fracture are obtained outside the weld zone. 

Key words: Mechanical properties, Tensile 

strength, Microstructure, Hardness  

 

1. Introduction 
 

Nowadays welding is widely used in all types of 

industries and usually it is defined as a branch of 

engineering and technology that is used to join the 

same/different materials [1] under different 

conditions. Gas Metal arc welding is a joining 

process in which a continuous copper coated wire 

is used. MIG welding is chosen due to its numerous 

advantages over conventional welding [2]. 

Stainless Steel 304H material is extensively used in 

chemical, petrochemical, biomedicine and nuclear 

reactors industries due to its high tensile strength, 

good corrosion resistance and excellent ductility [3, 

4]. Shielding gas flow rate is one of the welding 

parameter which also affects the properties of 

welded joint, more over it also determines the 

shape and penetration pattern in welding process 

[5, 6]. During welding process shielding is very 

helpful to produce good strength, toughness and 

corrosion resistance welded joint [7]. In welding 

process shielding gas protects molten metal pool 

from any atmospheric contamination and also 

stabilizes the arc and promotes uniform metal 

transfer [8]. 

 

 

 
Figure 1: Tungsten inert gas welding [11] 
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Failure of bimetallic weld joint have occoured in 

heat effected zone (HAZ) regon on the ferritic steel 

side, this failure is caused by the residual stresses 

presented in bimetallic weld joint. This residual 

stress was determine by the X-ray diffraction 

(XRD) technique, for reducing the residual stress 

buttering layer were used in dissimilar weld joint, it 

could be a benificial to reduced the residual stresses 

in HAZ of the ferrite steel [9].Tensile strength, 

hardness and micostructure test was investigated to 

calculate the variation in welding strength.  It was 

analysed that strength at top of the weld is greater 

than the bottom of the weld by 50-70 Mpa [10].The 

ultimate tensile strength of the welded joint is 

higher than the parent material and it is directly 

propotional to the welding speed, welding 

parameter such as tool rotation, transverse speed 

and axial force is also effect the welded joint in 

friction stir welding, fine grains structure could be 

achived by the variation/ controlling of processing 

parameter [11-14].In energy conversion system for 

high temperature application dissimilar metal 

austenitic steel and carbon steel were welded. In 

steam power plant, the parts of the boiler that are 

subjected to lower temperature as in the primary 

boiler tubes whereas heat exchangers are made of 

ferritic steel [15, 16].Several investigation of 

bimetallic weld joint have been done on low carbon 

steel and stainless steel for design life of the 

components [17, 18].Carbon migration is one of the 

most common cause of the bimetallic weld joint 

failure [19, 20].The hardness and ultimate tensile 

strength of bimetallic weld joint was increases by 

increasing the pre-stresses,and by increasing the 

thermal loading ductility was decreases. To avoid 

the brittle failure of carbon steel, the value of 

thermal stress and pre stress should take low as 

possible.At plastic range, the shape of stress strain 

curve of stainless steel is higher than the carbon 

steel [21-24].Various causes of bimetallic weld 

joints using Ni base weld metals instead of 

austenitic stainless steel weld metals. They 

proposed an improvement of trimetallic transition 

metal configuration of austenitic stainless steel SS 

304 [25]. 

 

1.1 Chemical Composition 

 

Chemical composition of Mild Steel and Stainless steels are given in table 1 and 2 respectively. 

 
Table 1: Chemical composition of Mild Steel [13] 

Element % C Mn P S Si 

Mild Steel 0.19 1.2-1.5 0.006 0.002 0.07-0.1 

 
Table 2:- Chemical composition of Stainless Steel (SS) [13] 

Type of Stainless steel C Mn Si Cr Ni P S 

SS-202 0.03 2 1 18-20 8-12 0.045 0.03 

SS-308L 0.03 2 1 19-21 10-12 0.045 0.03 

SS316L 0.03 2 1 22-24 12-15 0.045 0.03 

 

1.2 Mechanical and physical properties 

 

Mechanical and physical properties of Mild steel and stainless steels are given in table 3. 

 
Table 3:- Mechanical and physical properties of SS and Mild Steel [13] 

Type of 

steel 

Tensile 

strength (MPa) 

Yield strength 

(MPa) 

Elastic 

modulus (GPa) 

Thermal coeff. 

(10-6m/m°C) 

Density 

(Mg/m3) 

Mild Steel 450–585 240 200 11.7 7.8 

SS202 515 275 207 17.2-18.4 7.8-8.0 

308L 618 448-460 190-210 17.2-18.4 7.7-8.03 

316L 644 489 190-210 15.0-17.2 7.7-8.03 

 

2. Processing parameter 

 
SS202 and mild steel plate having dimension of 

200x100x22 mm was used for welding. A V-

groove of an angle of 450 was made between these 

two plates, to avoid the distortion of mild steel 

plate, it was holded by the pneumatic pressure 

during welding. The inert gas argon was used, for 

obtaining the good welding characterstic, the flow 

rate of 10 liter per minute was chosen. The filler 

rod of SS308L and SS316L was fed in the weld 

groove with flow rate of 10 Lit/min, the feed rate 4 

cm/min was used for welding. 

 

 

 

 

http://www.efunda.com/units/convert_units.cfm?From=190&mrn=7700#ConvInto
http://www.efunda.com/units/convert_units.cfm?From=190&mrn=8030#ConvInto
http://www.efunda.com/units/convert_units.cfm?From=190&mrn=7700#ConvInto
http://www.efunda.com/units/convert_units.cfm?From=190&mrn=8030#ConvInto
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2.1 Specimen dimensions 
 

Tensile test was conducted using ASTM-E8 

standard specimen to check the mechanical 

properties of parent material and welded joints. We 

have observed that the failure occurred at the parent 

metal of mild steel, before failure the welded joint 

have significant amount of plastic deformation. 

 

 
Figure 2: ASTM E8 standard test specimen 

 
Table 4: Tensile test specimen dimension 

All dimensions in (mm) 

Gauge length (G)  50 

Width (W) 12.5 

Radius of fillet (R)  12.5 

Overall length (L)  200 

Length of reduced parallel section(A)  57 

Length of grip section (B)  50 

Width of grip section (C)  20 

 

 

2.3 Selection of Material 

 
Initially the main problem was the selection of 

material that on which material we have to perform 

the operation. We have selected a mild steel and a 

stainless steel (SS202) plate having dimension 

200x100x22mm, as shown in fig.3. 

 

 

 
(a) 

 

 
(b) 

Figure 3: Plate before welding (200 x 100 x 22 mm), (a) SS 202, (b) Mild Steel 

SS 202 

Mild Steel 
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3. Results and Discussions 

 

3.1 Tensile test 

 
Tensile test specimen was prepared by guideline of 

ASTM E8 standard to evaluate the tensile 

properties of test specimen by universal testing 

machine (UTM) at room temperate. Three 

specimen were tested for each case and average 

value was taken. 

Fig. 4, shows the stress strain diagram of base 

material (Mild Steel and SS202) and welded 

material with different filler rod (SS 308L and 

SS316L), Mechanical properties like ultimate 

tensile strength and ductility (measured in terms of 

elongation were determine from the curves. The 

numerical data have been presented in table 5. 

The tensile stress value of welded specimen (Mild 

steel and SS 202) with filler material SS316 L are 

above 465 MPa which is higher than the base 

material. Failure of some welded specimen occurs 

within the weld zone and some fracture away from 

the weld zone. The stress value of weldment with 

filler SS 316 L higher in sample 2 in comparison to 

other specimen. Because of presence of substantial 

voids, fracture may happened in heat affected zone 

(HAZ). 

 

Table 5: Mechanical properties of Mild Steel, SS 202 and their weldment 

Material Specimen Stress (N/mm2) 
Mean Stress 

(N/mm2) 
Strain Mean Strain 

Mild Steel 

1 368.27 

358.78 

0.486 

0.4896 2 334.2 0.491 

3 373.87 0.492 

SS 202 

1 407.85 

404.75 

0.404 

0.4073 2 396.3 0.431 

3 410.1 0.387 

Weldment(Filler SS308 L) 

1 425.34 

426.20 

0.388 

0.40986 2 427.61 0.436 

3 425.66 0.4056 

Weldment(Filler SS316 L) 

1 463.54 

467.54 

0.368 

0.3803 2 472.7 0.412 

3 466.39 0.361 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Figure 4: variation of stress strain diagram for base material and welded material 
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Figure 5: Comparison of Stresses of base material and welded joint by bar graph 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure6: Comparison of Strain of base material and welded joint by bar graph 

 

It was analyzed in past investigation that steels 

containing Si and Ti as allowing elements having 

finer and increased number of precipitates. This 

was a probably reason for the improvement in the 

ultimate tensile strength and ductility property, it 

can be suggested that the weld zone with higher 

grade filler material was stronger than the base 

material [26-27]. 

Table 5 and fig.5 shows the tensile strength result 

at room temperature, it was observed that the 

ductility of welded joint is reduced as compare to 

base material, similarly the ultimate tensile strength 

(UTS) achieved for the welded joint was greater 

than that of base material.   

 

3.2 Microhardness 

 

Micro hardness is indirect indication of tensile 

properties of the material. So its measurement and 

influences the strength values wereanalysed across 

the weld at three different zone. Basically the range 

of microhardness value for steels remain in the 

range of 195-315 HV. 

The microhardness values was not more 

dominating factor in affecting the mechanical 

properties of the material because processing 

parameter and feed rate have more influencing 

factor over the hardness values [28]. Highest 

microhardness was found at the center of the weld 

due to fine grain heat affected zone and lower 

micro hardness was found at the base material of 

mild steel.  
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(a) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) 
Figure 7: Variation of micro hardness across the cross section of the weldment 

 

The microhardness value near the top surface 

shows a comparatively smoother transition. All the 

major effect was detected in the middle and bottom 

of the weldment. Because of changing in 

solidification sequence and cooling rate of 

weldment, the grain size and microhardness 

number were changes. The microhardness number 

also play a very important role to recognizing the 

metallurgical phase [29]. 

Hardness was found to be very high in heat 

affected zone (HAZ) of Mild steel and SS 202 

weldment with filler material SS 316L i.e. 294 HV, 

whereas 279 HV microhardness was found with 

filler material SS 308L as shown in fig 7. The 

failure occurred in all joints along the lower 

hardness distribution region of mild steel.  

 

3.3 Microstructure Analysis 

 

Stainless steel are commonly used in pressurized 

water reactor and boiling reactor designs, In order 

to check the microstructure of welded joint which 

is one of the most important mechanical properties 

as shown in fig 8-9. 
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(a)      (b) 

 

 

 

 

 

 

 

 

 

 

 

 

 

(c)      (d) 

 
Figure 8: SEM images of welded joint with filler SS308, (a) Mag. 100X, (b) Mag. 200X, (c) Mag. 500X, (d) Mag. 1KX 
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(c)      (d) 
Figure 9: SEM images of welded joint with filler SS316, (a) Mag. 100X, (b) Mag. 200X, (c) Mag. 500X, (d) Mag. 1KX 

 

The microstructure of weldment is influenced by 

the heat input, processing parameter and chemical 

composition of filler material.  Generally, coarse 

grain in welded metal is obtained by higher heat 

input leads to slower cooling rate, whereas fine 

microstructure was obtained by the lower heat 

input leads to fast cooling rate [30]. 

Variation of filler material (SS 308L and SS316L) 

and parent metal chemical composition lead to the 

thermal variation in weldment as well as 

solidification of weld metal. Slow cooling rate may 

reduce the interfacial energy between the austenite 

and ferrite, which result in formation of acicular 

ferrite [31].Filler rod also play a important role in 

weldment of the metal and it is not possible to 

produce homogenous weld in fusion welding 

processes. 

. 
4. Conclusions 

 
Experimental investigation of mechanical 

properties and microstructure analysis of welded 

joints of stainless steel SS202 to Mild steel with 

different filler material SS308L and SS316L by 

TIG welding process has been done, and the 

following important conclusion can be made. 

 Welding Strength or ultimate tensile strength 

of the welded joints of SS202 depends upon 

processing parameter and filler material. 

 Due to grain refinement and unique metal 

composition of welded joint fabricated by TIG 

process with filler SS316L exhibited higher 

strength value 467.39 MPa, whereas lower 

ultimate stress was found in base metal (mild 

steel) i.e. 358.78 MPa.  

 Welding defect like porosity can drastically 

affect the properties of welded joint. 

 At high welding speed, there is chance of 

welding defects and improper penetration of 

weld metal tales place.   

 Due to proper fusion of filler metal with base 

microhardness value at the center of the 

welded zone was found maximum (294 HV) 

with filler material SS316L 
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