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Read the following instructions carefully

1. This question paper contains 30 objective questions. Q.1-10 carry one mark each and
Q.11-30 carry two marks each.

2. Answer all the questions.

3. Questions must be answered on Objective Response Sheet (ORS) by darkening the appropriate
bubble (marked A, B, C, D) using HB pencil against the question number. Each question has
only one correct answer. In case you wish to change an answer, erase the old answer completely
using a good soft eraser.

4. There will be NEGATIVE marking. For each wrong answer 1/3rd of the full marks of the question
will be deducted. More than one answer marked against a question will be deemed as an
incorrect response and will be negatively marked.

5. Write your name & Roll No. at the specified locations on the right half of the ORS.

6. No charts or tables will be provided in the examination hall.

7. Choose the Closest numerical answer among the choices given.

8. If a candidate gives more than one answer, it will be treated as a wrong answer even if one
of the given answers happens to be correct and there will be same penalty as above to that
questions.

9. If a question is left blank, i.e., no answer is given by the candidate, there will be no penalty for
that question.
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2 Mechanical Engineering

Q.No. 1 to Q.No. 10 carry 1 mark each

Q.1 A thin cylindrical steel shell of diameter 150
mm and wall thickness 3 mm has
hemispherical ends.  If there is no distortion
of the junction under pressure, then the
thickness of the hemispherical end will be
(a) 7.29 mm (b) 1.235 mm
(c) 2.11 mm (d) 3 mm

Q.2 Two wooden members of uniform
rectangular cross-section are joined by the
simple glued scarf splice as shown. For the
axial load P of 11 kN, the normal stress in
the glued splice is

P

75 mm

150 mm

45°

P′

(a) 0.977 MPa (b) 0.488 MPa
(c) 0.325 MPa (d) 0.628 MPa

Q.3 The magnitude of slope at x = 3
l

 for a

cantilever beam of length ‘l’ and fluxural
rigidity EI is

Pl
2

P
x

(a)
23

8
Pl
EI

(b)
22

9
Pl
EI

(c)
24

9
Pl
EI

(d)
29

2
Pl
EI

Q.4 Mohr’s circle drawn for a point has centre
at (4 MPa, 0) and minimum principal stress
as 4 MPa compressive. The magnitude of
maximum principal stress is
(a) 4 MPa (b) 8 MPa
(c) 10 MPa (d) 12 MPa

Q.5 The ratio of bulk modulus to shear modulus
for a rod with poisson ratio 0.25 is
(a) 1.2 (b) 0.62
(c) 1.67 (d) 1.53

Q.6 The shear force diagram for a simply
supported beam with uniformly
distributed load of 2 kN/m over whole
length and a point load P is shown. The
reaction force generated at support A is

1 m 1 m 1 m

P

2 kN/m
B

A

2 m 1 m

6 kN

(a) 3 kN (b) 9 kN
(c) 6 kN (d) 4.5 kN

Q.7 The maximum bending moment produced
in the cantilever beam shown below is

l = 4 m

5 kN/m 10 kN/m

(a) 48.66 kNm (b) 51.31 kNm
(c) 53.33 kNm (d) 60.16 kNm
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Q.8 A bar of rectangular cross-section (E = 200
GPa) having thickness 6 mm, width 18 mm
and length 2 m is bent by a couple into
circular arc subtending an angle 42° at
centre. The magnitude of bending couple
applied is

42°

M0

M0

2 m

6 mm

(a) 23.76 Nm (b) 31.88 Nm
(c) 46.84 Nm (d) 51.31 Nm

Q.9 Match List-I (Point on beam) with List-II
(State of stress) and select the correct
answer using the codes given below the
lists:

A
B
D

W

C

List-I List-II

(A) Point-A 1.

(B) Point-B 2.

(C) Point-C 3.

(D) Point-D 4.

5.

Codes:
A B C D

(a) 1 2 3 4
(b) 1 4 3 2
(c) 5 2 3 4
(d) 5 4 3 2

Q.10 A straight bar of rectangular cross section
(12 mm × 6 mm) is used as a strut with both
ends fixed. If slenderness ratio of strut is
100, then effective length of the strut is
(a) 86.6 mm (b) 173.21 mm
(c) 69.41 mm (d) 346.41 mm

Q. No. 11 to Q. No. 30 carry 2 marks each 

Q.11 A simply supported beam of length ‘l’ carries
a point load P at its centre. If beam is made
of rectangular cross-section of width b and
depth d , then the shear stress at distance of

6
d

 from centroidal axis is

(a)
3
4

P
bd (b)

4
3

P
bd

(c)
2
3

P
bd (d)

3
2

P
bd

Q.12 A load of 500 kN falls from a height of
12 mm on a rectangular bar of 50 cm2 cross-
sectional. area. The length of bar is 1 m and
Young’s modulus of elasticity is 200 GPa. If
now the same load is placed gradually on
the bar, then the ratio of deflection when
load is fallen from height to when it is
placed gradually is
(a) 6 (b) 7
(c) 8 (d) 9

Q.13 A propped cantilever beam has internal
hinge at centre as shown below. The central
deflection of beam under given loading is

w

a a

2
3
a

W
Hinge

(a)
4 3

8 9
wa Wa

EI EI
+ (b)

4 3

8 9
wa Wa

EI EI
−

(c)
4 32

8 9
wa Wa

EI EI
+ (d)

4 32
8 9
wa Wa

EI EI
−
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Q.14 A bar made of a material with Young’s
modulus E is subjected to a load P as shown
below. The percentage strain energy stored
by portion BC of the bar is

2ll l

D DD/2 PP

A B C D

(a) 40% (b) 80%
(c) 30% (d) 60%

Q.15 A rod of diameter ‘d’, length ‘l ’ and shear
modules G is assembled in a tube of outer
diameter 2d, inner diameter d, length ‘l’ and
shear modulus G/3. If this assembly is
subjected to an external torque ‘T ’, then
angle of twist for the tube is

(a) 4
16

3
Tl

Gdπ (b) 4
16

45
Tl
Gdπ

(c) 4
80

3
Tl

Gdπ (d) 4
80

45
Tl
Gdπ

Q.16 A bar AB is heated non uniformly such that
temperature increase at a distance x from A

is given by  
2

0 2( ) 1 .xT x T
L

 
∆ = ∆ −    If stiffness

of spring is K and cross-sectional area of bar
is A, then the reaction generated at support
A is

L
x

B
CA

(a) 02 T LKAE
KL AE

α∆
+ (b) 02

3
T LKAE

KL AE
α∆

+

(c)
0

3( )
T LKAE

KL AE
α∆

+ (d)
0

2 ( )
T LKAE

KL AE
α∆α

+

Q.17 A post AB is tapered uniformly throughout
its height H. The cross-section of post is
square with dimensions b × b at top and
2b × 2b at bottom. The expression for
deflection of the post due to compressive
load P, acting at its top is [Neglect self
weight of post]

(a) 2
2
3

PH
b E (b) 23

PH
b E

(c) 22
PH
b E (d) 2

2PH
b E

Q.18 A rubber cylinder of length l and cross-
sectional area A is compressed inside a steel
cylinder by force F. If the deflection in

rubber is α Fl
AE , then α is [Take Poisson’s

ratio as µ]

Rubber cylinder

Steel cylinder

F

(a)
2 1
1 2

µ − µ +
− µ (b)

2 2 2
1 2

µ − µ +
− µ

(c)
22 2 1
1

µ − µ −
− µ (d)

22 1
1

µ + µ −
− µ

Q.19 A solid circular shaft of length 2l consist of
two segments. One segment has diameter

‘d ’ and length 
2
3
l

 while other segment has

diameter .
2
d

 If whole shaft is subjected to

torque T0, then the strain energy stored by
shaft is

d d/2

2
3
l

T0

4
3
l

(a)
2

0
4112 T l

Gd
(b)

2
0

4118 T l
Gd

(c)
2

0
4104 T l

Gd
(d)

2
0

4124 T l
Gd
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Q.20 A composite bar made up of copper having
modulus of elasticity E is hanging freely
under its self weight as shown in figure.

L

L

A

B

C

If the self weight of AB and AC is W and
3W respectively and cross-sectional area of
section BC is twice of the cross-sectional
area of AB. The displacement of point ‘C ’ is

(a)
5
2

WL
AE (b)

3WL
AE

(c)
5WL
AE (d)

7
2

WL
AE

Q.21 A normal stress is applied to a square plate
of thickness 20 mm as shown in figure,
which leads to normal strain εx = 50 × 10–5

and εy = 15 × 10–5. If the modulus of elasticity
and Poisson’s ratio are 209 GPa and 0.3
respectively, the decrease in thickness of
plate is

y

xσx σx

σy

σy

(a) 5.575 × 10–3 mm
(b) 2.391 × 10–3 mm
(c) 6.811 × 10–3 mm
(d) 4.552 × 10–3 mm

Q.22 Mohr’s circle for the state of plane stress at a
point is shown in the figure. Unit of stress is
MPa and the circle is not drawn to scale.

Which one of the following options (stress
values in MPa) is true?

20

C
O

A

30 +  (shear stress)τ

40

B

( , 0)σ2

( , )σA τA

( , )σB τB

( , 0)   +  (normal stress)σ σ1

O - Origin of  –   axisσ τ
C - Center of Mohr’s circle

(a) 1 250, 10, 30, 70A Bσ = − σ = σ = σ = −

(b) 1 250, 30, 30, 50A Bσ = − σ = σ = σ = −

(c) 1 230, 30, 30, 10A Bσ = − σ = σ = σ = −

(d) 1 220, 10, 50, 30A Bσ = − σ = σ = σ = −

Q.23 Assuming Young’s Modulus (E) = 160 GPa
and Shear Modulus (G) = 100 GPa for a
material, a strain tensor is given as

 
 
 
  

0.002 0.004 0.006
0.004 0.003 0
0.006 0 0

Then the value of τx y + τx z is
(a) 1000 MPa (b) 1600 MPa
(c) 2000 MPa (d) 2400  MPa

Q.24 The vertical displacement at point A for the
curved beam shown below, will be

P

A
EI

R

(a)
π 3

3
PR
EI

(b)
π 3

4
PR
EI

(c)
π 3PR

EI
(d)

π 3

2
PR
EI
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Q.25 An overhang beam AC is loaded as shown
in the figure. The location of point of
contraflexure from support A is

4 m 2 m

2 kN

2 kN/m
A B C

(a) 1 m (b) 1.5 m
(c) 2 m (d) 3 m

Q.26 A cantilever beam of length 1.5 m is loaded
by a point load P  at its free end as shown
in figure. It has a circular cross section with
two symmetrically placed longitudinal
holes. The permissible bending stress is 600
MPa. The maximum value of load P that the
beam can carry if radius of each hole is
100/3 mm

1.5 m

P

50 mm

50 mm

A

B

200 mm

(a) 230.5 kN (b) 236.8 kN
(c) 242.6 kN (d) 248.1 kN

Q.27 The state of stress at a point is shown below.
The maximum normal stress induced at that
point is

120 MPa

120 MPa

200 MPa200 MPa

30 MPa

30 MPa

(a) 150 MPa (b) 190 MPa
(c) 210 MPa (d) 230 MPa

Q.28 Two columns are required to have same
buckling load Pcr. The column I has flexural
rigidity EI and height h1 while column II

has flexural rigidity 
 
  

4
3

EI  and height h2.

The ratio of 2

1

h
h  at which both column will

buckle under same load is

EI

h1

Pcr

EI

h2

Pcr

4
3

I II

(a) 0.76 (b) 0.82
(c) 0.87 (d) 0.93

Q.29 A shaft of diameter 70 mm and length 1.5
m is subjected to a twisting moment. If angle
of twist at free end is 1.8°, then shear strain
produced in shaft is
(a) 8.55 × 10–4 (b) 6.93 × 10–4

(c) 9.81 × 10–4 (d) 7.33 × 10–4

Q.30 The maximum bending moment produced
in the cantilever beam is

L
x

( ) xq x q
L

=

(a)
2

30
ql

(b) 211
15

ql

(c) 212
30

ql (d) 24
15

ql
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DE TAILED EXPL ANATIONS

1. (b)
Thickness of cylindrical portion, t1 = 3 mm
Thickness of hemispherical ends = t2
For no distortion of the junction under pressure,

2

1

t
t =

1 1 0.3
2 2 0.3

− µ −
=

− µ −

t2 = 1.235 mm

2. (b)
Given: P = 11 kN, A = 150 × 75 mm2

σx =
11000 0.977 MPa

150 75
P
A

= =
×

(σn)θ = 45° = cos 2
2 2

x xσ σ+ θ
45°

45°

σxσx

=
0.977 0.488 MPa

2 2
xσ = =

3. (c)

Pl
2

3
2
Pl y

l
3

2
3
l

At =
2
3
l

, y =
2

2 3
Pl Pl

+  = 
7
6
Pl

θx – θ0 = Area of diagramM
EI

=
1 3 7
2 2 6 3

Pl Pl l
EI

 +  

=
24

9
Pl
EI

4. (d)

4 MPa
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Radius of Mohr circle = 4 – (–4) = 8 MPa
Maximum principal stress = 4 + 8 = 12 MPa

5. (c)

K
G =

2(1 )
3(1 2 )

+ µ
− µ

=
2(1.25) 1.67
3(0.5)

=

6. (d)
RA + RB = P + wl

RA + 6 = P + 6
RA = P

∑MA = 0

6 × 3 = × + ×
232 2

2
P

⇒ 18 = 2P + 9
P = 4.5 kN

∴ RA = 4.5 kN

7. (c)
w = 5 kN/m, q = (10 – 5) = 5 kN/m

B.M. =
22

2 6
qlwl +

=
× ×+ =

2 25 4 5 4 53.33 kNm
2 6

8. (a)
M
I =

E
R

M =
× π ×× × ×

3 3200 10 18 642
2000 180 12

= 23760 Nmm � 23.76 N.m

9. (d)

10. (b)

Minimum moment of inertia = 
3

412 6 216 mm
12
×

=

Radius of gyration =
216 3

12 6
I
A

= =
×

Slenderness ratio = eL
k

Le = 100 3 173.21 mm× =
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11. (c)

d/6
d

b

Maximum shear force in beam = 2
P

Shear stress, τ = 3
22 3 3
3

12

P bd d
FAy P

Ib bdbd b

× ×
= =

×

12. (c)

δimpact =
21 1st

st

h 
δ + + δ 

δst =
3

2 3
500 10 1000 0.5 mm

50 10 200 10
Pl
AE

× ×= =
× × ×

impact

gradually

δ

δ =
2 121 1 8

0.5
 ×+ + =  

13. (c)
w 2

3
W W

W
3

2
3
W

δcentre =
4 32

8 9
wa Wa

EI EI
+

14. (b)
Strain energy stored in AB, CD

=
2

22
4

P L

D Eπ

Strain energy stored in BC= = ππ ×

2 2

2 2

(2 ) 8

22 44 4

P L P L
D D EE
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% Strain energy stored in BC = 

π

= =
+ +

+ +π π π

2

2

2 2 2

2 2 2

8

2 8 84
1 8 1 108

2 2 2
4 4 4

P L

D E

P L P L P L

D E D E D E

= 80%

15. (a)
As rod and tube are in parallel, so angle of twist will be same

4

32

RT l

G dπ =
( )4 4(2 )

3 32

TT l
G d dπ −

5TR = TT

TR + TT = T

TR + 5TR = T

TR = 6
T

θR = θT = ×
π 4
32

6
T l

G d  = 4
16

3
Tl

Gdπ

16. (b)
Change of length of bar = Compression of spring

0

( )
L

AR LT x dx
AE

α∆ −∫ = AR
K

 
α∆ −  

3

0 2
03

L
xT x
L = A AR L R

AE K
+

0
2
3

T Lα∆ =
1

A
LR

AE K
 +  

RA = ( )
α∆

+
02

3
T LKAE

KL AE
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17. (c)
P

b b

2b2b

H

δ = =
 +  

∫ ∫ 2
0 0

H HPdx Pdx
AE bxb E

H

Let +
bxb
H = t

dt
dx =

b
H

dx =  
  

Hdt
b

when x = 0, t = b; x = H, t = 2b

δ =
 = × −  ∫

2 2

2
1b b

bb

H P dt HP
b E bE tt

δ =
× − =   ×

1 1 1
2 2

HP HP
Eb b b Eb b

δ = 22
HP
b E

18. (d)

F

y

x

z

σx = –σ
σz = –σ

εx = 0 = ( )σ µ
− σ + σx

y zE E

=
F

A
− −σ − µ − σ  

σ = 1
F F
A A

µ+µ + µσ =
− µ

εy = ( )2F
AE E

µ− − − σ
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εy =
2

1
F F

AE E A
 µ µ− +   − µ 

εy =
22 1

1
F

AE
 µ − − µ 

εy =
22 1
1

F
AE

 µ − + µ
 − µ 

δ =
22 1
1

Fl
AE

 µ + µ −
 − µ 

19. (a)

Strain energy =
2

2
T l
GJ

=
2 2

0 0
4 4

2 32 4 32 16
2 3 2 3( )
T Tl l

G Gd d
×   × × + × ×      π π ×

=  × + × × π π 

2
0

4
2 32 4 32 16
3 32

T l
Gd

=
2

0
4112 T l

Gd

20. (b)
The displacement of point ‘C’

δC = ( ) ( ) ( )AB AB BCself weight weight of BC Self weightδ + δ + δ

= 2 2
ext

AB BCAB

P LWL WL
AE AE AE

+ +

From given data,
WBC = WAC – WAB

= 3W – W = 2 W
WAB = W

(Pext)B = 2 W

So, δC =
(2 )2

2 2(2 )
W LWL WL

AE AE A E
×

+ +

δC =
2 8 2 12

4 4
WL WL
AE AE

+ +  =  

δC =
3WL
AE

21. (a)
The applied stress in the direction of thickness of plate,

σz = 0
Strain along thickness direction,

⇒ εz = ( )z
x yE E

σ µ− σ + σ ...(i)
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As we know that,

σ1 = ( )1 221
E ε + µε

− µ

So, we can write, σx =
3

5 5
2

209 10 50 10 0.3 15 10
1 0.3

− −×  × + × × −
= 125.17 MPa

Similarly, σy =
3

5 5
2

209 10 15 10 0.3 50 10
1 0.3

− −×  × + × × −
σy = 68.9 MPa

From equation (i)

εz = [ ]− +
× 3

0.30 125.17 68.9
209 10

= 2.785 × 10–4

Reduction in thickness of plate,
δt = t × εz

= 20 × 2.785 × 10–4

= 5.571 × 10–3 mm

22. (a)
Point A and B on the Mohr’s circle represents the complementary planes. So shear stress will be
same, i.e. τA = τB
Radius of the Mohr’s circle, CA

CA = 2 230 40 50+ =

CB ′ = 2 250 40 30− =

50

30

50

20

50 40

B

C O B′A′
σ2

σ1

OB ′ = CB ′ – CO = 30 – 20 = 10
σB = OB ′ = 10
σ1 = 50 – 20 = 30
σ2 = –(50 + 20) = –70
σA = OA′ = 30 + 20 = 50

23. (c)

Strain tensor =

γ γ 
∈ 

 
γ γ 

∈ 
 

γ γ ∈  

2 2

2 2

2 2

x y x z
x x

yx yz
yy

zyzx
zz

γxy = 0.004 × 2 = 0.008
γxz = 0.006 × 2 = 0.012

⇒ τxy = G γxy = 100 × 0.008 = 0.8 GPa
and τxz = G γxz = 100 × 0.012 = 1.2 GPa
So, τxy + τxz = 800 + 1200 = 2000 MPa



© Copyright : www.madeeasy.in

15• Strength of MaterialsCT-2023-24 ME

24. (b)

P

A

R

PR

θ

M = PR cosθ
∂
∂
M
P = R cosθ

Now, δ v =
∂
∂
U
P (where U = strain energy)

∂
∂
U
P =

π
∂ × θ ∂ ∫

/2

0

MM Rd
P

EI

=
π

θ θ∫
/23

2

0
cos

I
PR d
E

δ v =
π 3

4
PR
EI

25. (d)
From equilibrium, ΣV = 0,
⇒ RA + RB = 2 + 2 × 4 = 10 kN

ΣM = 0,
⇒ 2 × 4 × 2 + 2 × 6 = RB × 4

So, RB =
+ = =16 12 28 7 kN
4 4

and RA = 3 kN
Bending moment at a distance ‘x’ from end A will be

(BM)x = − × × = − 23 2 3
2
xx x x x

Now, the BMD changes sign in section AB, so the point of contraflexure is where the BM is zero.
So, 3x – x2 = 0

x = 3 m
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26. (b)

I =
 π π      − + π             

4 2 24
2

4 4 3 3 2
R R R R

I = 0.592 R4

Bending stress will be maximum at point A and B.

So, σmax = ( )
× ×

× 4
1.5 0.1

0.592 0.1
P

∴ P = 236.8 kN

27. (c)

σ1 = ( )
2

2

2 2
x y x y

xy
σ + σ σ − σ   

+ + τ      

=
2

2200 120 200 120 30
2 2
+ − + +  

= 210 MPa

28. (b)

Column I =
π=

2

2
1

2
cr

EIP
h

Column II =
2

2
2

4
3cr

EIP
h

π=

2

2
1

2 EI
h
π

=
2

2
2

4
3

EI
h

π

2

1

h
h =

2
3  = 0.82

29. (d)

γmax = maxr
l
θ

γ =
22 1.8 135
7 180 1500

×
× ×

×
= 7.33 × 10–4
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30. (d)
4

4
d y

EI
dx

=
xq
L

Vx =
3 3/2

13
2
3

d y xEI q C
dx L

= +

Mx = = × × + +
2 5/2

1 22
2 2
3 5

d y xEI q C x C
dx L

x = 0 Vx = 0
⇒ C1 = 0
x = 0 Mx = 0
⇒ C2 = 0

Mx =
5/24

15
xq

l

At x = l Mx = Mmax

Mmax = 24
15

ql


