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UNIT- 1 
Materials: Classification of engineering material, composition of cast iron and carbon steels on 

iron-carbon diagram and their mechanical properties; Alloy steel and their applications; stress-

strain diagram, Hooks law and modulus of elasticity. Tensile, shear, hardness and fatigue testing 

of materials. 

 

Classification of Materials 

 

  Like many other things, materials are classified in groups, so that our brain can handle 

the complexity. One can classify them based on many criteria, for example crystal structure 

(arrangement of atoms and bonds between them), or properties, or use. Metals, Ceramics, 

Polymers, Composites, Semiconductors, and Biomaterials constitute the main classes of present 

engineering materials. 

 

1. Metals:- These materials are characterized by high thermal and electrical conductivity; strong 

yet deformable under applied mechanical loads; opaque to light (shiny if polished). These 

characteristics are due to valence electrons that are detached from atoms, and spread in an 

electron sea that glues the ions together, i.e. atoms are bound together by metallic bonds and 

weaker van der Walls forces. Pure metals are not good enough for many applications, especially 

structural applications. Thus metals are used in alloy form i.e. a metal mixed with another metal 

to improve the desired qualities. E.g.: aluminium, steel, brass, gold. 

 

2. Ceramics:- These are inorganic compounds, and usually made either of oxides, carbides, 

nitrides, or silicates of metals. Ceramics are typically partly crystalline and partly amorphous. 

Atoms (ions often) in ceramic materials behave mostly like either positive or negative ions, and 

are bound by very strong Coulomb forces between them. These materials are characterized by 

very high strength under compression, low ductility; usually insulators to heat and electricity. 

Examples: glass, porcelain, many minerals. 

 

3. Polymers:- Polymers in the form of thermo-plastics (nylon, polyethylene, polyvinyl chloride, 

rubber, etc.) consist of molecules that have covalent bonding within each  molecule and Van-der 

Waals forces between them. Polymers in the form of thermo-sets (e.g., epoxy, phenolics, etc.) 

consist of a network of covalent bonds. They are based on H, C and other non-metallic elements. 

Polymers are amorphous, except for a minority of thermoplastics. Due to the kind of bonding, 

polymers are typically electrical and thermal insulators. However, conducting polymers can be 

obtained by doping, and conducting polymer-matrix composites can be obtained by the use of 

conducting fillers. They  decompose at moderate temperatures (100 – 400 C), and are 

lightweight. Other properties  

vary greatly. 

 

4. Composite materials:- Composite materials are multiphase materials obtained by artificial 

combination of different materials to attain properties that the individual components cannot 

attain. An example is a lightweight brake disc obtained by embedding  

SiC particles in Al-alloy matrix. Another example is reinforced cement concrete, a  structural 

composite obtained by combining cement (the matrix, i.e., the binder, obtained  by a reaction 

known as hydration, between cement and water), sand (fine aggregate),  gravel (coarse 

aggregate), and, thick steel fibers. However, there are some natural  composites available in 

nature, for example – wood. In general, composites are classified   according to their matrix 

materials. The main classes of composites are metal-matrix,  polymer-matrix, and ceramic-

matrix. 

 

5. Semiconductors:- Semiconductors are covalent in nature. Their atomic structure is 

characterized by the highest occupied energy band (the valence band, where the valence 
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electrons reside energetically) full such that the energy gap between the top of the  valence 

band and the bottom of the empty energy band (the conduction band) is small  enough for some 

fraction of the valence electrons to be excited from the valence band to  the conduction band by 

thermal, optical, or other forms of energy. Their electrical  properties depend extremely strongly 

on minute proportions of contaminants. They are  usually doped in order to enhance electrical 

conductivity. They are used in the form of  single crystals without dislocations because grain 

boundaries and dislocations would  degrade electrical behaviour. They are opaque to visible light 

but transparent to the  infrared. Examples: silicon (Si), germanium (Ge), and gallium arsenide 

(GaAs, a  compound semiconductor). 

 

6. Biomaterials:- These are any type material that can be used for replacement of damaged or 

diseased human body parts. Primary requirement of these materials is that they must be 

biocompatible with body tissues, and must not produce toxic substances. Other important 

material factors are: ability to support forces; low friction, wear, density, and cost; 

reproducibility. Typical applications involve heart valves, hip joints, dental  implants, intraocular 

lenses. Examples: Stainless steel, Co-28Cr-6Mo, Ti-6Al-4V, ultra  high molecular weight poly-

ethelene, high purity dense Al-oxide, etc. 

 

Advanced Materials, Future Materials, and Modern Materials needs  

1. Advanced Materials:- These are materials used in High-Tech devices those operate based on 

relatively intricate and sophisticated principles (e.g. computers, air/space-crafts, electronic 

gadgets, etc.). These materials are either traditional materials with enhanced properties or newly 

developed materials with high-performance capabilities. Hence these are relatively expensive. 

Typical applications: integrated circuits, lasers, LCDs, fiber optics, thermal protection for space 

shuttle, etc. Examples: Metallic foams, inter-metallic compounds, multi-component alloys, 

magnetic alloys, special ceramics and high temperature materials, etc. 

 

2. Future Materials:- Group of new and state-of-the-art materials now being developed, and 

expected to have significant influence on present-day technologies, especially in the fields of 

medicine, manufacturing and defense. Smart/Intelligent material system consists some type of 

sensor (detects an input) and an actuator (performs responsive and adaptive function). 

Actuators may be called upon to change shape, position, natural frequency, mechanical 

characteristics in response to changes in temperature, electric/magnetic fields, moisture, pH, 

etc. 

 

3. Four types of materials used as actuators: Shape memory alloys, Piezo-electric ceramics, 

Magnetostrictive materials, Electro-/Magneto-rheological fluids. Materials / Devices used as 

sensors: Optical fibers, Piezo-electric materials, Micro-electro-mechanical systems (MEMS), etc. 

 

4. Typical applications:- By incorporating sensors, actuators and chip processors into system, 

researchers are able to stimulate biological human-like behaviour; Fibres for bridges, buildings, 

and wood utility poles; They also help in fast moving and accurate robot parts, high speed 

helicopter rotor blades; Actuators that control chatter in precision machine tools; Small 

microelectronic circuits in machines ranging from computers to photolithography prints; Health 

monitoring detecting the success or failure of a product. 

 

 

5. Modern Materials needs:- Though there has been tremendous progress over the decades in 

the field of materials science and engineering, innovation of new technologies, and need for 

better performances of existing technologies demands much more from the materials field. 

More over it is evident that new materials/technologies are needed to be environmental 

friendly. Some typical needs, thus, of modern materials needs are listed in the following: 

•E gi e effi ie  i eases at high te p: e ui es high te pe atu e 
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 Structural materials 

•Use of u lea  e e g  e ui es sol i g p o le  ith esidues, o  ad a es i  

 Nuclear waste processing. 

•H pe so i  flight e ui es ate ials that a e light, st o g a d esist high 

 Temperatures. 

•Opti al o u i atio s e ui e opti al fibres that absorb light negligibly. 

•Ci il o st u tio  – materials for unbreakable windows. 

 

6. Structures:- materials that are strong like metals and resist corrosion like plastics. 

 

Iron - Carbon Diagram:- 

 

 
 
 
 
 
 

1. Ferrite – Interstitial solid solution of C in BCC iron. Max solubility of C is 0.025%. Exists from 

273 C to 910 C 

2. Austenite  - Interstitial solid solution of C in FCC iron. Max solubility of C is 2.1%. Exists from 

910 C - 1394 C 

3.  - ferrite (BCC) exists over the temp range of 1394 C to 1539 C. Max solubility of C is 0.09%. 

4. Cementite, Fe3C - is an intermetallic compound. C content in Fe3C is 6.67%. 

5. Graphite, the free form of C, also exists in the Fe-C system. 

6. Bainite (B) is another phase which forms in steels at higher cooling rates. 
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7. The hard phase martensite (M) forms below the bainitic temperature range at high cooling 

rates. 

 

The eutectoid temperature (727 °C) during heating and cooling is Ac1 and Ar1 respectively. A for 

arrêt (arrest),c for chauffage (heating) and r for refroidissement (cooling). At normal rates of 

heating or cooling Ac1 > Ar1 A2 at 768 °C is the currie temp above which Fe turns paramagnetic 

while heating. The te pe atu es o espo di g to  +α /  a d  +Fe3C /  phase boundaries 

are function of carbon content and are represented as A3 and Acm respectively. The eutectic 

temperature is 1146 °C. The peritectic temperature is at 1495 °C.  

Phase transformation in Fe-C system 

Peritectic reaction at 1495 °C 

 

L (0.53% C)  +  0.0 % C  → (0.17% C) 

 

Eutectic reaction at 1146 °C 

 

L (4.3% C) → (2.1 % C) + Fe3C (6.67% C) 

The eutectic i tu e of auste ite  a d e e tite Fe3C  is alled Ledeburite. Compositions 

right and left of 4.3% are called hyper and hypoeutectic steels (Cast iron) respectively. 

 

 

 

 

Eutectoid reaction at 727 °C 

 

0.  % C  → (0.025% C) + Fe3C (6.67% C). 

The eutectoid i tu e of fe ite α  a d e e tite Fe3C  is alled Pearlite. Compositions right 

and left of 0.8% are called hyper and hypo eutectoid steels respectively. Compositions up to 2.1% 

C are steels and beyond this it is considered as cast iron. 

 

Microstructures 

A eutectoid steel (0.8% C) will have 100% pearlite (p) at room temperature (RT). The pearlite 

formed under equilibrium conditions consists of alternate lamellas of ferrite and Fe3C. 

 
Schematic of Pearlite – White areas are α 

 

Hypo eutectoid steels – α + p; hypereutectoid – Fe3C + p. 

 

Hypoeutectic cast irons consist of  + ledeburite (Le) below the eutectic temp and p + Fe3C + Le 

at RT as the transforms to Fe3C and p at the eutectoid temp. Similarly hyper eutectic cast irons 

will have a structure of Fe3C + Le. 

 

T-T-T diagram 

The relation between temperature and time for the formation of a phase is given by T-T-T or 

temp – time – transformation diagrams also known as isothermal-transformation diagram. 
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 A typical T-T-T diagram is shown below. The phases formed on isothermal holding at a given 

temp for a certain period of time are indicated. 

 

 
 T-T-T diagram 

At normal cooling rates pearlite (P) forms, higher cooling rates generates bainite (B). The 

size of pearlite or bainite depends on the transformation temp. Martensite (Ms) forms when the 

steel is cooled below the maternsite start (Ms) temp at much higher cooling rate so that the 

nose of the T-T-T curve (shown dotted) is avoided (the long blue arrow). Diffusion rates below Ms 

is so low that  → M transformation is a diffusionless process (the C content remains same). 

Ho e e , the stal st u tu e ha ges f o  FCC  to od  centered tetragonal (BCT). 

 

C-C-T diagram 

In actual practice a steel is generally cooled continuously. Continuous-cooling-

transformation (C-C-T) diagrams depict this situation. The C-C-T curve (Blue) is shifted to the 

right of the T-T-T (dashed) curve as continuous cooling transformation occurs at lower 

temperature and longer time compared isothermal holding. 

 

 
C-C-T diagram 

Bainite generally does not form in steels during continuous cooling and hence the C-C-T 

curve ceases just below the nose. The microstructure (fine or coarse) depends on the cooling 

rate. Higher the cooling rate finer the microstructure is. Finer size pearlite is called sorbite and 
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very fine size pearlite is called troostite. The critical cooling rate is the one at which the cooling 

curve just touches the nose of the C-C-T curve. A cooling rate higher than the critical rate is 

needed to form martensite. 

 

Mechanical Properties of Engineering Materials: - 

1. Stress:- It may be defined as the load per unit area is known as the Stress. It is denoted by the 

Greek word σ “ig a . It's u it is N/ 2. 

 

σ = P / A N/ 2 

Where, 

P = Load (in N) 

A = Area (in m2) 

 

2. Strain:- It may be defined as it is the raio of change in dimension to the original dimension is 

known as Strain. Here we use Lingitudinal Strain. It is denoted by Greek Wo d  Epsilo . It is a 
unitless quantity. 

 

 = L / L 

Where,  

L = Cha ge i  Le gth 

L = Original Length 

 

3. Elasticity:- The ability of a material by virtue of which when we apply load on the material it 

deforms and after removal of load it regain its original shape, this property of material is known 

as Elasticity. 

 

4. Plasticity:- It is the ability of material by virtue of which when load is applied on material it 

deforms and when the load is removed the material undergo permanent deformation, this 

property of material is known as Plasticity. 

 

5. Strength:- It is the ability of material to withstand the external forces without destruction or 

breaking. 

 

6. Stiffness:- It is the ability of material to resist the deformation under the action of external 

force. The modulus of elasticity is the measure of stiffness. 

 

7. Ductility:- The ductility is the property of material, which allows bending, elongation and 

change of cross-section of metals under the action of external force. 

 

8. Brittleness:- It is the property of material, which is completely opposite to ductility. A brittle 

material cannot undergo elastic or plastic deformation, it breaks or fails under the action of 

external force. 

 

9. Malleability:- It is special case of ductility which permits the material to be flatten  into the 

sheets without any crack, under the action of hot or cold working. A malleable material may be 

plastic but it is not necessary to be ductile. 

 

10. Toughness:- It is the property of material to resist the fracture due to high impact loads like 

hammering. 

 

11. Creep:- The Creep is progressive permanent deformation with time under the action of 

constant stresses at high temperatures. 
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12. Hardness:- It is fundamental property of material and closely related to strength. It is defined 

as the ability of material which resists cutting, scratching, abrasion, penetration, wear and 

machining etc. 

 

13. Fatigue:-The fatigue is the failure of material, when it is subjected to cyclic loads in which the 

maximum stress is developed i  each cycle, which is well within elastic limit. 

 

14. Weldability:- It is defined as the capacity of material to be welded into an inseparable joint to 

form a homogeneous structure after immiscibility of material. 

 

15. Formability:- It is the property of material by virtue of which the material can undergo 

various plastic deformation processes. 

 

16. Resilience:- It is the property of material to absorb energy elastically and to resist impact 

loads and shocks. On removal of load, the energy stored is given off exactly as in spring, when 

the load is removed. 

 

Characteristics of alloying elements 

1. Manganese (Mn) – Manganese improves hardenability, ductility and wear resistance. Mn 

eliminates formation of harmful iron sulfides, increasing strength at high temperatures.  

2. Nickel (Ni) – Nickel increases strength, impact strength and toughness, impart corrosion 

resistance in combination with other elements.  

3. Chromium (Cr) – Chromium improves hardenability, strength and wear resistance, sharply 

increases corrosion resistance at high concentrations (> 12%).  

4. Tungsten (W) – Tungstun increases hardness particularly at elevated temperatures due to 

stable carbides, refines grain size.  

5. Vanadium (V) – Vanadium increases strength, hardness, creep resistance and impact 

resistance due to formation of hard vanadium carbides, limits grain size.  

6. Molybdenum (Mo) – Molybdenum increases hardenability and strength particularly at high 

temperatures and under dynamic conditions.  

7. Silicon (Si) – Silicon improves strength, elasticity, acid resistance and promotes large grain 

sizes, which cause increasing magnetic permeability.  

8. Titanium (Ti) – Titanium improves strength and corrosion resistance, limits austenite grain 

size.  

9. Cobalt (Co) – Cobalt improves strength at high temperatures and magnetic permeability.  

10. Zirconium (Zr) – Zirconium increases strength and limits grain sizes.  

11. Boron (B) – Boron highly effective hardenability agent, improves deformability and 

machinability.  

12. Copper (Cu) – Copper improves corrosion resistance.  

13. Aluminum (Al) – Aluminium acts as deoxidizer, limits austenite grains growth.  

 

Applications and Processing of Metals and Alloys    

 

Types of metals and alloys  

Metallic materials are broadly of two kinds – ferrous and non-ferrous materials. This classification 
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is primarily based on tonnage of materials used all around the world. Ferrous materials are those 

in which iron (Fe) is the principle constituent. All other materials are categorized as non-ferrous 

materials. Another classification is made based on their formability. If materials are hard to form, 

components with these materials are fabricated by casting, thus they are called cast alloys. If 

material can be deformed, they are known as wrought alloys. Materials are usually strengthened 

by two methods – cold work and heat treatment. Strengthening by heat treatment involves 

either precipitation hardening or martensitic transformation, both of which constitute specific 

heat treating procedure. When a material can not be strengthened by heat treatment, it is 

referred as non-heat-treatable alloys.  

 

 

 

1. Ferrous materials  

Ferrous materials are produced in larger quantities than any other metallic material. Three 

factors account for it: (a) availability of abundant raw materials combined with economical 

extraction, (b) ease of forming and (c) their versatile mechanical and physical properties. One 

main drawback of ferrous alloys is their environmental degradation i.e. poor corrosion 

resistance. Other disadvantages include: relatively high density and comparatively low electrical 

and thermal conductivities. In ferrous materials the main alloying element is carbon (C). 

Depending on the amount of carbon present, these alloys will have different properties, 

especially when the carbon content is either less/higher than 2.14%. This amount of carbon is 

specific as below this amount of carbon, material undergoes eutectoid transformation, while 

above that limit ferrous materials undergo eutectic transformation. Thus the ferrous alloys with 

less than 2.14% C are termed as steels, and the ferrous alloys with higher than 2.14% C are 

termed as cast irons.  

 

Steels  

Steels are alloys of iron and carbon plus other alloying elements. In steels, carbon present in 

atomic form, and occupies interstitial sites of Fe microstructure. Alloying additions are necessary 

for many reasons including: improving properties, improving corrosion resistance, etc. Arguably 

steels are well known and most used materials than any other materials.  

Mechanical properties of steels are very sensitive to carbon content. Hence, it is practical to 

classify steels based on their carbon content. Thus steels are basically three kinds: low-carbon 

steels (% wt of C < 0.3), medium carbon steels (0.3 <% wt of C < 0.6) and high-carbon steels (% 

wt of C > 0.6). The other parameter available for classification of steels is amount of alloying 

additions, and based on this steels are two kinds: (plain) carbon steels and alloy-steels.  

1. Low carbon steels: These are arguably produced in the greatest quantities than other alloys. 

Carbon present in these alloys is limited, and is not enough to strengthen these materials by heat 

treatment; hence these alloys are strengthened by cold work. Their microstructure consists of 

ferrite and pearlite, and these alloys are thus relatively soft, ductile combined with high 

toughness. Hence these materials are easily machinable and weldable. Typical applications of 

these alloys include: structural shapes, tin cans, automobile body components, buildings, etc.  

A special group of ferrous alloys with noticeable amount of alloying additions are known as 

HSLA (high-strength low-alloy) steels. Common alloying elements are: Cu, V, Ni, W, Cr, Mo, etc. 

These alloys can be strengthened by heat treatment, and yet the same time they are ductile, 

formable. Typical applications of these HSLA steels include: support columns, bridges, pressure 

vessels.  

2. Medium carbon steels: These are stronger than low carbon steels. However these are of less 
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ductile than low carbon steels. These alloys can be heat treated to improve their strength. Usual 

heat treatment cycle consists of austenitizing, quenching, and tempering at suitable conditions 

to acquire required hardness. They are often used in tempered condition. As hardenability of 

these alloys is low, only thin sections can be heat treated using very high quench rates. Ni, Cr and 

Mo alloying additions improve their hardenability. Typical applications include: railway tracks & 

wheels, gears, other machine parts which may require good combination of strength and 

toughness.  

3. High carbon steels: These are strongest and hardest of carbon steels, and of course their 

ductility is very limited. These are heat treatable, and mostly used in hardened and tempered 

conditions. They possess very high wear resistance, and capable of holding sharp edges. Thus 

these are used for tool application such as knives, razors, hacksaw blades, etc. With addition of 

alloying element like Cr, V, Mo, W which forms hard carbides by reacting with carbon present, 

wear resistance of high carbon steels can be improved considerably.  

4. Stainless steels: The name comes from their high resistance to corrosion i.e. they are rust-less 

(stain-less). Steels are made highly corrosion resistant by addition of special alloying elements, 

especially a minimum of 12% Cr along with Ni and Mo. Stainless steels are mainly three kinds: 

ferritic & hardenable Cr steels, austenitic and precipitation hardenable (martensitic, semi-

austenitic) steels. This classification is based on prominent constituent of the microstructure. 

Typical applications include cutlery, razor blades, surgical knives, etc.  

Ferritic stainless steels are principally Fe-Cr-C alloys with 12-14% Cr. They also contain small 

additions of Mo, V, Nb, and Ni.  

Austenitic stainless steels usually contain 18% Cr and 8% Ni in addition to other minor 

alloying elements. Ni stabilizes the austenitic phase assisted by C and N. Other alloying additions 

include Ti, Nb, Mo (prevent weld decay), Mn and Cu (helps in stabilizing austenite).  

By alloying additions, for martensitic steels Ms is made to be above the room temperature. 

These alloys are heat treatable. Major alloying elements are: Cr, Mn and Mo.  

Ferritic and austenitic steels are hardened and strengthened by cold work because they are 

not heat treatable. On the other hand martensitic steels are heat treatable. Austenitic steels are 

most corrosion resistant, and they are produced in large quantities. Austenitic steels are non-

magnetic as against ferritic and martensitic steels, which are magnetic.  

 

Cast irons 

Though ferrous alloys with more than 2.14 wt.% C are designated as cast irons, 

commercially cast irons contain about 3.0-4.5% C along with some alloying additions. Alloys with 

this carbon content melt at lower temperatures than steels i.e. they are responsive to casting. 

Hence casting is the most used fabrication technique for these alloys. 

Hard and brittle constituent presented in these alloys, cementite is a meta-stable phase, 

and a  eadil  de o pose to fo  α-ferrite and graphite. In this way disadvantages of brittle 

phase can easily be overcome. Tendency of cast irons to form graphite is usually controlled by 

their composition and cooling rate. Based on the form of carbon present, cast irons are 

categorized as gray, white, nodular and malleable cast irons. 

 

1 Gray cast iron: These alloys consists carbon in form graphite flakes, which are surrounded by 

either ferrite or pearlite. Because of presence of graphite, fractured surface of these alloys look 

grayish, and so is the name for them. Alloying addition of Si (1-3wt.%) is responsible for 

decomposition of cementite, and also high fluidity. Thus castings of intricate shapes can be easily 

made. Due to graphite flakes, gray cast irons are weak and brittle. However they possess good 

damping properties, and thus typical applications include: base structures, bed for heavy 

machines, etc. they also show high resistance to wear. 
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2. White cast iron: When Si content is low (< 1%) in combination with faster cooling rates, there 

is no time left for cementite to get decomposed, thus most of the brittle cementite retains. 

Because of presence of cementite, fractured surface appear white, hence the name. They are 

very brittle and extremely difficult to machine. Hence their use is limited to wear resistant 

applications such as rollers in rolling mills. Usually white cast iron is heat treated to produce 

malleable iron. 

 

 

3. Nodular (or ductile) cast iron: Alloying additions are of prime importance in producing these 

materials. Small additions of Mg / Ce to the gray cast iron melt before casting can result in 

graphite to form nodules or sphere-like particles. Matrix surrounding these particles can be 

either ferrite or Pearlite depending on the heat treatment. These are stronger and ductile than 

gray cast irons. Typical applications include: pump bodies, crank shafts, automotive components, 

etc. 

 

4. Malleable cast iron: These formed after heat treating white cast iron. Heat treatments involve 

heating the material up to 800-900 0C, and keep it for long hours, before cooling it to room 

temperature. High temperature incubation causes cementite to decompose and form ferrite and 

graphite. Thus these materials are stronger with appreciable amount of ductility. Typical 

applications include: railroad, connecting rods, marine and other heavy-duty services. 

 

Non-ferrous materials 

Non-ferrous materials have specific advantages over ferrous materials. They can be 

fabricated with ease, high relatively low density, and high electrical and thermal conductivities. 

However different materials have distinct characteristics, and are used for specific purposes. This 

section introduces some typical non-ferrous metals and their alloys of commercial importance. 

 

1. Alminium alloys: These are characterized by low density, high thermal & electrical 

conductivities, and good corrosion resistant characteristics. As Al has FCC crystal structure, these 

alloys are ductile even at low temperatures and can be formed easily. However, the great 

limitation of these alloys is their low melting point (660 0C), which restricts their use at elevated 

temperatures. Strength of these alloys can be increased by both cold and heat treatment – based 

on these alloys are designated in to two groups, cast and wrought. Chief alloying elements 

include: Cu, Si, Mn, Mg, Zn. Recently, alloys of Al and other low-density metals like Li, Mg, Ti 

gained much attention as there is much concern about vehicle weight reduction. Al-Li alloys 

enjoy much more attention especially as they are very useful in aircraft and aerospace industries. 

Common applications of Al alloys include: beverage cans, automotive parts, bus bodies, aircraft 

structures, etc. Some of the Al alloys are capable of strengthening by precipitation, while others 

have to be strengthened by cold work or solid solution methods. 

 

2. Copper alloys: As history goes by, bronze has been used for thousands of years. It is actually an 

alloy of Cu and Sn. Unalloyed Cu is soft, ductile thus hard to machine, and has virtually unlimited 

capacity for cold work. One special feature of most of these alloys is their corrosion resistant in 

diverse atmospheres. Most of these alloys are strengthened by either cold work or solid solution 

method. Common most Cu alloys: Brass, alloys of Cu and Zn where Zn is substitution addition 

(e.g.: yellow brass, cartridge brass, muntz metal, gilding metal); Bronze, alloys of Cu and other 

alloying additions like Sn, Al, Si and Ni. Bronzes are stronger and more corrosion resistant than 

brasses. Mention has to be made about Beryllium coppers who possess combination of relatively 

high strength, excellent electrical and corrosion properties, wear resistance, can be cast, hot 

worked and cold worked. Applications of Cu alloys include: costume jewellery, coins, musical 

instruments, electronics, springs, bushes, surgical and dental instruments, radiators, etc. 
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3. Magnesium alloys: The most sticking property of Mg is its low density among all structural 

metals. Mg has HCP structure, thus Mg alloys are difficult to form at room temperatures. Hence 

Mg alloys are usually fabricated by casting or hot working. As in case of Al, alloys are cast or 

wrought type, and some of them are heat treatable. Major alloying additions are: Al, Zn, Mn and 

rare earths. Common applications of Mg alloys include: hand-held devices like saws, tools, 

automotive parts like steering wheels, seat frames, electronics like casing for laptops, 

camcorders, cell phones etc. 

 

4. Titanium alloys: Ti and its alloys are of relatively low density, high strength and have very high 

melting point. At the same time they are easy to machine and forge. However the major 

li itatio  is Ti s he i al ea ti it  at high te pe atu es, hi h e essitated spe ial te h i ues 
to extract. Thus these alloys are expensive. They also possess excellent corrosion resistance in 

diverse atmospheres, and wear properties. Common applications include: space vehicles, 

airplane structures, surgical implants, and petroleum & chemical industries. 

 

5. Refractory metals: These are metals of very high melting points. For example: Nb, Mo, W and 

Ta. They also possess high strength and high elastic modulus. Common applications include: 

space vehicles, x-ray tubes, welding electrodes, and where there is a need for corrosion 

resistance. 

 

6. Noble metals: These are eight all together: Ag, Au, Pt, Pa, Rh, Ru, Ir and Os. All these possess 

some common properties such as: expensive, soft and ductile, oxidation resistant. 

Ag, Au and Pt are used extensively in jewellery, alloys are Ag and Au are employed as dental 

restoration materials; Pt is used in chemical reactions as a catalyst and in thermo couples. 

 

Stress - Strain Curve 

The stress and strain relation is commonly shown by means of a stress-strain diagram. These 

diagrams are obtained by drawing a graph or curve from the data obtained in a tensile test, in 

which an increasing tensile stress is applied to a specimen (Fig. 8.1). There are resulting changes 

in length which can be observed and recorded by strain measuring devices. Stress-strain for 

different engineering materials are shown in Fig.  

 

 
Stress - Strain Curve for Ductile Material 

 

In the case of ductile materials, at the beginning of the test, the material extends elastically. 

The strain (both longitudinal and lateral) at first increases proportionally to the stress and the 

sample or specimen returns to its original length on removal of the stress. The limit of 

proportionality (stress strain) is the stage up to hi h the spe i e , i.e., ate ial o e s Hooke s 
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law perfectly. 

On further increasing the applied stress, i.e., beyond the elastic limit, it produces plastic 

deformation so that a permanent extension remains even after the removal of the applied load, 

i.e. stress. The resultant strain, in this stage begins to increase more quickly than the 

corresponding stress and continues to increase till the yield point is reached. We must note that 

at the yield point the material suddenly stretches. 

The ratio of applied load to original cross-sectional area is called the normal stress and this 

continues to increase with elongation, due to work hardening or strain hardening, until the 

tensile stress is maximum. This is the value of stress at maximum load and one can calculate it by 

dividing the maximum load by the original cross-sectional area. This stress is called ultimate 

tensile stress. 

It is evident that at a certain value of load the strain continues at slow rate without any 

further stress or loading. This phenomenon of slow extension increasing with time, at constant 

stress, is termed creep. A neck begins to develop at this point, along the length of the specimen 

and further plastic deformation is localized within the neck. The cross-sectional area decreases in 

proportion to the increasing length during elastic elongation. We must note that the volume of 

the test bar, i.e. specimen remains constant. Figure is a stress-strain diagram for mild steel. This 

diagram clearly shows the limit of proportionality, elastic limit, yield point, ultimate tensile stress 

and fracture stress at the breaking points. We note that this diagram shows a well-defined yield 

point. 

 

 
 

Stress - Strain Curve for Brittle Material 

Poorly defined yield point as in the case of brittle materials is shown in Fig. For the 

determination of the yield strength in such materials, following the general practice, one has to 

draw a straight line parallel to the elastic portion of the stress-strain curve at a predetermined 

strain ordinate value (say 0.1%). The point at which this line intersects the stress vs. strain curve 

is the yield point at off-set and called the yield strength at 0.1% or 0.2% of set strain. 

In case of hard steels and non-ferrous metals stress is specified corresponding to a definite 

amount of permanent elongation. This stress is termed as the proof stress. We must note that 

the proof stress is applied for 15 seconds and, when removed, the specimen should not lengthen 

permanently beyond 0.1%. The method of finding the proof stress from the stress-strain curve is 

shown in Fig. 

Stress vs. strain curves also help to explain the properties of ductile materials. We find that, 

greater the angle of inclination of the line of stress vs. strain proportionality to the ordinates, the 

more elastic is that metal. A higher yield point reveals greater hardness of the metal. A higher 

value of the maximum stress point shows that the metal is a stronger one. Similarly, the 

toughness and brittleness of metal are indicated by the distance from the ordinates of  the 

breaking stress or load point. The metal is more brittle when the distance is shorter. Stress vs. 

Strain curves for ferrous and non-ferrous materials. We find that brittle materials show little or 

no permanent deformation prior to fracture. Some metals and magnesium oxide exhibit brittle 

behaviour. Prior to fracture, the small elongation reveals that the material gives no indication of 
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impending fracture and brittle fracture usually occurs rapidly. It is reported that this is often 

accompanied by loud noise. 

The values of offset strain o) have been standardized for diffe e t ate ials. o equal to 

0.2% or 0.35% is often used. The yield strength determined by the offset method is always 

described as yield strength for a  offset o. 

 

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 X 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 

You g’s odulus of elasticity. The slope of stress-strain diagram up to the limit of proportionality 

is called You g’s Modulus of elasticity (Y or E) 

 

Y or E = Stress / “t ai  = σ /  = Co sta t 

Testing of Engineering Materials 

The Universal Testing Machine consists of two units. 

1) Loading unit  2) Control panel. 

LOADING UNIT:- It consists of main hydraulic cylinder with robust base inside and the piston 

which moves up and down. The chain driven by electric motor which is fitted on left hand side. 

The screw column maintained in the base can be rotated using above arrangement of chain. 

Each column passes through the main nut which is fitted in the lower cross head. The lower table 

connected to main piston through a ball & the ball seat is joined to ensure axial loading. There is 

a connection between lower table and upper head assembly that moves up and down with main 

piston. The measurement of this assembly is carried out by number of bearings which slides over 

the columns. The test spe i e  ea h fi ed i  the jo  is k o  as Ja k Jo . To fi  up the 

specimen tightly, the movement of jack job is achieved helically by handle. 

CONTROL PANEL:- 

It consists of oil tank having a hydraulic oil level sight glass for checking the oil level. The pump is 

displacement type piston pump having free plungers those ensure for continuation of high 

pressure. The pump is fixed to the tank from bottom. The suction & delivery valve are fitted to 

the pump near tank Electric motor driven the pump is mounted on four studs which is fitted on 

the right side of the tank. There is an arrangement for loosing or tightening of the valve. The four 

valves on control panel control the oil stroke in the hydraulic system. The loading system works 

as described below. The return valve is close, oil delivered by the pump through the flow control 

valves to the cylinder & the piston goes up. Pressure starts developing & either the specimen 

breaks or the load having maximum value is controlled with the base dynameters consisting in a 

cylinder in which the piston reciprocates. The switches have upper and lower push at the control 

panel for the downward & upward movement of the movable head. The on & off switch is 

provided on the control panel & the pilot lamp shows the transmission of main supply. 

 

 

 

Tensile Test 

 

The tensile test is most applied one, of all mechanical tests. In this test ends of test piece are 

fixed into grips connected to a straining device and to a load measuring device. If the applied 

load is small enough, the deformation of any solid body is entirely elastic. An elastically 

deformed solid will return to its original from as soon as load is removed. However, if the load is 

too large, the material can be deformed permanently. The initial part of the tension curve which 

is recoverable immediately after unloading is termed. As elastic and the rest of the curve which 
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represents the manner in which solid undergoes plastic deformation is termed plastic. The stress 

below which in the deformations essentially entirely elastic is known as the yield strength of 

material.  In some material the onset of plastic deformation is denoted by a sudden drop in load 

indicating both an upper and a lower yield point. However, some materials do not exhibit a sharp 

yield point. During plastic deformation, at larger extensions strain hardening cannot compensate 

for the decrease in section and thus the load passes through a maximum and then begins to 

de ease. This stage the ulti ate st e gth  hi h is defi ed as the atio of the load o  the 
specimen to original cross-sectional area, reaches a maximum value. Further loading will 

eventually ause e k  fo ation and rupture. 

1) Measure the original length and diameter of the specimen. The length may either be length of 

gauge section which is marked on the specimen with a preset punch or the total length of the 

specimen. 

2) Insert the specimen into grips of the test machine and attach strain-measuring device to it. 

3) Begin the load application and record load versus elongation data. 

4) Take readings more frequently as yield point is approached. 

5) Measure elongation values with the help of dividers and a ruler. 

6) Continue the test till Fracture occurs. 

7) By joining the two broken halves of the specimen together, measure the final length and 

diameter of specimen. 

 

 
Tensile Test 

 
SHEAR TEST:- 

Place the shear test attachment on the lower table, this attachment consists of cutter. The 

specimen is inserted in roles of shear test attachment & lift the lower table so that the zero is 

adjusted, then apply the load such that the specimen breaks in two or three pieces. If the 

specimen breaks in two pieces then it will be in angle shear, & if it breaks in three pieces then it 

will be in double shear. 

1. Insert the specimen in position and grip one end of the attachment in the upper portion and 

one end in the lower portion. 

2. Switch on the main switch of universal testing machine machine. 
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3. The drag indicator in contact with the main indicator. 

4. Select the suitable range of loads and space the corresponding weight in the pendulum and 

balance it if necessary with the help of small balancing weights. 

5. Operate (push) buttons for driving the motor to drive the pump. 

6. Gradually move the head control level in left-hand direction till the specimen shears. 

7. Down the load at which the specimen shears. 

8. Stop the machine and remove the specimen. 

 

HARDNESS TEST 

 

 
Rockwell Hardness Test 

 
The hardness of a material is resistance to penetration under a localized pressure or 

resistance to abrasion. Hardness tests provide an accurate, rapid and economical way of 

determining the resistance of materials to deformation. There are three general types of 

hardness measurements depending upon the manner in which the test is conducted: 

a. Scratch hardness measurement, 

b. Rebound hardness measurement 

c. Indention hardness measurement. 

In scratch hardness method the material are rated on their ability to scratch one another and it is 

usually used by mineralogists only. In rebound hardness measurement, a standard body is 

usually dropped on to the material surface and the hardness is measured in terms of the height 

of its rebound .The general means of judging the hardness is measuring the resistance of a 

material to indentation. The indenters are usually a ball cone or pyramid of a material much 

harder than that being used. Hardened steel, sintered tungsten carbide or diamond indenters 

are generally used in indentation tests; a load is applied by pressing the indenter at right angles 

to the surface being tested. The hardness of the material depends on the resistance which it 

exerts during a small amount of yielding or plastic.  

The resistance depends on friction, elasticity, viscosity and the intensity and distribution of 

plastic strain produced by a given tool during indentation. 

1. Place the specimen securely upon the anvil. 

2. Elevate the specimen so that it come into contact with the penetrate and put the specimen 

under a preliminary or minor load of 100+2N without shock 

3. Apply the major load 900N by loading lever. 

4. Watch the pointer until it comes to rest. 

5. Remove the major load. 

6. Read the Rockwell hardness number or hardness scale. 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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