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DETAILED EXPL ANATIONS

1.1.1.1.1. (c)(c)(c)(c)(c)

M
BA

Loading diagram

M/L

(–)

M/L

A B Shear force
diagram

2.2.2.2.2. (b)(b)(b)(b)(b)

Load (P) = 5 kN = 5 × 103 N

Stress = 100 MPa = 100 N/mm2

We know that, σimpact = σstatic × Impact factor

For suddenly applied load,

Impact factor = 2

Here for safety σimpact should not exceed 100 MPa.

⇒ σstatic =
Impact 100

Impact factor 2

σ
=

= 50 N/mm2

⇒ 50 =
3

2
2

5 10 6366.1977

4

P
A dd

×= =
π ×

⇒ d = 11.28 mm

3.3.3.3.3. (d)(d)(d)(d)(d)

A.A.A.A.A.
Q S

RP T 4.4.4.4.4. P Q

R S T

B.B.B.B.B.

P
Q R S

T 2.2.2.2.2. P Q R S T

C.C.C.C.C.
P Q R S T

3.3.3.3.3.
P Q R S T

D.D.D.D.D.
P Q R S T

5.5.5.5.5.
P Q R

S T
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4.4.4.4.4. (a)(a)(a)(a)(a)

l
x

kx2

l
2T =

T =
2

2

k x
l

θ =
Td
GJ∫
x

=
2

2
0

1 1
∫ ∫

kTd d
GJ GJ

l xx = x
l

=
3

2
0

3 3
k k

GJGJ
=

l
x l

l

5.5.5.5.5. (b)(b)(b)(b)(b)

M = Pe

(σb)AB =
5

(tensile)=
My Pe

xx xxI I

(σa)AB =
P
A

 
  

(compressive)

Total stress at AB =
5P Pe

A
−

xxI
(compressive)

6.6.6.6.6. (c)(c)(c)(c)(c)

For beam of uniform strength, maximum bending stress remains constant throughout.

7.7.7.7.7. (c)(c)(c)(c)(c)

According to the given conditions

50 MPa

50 MPa

60 MPa 60 MPa

σ1, 2 =
221

( ) ( ) 4
2 y y y
 σ + σ ± σ − σ + τ  x x x

σ1 =
221

( ) ( ) 4
2 y y y
 σ + σ + σ − σ + τ  x x x
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125 = 2 21
(60 50) (60 50) 4

2
 − + + + τ yx

⇒ τxy = 106.65 MPa

8.8.8.8.8. (c)(c)(c)(c)(c)

2
Pd

t
= σper

(1750 2 16)
2 16

P × − ×
×

=
450

5
 
  

Internal pressure, P =
450 2 16 1.67 MPa

(1750 32) 5
× × =
− ×

9.9.9.9.9. (c)(c)(c)(c)(c)

Pe =
( )

2

2

e

E

L

π I

Le = Effective length of column

For both end fixed, Le =
2
l

⇒ Pe =
2

2

4 EIπ
l

10.10.10.10.10. (c)(c)(c)(c)(c)

Average force, F =
( )m v udP

dt t
−

=
�

=
( )20000 50 10 1000
20 3600

−
×  = 11111.11 N or 11.11 kN

11.11.11.11.11. (b)(b)(b)(b)(b)

Cross-section remains plane and undistorted for circular shaft only but not for non-circular shaft.

12.12.12.12.12. (b)(b)(b)(b)(b)

T = 500 NmCritical Point

P σa b + σ

τs

M Pe = 

σa b + σ

σa =
3

2

50 10 25.46MPa
50

4

P
A

×= =
π ×

σb =
3

4

50 10 10 25 64
(50)NA

My × × × ×=
π×I

 = 40.74 MPa
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τs =
3

3 3

16 16 500 10
20.37MPa

(50)
T

d
× ×= =

π π×

66.2 MPa 66.2 MPa

20.37 MPa

According to MDET,

2 23 yσ + τx x
=

ytS

N

N = 2.67

13.13.13.13.13. (d)(d)(d)(d)(d)

K 3K
RA

2F1 2
RD

P1 = RA,

P2 = RA – 2F or – RD

= RA  + RD = 2F

δ1 + δ2 = 0

1 2

1 2

P P
K K

+ = 0

( 2 )
3
−

+A AR R F
K K

= 0

RA =
2
F

U1 = 1
1 1

1

1 1
2 2 2

 
δ = × ×  

 

PF
P

K

=
21

2 2 2 8
F F F

K K
 × × = × 

14.14.14.14.14. (b)(b)(b)(b)(b)

l/2
l

A CB

1

w

By use of superposition principle
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l

C
2

l

3

l/2

w

w

δ1 = δ2 – δ3

We know that δ2 =
4

8
w

E

 
  
l
I

For case (3)

l
2

l
2

B.M.D

δ3 =

3 4

2 2
6 2 8

w w

E E

 
    

        × +
 
 

l l
l

I I
 = 

4 4

96 128
w w

E E

 
+  

l l
I I

⇒ δ1 =
4 4 4

2 3( )
8 96 128
w w w
E E E

δ − δ = − −l l l
I I I

=
4 4 448 4 3

384
w w w

E
− −l l l

I

=
441

384
w

E
l
I

15.15.15.15.15. (b)(b)(b)(b)(b)

3

16

π
eT

d
≤ τallowable

6

3

16 20 10× ×
πd

≤ 50

⇒ d ≥ 126.7 mm ...(i)

and 3

32

π
eM

d
≤ σallowable

6

3

32 14 10× ×
πd

≤ 100

⇒ d ≥ 112.56 mm ...(ii)
From (i) and (ii), we get

d ≥ 126.7 mm
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17.17.17.17.17. (b)(b)(b)(b)(b)
diameter (d) = 10 mm

radius (r) = 5 mm
θ = 2 π radian
τ = 40 N/mm2

G = 2.7 × 104 N/mm2

We know that,
r
τ

=
G
L
θ

⇒ L =
42.7 10 2 5

40
G rθ × × π×  = τ 

= 21205.75 mm = 21.205 m � 21.21 m

18.18.18.18.18. (a)(a)(a)(a)(a)
The extension of the rod is given by,

δ =
1 2

4P
Ed dπ
l

⇒ δ = 5

4 6000 300
2 10 60 30
× ×

π× × × ×

= 6.366 µm � 6.37 µm

19.19.19.19.19. (a)(a)(a)(a)(a)

Given: E = 300 × 103 N/mm2

R

ymax =
t
2

ymax =
2
2

 = 1 mm

R =
2000

2
 = 1000 mm

Maximum bending stress:

(σb)max = max max max

1
2

Ey Ey Ey
tR RR

= ≈
+

2
t

R >>>  

=
3300 10 1

1000
× ×

= 300 N/mm300 N/mm300 N/mm300 N/mm300 N/mm22222

20.20.20.20.20. (b)(b)(b)(b)(b)

Change in volume i.e. dilatation,

∈v = ( )1 2y z

E
σ + σ + σ

− µx

Dilatation ∝ (sum of normal stresses)

Dilatation ∝
1
E

E = 2G(1 + µ) ← Relationship between E and G

µ = 0.1 :  for concretes
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µ = 0.25 – 0.35 : for elastic materials

µ = 0.5 : rubber

Largest possible value of µ is 0.5.

G = ( )2 1
E
+ µ

; As (1 + µ) > 0, G < E

21.21.21.21.21. (d)(d)(d)(d)(d)

80 N/mm
2

A B

CD

σ

x

y

For zero strain in BC,

∈y =
y

E E
σ σ

− µ x

0 =
0.3 80

E E
σ ×−

σ = 24 N/mm2

22.22.22.22.22. (c)(c)(c)(c)(c)

for aluminium, µ = 0.33

for rubber, µ = 0.48 to 0.5

As µAl < µ r, aluminium resists lateral deformation more effectively than rubber.

23.23.23.23.23. (d)(d)(d)(d)(d)

Let us draw Free Body Diagram of AB and BC separately :

Bx B

By Cy

900 N

P C

1.2 m 1.8 m

ΣMB = 0,

900 × 1.2 = Cy × 3

Cy =
900 1.2

3
×

 = 360 N
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2
3 × 4 m

1
2 × 1200 × 4 = 2400 N

Bxy

Bx

Ax
MA Ay

Sum of all moments at A for entire frame:

MA + 360 × 3 – 900 × 1.2 – 
8

2400
3

×  = 0

MA = – 1080 + 1080 + 6400

MA = 6400 Nm

24.24.24.24.24. (b)(b)(b)(b)(b)

σ1 = 100 N/mm2, σ2 = 50 N/mm2, σ3 = 0

According to maximum principal stress theory,

σ1 ≤ y

FOS
σ

FOS =
250

2.5
100

=

According to maximum shear stress theory,

τmax, absolute ≤
2

y

FOS
σ
×

FOS = 2.5

25.25.25.25.25. (d)(d)(d)(d)(d)

5.4 kN
4.5 kN

A
B

0.5m 1 m 1.5 m0.5m 1.5 m

x

x

Mx = 4.5 × 0.5 + 5.4(1.5 + 1.0 + 0.5)

Mx = 2.25 + 16.2

Mx = 18.45 kNm
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27.27.27.27.27. (c)(c)(c)(c)(c)

U =
1
2

W × δ

W =
2 2 72000

60
U ×=
δ

 = 2400 N

δ =
8 2400 1000 8

82000 60
× × ×

×
 = 31.2 mm

D = 312 mm

Maximum shear stress, τmax =
( )3 3

8 8 2400 312

31.2

WD
d

× ×=
π π ×

 = 62.8 MPa

28.28.28.28.28. (c)(c)(c)(c)(c)

L
2

L
2

A B
C

P

L
3

L
2

A BC

PL
2

Area of bending moment,

A =
1
2 2 2

PL L× ×

=
2

8
PL

x =
2 3
L L+

x =
5
6
L

δB =
A
E
x
I

 = 
2 35 1 5

8 6 48
PL L PL

E E
× × =

I I

29.29.29.29.29. (a)(a)(a)(a)(a)

Given, σ1 = 100 MPa

σ2 = 50 MPa,

σ3 = 25 MPa

Syt = 220 MPa,
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For maximum shear strain energy theory,

(σ1 – σ2)
2 + (σ2 – σ3)

2 + (σ3 – σ1)
2 ≤ 

2

2 ytS

N
 
  

[Where, N = factor of safety]

(100 – 50)2 + (50 – 25)2 + (25 – 100)2 = 
22202

N
 
  

After solving,

∵ Factor of safety, N = 3.326 ~ 3.333.333.333.333.33

30.30.30.30.30. (d)(d)(d)(d)(d)

55

14

φ

Shear strain, φ = 1 14
tan

55
−  
  

 = 14.28° = 0.25 radian

τ =
P
ab

 = 
16000

150 225×
 = 0.474 MPa

Shear modulus, G =
0.474
0.25

τ =
φ  = 1.896 ≈ 1.90 MPa


