' ovexalt Qiderpl of Paber (3 ded
akiov .

MRDE ERSY

India’s Best Insttute for |ES, GATE & PSUs

ESE 2023 : Mains Test Series

UPSC ENGINEERING SERVICES EXAMINATION

Civil Engineering
Test-5
Flow of fluids, Hydraulic machines and Hydro power [All Topics]
Design of Concrete and Masonry Structures-1 [Part Syllabus]
+ Geo-technical & Foundation Engineering-2 [Part Syllabus]

B o b e _
Roll No :
nt's Signature
Test Centres Student's Signatur
Balhi T Bhopsl Jaipur Pure []
Kolkata || Bhubaneswar || Hyderabad | | |
Instructions for Candidates
| Cuestion Mo. Marls Obtained
1. Do farnish the appropriate cetails in the Bt ban i
answer skeet vz, Name & Roll Na). | Slrics : I
2, There are Eight questions divided in TWO I _D.1 -
sections, Q2
3, Candidate has o atempl FIVE guestions o3
inallin English aly. 0.4 -
4 Quastion n3 1-and 5 are compulsory 1
and out of the emaining THREE are to i Seciion 8 — o 2
beattemptes choosing at least ONE (v 5
guestion fram each section, Q5
5 L) bl kil B
; Jse iy black/blue pen .7
| & The space limit for every paft of the = QB8
guestion is specified inthis Question Cum .
Answer Booklet, Candicate should write
) : Y ) Tatal Marks
tha 2nsweer in the space provided.
Obtalned
7.  Anypageaorporton of the pages left blank
in the Questior Cum Answer Boolklel i spa = i
must ba clearly struck off Sigrature of Evaluator Crass Checked by
8. There are few rough work sheets at the
and of this booklet: Strike off these pages
attercompletion of the examination,

Corp.office :44 - 41 Kalu Saral, Mew Delhi-16 | Ph:S0271300500 | Web: www madesasyin




IMPORTANT INSTRUCTIONS

CANDIDATES SHOULD READ THE UNDERMENTIONED INSTRUCTIONS
CARETULLY. VIOLATION OF ANY OF THE INSTRUCTIONS MAY LEAD TO PENALTY.
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i

Do not write your name or registration number anywhere inside this Question-cum-
Answer Booklet (QCARB).

2. Do not write anything other than the actual answers to the questions anvwhere inside
your QCAB.

3. Do not tear off any leaves from your QCAB, if you find any page missing do not fail
to notify the supervisor/invigilator.

4. Do not leave behind vour QCAB on your table unattended, it should be handed over
to the invigilator after conclusion of the exam.

DO'S

1. Read the Instructions on the cover page and strictly follow them.

2. Write your registration number and other particulars, in the space provided on the cover of
QCAB.

3. Write legibly and neatly.

4. For rough notes or calculation, the last two blank pages of this booklet should be used. The
rough notes should be crossed through afterwards.

5. If you wish to cancel any work, draw your pen through it or write "Cancelled"” across it,
otherwise it may be evaluated.

6. Handover your QCAB personally to the invigilator before leaving the examination hall.
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Section A : Flow of fluids, Hydraulic machines and Hydro power

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.
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[12 marks]
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Q.1 (b)

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

Wil Hi
\ jai il ge ||
| RD.=09 ik
ARE-Y Alr = [15m
) 1 35 KPa

4| 14

Gate: 0.6 m wide

[12 marks]
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Q.1 ()| Determire 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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Q.1 (d)‘! (i) Explain cavitation in reaction turbine. What is Thoma’s cavitation factor?

(i) 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.
( [12 marks]
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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 level of glycerin in the vertical pipe, what will be the change in the

pipe pressure?

Glycerine, .G =13
| |

|
Diameter
=30 mm

—

[~ Diameter

=3 mm

[8 marks]
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Q.2 (b)
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Given the velacity distribution in a laminar boundary layer on a flat plate as

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

[20 marks]
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Q.2 (o)

()

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.

[12 marks]
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Q.2 ()

(i) A 3.5m wide rectangular channel carries a discharge of 15 m3/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 & m; peripheral

velocity of the wheel is 0.96,/2¢H ; the radial velocity of the flow is 0.36,/2gH . 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 al inlet.

3. The diameter of the wheel.

4. The width or the wheel at inlet,
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Q.3 (a)| (i) Whatisan air vessel? Describe the function of the air vessel for reciprocating pumps.
[5 marks]
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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
1.5m from the upstream end.

[12 marks]
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Q.3 (b)

(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

150m?/s, 100 m and 4 m respectively, estimate the corresponding model quantities.
Also calculate the Manning’s roughness ‘1’ to be provided in the model to represent
a prototype roughness value of 0.030.

[8 marks]
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Q3 ()

For the network shown in figure, the head loss is given by hf = rQ?. 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.

=7
30_.A r D___’15
r=6 \ =§ r=6
35 20
A r=4 C

[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. Sy =0.0004 to S, = 0.005.
2. S, =0.015to Sy, = 0.0045.

[12 marks]
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Q4 (a)| (i) A15m widerectangular channel carries a discharge of 5.0 m®/s atadepth of 1.5 m.
At a section the channel undergoes transition to a triangular section of side slopes
2 H:1V. If the flow in the triangular section is to be critical without changing the
upstream water surface, [ind 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

(a) 150 rpm and () 250 rpin.

[12 marks]
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Q4 (b)

(ii) Ina turbulent flow through a pipe of radius 7, , 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 (0)
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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 al oullel.
(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 subiected 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 Oy
i = —— Tl — ==
Aamm |
I ef | |~ o
150 mm =)
A n | L) |
, | o RIS VPG
| 410 mm |
t 118¢ ‘
R3f) UKt JRARSEGY, - o o o . ]
40) mmI
[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.
[12 marks]
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Q.5 (c)

Explain the following terms:
(i) Arching effect in sand.
(ii) Anchored bulkhead.
(iii) 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 mm effective
depth and 300 mun width at the support as shown in figure. The beam has lo supporl 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
5 ;- — A = o = +
Q[ & & ) i
; 6-256 4-25¢ 250
500 ‘ L3 1
—-"_———'———— '
| fio L =300 —

(All dimension in mm)

Design shear stress of M20 concrete is given in table below:

%P = ’;;f x100 | 7, (N/mm?)
<0.15 0.28
0.25 0.36
0.50 0.48
0.75 0.56
1.00 0.62
1.25 0.67
1.50 0.72
1.75 0.75
2.00 079

[12 marks]
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Q5 (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 mand 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 ratic of (.35,
T

(Consider Influence factor, I, fo § =1 at centre as 1.12 for flexible footing)
[12 marks]
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Q6 (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 Fed15

Maximum Design stress | Total strain

0.8x087f, 0.00144

0.925x0.87 f,, 0.00217

0.950%0.87 f, 0.00241

0.9625x C.87 f, 0.00259

(0.975x0.87 f,, 0.00276

0.9875%0.87f, 0.00328

1.0x087f, ~ (.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)

[20 marks]
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Q.6(c)| (i) A 45°slope hasbeenexcavated to a depth of 8 mina saturated clay having cohesion
of 60 kN/m?, angle of internal friction as zero and unit weight of 20 kN/m?. Area of
the failure wedge (ABCD) is taken as 70 m%. Determine () the factor of safety for the
trial failure surface specified in the figure. (k) The minimum value of factor of safety
for the given slope.
(Assuming that the depth factor is zero)
1
0k4.~ m |
L Sy -\)-cci
35m P 5
o e L SRR Rl
1 ; /‘;,) /‘.’
+ CG.
g | CG./
5 :
A '____:3_?_‘_ B
[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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Q.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 siress 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)

Ata 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.

0=25"

¢=10kN/m’
a=07 .

y=18kN/m’
¢=30kN/m’
=04

v=20kN ,/m2
o =40°

2 m Fillecup soil

£ PR ¥

Jm

o
=
wn
5
a

G.L

A pile of diameter 600 mm and length 19 m 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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Q.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 kKN /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 cut 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, = 2.7, 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]
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Q38 (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 kN/m?
Assume thal the slair is lo 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.

—d
e o
" L

| ‘ '
—J. t—— 9@ 250 =2250 — §

230 1250 |
— ; (All dimension in ‘mm”)

' 4750
[20 marks]
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Q.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,
30°| 37.2 (225|197
32° | 44.14 | 285 | 275
lind the size of the fooling 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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Q8 (d)

(i) Discuss in brief about the various types of soil samplers.
(ii) Write a shorl nole on pressuremeter test.

[12 + 8 marks]
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