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Helps in understanding
behavior of materials
under different forces.

Essential in ¢ivil,
mechanical, aeraspace
and other enginearing
applications.

Important for
MEET, JEE &
Board Exams.

[ KEY TAKEAWAYS |

o/ Stress s internal resisting
force per unit area.

+/ Strainis deformation
per unit ariginal
dimension.

»'  Within elastic limit,
stress o strain.

+/ Different moduli describe
different elastic properties
of materials.

COMMON SYMBOLS | |&

Force (W)
A Area (m?)
L Criginal length {m)

AL Change in length {m)
- Stress (Pa)

£ Strain (dimensionless)
Y Young's Modulus (Pa)
K Bulk Modulus (Fa)

i Shear Maodulus (Pa)

u Poisson’s Ratio

¥ Shear strain

-
Bl stress )

Stress is the internal resisting

a body when external force is
applied.

Unit : Pascal (Pa) = N/m?
Types of Stress

= Normal {Yensile) Stress :
Pulling force
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Pushing force
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force per unit area developed in

= Normal (Compressiva) Stress :

» Shear Stress ; Tangential force

Strain iz the deformation per unit
original dimension,

(i} Linear Strain {Longitudinal)

L
L

(i} Volumetric Strain

AV
S,.=T

{iii} Shear Strain

['}' =tan & = £ (in radj.ans}l]

Where,

AL = Change in length
L = Qriginal length

AV = Change in volumea

¥ = Original volume

'B sutx MobuLus (k)

Ratio of volumetric stress to
volumetric strain.
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Unit : Pascal (Pa}
Larga K — Less comprassible

Where, AP = Increase in pressure

Example : Water 2 2.2 x 10% Pa

[ roisson's RaTio () |

Ratio of lateral strain to
lengitudinal strain,

Key Concepts
at a Glance

B3 stram o)

MECHANICAL
PROPERTIES
OF SOLIDS

B} Hooke's Law

Within elastic limit, stress is
directly praportional 1o strain.
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Where, Y is Young's Madulus
(Medulus of Elasticity}

Stress-Strain Curve

£ {Strain)
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A-P : Elggtic Limit

E & Elastic Limit

B : Breaking Point

Q-4 : Proportional Limit

P-E : Linear {Hookean) Region

U Ultirmate Stress Poant

Erternd |
B TE oo
L Erangitichnal |
Where, minus sign shows that
lateral strain is oppasite in
rature to longhtudinal strain,

For most materlals: 0 < p< 0.5
Typical valua for metals = 0.3

distance r from axis is :

Where,

m TORSIONAL (TWISTING) STRESS

When a cylinder of length L and radius R is
twisted by torque (T}, the shear stress ata
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J = Pglar moment of inertia =
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!ﬂ RELATION BETWEEN MODULI ¢For 1sotropic Materials)

| Relation between Y, K and u
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Relation between Y and n
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K resiLience

Reszilience is the ability of a material to
absorb energy within elastic limit.
Modulus of Resilience (L) = Strain energy
perunit volume

MECHANICAL PROPERTIES OF SOLIDS

- KEY CONCEPTS AT A GLANCE B

3 vounc's moouLus v

Ratio of longitudingl stress to
longitudinal strain.

Unit : Pascal (Pa)

Large ¥ =+ Stiffer material

Etarmple- Svues {Approx.)

Material ¥ {Pa)
Steel 2.0 x 10"
Aluminium 7.0 x 1010
Copper 1.1 % 101
Glass 5.0 x 10'°
Rubber 10 x 107
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B sHear mouLus ()

Ratio of shear stress to shear strain.

FfA

¥

Unit : Pascal (Pa)

Large n — More resistaat
to shape change

| B0 STRAIN ENERGY (witin tastic imit) |
|

Weork done in deforming a body
is stored as strain energy.

(i} For awire (length L, area A)

1 1
l U=1PAL=1oeaL ]
{ii} For volume V'
ot I
[ U-zosv- Q}sV ]

Unit : Joule {J)

‘ RE] oucTiLITY, MALLEABILITY & BRITTLENESS |

= Ductility : Ability to be drawn into wires.

= Malleability : Ability to be beaten into sheets.

» Brittleness : Tendency to break without
significant deformation.

{Maimurm shear ﬂ?;: a= R) | Up= 5 ae= 3 Vel | These properties depend on the atomic bonding
4 T 7 T T | Unit : Joule per cubic metre (J/m™) | and crystal structure.
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