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Section A : Flow of fluids, Hydraulic machines and Hydro power

2.1 (a)| A frustum-shaped body is rotating at a constant angular speed of 100 rad/s in a container
filled with an oil of viscosity 0.099 Pa.s, as shown in figure. If the thickness of the oil
film on all sides is 1.4 mm, determine the power required to maintain this motion.

Case
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Q1 (b)

For the system shown in figure, calculate the height H of oil at which the rectangular
hinged gate will just being to rotate counterclockwise.

o il Hinge QP

RD.=09 \[]y .. F
Air=
35 KPa 1‘5‘“
£;—!l = qOQ ‘Qj JM‘B ‘“ Gate: 0.6 m wide

[12 marks]
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Q.1 (c)| Determine the optimum ratio between the diameter of the pipe before expansion and
the diameter of the pipe after expansion so that pressure rise may be-maximum for

sudden expansion in pipe flow. What will be the corresponding pressure rise?
[12 marks]
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Q1(d)

\E

|
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(i) Explain cavitation in reaction turbine. What is Thoma’s cavitation factor?

(ii) A conical draft tube having inlet and outlet diameters 0.8 m and 1.2 m respectively
discharges water at outlet with a velocity of 3 m/sec. The total length of the draft
tube is 8 m and 2 m of the length of draft tube is immersed in water. If the atmospheric
pressure head is 10.3 m of water and loss of head due to friction in the draft tube is
equal to 0.25 times the velocity head at outlet of the tube then find:
1. Pressure head at inlet.

2. Efficiency of the draft tube. :

[4 + 8 marks]
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Q1(e)

(i) Write the assumptions made in the derivation of depth of hydraulic jump.

(ii) A sluice gate discharges water into a horizontal rectangular channel with a velocity
of 10 m/s and depth of flow of 1 m. Determine the depth of flow after the jump and
consequent loss in total head.

[12 marks]
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Q.2 (a)

)

(i) A siphon consisting of a pipe of 20 cm diameter is used to empty oil of relative
density 0.85 from tank A. The siphon discharges to the atmosphere at an elevation
of 2.00 m. The oil surface in the tank is at an elevation of 5.00 m. The centreline of
the siphon pipe at its highest point C is at an elevation of 6.50 m. Estimate:

1. the discharge in pipe.
2.  pressure at point C.

The losses in the pipe can be assumed to be 0.4'm up to the summit and 1.2 m'from

the summit to the outlet.
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Q.2 (a)

(ii) The system shown in the figure is used to accurately measure the pressure changes
when the pressure is increased by AP in the water pipe. Corresponding to a rise of
70 mm in the leve] of glycerin in the vertical pipe, what will be the change in the
pipe pressure? ;

Tomm .

Glycerine, 5.G=1.3

1
Diameter —

=30 mm — = Diameter )
=3 mm
¢ & ~ ; . e ; [8 marks]
Equafing e sesutlank gomun
2
- 2 .
e Dy

2
= HO  Pascal ¥ é)

30




MRADE ERSY4Y Question Cum Answer Booklet

Page 15 of 84

Do not
write in
this margin

ot




MRDE ERASY Question Cum Answer Booklet | Page 16 of 84

Do not
write in
this margin

Q.2 (b)

Given the velocity distribution in a laminar boundary layer on a flat plate as

5-28)-(8) (1)

Obtain expressions for the boundary layer thickness, shear intensity and force on one

side of the plate. S SR

[20 marks]
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Q2(q)

(i) A rectangular channel is 3 m wide and conveys a discharge of 15 m®/sec at a depth
of 2.5 m. It is proposed to reduce the width of the channel at hydraulic structure.
Assuming the transition to be horizontal and the flow to be frictionless, determine
the Water surface elevations upstream and downstream of the constriction when
the constricted width is 1.8 m. i

[12 marks]

25 m .
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Q.2 (c)| (ii) A 3.5m widerectangular channel carries a discharge of 15 m?®/sec at a depth of 2 m.
Calculate the height and velocity of a surge produced when the flow is suddenly
stopped completely by the full closure of a sluice gate at the downstream end.

[8 marks]
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Q.3 (a)}| (i) An inward flow turbine (reaction type with radial discharge) with an overall
efficiency of 85% is required to develop 160 kW power. The head is 8 m; peripheral
velocity of the wheel is 0.96,/2¢H ; the radial velocity of the flow is 0.36,/2¢H . The
wheel is to make 160 rpm and the hydraulic losses in the turbine are 24% of the
available energy. '

. Determine:
1. The angle of the guide blade at inlet.
2. The wheel vane angle at inlet.
3. The diameter of the wheel.
4. The width or the wheel at inlet.
[15 marks]
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Q.3 (a)| (ii) Whatisan air vessel? Describe the function of the air vessel for reciprocating pumps.
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Q.3(b}| (i) A3.0longconical diffuser 30 cm in diameter at the upstream end has 90 cm diameter

at the downstream end. At a certain instant the discharge through the diffuser is
observed to be 300 L/s of water and is found to increase uniformly at the rate of
60 L/s per second. Estimate the-local, convective and total acceleration at a section
1.5 m from the upstream end.

[12 marks]
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Q.3 (b)

1
(ii) A proposed model of a river stretch of 20 km is to have a horizontal scale of - 550

1
and vertical scale of 50" If the normal discharge, width and depth of the river are

150 m?/s, 100 m and 4 m respectively, estimate the corresponding model quantities.
Also calculate the Manning’s roughness ‘n’ to be provided in the model to represent
a prototype roughness value of 0.030.

[8 marks]
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Q.3 ()

For the network shown in figure, the head loss is given by‘hf = (0% The values of r for
each pipe, and the discharge into or out of various nodes are shown in the sketch. The
discharges are in arbitrary unit. Obtain the distribution of discharge in the network.
A 27 D
30 15
r=6 g it ¥
o WL,
Caes r=4 Ei
"\15‘\0.0\ Asr. ! [20 marks]
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Q4 (a)

(i) A4 mwiderectangular channel has a Manning’s coefficient of 0.025. For a discharge
of 6 m®/sec, identify and draw the possible types of GVF profiles produced in the
following break in grades:

1. 5, =0.0004 to 5y, = 0.005.
2. 5, =0.015to0 5, = 0.0045.
[12 marks]
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Q4(a

fhamiy

(ii) A 1.5m widerectangular channel carries a discharge of 5.0 m®/s ata depth of 1.5 m.

At a section the channel undergoes transition to a triangular section of side slopes

2 H:1 V. If the flow in the triangular section is to be critical without changing the

upstream water surface, find the location of the vertex of triangular section relative

to the bed of rectangular channel. What is the drop/rise in the water surface at the
transition? (Assume zero energy loss at the transition)

[8 marks]
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Q.4 (b)] (i) Anopencylinder 30 cm in diameter and 50 cm high is filled with water and rotated
about its axis. Calculate the amount of water spilled when the speed of rotation is
(2} 150 rpm and (b) 250 rpm.

[12 marks]




MADE ERNSY Question Cum Answer Booklet

Page 39 of 84

Do not
write in
this margin




MADE ERSY Question Cum Answer Booklet l Page 40 of 84

Do not

write in
this margin

Q4 (b)

(if) Ina turbulentflow through a pipe of radius ,, at what distance from the boundary
would the local velocity
1. beequal to the mean velocity?
2. be equal to half the mean velocity if the shear velocity is 1/10 of the mean

velocity?
[8 marks]
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Q4 (c)

A centrifugal pump operates against a manometric head of 30 m with a manometric
efficiency of 80%. The pressure rise through the impeller is 60% of the total head
developed by the pump. The radial velocity of flow which is constant is 3.5 m/s. The
outer diameter of the impeller is 450 mm and the width at outlet is 15 mm. The blades at
inlet are curved backwards at 60° to the wheel tangent.

Calculate:

(i) the discharge in liters per minute.

(ii) speed of the pump.

(iii) blade angle at outlet.

(iv) diameter of impeller at inlet.

[20 marks]
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Section B : Design of concrete and Masonry Structures-1

+ Geo-technical & Foundation Engineering-2

Q.5 (a)| The beam section shown in the figure is subjected to a bending moment of 50 kN-m.
Determine the maximum compressive stress in concrete and the tensile stress in steel.

(Take m = 13.33 and assume cracked section)
150 mm 150 mm
75 mm |

150 mm Q&

410 mm
418 ¢

S o-- o o 0
40 mm

[12 marks]
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Q.5 (b)

A circular column of 400 mm diameter is subjected to a factored load of 1500 kN. The
column has an unsupported length -of 3.2 m. The column is held in position but not
restrained against rotation at both ends. Design the helical reinforcement. Use M25 grade
concrete and Fe415 grade steel.

L i D — 13 FFmm

, D =400 MM

[12 marks]
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Q.5 (c)| Explain the following terms:
(i) Arching effect in sand.
(ii) Anchored bulkhead.
(ii1) Coffer dams.

(iv) Geocells and Geogrids.

[3 + 3 + 3 + 3 marks]
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Q.5 (d)

Design shear reinforcement for a tapered cantilever beam of span 3 m, having a section
of 250 mm effective depth and 300 mm width at the free end, and 500 mum effective
depth and 300 mm width at the support as shown in figure. The beam has to support a
factored uniform load of 100 kN/m, including its self weight. Assume an effective cover
of 50 mm, Fe415 steel and M20 concrete. Use 2-legged 8 mm-¢ stirrups.

100 kN/m
50%; =——— = 5#
250
500 1
| le—300 —{
300 — —— 1500 ——~~—— 1500 —~|
(All dimension in mm)
Design shear stress of M20 concrete is given in table below:
% B :%XIOO T (N/mmz)
<0.15 0.28
0.25 0.36
0.50 0.48
0.75 0.56
1.00 0.62
L2 0.67
1.50 0.72
1.75 0.75
2.00 0.79
[12 marks]
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Q.5 (e)

=

Determine the immediate settlement beneath the centre of (i) 5 m size square flexible
footing (ii) 4.5 m size square rigid footing, resting at 1 m depth and applying a stress of
125 kN/m? in dry dense sand with an average E value of 30 x 10° kN/m? upto a depth
of 10 m and an average value of 60 x 10° kN/m? for a depth between 10 m and 25 m. The
soil is having a Poisson’s ratio of 0.35.

L_
Iffor =

(Consider Influence factor, 3

1 at centre as 1.12 for flexible footing)
[12 marks]
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Q.6 (a)

A rectangular RC beam is 25 cm wide and 40 cm deep (overall). The beam is simply
supported over an effective span of 4 m. The superimposed load over the beam is
50 kN/m. Using M20 grade concrete and Fe415 grade steel, design the beam for flexure
only. Consider an effective cover of 40 mm:.

Stress-strain values for Fe415

Maximum Design stress | Total strain
0.8x0.87f, 0.00144
0.925x0.87 f, 0.00217
0.950%0.87f, 0.00241
0.9625x0.87 f, 0.00259
0.975x0.87 f,, 0.00276
0.9875x0.87 f,, 0.00328
1.0x0.87f, 0.00380
[20 marks]
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Q.6 (b)| A triangular reinforced concrete beam section is as shown in the figure. Find the depth
of neutral axis and the moment of resistance of the beam section. Safe stresses in concrete
and steel are 7 N/mm? and 230 N/mm? respectively. (Take m = 13.33)

d =450 mm

[20 marks]
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Q6 (c)| (i) A45°slopehasbeen excavated to a depth of 8 m in a saturated clay having cohesion
of 60 kN/m?, angle of internal friction as zero and unit weight of 20 m Area of
the failure wedge (ABCD) is taken as 70 m?. Determine (4) the factor of safety for the
trial failure surface specified in the figure. (¢) The minimum value of factor of safety
for the given slope.

(Assuming that the depth factor is zero)

35m

[14 marks]
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Q.6 (c)

{ii) Briefly explain the assumptions of Rankine’s earth pressure theory and Coulomb’s

earth pressure theory.

[6 marks]
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2.7 (a)| Designawall of a rectangular water tank to resist a pull of 60 kN and a bending moment
of 7.5 kN-m/m width. Use M30 concrete and Fe 415 grade steel.
Effective cover = 30 mm.
Permissible stress in direct tension in concrete = 1.5 MPa.
Permissible stress in bending tension in concrete = 2 MPa.
Permissible stress in bending compression in concrete = 10 MPa.
Modular ratio, m = 9.33.
Permissible stress in steel = 130 MPa.
[20 marks]
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Q.7 {b}

6="25°
y=165kN/m’

P

(=29

tn Filledup soil

At a particular site, the soil profile consists of four different layers as shown in the figure
below with respective soil properties. The water table is at 2 m below the ground level.

is bored through the soil. Calculate the safe
load that can be carried by the pile with a factor of safety of 2.5.
(Take, N, = 140 and N, = 152)

[20 marks]
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2.7 (c)

A retaining wall of 8 m height has backfill soil in three different layers. Top 1 m and
bottom 3 m clay layer has unconfined compressive strengths equal to 50 kN/m? and
75 kN/m? respectively. The void ratio of top and bottom-most clay is 0.7 and
0.5 respectively. Middle 4 m sand layer has a void ratio of 0.45 and when tested in
tri-axial test the confining pressure comes out to be 300 kN/m? and deviator pressure
comes out to be 350 kN /m?,
Calculate the line of action of the total active earth pressure-force from the bottom of
wall, if water table exists at a depth of 3 m from the top of wall and a surcharge of
40 kN/m? is applied at the ground level.
(Take specific gravity of clay, G cay = 27 Specific gravity of sand, G_, , = 2.68, Water
content of clay above water table = 8%, Water content of sand above water table = 8%)
[20 marks]




MRDE ERSY Question Cum Answer Booklet

Page 72 of 84

Donot
write in
this marg




MABDE ERS4Y Question Cum Answer Booklet

Page 73 of 84

Lo not
write in
this margin




MARDE EASY Question Cum Answer Booklet

Page 74 of 84

Do not
write in
this marg




MAEDE ERSY4Y Question Cum Answer Booklet | Page 75 of 84

Do not
write in
this margin

2.8 (a)

Design a waist slab type dog-legged staircase for a building given the following data:
Height between floors = 2.7 m
' Riser = 150 mm
Tread = 250 mm
Width of flight and landing width =1.25 m
Imposed load = 4.0 kN/m?
Floor finishes = 0.6 kIN/m?
Assume that the stair is to be supported on 230 mm wide beam at the outer edges of the

landing, parallel to the risers as shown in figure. Use M20 concrete and Fe415 grade
steel. Assume any other data suitably.

050 B

e 9@250=2250

( ] ! ‘

230 1250 ! ;
| 4750

(All dimension in ‘'mm”")

[20 marks]
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8 (b)

-

A square footing, placed at a depth of 1.4 m below the ground surface, carrying a safe
load of 1050 kN. The soil beneath the footing is having void ratio of 0.64, specific gravity
of 2.67, cohesion as 12 kN/m? and angle of internal friction of 30°. The soil upto 1.4 m
depth is having void ratio of 0.55, degree of saturation 50% (above water table) specific
gravity 2.79, cohesion as 10 kN/m? and angle of internal friction 32°. The bearing capacity
factors for respective friction angles are given as :

¢ | N. | N; | N,

307 | 3425225 [ 197
32° | 44.14 [ 28.5 | 27.5
Find the size of the footing if the desired factor of safety is 3. (Water table is present at

0.5 m depth from the ground level).

[20 marks]
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Q.8 (¢}

(i) Discuss in brief about the various types of soil samplers.

(il) Write a short note on pressuremeter test.

[12 + 8 marks]
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