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 Quarter  Hand Out  and work sheet-7  

UNIT - 8 

Property of  bulk matter 

Deformation (mechanics) 

Deformation in continuum mechanics is the transformation of a body from a reference 

configuration to a current configuration.[1] A configuration is a set containing the 

positions of all particles of the body.  

A deformation may be caused by external loads,[2] body forces (such as gravity or 

electromagnetic forces), or changes in temperature, moisture content, or chemical 

reactions, etc.  

Strain is a description of deformation in terms of relative displacement of particles in 

the body that excludes rigid-body motions. Different equivalent choices may be made 

for the expression of a strain field depending on whether it is defined with respect to 

the initial or the final configuration of the body and on whether the metric tensor or its 

dual is considered.  

In a continuous body, a deformation field results from a stress field induced by applied 

forces or is due to changes in the temperature field inside the body. The relation 

between stresses and induced strains is expressed by constitutive equations, e.g., 

Hooke's law for linear elastic materials. Deformations which are recovered after the 

stress field has been removed are called elastic deformations. In this case, the 

continuum completely recovers its original configuration. On the other hand, 

irreversible deformations remain even after stresses have been removed.  
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One type of irreversible deformation is plastic deformation, which occurs in material 

bodies after stresses have attained a certain threshold value known as the elastic limit 

or yield stress, and are the result of slip, or dislocation mechanisms at the atomic level. 

Another type of irreversible deformation is viscous deformation, which is the 

irreversible part of viscoelastic deformation. 

In the case of elastic deformations, the response function linking strain to the 

deforming stress is the compliance tensor of the material. 

The deformation of a thin straight rod into a closed loop. The length of the rod remains 

almost unchanged during the deformation, which indicates that the strain is small. In 

this particular case of bending, displacements associated with rigid translations and 

rotations of material elements in the rod are much greater than displacements 

associated 

The shape of an object is the geometrical description of the part of the space occupied 

by the object, as determined by its external boundaries. A change in shape due to the 

application of force is known as deformation. Even small forces are known to cause 

some deformation. Objects under the actions of external forces undergo deformation. 

This may be squashing, twisting, ripping, or pulling apart the object. In Physics, two 

terms describe the force on objects undergoing deformation: stress and strain. 

Stress and Strain 

The quantity that describes the magnitude of forces that cause deformation is known 

as stress. It is defined as force per unit. Stress is of various types as follows: 

•Tensile Stress – When forces pull an object and cause its elongation such as the 

stretching of a rubber band 

•Compressive Stress – When the forces result in the compression of an object 

•Bulk Stress – When an object is squeezed from all sides like the submarine in the 

depth of the ocean 

•Shear Stress – A type of stress where the deforming stress acts tangentially to the 

object’s surface 
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The quantity that describes the deformation undergone is known as strain. The strain 

is given as a fractional change in either the length, geometry or volume. It is a 

dimensionless number. The greater the stress, the greater the strain. The 

proportionality constant in this relation is known as the elastic modulus. The relation 

between stress and strain is given as follows: 

Stress = Elastic Modulus × Strain 

When an object has a large value of elastic modulus, the effect of stress is small. 

Likewise, a small elastic modulus means that stress produces noticeable deformation. 

For example, stress on a rubber band produces a larger strain as compared to a steel 

band of the same size. The elastic modulus of a rubber band is smaller than the elastic 

modulus of the steel band. Elastic moduli of different materials are measured based on 

physical conditions, such as varying temperature, and collected in engineering data 

tables for reference. These tables are valuable references for industry and for anyone 

involved in engineering or construction 

Types of Deformation 

Deformation can be of two types as follows: 

•Permanent Deformation – Also known as plastic deformation, it is irreversible. It is a 

type of deformation that stays even after the removal of applied forces. 

•Temporary Deformation – Also known as elastic deformation, it is reversible. It is a 

type of deformation that disappears after the removal of applied forces. 

When a material is subjected to applied forces, the material experiences elastic 

deformation followed by plastic deformation. The transition from elastic to plastic 

state is characterized by the yield strength of the material. The plastic deformation 

mechanism is different for crystalline and amorphous materials. In crystalline 

materials, deformation is accomplished through a process known as the slip that 

involves the movement of dislocations. While, in amorphous materials, deformation 

takes place by the sliding of atoms and ions without any directionality. 
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Stress And Strain 

You may have noticed that certain objects can stretch easily, but stretching 

objects like an iron rod sounds impossible, right? In this article, we will help 

you understand why few objects are more malleable than others. Mainly, 

we will be discussing Stress-strain curves because they are useful in 

understanding the tensile strength of a given material. We will also learn 

how does a force applied on a body generates stress and know the stress-

strain relationship with the help of a stress-strain curve. 

What is Stress? 

In mechanics, stress is defined as a force applied per unit area. It is given by 

the formula 

σ=FA   

where, 

σ  is the stress applied 

F is the force applied 

A is the area of force application 

The unit of stress is N/m 2   

Stress applied to a material can be of two types. They are: 

● Tensile Stress: It is the force applied per unit area which results in the 

increase in length (or area) of a body. Objects under tensile stress become 

thinner and longer. 

 ● Compressive Stress: It is the force applied per unit area which results in 

the decrease in length (or area) of a body. The object under compressive 

stress becomes thicker and shorter. 

What is Strain? 
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The strain is the amount of deformation experienced by the body in the 

direction of force applied, divided by initial dimensions of the body. The 

relation for deformation in terms of length of a solid is given below. 

ϵ=δlL   

where, 

ϵ  is the strain due to stress applied 

δl  is the change in length 

 L is the original length of the material. 

The strain is a dimensionless quantity as it just defines the relative change in 

shape. 

Depending on stress application, strain experienced in a body can be of two 

types. They are: 

● Tensile Strain: It is the change in length (or area) of a body due to the 

application of tensile stress. 

 ● Compressive Strain: It is the change in length (or area) of a body due to 

the application of compressive strain 

When we study solids and their mechanical properties, information 

regarding their elastic properties is most important. These can be obtained 

by studying the stress-strain relationships, under different loads, in these 

materials. 
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 Stress-Strain Curve 

The stress-strain relationship for materials is given by the material’s stress-

strain curve. Under different loads, the stress and corresponding strain 

values are plotted. An example of a stress-strain curve is given below. 

 
Stress-Strain Curve 

 

Explaning Stress-Strain Graph 

The stress-strain graph has different points or regions as follows: 

•Proportional limit 

•Elastic limit 

•Yield point 

•Ultimate stress point 

•Fracture or breaking point 
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(i) Proportional Limit 

It is the region in the stress-strain curve that obeys the Hooke’s Law. In 

this limit, the ratio of stress with strain gives us proportionality constant 

known as young’s modulus. The point OA in the graph is called the 

proportional limit. 

(ii) Elastic Limit 

It is the point in the graph up to which the material returns to its 

original position when the load acting on it is completely removed. Beyond 

this limit, the material doesn’t return to its original position and a plastic 

deformation starts to appear in it. 

(iii) Yield Point 

The yield point is defined as the point at which the material starts to 

deform plastically. After the yield point is passed, permanent plastic 

deformation occurs. There are two yield points (i) upper yield point (ii) 

lower yield point. 

(iv) Ultimate Stress Point 

It is a point that represents the maximum stress that a material can 

endure before failure. Beyond this point, failure occurs. 

(v) Fracture or Breaking Point 

It is the point in the stress-strain curve at which the failure of the 

material takes place. 
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Work Sheet for the hand out 

I.Write “True” if the statement correct and “False” if the statement is not correct  

1. In the region of plastic deformation hooke’s  law is applicable. 

2. If the elastic material is stretched, the strain increases rapidly. 

3. The unit of tensile stress is N-m. 

4. Compression deformation is one dimensional.  

5. Young’s modulus is dimensionless. 

II. Choose the best answer(s) from the given alternatives  

6. Four wires of same material are stretched by the same load. The dimensions are 

given below. Which of them will elongate most? 

 A. Length 100cm, diameter 1mm C. length 300cm, diameter 3mm 

 B. Length 200cm, diameter 2mm D. length 40cm, diameter 0.5mm 

7. The length of a wire is increased by 1mm on the application of a given load. In a wire 

of same material but of length and radius twice that of the first on application of same 

force,  extension produced is: 

 A. 2mm  B. 0.5mm   C. 4mm  D. 0.25mm 

8. A long spring is stretched by 2cm and its strain energy is V. if the spring stretched by 

10cm, its strain energy will be. 

 A. V/25          B. V/5           C. 5V          D. 25V         

9. The length of an elastic spring is “a” meter when tension is 4N and “b” meter when 

tension is 5N. The length in meter when the tension is 9N is: 

  4a – 5b  B. 5b – 4a   C. 5b + 4a  D. 9(b – a)  

10. A wire of length L and cross- sectional area ‘A’ is made of a material of  young’s  

modulus y. If the wire is stretched by the amount X, the work done is: 

 A. 〖YAX〗^2/2L       B. 〖YAX〗^2/L   C. YAX/2L     D. 〖YAX〗^2 L 


