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Section - A

A plastic cube with side lehgth ‘a’ and sbeéific gravity 0.80 is floating in water.

(i) Determine whether the cube is in a stable equllxbnum posntxon

(ii) For the given cube identify the range of specific grawty values between 0 and 1 for

which the cube remains stable W}ule floating in water.

[12 marks]
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Q1 (o)

An elbow type draft tube has a circular section of 1.8 m? at the top and a rectan lar N
section of 13.5 m? at the exit section. The turbine is set at a height of 2 m above the 13
race level. The velocity at the inlet of the draft tuba is 12.5 m/s. Detérmine
(i) Negative pressure head at the inlet to the draft tube.
(i) Power thrown away into the tail race and

(iii) Efficiency of the draft tube

Assume the frictional losses in the draft tube to be 10% of the inlet velocity head
(12 marks)
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Q.1 (d)
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Calculate the required size of high-rate trickling filter based on the fol]o wil
parameters: ) REL D 1

Flow rate = 5 million liters per day (' ' .
Recirculation ratio = 1.5 '

BOD of raw sewage = 260 mg/!

BOD removal in primary clarifier = 30%

Desired final effluent BOD = 45 mg/]
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Q.1 (¢)| Anactivated sludge aeration tank of length 30 m, width 14 m and liquid depth 4.3 m has

the following parameters:

Flow 0.0796 m3/sec, soluble BOD5 after primary settling 130 mg/I, mixed liquor
suspended solids (MLSS) 2100 mg/1, mixed liquor volatile suspended solids (MLVSS)

1500 mg/1, 30 minute settled sludge volume 230 m//], and return sludge concentration
9100 mg/I. Determine the

1. aeration period

2. (F/M) ratio

3. sludge volume index (SVI) and
4. return sludge rate.
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(i) OAf lta)l;gse ;t/rzaarz:zst z:l:eox}.’genaﬁon. const‘zint of 0.4 per day (base 10). At a velocity
dissohed e confeptouf‘t at which an’organic pollutant is discharged, it has a
"' demand for oxygen i I; ot 10mg/1(D,= 0.8 mg/). Below the outfall, the{ultimate
0.2 per d D ETS our'xd to be 20 mg/! and the deoxygenation constant is
o) (base 10). What is the dissolved oxygen at 48.3 km downstream?
\

(ii) What is sewage sickness? Explain various methods used to prevent sewages
on process in rivers.
[10+5+5= 20 marks]

ickness.

(iii) Explain the key factors a‘ffecting the natural self purificati
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Q.2 (b)

(i) A 300 mm diameter pipe carries water with a velocity of 24.4 m/s. The pressures at
two points A and B were measured as 361 KN/ m?2 and 288 kN/m? respectively. The
elevations of points A and B were 30.5 m and 33.5 m respectively. Determine the
loss of head between points A and B.

(ii) A4 metre wide rectangular channel carriesa discharge of 16 cumecs. Check whether
ajump can occur at initial depth of 0.5 m or not. Calculate the sequent depth to this

initial depth if however the jump forms. Also find the energy loss in this jump.

L -" [10 + 10 = 20 marks]
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(i) Demand of domestic water for a certain cify is observed to follow the following

A '

pattern:
Time(n) | 0] 2| 4| 6|8 |10[12)|14 (16|18 |20) 22| 2
Demandatthe |01 510/015]0.20(050(0.60(0.40(030(0.15(0.20{0.25(0.10| ©
stated time (m?/5s)

Assuming uniform rise or fall in demand in the successive time interval, calculate
the minimum required capacity of service reservoir, if treated water supply by

pumpir}g is constant th‘roughout the day.

(ii) Explain self cleansing Jelocity and non-scouring velocity and their importance in

the design of sewers.
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-

() ;f« )
| ﬁ— oY Fw‘k IR Al
8

- o eE
(2 0%)7 |

[12 + 8 = 20 marks]
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Q3 (a)
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ired to carry a discharge
s coefficient 'N' is 0.0225 and critical
£ 1 in 5000. Take the initial

channel based on Kennedy's theory requ

lue of Manning's roughnes
5. The channel has a bed slope 0

(i) Designan irrigation
of 45 cumec. The va
velocity ratio 'm’is 1.0
value of depth as 2.2 m.
A catchment experiences a 2 hour duration isolated storm and the peak of the flood
hydrograph due to this storm was found to be 220 m*/s. The total depth of rainfall
was 47 mm. Estimate the peak of the 2 hour unit hydrograph of this catchment,
assuming a constant base flow of 15 m?/s and an average infiltration rate of 2.5
mm/hr. If the area of the catchment s 445 km?, determine the base width of the 2

hour unit hydrograph assuming that the unit hydrograph is triangular in shape.
[10 +10=20 marks]

(i)
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Q3 (b)

us preventive and remedial measures,

[10+10=20 marks]
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A sludge digestion tank is design
flow of sewage carrying 215 mg
been observed that out of all organic suspe
30% of volatile solids get digested. Calcu
required for carry out the digestion of sewage in 30da

GNon-volatile solids =249

GVolatiJe solids =1.03

Npsr = 60%
Moisture content of raw sludge = 90%
Moisture content of digested sludge = 80%

Depth of tank =6 m

ed in waste water treatment

/1 concentration of or
nded solids, 600 kg of nonvolatile solids and

Jate the diameter of sludge digestion tank

plant for 15 MLD average
ganic suspended solids. It has

ys. Assume

[20 marks]
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() What ls a high speed exit taxiway? Discuss the factors that sffect the number and
location of exit taxiways, Show typical exit taxiway configuration.

(1) A centrifugal pump with1.2m diameter runs at 200 r..m. and pumps 1840 itres/ %
the average Iift being 6 m, The angle which the vanes make at exit with the t?n#ﬂ‘
o the fmpeller is 26° and the radial velocity of flow is 2.5 m/s. Determine the
manometric efficiency and the least speed to start pumping against a head of 6 m,

the inner diame » impeller being 0.6 m.
er diameter of the impeller being 10410720 e

i

g
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(i) A baghouse filter i
bag of diameter 11

s having 20 compartments,
m and bag length 30 m wi

360 bags per compartments and each
th gas flow rate of 1200,000 m>/min.
ctively. Assume that two

d net air to cloth ratios respe

Calculate the gross an
compartments are out of

(i) 1. Writea short note on
2. Anair conditioner gen
the background noise

service when calculating net air

sludge density index.

to cloth ratio.

erates a noise level of 75 dB for five minutes every hour. If

is 55 dB then compute the equivalent noise level.

leve
[10+10=20 marks]
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Q4 (c)

(i) Water is flowing at critical depth ata section in a triangular shaped chanI}d, with
side slope of 0.5 H: 1V as shown. If the critical depthis 1.6 m, estimate the discharge
in the channel and the specific energy at this critical section.

1.6 m

f 3m : |

(if) Consider a trapezoidal rigid boundary channel of 3 m base width with side slopes
1 H to 0.5V, with depth of flow being 1.2 m, and n = 0.012, with adequate free
board. Sketch the shear stress distribution on wetted perimeter. Explain points of

zero and maximum, shear stresses on each of side slopes and on bed with reasons
therefore.

[5 + 15 = 20 marks]

— ————— 1
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A 6.0 m thick layer of cla
there is a thin drainage 15
The average value of C
above the clay layer, ho

Y is located between two |
Y€r within the cla
v 1s found as 4.9) «

consolidation.

ayers of free-drainjng sand. Also,

Y at a depth of 1,50
required for jt

= EU2 is applicable for the entire range of
1% 4 PP g

m from itg top surface.
structure is constructed
to attain half jtg ultimate

[12 marks]
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Q.5 (b)

¢ = 25°.

R\ A"&”ﬁ» e [
:L‘}_A_":'\ g
———cese|

15.4°

The total unit weight of the soil is y = 18.3kN/ m3;,;mes£

12.90

|
Lf8
L
58
&
di
1

R

A1 meter wide wall footing is located at a depth of 1.5 m from
Supporting soil is compressible and has shear strength pararr

| .
I -:

ati

Compute the safe load that can be carried by the wall foot
wall. Adopt factor of safety of 3.0. '

440 5 .:i,,

17.3%

13.91

51708

20.5°

17.70

740 | 5.0

25.5¢2

25.10

1270 | 97
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Q.5 ()

Design the pavement section by triaxial test method using the following data:
Wheel load = 4000 kg

Radius of contact area = 16 cm

Traffic coefficient, X = 1.6

Rainfall coefficient Y = 1.0

Design deflection, A = 0.25 cm

E-value of subgrade soil, E s =100 kg/cm?

E-value of base course material, E, = 400 kg/cm?

E-value of 7.5 om thick bituxﬁinous concrete surface course = 1000 kg/cm?,

= ,/3 [12marks]
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\

or running a closed traverse ABCDE. Thelength
d the length and bearing of line EA.

\
|

Q.5 (d)| Thelengthsand bearings were recorded f
and bearing of EA has been omitted. Fin

Line | Length (m) | Bearing
AB 21750 | 120°15’
BC 300.00 62°30’
CD 375.00 | 322°24
DE 280,00 | 335°18

EA ? ?

[12 marks]
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Q.5 (e)] Di i
(e) iscuss the factors on which sleeper density depends. How is the sleeper density

ex ? Fi
pressed? Find out number of sleepers required for the construction of a BG railway

track 640 m long. Assume sleeper density as (n + 5). Length of a rail for BG =12.8 m
[12 marks]
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A state Highway passing throueh

a rolli ' : :
equal to the ruling minimum rad?us olling terrain has a horizontal curve of radius
i) Desi : :
(i) gn all the geometric features of this curve, assuming suitable data.

(ii) iie;iy;\:errlsrzlmur: set-back distance from the centre line of the two lane highway
b e of the curve up to which the buildings etc. obstructing vision

. constructed so that intermediate sight distance is available throughout

the circular curve. Assume the length of circular curve greater than the sightdBianc

Highway may be assumed be of two lanes. (Vg = 80 km/hr)

@ .@1;““4 ; ’un(mq 2 8)0 LW/LM’

[20 marks]
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Q.6 (b)

QR intersect at achaina
to set out a 40

Simple circular curve to connect the straights.
The chain yseq for settj

urveis of 30 m length. Calculate aJ]

ge of 3150 m, The angle of intersection

the necessary
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Three pointloads of 64 t, 16 tand 20, 2 m apart in a straight line act at the surface
of soil mass. Calculate the reShltant stress produced at a depth of 1.5 m below 64 t
load. The Boussinesq's influence factor, I for depthz=1.5m are given below with
respect to distance to depth (r/z) ratio.

7z| 0 0.67 0.75 1.333 1.50 2.00 2.67 3.00
I; | 04775 | 01910 | 01565 | 0.0374 | 0025 |0.0085 | 0.0025 | 0.0015 |

An anchored sheet pile supports a sandy back fill of a height 3 m having angle. of
shearing resistance of 30° and unit weight of 19 kN/ m?>. The soil below dredge line
is clay with a unit weight of 19 kN/m?, cohesion 20 kN /m?and zero angle of internal
resistance. The anchor rods are placed 1 m apart and 1 m below the level surface of

the backfill. Assuming free earth support, calculate the force in anchlor and the depth
of sheet pile. Use Rankine’s theory for earth pressure. [12+8=20 marks]
16 £ 201
el ! 2m 2w
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() A soil mass s contaminated with gasoline. 75% of the void space of the soil is filleg 1
With gasoline and water. The volume of gasoline is 25% of the volume of water, Tp, |
unit weight of soi] solids is 26 kN/m?> and water content of the soil is 25%_ The

Specific gravity of gasoline is 0.9, Find the void ratio, porosity, total density and dry
density of the soil. Take y, = 9,81 kN /.

(i) Briefly explain the use of plasticity chart in classifying fine grained soils.
[15 + 5 = 20 marks]

— \
Vy s OF W )
vy > 045V 1

£0-9
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Q.7(b)| (i) A one lane urban road with one way trafflc has maximum

2000 vehicles/hour. The average length occupied by eacl vehicle i‘s' f.
volume is 1200 vehicles per hour. Determine the trafflc densi
relationship between flow speed and traffic density. _l‘

(ii) Explain the significance of stopping sight distance (SSD). Derive
to calculate SSD on a one way single carriageWay level road.
sight distance and intermediate sight distance for.a l'ughway avin,
80 kmph for the following data:

* Coefficient of friction, f = 036 - Y
* Reaction time, ¢ = 2.5 seconds
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Q.7 (¢)

(i) The monthly mean temperature of the atmosphere, ata Particular site, where an airpoyy ‘
has to be developed, are given below. Determine the airport reference te'mperature_ It |
the length of runway under standard condition is 1 km, then determine the actyg
runway length. The runway is assumed to be level at mean sea level,

| Tempenature () Bl
Month S fean value of averags Mean value of maximum
| deilytemp.(T) _ dailytemp. (T,).
January 3 5
February 15 17
March 20 2
qed 2 32
May 35 &
June 40 50
July 32 5
August 30 -
September 27 e :
Octob-er 28 A
November 1 fin ) .
December | S o I RN Lt s S
S B

tracksis4.5m, find out the overall leng&} of the
length of cross-over. .
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Q38 (a) Pileis driven in uniform deposit of dense sand
h down and is not likely to rise in future. The
kN/m?3, Using N, =137, calculate the safe load | |
afety of 2.5. Assume the critical |

e sand as 2.0. : s

(0" = 40°). The water table is very muc
average dry unit weight of sand is 18
capacity of the pile with a factor of s
15 times the diameter and K for dens
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Q.8 (b)| To determine the elevation of stati
observations were made with the st

stion Cum Answ
e et S

er Booklet

aff held vertical. The

on Pina tacheometric survey, the follow; 1
instrument was fitted Withln'
ere 100 and zero respectiv ela; ‘

S j s ”
allactic lens and its multiplying and additive constants W
T A R —————="" ;
&i*hm; et FL ) | Stff | Verteh Stalipes
ietation 5| A S| Station, Angle | Readings (m) |
0 145 | BM | -6°00 | 138518952460
0 a5 | cp | +sau | 0780,1265 1745
B s | cp | -eav | 11551615207

The R.L. of th i
e B.M is 250 m. Calculate the R.L. of station P.

[20 marks]
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Q.8 (c)

Bus
No. of vehicles /day 500

Rate of growth (%)
Gross wheel load (Tonnes)
| Wheel configuration (Front/ Rear)

suitably.
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