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Mechanical Properties

Introduction:

In determining =3 the fabrication =il and possible practical applications

Sl 4aleall Slanlaill the mechanical properties of materials, their strength & |
rigidity i and ductility 4 s are of vital importance 4 s~ 4l . The important
mechanical properties of materials are: elasticity 4354l , plasticity 453 | strength
da gl ductility L | hardness ea3all | brittleness 4ilidl | toughness bl |
stiffness, resilience 45,4l , malleability 4ldasll | fatigue IO, creep <=3l | etc.
Materials exhibit sk a wide range of mechanical properties ranging zs'J%, e.g.,
from the ductility of pure copper ussill 455l (1 « to the hardness of diamond 4>ka
o\l and most surprising elastic 4l s 5 Y behaviour of rubber Lkl | There
are several materials behave quite differently Gl alisn JSi s pa® when stressed
in different ways adisae 3k | e.g. Jia Juw Je steel and wood are stronger in
tension whereas cast iron s ) xasll cement and bricks <« skl are much stronger in
compression. Obviously =4l ¢« , stresses can produce a shape change and may
also cause a material to break or fracture cais 38 JSAIl 3 i aie i o) (Kay deaY)
b S o salall juS & Wad, For materials which have to withstand Jesii high

temperatures, the melting point _le=i¥) ks js also of importance.

The combination a2l of high yield ¢ s»=all strength 4«sss and good fracture
toughness sxall sl 430a 5 or ductility 45511 makes steel an excellent structural
material. Modern high strength low alloy sl 3 68l diasdie 3V 6l el (HSLA)
steels have a very fine grain size 12> &8> lwa asssaround 10 micro-meters which
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provides both high strength and good crack growth resistance (8l gail saa da glia g
or fracture toughness -l 43lia |

In addition to mechanical properties of materials, the following properties are
also important for an engineer, to enable him in selecting suitable metals for
various jobs:

LA e Sl ¢ uaigall ayl daga AUl ailadd) la ¢ ) gall A0Sl ailiadll ) sl
it o) Calisial Anlial) alaal)

e Physical Properties: These properties of materials include shape, size,
colour, lusters, specific gravity, porosity, structure, finish, etc.
G ¢ bl ¢ el ¢ dpalusall ¢ o il JEI ¢ laalll ¢ 0l ¢ aaaldl ¢ JSE e o sall (al i Jails
e Technological Properties: We may note that all the technical properties of
a metal are essentially its mechanical properties, which include properties
like malleability, machinability , weldability, formability or workability,
castability, etc.
Leilld (e al g3 Jalii il 5 ¢ 4SS0l dal g3 Gl 8 o anall ) ol 52l auas o JaaDl 8
A ) e ¢ aall Al g ¢ el LS 5 Sl ALl 5 ¢ slalll gl ¢ qainai sdle )5 ¢ 3kl
e Thermal Properties: Specific heat, thermal conductivity, thermal
expansion, latent heat, thermal stresses, thermal shock, etc. fall under
thermal properties of materials.
Leaall ¢ Ay,ylall gl ¢ LI 5al ¢ goloall 2aaill ¢ golall Jeasill ¢ de gl ) sl
A sall )l jall (el sall a2 &) ¢ 4 ald)

e Electrical Properties: These include conductivity, resistivity, relative

capacity, dielectric strength, etc.
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S e Joall 868 ¢ Al Al ¢ A gliall ¢ dilia gall Jadit
e Chemical Properties: These properties include atomic weight, equivalent
weight molecular weight, atomic number, acidity, alkalinity, chemical
composition, corrosion, etc.
S Al ¢ Al ¢ A gaadl ¢ g A) daall ¢ A el o6l ¢ ol ol pal Al s3a Jali
&l e dstall ¢ el
Common Terms: 4xilidl clathaall

(i) Isotropy: A body is said to be isotropic if its physical properties &b 3l 4cal 93
are not dependent xi=3 ¥ upon the direction in the body along which they are
measured.

(if) Anisotropy: The quality of variation of a physical property with the direction in
a body along which the property is measured.

Difference Between Isotropic and Anisotropic Materials The difference Between
Isotropic and Anisotropic Materials is as follows.
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. No Isotropic Material Anisotropic Material
Isotropic materials show the Anisotropic materials show
1 same properties in all different properties in different
directions. directions.
Glass, crystals with cubic ) i
ry ] Wood, composite materials, all
symmetry, diamonds, metals )
2 ) ) crystals (except cubic crystal) are
are examples of isotropic ) ) )
examples of anisotropic materials.
matenals.
3 These materials are direction- | These materials are direction-
independent. dependent.
4 These materials have a single | These matenals have many
refractive index. refractive indices.
5 These materials have These materials have inconsistent
consistent chemical bonding. chemical bonding
6 Isotropic minerals generally Anisotropic minerals generally
appear dark. appear lght.
Optical activity, dichroism,
These materials don't show dispersion in presence of different
7 characteristics such as optical | refractive indices are a few
activity, dichroism, etc. characteristics of anisotropic
materials.

(iii) Elasticity: It is the property of a material which enables it to regain its original
shape and size after deformation within the elastic limit. However, in nature no
material is perfectly elastic, i.e., a certain limit exists for every material beyond
which it will not be able to regain its original shape and size. This limit is termed
as elastic limit. Materials with high elastic limit are called as more elastic than the
others. This property is always desirable in metals used in machine tools and other
structural constituents. Steel and rubber are amongst the common examples of

materials having elasticity.

gas el aal) Crada o gl ay Lgana g Aua¥) LSS Balatia) (e LgASAT Bale dpald 4 140 g yall
LS Balatian) Ladny adindi Y Bala JSI (pima 38 33 g (g ¢ Lalad A ja Bala 2 63 Y ¢ dagadal) 8 ¢ &l
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L& e e dig e ST gl Alad) 455 pal) cild ) pal) and A9 pally s dad) 138 Lgana g LY
By s AT AGel) ciligSaly e @l gal B Aaadioiall Galaadl B Ladla A e8 pe Aualdld) oa
A g pally aiiai Al 3) gall el ALiaY) (e Jallaall g Y o)

(iv) Plasticity: It is the ability of material to be permanently deformed aal » gl
(with fracture) even after the load is removed. It is of importance in deciding
manufacturing processes like forming, extruding operations etc. Metals possess
more plasticity at high temperatures. Usually, plasticity of a material increases with

Increase in temperature.

Clalee 1 b aal 3 a5 Jaad) Aty i (LuIL) il o skl e 8Ll 8 58 Lgs) 1l
oy b Dl e 3l el i s LY Ly (i) il 5 15 S Jie ariaal
BSoloallds 5o 30k salel) &5l ala 3 La Bale 5 Allall 3 ) al)

(v) Ductility: It is defined as the property of a metal by virtue of which it can be
drawn into wires or elongated before rupture takes place. It is measured by the
percentage of elongation and the percentage of reduction in area before rupture of

test piece.

Lad izg .3 3all pon J ) 5l Ol 1) s LA a5y 3 oanall Bl 24 5l
AV Ak (338 U8 Aabiaal) 8 mliasY) G s AUEY) A S (g

Increaseinlength «
Original length

=[(1:=1,)/1, |x100

Similarly, the term percentage reduction of cross-sectional area is the maximum

Percentage elongation =

decrease in cross sectional area.
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Decreaseincross —sectional area
= x100

Original cross —sectional area

[(A-A /A0

Ductility is a measure of the amount of permanent deformation sl s o83l 2048 that

has occurred when the material reaches its breaking point <l alass,

Metals with more than 15% elongation are considered as ductile. Metals with 5 to
15% elongation are considered of intermediate ductility. However, the metals

with less than 5% elongation are considered as brittle ones.
Lol e 7 15 G 5 i il obaall piat cannll ALE 715 G ST AUaial cld alaall yiias
Al i 75 e J8 e s st ) olaal) it ¢ Gl aa g Adas il

(vi) Strength: It may be defined as the capacity of material by virtue <l Juads of
which it can withstands or support an external force or load with rupture. It is
expressed as force per unit area of cross-section. This is most important property of
a metal, which plays a decisive role in designing various structures and

components.
leie Luill ol (5 3ail e Jan sl daa A 858 aca 5l Jaad e alall 5508 Lol Ledy i (S 1 )
1953 i 5 anall dpaal VI Apalall 4 oda | oaa jell adaiall (e dalise B2y JSI 3L
Adlia ) el Sl 5 JSlgl) mpanai 8 Lauls
A material has to withstand different types of load, e.g. tensile, compressive and
shear load. Accordingly, one may broadly classify strength into :
¢ A Gyl g darazall g i) Jas Jlal Jases e ¢ Jandl e dilide ) gl salal) Jaadi o) cany
ol ple IS5 ) Casteat o sall Sy
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1- Depending upon the value of stress, the strengths may be elastic or plastic.

2-Depending upon the nature of stress, the strengths of a metal may be tensile,
compressive, shear, bending and torsional. Now, we study all these types of

strengths.

o Ultimate strength: It is the load required to fracture a unit cross-section of
material.

e Elastic Strength: It is the value of strength corresponding to transition from
elastic to plastic range, i.e. when material changes its behaviour from elastic
range to plastic range.

e Plastic strength: It is the value of strength of the material which
corresponds to plastic range and rupture. It is also termed as ultimate

strength.

Bl e dum g dan g el o gllaall Jaall ga : 5 gunill 3 il

oS shus ol sl s Latie (5 ¢ liiadU) ) ¢ el GUaill (e JEEOU AL 5 5811 Sad A 35 yall 3 )
Sl B (el Bl (e

Al 0 e (3lay LS 33015 S (50 g 5 55 01 5olall 558 a0 1S 5 5

In actual practice, a specimen is subjected to a stress which is always less than the
working stress. The ratio of ultimate stress to the working stress of a metal is
termed as factor of safety or factor of ignorance. This greatly depends upon the

nature of loads or stresses.
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Tia Y ) lea ) s Jaall Jaiecim (pe 8T Liha () 55 il Asal) i ¢ iladl) s jladll 8

o Jeall danh o € I8 ading 1aa Jeall dule ol oY) Juale s aaddl (e Jranl)
PEPEION|

Tensile Strength: It is the maximum tensile stress which a material is capable of

developing when subjected to loading up to rupture. Mathematically,
¢ Ll LB ad in Jpeaill Lguim o i o sl Balall (S 25 dlga) (a8 1215 58

Maximumtensile load
Original cross —sectional area

Tensile Stress =

The tensile stress is expressed in N/mm? or MN/m?,

Tensile strength is obtained from the following relation:

Maximum Forceinkg

Tensile Strength = —— -
Original areainsqurecm

It is measured by the highest point on the conventional stress-strain curve. This
strength provides the basic design information on the material’s acceptance in

engineering tests.

el e slaa 38l o8 yigi sl Jadi¥ly dgay) aie o dhi Jef JA e Leuld ol
Aol @l LAY A salal) g J s Al

(vii) Stress and Strain: Stress is defined as the force per unit area and strain as the

fractional change in length, area or volume.

For
Stress = orce
Area
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The stress is said to be normal if load P is normal to the surface and tangential or
shearing, if load is tangential to this surface. The normal or direct (tensile or
compressive) stress is produced over a section when force is acting normal to the
section. If the force is acting away from the section, the stress is tensile, if it is

acting towards the section the section is compressive.

Strain is the deformation produced per unit length of a body due to the effect of
stress on it. It is the ratio of the change in length of the specimen to its original
length. If L is the original length of the sample and | is the change in length, then

longitudinal strain,

Strain is simply a ratio and has no unit and it is a dimensionless quantity.

Depending upon the type of load, strain can be lateral strain or shear strain.

As there are different types of stresses, there are different types of strains, e.g. (i)
tensile strain (ii) compressive strain, (iii) shear or transverse strain and (iv)

volumetric strain.

The strain associated with the change in length is called the elongation strain (I/L).
Similarly (AV/V) is the volume strain where V is the volume. When there is a

change in shape and no change in volume, corresponding strain is called shear
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strain. The shear strain is measured by the angle. The behaviour of a material

within the elastic limit is the same under compression as under tension.

Corresponding to elastic and plastic properties of materials, we have two classes of

strain:

e Elastic Strain: It is the change in dimension of a body when it is subjected to
a load. This is reversible phenomenon (Sall 4Lé 5 jalk 234 | j.e., elastic strain
disappears 4is: after the applied load is removed. This is proportional to the
stress applied.

e Plastic Strain: This is the permanent change aild a3l in the body when
subjected to a load. The change remains even after the applied load is

removed.

The amount of elongation, expressed as a percentage of the original gauge length is

called as the percentage elongation:

Final length — Initial length 8
Initial length

Percentage elonggation = 100

(viii) Hooke’s Law: In 1678, Robert Hooke, for the first time stated that within

elastic limits, stress is proportional to strain, i.e.
Stress = a constant * Strain

The ratio of stress to strain is a constant characteristic of a material, and this
proportionality constant is called modulus of the material. It differs from material
to material and for different nature of stresses. When the stress applied is tensile or

compressive, the constant is called Young’s modulus of elasticity. The slope of
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stress-strain diagram up to the limit of proportionality is called Young’s Modulus
of elasticity (Y or E).

Stress o
= =—=constant

Strain ¢

Yor E

When the shear stress (1) and strain (y) are used, it is called modulus of rigidity
(G). Itis given by :

S 1=Gy

G is also called shear modulus. G and E are related as :
E

SG=—(1+
~(1+v)

Where v 1s Poisson’s ratio.

For volumetric stresses and strains, the constant is called bulk modulus (K). The
relation between K and E is :

E
3(1—2v)

Poisson’s ratio (v):

Poisson’s ratio is an important elastic constant and its value is different for
different materials. For most engineering structural materials its value is usually
between 0.3 and 0.6. The relation between E, G and v is :

.:v:ji—l
2G
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Fig .(2.1) : Typical engineering stress — strain plot in a tensile test in a malel

Email (mohammed.ali.saihood@uomus.edu.iq)



