India’'s Best Institute for IES, GATE & PSUs

ESE 2018 : Mains Test Series

UPSC ENGINEERING SERVICES EXAMINATION

Civil Engineering
Test 5 : Flow of fluids, hydraulic machines and hydro power
Design of concrete and Masonry Structures-1 + Strength of Materials-2

N 8 ol TS e o O, L SN

RollNo: | € | € rlﬁlﬁ"rm_f_u_.f_iﬂllalﬁi?f

Test Centres ' Student’s Signature
Dl (0" Bhopal[ ]  Nofa]  Jeipur[ Indore [ |
S - : ' HLura v
Lucknowi |  Punel] Kolkata] Bhubanreswar| | Patna | | et
Hydarabad i

Instructions for Candidates
Question No. | Marks Obtained

1. Bofurnish the appropriate-detalls in the |

: Section=A
answer sheet (viz Mame & Roll Ng). L s
a1 = &
2. Answer must be written in English-only: b) =
a2 &
3. Uszeonly black/blue pen. = .5' 2
03 | Py
4 The space |imit for every part of the | 1 ﬁ
question is specified in this Question Cum Q4 A
Answer Booklet, Candidate should write Sr.:rhun B
the answer in the space provided. -
g Hiziada Q5 d£
5. Any pageor portion of the page left blank == Q6
in the Ouestion Cum. Answer Booklet | & @ |— — ©
sl b clearly struck off, Q7
5 oo | Qs | =
6. Last two pages of this booklel are [ "L [
” -

provided for rough wark. Strike  off

I these two pages alter completion of the [ Total Marks
| examinatiar. Obtained
4 —

! Fi F y - ‘." F .‘ . . . =
1)Vl asl o0 Z1R ol i s ChA ety Signature gfEvpluztors Cross Checked by
rh _.' o
¥ ) i
) C -
* .l'l
/
A Pon = o 1 i f - I" s
- Eg F s | £, L |
- ‘I [ e
3 - ¢ - ! - 14
o4 7 {4 g r -
oS o, | B q €l ALy L~ Ol - U




e MRADE ERSY Question Cum Answer Booklet | Page 1 of 74

Do not
Write dn
thiz margin

(=

Section A : Flow of fluids, hydraulic machines and hydro power

Explain the Newton’s law of viscosity and distinguish between Newtonian and
non-Newtonian fluids.
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Q.1(b)

A 600 mm diameter pipe is used to pump water with a head loss of 20 m. The power
consumption is to be reduced by laying another pipeline of appropriate diameter by the
side of the existing pipeline with the same overall length and the same friction factor
thereby reducing the loss to 10 m, but still delivering the same discharge jointly through
both the pipes. What should be the diameter of this additional pipe?
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Q.1 (¢)

The shear stress distribution in a laminar boundary layer is given as:
Y
=1y [1 = *‘E‘] where 8 = boundary layer thickness

Determine the Shape factor for this boundary layer,
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Q.1 (d)| A parabolic channel is deflined by the equation x* = 2. Determine the critical depth for a
discharge of 2.0 m*/s.

A e e e e

[12 marks]
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Q1 (e)

A model of scale 1 : 9 is constructed to study the performance of hydraulic structure in a
power project. Neglecting the viscous and surface tension effects, determine

(i) rate of flow in the model for a discharge of 1000 m*/s in prototype.

(ii) the energy dissipation in the prototype hydraulic jump, if the jump in the model
dissipates 294 .2 watts of energy.
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Q.2 (a)

-

An inclined tube reservoir manometer is constructed as shown below. Analyze the
manometer to obtain a general expression for the Liquid deflection L, in the inclined tube
in terms of applied pressure difference, Ap.

I

Also obtain a general expression for the manometer sensitivity and determine the
parameter values that will give maximum sensitivity.
{3 [20 marks]
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Q2(b)

A rectangular flume of 2 m width carries discharge at the rate of 2 m*/sec. The bed slope
of the flume is 4 x 10-*. Ata particular section, the depth of flow is 1 m. Assume rugosity
coefficient as 0.014.

(i) Isthe slope of the channel mild or steep? How is this type of surface profile classified?

(if) Using single step method, calculate the distance of the section downstream where
the depth of flow is 0.90 m.
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Q.2 (c)| A reaction turbine operates at a speed of 450 rpm under a head of 120 m. Its inlet diameter
is 1.2 m and the flow area is 0.40 m?, The angle made by the absolute and relative velocities

at inlet are 20° and 60° respectively with the tangential velocity. Calculate
(i) the volume flow rate

(ii) the power developed

(iii) the hydraulic efficiency

Assume whirl al the outlet to be zero.
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Q.3 (a)

()

(i)

Inarectangular laboratory flume of width 0.6 m and having adjustable bottom slope,
aflow of 100 litres/second takes place. Assuming Chezy’s constant, C= 56, determine
the bottom slope necessary for uniform flow with depth of flow of 0.30 m. Also,
calculate the conveyance and the state of flow (i.e. tranquil or rapid).

A wooden cone weighing 88 N floats with its apex downwards in a liquid of specific
gravity .80, The specific gravity of wood is 0.50. What weight of steel piece, having
specific gravity 7.8, suspended from apex of the cone by a chord will just suffice to

submerge the cone? Also caleulate tension in the chord.

[10 + 10 = 20 marks]
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Q.3 (b)

A centrifugal pump delivers 40 litres/second of water to a height of 20 m through a
150 mm diameter and 100 m long pipeline. The overall efficiency of pump is 70% and
Darcy's friction factor, = 0.06 for the pipeline. Assuming inlet losses in the suction pipe
is equal to 0.33 m, determine the power required to drive the centrifugal pump.
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A velocity field is given by V = Axi — Ayﬁ; the unit of velocity is m/s and x and y are in

meters. A = 0357,

(i) Obtain an equation for the streamlines in the xy-plane.

(ii) If the particle passing through point (x, i) is marked at time ¢ = 0 then determine the
location of the particle at time, t = 6 sec.

(iii) What is the velocity of the this particle at time, t = 6 sec?

(iv) Show that equation of the particle path (i.e. pathline) is the same as the equation of
the streamline.

[20 marks]
<= In
Fz G 3AG = @By — Al =t
U= O3 % e TS = R
@} S fpe ke
ay — el 8¢ = Az
=~ T ol i=-»
e S -
dn o3 A

TheoA line




«| Donot
@ mMADE ERSY Question Cum Answer Booklet | Page2dof 74 |0
VA: @B _.G"?Jf
o T @f:.', i
LA = ©.d .*'—’_z?_u_;k_‘J
i
> 7
L/'f S = Ol 3 T{'E? - 0.3 yE 7
Vs oIE— AT —IT \
E = P& a o’ o g
/L/{d,ar— _f__[ £ = ] & 4' ?l i i
.l.\\'-l e =l 12 [~ SR s B
@ Pt ;mt/—;?a/m%
1S = JueH
l.\.\ A = _Iu"b{ Id
- CJ_:?I FL‘f
. R ol = u =i
(Ilk. | -‘ Aty — . P
G- o =T
e o~ .
;l’h(ﬁ/ﬂ,): = JE<1% -3 P‘J{,._Lr”/'
o34 W e s
L o

p=., ._f'.' _":
L
A {
2 ,::_.Er_____;,,d&i e 2
]_.-'\‘.' o 3:f‘ ‘_‘,,.-""'
g S \ -
(.72 ' ’

egu o#*jl__"'f _:ffltaf% hhe N

p odh e _C g




e MADE ERSY Question Cum Answer Booklet

I o not

Wit in
Page 35 of 74 ki

Section B : Design of concrete and Masonry Structures-1 + Strength of Malerials-2
Q5 (a)| (i) Explain Mises-Henky Theory.

(i) Explain the limitations of Rankine's theory of failure.

[6 + 6 =12 marks]
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Q5(b)

A laminated wooden beam 120 mm wide and 180 mm deep is made of three planks of
size 120 mm x 60 mm each glued together to resist longitudinal shear. The beam is simply
supported over a span of 2.5 m. If the allowable shearing stress in the glued joint is
0.5 N/mm?, determine the safe UDL the beam can carry.
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Q.5 (¢)| Asolid steel bar of diameter 20 mm and length 3 m is fixed at both ends. It is loaded with
uniformly distributed torsion of 60 Nm/ m as shown below. Plot the variation of torsional
load along the length and also caleulate maximum angle of twist in the bar if modulus of
elasticity of material is 200 GPa and Poisson’s ratio is 0.25.
i 60 Nm/m
P—1m f 2m {
[12 marks]
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Q5(d)

MADE ERSY Question Cum Answer Booklet | Page 41 of 74
Explain in brief the design stress-strain curve of concrete and steel respectively.

. [12 marks]
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State the assumptions made while analyzing the reinforced concrete beam using Limit
State Method as per IS 456:2000 Code. '
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Q.8 (a)| A steel shaft of diameter 100 mm rotates at 300 rpm. This steel shaft has a 20 mm thick
bronze bushing over its entire length of 2 m. If the maximum shearing stress in steel
shaft is not to exceed 40 N/mm?, then [ind
(i) power of the engine
(ii) torsional rigidity of the shaft
[Take G, = 84 kN/mm’ and G, =42 kN/ mm?]
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Q38 (b)

A T-beam of effective flange width 1300 mm, flange thickness 100 mm, rib width 275 mm
has an effective depth of 550 mm. The beam is reinforced with 5 bars of 25 mm diameter.
Find the ultimate moment of resistance by the limil-slate method. Use M15 grade of

concrete and Fedl5 steel.
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Q8 (<)

Design a short circular column using M25 grade of concrete and Fed15 steel which is
subjected to an axial load of 1000 kN under service load conditions. The column is to be
provided with spiral ties. Also provide clear cover of 40 mm for reinforcement.
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