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1. Stress and Strain

Theory at a Glance (for IES, GATE, PSU)
1.1 Stress (o)

When a material is subjected to an external force, a resisting force is set up within the component. The
internal resistanceforce per unit area acting on a material or intensity of the forces distributed over a given

section is called the stress at a point.

® It uses original cross section area of the specimen and also known as engineering stress or

conventional stress.

Therefore, 0 = —
A

® P is expressed in Newton(N) and A, original area,in square meters (m2), the stress o will be

expresses in N/ m2. This unit is called Pascal (Pa).

® As Pascal is a small quantity, in practice, multiples of this unit is used.

1 kPa =103 Pa = 103 N/ m?2 (kPa = Kilo Pascal)
1 MPa =106 Pa =106 N/ m2 = 1 N/mm?2 (MPa = Mega Pascal)
1 GPa =109 Pa = 109 N/ m2 (GPa = Giga Pascal)

Let us take an example: A rod 10 mm X10 mm cross-section is carrying an axial tensile load 10 kN. In

this rod the tensile stress developed is given by

3
(a,)z’o 0V 1010V _ 4 oonimm? =100MPa

A (10/77/77><10/77/77) 100 7m?

® The resultant of the internal forces for an axially loaded member is

normal to a section cut perpendicular to the member axis.

® The force intensity on the shown section is defined as the normal stress.

. AF
o=Ilm— and o,,=—
2A-0 AA avg A
® Stresses are not vectors because they do not follow vector laws of
addition. They are Tensors.Stress, Strain and Moment of Inertia are
second order tensors.

¢ Tensile stress (oy)
If 0 > O the stress is tensile. i.e. The fibres of the component

tend to elongate due to the external force. A member

subjected to an external force tensile P and tensile stress

distribution due to the force is shown in the given figure.
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¢ Compressive stress (o) l
If 0 < 0 the stress is compressive. i.e. The fibres of the |
component tend to shorten due to the external force. A
member subjected to an external compressive force P and

compressive stress distribution due to the force is shown in

the given figure.

® Shear stress (7)

When forces are transmitted from one part of a body to other, the stresses

developed in a plane parallel to the applied force are the shear stress. Shear
stress acts parallel to plane of interest. Forces P is applied
transversely to the member AB as shown. The corresponding

internal forces act in the plane of section C and are called shearing l T

P —
forces. The corresponding average shear stress (T) = A_ '
rea

1.2 Strain (g)

Thedisplacement per unit length (dimensionless) is

known as strain.

. €0 / . o

The elongation per unit length as shown in the |“—"“DALI“"_

figure is known as tensile strain.

et = AL/ Lo

L » P

It is engineering strain or conventional strain.

Here we divide the elongation to original length

not actual length (Lo + A 1) | L=Lo + AL

Sometimes strain is expressed in microstrain. (1 pstrain = 109) eg. a strain of 0.001 = 1000 pstrain)

Let us take an example: A rod 100 mm in original length. When we apply an axial tensile load 10 kN the

final length of the rod after application of the load is 100.1 mm. So in this rod tensile strain is developed

and is given by

(%)Z&: L—L, _ 100.1mm —100 mm _ 0.1mm
L L, 100 mm 100 mm

0

=0.001 (Dimensionless) Tensile

¢ Compressive strain (£ )
If the applied force is compressive then the reduction of length per unit length is known as

compressive strain. It is negative. Then e. = (-AL)/ L,
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