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Mechanical Properties 

Introduction: 

In determining رذذ٠ذ the fabrication اٌزظ١ٕغ and possible practical applications 

لٛرٙب  the mechanical properties of materials, their strength ,اٌزطج١مبد اٌؼ١ٍّخ اٌّّىٕخ , 

rigidity طلاثزٙب and ductility ١ٌٛٔخ are of vital importance  أ١ّ٘خ د٠ٛ١خ . The important 

mechanical properties of materials are: elasticity اٌٍذٚٔخ  plasticity , اٌّشٚٔخ  , strength 

ّمبِٚخٌا , ductility  ا١ٌٍٛٔخ , hardness اٌٙشبشخ  brittleness , دٖاٌظلا  , toughness  , ّزبٔٗاٌ 

stiffness, resilience malleability , اٌّشٚٔخ  اٌضدف  creep ,اٌىلاي fatigue , اٌّط١ٍ١خ  , etc. 

Materials exhibit رظُٙش a wide range of mechanical properties ranging   رزشاٚح , e.g., 

from the ductility of pure copper ١ٌٛٔخ إٌذبط ِٓ ، to the hardness of diamond  طلاثخ

behaviour of rubber الأوثش إثبسح ٌٍذ٘شخ and most surprising elastic اٌّبط  There . اٌّطبط 

are several materials behave quite differently ب ًِ  when stressed رزظشف ثشىً ِخزٍف رّب

in different ways  ثطشق ِخزٍفخ , e.g. ػٍٝ عج١ً اٌّثبي steel and wood are stronger in 

tension whereas cast iron اٌض٘ش اٌذذ٠ذ , cement and bricks اٌطٛة are much stronger in 

compression. Obviously  اٌٛاضخ ِٓ , stresses can produce a shape change and may 

also cause a material to break or fracture الإجٙبد ٠ّىٓ أْ ٠ٕزج ػٕٗ رغ١ش فٟ اٌشىً ٚلذ ٠زغجت  

 high  رزذًّ For materials which have to withstand .أ٠ضًب فٟ وغش اٌّبدح أٚ وغش٘ب

temperatures, the melting point  الأظٙبس ٔمطخ is also of importance. 

The combination اٌجّغ  of high yield اٌخضٛع strength ِِٗٚمب and good fracture 

toughness حاٌج١ذ اٌىغش ٚطلاثخ  or ductility ا١ٌٍٛٔخ makes steel an excellent structural 

material. Modern high strength low alloy عجبئه اٌفٛلار ِٕخفضخ اٌمٛح اٌذذ٠ثخ (HSLA) 

steels have a very fine grain size ُجذاً دل١ك دج١جبد ثذج  around 10 micro-meters which 
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provides both high strength and good crack growth resistance اٌزشمك ٌّٕٛ ج١ذح ِٚمبِٚخ 

or fracture toughness اٌىغش ِزبٔخ  . 

   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: 

 اخز١بس ِٓ ٌزّى١ٕٗ ، ٌٍّٕٙذط أ٠ضًب ِّٙخ اٌزب١ٌخ اٌخظبئض فإْ ، ٌٍّٛاد ا١ٌّىب١ٔى١خ اٌخظبئض إٌٝ ثبلإضبفخ

 .اٌٛظبئف ٌّخزٍف إٌّبعجخ اٌّؼبدْ

 Physical Properties: These properties of materials include shape, size, 

colour, lusters, specific gravity, porosity, structure, finish, etc. 

 .رشزًّ خٛاص اٌّٛاد ػٍٝ اٌشىً ، اٌذجُ ، اٌٍْٛ ، اٌٍّؼبْ ، اٌثمً إٌٛػٟ ، اٌّغب١ِخ ، ا١ٌٙىً ، اٌزشط١ت ، إٌخ

 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. 

لذ ٔلادع أْ ج١ّغ اٌخٛاص اٌف١ٕخ ٌٍّؼذْ ٟ٘ فٟ الأعبط خٛاطٗ ا١ٌّىب١ٔى١خ ، ٚاٌزٟ رشًّ خٛاص ِثً لبث١ٍزٙب 

 .اٌظت ، ِٚب إٌٝ رٌهلبث١ٍٗ ث١ٍخ اٌزشى١ً أٚ لبث١ٍخ اٌزشغ١ً ، ٚاٌٍذبَ ، ٚلبلبث١ٍٗ ، ٚ اػبدٖ رظ١ٕغٌٍطشق ، ٚ

 Thermal Properties: Specific heat, thermal conductivity, thermal 

expansion, latent heat, thermal stresses, thermal shock, etc. fall under 

thermal properties of  materials. 

 اٌظذِخ ، اٌذشاس٠خ اٌضغٛط ، اٌىبِٕخ اٌذشاسح ، اٌذشاسٞ اٌزّذد ، اٌذشاسٞ اٌزٛط١ً ، إٌٛػ١خ اٌذشاسح

 .ٌٍّٛاد اٌذشاس٠خ اٌخٛاص رذذ رمغ. إٌخ ، اٌذشاس٠خ

 

 Electrical Properties: These include conductivity, resistivity, relative 

capacity, dielectric strength, etc. 
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 .اٌّمبِٚخ ، اٌغؼخ إٌغج١خ ، لٛح اٌؼضي ، إٌخٚرشًّ اٌّٛط١ٍخ ، 

 Chemical Properties: These properties include atomic weight, equivalent 

weight molecular weight, atomic number, acidity, alkalinity, chemical 

composition, corrosion, etc. 

ئٟ اٌّىبفئ ، اٌؼذد اٌزسٞ ، اٌذّٛضخ ، اٌم٠ٍٛخ ، اٌزشو١ت رشًّ ٘زٖ اٌخٛاص اٌٛصْ اٌزسٞ ، اٌٛصْ اٌجض٠

 اٌى١ّ١بئٟ ، اٌزآوً ، إٌخ

Common Terms:  الشائعت المصطلحاث  

(i) Isotropy: A body is said to be isotropic if its physical properties خٛاطٗ اٌف١ض٠بئ١خ 

are not dependent لا رؼزّذ upon the direction in the body along which they are 

measured. 

(ii) 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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(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. 

 ومع. المرن الحذ ضمه التشىي بعذ وحجمها الأصلٍ شكلها استعادة مه تمكىها مادة خاصُت هٍ: المرووت

  شكلها استعادة بعذها تستطُع لا مادة لكل معُه حذ َىجذ أٌ ، تمامًا مروت مادة تىجذ لا ، الطبُعت فٍ ، رلك



 

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

6 Al-Mustaqbal University 
Department (Chemical Engineering and Petroleum Industries Department) 

Class (2
nd

) 
Subject (material engineering) 

Lecturer (Mohammed Ali Saihood Al- Shujairi) 
1

st
 term – Lect. (mechanical engineering) 

 

 

 

. غُرها مه مرووت أكثر بأوها العالُت المرووت راث المىاد تسمً. بالمرووت َسمً الحذ هزا. وحجمها الأصلٍ

 َعذ. الأخري الهُكلُت والمكىواث اِلاث أدواث فٍ المستخذمت المعادن فٍ دائمًا مرغىبت الخاصُت هزي

 .بالمرووت تتمتع التٍ للمىاد الشائعت الأمثلت بُه مه والمطاط الفىلار

(iv) Plasticity: It is the ability of material to be permanently deformed ُاٌزشٖٛ اٌذائ 

(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.  

إٔٙب لذسح اٌّبدح ػٍٝ اٌزشٖٛ اٌذائُ )ثبٌىغش( دزٝ ثؼذ إصاٌخ اٌذًّ. ٟٚ٘ راد أ١ّ٘خ فٟ رذذ٠ذ ػ١ٍّبد اٌٍذٚٔخ: 

اٌزظ١ٕغ ِثً اٌزشى١ً ٚاٌزشى١ً ٚػ١ٍّبد اٌجثك ِٚب إٌٝ رٌه. رّزٍه اٌّؼبدْ اٌّض٠ذ ِٓ اٌٍذٚٔخ فٟ دسجبد 

 ثض٠بدح دسجخ اٌذشاسح. اٌذشاسح اٌؼب١ٌخ. ٚػبدحً ِب رضداد ٌذٚٔخ اٌّبدح

(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.  

ٟ٘ خبط١خ اٌّؼذْ اٌزٟ ٠ّىٓ ِٓ خلاٌٙب عذجٗ إٌٝ أعلان أٚ إطبٌزٗ لجً دذٚس اٌزّضق. ٠ٚزُ ل١بعٙب : ا١ٌٍٛٔٗ

 .ِٓ خلاي ٔغجخ الاعزطبٌخ ٚٔغجخ الأخفبع فٟ اٌّغبدخ لجً رّضق لطؼخ الاخزجبس
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Similarly, the term percentage reduction of cross-sectional area is the maximum 

decrease in cross sectional area. 
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Ductility is a measure of the amount of permanent deformation ُو١ّخ اٌزشٖٛ اٌذائ that 

has occurred when the material reaches its breaking point ٔمطخ اٌىغش. 

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. 

٪ ِٓ ا١ٌٍٛٔخ  51إٌٝ  1لبثٍخ ٌٍغذت. رؼزجش اٌّؼبدْ راد اعزطبٌخ  ٪51رؼزجش اٌّؼبدْ راد اعزطبٌخ أوثش ِٓ 

 .٪ اعزطبٌخ ٘شّخ1اٌّزٛعطخ. ِٚغ رٌه ، رؼزجش اٌّؼبدْ اٌزٟ رذزٛٞ ػٍٝ ألً ِٓ 

(vi) Strength: It may be defined as the capacity of material by virtue  ثفضً رٌه 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. 

ٍٝ رذًّ أٚ دػُ لٛح خبسج١خ أٚ دًّ ِغ اٌزّضق. ٠زُ اٌزؼج١ش ػٕٙب : ٠ّىٓ رؼش٠فٙب ثؤٔٙب لذسح اٌّبدح ػاٌّمبِٚخ

ثبٌمٛح ٌىً ٚدذح ِغبدخ ِٓ اٌّمطغ اٌؼشضٟ. ٘زٖ ٟ٘ اٌخبط١خ الأوثش أ١ّ٘خ ٌٍّؼذْ، ٚاٌزٟ رٍؼت دٚسًا 

ب فٟ رظ١ُّ ا١ٌٙبوً ٚاٌّىٛٔبد اٌّخزٍفخ ًّ  .دبع

A material has to withstand different types of load, e.g. tensile, compressive and 

shear load. Accordingly, one may broadly classify strength into : 

 ، ٌزٌه ٚفمبً. ٚاٌمض ٚاٌضغظ اٌشذ دًّ اٌّثبي عج١ً ػٍٝ ، اٌذًّ ِٓ ِخزٍفخ أٔٛاػًب اٌّبدح رزذًّ أْ ٠جت

 :إٌٝ ػبَ ثشىً اٌمٛح رظ١ٕف ٌٍّشء ٠ّىٓ
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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. 

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

material. 

 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.  

 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.  

 .اٌّبدح ِٓ ػشض١خ ٚدذح ٌىغش اٌّطٍٛة اٌذًّ ٘ٛ: اٌمظٜٛ اٌمٛح

 عٍٛوٙب اٌّٛاد رغ١ش ػٕذِب أٞ ، اٌجلاعز١ه إٌٝ اٌّشْ إٌطبق ِٓ ٌلأزمبي اٌّمبثٍخ اٌمٛح ل١ّخ ٟ٘: اٌّشٔخ اٌمٛح

 .اٌجلاعز١ىٟ إٌطبق إٌٝ اٌّشْ إٌطبق ِٓ

 .إٌٙبئ١خ اٌمٛح ػ١ٍٗ ٠طٍك وّب. ٚاٌزّضق اٌجلاعز١ىٟ اٌّذٜ ِغ رزٛافك اٌزٟ اٌّبدح لٛح ل١ّخ ٟ٘: اٌجلاعز١ه لٛح

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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ب ألً ِٓ ضغظ اٌؼًّ. ٔغجخ الإجٙبد إٌٙبئٟ إٌٝ ضغغظ فٟ اٌّّبسعخ اٌفؼ١ٍخ ، رخضغ ا ًّ ٌؼ١ٕخ ٌضغظ ٠ىْٛ دائ

اٌؼّغغً ِغغٓ اٌّؼغغذْ رغغغّٝ ػبِغغً الأِغغبْ أٚ ػبِغغً اٌجٙغغً. ٘غغزا ٠ؼزّغغذ ثشغغىً وج١غغش ػٍغغٝ طج١ؼغغخ الأدّغغبي أٚ 

 .اٌضغٛط

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

developing when subjected to loading up to rupture. Mathematically, 

 لٛح اٌشذ: ٟ٘ ألظٝ إجٙبد شذ ٠ّىٓ ٌٍّبدح رط٠ٛشٖ ػٕذ رؼشضٙب ٌٍزذ١ًّ دزٝ رّضلٙب. س٠بض١ب ،

sec

Maximumtensile load
Tensile Stress

Original cross tional area



 

The tensile stress is expressed in N/mm
2
 or MN/m

2
. 

Tensile strength is obtained from the following relation:   

Maximum Forcein kg
Tensile Strength

Original area in squrecm
  

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. 

٠زُ ل١بعٙب ِٓ خلاي أػٍٝ ٔمطخ ػٍٝ ِٕذٕٝ الإجٙبد ٚالأفؼبي اٌزم١ٍذٞ. رٛفش ٘زٖ اٌمٛح ِؼٍِٛبد اٌزظ١ُّ 

 .الأعبع١خ دٛي لجٛي اٌّبدح فٟ الاخزجبساد إٌٙذع١خ

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

fractional change in length, area or volume. 

Force
Stress

Area
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o

P

A
   

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 l is the change in length, then 

longitudinal strain,  

l

L
   

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 (l/L). 

Similarly (∆V/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: 

 Elastic Strain: It is the change in dimension of a body when it is subjected to 

a load. This is reversible phenomenon  i.e., elastic strain , ٘زٖ ظب٘شح لبثٍخ ٌٍؼىظ 

disappears ٟ٠خزف after the applied load is removed. This is proportional to the 

stress applied. 

 Plastic Strain: This is the permanent change الذائم التغُُر  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: 

100
Final length Initial length

Percentageelonggation
Initial length


       

(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). 

tan
Stress

Y or E cons t
Strain




     

When the shear stress (τ) and strain (γ) are used, it is called modulus of rigidity 

(G). It is given by : 

G    

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

 1
2

E
G     

Where υ  is Poisson’s ratio. 

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

relation between K and E is : 

 3 1 2

E
K


 


 

Poisson’s ratio (υ): 

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 υ is : 
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Fig .(2.1) : Typical engineering stress – strain plot in a tensile test in a malel 

 

 

 


