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Stress and Strain

Stress is the force an object generates inside by
responding to an applied external force, P. See Fig. Fig. 1
1. If an object receives an external force from the

top, it internally generates a repelling force to main-

tain the original shape. The repelling force is called -~
internal force and the internal force divided by the Mo
cross-sectional area of the object (a column in this
example) is called stress, which is expressed as a
unit of Pa (Pascal) or N/m?. Suppose that the cross-
sectional area of the column is A (m?) and the ex-
ternal force is P (N, Newton). Since external force
= internal force, stress, G (sigma), is:

External force, P

=% (Pa or N/m?)

Since the direction of the external force is vertical \———/

to the cross-sectional area, A, the stress is called
vertical stress.

When a bar is pulled, it elongates by AL, and thus
it lengthens to L (original length) + AL (change in
length). The ratio of this elongation (or contrac-
tion), AL, to the original length, L, is called strain,
which is expressed in € (epsilon):

Fig. 1

¢ = AL (change in length)
L (original length)

Strain in the same tensile (or compressive) direc- L .y
tion as the external force is called longitudinal ' -
strain. Since strain is an elongation (or contrac-

tion) ratio, it is an absolute number having no unit.

Usually, the ratio is an extremely small value, and

thus a strain value is expressed by suffixing “x10-°

(parts per million) strain,” “um/m” or “ug.”

Hooke’s law (law of elasticity)

In most materials, a proportional relation is found between stress and strain borne, as
long as the elastic limit is not exceeded. This relation was experimentally revealed by
Hooke in 1678, and thus it is called “Hooke’s law” or the “law of elasticity.” The stress
limit to which a material maintains this proportional relation between stress and strain
is called the “proportional limit” (each material has a different proportional limit and
elastic limit). Most of today’s theoretical calculations of material strength are based on
this law and are applied to designing machinery and structures.

Robert Hooke (1635-1703)

English scientist.Graduate of Cambridge University.Having an excellent talent especially
for mathematics, he served as a professor of geometry at Gresham College.He
experimentally verified that the center of gravity of the earth traces an ellipse around

the sun, discovered a star of the first magnitude in Orion, and revealed the renowned
“Hooke’s law” in 1678.
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The pulled bar becomes thinner while lengthen-
ing. Suppose that the original diameter, do, is made
thinner by Ad. Then, the strain in the diametrical
direction is:

—Ad

do
Strain in the orthogonal direction to the external
force is called lateral strain. Each material has a
certain ratio of lateral strain to longitudinal strain,
with most materials showing a value around 0.3.
This ratio is called Poisson’s ratio, which is

expressed in V (nu):

€2 =

v=‘8_2 =0.3
&1

With various materials, the relation between strain Fig. 3
and stress has already been obtained experimen-
tally. Fig. 3 graphs a typical relation between stress

and strain on common steel (mild steel). The re- %’it otional A~
gion where stress and strain have a linear relation

Elastic region:  Plastic region

o
is called the proportional limit, which satisfies the @
Hooke’s law. =
(45}
=B O _
oc=E-€ or e E

The proportional constant, E, between stress and
strain in the equation above is called the modulus :
of longitudinal elasticity or Young’s modulus, the Strain, €
value of which depends on the materials.

As described above, stress can be known through
measurement of the strain initiated by external
force, even though it cannot be measured directly.

Siméon Denis Poisson (1781-1840)
French mathematician/mathematical physicist. Born in Pithiviers, Loiret, France
and brought up in Fontainebleau. He entered I'Ecole Polytechnique in 1798 and
became a professor following Fourier in 1806. His work titled “Treaté du méchanique
(Treatise on Mechanics)” long played the role of a standard textbook.
Especially renowned is Poisson’s equation in potential theory in mass. In the
mathematic field, he achieved a series of studies on the definite integral and the
Fourier series. Besides the abovementioned mechanics field, he is also known in
the field of mathematical physics, where he developed the electromagnetic theory,
and in astronomy, where he published many papers.

Late in life, he was raised to the peerage in France. He died in Paris.
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Strain

Magnitude of Strain
How minute is the magnitude of strain? To under- Fig. 4 —_—
stand this, let’s calculate the strain initiated in an (approx. 1020kgf)
iron bar of 1 square cm (1 x 10#m?) which verti-
cally receives an external force of 10kN (approx.
1020kgf) from the top.

First, the stress produced by the strain is:

5 — P _ 10KN (1020kgf) _ 10x 10°N
A 1x10%m?(lem? 1x10*m?
= 100MPa (10.2kgf/mm?)

. . . . Iron bar (E = 206GPa
Substitute this value for G in the stress-strain rela- of 1 x10_£m2 R Sq_cm))

tional expression (page 5) to calculate the strain:

€= % = ;(0)21\(/5152 = 12%%); 11%69= 4.85x10+% Prefixes meaning powers of 10

Symbol Name Multiple
Since strain is usually expressed in parts per mil- G Giga- 10°
lion, M Mega- 108
- 48 _ -6 k Kilo- 103
€ =To00000 ~ 8> * 10 h Hecto- | 107
- 1
The strain quantity is expressed as 485um/m, ga g:';ia 18_1

—6 . -

485u€ or 485 x107° strain. . e o
m Milli- 108
Polarity of Strain £ i 107

There exist tensile strain (elongation) and compres-
sive strain (contraction). To distinguish between
them, a sign is prefixed as follows:

Plus (+) to tensile strain (elongation)
Minus (-) to compressive strain (contraction)

Young’s modulus

Also called modulus of elasticity in tension or modulus of longitudinal elasticity. With materials obeying Hooke’s law,
Young’s modulus stands for a ratio of simple vertical stress to vertical strain occurring in the stress direction within the
proportional limit. Since this modulus was determined first among various coefficients of elasticity, it is generally expressed
in E, the first letter of elasticity. Since the 18th century, it has been known that vertical stress is proportional to vertical
strain, as long as the proportional limit is not exceeded. But the proportional constant, i.e. the value of the modulus of
longitudinal elasticity, had been unknown. Young was first to determine the constant, and thus it was named Young’s
modulus in his honor.

Thomas Young (1773-1829)

English physician, physicist and archaeologist. His genius early asserted itself and he has been known as a pioneer in
reviving the light wave theory. From advocating the theory for several years, he succeeded in discovering interference of
light and in explaining Newton’s ring and diffraction phenomenon in the wave theory. He is especially renowned for
presenting Young’s modulus and giving energy the same scientific connotation as used at the present.
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