
19MCB204 – SOLID 
MECHANICS

UNIT I  - STRESS STRAIN DEFORMATION OF SOLIDS

Rigid bodies and deformable solids –

Tension, Compression and Shear Stresses 
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Types of Stresses:

The stress may be normal stress or a shear stress. Normal

stress is the stress which acts in a direction perpendicular to

the area. It is represented by ζ (sigma). The normal stress is

further divided into tensile stress and compressive stress.
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Tensile Stress:

The stress induced in a body, when subjected to two equal and opposite pulls
as shown in Figure as a result of which there is an increase in length, is
known as tensile stress. The ratio of increase in length to the original length
is known as tensile strain. The tensile stress acts normal to the area and it
pulls on the area.
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Tensile Stress:

Units of Stress

The unit of stress depends upon the unit of load (or force) and unit of area. In M.K.S. units, the

force is expressed in kgf and area in meter square (i.e., m2). Hence unit of stress becomes as

kgf/m2. If area is expressed in centimeter square (i.e., cm2), the stress is expressed as kgf/cm2.

In the S.I. units, the force is expressed in newtons (written as N) and area is expressed as m2.

Hence unit of stress becomes as N/m2. The area is also expressed in millimeter square then unit

of force becomes as N/mm2

l N/m2 = l N/(100cm)2 = 1 N/(104 cm2 ) = 10-4 N/cm2 or 10-6 N/mm2 Or  1 MPa= 1 N/mm2 
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Compressive Stress:

The stress induced in a body, when subjected to two equal and opposite
pushes as shown in Figure as a result of which there is a decrease in length
of the body, is known as compressive stress. And the ratio of decrease in
length to the original length is known as compressive strain. The
compressive stress acts normal to the area and it pushes on the area.
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Shear Stress:

The stress induced in a body, when subjected to two equal and opposite forces
which are acting tangentially across the resisting section as shown in Figure as
a result of which the body tends to shear off across the section, is known as
shear stress. The corresponding strain is known as shear strain. The shear
stress is the stress which acts tangential to the area. It is represented by τ.
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STRAIN

When a body is subjected to some external force, there is some change of
dimension of the body. The ratio of change of dimension of the body to the
original dimension is known as strain. Strain is dimensionless. Strain may be :

Tensile strain / Compressive strain,
Volumetric strain
Shear strain.

• If there is some increase in length of a body due to external force, then the
ratio of increase of length to the original length of the body is known as tensile
strain.
• But if there is some decrease in length of the body, then the ratio of decrease
of the length of the body to the original length is known as compressive strain.
•The ratio of change of volume of the body to the original volume is known as
volumetric strain.
•The strain produced by shear stress is known as shear strain.
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LINEAR ELASTICITY AND ELASTIC LIMIT

• When an external force acts on a body, the body tends to undergo some deformation.
If the external force is removed and the body comes back to its original shape and size
(which means the deformation disappears completely), the body is known as elastic
body.
• This property, by virtue of which certain materials return back to their original
position after the removal of the external force, is called elasticity. The body will regain
its previous shape and size only when the deformation caused by the external force, is
within a certain limit. Thus there is a limiting value of force up to and within which, the
deformation completely disappears on the removal of the force.
• The value of stress corresponding to this limiting force is known as the elastic limit of
the material.
• If the external force is so large that the stress exceeds the elastic limit, the material
loses to some extent its property of elasticity. If now the force is removed, the material
will not return to its original shape and size and there will be a residual deformation in
the material.
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HOOKE’S LAW

For elastic bodies, the ratio of stress to strain is constant and is known as 
Young's modulus or the modulus of elasticity and is denoted by E, i.e.,

Strain has no units as it is a ratio. Thus, E has the same units as stress.
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• Similarly, for elastic materials, the shear strain is found to be
proportional to the applied shear stress within the elastic limit.
Modulus of rigidity or shear modulus denoted by G is the ratio of
shear stress to shear strain, i.e.,

• The ratio between the volumetric (Identical) stress and the
volumetric strain is called Bulk modulus of elasticity and is denoted by
K.
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POISSON’S RATIO

The ratio of lateral strain to the longitudinal strain is a constant for a
given material, when the material is stressed within the elastic limit.
This ratio is called Poisson's ratio and it is generally denoted by μ or ν or
1/m. Hence mathematically,
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Longitudinal strain & Lateral strain:

Longitudinal strain = 

L 

L 
 

Lateral strain  

b

b
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d
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