
International Journal of Scientific & Engineering Research, Volume 4, Issue 12, December-2013                                                    951 
ISSN 2229-5518 
 

IJSER © 2013 
http://www.ijser.orgs 

EXPERIMENTAL STUDIES ON THE 
EFFECT OF MULTIPASS WELDING ON 
THE MECHANICAL PROPERTIES OF 
AISI 304 STAINLESS STEEL SMAW 

JOINTS 
Taljeet Singhˡ , Dr. A.S. Shahi² , Mandeep kaur³ 

Abstract-In view of the challenges encountered during welding of thick plates of AISI 304 SS grade it was decided to 
undertake the present work where the effect of multipass welding on various mechanical properties of 16mm thick plates have 
been studied. The main objective of this work was to investigate how different levels of welding arc energy affect the 
microstructure of the weld metal and the HAZ under different welding conditions and consequently, how the mechanical 
properties viz. transverse tensile strength, ductility and impact toughness of the weld joints were affected. The fabricated joints 
were subjected to radiographic testing so as to make a fair assessment about the quality of the joints. 

The results obtained show that the low heat input during welding of AISI 304 SS is beneficial in achieving better 
tensile properties as compared to using high heat input. The impact properties show that impact value increased with increase 
in welding heat input. It was found that the joints exhibited poorer impact value than the corresponding base material which is 
evident from the values obtained. It was further found that the microhardness possessed by the HAZ of the joints welded using 
low heat input (9 pass) combination was found to be higher than the HAZ of the joints welded using high heat input (7 pass) 
combination. This indicates that grain coarsening in the HAZ of the weld joints was more at high heat input. 

The microstructural studies further have shown that at low heat input due to high cooling rate fine grain dendritic 
structure was obtained in the weld metal where as at high heat input relatively coarse grain interdendritic structure was 
prevalent. 
This work in the present form has helped in establishing a correlation between the microstructure and the mechanical 
properties and proves to be useful as a welding procedure database for the fabrication industry using thick sections of AISI 304 
SS grades. 
 
Key words- AISI 304 SS, SMAW process, Transverse tensile testing, Impact testing (Charpy V-notch testing), Bend testing, 
Weld zone, HAZ, Microhardness, Microstructure 

——————————      —————————— 
 

1. INTRODUCTION 

Out of 300 series grade of steels type 304 SS is 
extensively used in industries due to its superior 
low temperature toughness and corrosion 
resistance. One of the typical applications of type 
304 SS include storing and transportation of 
liquefied natural gas (LNG), whose boiling point 
is -162°C under 1 atmosphere [3]. Additionally, 
for the industrial applications of the AISI 304 
stainless steels, the welding method is widely 
used due to its simple assembly and/or joins on 
sheets, plates and/or pipes made out of this 
material. On the other hand, it is also imperative 
to highlight that during welding many 
discontinuities are produced, which acts as stress 
raisers that can lead to a decrease in the life of 
the weld. Therefore, the problems of this joining 
method have become an important issue of study 
in manufacture. Researchers studied the 
properties of the ASS, focused in correlating the 
microstructure at the joints (fusion zone, heat 
affected zone) of an SMAW process with the 

failure mode of the weld material after it was 
loaded statically and cyclically [4]. 

 

Plates of different thicknesses are used 
for the fabrication of components, depending 
upon the applications. In most of the 
applications, the plates are welded by using 
multipass welding methods. The temperature 
distribution that occurs during multipass 
welding affects the material microstructure, 
hardness, mechanical properties and the residual 
stresses that will be present in the material after 
cooling to room temperature. A limited 
experimental data is available in the literature 
wherein the effect of multipass welding is 
studied on AISI304 stainless steel. Few reports 
regarding temperature distribution during 
multipass welding of plates is available in the 
literature [5]. In the present study, experimental 
work on the effect of multipass welding on the 
mechanical properties of 16mm thick AISI304 
stainless steel joints has been undertaken. 
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 Butt welded joints were made using 
double V-groove design and welding was 
accomplished with SMAW (Shielded metal arc 
welding process) using  9 weld passes including 
root pass that required low heat input and 7 
weld passes including root pass that required 
high heat input. The aim of the present work was 
to study the effect of multipass welding via 
inducing low and high heat input welding 
combination selected from the operational 
domain of the welding process. The fabricated 
joints were subjected to radiographic testing so 
as to make a fair assessment about the quality of 
the joints. The welded specimens were then 
subjected to transverse tensile testing and 
Charpy impact testing as per the standards 
ASTM E-08 and ASTM E-23 respectively. 
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2. EXPERIMENTAL DETAIL 

2.1 Base and filler material combination 

The base material used in the present 
investigation was in the form of AISI 304 SS 
plates of sizes 350x200x16 mm which were cut 
from a rolled sheet and the coated electrodes of 
2.5mm and 3.15mm diameter of grade 308L were 
used for the work. Table 1 & 2 shows the 
chemical composition of the base and the filler 
used. 
 

TABLE 1 

Chemical composition of aisi 304 stainless steel, 
% weight 
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TABLE 2 

Chemical composition of 308l electrode, wt. % 
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2.2 Welding procedure                     

It is a well established fact that among all the 
welding variables in arc welding processes 
welding current is the most influential variable 
since it affects the current density and thus the 
melting rate of the filler as well as the base 
material. So in accordance with this fundamental 
fact two different heat input combinations 
corresponding to different welding currents, i.e. 
low heat input and high heat input combinations 
were selected for the present study. The butt 
welded joints were fabricated using a low 
current combination of range 15A and high 
current combination of range 25A. The two 
plates to be welded were tacked together at both 
ends before commencing welding with a uniform 
gap of 2.5 mm between the plates, as in the 
general practice in industrial fabrication. The 
tacking weld arrangement was given to the 
plates to minimize the effect of shrinkage and 
distortion.  In this arrangement, most parts of the 
top and bottom surface areas of the weld pad 
were exposed to ambient conditions and the 
welding was carried out in a down-hand 
position. The dimensional details of plates used 
in the experiments are shown in Fig.3.  

Multipass welding was carried out by an 
experienced welding operator.  AWS 308L 
electrodes of size 2.50mm and 3.15mm were used 
to weld 304 stainless steel plates. The electrodes 
were baked in the oven for 45 min before 
welding to remove moisture. The numbers of 
passes taken for low heat input welding were 9 
and during high heat input welding were 7 
respectively. The weld bead sequence followed 
in these weld pads during the experimental work 
is shown in Fig.1 (a) & (b). 

 

IJSER

http://www.ijser.org/
mailto:chahaltaljeet@gmail.com
mailto:asshahi@yahoo.co.in
mailto:mandeepchahal@rediffmail.com


International Journal of Scientific & Engineering Research, Volume 4, Issue 12, December-2013                                                    953 
ISSN 2229-5518 
 

IJSER © 2013 
http://www.ijser.orgs 

 
Figure 1 (a) Weld bead sequence in 16mm low heat input 

welded plates 

 
Figure 1 (b) Weld bead sequence in 16mm high heat input 

welded plates 

In actual multipass welding, after a weld 
pass is laid, the weld plate is allowed to cool 

down at an interpass temperature of 175-200° C 
before the start of the next pass. In the present 
work, the average time gap of 2 minute was 
given between the successive passes. This 
duration was utilized to remove the slag formed 
during each pass. During and after welding, the 
plates were visually inspected for their quality 
and it was ensured that both the weld beads 
possessed good geometrical consistency and 
were free from visible defects like surface 
porosity, blow holes etc. Fig. 2 shows the plates 
in the as welded condition using different heat 
inputs.   

 Considering an arc efficiency (η) of 0.75 
for SMAW, the heat input per mm length of weld 
(Q) was calculated using the relation Q = ηVI/v, 
and these values are also shown in Tables 3 and 
4. 

 

 
Figure 2. Photograph showing the base plates in the as welded condition at different heat inputs  

TABLE 3 

Experimental conditions (process parameters used for 9 pass welds) 

Sr. no. 
Side (A) , (B) 

Weld pass no. 
Ref. Fig.1(a) 

Electrode 
size (mm) 

Current 
(Amp) 

Voltage 
(V) 

Speed 
(mm/sec) 

Heat Input 
(kJ/mm) 

1. (A) Root pass 2.5 87.5 21 2.845 0.484 

2.(A) 2nd pass 2.5 92.5 22 3.723 0.409 
3.(B) Root pass 2.5 87.5 21 3.301 0.417 
4.(B) 2nd pass 2.5 92.5 22 2.592 0.588 
5.(B) 3rd pass 2.5 92.5 22 2.160 0.706 
6.(B) 4th pass 2.5 92.5 22 2.083 0.732 
7.(A) 3rd pass 2.5 90 21 2.892 0.490 
8.(A) 4th pass 2.5 95 22 2.348 0.667 
9.(A) 5th pass 2.5 100 22 2.5 0.660 

 

Low heat 

 

high heat 
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TABLE 4 

Experimental conditions (process parameters used for 7 pass welds) 

Sr. No. 
Side (A), (B) 

 

Weld pass no. 
Ref. Fig.1(b) 

Electrode 
size (mm) 

Current 
(Amp) 

Voltage 
(V) 

Speed 
(mm/sec) 

Heat Input 
(kJ/mm) 

1.(A) Root pass 2.5 82.5 21 1.767 0.735 
2.(B) Root pass 3.15 112.5 23 3.153 0.615 
3.(A) 2nd pass 3.15 117.5 23 2.095 0.735 
4.(A) 3rd pass 3.15 132.5 24 1.989 1.199 
5.(B) 2nd pass 3.15 125 23 2.272 0.949 
6.(B) 3rd pass 2.5 112.5 23 2.272 0.854 
7.(A) 4th pass 2.5 117.5 23 1.988 1.019 

 
2.3 Non-destructive testing 
To understand any type of defects or 
discontinuities such as cracks, inclusions and 
porosity the radiography of the low and high 
heat input welded plates have been carried out. 
In radiography there are mainly three levels i.e. 
level 1, 2 and 3 which represent the quantity of 

defects in the material. In the present study the 
defects were found at level 1, i.e. the slag 
inclusion and porosity shows the minor effect on 
the welded plates. Table 5 shows the result of 
non-destructive testing on the welded joints of 
the AISI 304 stainless steel plates.  

 

TABLE 5 

 X-ray radiography results 

Type of defects Slag inclusion Porosity Internal 
shrinkage 

Crack Hot tear Insert Molting 

Results obtained 
from plate 1 

Level-1 Nil Nil Nil Nil Nil Nil 

Results obtained 
from plate 2 

Nil Level-1 Nil Nil Nil Nil Nil 

 

2.4 Specimen sampling  
 
After conducting radiography on both the plates, 
specimens for tensile testing, bend testing, 

impact testing, micro hardness testing and 
microstructural studies were taken from the 
weld pads as schematically illustrated in Fig. 3. 
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Figure 3. Schematic diagram showing the specimen sampling plan from the butt welded plates (Top view) 

2.5. Tensile test 

Three specimens per heat input 
combinations were machined out from the weld 
pads as mentioned in Fig.3. Each tensile 
specimen size was prepared in accordance with 
ASTM E08 standards as illustrated schematically 
in Fig.4.  The specimens were tested on a servo 
hydraulically controlled digital tensile testing 
machine. 

2.6 Charpy impact test 

Six specimens per heat input combination were 
machined out from the weld pads as mentioned 
in Fig.3 and were prepared in accordance with 

ASTM E-23 standards. Impact specimens were 
made with a V-notch in a weld metal zone and 
HAZ so as to make an assessment of their 
toughness. The angle of V-notch is 450.The 
standard impact specimen size is shown in Fig.5. 
The charpy V-notch values indicating the impact 
energy absorption by each of the welded 
specimens were recorded. 

2.7. Bend test  

Three specimens per heat input combinations 
were taken from each welded plate as mentioned 
in Fig.3. Each bend test specimen size was 
prepared as illustrated schematically in Fig.6. 
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Figure 4. Schematic showing dimensions of tensile specimen used in the present work 

 

Figure 4.5 Standard impact test specimen size 

 
Figure 6. Schematic of the bend test specimen used in the present work 

 

2.8. Microhardness Testing  

In the present work microhardness 
measurements were carried out on each welded 
plates. For microhardness testing the specimens 
were prepared using standard procedures like 
belt grinding, polishing using successively fine 
grades of emery up to 3000 grit size. This helped 
in removing coarse and fine oxide layers as well 
as scratches from the surface that were to be 
metallographically analysed. Microhardness 
tester (Make:Omnitech, Capacity:1000grams) 
was used to measure microhardness of base 
metal, weld zone and heat affected zone of the 
weldments using  a load of 0.5 kg and a dwell 
time of 20 seconds. 

2.9. Optical Microscopy  

In order to observe the micro structural changes 
that take place during welding, corresponding to 
each heat input combination specimens were 
machined out from the weld pads as shown in 
Fig.3. The surface to be investigated is 
subsequently ground using SiC paper down to 

grit up to 3000 and polished by using a velvet 
cloth. Standard polishing procedures were used 
for general micro structural observations. The 
specimens were electrolytically etched using the 
following conditions:- 

Electrolyte used: Oxalic acid (10 g) + Distilled 
water (100 ml), Cell voltage: 6 V, Etching time: 1 
min 

3. RESULTS AND DISCUSSION 

3.1. Analysis of the tensile testing results  

Tensile testing results obtained from this study 
show that the average UTS value is 591.84MPa 
for base metal, 661.41MPa for the low heat input 
(9 pass) combination and 565.36MPa for high 
heat input (7 pass) combination. It was observed 
that for the weld joints using low heat condition 
the UTS value is increased by 17%. Ductility, 
which was measured in the form of percentage 
elongation, was also increased for low heat input 
combination. Similar results were found for yield 
strength and percentage reduction in area for 
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low heat input welded plates. The yield strength 
shows the average increase of 9.1% for low heat 
combination. Similarly the percentage reduction 
in area for low heat input (53.48) is much greater 
than that of high heat input (24.54) combination. 

Further it is found that all the joints with 
low heat fractured in the base metal during 
tensile testing which indicates that weld metal in 
all the joints possessed higher tensile strength 
than the base metal whereas all the joints with 
high heat fractured in the weld zone during 
tensile testing which indicates that base metal 
possessed higher tensile strength than the weld 
metal. The fractured features of tensile tested 
specimens are shown in Fig.7. 

3.2. Analysis of impact toughness results 

It is found that impact value increase with 
increase in welding current. The average impact 
value of base material is 198.5J, for low heat 
input it is 113.4J in weld zone and 126.2J in HAZ. 
Similarly it shows the impact value of 141.2J in 
weld zone and 147J in HAZ of high current 
welded specimens. It was also observed that the 
weld joints made by using high current showed 

higher impact energy absorption capacity than 
those welded using low heat input welding. 

3.3. Analysis of bend test results 

It was observed that low heat input welded 
samples have the higher ductility as compared to 
high heat input welded specimens. Similar 
results during tensile test has been found by 
performing the bend test, i.e. bending of the low 
current welded specimen shows more strength 
as compare to that of  high current welded 
specimens. All the three high heat input welded 
specimens were found crack in their weld zone 
whereas there is no crack found in the low heat 
input welded specimens. Fig. 8 shows the 
fractured features of low and high heat input 
welded samples after the test. 

3.4. Analysis of the microhardness results     

The microhardness was checked for base metal, 
weld zone and heat affected zone of low and 
high heat input welded specimens. At every 
place readings were taken. All the readings are 
shown in Table 6. Average micro hardness of 
base metal is 256 VHN. 

TABLE 6 

Micro hardness (VHN) results 

Specimen name Base metal Weld zone Heat affected zone 
Low heat input 253-259 310-316 360-365 
High heat input 253-259 306-312 309-318 

 

Figure 9 represents the variation of 
micro hardness values obtained from the 
different sources such as base metal and as-
welded condition. The hardness values of as-
welded specimens were much greater than base 
metal. High hardness values were observed in 
the HAZ region of the both low and high heat 
input weldments. 

From the above observation it can be 
easily concluded that at the low heat input 
welded joints the microhardness has become 
higher as compared to micro hardness values at 
high heat input welded joints. The main reason is 
that the cooling rate of low heat input welded 
specimen is relatively higher than the high heat 
input specimen and the microhardness is directly 
related to the cooling rate at that point. Higher 
the cooling rate will produce higher 
microhardness. 

 
Figure 9. Line graph comparison of microhardness of as 

welded plates 

  Subodh[3] have reported similar trends 
while studying the effect of heat input on the 
mechanical properties of TIG welded 304 SS 
joints that the micro hardness follows an 
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increasing trend in the order of weld metal, 
HAZ, unaffected base metal and fusion 
boundary for all the joints made at different heat 
inputs. 

3.5. Analysis of microstructure 

Optical micrographs showing the 
microstructures of weld zone, fusion boundary 
and HAZ for different heat input combinations 
are presented from Figs. 10–11. Microstructural 
studies have shown that at low heat input due to 
high cooling rate fine grain dendritic structure is 
obtained in the weld metal where as at high heat 
input relatively coarse grain inter dendritic 
structure is observed. Full penetration welds 
were obtained in both combinations of heat 
input. It is found that as heat input increases the 

fusion areas of the joints also increase 
proportionately. The same trend is followed for 
the HAZ area associated with each of these 
joints. Several Studies reported that the fusion 
zone and HAZ area increase with increase in 
heat input. It is observed from these optical 
micrographs that as heat input increases the 
dendrite size and inter-dendritic spacing in the 
weld metal also increase. This dendrite size 
variation can be attributed to the fact that at low 
heat input, cooling rate is relatively higher due to 
which steep thermal gradients are established in 
the weld metal, which in turn allows lesser time 
for the dendrites to grow, whereas at high heat 
input, cooling rate is slow which provides ample 
time for the dendrites to grow farther into the 
fusion zone. 

 

 
Figure 7. Transverse tensile tested specimens showing the location of fracture 

 
Figure 8. Bend tested specimens showing the location of fracture on low and high heat input welded joints 
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Figure 10. Optical micrograph (100X) showing the microstructure of (a) weld metal and HAZ (b) HAZ and base metal (low heat) 

 
Figure 11. Optical micrograph (100X) showing the microstructure of (a) weld metal and HAZ (b) HAZ and base metal (high 

heat) 

4. CONCLUSIONS 
 
Based upon the work undertaken the following 
conclusions could be drawn: 

• Joints welded with 9 weld passes 
including root pass using low heat input 
were found to possess better strength 
than those welded using 7 weld passes 
including root pass using high heat 
input. The maximum UTS was found to 
increase by 17% for the joints fabricated 
using low heat input (9 pass) 
combination. This shows that the low 
heat input weld joints is beneficial in 
achieving better tensile properties as 
compared to using high heat input weld 
joints.  

• The bend testing results show that low 
current welded specimens possessed 
greater strength as compared to those of 
high heat input welded specimens. 

• The impact properties show that impact 
value increased with increase in welding 
heat input. It was found that the joints 
exhibited poorer impact value than the 
corresponding base material which is 
evident from the values obtained, as the 
average impact value possessed by the 
base material was 198.5J, for low heat 
input it was 113.4J in weld zone and 
126.2J in HAZ. Similarly it showed the 
impact value of 141.2J in the weld zone 
and 147J in the HAZ of high heat input 
welded specimens. 

• The microhardness possessed by the 
HAZ of the joints welded using low heat 
input (9 pass) combination was found to 
be higher than the HAZ of the joints 
welded using high heat input (7 pass) 
combination. This indicates that grain 
coarsening in the HAZ was more at high 
heat input. 
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• Micro structural studies have shown 
that at low heat input due to high 
cooling rate fine grain dendritic 
structure was obtained in the weld metal 
where as at high heat input relatively 
coarse grain interdendritic structure was 
prevalent. 

            Based upon the present study it is 
concluded that for the multipass welding of AISI 
304SS using SMAW process the low heat input 
should be preferred because of the reason that it 
gives good transverse tensile strength and 
ductility to the joints.  
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