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Mechanical Properties of Solids 1

On stretching a rubber strip, we see that the length
of the strip increases and as soon as the force is removed,
its length decrease back to its initial length. Wires made of
steel, gold, silver, copper etc. also increases in length when
pulled and when the force is removed, they return to their
original length.

Any external force applied on an object due to which
shape or size or both of the object change is called
deforming force. The bodies that come back to their
original state completely when the external force is
removed are called elastic bodies. This property of the
body is called elasticity. Therefore the property of a
body, due to which it opposes the external force and
when the external force is removed it come back
again to its original state is called elasticity.

8.1.1 Elastic and Plastic Bodies
The bodies that come back to their original state

completely when the external force is removed are called
perfectly elastic bodies. e.g. quartz, phosphor bronze etc.
The bodies which remain in the deformed state even after
the external force is removed are called plastic bodies. e.g.
wax, wet clay etc. There is no such material in nature
which is perfectly elastic. Substance or bodies can be
considered completely elastic for a force up to a certain
limit.

The elastic behaviour of materials plays an important
role in engineering design. The elastic behaviour of a
material determines how the material will be behave under
tensile force. For example, while designing a building,
knowledge of elastic properties of materials like steel,
concrete, rubber etc. is essential. The same is true in the
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design of bridges, automobiles, rope ways etc. The
questions for engineers are : Can we design an aeroplane
structure that can bear the weight of 500 passengers
which is very light but sufficiently strong? Can such
artificial organs be made which is relatively light but
stronger? Why is glass material brittle but material like
brass are not brittle? Why is the shape of a railway track

similar to the letter I of the English alphabet? In order to
select the best materials and their design in all these
special applications, it is very important to know now
relatively simple kinds of forces or loads act to deform
different solid bodies. In this chapter, we shall study the
elastic behaviour and mechanical properties of solids which
would answer many such questions.

An elastic object come back to its original state
when the deforming force is removed. But in bodies this
quality remain only up to a particular limit of deforming
force. If we keep increasing the value of deforming force,
then a state will come where when the force is removed,
the body does not gain back its original state. For example,
if a weight is hung at the lower end of a wire hanging from
a rigid base, the wire increases in length. When the load
is removed, the wire returns to its original length. If the
suspended load is gradually increased, then a state is
reached such that when the load is removed, the wire does
not return to its original length but its length increases for
ever. Thus, its elastic properties is destroyed. The
maximum limit of the deforming force applied on a material
within which the elastic property of the material exists is
called ‘Elastic limit’ of that material.
8.2.1 Stress

When external force is applied on a body it becomes
deformed. But at the same time due to the property of
elasticity an internal force is produced in the body which
is equal to the external force but it is opposite in direction
is called restoring force. The internal restoring force
acting per unit area of cross-section of the deformed
body is called stress.

In the equilibrium state the magnitude of restoring
force is exactly equal but opposite to external force.

If A is the cross-section area of the body on which
external force F is applied, then in equilibrium

Stress = 
Restoring force

Area of cross-section of the body

= 
External force F = 

Area of cross-section of the body A
The unit of stress is Newton/meter2. Its dimensions

are [M1L–1T–2]. The stress produced in the body depends
on what external force is applied on it. Therefore, on this
basis there are three types of stress :

(i) Longitudinal stress (ii) Volume stress
(iii) Shearing (tangential) stress.

(i) Longitudinal stress : When stress is applied
perpendicular to the surface of the body, it is called
longitudinal stress or the restoring froce acting per unit
area of the body is called longitudinal stress. This type of
stress produced due to deformation in the length or volume
of the body. Longitudinals stress are of two types :

(a) Tensile stress (b) Compressive stress.
(a) Tensile stress : The longitudinal stress

produced due to increase in the length or volume of the
body is called tensile stress.

(b) Compression stress : The longitudinal stress
produced due to decrease in the length of the body or
volume of the body is called compression stress.

The restoring force acting per unit area of the body
in its compressed state is called compressive stress.

(ii) Volume stress : When force of equal value is
applied on each plane of the body, the volume of the body
changes. The internal force per unit cross-sectional area
that opposes the change in volume is called volume stress.
Its value is equal to the external force applied on the unit
area and it is opposite direction to the external force at
every place.

(iii) Shearing stress : When the stress is parallel
or tangential to the surface of the body, it is called shearing
stress. Due to this, change in the shape of a body.
8.2.2 Strain

The change in the per unit size of the body due to
external forces is called strain.

Strain = 
Change in size of the body
Original size of the body

The form of strain depends on the direction of the
applied force. It is a ratio, hence it has no units and
dimensions. Strains is of three types :

(i) Longitudinal strain
(ii) Volume strain
(iii) Shearing strain
(i) Longitudinal strain : The change produced per

unit length of a body under the influence of external force
is called longitudinal strain.

8.2 Stress and Strain
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Fig. : A cylindrical body under the influence
of tensile stress elongates by L = l

Longitudinal strain

= 
Change in the length of the body

Original length of body

= 
L = 

L L
l

Linear strain produced perpendicular to the direction
of deforming force is called lateral strain.

For example : Stretching a wire along its length
increase its length but its diameter decreases. The change
per unit length perpendicular to the direction of force is
called lateral strain i.e.

Lateral strain = 

Change in the length perpendicular
          to direction of force

Original length perpendicular
      to direction of force

(ii) Volume strain : The change produced unit
volume of a body under the influence of an external body
is called volume strain.

If the initial volume of the body is V and the change
in volume is V, then

Volume strain= 
Change in the volume of body

Original volume

= – 
V

V


Here, negative sign represents the decrease in the
volume.
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Fig. : Compression of the volume of a solid sphere
V under the influence of hydraulic stress.

(iii) Shearing strain : When one surface of the
body is kept fixed and a tangential deforming force is
applied on its opposite surface, then the shape of the body
changes and there is no change in its volume or length then
this strain is called shearing strain. This type of
deformation occurs only in solids.
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Fig. : Shearing shape
Shear angle or shear strain is shown in the figure by

the angle .

Hence shearing strain () = 
L

L


 = tan  = 

[Because the value of  is very small, due to which
tan  = ]

According to this law, within the limit of elasticity the
strain produced inside the material is proportional to the
stress acting on the material. i.e.

Stress Strain
or Stress = Constant (E) × Strain

 Constant (E) = 
Stress
Strain

This constant (E) is called the modulus of elasticity.

Its value depends on the physical states of material and its
nature and not on stress and strain. The unit of E is
Newton/m2 and dimension M1L–1T–2. Hooke’s law is an
Empirical law and most solid materials obey it. However,
there are some materials which do not exhibit this linear
relationship.

In the limit of elasticity, stress-strain graph is
obtained as a straight line whose slope denotes the
modulus of elasticity (E).

8.3 Hooke’s Law
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According to Hooke’s law, the stress produced in an
object is directly proportional to the strain. But it has been
observed that this proportionality is found only for small
strains. To know the behaviour of a material under tensile
stress, consider that a uniform cross-section area is
suspended from a rigid base and the applied weight is

slowly increased at its free end then length of wire goes
on increasing. If we calculate the values of longitudinal
stress and longitudinal strain from time to time while
increasing the load and draw a graph between them, then
it will be as follows :
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Fig. : Graphical representation of stress and strain
The starting part OA of the curve is a straight line

therefore it is clear that the increases in the length of the
wire till point A is directly proportional to the weight hung
on it. The value of stress at point  A is ca lled
proportionality limit.

After point A the graph starts becoming curved. This
shows that by increasing the load on the wire, the increase
in its length is not directly proportional to the load but
becomes more than it, but the elastic property of the wire
remains till point B. (i.e. when the load is removed, the
wire comes back to its original length. The value of stress
at point B is called elastic limit. The elastic limit is close
to the proportional limit. The point in the curve B is
called the yield point or elastic limit and the
corresponding stress is called the yield strength of the
material.

From point B onwards, when pressed towards the
load hanging on the wire, the length increases very rapidly.
In this condition, after the weight is removed, the wire does
not return to its original length, but there is some
permanent increases in its length. At point C the stress
reaches its maximum value, which is called ‘breaking
stress’. At this point the wire starts becoming thin and its
cross-section does not remain uniform. Now even if the
weight hung on the wire is reduced, the wire keeps
becoming then and it breaks while reaching the point D.
The region between B and D is called plastic region. The
point D on the graph is the ultimate tensile strength of
the matter.

Beyond this point, addition strain is produced even
by a reduced applied force and fracture occurs at point E.
For some metals like gold, silver, copper etc. this area is

8.4 Stress Strain Curve
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quite high. Wires can be made from these materials. These
materials are called ductile. This tensile property is found
to be negligible in some materials and they start break as
soon as the limit of elasticity is crossed. They are called
brittle. The stress-strain dependence of each material is
different. For example, rubber can be pulled to several
times its original length and still returns to its original

shape. Fig. (a) shows the stress-strain curve of material
similar to rubber is shown. Note that although elastic
region is very large, the material does not obey Hooke’s
law over most of the region. An interesting fact among
these is that there is no well defined plastic region.
Substances like tissue of aorta, rubber etc. which can be
stretched to cause large strains are called elastomers.

In the stress-strain curve, Hooke’s law is followed in
the region OA and in this elastic limit, the strain produced
in the material is directly proportional to the stress acting
on the material, due to which stress-strain curve is
obtained in the form of a straight line up to this region. The
slope of this straight line i.e. the ratio of stress and strain
is called coefficient of elasticity. The elasticity
coefficients corresponding to longitudinal, volume and
shear strains are called Young’s Modulus, Bulk Modulus
and Modulus of Rigidity respectively and we will study
them further.
8.5.1 Young’s Modulus of Elasticity

In the following figure, a
wire AB is seen hanging from a
rigid support. When force F is
applied at its lower end by hanging
a weight Mg, there is some
increase in its length l. As shown
in the figure, restoring force F is
produced in the wire which
opposes the increase in length.
When the weight Mg is removed,
the wires returns to its original
length. This type of elasticity is
called longitudinal elasticity. Within
elastic limit the ratio of longitudinal stress and longitudinal
strain is called Young’s Modulus of elasticity of the
material of the wire.

Young’s modulus of elasticity

Y = 
Longitudinal stress F/A = 
Longitudinal strain /Ll

Y = 
FL
Al

 Newton/metre2 ...(1)

Here, F = Mg and A = r2 (If the radius r of the
wire is cylindrical), L is the original length of wire and l is
the change in length.

Hence, Y = 2
MgL
r l

 Newton/m2 ...(2)

If r2 = 1 and l = L then Y = Mg

Fig. : Longitudinal
elasticity

i.e. Young’s Modulus of elasticity is equal to that
force which when applied the length of the wire of unit
area of cross-section will be doubled. (when Hooke’s law
is applicable).

In practice, appropriate definition is not possible
because with a 1% increase in the length of wire the
elasticity limit is usually crossed.

S.I. Unit of Young’s Modulus of elasticity ‘Y’ is

2
Newton

m
 and its dimensions are [ML–1T–2].

The value of Young’s Modulus of elasticity can only
be obtained for solids because liquids and gases do not
their own lengths. Thus, it is a characteristics of solid
matter only. With increase in temperature the value of
coefficient of elasticity decreases.
Comparison of Young’s Modulus of Elasticity for
different substances :

Steel is more elastic than rubber
Elasticity is that property of the material of a

substance due to which the body resists the change of
shape or form caused by an external deforming force. It
is clear that the more external force has to be applied to
bring about a definite change in the shape or form of a
body, the more elastic that body will be. If we take steel
and rubber wires of equal length and thickness, then to
increases their length by the same amount, more weight
will have to be hung on the steel wire.

Suppose two wires of steel and rubber are of equal
length L and same radius r. Suppose, by hanging Mg
weight on them, there is an increase in the length of the
steel wire lS and an increase in the length of the rubber
string lR. If the Young’s modulus of elasticity of steel and
rubber are YS and YR respectively then

YS = 2
S

MgL
r l

and YR = 2
R

MgL
r l

Thus
R

S

Y
Y = 

2
R S

2
RS

MgL/  = 
MgL/





r l l
lr l

8.5 Coefficients of Elasticity
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