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8 Civil Engineering

DE TAILED EXPL ANATIONS

1 .1 .1 .1 .1 . (b)(b)(b)(b)(b)
Let, the stress developed on each side is σ.

Strain along one side due to σ = ( )1 2
E
σ

− µ

Strain along one side due to temperature rise = αT
As cube is restrained from all sides, therefore, both strains should cancel out each other i.e. algebric sum
of both strains should be zero.

⇒ ( )1 2
E
σ

− µ = αT

⇒ σ = 1 2
E Tα
− µ

2 .2 .2 .2 .2 . (b)(b)(b)(b)(b)

∵ Stiffness, k ∝
1

Number of coils ( )n
⇒ k1n1 = k2n2

⇒ k1 × 25 = k2 × 20
∴ k2 = 1.25 k1

3 .3 .3 .3 .3 . (d)(d)(d)(d)(d)

4 .4 .4 .4 .4 . (c)(c)(c)(c)(c)
σx = 60 N/mm2

σy = – 20 N/mm2

τ = 40 N/mm2

Normal stress, σn = σx cos2 θ + σy sin2 θ + τ sin 2θ
= 60 cos2 60° – 20 sin2 60° + 40 sin 120°
= 34.64 N/mm2

5 .5 .5 .5 .5 . (d)(d)(d)(d)(d)

S.F.D

B.M.D.

14 kN

– 13 kN

2 kN

14 kN

15 kN6 kN/m

– 19 kN/m

A C
B

Loading
diagram

19 kN/m

Mmax

MB – MA = (BM)B
= Area of shear force diagram from A to B since MA = 0,
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due to simply supported beam.

= ( )1
14 2 2 16kN-m

2
+ × =

6 .6 .6 .6 .6 . (c)(c)(c)(c)(c)

7 .7 .7 .7 .7 . (b)(b)(b)(b)(b)

Modulus of elasticity, E =
PL

A L∆

∵
1

2

L
L
∆
∆ =

2
5

∴
1

2

E
E =

5
2

1
as E

L
 ∝  ∆

8 .8 .8 .8 .8 . (a)(a)(a)(a)(a)

9 .9 .9 .9 .9 . (b)(b)(b)(b)(b)

Radius of Mohr’s circle for strained body

O
∈∈1∈2

φ

r

Radius =
2 2

1 2

2 2
∈ − ∈ φ   +      

Centre =
1 2 , 0

2
∈ + ∈ 

  

10.10.10.10.10. (d)(d)(d)(d)(d)

According to maximum shear stress criteria.

For no failure, τmax ≤
2
yσ

∴ max

y

τ
σ ≤

1
2
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11.11.11.11.11. (d)(d)(d)(d)(d)

p

y

z

p

p

x

∵ Pressure is a compressive stress

∴ εx = 3 3 3

200 1 200 1 200
4 4200 10 200 10 200 10

− −   − − −      × × ×
= –5 × 10–4 mm/mm

∴ Elongation, ∆x = 45 10 50L −ε = − × ×x x

= –0.025 mm

12.12.12.12.12. (b)(b)(b)(b)(b)
Let the reaction at support A be R.

R

A

P

B
R

R
B

VC

C

Deflection at A in beam BC = Compression in column AB
3( )

3
P R L

E
−
I =

RL
AE

2( )
3

P R L−
I

=
R
A

2

3
PL
I

=
2

3
R RL
A
+

I

2

3
PL
I

=
23

3
AL

R
A

 +
 
 

I
I

R =
2

2

2

33 1

PAL P

AL
AL

=
 + +   
II
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13.13.13.13.13. (b)(b)(b)(b)(b)
Total load on beam, w = 10 + 20 = 30 kN/m

Maximum shear force, F =
30 8

120 kN
2 2

wL ×
= =

Average shear stress, τavg =
3

2120 10
4 N/mm

1
200 300

2

F
A

×= =
× ×

Maximum shear stress, τmax = 23 3
4 6 N/mm

2 2avgτ = × =

14.14.14.14.14. (a)(a)(a)(a)(a)

According to maximum strain energy theory,

U = ( ){ }
2

2 2 2
1 2 3 1 2 2 3 3 1

1
2

2 2
y

E E

σ
σ + σ + σ − µ σ σ + σ σ + σ σ =

Given σ1 = σ2 = σ3

∴ U = ( )2 23 6σ − µσ = 2
yσ

( )2 3 6σ − µ = 2
yσ

⇒ σ =
( )3 1 2

yσ

− µ

15.15.15.15.15. (c)(c)(c)(c)(c)

a aa

A B C

P

D

∆B∆A

Moment about D,

FA × 3a + FB × 2a = P × a

⇒ 3FA + 2FB = P

Also,
3

A

a
∆

=
2

B

a
∆

⇒ ∆A = 1.5 ∆B

Now, F = k∆
∴ FA = kA∆A

FB = kB∆B

∴ A

B

F
F

=
2 1.5

3B

B

k
k

∆
× =

∆
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16.16.16.16.16. (b)(b)(b)(b)(b)

2 m 1.75 m

0.75m

40 N60 N

A

RA

Moment about roller is zero.

∴ RA (3) + 40 (0.75) = 60 (1)

⇒ RA =
60 1 40 0.75

3
× − ×

 = 10 N

17.17.17.17.17. (a)(a)(a)(a)(a)

Strain energy =
2

0 2

L P d
AE∫ x

P = Weight = γA·x

u =
2 2 2

0

·
2

L A d
AE

γ∫ x x
 = 

2 2 3 2 3

6 6
A L AL
AE E

γ γ
=

18.18.18.18.18. (b)(b)(b)(b)(b)
τmax = 75 N/mm2

N = 100 rpm
P = 250 kW

T =
60
2

P
Nπ

 = 
60 250
2 100

×
π ×

 = 23.87 kN-m

P

T
I

= max

2
D
τ
 
  

⇒
6

4

23.87 10

32
D

×
π

=
75

2
D 

  
⇒ D = 117.468 mm

19.19.19.19.19. (d)(d)(d)(d)(d)

3PL

BA

P

L

Deflection at B =
( ) 23 3

3 2

PL LPL
E E

+
I I

Slope at B =
( )2 3

2
PL LPL

E E
+
I I
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Deflection at C = Deflection at B + Slope at B × L

=
3 3 2 23 3

3 2 2
PL PL PL PL

L
E E E E

 
+ + + ×  I I I I  = 

316
3

PL
EI

20.20.20.20.20. (a)(a)(a)(a)(a)
Let P be the roller reaction
∴ Upward deflection of beam at A due to ‘P’

δ1 =
3
P
E
l
I

Downward deflection of beam at A due to ‘w’

δ2 =
4

8
w
E
l
I

Now δ2 – δ1 = ∆

⇒
4 3

8 3
w P
E E

−
l l
I I

= ∆

⇒ P = 3

3 3
8

E
w

∆− Il
l

21.21.21.21.21. (b)(b)(b)(b)(b)

Net BM at P = (F × 3) – (F × 2) = F = 300 N-m

Bending causes compressive stress at P

f =
3

2

300 10

30 30
6

×
 ×
  

 = 66.67 (MPa) (C)

Horizontal force, F = causes axial tensile stress of

F
A

σ = =
300

30 30×
 = 0.33 MPa (T)

At extreme fibre stress shear stress due to bending is zero.

∴ The resultant stress at P is compressive.

22.22.22.22.22. (b)(b)(b)(b)(b)

D

A B

D Cb

d

Size of rectangular section (b × d) cutout from circular log of wood

From ∆ACD, D2 = b2 + d 2 ...(i)

Section modulus, z =
( )2 22

6 6

b D bbd −
=
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for the beam to be strongest z should be maximum

dz
db

= 0

D2 – 3b2 = 0

b = 3
D

From equation (i), D2 =
2

2

3
D d+

d 2 =
2 2

2 2
3 3

D DD − =

∴ Size/dimensions will be (b × d) d = 2/3D  = 
2
33

D
D

 
×  

23.23.23.23.23. (b)(b)(b)(b)(b)

x

b = 200 mm

h = 100 mm

φ

y

Given, εx = 195 × 10–6

εy = – 125 × 10–6

tanφ =
100 1
200 2

=

φ = 26.56°

εOD = 2cos 2 sin2
2 2 2

y y yε + ε ε − ε γ
+ φ + φx x x

=
( ) ( ) ( )

6 6 6 6195 10 125 10 195 10 125 10
cos 2 26.56

2 2

− − − −× − × × − − ×
+ × °

Note : Since the stress are biaxial, so γxy willl be zero.

εOD = 1.31 × 10–4

∴ Change in length of diagonal OD

∆OD = ( )2 2 4. 100 200 1.31 10OD OD
−ε = + × ×l  = 0.0293 mm
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24.24.24.24.24. (b)(b)(b)(b)(b)

W/unit length

A
3 m

200 mm

200 mm

fmax = 5 N/mm2 Let w in (kN/m)

M
Z

= 5 N/mm2 (b = d) for square section

2

2
wL

Z

 
    = 5 N/mm2 where, 

2 3

6 6
bd dZ = =

( )
( )

2 6

2

3 10

2 200 200

6

w × ×

× ×
= 5

W = 1.48 kN/m

25.25.25.25.25. (a)(a)(a)(a)(a)

A

2 kN

B

6 kN

1 m 1 m 1 m

C

1 – 6 × 1
2

= –2 kN 1 + 6(2 + 1)
2

= –10 kN

–ve

+ve

2 kN

4 kN

6 kN
w = dV

dx

v = dN
dx

–ve

B.M.D

6 kNm

SFD

∴ Maximum BM occurs at the right support and its value is 6 kN-m
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26.26.26.26.26. (a)(a)(a)(a)(a)

Loop/Circumferential stress

Given, σh =
2

PD
t

 = 80 MPa

Circumferential strain, εh = ( ). 2
4
PD
tE

− µ  = ( ) 4
5

80
2 0.28 3.44 10

2 2 10
−− = ×

× ×

27.27.27.27.27. (b)(b)(b)(b)(b)

Direct stress, σ1 =
.
P

b h

Bending stress, σ2 = ( )2 / 6

M Pe
Z bh

=
b

A D

B C
h

e  h= /6

To avoid tensile stress,

Total stress = – σ1 + σ2 ≤ 0

2

6P Pe
bh bh
− + ≤ 0

e ≤
6
h

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

σ = ∈E and σ = 
P
A

P
A

= ∈E

∈ =
P

AE

Poisson’s ratio =
Strain in lateral direction

Strain in longitudinal direction

∈longitudinal =
lateral∈
µ

∈lateral =
( )

3

2 9

0.42 120 10

0.08 3 10
4

P
AE
µ − × ×=

π × × ×
 = 3.3422 × 10–3

∈lateral =
D
δ

 = 3.3422 × 10–3

∴ δ = 3.3422 × 10–3 × 8 = 0.026 cm � 0.03 cm
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29.29.29.29.29. (c)(c)(c)(c)(c)

(i) Force on shaded area= max

max

f Ay
y

where, A is area of shaded portion, y is distance of centroid of shaded area from NA
Ay = 5 × 5 × (5 + 2.5) = 187.5  cm3

So, Force =
80 187.5 1500 kg
10

× =

(ii) Moment of this force about the neutral axis

M =
max

max
o

f I
y

(Io = Moment of inertia of shaded area about neutral axis)

Io = ( )
3

2 45 5 43755 5 7.5  cm
12 3
× + × × =

So, M =
80 4375 11666.67 kg cm
10 3

× =

30. (b)

RA = RB = ( )1 2 10 5
2

W w W w+ = +

= 15w (W = 10 w)
Now

DC
A B

a a

WW
w/meter

RA RB

E5 m 5 m

ME = RA × 5 – W (a + 5) – w × 5 × 2.5 = 0
⇒ 15w × 5 – 10w (a + 5) – 12.5w = 0
⇒ 75 – 10a – 50 – 12.5 = 0
⇒ 12.5 = 10a
⇒ a = 1.25 m


