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Abstract

Austenitic stainless steels are chromium and nickel stainless steels that are broadly utilized
in most engineering industries due to their enhanced mechanical characteristics at elevated
temperatures, excellent corroding resistivity in varied conditions, good weldability and ease
of fabrication. Shielded metal arc welding is largely employed in most manufacturing
applications because of its variability, simpleness and inside/outside feasibility. This
research aims to study the effect of different filler materials over the mechanical properties of
AISI 316L austenitic stainless steel joints welded through shielded metal arc welding. In this
research, AISI 316L plates with 10mm thickness were joined by shielded metal arc welding
using three different filler materials E308, E309 and E316L. Radiographic tests were carried
out on these welded plates to conform their interior soundness (non-defectiveness). Effect of
filler materials E308, E309 and E316L over the mechanical properties of the welded
specimens as expressed by tensile test (yield strength, ultimate tensile strength and percent
elongation), impact test and hardness test was evaluated. It was accomplished from the
research that the filler material E308 demonstrated better mechanical properties than E309
and E316L filler materials and that the same could be adopted for achieving optimum
mechanical properties through shielded metal arc welding.
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Introduction

AISI 316L ASS (austenitic stainless steels) are largely used in most manufacturing
organizations because of their improved mechanical characteristics, excellent corroding
resistivity, good weldability and ease of fabrication. These are used in fabrication of large
structures, pipe work, heavy plates, different boilers, pressure and marine vessels, tanks,
large ships, different types of heat exchangers, equipments of nuclear reactors, various
pumps, multiple valves, fastener elements, paper/pulp based industry, oil and gas industry,
petro chemical industry etc. The main constituents of AISI 316L ASS that includes
chromium, molybdenum and nickel make it suitable for applications involving higher
temperatures and corrosive media [1]. The only major difference between AISI 316 ASS and
AISI 316L ASS is their carbon content that is 0.08% maximum in AISI 316 ASS and have
similar physical, thermal and mechanical characteristics. The letter "L" in the name of AISI
316L ASS denotes a low carbon content, which helps to prevent stress corrosion cracking

[1].

SMAW (shielded metal arc welding) is amongst the oldest joining procedures and is one of
the most simplest and diverse methods for joining ferrous and nonferrous metals. [2]. It is
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additionally the most frequently used welding process in fabrication and maintenance works
[3]. The SMAW process is usually known as Conventional or Manual Arc Welding, relating
the fact that in most of the circumstances it is performed by a welder guiding the electrode
manually. SMAW has several attributes; out of these one primary attribute is the simplicity
and lightweightness of the equipment. This makes it simple to move and solid-state power
sources are there which are smaller and light in weight allowing them to be manually
transported to the work sites where the weld joints to be made are in restricted places or
distant from heavy power supply points. Low operating cost affiliated with the SMAW is
another most attractive attribute. These are just a couple of the explanations why the SMAW
process features a diverse set of uses in construction, fabrication, pipeline and maintenance
works. The current range used for SMAW process usually varies between 50 and 2000
Amperes and voltage between 10 and 50 Volts [3]. SMAW remains dominant due to its
simplicity and variability. Engineers and welders are comfortable with the method as results
of long experience with it.

Literature Survey

Bahador et al. [4] studied the effect of using three different number of filler materials over the
mechanical characteristics of welded joints of two dissimilar materials. These two different
materials were structural and constructional steel (low alloy carbon steel) ASTM A516 Grade
70 and AISI 316L ASS. The welding process utilized for their welding was the manual gas
tungsten arc welding (GTAW) and the three welding consumables used were ER80S - Nil,
ER309L and ERNiICrMo - 3. The findings of the research work were that the specimens
welded with filler material ER80S - Nil possesses the greatest tensile strength whereas the
tensile strength of specimens welded with filler materials ER309L and ERNiCrMo - 3 was
almost similar. The hardness test conducted revealed that ER80S - Nil welded specimen
has the greatest hardness. Ertem et al. [5] studied the influence of welding electrode
material type during resistance spot welding of AISI 304 ASS. The two different electrode
materials used were CuCo2Be and CuCrZr. In this research work, tensile shear load bearing
capacity and hardness of weldments were evaluated. Ramkumar et al. [6] studied the
influence of different filler materials over the micro-structure, mechanical characteristics and
corrosive behaviour of AISI 316L ASS welded joints. The welding process used for this
research work was pulsed gas tungsten arc welding (PGTAW) and therefore the two
different types of filler materials used were ER2553 and ERNICr - 3. Microstructure analysis
revealed the occurrence of various shapes of austenite by utilizing filler material ER2553
whereas migrated grain boundaries were formed by using filler material ERNICr - 3. Tensile
testing of specimens revealed that the strength of weldment made with filler material
ER2553 was greater than with filler material ERNICr - 3. Impact test results showed that the
impact properties were greater for ER2553 welded joints. Also by studying potentiodynamic
polarization curves, it was revealed that welding zone of filler material ER2553 adopted
higher corrosion resistant properties as compared to filler material ERNiCr-3. Verma et al. [7]
studied the influence of electrode material type over the mechanical characteristics and
microstructure of AISI 316L ASS and 2205 Austeno Ferrite weldments. In this research
study, the weldability, micro-structure and mechanical characteristics of welded joints of two
dis-similar materials (2205 austeno - ferritic and AISI 316L ASS) were studied by utilizing
SMAW process. The two different types of welding electrodes used were duplex E2209 and
austenite E309L. In this research work, it was revealed that in case of welding with electrode
E2209 solidification was the prime ferrite process. Whereas in welded joint of electrode
E309L prime component was the ferritic weldment with austenitic matrix. At the end, it was
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accomplished that for the weldments made between AISI 316L ASS and 2205 Austeno
Ferrite, E2209 was superior in properties. Buchely et al. [8] investigated the impact of the
SMAW procedure over cyclic behaviour of AISI 308L ASS as filler material and AISI 304 as
base material. The effects of three distinct types of electrode coatings that are E308L - 15,
E308L - 16, and E318L premium were compared in this study. The weldments
microstructure, chemical composition, ferrite no (FN), tensile and hardness tests were
evaluated after welding. Using INSTRON - 8872 equipment, other fatigue experiments were
also conducted. Electrodes with coating - 15 were shown to be more resistant to high-cycle
fatigue than - 16 and E318L - 16 premium electrode coatings.

Materials and Experimental Procedures

Materials

In current research work, AISI 316L ASS plate is employed as a base material. Its
composition and properties according to ASTM A240 and ASME SA-240 specifications are

as follows;
Table 1 — Chemical Composition of AISI 316L ASS
Elements C Mn P S Si Cr Ni Mo N Fe
Composition | 0.03 | 2.0 | 0.045 | 0.03 | 0.75 | 16.0- | 10.0- 20- | 0.1 | Bal
[%6] max | max | max | max | max | 18.0 | 14.0 3.0 | max | anc
e
Table 2 — Mechanical Properties of AISI 316L ASS
Yield Strength Tensile Percent Elongation in | Hardness Impact

[MPa]

Strength [MPa]

2in. or 51 mm. [%]

[HRB]

Toughness [J]

170

485

40.0

95 max

88 -134

The three different types of filler materials used for joining the plates are E308, E309 and
E316L. The following is a list of their chemical composition and mechanical properties;

Table 3 — Chemical Composition of Filler Materials

Filler Material Composition [%]
(AWS) C Cr Ni Mo
E308 0.06 20.1 9.6 -
E309 0.09 23.8 13.0 -
E316L 0.03 19.2 12.4 2.2
Table 4 — Mechanical Properties of Filler Materials
Filler Material (AWS) Tensile Strength [1000 psi] Elongation in 2 in. [%]
E308 90 41
E309 81 40
E316L 82 41

Welding Process

Three plates of AISI 316L ASS are finished to final dimensions of 220 mm x 190mm x 10
mm. These are then edge prepared/beveled for SMAW welding through lathe machine as
shown in the following figure;
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Figure 1. Edge Prepared / Bevelled AISI 316L ASS Plate For SMAW Welding

These three edge prepared/beveled plates are then SMAW welded using three different
types of filler materials that are E308, E309 and E316L. The schematic of the welded plates
is shown in the following figure;

Figure 2. SMAW Welded AISI 316L ASS Plates Using Three Different Filler Materials

Extraction of Specimens

The samples for tensile strength, impact toughness, and hardness are prepared
perpendicular to the direction of weld joint as per ASTM A370 and ASME SA-370 standards
and are shown in the schematics below. Three samples for testing each mechanical property
from each welded plate are extracted using electric discharge machining (EDM) machine
and are tested and average value of these tests is calculated in order to minimize the
possibility of error.
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Figure 3. Schematic of (a) Tensile Specimen (b) Impact Specimen and (c) Hardness Specimen
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Figure 5. Physical Dimensions of Tensile, Impact and Hardness Specimens

Tensile, Impact and Hardness Testing

Tensile testing was carried out to determine yield strength, ultimate tensile strength and
percentage elongation. A universal testing machine (UTM) having 30 tons capacity was used
to conduct the tests in compliance with the ASTM E8 standard. The impact tests were
undertaken in accordance to ASTM E23 standards. The charpy V-Notch tests data was
obtained in terms of energy absorbed (Joules) and strength (Joules/cm?2). These tests were
performed using impact testing machine with 30/15 kgs hammers capacity. Hardness tests
were carried out to determine Rockwell hardness B (HRB) at room temperature.
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Figure 6. Tensile, Impact and Hardness Testing of Specimens

Results and Discussion

Tensile Properties

From tensile tests, different tensile properties that are yield strength, ultimate tensile strength
and percent elongation of SMAW welded AISI 316L ASS specimens using three different
types of filler materials E308, E309 and E316L, are investigated. In every case, testing of 3
samples is undertaken and their average result is listed as follows;

Table 5 — Tensile Test Results

Filler Material Yield Strength Tensile Strength [MPa] Percent Elongation in
[MPa] 2 in. or 50 mm. [%]
E308 396 514 26
E309 382 508 25.4
E316L 381 499 25.3

The tensile test results of SMAW welded AISI 316L ASS plates using three different filler
materials are also shown by bar diagram in the following figure;

Tensile Test Results Comparison

m Yield Strength [Mpa] o Ultimate Tensile Strength [Mpa} m percentelongation [3]
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Figure 7. Tensile Test Results of SMAW Welded AISI 316L ASS Plate Using Different Filler Materials
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Impact Properties

The charpy V-Notch tests of SMAW welded AISI 316L ASS specimens using three different
types of filler materials E308, E309 and E316L are conducted at room temperature and
fracture toughness and toughness strength are investigated. For each case, 3 tests are
performed and their average value is listed as follows;

Table 6 — Impact Test Results

Filler Material Fracture Toughness [J] Fracture Strength [J/cm?]
E308 141.12 176.4
E309 130.34 162.925
E316L 130.83 163.5375

The charpy V-Notch test results of SMAW welded AISI 316L ASS plates using three different
filler materials are also shown by bar diagram in the following figure;

Impact Test Results Comparison

200

180

150

140

120

100

80

80

40

20

EZ08 E309 E316L

M Fracture Toughness [1] W Toughness Strength [1/cm®]
Figure 8. Impact Test Results of SMAW Welded AISI 316L ASS Plate Using Different Filler Materials

Hardness Properties

The hardness tests of SMAW welded AISI 316L ASS specimens using three different types
of filler materials E308, E309 and E316L are conducted and hardness of these specimens is
investigated. In every case, 3 tests are conducted and their average result is listed as
follows;

Table 7 — Hardness Test Results

Filler Material Hardness [HRB]
E308 88
E309 84
E316L 93

The hardness test results of SMAW welded AISI 316L ASS plates using three different filler
materials are also shown by bar diagram in the following figure;
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Figure 9. Hardness Test Results of SMAW Welded AISI 316L ASS Plate Using Different Filler Materials

Conclusions

In this research study, AISI 316L ASS plates are welded using E308, E309 and E316L filler
materials through SMAW process. The various conclusions acquired from the experiments
undertaken are presented as follows;

The tensile properties that are yield strength, ultimate tensile strength and percent
elongation of SMAW welded AISI 316L ASS are higher for E308 filler material than
for E309 and E316L filler materials. Comparatively E308 joint endures 3.66% higher
yield strength than E309 & 3.94% than E316L, 1.18% higher tensile strength than
E309 & 3.00% than E316L and 2.36% higher percent elongation than E309 & 2.76%
than E316L.

The impact properties that are fracture toughness and fracture strength of SMAW
welded AISI 316L ASS are also higher for E308 filler material than for E309 and
E316L filler materials. Comparably E308 weldment shows 8.27% higher fracture
toughness & fracture strength than E309 and 7.86% than E316L.

No big difference in the tensile properties (yield strength, ultimate tensile strength
and percent elongation) and impact properties (fracture toughness and fracture
strength) are obtained for the weldments of both E309 and E316L filler materials by
SMAW process. However, the E309 joint shows a little higher tensile values (0.26%
yield strength, 1.8% tensile strength & 0.40% percent elongation) than E316L and
little lower impact values (0.38% fracture toughness and fracture strength) than
E316L.

The hardness values of SMAW welded AISI 316L ASS are higher for E316L filler
material, then for E308 filler material and is lowest for the E309 filler material,
respectively. These are 93HRB for E316L, 88HRB for E308 and 84HRB for E309
weldments.
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Nomenclature

AlSI American Iron and Steel Institute

ASS Austenitic Stainless Steel

SMAW Shielded Metal Arc Welding

AWS American Welding Society

RT Radiographic Testing

ASTM American Society for Testing Materials
GTAW Gas Tungsten Arc Welding

PGTAW Pulsed Gas Tungsten Arc Welding
HRB Rockwell Hardness B

FN Ferrite Number

ASME American Society of Mechanical Engineers
EDM Electric Discharge Machining

UTM Universal Testing Machine
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