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Strain

Simple Strain

Strain: s a measure of the deformation of the material which is subjected to an external load, and
its non-dimensional. The strain may divide into: 1) Normal strain. 2) Shear strain. If a bar is
subjected to a direct tension, the bar will change in length. If the bar has an original length “L” and
change in length by an amount “AL” the strain produces is defined as follows. Strain represents a
change in length divided by the original length, strain is dimensionless quantity. Strain assumed to
be constant over the length under certain condition: -

1. The specimen must be constant cross section.
2. The material must be homogenous.

3. The load must be axial, that is produces uniform stress.
1) Normal Strain: It is occurred due to normal stresses (tensile causes +ve strain and compressive

stress causes —ve strain).
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Where, ¢ is the normal strain (Epsilon)
L: Original length
AL: Change in length
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Stress-Strain Diagram

A stress-strain curve is a graphical depiction of a material’s behavior when subjected
to increasing loads. Stress-strain curves can be generated to investigate a material’s
behavior when any type of load (tensile, compression, shear, bending, torsion) is
applied. Stress-strain curves generated for tensile loads are important because they
enable engineers to quickly determine several mechanical properties of a material
including: modulus of elasticity (Young’s modulus), yield strength, ultimate
strength, and ductility. A stress-strain curve is obtained by conducting a tensile test
(a type of test where a load is continuously applied to a test specimen until it
fractures). A single tensile test can produce a stress-strain graph, which then allows
the following properties of a material to be obtained:

Young’s modulus

Yield strength

Ultimate tensile strength
Ductility

Poisson’s ratio

APl e

Stress-strain curves are generated automatically by modern tensile testing machines.
These machines continuously monitor and record the force applied to a test specimen
and the amount of deformation it experiences as a result of that load. The most
commonly used test methods for tensile testing and creating standardized stress-
strain curves are those issued by ASTM International. ASTM ES8 standardizes tensile
tests for metallic materials while ASTM D638 standardizes tensile tests for plastic
materials. Such Stress Strain diagrams are used to study the behavior of a material
from the point it is loaded until it breaks. Each material produces a different stress-
strain diagram.
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Point O on the diagram represents the original undeformed, unloaded condition of
the material. As the material is loaded, both stress and strain increase, and the plot
proceeds from Point O to Point A. If the material is unloaded before Point A is
reached, then the plot would proceed back down the same line to Point O. If the
material is unloaded anywhere between Points O and A, then it will return to its
original shape, like a rubber band. This type of behavior is termed Elastic and the
region between Points O and A is the Elastic Region. The Stress-Strain curve also
appears linear between Points O and A. In this region stress and strain are
proportional. The constant of proportionality is called the Elastic Modulus or
Young's Modulus (E).

E=Z or o=FE¢g (Hook’s law)
&
where: c is the stress (psi)
E is the Elastic Modulus (psi)
& 1s the strain (in/in)

Point B is called the Yield Strength (oy). If it is passed, the material will no longer
return to its original length. It will have some permanent deformation. This area
beyond Point B is the Plastic Region. Consider, for example, what happens if we
continue along the curve from Point B to Point C, the stress required to continue
deformation increases with increasing strain. If the material is unloaded the curve
will proceed from Point C to Point D. The slope (Elastic Modulus) will be the same
as the slope between Points 1 and 2. The difference between Points O and D
represents the permanent strain of the material. If the material is loaded again, the
curve will proceed from Point D to Point C with the same Elastic Modulus (slope).
The Elastic Modulus will be unchanged, but the Yield Strength will be increased.
Permanently straining the material in order to increase the Yield Strength is called
Strain Hardening. If the material is strained beyond Point C stress decreases as non-
uniform deformation and necking occur. The sample will eventually reach Point E
at which it fractures. The largest value of stress on the diagram is called the Tensile
Strength (TS) or Ultimate Tensile Strength (UTS). This is the most stress the
material can support without breaking.
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Typical tensile test machine
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- Hook’s law:
Can be defined as the linear relationship between stress and strain for a bar
under uniaxial tension or compression and can be expressed by

E = il or o=Eg&
£
where: c is the stress (psi)
E is the Elastic Modulus (psi)
£ is the strain (in/in)

The Units of E Is: Pa, Kpa, Mpa, Gpa

Its also called young modulus. The value of E is high for the stiff materials such
as:

Steel Es=200 Gpa
Aluminum Ea=70 Gpa
Wood Ew = 11 Gpa

Concrete Ec=4.7,/fc'
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Example: A Steel rod (E=200 GPa) has a circular cross section and is 10m long.
Determine the minimum diameter if the rod must hold a 30 kN tensile force without

deforming more than Smm. Assume the steel stays in the elastic region. Note, 1 GPa
=10’ Pa.

Solution: Knowing the initial length and the change in length permits the calculation

of strain.
1m
Al SMMGapaas)
o e 1000mm” _ ( 0005
Is 20m

In the elastic region, the stress o is directly proportional to the strain €, by the Modulus of
Elasticity, E

—=g=EF
Ao ag £

Rearranging, substituting values and converting units,

o = Eg = (200 GPa)0.0005 = 0.1 GPa = 0.1 x 10°Pa = 0.1 x 10° N/m?

. F . .
The definition of stress ¢ = - can be used to find the required cross section area.
o

1000N
) CF 30kN (T )_00003 , 1000mm, 1000mm, o,
76 T 01x10°N/m?2 " m*( m )( - ) = 300mm

The diameter, d, is solved from the area of a circle
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& = A4t 300mm2*47195
o= i'a TR T



