CHAPTER - 8 MECHANICAL PROPERTIES OF SOLIDS
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Deforming Force

A force which produces a change in
configuration of the object on applying it, is
called a deforming force.
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Elasticity

Elasticity is that property of the object by virtue
of which it regain its original configuration
after the removal of the deforming force.
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Elastic Limit

Elastic limit is the upper limit of deforming
force upto which, if deforming force is
removed, the body regains its original form
completely and beyond which if deforming
force is increased the body loses its property
of elasticity and get permanently deformed.
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Perfectly Elastic Bodies

Those bodies which regain its original
configuration immediately and completely
after the removal of deforming force are
called perfectly elastic bodies. e.g., quartz
and phosphor bronze etc.
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Perfectly Plastic Bodies

Those bodies which does not regain its
original configuration at all on the removal

of deforming force are called perfectly plastic
bodies, e.g., putty, paraffin, wax etc.
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Stress

The internal restoring force acting per unit
area of a deformed body is called stress.

Stress = Restoring force / Area

Its unit is N/m? or Pascal and the dimensional
formula is [ML'T-2].

Stress is a tensor quantity.

There are two types of stresses: Normal and
Shear or tangential stress
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(1) Normal stress:

Here the force is applied normal to the
surface. It is again of two types:

(i) Longitudinal stress - It occurs only in
solids and comes in to picture when one
of the three dimensions viz. length, breadth,
height is much greater than other two.

Deforming force is applied parallel to the length
and causes increase in length. Longitudinal
stress produced due to increase in length
of a body under a deforming force is called
tensile stress. Longitudinal stress produced
due to decrease in length of a body under a
deforming force is called compressive stress.

(ii) Bulk or Volume stress - It occurs in solids,
liquids or gasses. In case of fluids only bulk
stress can be found. It produces change in
volume and density, shape remaining same.
Deforming force is applied normal to surface



at all points. It is equal to change in pressure
because change in pressure is responsible
for change in volume.
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(2) Shear or tangential stress: When the
surfaces of two equal and opposite faces
act tangentially, one face of the object is
displaced relative to the other face. In this
case, the object is said to be subject to the
force in the form of tangential force or shear
force. The ratio of the tangent force of a
surface to the area of the surface is called
tangential force or shear force.
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Strain: The fractional change in configuration
is called strain.

Strain = Change in the configuration /
Original configuration It has no unit and it is
a dimensionless quantity.

According to the change in configuration, the
strain is of three types

(1) Longitudinal strain= Change in length /
Original length

(2) Volumetric strain = Change in volume /
Original volume

(3) Shearing strain = Angular displacement of
the plane perpendicular to the fixed surface.
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Stress - strain Curve - The different regions
in the stress - strain diagram are:

(i) Proportional Limit - It is the region in
the stress-strain curve that obeys Hooke’s
Law. In this limit, the stress-strain ratio
gives us a proportionality constant known as
Young’'s modulus. The point OA in the graph
represents 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.

(i) Yield Point - The yield point is defined as
the point at which the material starts to deform



plastically. After the vyield point is passed,
permanent plastic deformation occurs. There
are two yield points (i) upper vyield point (ii)
lower vyield 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
fracture of the material takes place
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Hooke’s law and Modulus of Elasticity

According to this law, within the elastic limit,
stress is proportional to the strain.

stress

i.e. stress o strain or = constant = E

strain
The constant E is called modulus of elasticity.
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Stress

0 Strain

* It's value depends upon the nature of
material of the body and the manner in
which the body is deformed.

* It's value depends upon the temperature
of the body.

* It's value is independent of the dimensions
(length, volume etc.) of the body.

* There are three moduli of elasticity namely
Young’s modulus (Y), Bulk modulus (K)
and modulus of rigidity (n) corresponding
to three types of the strain
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Young's Modulus of Elasticity(Y)

It is defined as the ratio of normal stress to
longitudinal strain within limit of proportionality.

longitudinal strain I/L Al

Normal stress F/A ﬂ

If force is applied on a wire of radius r by
hanging a weight of mass M, then
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Work Done in Stretching a Wire/ Elastic
potential Energy

Y =

In stretching a wire work is done against
internal restoring forces. This work is stored
in the wire as elastic potential energy or
strain energy.

1 F 1 _1 .| e | 2
U, =ix7x Z = 5><slnss><slmm = Ex Y x(strain)” = -ﬁ(sm:ss)' [As AL = volume of wire]

Pl R F da # BT T sy
ufas a1

frdl aR & g & 3dRe g=EduaT gaf &
feg F7 AT AGT &1 TE FY AR F IARET
feufas Fai 3rrar fFfa o & ¥ &7 d@ofea

gl gl

1. F 11 5 1 PRI |
U,.=E><7xz =Exslrcssxslmm=i-x)’x(slmm) =ﬁ(sln:ss)z [As AL = volume of wire]

Bulk Modulus of Elasticity

When a solid or fluid (liquid or gas) is
subjected to a uniform pressure all over the
surface, such that the shape remains the
same, then there is a change in volume.

Then the ratio of normal stress to the
volumetric strain within the elastic limits is
called as Bulk modulus. This is denoted by K.

Normal stress
volumetric strain
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where p = increase in pressure; V = original
volume;A V = change in volume

The negative sign shows that with increase in
pressure p, the volume decreases by AV i.e.
if p is positive, A V is negative. The reciprocal
of bulk modulus is called compressibility.

C = compressibility = %: L

v
S.I. unit of compressibility is N-'m2and C.G.SS. unit is dyne-1 cm2.
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S.I unit of compressibility is N-'m2and C.GS. unit is dyne-! cm2,

Modulus of Rigidity
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Within limits of proportionality, the ratio of

tangential stress to the shearing strain is

called modulus of rigidity of the material of

the body and is denoted by 7,

l.e. n =Shear|ng stressln this case the shape
Shearing strain

of a body changes but its volume remains

unchanged. Shearing stress = F/ A and
Shearing strain =¢ = QQ'/PQ = x/L

So n = shear stress/shear strain = FIA -
F
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Only solids can exhibit a shearing as these
have definite shape.
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Poisson’s Ratio

When a long bar is stretched by a force
along its length then its length increases and
the radius decreases as shown in the figure.

Lateral strain : The ratio of change in radius
or diameter to the original radius or diameter
is called lateral strain.

Longitudinal strain : The ratio of change
in length to the original length is called
longitudinal strain.

The ratio of lateral strain to longitudinal strain
is called Poisson’s ratio (o).

Lateral strain

l.e. ¢ =
Longitudinal strain
o= —dr/r
or dLiL

Negative sign indicates that the radius of the
bar decreases when it is stretched.

L+dL

Poisson’s ratio is a dimensionless and a unit
less quantity.
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MULTIPLE CHOICE QUESTIONS:
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The property of a body by virtue of which it
tends to regain its original size and shape
when the applied force is removed is called

(a) elasticity (b) plasticity

(c) rigidity (d) compressibility
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The length of an iron wire is L and the area
of cross-section is A. The increase in length

is | on applying the force F on its two ends.
Which of the statement is correct ?

(a) Increase in length is inversely
proportional to its length L

(b) Increase in length is proportional to area
of cross-section A

(c) Increase in length is inversely
proportional to A

(d) Increase in length is proportional to
Young's modulus

UF WlR F AR # @@ L ¥ AR ey Fe
&7 8% A ¥ 58 a1 A W 9 F oo W
mﬁq@(l)aa"r%lﬁmﬁmﬁ@aﬂ:rm
FUT Fa 87

(2) %ﬁ;@mmmw

) @erS 7 g I P FH AT A &
AT &

) aars%o # & A & IhARTI §

) oar$ 7 gfY T F IqUiE F FHARI §
Which of the following materials is most
elastic?

(a) Steel (b) Rubber
(c) Copper (d) Glass
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The ratio of the lengths of two wires A and
B of same material is 1:2 and the ratio of

their diameter is 2:1. They are stretched by
the same force, then the ratio of increase in

length will be
(a) 2:1 (b) 1:4
(c) 1:8 (d) 8:1
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(a) 2:1 (b) 1:4

(c) 1:8 (d) 8:1

When forces are applied on a body such
that it is still in static equilibrium , then the
extent to which the body gets deformed,
depends on

(a) nature of the material

(b) magnitude of deforming force

(c) Both (a) & (b)

(d) None of these
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Elastic After effect are maximum for
(a) Glass (b) Quartz

(c) Rubber (d) Metal
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The restoring force per unit area is known
as
(a) strain (b) elasticity
(c) stress (d) plasticity
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In suspended type moving coil galvanometer,
quartz suspension is used because



