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3.1

3.2

3.3

3.4

3.5

A circular shaft subjected to twisting moment
results in maximum shear stress of 60 MPa. Then
the maximum compressive stress in the material is
(@) 30MPa (b) 60 MPa
(c) 90 MPa (d) 120MPa

[ESE : 2003]

Consider a two dimensional state of stress given

for an element as shown inthe diagram given below:
100 MPa

!

!

200 MPa
EedIN 002

X
100 MPa
What are the coordinates of the centre of Mohr's

circle?
@ (0,0)
(c) (200, 100)

(b) (100, 200)
(d) (50.0)
[ESE : 2004]

At a point in two-dimensional stress system
o, =100 N/mm? 6 =t =40 N/mm? Whatis the
radius of the Mohr circle for stress drawn with a
scale of Tcm = 10 N/mm?.

(@ 3cm (b) 4cm

(c) 5cm (d) 6cm [ESE:2005]

Normal stresses of equal magnitude o, but of
opposite signs, act at a point of a strained material
in perpendicular direction. What is the magnitude
of the stress on a plane inclined at 45° to the
applied stresses?
(@ 2o

(c) o4

(b) o/2

(d) Zero  [ESE:2005]

Match List-1 (State of stress) with List-1l (Kind of
loading) and select the correct answer using the
codes given below the lists:

Principal Stresses and

3.6

3.7

Strains and Mohr’s Circle

List-I
A. B. & | -
1 I
A o
j PE—
List-1

1. Combined bending and torsion of circular
shaft

2. Torsion of circular shaft

3. Thincylinder subjected to internal pressure

4. Tie bar subjected to tensile force

Codes:

A B C D
@ 2 1 3 4
b) 3 4 2 1
© 2 4 3 1
@ 3 1 2 4 [ESE : 2006]

A body is subjected to a pure tensile stress of
100 units. What is the maximum shear produced
in the body at some oblique plane due to the
above?

(@) 100 units
(c) 50 units

(b) 75 units
(d) O units [ESE : 2006]

In a strained material, normal stresses on two
mutually perpendicular planes are 6, _and o, (both
alike) accompanied by a shear stress t,,. One of
the principal stresses will be zero, only if

0, X0,

(b) T, =0,X0,

@) 1,, =40 +0%,

[ESE : 2006]
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3.8 InaMohr'scircle, theradius of the circle is taken as

@ J{G — Jz #(ry)
) \/{G = ]2 #(ey)

_ 2
© J—(G" 2 (e,

2
2
@ \/(Gx -0y~ (zy)
where, 6 _and o are normal stresses alongx and y

directions respectively, and 1, is the shear stress
[ESE : 2006]

3.9 Principal strains at a point are +100 x 10-% and
-200 x 106, What is the maximum shear strain at
the point?

(a) 300x10°
(©) 150 %107

(b) 200 x 106
(d) 100 x 1076
[ESE : 2006]

3.10 In a strained material one of the principal stresses
is twice the other. The maximum shear stress in
the same case is 1., Then, what is the value of
the maximum principal stress?

(a) Tmax (b) 2Tmax

©) 41, (d) 8t [ESE:2007]

3.11 For a general two dimensional stress system, what
are the coordinates of the centre of Mohr's circle?

6, +0

x Yy Y
€) 5 0 (0) 0, =
o, +0 O, —O
X Yy X Yy
(© > .0 d o, >
[ESE : 2007]

3.12 Maximum shear stress in a Mohr's Circle
(@) is equaltoradius of Mohr's circle
(b) is greater than radius of Mohr's circle
(c) is less than radius of Mohr's circle
(d) could be any the above [ESE : 2008]

3.13 The principal stresses at a point in two-
dimensional stress system are ¢, and ¢, and
corresponding principal strains are €, and e,,. If E
and pdenote Young's modulus and Poisson's ratio,
respectively, then which one of the following is
correct?

(@ o=CEe,

(b) O=—— 2[£1+|.L82]
E

© °= 12 e —ney]

(d) o=E(g,-ney) [ESE : 2008]

3.14 A point in a two dimensional state of strain is
subjected to pure shearing strain of magnitude
Y,, radians. Which one of the following is the
maximum principal strain?

Yy
@ v, (b) N
(©) %‘y (d) 2y,  [ESE:2008]
3.15 Consider the Mohr's circle shown below:
T
_ >0

What is the state of stress represented by this
circle?

@ o= o,# 0, Ty = 0 (b) o= c,= 0, Ty #* 0

() =0, o, = ‘ny;ﬁo (d) o %0, 0,=T,= 0
[ESE : 2008]

3.16 Assertion (A): Mohr's construction is possible for
stresses, strains and area moment of inertia.
Reason (R) : Mohr's circle represents the
transformation of second-order tensor.

(@) both A and R are true and R is the correct
explanation of A

(b) both A and R are true but R is not a correct
explanation of A

(c) Aistrue but R is false

(d) Ais false but R is true [ESE : 2009]

3.17 Consider the following statements :

1. Two-dimensional stresses applied to a thin
plate in its own plane represent the plane
stress condition.

2. Under plane stress condition, the strainin the
direction perpendicular to the plane is zero.

3. Normal and shear stresses may occur
simultaneously on a plane.
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Which of these statements is/are correct?
(@ 1only (b) Tand?2
(c) 2and 3 (d) 1and 3 [ESE :2009]

3.18 The principal strains at a point in a body, under

3.19

biaxial state of stress, are 1000 x 1076 and
- 600 x 1076, What is the maximum shear strain
at that point?
(a) 200 x 106
(c) 1000 x 1076

(b) 800 x 1076
(d) 1600 x 1076
[ESE : 2009]

0

)

()
A point in two-dimensional stress state, is

subjected to biaxial stress as shown in the above
figure. The shear stress acting on the plane ABis
(@) Zero b) o
() ccos?e (d) osind. cos 6

[ESE : 2010]

3.20 If the principal stresses and maximum shearing

3.21

stresses are of equal numerical value at a point
in a stressed body, the state of stress can be
termed as
(@) Isotropic
(c) Pureshear
(d) Generalized plane state of stress

[ESE : 2010]

(b) Uni-axial

Arectangular strain rosette, shown infigure, give
following readings in a strain measurement task
g, =1000 x 10, &, =800 x 10°and e, = 600 x 10°°.
The direction of the major principal strain with

respectto gauge 1is
y

S

@ o (b) 15°

(© 30 (d) 45° [ESE : 2011]

3.22 What are the normal and shear stresses on the

45° planes shown?
T =%400 MPa

45°

45°

a) o,=-0,=400MPaandt=0
b) 6,=0,=400MPaandt=0
c) o,=0,=-400MPaandt=0

d) o, =0,=1=+200MPa [ESE : 2011]

3.23 A piece of material is subjected to two

perpendicular tensile stresses of 70 MPa and
10 MPa. The magnitude of the resultant stress on
a plane in which the maximum shear stress
occursis

(@ 70MPa
(©) 50MPa

(b) 60MPa
(d) 10MPa
[ESE : 2012]

3.24 Statement (I): Mohr's circle of stress can be

related to Mohr's circle of strain by some constant

of proportionality.

Statement (I): The relationship is a function of

yield strength of the material.

(@) Both Statement (I) and Statement (ll) are
individually true and Statement (ll) is the
correct explanation of Statement (1)

(b) Both Statement (I) and Statement (ll) are
individually true but Statement (I1) is NOT the
correct explanation of Statement ()

(c) Statement (1) is true but Statement (I1) is false

(d) Statement (1) is false but Statement (I1) is true

[ESE : 2012]

3.25 The state of plane stress at a point in a loaded

member is given by :
c, = +800 MPa,
T, =400 MPa

The maximum principal stress and maximum

shear stress are given by :

(@ o, =800MPaandr, . =400MPa

(b) o, =800MPaandr,_. =500MPa

G, = +200 MPa
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(€ o, =1000MPaandrt, . =500MPa
(d) o,,,=1000MPaandr,,, =400 MPa
[ESE : 2013]

3.26 Mohr's circle construction is valid for both stress,
as well as the area moment of inertia because :
(@) Both are tensors of first order
(b) Both are tensors of second order
(c) Both are axial vectors
(d) Both occur under plane stress condition
[ESE : 2013]

3.27 Two principal tensile stresses of magnitude 40 MPa
and 20 MPa are acting at a point across two
perpendicular planes. An oblique plane makes
an angle of 30° with the major principle plane.
The normal stress on the oblique plane is

(a) 8.66 MPa (b) 17.3MPa
(c) 35.0MPa (d) 60.0MPa
[ESE : 2014]

3.28 The state of stress at a point under plane stress
condition is
o, =60MPa, 6, =120 MPa and 1, = 40 MPa
The radius of Mohr's circle representing the given
state of stress in MPa is
(@) 40 (b) 50
(c) 60 (d) 120

[ESE : 2014]

3.29 Which of the following figures may represent
Mohr's circle?

[ESE : 2014]

3.30 IfMohr's circle is drawn for the shear stress developed
because of torque applied over a shaft, then the
maximum shear developed will be equal to

(@) diameter of the Mohr's circle
(b) radius of the Mohr's circle

3.31

3.32

3.33

3.34

3.35

(c) half of the radius of the Mohr's circle
(d) 1.474 times radius of the Mohr's circle
[ESE : 2014]

A system under biaxial loading induces principal
stresses of 100 N/mm? tensile and 50 N/mm?
compressive at a point. The normal stress at that
point on the maximum shear stress plane is

(a) 75 N/mmZ2tensile

(b) 50 N/mm?compressive
() 100 N/mm?2tensile

(d) 25 N/mmZ2tensile [ESE : 2015]
In a biaxial state of stress, normal stresses are
o, =900 N/mm? o = 100 N/mm?and shear stress
T = 300 N/mm?. The maximum principal stress is
(a) 800 N/mm? (b) 900 N/mm?

(c) 1000 N/mm? (d) 1200 N/mm?

[ESE : 2015]

The state of stress at a point in a body is given
by 6, = 100 MPa and 6, = 200 MPa. One of the
principal stresses ¢, = 250 MPa. The magnitudes
of the other principal stress and the shearing
stress 1, are respectively

a) 5043 MPaand 50 MPa
b) 100 MPa and 50,/3 MPa
c) 50 MPaand 50,/3 MPa

(
(
(
(d) 5043 MPaand 100 MPa

[ESE : 2015]

The magnitudes of principal stresses at a point
are 250 MPa tensile and 150 MPa compressive.
The magnitudes of the shearing stress on a plane
on which the normal stress is 200 MPa tensile
and the normal stress on a plane atright angle to
this plane are

50/7 MPa and 100 MPa (tensile)
100 MPa and 100 MPa (compressive)

50v7 MPa and 100 MPa (compressive)
100 MPa and 50v/7 MPa (tensile)

[ESE : 2015]
The state of stress at a point is given by
o, = 100 MPa and ¢, = -50 MPa and
Ty = 100 MPa. The centre of Mohr's circle
and its radius will be

a
b

c
d

- ==

(
(
(
(

=
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3.36

3.37

3.38

3.39

@ (o, =75MPa, Ty = 0) and 75 MPa
(b) (o, =25MPa, Ty = 0) and 125 MPa
(©) (o, =25MPa, Ty = 0) and 150 MPa
(d) (o, =75MPa, Ty = 0) and 125 MPa
[ESE : 2015]

Consider the following statements related to

Mohr's circle for stresses in case of plane stress:

1. The construction is for variations of stress in
a body.

2. The radius of the circle represents the
magnitude of the maximum shearing stress.

3. The diameter represents the difference
between the two principal stresses.

Which of the above statements are correct?

(@ 1,2and3 (b) 2and 3 only
(c) 1and 3only (d) 1and2only

[ESE : 2015]
At a point in a body, &, = 0.0004 and

g, = -0.00012. If £ =2 x 10° MPa and u = 0.3,
the smallest normal stress and the largest
shearing stress are

(@) 40 MPa and 40 MPa

(b) 0 MPa and 40 MPa

(c) 80 MPa and 0 MPa
(

)
d) 0MPaand 80 MPa [ESE : 2015]

Two strain gauges fixed along the principal
directions on a plane surface of a steel member
recorded strain values of 0.0013 tensile and
0.0013 compressive respectively.

Given that the value of £ = 2 x 10° MPa and
p = 0.3, the largest normal and shearing stress
at this point are

(@) 200 MPa and 200 MPa

(b) 400 MPa and 200 MPa

(c) 260 MPa and 260 MPa

(d) 260 MPa and 520 MPa [ESE : 2015]

The state of stress at a point when completely
specified enables one to determine the
1. maximum shearing stress at the point
2. stress components on any arbitrary plane
containing that point
Which of the above is/are correct?
(@) 1only (b) 2 only
(c) Both 1 and 2 (d) Neither 1 nor 2
[ESE : 2016]

3.40 A body is subjected to a direct tensile stress of

3.41

3.42

3.43

3.44

3.45

300 MPa in one plane accompanied by a simple
shear stress of 200 MPa. The maximum normal
stress on the plane will be

(@) 100 MPa (b) 200 MPa
(c) 300 MPa (d) 400 MPa

[ESE : 2016]
A metal piece under the state of stress of three

principal stresses 30, 10 and 5 kg/mm? is

undergoing plastic deformation. The principal

strain rates will be in the proportions of

(@ 15,-5and-10 (b) -15,5and-10

(c) 15,5and 10 (d) =15, -5and 10
[ESE : 2016]

A state of plane stress consists of a uniaxial
tensile stress of magnitude 8 kPa, exerted on
vertical surfaces and of unknown shearing
stresses. If the largest stress is 10 kPa, then the
magnitude of the unknown shear stress will be

(@) 6.47 kPa (b) 5.47 kPa
(c) 4.47 kPa (d) 3.47 kPa

[ESE : 2018]
The principal stresses at a point in an elastic

material are 60 N/mm? tensile, 20 N/mm? tensile
and 50 N/mm? compressive. What is the
volumetric strain by considering Young's Modulus
as 100 x 103 N/mm? and u = 0.3?
(@) 1.20 x 10 (b) 1.06 x 10°°
(c) 1.30 x 1073 (d) 1.12 x 102

[ESE : 2021]
The stresses on two perpendicular planes through
a point in a body are 160 MPa and 100 MPa,
both compressive, along with a shear stress of
80 MPa. What is the normal stress on a plane
inclined at 30° to the plane of 160 MPa stress?

(a) -42.4 MPa (b) -75.7 MPa
(c) -59.1 MPa (d) -86.3 MPa

[ESE : 2021]
When a body is acted upon by pure shear

stresses on two perpendicular planes, the planes

inclined at 45° are subjected to

(@) a tensile stress of magnitude equal to that
of the shear stress

(b) a compressive stress of magnitude equal to
that of the shear stress
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(c) a torsional stress of magnitude equal to that
of the shear stress

(d) a bending stress of magnitude equal to that
of the shear stress

[ESE : 2024]

3.46 A piece of material is subjected to same two

perpendicular tensile stresses of 100 MPa each.
What is the direct stress?

(@) 90 MPa (b) 100 MPa
(c) 96 MPa (d) 86 MPa
[ESE : 2024]

3.47 When a body is acted upon by pure shear

stresses on two perpendicular planes, the planes
inclined at 135° are subjected to
(@) a tensile stress of same magnitude with no
shear stress on these planes.
(b) a compressive stress of same magnitude
with no shear stress on these planes.
(c) atorsional stress of same magnitude with no
shear stress on these planes.
(d) a bending stress of same magnitude with no
shear stress on these planes.
[ESE : 2024]

3.48 Consider the following statements regarding

general conventions in stress analysis :

1. Tensile stress is positive and compressive
stress is negative.

2. A pair of shear stresses on parallel planes
forming a clockwise couple is positive and
a pair with a counterclockwise couple i s
negative.

3. Clockwise angle is taken as negative and
counterclockwise couple is positive.

Which of the above statements are correct?

(@) 1and 2 only (b) 1and 3 only

(c) 2and 3 only (d) 1,2and 3

[ESE : 2024]

3.49

3.50

The planes on which the shear stress is zero are
known as
(@) normal planes (b) tangential planes
(c) orthogonal planes (d) principal planes
[ESE : 2025]

What is the expression for normal stress when
two perpendicular stresses are acting
accompanied with a state of simple shear?

(a) PyCOS” 6+ P, Sin’ 6+gsin2e
(b) {@}SMZG-{-C]COSG
(©) pysin® e+ p,cos’ 6+qgsin2e

(d) {@} C0s20+3gsin26

where symbols have their usual meanings.
[ESE : 2025]
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m Principal Stresses and Strains and Mohr’s Circle
31 b 32 d 33 (¢ 34 (d 35 (¢ 36 (¢ 37 (© 38 (b 39 (@

310 ¢0 311 (¢ 312 (@ 313 b) 3.14 (¢ 3.15 () 3.16 (@ 3.17 (d) 3.18 (d)
3.19 (@ 3.20 (c) 3.21 (@ 3.22 (@ 323 (c) 3.24 (00 3.25 () 3.26 b) 3.27 (0
3.28 b) 3.29 (c) 3.30 (b 3.31 (d 332 () 333 () 334 (@ 335 (b 336 (b
337 b) 338 @ 339 () 340 (d 341 (@ 342 () 3.43 (a 3.44 (b) 3.45 (ab)
3.46 (b) 3.47 (a,b) 3.48 (d) 3.49 (d 3.50 (a)

Principal Stresses and Strains and Mohr’s Circle

3.1 [0 3.7 [0

Mohr circle for pure shear in which ¢, and ¢, are o
equal to radius (60 MPa) If one of the principal stress = 0

(@)

2

2
6, +0 6, -0
=2 Y+ | 22X 41,.2=0
2 2 Y

c,+0,
Centre (a,0) = .0

T,y =4/0.0y

(b)

In Mohr circle, radius of circle

_ (200‘100,0

. ) ~ (50, 0)

(©)

Radius of mohr's circle

2
_ \/(1002_40) +(40)2 = 50 N/mm?

(@)

=5cm (-~ 1cm = 10 N/mm?)
Maximum shear strain
(@)
Y max _ S-S
6,+0, 6,-0, . 2 2
Gy = > + > C0s28 + 1, Sin26.
_ Ymax _ 100x107® +200x 107
Here, 6, =0,6,=-0,1, =0and6 = 45° 2 2
0,=0
= —Y”;‘X =150 x10°
KNI (C
3.6 [O .. =300 x 107
c 100 _
Trax = 5T, = 50 units. ©)
Taxis Giveno, = 20,

We know that

m s G 01
\_i,/01 e 61-% 2
H Tmax = 2 = 2

Tae = R =50 Lo,=41

max
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(©)

The general equation of Mohr's circle

2 2
o, +0, 6, -0
(GO— J 15 = ( 5 y) +r§y

Radius = \/ iy

o8

T

2
Centre = (

I — Gmax
c,+0, |
2
EXEl )
9, G2
s EME

ke, = ©,- o,
ke, = o,- o,
From equations (i) and (ii),
ke, = o,-l[Ee, + po,]
Ee, = o,-p Ee, - o,
E(e,+pe,) = o,(1-p49

E
c, = -2 (& +Hie;)

(©)

Pure shearing strain of magnitude =y, radians.

= Maximum principal strain = Y,/2

(b)

(a)

The state of stress represented by
6=0= 0, T,# 0

KAl (a)

1. Mohr's construction is possible for stress
strains and area moment of inertia. Since
Mohr's Circle represents the trans-formation of
second-order tensor.

(@)

1. Two-dimensional stresses applied to a thin
plate in its own plane represent the plane
stress condition.

2. Under plane stress condition, the strain in the

direction perpendicular to the plane is not zero.

3. Normal and shear stresses may occur

simultaneously on a plane.

—+>0

Ex ~ €y 'ny

2 2
= Ty = €.~ €,
= 7000 x 107 - (- 600 x 107)
= 1600 x 106
6,-0,) .
= - 5 y)stG
Here 0,=0,=0

T= —(G_G)SmZG =0

(©)

For pure shear
6,=7T,0,=-T

Hence, o, = -0,

. 61,02 _ O1+07 _

max 2 2

o, = +400 MPa

1

o, = 400 MPa

=0

G,
It is cause of pure shear stress. /\

G, G,
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(©)

T1OMPa
70 MPa =— —> 70 MPa
l1OMPa
c.+0 .o, Y\
_ Ox TPy x Py
o, > + ( > J t Ty
= 40 + [30]
o, —0
T = = 2 = 30 MPa
max 2
Also, maximum shear stress occurs at 0 = 45°
o,+06. O©,-0
6 - yz ‘4 yz £c0s20 = 40 MPa

Resultant stress = /¢ +1° =50 MPa

(©)

(MPa)
B
400
o ? E C A 1
200 500 800 o(MPa)
D

BC(radius of Mohr's circle)

= V400? +300° = 500

c,=0E + EC + BC
=200 + 300 + 500 = 1000 MPa
Tax = BC = 500 MPa

(b)

Stress at a point and area moment of inertia are
2nd order tensor which can be represented by
3 x 3 matrix.

©

c, = (G"+Gy)+(c"_cy)cos 20
2 2

o - (40;20)+(4O;20)COS 60°

c, = 30+10><l = 35 MPa
5

(b)

7(MPa)
’B
JM %0 o(MPa)
40 F------
Radius of Mohr's circle = CB
CB = \CA? + AB?
AB = 40
120-60
CA= —— =30
2
CB = /302 +40°% = 50 MPa
Alternate:
2 2
o, —0O _
R = X V| 4q? = (760 120) +40°
2 4 2
= 50 MPa

(b)

T
Tmax
Y
(@)
o, = 100 N/mm?; o, =-50 N/mm?

Maximum shear stress will be corresponding to
the centre of Mohr circle.

) 0,+0, )
Centre of Mohr Circle T,O i.e. [25,0]
So normal stress at maximum shear stress point

is 25 N/mm? tensile.

(c)
(¢

X
and Tyy

900 MPa; o, = 100 MPa
300 MPa

1
o, = 5[(cx+cy)+ (Gx—cy)2+41§y]

_ %[1 000+ /8007 + 4 x 3007

1000+1000
2
= 1000 MPa = 1000 N/mm?



28 IEBEIEM Mechanical Engineering « Volume-ll 0W9

Solved Papers

(©)

c_ = 100 MPa; Gy:ZOOl\/IPa

X

o, = 250MPa
We know that
61 + 02 = Gx + O

6, = 300-250 = 50 MPa
1 2 2
and o, = E[(G" +Gy)+ (o, —csy) +41Xy]

:
250 = 5[ 300+(-100)° +47, |

500 = 3OO+1HOOZ+4‘ciy

2007 = 100° + 4‘ciy
40000 - 10000 = 41:iy
30000

4 Ty
or Ty = 5043
(©)

o, = 250MPa; o, =-150MPa

2

(~150, 0)

T

In AABC
AC = radius of Mohr circle
_ 929, _400_ 50
2 2
BC = 150

AB = 1=/2002_150% = 507 MPa

= CD plane is right angle to plane AC
(in mohr circle angle between two planes is
represented by double of its actual value)

= fromAACBand AECD
CB = CE=CO+ OE
150 = 50 + OF
OE = 100 MPa (compressive)

(b)

o, = 100 MPa; 5, = - 50 MPa; t,, = 100 MPa

. c,+0,
Centreofl\/lohrcwcle[ 5 ,O}=[25,0]

6,-C
Radius = 172

1
o, , = E|:(csx+csy)i (cx—cy)2+41fy:|

_ %[50ix/1502+4><1002]

l[50i 250]

N

s, = 150 MPa; 6, = - 100

250
Radius of Mohr circle = 7= 125 MPa

(b)

Plane stress condition is 2-dimensional whereas
body considers 3-dimensions.

= Mohr circle’s construction is for variations of stress
ina plane.

(b)

e, = 0.0004; &, =-0.00012; u=0.3
E = 2x10°MPa

E | )
o = T e
2%10°
6, = 22X5-{0.0004+0.3 % (0.00012)
5, = 80MPa
62 = (1—“2) (£2+M£‘1)
2x10°
_ —0.00012+ 0.3 0.0004
=009 i )
o, = 0
_ 0,-0, _80-0
o = 2 —— - 40 MPa

(a)

g, =0.0013;¢e,=-0.0013
E=2x10%u=0.3

o, = L(e +1e;)
1 (1—112) 1 2

2x10°
1-0.09

[0.0013-0.3%x0.0013]
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o, = 200 MPa; o, = -200 MPa

T - %: 200MPa

max

(©)

,
K|
«T—»Gx

Maximum shear stress,

2
Oy — Gy 2
Trax = \/( 2 ) + ‘ny

Normal stress on oblique plane

6.+6, O©.-0 ,
6 = — V4% Vcos20+1,,Sin20
2 2 4

6,—0y ) .
v = > sin2® + 1, cos26

(@)

200 MPa

«‘— 300 MPa
Maximum normal stress,

2
300 300 5
o =~ + (7) + 200

= 150 + 4150° + 200° = 400 MPa
(a)

For plastic deformation,
w=05
Principal strain,

E E
_ 02 WOy _Hoy
T ETE T E
~ 10-(0.5%30)(0.5%5)
B E
1.5
€, = E

and €= - ——°

E E E
5-(0.5%x30)-(0.5%x10)
- E
-15
T E
€, €, €,=225:-75:-15
=15:-5:-10
3.42 [O)
o, = 10 kPa
2
o) = Gx;Ger (GX;GY) +1°

2
8 8 2
10 = =—+4/|=| +7
0 2 (2)

6 T
bB=16+1=1=20
T=4.47 kPa

(@)

63 =20 MPa

4'7

G, =60 MPa
6, =50 MPa /
1-2un
€, = (T)(G1 +0, +03)
- (ﬂ)(eo —50+20)
100x10
g, = 12 x 10
(b)
100 MPa
O
160 MPa 160 MPa
307
80 MPa
—_ 80 MPa
160 MPa
G, = -160 MPa

o, = -100 MPa
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1,, = 80 MPa
6 = 30°

1 .
(o, +cy) +§(0x —cy)00526+ TSiNn20

N | —

%(—1 60-100) +%(—1 60 + 100) cos60° + 80sin60°

1 L V3
= —130+§X—6OX§+80X7

= 145 + 40 x 1.732
= -145 + 69.28 = -75.2 MPa

(a. b)

Here, itis not mentioned that the plane is inclined
by 45° in clockwise or anticlockwise manner.
Also, the sense of applied shear stresses is not
mentioned. Hence, the stress on given plane
can be both tensile or compressive.

(b)

In element is shown below
100 MPa

T

100 MPa =— — 100 MPa

|

100 MPa
The corresponding Mohr circle will be a point

as shown below:

® (¢}

100

Hence, direct stress on every plane will be 100
MPa.

(a. b)

Here, itis not mentioned that the plane is inclined
by 135° in clockwise or anticlockwise manner.
Also, the sense of applied shear stresses is not
mentioned. Hence, the stress on given plane
can be both tensile or compressive.

3.49 @)

The planes on which the shear stress is zero
are known as principal planes.

KR (a)

Given : 6 = p,, G, =Py T,=4
As we know,
c, = %(cx+cy)+%(cx —cy)00526+rxy sin26

On simplifying,
G, = 6,C0S°0+0,SiN"0+1,,5iN20

On putting, o, = p,, o, =P, T,=g

We get, 6, = p;cOS? 0+ p, SN’ 6+ gsin26





