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DE TAILED EXPL ANATIONS

1. (c)
The stress induced in metal-1 due to restriction = E1α1∆T
So, force required in metal-1 = E1α1∆T × A1

Similarly for metal-2, force required = E2α2∆T × A2

So, Total force required = E1α1∆TA1 + E2α2∆TA2

= (E1α1A1 + E2α2A2) ∆T

2. (a)

Elongation due to self weight, ∆ =
2

2
L
E

γ

=
( ) ( )

( )
26 3

3

89.2 10 15 10
0.11 mm

2 90 10

−× × ×
=

× ×

3. (c)

Poisson’s ratio, µ =
3 2
6 2

K G
K G
−
+

=
4 4

4 4
3 6.93 10 2 2.65 10 0.33
6 6.93 10 2 2.65 10
× × − × × =
× × + × ×

4. (c)

Strain energy, U =
1
2

P× × ∆

=
31

2 48
PLP

EI
× ×

∴ U =
2 3

96
P L

EI

For P = 1; U = 
3

96
L
EI

5. (b)
If a force acts on a body, then resistance to the deformation is known as stress.

6. (d)
For the given stress condition,
σx = +50 N/mm2, σy = 0, τxy = ±20 N/mm2

Now, principal stresses,

σ1/2 =
2

2
2 2

x y x y
xy

σ + σ σ − σ 
± + τ  

=
2

250 0 50 0 20
2 2
+ − ± +    = 57, –7 N/mm2
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So, σ1 = 57 N/mm2 (T)
σ2 = 7 N/mm2 (C)

7. (a)
Internal hinge in given beam becomes internal roller in conjugate beam.

8. (a)

Maximum shear stress,τmax = 2 2
3

16 M T
D

+
π

=
 

+ × π 
2 2 6

3
16 (8) (6) 10

(100)  = 
6

6
16 10 10 50.93 MPa

10
×× =

π

9. (a)
Assuming (σx > σy)

σx

σy

A
O

τ

σy σx σC
B

AB = σx – σy

AC = 2 2
x yAB σ − σ

=

∴ OC = 2
x y

yOA AC
σ − σ

+ = σ +  = 2
x yσ + σ

10. (c)

A B

15 kNm

2 m 3 m

ΣFy = 0

RA + RB = 0

Also, ∑MA = 0

⇒ RB × 5 = 15

⇒ RB = 3 kN

So, RA = –3 kN
Now, the SFD for the beam will be as shown below:

–
3 3

A B
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11. (c)

1.5 m 1.5 m 3 m

B
C

10 kN/m
A

HA
MA

VC

30 kN

30 kN

VA

Hinge

VA + VC = 30 + 30 = 60 kN (∑Fy = 0) ...(i)
HA = 30 kN (∑Fx = 0) ...(ii)

MA + 30 × 1.5 = 3VA (∑MB = 0, Left → Right) ...(iii)
3VC = 10 × 3 × 1.5 (∑MB = 0, Right → Left) ...(iv)

Solving equations (i), (ii), (iii) and (iv)
VC = 15 kN, VA = 45 kN, HA = 30 kN

∴
Reaction at A
Reaction at C =

2 245 30 3.6
15
+ =

12. (c)
Plane having zero shear stress is called principal planes.

20 MPa

20 MPa

60 MPa60 MPa

30 MPa

30 MPa

θ

θp

tan 2θp =
2 xy

x y

τ

σ − σ

tan 2θp =
2 30

60 20
×
−

tan 2θp = 1.5
2θp = tan–1 (1.5)
θp = 28.15°

Required angle from plane B, θ = 90° – 28.15° = 61.85° (Clockwise)
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13. (a)

T

3
4
L L

4

A B C

θAC = θAB + θBC

θC =
BC BCAB AB

AB BC

T LT L
GJ GJ

×× + ( )0Aθ =∵

JBC =
4

4
32 2

DD
 π  −     

JBC = 4 11
32 16

Dπ  −  

JBC =
15 15
16 16ABJ J=

∴ θC =

3
4 4

15
16

L LT T

GJ G J

× ×
+

×

=
3 4
4 15

TL TL
GJ GJ

+

=
45 16 61

60 60
TL TL TL

GJ GJ
+ =

14. (d)
For the given conditions, stress in x and z will be zero as the block in free to expand in x and z
directions. Only y-direction will have stress.
On increasing temperature, free elongation

= lα∆T = 0.1 × 20 × 10–6 × 150 m
= 3 × 10–4 m
= 0.3 mm > 0.2 mm

Thus stress induced will be only due to (0.3 - 0.2) = 0.1 mm

Stress, σyy =
3

2
3 3

0.1 70 10  N/m 70 MPa
0.1 10 10

l E E
l
∆ ×  = × = =   ×

 (Compression)

15. (a)
Given, M = 54.0 kNm and Tz = 72.0 kNm
Consider external and internal diameter as D and d (= 0.5 D) respectively,

Now, section modulus, Z =
43 4 3

4
11 1

32 32 2
D d D

D

  π π  − = −        = 
315

512
Dπ
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Polar section modulus,

Zp =
3 4 3

4
151

16 256
D d D

D
 π π− =  

Maximum shear stress is given by,

τmax = 3
256

15 e
p

T T
Z D

 = × π 

Te = 2 2 2 254 72M T+ = +  = 90 kNm

Now, 96 =
6

3
256 90 10

15 D
 × × π 

(∵ τpermissible = 96 MPa)

D3 =
6256 90 10

15 96
××

π
 = 5092958

D = 172.05 mm

16. (d)

A B C
D

20 kN

80 kN-m

A B C D

40 kN20 kN

20 × 4 = 80 kN-m
20 × 4 = 80 kN-m

BMD

17. (b)

1 m 1 m 1 m

P
Q R S

2 kN/m

BMD

4 kN

1
2 × 2 × 1  = 1 kN-m

2

0 kN

(–)
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18. (b)

D

t tB

MOR = Mw + Ms

M =
2 22

6 6w w
BD tDmσ × + σ × s s

w w

E m
E

 σ
= = σ 

∵

M = [ ]
2

2
6
D B mtσ

+

19. (c)

4 m 1 m 4 m

10 kN/m10 kN/m

RA RB

4 m 1 m

10 kN/m

RA RB 20 kN 20 kN20 kN

10 kN/m

RD
10 × 4 × 2

4= = 20 kN

4 m

Now, MB =
2120 1 10 25 kN m
2

− × − × = − −

= 25 kN-m (Hogging)

20. (a)

Principal strains, ε1/2 =
2 2

2 2 2
x y x y xyε + ε ε − ε φ   

± +         

=
2 2

6800 200 800 200 600 10
2 2 2

−
 + − −    ± + ×        

ε1 = 924.264 × 10–6

ε2 = 75.74 × 10–6

Thus major principal stress is,
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σ1 = ( ) ( )
3

6
1 22 2

200 10 924.264 0.3 75.74 10
1 1 0.3

E −×ε + µε = + × ×
− µ −

= 208.13 MPa

21. (c)

Deflection at B due to load =
( )44

11
10 3000

202.5 mm
8 8 5 10
wl

EI
×

= =
× ×

Since gap is 3 mm.

∴ 202.5 – 3 =
3

3
Rl
EI

⇒
( )

( )

11

3
202.5 3 3 5 10

3000
− × × ×

= R

⇒ R = 11.083 × 103 N � 11.08 kN

22. (a)
As there is a jump at A, there will be an upward load at A.
From A to D, slope of SFD = 0, so no load intensity acts from A to D.
At D, there is the fall so there will be a downward load at D.

PD = – 4 – 14 = –18 kN
So, only option (a) is possible.

23. (d)
In pure bending case,

M
I

=
E

y R
σ =

So, R =
EI
M

When same M is applied,

1
2

R
R =

( )
( )

1

2

EI
EI

⇒
2

2
R =

4

4

70 2.5
4

120 2
4

π× ×

π× ×

⇒ R2 = 1.404 m

24. (b)

Axial stress, σa = 2
F
r

−
π

In radial direction, strain is zero.

So, εr = r a r
E E E
σ σ σ− µ − µ

⇒ 0 =
( )1r a

E E
σ − µ σ− µ
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⇒ σr = 21
F
r

µ  −   − µ π

Strain in axial direction, εa = a r r
E E E
σ σ σ− µ − µ

⇒
h

h
∆

=
2

2
21
1

F
E r

 µ− − 
− µπ   

⇒ ∆h =
2

2
21
1

Fh
r E

 µ− − 
− µπ   

25. (a)
We know that for a circular section,

Maximum shear stress, τmax =
4
3 avτ

where, τav = 2
2

6675 3.4 N/ mm
50

4

V
A
= =
π ×

So, τmax = 24 3.4 4.53 N/ mm
3
× =

26. (a)

As it is given that, ε = 53.0 10y
E R

−σ = = ×

So,
1
R

=
5

1 6 13.0 10 mm 10 mm
30

−
− − −× =

Also, in pure bending, y
σ

= constantM E
I R
= =

For σmax, ymax has to be used

So, σmax =
3

max max
200 10E y y

R R
×= ×

⇒ σmax = 200 × 103 × 10–6 × 50 MPa
⇒ σmax = 10 MPa

27. (c)
For a closed cylinder (thin), the two stress components induced due to internal pressure are,

σh = 2
pd

t (Hoop stress)

σl = 4
pd

t (Longitudinal stress)
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If we neglect the pressure in radial direction, this becomes a plane stress condition.

σh

σh

σl σl

For this condition, τmax = max. , ,
2 2 2 4
h l h l pd

t
σ σ σ − σ  = 

 

For safety, τmax ≤
( )/2

FOS
yf

⇒
2 100

4 5
p × ×

× =
100/2

2
⇒ p = 2.5 MPa

28. (d)

Rankine’s crippling load = 2

1

cs

e

A
l
k

σ

 + α  

As both ends are hinged
So l e = l = 2.3 m

∴ PR = 23

335 88.75
1 2.3 101

7500 12.6

× π
 ×+  
 

= 17161.04 N = 17.16 kN

29. (a)

1 2/P Pσ = ( ) ( )221 2
1 2

1 2
2 2

P P P P q+ ± − +

Given σP2 = 0

⇒ (P1 + P2)2 = ( )2 2
1 2 4P P q− +

⇒ 2P1P2 = 4q2 – 2P1P2

⇒ P1P2 = q2

⇒ q = 1 2P P
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30. (d)
Mohr’s circle for this stress condition is shown below:

30°

30°120°

(–18, 0)

D

B(–8, –10)
–10

(2, 0)
C

σ

10

τPlane x-x
A (–8, 10)

(0, 0) FP (–8, 0)

H( )σ τx′,  x y′ ′–

G( )σ τy′, x y′ ′

Plane y-y

E

For y′σ , in ∆PGF

cos 30° =
OF
OG

OF = ×3 10
2

OF = 8.66 MPa

y′σ = OF – 8 = 0.66 MPa

For σx′, In ∆PEH PE = 8.66 MPa
σx′ = –8 – 8.66 MPa = –16.66 MPa

For ′ ′τx y , in ∆PEH,

tan 30° =
′ ′τ

8.66
x y

⇒ ′ ′τx y = 5 MPa

So, at plane x′-x′, σy′ = 0.66 MPa

and ′ ′τx y = 5 MPa

And at plane y′-y′, σx′ = –16.66 MPa

And ′ ′τx y = –5 MPa

Hence, option (d) is correct.

x′

y′

5 MPa

0.66 MPa

5 MPa

0.66 MPa

16.66 MPa16.66 MPa


