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DETAILED EXPLANATIONS

2. (a)
Original area - Area at the failure
Percentage decrease in area = Original area x100
Tx32-Txng?
-4 4 x 100
= x 32
4
2 _5g2
- X228 00
3
= L8100 =129%
9
3. (b
The FBDs of the members AB, BC and CD having axial forces are shown below.
A B BT C D
80 kN 80 kN 30 kN 30 kN 20 kN 20 kN

i
i
i
i
!
x
At section x-x,

P _30x10°
A 900
33.33 N/mm? (Compressive)

Normal stress, ¢ =

4 (@
Material Poisson's ratio
Aluminium 0.33
Brass 0.34
Bronze 0.34
Cast iron 02-03
Concrete 0.1-0.2
Copper 0.33-0.36
Glass 0.05-0.1
Pure rubber and perfectly plastic material 05
5. (b)

Stress of same magnitude and of different nature are obtained on principal planes.
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6. (0)
For a cylindrical rod,
) ) o8l 26d
Volumetric strain, € = T+ T
where 8d is change in diameter
_ad
Now, Poisson’s ratio, i1 = 6—;1
1
_od
- _d
[
& 033l
= d =
043l
o
7. (9
Given:
6,=50N/mm’
30°L .5 =130 N/mm’
™ Axis of minor stress
Tangential (or shear stress) 1 is given by,
o, —O
1= ——2.5in20
2
= 202180 in(-2 % 309)
= -40 x -0.866
= 34.64 N/mm?
9. (b)
Strai it volume = i—i—00156N/mm2
rain energy per unit volume G 2 8% 10° .

ocopyright: MADE ERASY

www.madeeasy.in



MADE EASY Civil Engineering | Test4 15

11.

12.

13.

14.

(b)
Due to temperature rise, there will be stress in y-direction only as the plate is allowed to expand
in x-direction.

Expansion in y-direction = 0
= LoaT - 2L _
E
= 6. = EaAT
L S _ -0, X L
Now, expansion in x-direction, A, = LoAT —p E
_ LoaT + 1oL
E
= LoAT + uLaAT
= LoAT(1 + p)
= 1.5 %107 x 20 x (1 + 0.25)
= 375%x10°m
= 0.0375 mm

(a)
We know that,

Rate of change of shear force, — = Load intensity

x
25-(-5
In portion AE, w, = + =10 kN/m
15-(5
and in portion DB, w, = 2( ) =5kN/m

(a)
* SFD is one degree higher than loading intensity diagram.
* BM is either maximum or minimum at a section where shear force changes sign.

(a)

The bending stress will be maximum where BM is maximum,

WL 75 x 4000
Maximum BM = w1 - 7.5 x 10* N-mm
M c
Also, — = &
I ymax
M D
= Omax = T <5
4
= 7'5X7105 w20 70752 N/mm?
1.06 x 10 2
= 14.15 N/mm?
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15. (c)
. _ae N2
A B
e
2m
Ry Rpg
Let us consider an element of length dx at distance x from A.
Now, XM, =0,
2
N Ry x2-[3x%dx(2-x) = 0
0
~ ~ 3R 3 2
= R,x2 = £(6x 3x )d —Z[x ]O_Z[x ]0
= R, =2N
16. (b)
Twisting moment M at D, will act as BM in member BC.
L)2
| ulz) e
Deflection at C = SE] SE]
17. (a)

Neutral axis will pass through the centre of beam’s cross-section.
Allowable stress in wood, ¢ = 10 MPa

wood

20 4
Allowable stress in steel, 6., = 10 xm x (2—5) = 10x20 % (g) =160 MPa
18. (b)
t N-
/

T

A ///////

| x —
dx

Let us consider an element of length dx at x from B.
Internal torque acting at distance x from free end,
T = tx

X

L
S U JL‘szdx JL‘ > de |:x3] 213
train energy, U = =
o 2G] - 2G] 6GJ

3

=16-—x16=4N
4

ocopyright: MADE ERASY

www.madeeasy.in



Civil Engineering | Test4

17

19. (o)
For a semicircular section,

e

4R

T

where ‘¢’ is distance of shear centre from centre of semi-circle.

So, e

20. (b)
For a triangular section,

21. (a)
For simply supported beam,

Slope at ends, 8 =

Deflection at mid-span, & =

22, (c)

4X2n=8cm

T

4
TN = g (Tavg)

F 8F  8x40x10°

Given : d = 18 mm; n = 30; G = 8 x 10* N/mm? D = 180 mm

Stiffness of spring, k =

24. (d)

4
= == —=213N/mm’
3| Ty, |~ 30h T 3x250% 200 /mm
2
2
WE _ 0.01845 rad
16EI
WI2 6L 0.01845 x 5000
= =TT 307
48E] 3 3 30.75 mm
4 4 4
Gd 8x10* x18 —@=6N/mm

8D°n  8x(180)°x30 30

Young’s modulus of steel decreases with increase in temperature.

25. (b)
w kN/m
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For the given loading on cantilever beam,

wl3 wi*
At free end B, 0, = 24E] and 3, = 30EI
wi*
)
%5 _ 30EI_24L 4., 16_3,
6wl 30 5 5
24E]
26. (c)
3kN 3kN
‘| S
C D @
" 1m I 2m I Tm—=
R, Ry

As the load on the beam is symmetrical, reactions R, and R, are equal
R, = R;=3kN
Its BMD will be as shown in figure below:

3 kN-m 3 kN-m
+) BMD
A B
C D
3/ElL 3/ElL
T M/EI-diagram
A T B
C D
1m I 2m I 1m
R

R, Conjugate beam

As the loading is symmetrical

Il
S5

1[(1 3 2x3 4.5

’ Rp=—|| =X1IX—|X2+——| = —

Ra It J2e B2 5
According to conjugate beam method,

Slope at ends = Shear force at ends = R = Rp

_ 45
EIl
27. (d)
w kN/m
A NY\(WVMWVWYW\ B
c | L
R, L/2 | L/2 R,
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29.

30.

31.

Let us assume prop reaction R at C.
Using compatibility condition at C,

6C

swLl*  RL

384E]  48EI

= R

Since the loading is symmetric, reactions R, and R will be equal and can be computed as,

R,

(b)
Power
= 20 w2 x 103
= T
Allowable shear stress, T __
= 50 x 10°
= D3
= D

(b)

For hollow circular section

(d)

Circumferential stress, G,
Longitudinal stress, 6,

Circumferential strain, €

IN

IN

IN

0

0

5wL
8

L_SwL
"R sul
Rp = 2 16

Tw

T x (2m x 2) [
5000 © N-m
16T

nD?

16 x 50001

txD?
1

625

L =0.117 m =117 mm
8.55

D3 + D?

8D
D2+(9)2
_\2)

8D
5D
32
p_d pro_ 075><720=72MP
2t ¢ 75
—C=7?2=36MPa
1[0 - o]-#x[72—03(36)]
gLOCTHOLI= 50005 '
2615523‘06)(104

X

o=27nf]

where ‘D’ is diameter in ‘m’.
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32. (b)
Since, there is no shear stress acting on given planes, therefore given stresses are principal stresses.
50 MPa, 6, = 10 MPa and 6, = 0 MPa

0

. f[(01—03)(01—02) (02—03)}
T b = maXximum O 7 7
abs 2 2 2

_ 91705 _5%0-0_ e yipa
2 2

Absolute maximum shear stress,

33. (a)

16 [ —y
Major principal stress, 6, = E X [M +VM? + T2:|

16 ) 2:| 6 2
= ——_x|20+4/20% +(10v5) |x10°® N/mm
%17 nx903 [ (1045) /

16 x 50 x 10° 1097.4
= ———————=MPa = —— MPa
T X729 %10 T
34. (a)
Principal strains are given as,

2 2
& +e, N & — €, . ¢ﬂ
8P1/P2 - 2 - 2 2

s -6 _ 2 2
900 x 10 erlOOxlO i\/(%ozloo) +(@) 106

(500 + /4002 + 100> ) x10™° = (500 + 412.3) x 106

912.3 x 107, 87.7 x 10°°

35. (b)
In maximum shear stress theory, yield locus is hexagon.
38. (b)

Height of chimney on the basis of SO, is
h = 14(Q,)/® where Q, is SO, emission in kg/hr

Now, SO, emission = 25 x 1.536 x 12
= 460.8 t/year
0. = % — 0.064 t/hour = 64 kg/hour
h = 14 x (64)1/3
= 56 m
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39.

40.

41.

42.

44.

45.

(b)

* If C/N ratio is more, nitrogen will be used up and carbon will be left over thereby leaving the
digestion of organic matter incomplete.

* If C/N ratio is less, carbon will soon get exhausted and fermentation ceases, leaving nitrogen
which will combine with the hydrogen to form NH,. This can kill or inhibit the growth of
bacteria.

(a)
As per geometric increase method
P, =P (1+r)y

= 70000(1 + 0.2)2
= 100800

(d)
Discharge, Q = 0.005 cumec = 0.005 x 60 x 60 =18 m3/hr

C'
We know that, Q = (Z) XAXS
c’ .
where, i 1 m?®/hr/m?/m of depression head for coarse sand
18 = 1xAx3
= A = 6m?
= Edwz =6=4d = %:281'1’1
4 w T
(d)
o 90
Total alkalinity = 500 %1000 =150 mg/! as CaCO,
OH- alkalinity = 5mg/I as CaCO,
1 33
= [OH] + > [COM] = @XNOO =55 mg/I as CaCO,
1 .
= 5+ E[CO3 ] = 55 mg/l as CaCO,

Total alkalinity caused by CO,> ions
()

Poliomyelitis is caused by polio virus.

(b)

2 x50 =100 mg/I as CaCO,

Head loss of expanded bed = Head loss of unexpanded bed

= H, = D'(1-n")(G-1)=D(1-n)(G-1)
where D and n are the depth of bed and porosity respectively

= 1.21(1-n") = 0.8(1 - 0.4)

= n’ = 0.6033 ~ 0.6
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46.

47.

48.

50.

52.

(c)
As per Stoke’s law,

Settling velocity, V. = i(G—l)ﬁ
& Yl T8 \
Particle of size greater than d will be removed to the extent of 100%.
N L H
ow, — = —
Vs Vi
- v, = %xvf =%xl.22=0.066 cm/ sec
N 0.066 x 102 = (2.65-1)x9.81 x d?
o ‘ T 18%001x10°
= d = 2709 x 105 m = 0.027 mm =~ 27 um

(a)
Ferrous sulphate consumption = 60x 107 x 36000 x 10° = 2160 kg/ day
Equivalents of FeSO,- 7H,O (Eq. wt = 139 g/eq.) that would react with an equivalent of 90% CaO
is,
28 _ 31.11
0.90

Lime dose = % x 31.11 = 483.44 kg/day

(d)
Total hardness left after treatment = 85 mg/I
Carbonate hardness left after treatment = 37 mg/!
Non-carbonate hardness left = 85 - 37 =48 mg/I
Non-carbonate hardness of raw water = 99 mg/1
. Non-carbonate hardness to be removed from raw water
= 99-48 =51 mg/I
Soda (Na,CQO,) is required for removal of non-carbonate hardness.
100 mg/I of CaCO, requires = 106 mg/! of Na,CO,

% x 51 = 54.06 ~54.1mg/1 of Na,CO,

51 mg/I of CaCO, will require

. Soda required for 1 ML of water
(b)

Fabric filter does not remove particles in wet state.

(a)

54.1 kg

51.84 m3/m?3-d

_ 51.84x10°
24 x60x 60

Surface over flow rate, (V)

=0.6 mm/sec
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Particles which have settling velocity more than surface overflow rate will be 100% removed.

Other particles are removed in the ratio of (%)

0

0.3 0.1
. Total percentage of particles removed = 23+ 65X 06 +12x 06 57.5%
53. (d)
V = 250 x 10* x 3.5 = 875 x 10* m3
S, =017, n=041
Specific yield, 5, = n -5, =041-017 =0.24
_ AV
From, Sy =Y
= AV = 0.24 x 875 x 10* = 2.1 x 10° m®
54. (b)

Refer Table 2 of IS 10500 : 2012

56. (d)
Flocculating particles have type-2 settling. The Stoke’s law cannot be used because flocculating
particles continuously change their shapes and size.

57. (b)
1%
J Volume of air, V= 6 where V is total volume of soil mass
1%
Volume of water, V= 3
. v Vv v
Volume of voids, V, = V_+V = 3 + 3= >
vV Vv
Volume of solids, V, = V-V _= v —E: >
v, V/2
Void ratio, e v /2
G 2.7%x10
Now, dry density, y, = 11’2 =S =15 kN/m]
58. (¢)

In hydrometer, the reading on stem is marked from top to bottom.

59. (b)
Given: w; = 45%, wp, = 2.5%, w, =20%
* Consistency index of soil mass is given as
w, —w, 45-20

I = .

= =1.25
c w, —wp, 45-25
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60.

61.

62.

63.

66.

67.

* Liquidity index of soil mass is given as

I, =1-1=1-125=-025
I, 125 _
= T

Now,

(c)
Plasticity index of soil mass given by U-line is
I, = 09 [w, -8] =0.9[40 - 8] = 28.8%

(d)

To avoid segregation, filter should not contain the particles of size larger than 75 mm.

(@)
Critical hydraulic gradient, i_is given as

, G-1

7 1te
G-1)(1-n)=26-1)(1-04)=0.96

= i
(c)
According to Boussinesq's equation, vertical stress below a point load (Q) is given as:

30 _ 3x2000
° 2nZ* 2mx(5)

= 38.197 kN/m? ~ 38.2 kN/m?

()
Given: C,=0.05,C, =025 H =2m,e =1
Now, final settlement is given as

C.H, 80| C.H, 50 + 50
AH = —/—Zlog|— |+ lo
1+e, 50| 1+e, 80
3 3
_ 0.05x2x10 log[1.6]+0'25><2><10 log[1.25]
1+1 1+1
= [50 log (1.6) + 250 log (1.25)] mm
(b)
As we know,
B = Auy
Ao,
= Au; = B.Ac, ..(1)
— Ay
and, A = —Acd
= Au, = A-Ac,
But, A = AB

Au, = AB-Ac, = AB[Ac, - Acs]
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Now, Au, o = Auy + Au,
= Au, .., = BAc, + AB(Ac, - Ac,)
Au, ., = B[Ac, + A(Ac, - Acy)
68. (a)

The all round pressure (confining pressure) is zero in an unconfined compression test and the
Moht’s circle passes through the origin.

69. (d)
The active earth pressure p, at a depth H is given as

p, = k,vH where k_ is active earth pressure coefficient
h = 1-sin¢ 1-sin30° 1
where, @~ 1+sing 1+sin30° 3

1

p, = 5><15.5><6=31 kN/m?
70. (o)
Coefficient of active earth pressure is given by,
1-sind
@ 1+sin¢
For clay, o =0
: k =1

a
Now, active earth pressure at a depth z is given as

Po = ki (12)-2CJk,

0 = k,(vz+q)-2CJk,
= k,(z+q) = 2CJk,
= 1x (182 +20) = 2x20J1
= z = 111m

71. (b)

The average permeability of the deposit in vertical direction is given as:

P o= Hy+H,+H; _ 6+225+12

v ﬂ+i+&_ 6 225 12

+ +
ki, k, ky 8x10* 50x107* 15x107*
20.25 x 10™* cm/s
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72. (a)

Discharge, Q is given as T

Q =kiA

= 0.08 = 0.002 x i x 50 §

= i =08 R .

For section x-x T

Seepage pressure p, = izY, 5cm
= 0.8 x 0.05 x 10 = 0.4 kKN/m? l
Now effective pressure at section x-x is given as “ T
G,, = (20-10) x 0.05 - 0.4 = 0.10 kN/m?
73.  (¢)
CV N t
For a given degree of consolidation of a soil, T|, and d are constant.
b ooc LocmV’Yw CV: k
CV k MY w

Hence, with decrease in permeability, consolidation time of a soil sample increases.
74. (d)

Phenomenon of quick sand can occur in the sands or silts and can not occur in gravel.
75.  (¢)

The phreatic line at the entrance goes downward.

0000
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