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Volumetric Strain or Dilatations

= Volumetric strain occurs only due to normal stress.
= Shear stress causes only distortion and has no change in volume.

Change in volume to original volume due applied normal stresses is known as volumetric
strain. :

_ changeinvolume _ AV

origional volume %

Consider a triaxial stress system as shown in the figu
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Fina f cuboids in X, y and z directions are given by
Ax' = (1+e,) Ax
Ay’ = (1+ey) Ay

Az = (1+€,) Az

Contact- 9740501604



liTians GATE | v
C L A S S E S Visit us: wwwi.iitiansgateclasses.com

Mail us: info@iitiansgateclasses.com

EXcLUSIVE GATE CoACHING BY lIT/lISc GRADUATES

A division of PhIE Learning Center

Final volume of cuboids
AV' = Ax'. Ay'.AZ'

Initial volume of cuboids

V =Ax.Ay. Az
Volumetric strain
vi-v
g=—o0
14

o= (1+ex)Ax(1+€y)Ay(1+€;)Az—AxAy
AxAyAz

Neglecting the higher order term of small quantities

Substituting strain in terms of stress *

For hydrostatic loading (pressu

=0, =0, =- P (if itis inwards)

o= -3(1-2V)P
E
_ E
T 3(1-2v)
Her wn as Bulk modulus of elasticity and is measure of compressibility of solid
P
SLSe=-—
K

Value of v is limited between, -1 <v >05

Upper limited is decided by Bulk modulus and lower limit is decided by Modulus of rigidity G
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Problems

1.
The Poisson’s ratio for a perfectly mmcompressible linear elastic matenal 1s

(A) 1 (BY0.5 (C) 0 (D) infimty
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The value of Poisson’s ratio at which the shear modulus of an isotropic material is
equal to the bulk modulus is
(4) A
2
(B) 4
4
(C) ) ¥
6
(D) 1
8
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A cube made of a linear elastic isofropic matenal is subjected to a uniform hydrostatic pressure of
100 N/mm’. Under this load, the volume of the cube shrinks by 0.05%. The Young's modulus of

the matenal, E = 300 GPa. The Poisson's ratio of the matenalis

LN o

1

PR 1.4\40{\(0&%wﬁc pverg Uyt P = 160 N pank
&0 (Ve S

Ud bt @7 cube Shri. by 005 7
\/M.MMV\C Shaln €z - ~(53" :_g.cmpg"”
Yord ¢ oty T = g O’P"\
LDe)(quO e & g ? (' LV)P

_ /Q’U'”v} X 3-058’
A0-08D5 =5 A
0.8 = Llany

v= 0.25

Contact- 9740501604



lITians GATE | [t
BANGALORE

‘ L A S S E S Visit us: wwwi.iitiansgateclasses.com

Mail us: info@iitiansgateclasses.com

EXcLUSIVE GATE COACHING BY lIT/lISc GRADUATES
A division of PhIE Learning Center

4,
A rod 15 subjected to a um-axial load within hinear elastic limt. When the change i the siress 1s
200 MPa, the change n the strain is 0.001. If the Poisson’s ratio of the rod 15 0.3, the modulus of
ngdity (in GPa) 15
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If the Poisson's ratio of an elastic material 1s 0.4, the ratio of modulus of nmdity to Young's
modulus 15
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6.

The number of mdependent elastic constants required to define the stress-strain relationslup for an
1sotropic elastic solid 1s

7.
A thin plate with Young's modulus 210 GPa and Poisson’s ratio 0.3 1s loaded as shown in
the figure. The change in length along the y-direction is mm (round off to 1
decimal place).
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8.

A seuare plate of dimension L = L is subjected to a uniform pressure load p =250 MPa on its
edges as shown in the figure. Assume plane stress conditions. The Young's modulus E= 200 GPa.
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The deformed shape is a square of dimension L — 2 5. If L = 2 m and § = 0.001 m, the Poissen’s
ratio of the plate material is
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Thermal Stresses

Mechanical + Thermal loading for a 3-D stress system

Strain due to thermal loading will be same in all the directions.
€xr = €yr = €7 = aAT
Total strain will be summation of thermal strain + mechanical strain.
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Thermal strain:-
€xr = €yr = €7 = aAT

If component is subjected to both mechanical and thermal loading,
E=€Ey+Er

So,
€Ex = €Expm T ExT

Ex:%-g(o'y+0'2)+a’AT ---------
oy v
yz?y-g(ax+az)+aAT
_0; v
EZ_EZ-E(Jx+0'y)+0{AT

Case (1) only thermal loading and there is no constrai all directions)

=% _2(0+0) + aAT
E E

oyr = — EaAT

€y = €,= -—(0y) + alT
= - g(— EaAT) + aAT
€, =€, = (1+v) aAT

1ly thermal loading and constraint in x & y directions
ox=0,%#0, 0,=0
€Ex= €,=0€,#0
From equations (1) & (2),

0 =%—%(Jy) + aAT
&
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=y v
0= B E(Jx)+aAT

EaAT

SO Oyr =0y =-T

And from equation (3),

€, =( %) alAT
Case (4) only thermal loading and constraint in X, y & z directions
oy =0y,=0,#0

So from equations (1), (2) and (3),
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Problems

1.

In a general case of a homogeneous material vnder thermo-mechanical loading the pumber of
distinct components of the state of stress s

(A)3 (B)4 )3 (D) 6

.

A steel cube, with all faces free to deform, has Young’s modulus, E, Poisson’s ratio, v, and
coefficient of thermal expansion, a. The pressure (hydrostatic stress) developed within the cube,
when it'1s subjeeted to a uniform increase in temperature, A7, 1s given by

T\E T\E a(AT)E

A solid steel cube constrained on all six faces i1s heated so that the temperature rises uniformly by
AT. If the thermal coefficient of the material is a. Young's modulus is E and the Poisson’s ratio

is U. the thermal stress developed in the cube due to heating is

_ 2 g
_a(AT)E @) _2ADE (¢ _3UADE o) - LADE
(1-2v) (1-2v) (1-2v) 3(1-2v)

(A)
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A steel bar of rectangular cross-section is heated uniformly and the rise in the temperature is AT. The

Young's modulus is £, the Poisson's ratio is v and the coefficient of thermal expansion is @ The bar is
completely restrained in the axial direction and lateral directions.

(a) The thermal stress developed in the bar along the axial direction is

EaAT EaAT EcATv
= i D) -
W e (B) -EaAT © 1-2v O T

(b) Assume that the bar is allowed Lo deform freely in the laleral directions, while keeping the axial
direction restrained. The percentage change in the magnitude of axial thermal stress for v=10.25 is
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> Strain energy

When a body structure undergoes deformation, strain energy is stored in the structure.
It is the summation of volumetric strain energy and shear strain energy.

U=U, + U,

Strain energy density:

Strain energy per unit volume is known as strain energy density
Consider a 3D stress system as shown in the figure
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Strain energy density due to normal stress

_1
- Uy _E(Jx Ex"'o'y Ey"'o'z Ez)

1

- uv = E[J’? + 0')% + O'ZZ '219(0.x0.y+0.y0.2+0.ZJX)]

E

= sroyazey [(L-0): (EX + €] + €7) + 20(Ex €€y €,+€,6,)]

—)uv

Strain energy density due to shear stresses:

1
- Us = E(Txyyxy T TyzVyz TaxVax)
> = yvE v v )
s = 7Wxy T Vyz Zx

=Strain energy = strain energy densityxvol

Here p is pressure loading

Problem

A solid steel sphere (E = 210 GPa, = 0.3) is sub-
jected to hydrostatic pressure p such that its volume is
reduced by 0.4%.

{a) Calculate the pressure p.

(b) Calculate the volume modulus of elasticity K for
the steel.

(c) Caleulate the strain energy U stored in the sphere if
its diameter is d = 150 mm.

(a) p = 700 MPa: (b) K = 175 GPa;
() U=24701]
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Sol

E=210GPa v=03
Hydrostatic Pressure. V, = Initial volume
AV = 0,004V,

AV
Dilatation: ¢ = —— = (.04

(]

(a) PRESSURE

N 3og(1 = 21)
E
E-
or %=1 — =700 MPa
- = &
= 700 MPa 4=

€

Pressure p = o,

L]
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(b) VOLUME MODULUS OF ELASTICITY

oy 700 MPa
g 0.004

-

=175GPa +—

() STRAIN EXERGY (d = diameter)

d=150mm r=75mm
From Eq. (7-57Tb) witheor, = & = o_ = @
31 = e

H= T = .40 MPa

4ar’
b= : = 1767 x 107" m*

U=V, =2470N-m=2470] o=
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IGC Live GATE Online Class Room Coaching

o Live online Classes for all subjects including mathematics and aptitude by subject
experts (IIT/IISc Fellow)

e Good Study Material (e-form)

e Topic-wise assignments (e-form)

e 80+ online Exam

o Course completion at-least one in advance of GATE-2021

e Scholarship for GATE Qualified student and Class/Univ. To

e Guaranty of best learning

e Complete Guidance for GA
e Online doubt clearing sessi

o IGC provide
e IGC have

e tests to practice well before appearing for GATE.
test series in 4 parts.

lITians GATE CLASSES: GATE Online AE | ME | ECE | EEE | INE | CSE Coaching
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Register for classes - https://iwww.iitiansgateclasses.com/register-for-classes.aspx
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