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DETAILED EXPLANATIONS

1.

(d)

For a Newtonian fluid,

Since the space between shaft and the sleeve is very small, i.e., the oil film is thin, it can be

preasumed that

Shear stress, T

= F
F

F

U

0.5 kN

= 60 cm/s
= F,

()

Gauge pressure inside the bubble,
IDi
Gauge presure outside the bubble,

P

(0]

AP

4577 x15%x107°

Force E
Area A

=

~ | c

F
A

u
Al —
ut

u
FZ

u,
FZ
300 cm/s

2.5 kN

150 N/m?

- pogh
= 0.85 x 10% x 9.81 x 0.0125
= 104.23 N/m?

AP =

P, - P, =150 — 104.23 = 45.77 N/m?

40
d

=0.0172 N/m

4
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3. (b
T
\@5‘\0
N
N
du/dy
Ty + au
T = TtH dy
4, (a)
Gauge pressure, Py = pgh = vh
= 10 x 10% x 20
= 2 x 10° N/m?= 200 kPa
Atmospheric pressure, Pum = 760 mm of Hg
= (13.6 x 10° x 9.81) x 0.76
= 101.4 kPa
Absolute pressure = Pg + P,
= 200 + 101.4
= 301.4 kPa
5. (c)
— g sin®@
Centre of pressure, h,, = +¢
P Ah
. _n leo
For vertical plate, h, = h+ AT
3 3
leg = bh? _ (4v2)x(242)° x2=%%_ 2133 m?
12 12 3
Pz 82238 _g.0167-8167m
(4x4)8
.. The centre of pressure is (8.167 — 8) = 0.167 m below the centroid of the plate
6. (d)
Distance between metacentre and centre of buoyancy
_ Imin
BM = v

immersed
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= BG + MG
where, I min
Vimmersed

7. (d)

min

V,

immersed

Moment of inertia of top view of floating body about

longitudinal axis

Volume of body immersed in liquid

= Stream line is an imaginary line drawn through the flow field in a manner such that the velocity
vector of the fluid at each and every point on the streamline is tangent to the streamline at that
instant and thats why there is no velocity component in the direction normal to the stream lines.

= A path line represents the trace or trajectory of a fluid particle over a period of time.

= A streak line is the instantaneous picture of the positions of all the fluid particles that have
passed through a fixed point in the flow field.

8. (c)

Acceleration in y-direction:

=

=

At point (1, 2, 3) and t = 1 unit,

9. (d)

Streamline function,

s <

QD
<

L 2L

10 xy

= 5x?

t2x +z

ov dv oV ov
—+u Vv
ot dx oy 0z

0+ (10xy)(10x) +5x* (0) +(t*x +2)(0)

100x2y

100 x 12 x 2 = 200 units

2xy

d0
ik, P
ox y
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=
Integrating, both sides

where
Now, stream function,

At (1, 3),
At (3, 3),

11. (c)

A steady irrotational flow of an incompressible fluid is called potential flow.

13. (a)

Original volume,

Volume of water spilled out,

Ratio,

15, (d)

fr(x)
f(x) + C’
—x2+C

— C’ = Another constant

= (9-1) =8 units

v, =
Now, discharge/flow per unit width

(32 - 3%) =0 units

IWZ_Wll
8 — 0 = 8 units

< 1m

arth=nr? x2

lnrzh’
2

1><rcr2 x 1
2

20 cl

PzT VZ
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Net force in x-direction = Change in momentum in x-direction

= PA -F = pQ(0-V,)
T
= (80%10°) XZ(0'3)2 ~F = _pAV2
(80%10%)x T % (03)° —F, = —10°x~ x(0.3)" x 52
= 4 . — 4 .
= F, = Zx(0.3)? x10° x (80 +25)N
X 4 *
= F, = 7.42 kN
16. (a)
af o1 )B
___Converging _, ) Diverging |
' section o section '
o ~ 19° to 23°
B~ 5°t0 7°
18. (a)

Velocity of efflux is equal to the velocity of free fall from the surface of reservoir. This is known
as Torricelli’s theorem.

Pa

- Al G by
R

Tank A |— Tank B

O
I
iy
oy
g
(=]
=

I
I
|
I

where, h

19. (b)
For a laminar flow through a circular pipe.

max
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1 dP) _,

where, Unax = K(_&)R
1

——X

4x0.001

2
- 6.25{1—(%) }:6.24 m/s
20. (d)

= If metacentric height is positive, i.e., when M is above G, then it represents the condition of
stable equilibrium of floating bodies.

= If however, the metacentre M lies below G (in between B and G), the metacentric height is
negative signifying unstable equilibrium.

{-(~10)} x(0.05)* =6.25 m/s

c
|

22. (c)
Jdu du
Convective acceleration, a, = U&*LVE
_ (Zx2 +y2)i(2x2 +y2)+(—4xy)i(2x2 + yz)
- X ay
= (2x° +y?)x 4x+(-4xy) x 2y
= 8x% +4xy? —8xy?
= 8x% —4xy?
At (1, 2) a = 8x13-4x1x (22
= 8-16 = -8 units
23. (o)
B u
Displacement thickness, o = fo 1-—|xdy
8 y
= IO (1 —g) X dy
7
- y — y_ — 8 _ § — §
25 0 2 2
E = l: 05
)
24, (d)
For a RC at critical depth of flow.
Velocity, Ve = {9y,
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2

1/3
)" |@s25) _( 32 )“3
Ye=1lg) | 10 125
- 2432 16-064m
5 5
V. = J10x0.64 =/6.4
8 8
= —=——=253m/s
J10  3.162
25. (b)
y 1
Ratio of sequent depths, y_j = E[—1+\/1+ 8x Frzl:l
= %[—1+«/1+ 8 (10)? ] =13.65
26. (c)
27.  (b)
V, ~|—
JR R V2
Y,
Vl__> yl
Celerity, C=V,+V,
gy _
~ \/—X—ZX(YH'Yz) =V, +V,
2y
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9.81 0.6
—X

= —(0.6+0.3)
2 03

= Vv,

From continuity equation,

= By, (V, +V,,)

= 0.6(V, +3)

= V,

3+V,

0m/s

By, (V; +V,,)
0.3 (0 +3)

0.3x3
0.6

-3=-15m/s

Magnitude of velocity at upstream and downstream 0 and 1.5 m/s.

Yo RS

A 3x25 75

2o 222 _12-094m
P 3+2x25 8

9.81 x 0.94 x 0.0002 x 10° = 1.84 N/m?

V,=6.75m/s

28. (d)
Average boundary shear stress,
TW
R
TW
29. (o)
Any GVF profile will have atleast one control section.
30. (a)
Efficiency of draft tube: Ny
= Ny

2
1-12( 2]
6.75

0.763 ~ 76.3%
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31. (a)
Given: Dia. of Pelton wheel

ul
u=u,=u
From inlet velocity triangle:
Vy,
Also, V,, cos15°
= 0.85 (V, — u) cos 15°
= 0.85(CV 2gH —u)00315°

- 0.85(0.97\/2 % 9.81 % 900 — u)o.97
=  0.85(0.97 x 4.43 x 30 — u) 0.97

= 0.825 (0.97 x 4.43 x 30 — u)
= u
But u
= N
32. (b)

Given: Total head, H
Design speed, N
Specific speed, N,
Discharge through each pump, Q

N

S

u

u

u

0.825x0.97 x 4.43x 30
1.825

=58.27 m/s

nDN
60
58.27 x 60

ntx1.1

=58.27

=1011.7 ~ 1012 rpm

90 m

= 1000 rpm
= 30

0.25 m3/s

NVQ

(H)3/4
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1000 x+/0.25
= 30 = = \3/4
(Hm)
4/3
1000 x /0.25
= H = |——F— =4257m~426m
m 30
90
Number of pump stages = ——~=2.11~3
42.6
33. (b)

34.

36.

37.

38.

Volute casing: In this type of casing, the area of flow gradually increases from the impeller outlet
to the delivery pipe so as to reduce the velocity of flow. Thus, the increase in pressure occurs in
volute casing.

(a)
A
- e
TGauge pressure
Atmospheric
pressure
Absolute pressure
Absolute zero or
complete vacuum
I:)abs = I:)atm + Pg
(c)
In Kaplan turbine frictional losses are low because of small number of blades used.
(d)

The term alternate depths is used in the open channel flow to denote the depths having the same
specific energy for a given discharge.

(d)
NDL

Yn

Ye Vo> Ve

Mild slope

Subcritical flow occurs at normal depth in a mild sloped channel.
Since Yo > Y,
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39.

40.

41.

42,

43.

44,

45,

46.

(d)

Lclear

12

then, effective length of intermediate span is equal to clear length.

For continuous beam, if, width of support >

4800
So, 450 mm > (?=400mm)

Lo = Lyjgq = 48 M

clear
(c)
Limit state design is based on the probabilistic concept. Thus the actual load and actual stresses

may differ from the calculated load and calculated stresses. However the partial safety factor and
load factor provide adequate safety to the structure against collapse.

(a)
= Failure of over-reinforced section occurs due to primary compression failure.
= Under-reinforced section fails due to secondary compression.

(d)
The minimum reinforcement in edge strip, parallel to that edge shall be 0.15% for mild steel and
0.12% for HYSD bars, of the cross-section area of concrete.

(b)

According to Clause 29.1 of IS 456: 2000, beam shall be deemed to be a deep beam when the ratio
of effective span to overall depth i.e. I/D is less than,

1. 2 for simply supported beam.

2. 2.5 for continuous beam.

(b)

Positive moment tension reinforcement:

1
Atleast Erd of the tensile reinforcement in simply supported member and %th of tensile

reinforcement in continuous member shall extend along the same face into the support to a length

Lg
of 3
(@)
_ Ly _ 5000 B
b, = L, +by = s000 T 300 =855.56 mm
— 44 -
b 1000
(@)

T, is increased by a factor of 8, where

5 = |1+ P 115
f,BD
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3
So, 5 = 14°x800x107x15 _, 4e 5
25 x 500 x 600
6 =148
48. (b)
Any section of the wall will be subjected to tension and bending both.
49. (b)
Type of staircase Width of staircase
Service stair for maintenance, catwalks and two floor
. . _— 1-1.2m
residential buildings.
Staircase for offices, apartment, etc. 1.2-1.6m
Staircases for public houses, etc. 1.2-2m
50. (b)

Interaction equation,

Mux on MUY on
vl <1
Muxl I\/Iuyl
i i l:)u .
Exponential power, o, depends on the ratio —-:
uz

P
_u o
PUZ
<0.2 1
02t008 | 1to?2
>0.8 2
P 4000
So, - = ——=0.727
Puz 5500
1 ! 0.727-0.2
Co.727 = +ﬁ[ 721-0.2]

1.878 ~ 1.88

51. (b)
The effect of minimum eccentricity is deemed to be incorporated.

52. (b)
Average shear stress for shorter span is given by,
w, XL, 15x3

= =15kN
Yy 3 3
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. 0.5><20><200><450[1_\/1_

section is under reinforced

0.133f,, bd?

0.133 x 20 x 200 x (450)2 x 107

107.73 kNm

0.5x fy xBxd 1- _46xM,
fy fBd?

4.6x25x 10° ]

500 20 x 200 x 4502
= 132.66 mm?
_ 0.85Bd _ 0.85x200x450 _ .
f, 500
> Ast req.
= Ay min. = 153 mm?

Minimum shear reinforcement in the forms of stirrups is provided to improve the dowel action of

53. (b)
Since, BM, < BM, i,
Mu, lim
Ast reg.
Ast req.
min., A,
Here’ Ast, min.
SO’ Ast, provided
54. (c)
longitudinal bars.
55. (b)
(Xu)lim
Assuming (X,) ¢
C
= 0.36 f, B X,
= 0.36 x 20 x 1200 x X,
= X,
. NA lies in flange.
58. (d)
DS
Dy

0.48 x d = 0.48 x 500 = 240 mm
160 mm (Dy)

T

0.87 fy A,

0.87 x 415 x 1964

82.07 mm < D; (= 160 mm) (0.K)

m+r,—2j

=19+3-2x11
=22-22=0
=2j-r,

2x11-3=19
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59. (a)
10 kN
H X
! |
,;' 20 kN
. : \
H 4 ' . F
" B C | D E s
N IRe
M, =0
= -Rgx13-20x2+10x4 =0
= Rg =0
I:HI
‘k'
= J
HD 'XZOK\N
Feo 6 F
D E TRB= 0 kN
M, =0
= Fyyxcosx3+20x2 =0
3 3
cos 0 m \/ﬁ
. F, x0832x3+40 =0
= Fi, = —16.025 kN =~ 16 kN (Compressive)
60. (c)

15kN 10 kN

X l
Fl E D<I B
\l i E
/ ! ™
p iC LT
: ! i e
! E | «®
B X PooT
: | : =
i ! i ™
A i i i 1
RAT ! : '
<—4m | 4m | 4m—
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My =0
Ryx12-15%x8-10%x4 =0
= R, = 13.33 kN
Cutting a vertical section (x-x) as shown in the figure.
15 kN

FBC
/ sin6=E
5 5
__________ 4
B cose-g
A
T R,=13.33kN
M. =0
= RyX4—(Fgccos0)x6 =0
4
= Fac XEXG = 1333 x4
= Fgc = 1111 kN
IF, =0
13.33-15+ Fg.sin®—F..sin® = 0
3 3
~167+1111x——Fe x— =
5 P X 0
= Frc = 8.33 kN
F, =0
= FgcCOs O+ F.cos®+F . =0
= 11.11><%+833><%+FFE =0
10 kN
= 889 +6.66+F, =0
Fee = — 1555 kN l E
Considering joint E T
IF, =0
= 10-Fe =0 Fec
= Fee = 10kN
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61. (c)
1 kN
—— X —
Al _
|
MA
h
B_r
IR,
[ L I
M, = Y, f(¥)
IM, =0
= -M,-RgxL+1xx =20
= Rg XL = x=-M,
= x —f(x)
x f(x)
Rg=Y2 L L
62. (a)

Applying Muller Braslau principle, apply unit rotation at point C,

2

Loen Oce =% Bca 0 =1
2 , = 20ca=1

: 1
: = Opp=—
H CA 2
-2
[ | | | I
am am 4am am
63. (a)
|
I A es
MA
ILD for M,
D, N
=112 0 |
952
1m

ocopyrightt IMADE EASY www.madeeasy.in



Civil Engineering | Test14 31

<
I

64. (b)

2x(%x2x2)+10x1—3x(%x2x2)

4+10-6=8kNm

5kN 5KkN

% 1.25m %
i B

D,

Yo
11.25

= Yy, =

Absolute maximum bending moment

65. (a)

11.25m '

ILD for BM at E

Y1
(11.25-5)

4.92
11.25

x6.25=2.73

= 5x%x273+5x%x492

38.25 kNm

ﬁ+18+18+18
7+7
10 15

+18x%x3

(3+2)
30
6 +54=60N/cm

kS

w
981 cm/sec?
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o = /% =54.25 radian/sec

® 5425

f = —=——"=28.63 cycles per second
2n  2Xm
66. (d)
N B 1kN
D s (S - X
D C
DO SR N ——— - X,
E F
AN
Pass a section x,-x, as shown in figure.
A B
25 ‘ 1kN
Kap K  Kec
F, =0
= Kyc XC0s45°+1 = 0
= Kac = —+= —J2 kN
()
Pass a section x,-X, as shown in the figure
R/ B 1kN
D C
45°
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2F, =0
= Kop cOs 45°+1 =0
1
= Koe = —Tz—ﬁ kN
J2
® [ PL
n
= dgy = zki(LiaiATi)
i=1
= Kac (LOATAc )+ kg (LOAT,E )
1
= (—V2])] 242 x
- ( \/7)( V2 150000
= (-0.533 - 0.8) mm
= -1.33 mm
67. (c)
=1
-
I
D
. = 4(EI)+4(2EI)=(£+ﬂ)EI=
11 5 6 5 3
2(2El)
k21 = 5 =—El
0=1
S —
I
D
K, 2><62EI =£EI

X 20) +(—2 )(2\/5 x 15010 o 30)
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32

k22 = EEI
32 2
k11 k12 E §
i ix = EI = ElI
Stiffness matrix [kﬂ - 2 %
3 15
68. (b)
36 5
Flexibility matrix (A) = 2E1l5 8
[6 5
Let (P) =15 g
adj(P) = Transpose of co-factor of [P]
[8 -5
~ |5 6
Determinant of matrix (P) = |[P| =6x8-5x5=23
Stiffnes matrix = Inverse of flexibility matrix (A)
4Bl . 1
=P
4E1 adj(P)
S
4E1 1 8 -5 4E1 | 8 -5
= 13 23|-5 6|7 2313|-5 6
69. (a)
u U, U, U, U
S
< 1
a/ ¢ B
L L L L L 4
RALX_’| TRB
e 6@3m——
EFy =0
= RatRg =1
M, =0
= R,x18-1(18-x) = 0
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_ (18-X
= Ra = {18
18—x X
= 1- =—
Re 18 18
When the load is on the left side of U,L, (0 < x < 6)
Fu2u3
FU2L3
FL2L3 a
IR,
IF, =0
= Fu,,, SINB+Rg =0
F __Rg x _-xX5_ 55X
= Uzls T Tsing 18sin® 18x4  18x4
Atx=6m
5x6 5
Fol, = — exd- 12° -0.42 kN
When the load is in the right side of U,L, (9 < x < 18)
0 FU2U3
FU2L3
T FLst
R X
AT 18
. 4
z|:y =0 (smezg)
. X
= FU2L3 Slne—E =0
Xx5
= Fuls = Tgxa
Atx=9m,
9 5 5
K = —x—=—=+0.625 kN
YT 1874 8
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70. (a)
Using Muller Braslaeu principle
A I =D B c T
0=1
£
™
<~ 2m —f<—2m—} 3m I

ILD for bending moment at support B.

72.  (c)
The deflection at the centre is given by
5 = 5w
C 384 El
. 384EI
Stiffness, k = —5

5.3
_ /ﬁ_ 384El g
W= L 505 wL

_ |384Elg
=\ 5wl
w 1 |[384Elg

. Natural frequency, f = gzﬂ St

73. (o)

P/2 Pratt Truss P/2

P/2
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ZFy =0
= ;—FABcose =0
F. = +Bsec9(TensiIe)
= AB T T
W
X: B
A X A
W72 Howe Truss W72
0 FAB
W72
ZFy =0
= %+ FagCOSO = 0
I
= AB T 2c0s6

W .
= 5056 (Compressive)

As in Howe truss, the diagonal member carries compressive force, so it may undergo buckling.
Therefore, Pratt truss is better than Howe truss.

74.  (d)
Stiffness matrix method is not a compatibility method.
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