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Editorial Note

As  my nomination as an Subject Expert and Editor for this Special Issue on Engineering &
Technology 2012, I have worked  a lot to make it successful. I do whatever task is at hand to the best of
my ability. I take pride in my work and give hundred percent every time. For those submissions that
were not suitable for publication, we tried to let authors know very quickly of our decision, giving them
a chance to submit their manuscript to another journal if they so desire. I am fully aware that the
prestige and quality of an ANVIKSHIKI Journal depends upon the altruistic participation of reviewers
and the fairness and promptness with which the review process is conducted.  In this regard, I wish to
express my sincere gratitude to all board members for their nice cooperation and sustained effort.
However, because of the increased number of submissions and the diversity of research fields involved,
we have a difficult task ahead of us requiring a more rapid tempo of review. At the same time, from now
on the authors themselves should assume their own inescapable responsibilities. The editor will return
immediately any manuscript that is incomprehensible to reviewers on account of substandard grammar
and syntax.

Finally, it is a pleasure to thank my Editor in chief for their nice cooperation and valuable
suggestion. Now, we all look forward to embarking in a journey that can take ANVIKSHIKI  on to the
next plateau of excellence.

I hope you will enjoy reading this issue and we welcome your feedback .

With best regards,

Jyoti Prakash
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Dear Colleague,

Global Journal of Engineering and Technology Research (GJET) is a multidisciplinary peer-reviewed journal published six

monthly by mpasvo Journals (http://www.onlineijra.com/gjet ). GJET is dedicated to increasing the depth of the subject

across disciplines with the ultimate aim of expanding knowledge of the subject.

 Call for Papers

GJET will cover all areas of the subject. The journal welcomes the submission of manuscripts that meet the general criteria

of significance and scientific excellence, and will publish: Original articles in basic and applied research, Case studies,
Critical reviews, surveys, opinions, commentaries and essays.We invite you to submit your manuscript(s) to
maneeshashukla76@rediffmail.com  for publication in the six Monthly Issue. Our objective is to inform authors of the
decision on their manuscript(s) within eight weeks of submission. Following acceptance, a paper will normally be published

in the next issue. Instruction for authors and other details are available on our website; www.onlineijra.com/gjet

GJET is an Open Access Journal

One key request of researchers across the world is unrestricted access to research publications. Open access gives a

worldwide audience larger than that of any subscription-based journal and thus increases the visibility and impact of

published works. It also enhances indexing, retrieval power and eliminates the need for permissions to reproduce and

distribute content. GJET is fully committed to the Open Access Initiative and will provide free access to all articles as

soon as they are published.
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Dr. Maneesha Shukla.
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Global Journal of Engineering and Technology (GJET)

E-mail: maneeshashukla76@rediffmail.com

Guidelines for Authors

Global Journal of Engineering and Technology is an open access journal that provides rapid publication (six monthly)
of articles in all areas of the subject such as: civil, mechanical, chemical, electronic and computer engineering as well as
production and information technology. The Journal welcomes the submission of manuscripts that meet the general criteria

of significance and scientific excellence. Papers will be published approximately 3 month after acceptance.

Electronic submission of manuscripts is strongly encouraged, provided that the text, tables, and figures are included in a

single Microsoft Word file (preferably in Arial font).

Submit manuscripts as e-mail attachment to the Editorial Office at: maneeshashukla76@rediffmail.com A manuscript
number will be mailed to the corresponding author same day or within 72 hours.

The cover letter should include the corresponding author’s full address and telephone/fax numbers and should be in an e-
mail message sent to the Editor, with the file, whose name should begin with the first author’s surname, as an attachment.

The authors may also suggest two to four reviewers for the manuscript (GJET may designate other reviewers). 

Global Journal of Engineering and Technology will only accept manuscripts submitted as e-mail attachments.

Ar ticle Types

Three types of manuscripts may be submitted :

Regular articles: These should describe new and carefully confirmed findings, and experimental procedures should
be given in sufficient detail for others to verify the work. The length of a full paper should be the minimum required
to describe and interpret the work clearly.

Short Communications: A Short Communication is suitable for recording the results of complete small investigations
or giving details of new models or hypotheses, innovative methods, techniques or apparatus. The style of main
sections need not conform to that of full-length papers. Short communications are 2 to 4 printed pages (about 6 to
12 manuscript pages) in length.

Reviews: Submissions of reviews and perspectives covering topics of current interest are welcome and encouraged.
Reviews should be concise and no longer than 4-6 printed pages (about 12 to 18 manuscript pages). Reviews are
also peer-reviewed.



Review Process

All manuscripts are reviewed by an editor and members of the Editorial Board or qualified outside reviewers. Decisions
will be made as rapidly as possible, and the journal strives to return reviewers’ comments to authors within 3 weeks. The
editorial board will re-review manuscripts that are accepted pending revision. It is the goal of the JETR to publish manuscripts
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All portions of the manuscript must be typed double-spaced and all pages numbered starting from the title page.
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names and affiliations, the name of the corresponding author along with phone, fax and E-mail information. Present addresses

of authors should appear as a footnote.

The Abstract should be informative and completely self-explanatory, briefly present the topic, state the scope of the
experiments, indicate significant data, and point out major findings and conclusions. The Abstract should be 100 to 200
words in length.. Complete sentences, active verbs, and the third person should be used, and the abstract should be written
in the past tense. Standard nomenclature should be used and abbreviations should be avoided. No literature should be

cited.

Following the abstract, about 3 to 10 key words that will provide indexing references should be listed.

 

A list of non-standard Abbr eviations should be added. In general, non-standard abbreviations should be used only when
the full term is very long and used often. Each abbreviation should be spelled out and introduced in parentheses the first
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The Intr oduction should provide a clear statement of the problem, the relevant literature on the subject, and the proposed

approach or solution. It should be understandable to colleagues from a broad range of scientific disciplines.

Materials and methods should be complete enough to allow experiments to be reproduced. However, only truly new
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The Acknowledgments of people, grants, funds, etc should be brief.
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WELDABILITY  AND SPECIAL CHARACTERISTICS OF MILD STEEL
– A REVIEW
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Abstract
weldability is a complicated property, as it encompasses the metallurgical compatibility of the metal or alloy with a
specific welding process, its ability to be welded with mechanical soundness, and the capacity of the resulting weld to
perform satisfactorily under the intended service conditions. The weldability of steel depends primarily on its hardenability
and this, in turn, depends largely on its composition . Steels with carbon content under 0.3% are reasonably easy to weld,
while steels with over 0.5% are difficult. The higher the carbon equivalent, the higher the hardenability, the more difficult
the steel is to weld, and the more susceptible the microstructure is likely to be to hydrogen cracking. If welding under high
restraint, extra preheat may need to be applied. Some high carbon steels and low alloy steels may also need a post weld
stress relief or tempering. Carbon has the greatest effect on the hardenability of steel, but other alloying elements may be
added to increase its hardenability. The addition effectively reduces the critical cooling rate and the temperature at which
the austenite to martensite transformation takes place, making it easier for martensite to form at slower cooling rates.
This paper highlights the weldability and some other characteristics of mild steel.

Keywords:  Weldability, Hardenability, Carbon equivalent, Hardness, strength

1. Introduction
Welding technology has obtained access virtually to every branch of manufacturing; to name a few,
ships, rail road equipments, building construction, boilers, launch vehicles, pipelines, nuclear power
plants, aircrafts, automobiles, pipelines. Welding technology needs constant upgrading and with the
widespread applications of welding, 1. Due to the intense concentration of heat source of welding,
regions near weld line undergo severe thermal cycles. The thermal cycles cause non-uniform heating
and cooling in the material, thus generating inhomogeneous plastic deformation, residual stress and a
wide coarse grained region in the weldment 2,3,4. Generally, welding is the preferred joining method and

*Research Scholar, Mechanical Engineering Department (Institute of Technology ) Banaras Hindu University Varanasi (U.P.) India. (corresponding
author of this paper( mail id jpjpitbhu@gmail.com ))
** Professor, Mechanical Engineering Department (Institute of Technology) Banaras Hindu University Varanasi (U.P.) India.
*** Research Scholar, Mechanical Engineering Department (Institute of Technology) Banaras Hindu UniversityVaranasi & Senior Section  Engineer.,
D.L.W., Varanasi (U.P.) India.

© The Author 2012,Published by Mpasvo Press (MPASVO).All rights reserved.For permissions e-Mail : maneeshashukla76@rediffmail.com.
Read this paper on www.onlineijra.com.
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most common steels are weldable. When steel is welded, it is heated; the heated portion has a micro
structure that is different from that of the base metal and is called the Heat Affected Zone (HAZ)
5,6.During welding, rapid heating and cooling take place which produce severe thermal cycle near weld
line region. Thermal cycle cause non uniform heating and cooling in the material, thus generating
harder heat affected zone, residual stress and cold cracking susceptibility in the weld metal and base
metal 7,8,9,10. Bayraktar et al.  have studied the Grain growth mechanism during the welding of interstitial
free steels. Observations in the welded joints indicate the presence of very large grains near the fusion
line and these are oriented along the directions of the heat flow11. Concerning the welding of low
carbon steels, it has been shown that the grain coarsened zone (GCZ) and heat affected zone (HAZ) are
very critical since embitterment is concentrated in these areas 12. It is also known that the final
microstructures and mechanical properties of welded steel depend on some parameters like percentage
of carbon and presence of others elements such as sulfur or phosphorus. Low carbon steels that have
less than 0.25% carbon, display good welding ability, because they can be generally welded without
special precautions using most of the available processes. Concerning the previous studies related to
the welding of low carbon steel, there are limited publications 12-18. For example, Gural et al. 12 have
studied the heat treatment in two phase regions and its effects on microstructure and mechanical strength
after welding of the low carbon steel. On the other hand, Eroglu and Ak-soy 13 investigated the effect of
initial grain size on microstructure and toughness of intercritical heat-affected  zone of low carbon
steel.

2. Weldability of Steel
Weldability is a term used to describe the relative ease or difficulty with which a metal or alloy can be
welded. weldability is a complicated property, as it encompasses the metallurgical compatibility of the
metal or alloy with a specific welding process, its ability to be welded with mechanical soundness, and
the capacity of the resulting weld to perform satisfactorily under the intended service conditions. Low
carbon steels containing <0.15% carbon and <0.6% manganese generally have good weldability, as the
composition is too lean to give any significant hardening effect during welding. However, steels with
<0.12% carbon and low levels of manganese can be prone to porosity, although they are not susceptible
to hydrogen cracking. Steels with carbon contents between 0.15 and 0.3% carbon and up to 0.9%
manganese have good weldability, particularly those with carbon content below 0.22% These are mild
steels and rarely present problems, as long as impurity levels are kept low. They are all weldable without
preheat, using any of the common welding processes. Those at the top end of the composition range,
above about 0.25% carbon, may be prone to cracking under certain circumstances. They may be welded
using any of the common welding processes, but are best welded with a low hydrogen process such as
MIG or low hydrogen consumables. Thick sections may require preheating to reduce the cooling rate.19

2.1 Effect of Welding Parameters on the Peak Load and Energy Absorption of steel Welds
To ensure and maintain structural integrity of finished component under a wide range of operating
conditions, for example a crash situation, the remotest possibility of producing even one or two defective
welds in a critical component needs to be eliminated. These requirements, coupled with uncertainties
about weld quality due to the difficulty of applying nondestructive tests to spot welds, are responsible
for the practice of making more spot welds than what is actually needed for maintaining structural
integrity. A modern vehicle contains 2000 to 5000 spot welds. Around 20% to 30% of these spot welds
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are due to uncertainty of the quality of spot welds20. Weld performance characterizations normally refer
to static and dynamic strength. Tensile shear test is the most usual test for evaluating spot weld mechanical
behavior under static condition both because of its simplicity and because many of spot welded structures
are designed to bear tensile-shear loads. Figure 1 shows typical tensile-shear test load-displacement
curve for a spot weld, schematically. Most researchers have used peak load (Pmax), extracted from
load-displacement plot, to describe spot weld mechanical behavior. However, as Zhou et al. 21 mentioned,
maximum energy (Wmax) corresponding to peak load should be used to describe spot weld mechanical
behavior, more precisely. Wmax shows spot weld energy absorption capability and the higher the Wmax,
the higher the weld reliability is under impact conditions such as accidents.

Figure 1 Schematic of tensile-shear test load-displacement curve

2.2 Shielding  gases for welding of mild steel(Refer to BOC Manual 22)
2.2.1 MAG welding :  MAG welding is the most common process for welding carbon and low alloy

steels. The high productivity obtained by this semi-automatic process makes it ideally suited to the
construction and manufacturing of steel structures and components. Argon-based gas mixtures are
commonly used to weld carbon and low alloy steels. These mixtures contain additions of active
gases, oxygen and/or carbon dioxide to improve welding performance. How much of these active
gases is added depends on the application.

CORGON 10 : A good general purpose shielding gas for use in dip, pulse and spray  transfer. The
amount of spatter and slag islands produced by this mixture are low making it ideal for applications
where minimum post welding cleaning is required

CORGON 552 :This three component shielding gas is designed predominantly for welding th1nner
materials. The addition of oxygen increases arc stability minimizing the amount of spatter. This
makes the product ideal for welding components that are painted or powder coated after welding.

CORGON 18 :CORGON 18 produces welds with very good penetration and Sidewall fusion, especially
when welding thicker materials This mixture performs very well in both dip and spray but is on the
upper limit of CO content for pulse weld1ng
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CORGON 1252 :A PREMIER, three-component mixture designed for maximum performance. Ideal
for semi-automatic, automatic and robotic applications, the gas produces smooth flat welds with
good penetration and sidewall fusion as well as low spatter. Welding speeds are high over a wide
range of welding conditions, making it the first choice product when productivity is important.

CORGON 10He30 :This is a PREMIER argon, carbon dioxide mixture to which 30% helium has been
added, increasing the fluidity of the weld. Allowing even faster welding speeds than those base
shielding gases makes it ideal for mechanized and robotic welding applications.

2.2.2 Flux-cored and metal- cored arc welding
Flux-cored arc welding and metal cored arc welding processes are similar to MAG welding, except that
the welding wires are tubular and contain flux powders and/or metal powders rather than being solid
Consumable manufacturers blend their wires to suit one or two shielding gas mixtures; check which are
recommended before commencing welding.
CO

2 
:This gas is suitable for use with many brands of flux cored wire. Generally produces more spatter

and particulate fume.
CORGON 25 :For use with flux-cored wires recommended for use with ‘mixed gas’. In general it gives

lower fume and spatter levels than pure carbon dioxide
CORGON 10 :Generally recommended for use with metal-cored wires. The relatively low level of

carbon dioxide in the mixture produces fewer surface slag islands and lower oxide inclusions than
shielding gases with higher carbon dioxide levels.

2.2.3 TIG welding
TIG welding is not commonly used for carbon steels, but it is used more for welding low alloy steels
where high precision Joints and excellent surface finish are more important than high productivity.
Since the TIG process uses a non consumable tungsten electrode, which is  susceptible to damage by
oxidizing gases, for TIG welding these steels are usually limited to pure argon or argon/helium mixtures.
ARGON: Argon is the most common gas for TIG welding both carbon and low- alloy steels. Arc initiation

is easy but welding speeds are relatively slow
VARIGON He30 and He50 :The addition of helium to argon creates a more fluid weld with better

penetration, improved fusion and faster welding speeds. The higher helium mixtures should be used
on thicker-section materials. These mixtures are widely used on automatic welding s tations where
high welding speeds are the pr i mary concern.

MISON Ar : The addition of small amounts of  NO can lower the emission of ozone from the arc
compared with using pure argon.

2.3 Factors Influencing weldability 19

In terms of avoiding weldability problems, particularly hydrogen cracking, when welding carbon or
low alloy steels there are several factors that demand consideration. These include the amount of hydrogen
generated by the welding process or consumable, the heat input into the weld, the combined thickness
(heat sink) of the joint, and the level of preheat applied to the components prior to welding. Joint
configuration and restraint are also important factors when considering weldability.
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2.3.1 Welding Heat Input
The heat input from the welding process plays a major role in the heating and cooling cycles experienced
by the weld and parent plate during welding. For a given plate thickness, a high heat input is likely to
result in a slower cooling rate than a low heat input, and will therefore produce a softer microstructure
in the HAZ that is less prone to hydrogen cracking.

……………( 1)

where ‘V’ is arc Voltage (V), ‘I’ is welding current, and ‘S’ is welding speed in mm/min.
‘k’, the thermal efficiency factor for the welding process, to give an energy input that takes the

efficiency of the welding process into account. Typical thermal efficiency factors are:

‘k’ = 1.0 for submerged arc welding

‘k’  = 0.8 for MIG / MAG, MMA, flux-cored and metal-cored arc
welding
‘k’  = 0.6 for TIG and plasma welding

2.3.2 Hardenability and Hardness
To become harder, steel must undergo a phase change. The starting point is austenite, so the steel must
first be heated into the austenitic temperature range .Austenite, quenched rapidly, will be transformed
into martensite, a hard but brittle phase .A slower cooling rate will promote formation of bainite and
other softer phases Cooled even more slowly, a soft structure of ferrite plus cementite called pearlite,
results.

Figure 2  Martensite, Tempered Martensite and Heavily Tempered Martensite

2.3.3 Carbon Equivalent
Carbon has the greatest effect on the hardenability of steel, but other alloying elements may be added to
increase its hardenability. The addition effectively reduces the critical cooling rate and the temperature
at which the austenite to martensite transformation takes place, making it easier for martensite to form
at slower cooling rates. Alloying elements that have the greatest influence on the hardenability of steel
are manganese, molybdenum, chromium, vanadium, nickel, copper and silicon, but they have a much
smaller effect than carbon. The effect of these elements on the tendency to form HAZ martensite, and
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hence the likelihood of hydrogen cracking, is expressed conveniently as a carbon equivalent (CE). This
basically describes the influence of each element on hardenability in terms of the effect that carbon has.
There have been many different formulae derived to express carbon equivalent, but the one quoted here
is the International Institute of Welding (IIW) equation that is applicable to carbon steel and is widely
used:

……………(2)

The equation is only valid for certain maximum percentages of each element and these percentages
can be found in the technical literature. The carbon equivalent is used mainly for estimating preheat.
Preheat is necessary to slow down the cooling rate sufficiently to reduce hardening in the HAZ of welds
in susceptible carbon and low alloy steels.

2.3.4 Weld and HAZ Cracking
With steel, poor weldability often manifests in a reduction of the resistance of the steel to cracking after
welding.

Figure 3 Weld and HAZ Cracking

The main causes of cracking in steel are:
Ø High levels of carbon and other alloy elements, resulting in brittle zones around the weld
Ø High cooling rates after welding increasing the hardness, which increases the susceptibility to cold cracking
Ø Joint restraint preventing contraction after welding, leading to cracking
Ø Hydrogen in the weld bead or HAZ, leading to hydrogen induced cold cracking
Ø Contaminants like sulphur and phosphorus, resulting in solidification cracking
Ø Lamellar tearing due to inclusions layering during rolling, resulting in deterioration of the through-thickness properties

3. Modes of Fatigue Failure 23

Several modes of fatigue failure are:
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Low/High-Cycle Fatigue: This fatigue process covers cyclic loading in two significantly different regions , with different
physical mechanisms of failure. One region is characterized by relatively low cyclic loads, strain cycles confined
largely to the elastic range, and long lives or a high number of cycles to failure, traditionally, this has been called “high-
cycle fatigue.” The other region has cyclic loads that are relatively high, significant amounts of plastic strain induced
during each cycle, and short lives or a low number of cycles to failure. This region has commonly been called “low-
cycle fatigue” or cyclic strain-controlled fatigue. The transition from low- to high-cycle fatigue behavior occurs in the
range from approximately 10,000 to 100,000 cycles. Many define low-cycle fatigue as failure that occurs in 50,000
cycles or less.

Thermal Fatigue: Cyclic temperature changes in a machine part will produce cyclic stresses and strains if natural thermal
expansions and contractions are either wholly or partially constrained. These cyclic strains produce fatigue failure just
as though they were produced by external mechanical loading. When strain cycling is produced by a fluctuating
temperature field, the failure process is termed “thermal fatigue.”

Corrosion Fatigue: Corrosion fatigue is a failure mode where cyclic stresses and a corrosion- producing environment
combine to initiate and propagate cracks in fewer stress cycles and at lower stress amplitudes than would be required in
a more inert environment. The corrosion process forms pits and surface discontinuities that act as stress raisers to
accelerate fatigue cracking. The cyclic loads may also cause cracking and flaking of the corrosion layer, baring fresh
metal to the corrosive environment. Each process accelerates the other, making the cumulative result more serious.

Surface or Contact Fatigue: Surface fatigue failure is usually associated with rolling surfaces in contact and results in
pitting, cracking, and spalling of the contacting surfaces from cyclic Hertz contact stresses that cause the maximum
values of cyclic shear stresses to be slightly below the surface. The cyclic subsurface shear stresses generate cracks that
propagate to the contacting surface, dislodging particles in the process.

Combined Creep and Fatigue: In this failure mode, all of the conditions for both creep failure and fatigue failure exist
simultaneously. Each process influences the other in producing failure, but this interaction is not well understood
.Fatigue is tested on fixtures that are unique to the application. Such tests should account for all modes of failure,
including thermal and the presence of corrosive elements.

4. Hardening Treatment  of Steel
Direct Hardening: Through hardening is applied to medium and high carbon parts that possess sufficient

carbon content for hardening through the entire depth of the part. The parts are heated and quenched
(cooled) to fix the structure of the part in a hardened state.

Indirect Hardening: Case hardening (or indirect hardening) is applied to low-carbon content steel parts
to increase surface hardness. During case hardening, carbon molecules are introduced to the part via
solids, liquids, or gases in a process known as carburizing. The molecules penetrate the surface of
the part, forming a casement, which is identified by the case depth (x) and surface hardness (y).More
exacting specifications will identify an effective case (z) or a specific hardness requirement at a
particular depth. Case hardness cannot be measured effectively using a Rockwell test. Readings
must be taken from a cross section of the part using a micro hardness tester 23

Figure 4 Case hardening of mild steel

Carburizing: A process in which carbon is introduced into a solid iron-base alloy by heating above the
transformation temperature range while in contact with a carbonaceous material that may be a solid,
liquid, or gas. Carburizing is frequently followed by quenching to produce a hardened case.
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5. Different Types of mild steel
1018 Mild Steel :Alloy 1018 is the most commonly available of the cold-rolled steels. It is generally

available in round rod, square bar, and rectangle bar. It has a good combination of all of the typical
traits of steel - strength, some ductility, and comparative ease of machining. Chemically, it is very
similar to A36 Hot Rolled steel, but the cold rolling process creates a better surface finish and better
properties.

A36 Mild Steel : ASTM A36 steel is the most commonly available of the hot-rolled steels. It is generally
available in round rod, square bar, rectangle bar, as well as steel shapes such as I-Beams, H-beams,
angles, and channels. The hot roll process means that the surface on this steel will be somewhat
rough. 1018 - this means that it will bend much more quickly than will 1018. Finally, machining this
material is noticeably more difficult than 1018 steel, but the cost is usually significantly lower.

1144 (Stress proof-equivalent) steel :This material is actually pretty cool, at least for steel. It is a higher-
strength alloy than 1018 or A36, but in addition has improved ductility as well. The chief feature of
1144 steel, however, is that it has very low distortion or warpage after machining due to a combination
of its chemistry, method of manufacture, and heat treatment. Finally, 1144 is relatively easy to machine,
with a machinability rating of 83% of AISI 1212 steel.

12L14 free machining steel: This alloy has lead added to the mix in order to enhance its machinability.
In fact, it is rated with a machinability of 160% of AISI 1212 steel. The addition of lead does,
however, reduce the strength of this alloy, although it is generally stronger than 1018.

A653 Galvanized Steel: Galvanized steel is simply hot rolled steel to which a zinc coating has been
applied for protection against corrosion.

A366/1008 Steel: This alloy is generally used for “commercial quality” cold rolled steel sheet. It is
known for its very good formability and comparatively high strength. It has a very good surface
finish that is far superior to hot rolled A36.

A513 (alloy 1020-1026) Steel: This alloy is generally used for DOM tubing. Its higher carbon content
means higher strength, but lower weldability and machinability.

8620 Alloy Steel :This material is characterized by a hard outer surface, combined with a ductile interior
for higher strength.

5.1  Stress – strain behavior of mild steel24

The stress-strain curve for steel is generally obtained from tensile test on standard specimens as shown
in Fig.(5) The details of the specimen and the method of testing is elaborated in IS: 1608 (1995). The
important parameters are the gauge length ‘Lc’ and the initial cross section area So. The loads are
applied through the threaded or shouldered ends. The initial gauge length is taken as 5.65 (So) 1/2 in
the case of rectangular specimen and it is five times the diameter in the case of circular specimen. A
typical stress-strain curve of the tensile test coupon is shown in Fig.(6) in which a sharp change in yield
point followed by plastic strain is observed. After a certain amount of the plastic deformation of the
material, due to reorientation of the crystal structure an increase in load is observed with increase in
strain. This range is called the strain hardening range. After a little increase in load, the specimen
eventually fractures. After the failure it is seen that the fractured surface of the two pieces form a cup
and cone arrangement. This cup and cone fracture is considered to be an indication of ductile fracture.
It is seen from Fig.(6) that the elastic strain is up to e

y
 followed by a yield plateau between strains e

y
 and
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e
sh
 and a strain hardening range start at e

sh
 and the specimen fail at e

ult
 where e

y
, e

sh
 and e

ult
 are the strains

at onset of yielding, strain hardening and failure respectively.

Figure 5 Standard tensile test specimen

Figure 6  Stress Strain curve for mild steel

Depending on the steel used, åsh generally varies between 5 and 15 åy, with an average value of 10
åy typically used in many applications. For all structural steels, the modulus of elasticity can be taken as
205,000 MPa and the tangent modus at the onset of strain hardening is roughly 1/30th of that value or
approximately 6700 MPa.

5.2  Notch toughness
There is always a possibility of microscopic cracks in a material or the material may develop such
cracks as a result of several cycles of loading. Such cracks may grow rapidly without detection and lead
to sudden collapse

Figure 7 Test specimen for notch toughness test
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of the structure. To ensure that this does not happen, materials in which the cracks grow slowly are
preferred. Such steels are known as notch-tough steels and the amount of energy they absorb is measured
by impacting a notched specimen with a heavy pendulum as in Izod or Charpy tests. A typical  specimen
used is shown in Fig.(7).

5.3 Mechanical and wear properties of mild steel
The investigation on the mechanical and wear properties of iron and steel component under different
condition have been made by a number of workers. Most of these investigation had been made on
analysis of wear properties a very few studies were made including both the mechanical and wear
properties under the same parameters and conditions.Celik et al 25 studied the high temperature abrasive
wear behavior of an as cast ductile iron and reported that the high temperature tensile properties were
affected by dynamic strain aging. Serrated flow was observed in the temperature range between 100
and 300 °C. In this temperature regime, tensile strength values were almost invariable. Above 400 °C,
increase of temperature decreased the tensile strength. Minimum ductility was observed at 500 °C. At
600 °C, higher ductility was observed than that of          500 °C. he also concluded that after the increase
in wear resistance at 50–100 °C, abrasive wear resistance decreased with increasing temperature. Dynamic
strain aging caused improvement of abrasion resistance. The highest resistance to abrasive wear is
observed at temperature range between 50 and 100 °C. At this temperature range ductile iron exhibited
more than 15% higher abrasion resistance than room temperature. Izciler and Tabur 26 on his study of
abrasive wear behavior of different case depth gas carburized AISI 8620 gear steel concluded that in
respect with microstructures, samples subjected to longer periods of gas carburizing exhibit greater
case depth. Khusid et al 27 on his work studied the Wear of carburized high chromium steels and reported
that Carburization raises the abrasive wear resistance and allows significant suppression of the adhesion
phenomena under dry sliding. Luo et al 28 studied the effects of microstructure on the abrasive wear
behavior of spheroidal cast iron and reported that the wear resistance of spheroidal grey cast iron was
inferior to that of steel with a similar matrix. Quenched structures were more resistant to abrasion than
the austempered structures. In addition, the wear performance of quenched iron and steel samples were
reported to be better than austenized at higher temperature . The results of an experimental investigation
carried out by Akdemir et al 29 on Impact toughness and microstructure of continuous steel wire-reinforced
cast iron composite and reported that absorbed energy of the gray cast iron increases basically with
adding the ductile reinforcement. Also absorbed energy of the composite decreases with decreasing test
temperature since the steel wire in the composite looses its ductility and behaves as a brittle material as
the test temperature was decreased. Baldissera and Delprete 30 studied effects of deep cryogenic treatment
( DCT ) on static mechanical properties of 18NiCrMo5 carburized steel and concluded that The soaking
time parameter shows a strong influence on the hardness increase induced by the pre-tempering DCT
and, under the assumption that the microstructural mechanism involves the entire process further
improvements could be possible with a prolonged DCT exposure. Kayali et al 31 on his work of high
Temperature Tensile and Abrasive Wear Characteristics of As-cast Ductile Irons reported that At entire
temperature range pearlitic ductile iron exhibited higher strength and lower ductility than ferritic ductile
iron. Kumar and Gupta 32,33 carried out extensive studies on low stress abrasive wear characteristics of
carburized mild steels, and heat tested medium carbon and alloy steels. The authors found that the
hardness and abrasion resistance of carburized mild steels increased considerably with increase of
carburization temperature and soak time; use of coal tar pitch and quenching oil on mild steel surface
and its subsequent carburization in charcoal greatly improved the wear resistance of carburized mild
steel. Bepari et al 34 studied the effects of Cr and Ni addition on the structure and properties of carburized
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low carbon steels and found that both Cr and Ni promote the formation of retained austenite in carburized
and hardened steel, Cr being more effective. Wang and Lei 35 observed that wear resistance increased in
following order: spherodized carbide, martensite, bainite and lamellar pearlite. The result also indicated
that the difference in wear resistance of various microstructures were caused by the differences in their
thermal stability, resistance to deformation, resistance to nucleation and propagation of micro-cracks
etc.

5.4 Steel composition and corrosion cracking
Corrosion failures in mild and low-alloyed steel can have great human and financial consequences.
Typical examples include long periods of down-time of electricity boilers because of corrosion of the
evaporator tubes and erosion corrosion in wet steam lines. In water-steam systems operating at high
temperatures and pressures, Strain Induced Corrosion Cracking (SICC) is a very common corrosion
phenomenon. Pressure vessels, such as deaerators and wet steam lines, have been susceptible to SICC
(Pastoors 1986, 1989 and 1990). Extensive research on stress relieving of welds and the influence of
water chemistry was undertaken but the influence of steel composition usually was neglected. Elements
that  found to be beneficial in preventing these types of failures are included in Table 1.
T A B L E 1 Elements for preventing failure

SICC (Strain Induced Corrosion Cracking): Deaerators in electricity power units showed Stress Corrosion
Cracking rather often. Unfortunately, compositional data were available only for a limited number
of steels;(Pastoors, Huijbregts 1992).

Chloride boiler corrosion: Under heat flux conditions and chloride contamination of the boiler water,
ferrous chlorides can form under the scales on the steel tubes and cause severe corrosion (Huijbregts
1972, 1975,1977, 1981).

On load corrosion: High heat flux conditions combined with (too) high pH values often will result in
alkaline boiler corrosion, (Huijbregts 1983).
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Erosion corrosion: Erosion corrosion occurs often in wet steam lines, (Huijbregts 1977, 1981, 1982,
1985,1997).

SCC in carbonate environments: In district heating systems, the presence of carbonate in the oxide
scale combined with a high pH value of the water system result in carbonate stress corrosion cracking,
(Huijbregts 2002).

SCC in nitrate environments: In condensing waste gases with high concentrations of NO2, nitric acid
and nitrates are formed resulting in intergranular SCC, (Leferink 2002).

5.5  Cyclic torsion in  mild steel products
Cold forming is usually associated with the “work hardening” of the material being formed. The work
hardening behavior of metals subject to complex processing paths is different from that in monotonic
deformation. The results show that, after some initial hardening, there is a possibility that further
deformation will cause softening in the material (“work softening”).  Cold forming of metals usually
causes their work hardening. The magnitude of this hardening depends on the area reduction, on the
temperature and strain rate associated with the processing, and on the way the strain is imposed on the
metal. Keeping all other variables constant, the work hardening of a metal submitted to a sequential
straining under varying directions or of different natures is different from that resulting from monotonic
straining. Changes in the way the material is deformed can alter the hardening rates and even cause
strain softening of the metal56-71 . Recent research results72-74 show that cyclic straining influences in
various ways the mechanical behavior of annealed and drawn metal bars. Annealed Aluminum submitted
to cyclic torsion displays higher flow stresses than the annealed material. On the other hand, cyclic
torsion softens previously drawn Aluminum. Cyclic torsion also softens steel bars previously drawn in
one or two passes and hardens the initially annealed material. Experimental results indicate that the
stress-strain curve and the work hardening coefficient (n) of steel drawn in two passes and submitted to
cyclic torsion are similar to those for the material submitted to only one drawing pass. This is similar to
the case of the Aluminum alloy 6063, where the cyclic torsion after two drawing passes eliminates the
hardening associated with the second drawing pass. It is also observed for both materials that their
Ultimate Tensile Strength (UTS) tends to remain unaltered by cyclic torsion, in the case of initially
annealed material, whereas their Yield Strength (YS) is considerably increased by cyclic torsion. The
YS and UTS of both previously drawn materials are decreased by cyclic torsion, with the exception of
the YS of Aluminum drawn in a single pass. The decrease in these properties is more pronounced after
two drawing passes than after a single drawing pass. Finally, cyclic  torsion increases the Tensile
Elongation to Fracture of drawn material and decreases this property for initially annealed material.

6. Discussions and Concluding Remarks
The current study indicates that when steel is welded, it is heated and  the heated portion has a micro
structure that is different from that of the base metal. Thermal cycle cause non uniform heating and
cooling in the material, thus generating harder heat affected zone, residual stress and cold cracking
susceptibility in the weld metal and base metal. Observation of some researchers in the welded joints
indicate the presence of very large grains near the fusion line and these are oriented along the directions
of the heat flow. Some researchers said  that the grain coarsened zone (GCZ) and heat affected zone
(HAZ) are very critical since embitterment is concentrated in these areas.  Whereas some researchers
found that the hardness and abrasion resistance of carburized mild steels increased considerably with
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increase of carburization temperature and soak time. Few of the researchers studied the effects of Cr
and Ni addition on the structure and properties of carburized low carbon steels and found that both Cr
and Ni promote the formation of retained austenite in carburized and hardened steel. The study of the
previous work reviews states that a Corrosion failures in mild and low-alloyed steel specially Strain
Induced Corrosion Cracking (SICC). Some researchers derived the theory that Changes in the way the
material is deformed can alter the hardening rates and even cause strain softening of the metal . Recent
research results show that cyclic straining influences in various ways the mechanical behavior of annealed
and drawn metal bars. Amount of hydrogen generated by the welding process or consumable, the heat
input into the weld, the combined thickness (heat sink) of the joint, and the level of preheat applied to
the components prior to welding are the factors which influence the weldability .The highest resistance
to abrasive wear is observed at temperature range between 50 and 100 °C. At this temperature range
ductile iron exhibited more than 15% higher abrasion resistance than room temperature. Final
microstructures and mechanical properties of welded steel depend on some parameters like percentage
of carbon and presence of others elements such as sulfur or phosphorus.
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