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Topics to Study
* Basic Elasticity
» Stresses
« Strain
» Stress-Strain Relationship
* Volumetric Strain
» Strain Energy
* Thermal Stress
» Compatibility Egqn and Airy St
* Axially loaded Member
» Torsion of Shaft
* Beam

SFBM Diagram
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* Thin Shell (Cylindrical and Spherical Shell)

* Buckling of Column (Euler Buckling Theory)
* Theory of Failure
Ref: Mechanics of Material by GERE

Aircraft Structures by Megson (1% Two Chapter)

liTians GATE CLASSES

BANGALORE

Visit us: wwwi.iitiansgateclasses.com
Mail us: info@iitiansgateclasses.com

Contact- 9740501604



I ITi ans G AT E :;'I,:Ia\lrésAchT:ECLASSEs
C L A S S E S Visit us: wwwi.iitiansgateclasses.com

Mail us: info@iitiansgateclasses.com
EXxcLUSIVE GATE CoACHING BY lIT/lISc GRADUATES

A division of PhIE Learning Center

BASIC ELASTICITY
Topics:-

1. Stresses

Strains

Stress-strain relationships
Volumetric Strain

Strain Energy

Thermal Stress
Compatibility equations
Airy stress function
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Force Displacement
Equilibrium Strain-displacement
eqtn relations
Stress Strain

Stress-Strain relations
(Constitutive relation)
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e Stress

When a body undergoes deformation under the application of e
force is induced within the body. The intensity of force, i.e. resto
stress. ’

stress (o) =

Consider an arbitrary shaped body subjected to se
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Under complex loading, for any given small area A the resultant force can
resultant force (here stress) is resolved in two components.

at any inclination. This

Normal Stress: - (Normal to plane)

o= lim
5A-0

Shear Stress: - (Parallel to plane)

Stress is a tensor quantity (2nd order tens

which it acts.
Normal stress (o) can be tensile or co in nature depends on loading.

Generally, normal stress pointing
normal stress pointing towards t

ne or section is considered as tensile stress (+ve) while
or section is considered as compressive stress (-ve).

—Normal stress is also ter Ct stress.
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e Notation and Direction of stresses

In tonsorial notation the stress is generally termed as Oj; or 7jjtwo suffix, order tensor, where

| — Indicates plane in which it acts

j — Indicates direction of action

AY
———°
| A
| -
| 2t
} - - g >
[
AZ

In above figure plane ABCD
structure’. The nor
and T; in z-dir

Some time, o, is als ed with o, (singleo,).
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Direction:-

The normal stresses are defined as positive when they are directed awa

Direction of shear stress depends on the corresponding directio

If the tensile stress is in positive direction of the axis (
positive in other two positive direction of axis (y and z),
(say -x), then corresponding positive shear stress are in ¢
and -z).
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e Stresses in 3-D Body

If any 3D body is subjected to external load it undergoes def include strains and

stresses. Consider a small (infinitesimal) particle of a 3-D body.
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There are 3-pla partial (X, Y, Z). In each plane (one normal stress and two shear stress).

There are total 9-str. n a 3-D body. In terms of matrix,
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O ny Oy
[G] = ny ny Gyz
_sz Gzy O, |

—Row indicate plane

—Column indicate direction
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0 Stresses in 2-D Body
Consider a plate of unit thickness as shown
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o Equations of Equilibrium

For 2-D stress system
Consider the variation of stress along the element as well. Let th
and Y per unit volume.

x and y directions are X

= Taking moments an axis through the centre of the element parallel to the z-axis,
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> My, =0 (Anti-clockwise moment direction is taken as positive)

dx 00y dx dy 00yx dy _
(oxydy) —+ (oxy + 6—Xydx) dy—- — Oyxdx = — (oyx + a—;dy) dx—-=0
Ignoring higher order term and dividing by dx.dy;

Oxy = Oyx

Above expression shows that shear stresses are of ¢
plane, shear stresses has same magnitude and eithe
each other. :

nature and on two perpendicular
h each other or will go away from

Now Force Equilibrium

= Considering the equilibrium of the elemer

lon, Y F,=0

00y yx
(0X+—de>dy— +—=—dy | dx — 0, dx + Xdxdy = 0

; 00yx
—dx Jdy + Wdy dx +Xdxdy =0

Similarly,
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file] do
2L+ +Y=0
ay ax

—These above two equations are equilibrium equations for stresses in

0 For 3-D stress system
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Problems

1.

The components of stress in a body under plane stress condition, in the absence of body
forces, 1s given by:

Oy = Ax?; 0y, = 12x% — 6y* and gy, = 12xy.

The coefficient, A, such that the body is under equilibrium is (accurate to one decimal
place).

Sol.
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