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Question Paper Specific Instructions

Please read each of the following instructions carefully before attempting questions :
There are EIGHT questions divided in TWO SECTIONS and printed both in HINDI and in
ENGLISH.

Candidate has to attempt FIVE questions in all.

Questions no. 1 and 5 are compulsory and out of the remaining, any THREE are to be attempted
choosing at least ONE question from each section.

The number of marks carried by a question [ part is indicated against it.

Answers must be written in the medium authorized in the Admission Certificate which must be
stated clearly on the cover of this Question-cum-Answer (QCA) Booklet in the space provided. No
marks will be given for answers written in a medium other than the authorized one.

Word limit in questions, wherever specified, should be adhered to.

Diagrams/ Figures, wherever required, shall be drawn in the space provided for answering the
question itself.

Attempts of questions shall be counted in sequential order. Unless struck off, attempt of a question
shall be counted even if attempted partly. Any page or portion of the page left blank in the
Question-cum-Answer Booklet must be clearly struck off.
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Q1.

(a)

(b)

(c)

(d)

(e)

Qus A
SECTION A

(i) Ferer fspan, aen (i) TR ST=afshan o gRT hshie & a8 6! 989 §
R HIfT |

Briefly explain the deterioration of concrete caused by (i) leaching

action, and (ii) chemical interaction.

T 32 FoaE e W fAmio e w9y = g et s S @ 2 S8l
I Bl Weo W@ireEl hl 9gdl @ 989 | a1t HIfu |

What are the general precautions to be observed while constructing a
brick masonry work ? Briefly explain with the help of neat sketches

where possible.

T 20 cm I Hie hshic $fegn ¥ e g & @1 72 m il G TH 7 |
U B8 H1 Alhedd HINT | 30 & fIT a9 § I wRiEH gfdad
1400 kg/cm2 3T Fshie & A1 §&7 WA 18 kg/em?2 AH T |

A cement concrete pavement of thickness 20 cm, has two lanes of 7-2 m
with a longitudinal joint. Design the tie bar. Assume allowable working
stress in tension for steel as 1400 kg/cm? and bond strength with

concrete as 18 kg/cm?.

T .S, Iy % fore yavan s Bl afg 60 % 9k o Hwr 9wy %
1Y JauraT Yfatie, 200§ 1 sl s Javran & R gfaly & st 8 2
What would be the gradient for a M.G. track when a grade resistance

together with curve resistance due to a curve of 6° shall be equal to the

resistance due to ruling gradient of 1 in 200 ?

A 39 & SATUfA=ITE B AT T THAA B 2 W a9 o AMHIAE HH hi
faftm faferi <t foeemn Hifse |
What do you understand by orientation of Plane table ? Discuss various

methods of orienting the Plane table.
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Q2.

(a)

(b)

s fmfn et v g wem % vEen % T T gge 3w o
IS S @ R S 5 99 dh @ | i 3uSHr A’ 1 U B’ % g Wil
T Hehell B | STHT ‘A’ T IRIWF AP T 1-32 ATG B AT UHAISHT o 37d H
freamor gewr $9 oft 7 g | Syt B o Iifies @ ¥ 0-21 9 @ |
I T & & fT B’ & 3 Ul <t Tavehal grft a9 gl <t
JITeH ArTd Ofd a9 (B’ % @ 3YShUT) ITRTT A’ B T 0-18 Wrg 3ifereh
BNt | IushTur ‘B’ <l AT Fa1 o7y 3 99 @ 3R FEan 9 3 2 «fehd w
2 99 GUAT TR B’ T 0-05 @ H fospa foren 1 wehar @ | ARG &9 @
15% 2, Tl -8 ITRT I (ITHT ‘A’ IT 2 T&I § ITR ‘B’) Id0H oo
% 3B 8 T L 7q I ¢t MR ? I ‘B’ HT JFATHG FEamon
oI 5 a9 o 7d U Tehd! Fadig o 9 § IS feram ST =fR |

A construction company is planning to purchase an excavation
equipment for operating a borrow soil pit that will last 5 years. The soil
can be excavated by equipment ‘A’ or equipment ‘B’. Equipment ‘A’ has
an initial cost of ¥ 1-32 lakh and will have no salvage value at the end of
the project. Equipment ‘B’ has an initial cost of ¥ 0-21 lakh. However, to
provide the same capacity, 2 numbers of equipment ‘B’ are required and
their operating cost per year together (for 2 numbers of equipment ‘B’)
will be ¥ 0-18 lakh more than the equipment ‘A’. Normal service life for
equipment ‘B’ is 3 years with zero salvage value but a 2-year-old
equipment ‘B’ can likely be sold for ¥ 0-05 lakh. If the interest rate is
15%, which equipment (equipment ‘A’ or 2 numbers of equipment ‘B’)
should be preferred to purchase from the present worth point of view ?
The estimated salvage value for equipment ‘B’ must be included as a

cash inflow at the end of year 5.

fafeifga stwel 1 3T it gU & aAfawfsa g-aq ant & foe w9
Ffza 1 Afiereu Hfvw

Teire w1 i T = 8%

o foawor ek = 05

f¥ehedd 3Ty = 15 a9

gfteheqs aun fmtor safy = 1.5 o
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FAGH AR 2ftheh T yhr 2

aTE

Hehel U

rE T

@R | | e LR 5 | T
3 gl — T

4 15 200 r i 4%
3 gl — Thd

h 20 1512 T o Grem) | 8%

IRC 37, 2018 % 4R, T&UE 8% o fou fafia ifiresfeua 2fes & egar

freferfea $ign Taem omfea 2 -
sfrpfedd | .4 o | Sflwm. 99 | s mam. | SfumE.
2fthen wa (fifd) wa (Beft) |99 wa (Feft) | 9e9eg wa
(.wE.T,) (ferefT)
5 30 50 250 150
10 30 60 250 200
20 30 90 250 200
30 40 95 250 200
40 40 105 250 200
50 40 115 250 200

Design a flexible pavement for a two-lane undivided carriageway using

the following data :

Subgrade CBR value = 8%

Lane distribution factor = 0-5

Design Life = 15 years

Planning and Construction period = 1-5 years

Present commercial traffic is as under :

CRNA-S-CVLE

Vehicle | Gross Wt. | No. of vehicles | Wheel Configuration |Growth
Type (T) per day Rate
Front Axle — Single
pus o = Rear Axle — Dual "
Front Axle — Single
Ly <0 1ols Rear Axle — Tandem R
4




(c)

As per IRC 37, 2018 the following pavement composition is desired for
CBR of 8% subgrade corresponding to different Design traffic :

Design BC Wearing | DBM Binder | WMM Base | GSB Sub-base
Traffic (msa) | Course (mm) | Course (mm) | Course (mm) | Course (mm)
5 30 50 250 150
10 30 60 250 200
20 30 90 250 200
30 40 95 250 200
40 40 105 250 200
50 40 115 250 200

Th & hl g W fohu U wenfaes nife srerm @ fafafiga sfes wrea e

T | A1RT

G) T & foru ofg
(i) AT 3Tfieheds Teehl i Sitg & forw nifq
(iii) FHeH HH aret = 7l aug |

i T\ arEl 6 Tt = aqrEl 6
(km/hr) & (km/hr) &

0-10 0 50 — 60 216
10 — 20 11 60 — 65 68
20 — 30 30 65— 70 24
30 — 40 105 70 - 75 10
40 - 50 233 > 75 6

The following data were obtained from the spot speed study carried out
at a city road. Suggest

(1) Speed limit for regulation

(i) Speed to check geometric design elements

(iii) Lower speed group causing congestion.

15

Speed Range No. of Speed Range No. of
(km/hr) Vehicles (km/hr) Vehicles
0-10 0 50 - 60 216
10 -20 11 60 — 65 68
20-30 30 65 -"170 24
30 - 40 105 70 - 75 10
40 - 50 233 > 76 6
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Q3. (a) HGH! Y-YTT § Teh Ql-oH H1 TT HEMW, Hels U=ae H 2-0% Hrl & H1Y
Th 480 m T & I5h ol TaRG AT B | STENCTH ol Aehfeda hifse
AT TS WA 6l TEEar @ fiyepfcyd STeied™ i I s <hi i
1 s i |

A two-lane State Highway in plain terrain, with cutting section having

camber of 2:0%, negotiates a curve of radius 480 m. Design

superelevation and explain the process of attaining designed

superelevation with the help of neat sketches.

b ©®

(i1)

CRNA-S-CVLE

T St g 3R 4-0 m W% I Fgrran ¥ Ffefaa it e
Tad @Te] S W 9T fp g | afq wom fog w1 quria 99 (IR.TE.)
99-000 m ®, @ W9 g § SR hI WfE F e ifem g F
guria aa it 7o HiSe | gEr S s g A )

3-815, 2:500, 1-335, 2-980 @ 0-800 m

The following consecutive readings were observed, on a
continuously sloping ground, with the help of a 4-0 m staff and a
dumpy level. If the reduced level of first point is 99-000 m, calculate
the level of last point by entering the readings in level book. Also
apply the usual checks.

3-815, 2-500, 1-335, 2-980 and 0-800 m

Tsh HEMF GH=sg o gHil % 9vd At 8§ Freafa fhr S o ot
1 fhad W 1-8 m3/s B | Ffaiea aRfeufai % foe smamer
qTed ATferl 1 AfWeheud HIFTT | M ATl i e 99 2 |

TaTg 1 IATTHaH ITIT o = 0-8 m/s

&l T = 0-03

The maximum quantity of water to be discharged by the side drains
on both sides of a highway section is 1-8 m3/s. Design rectangular

side drains for the following conditions. Both drains carry equal

discharge.
Maximum permissible velocity of flow = 0-8 m/s

Roughness coefficient = 0-03
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Tt & H T B Gk i i afEe & fow faftm e A= @
e & € TE ¥ | TS TR B 9@ & T sraves T (TwE )
a1 @ra (T @@ H) A TR

a9 = AT

fopam .
(TaTg) (z @@ o)

1-3 9 90

) ) 12 180

2-3 18 210

3-4 20 360

Tesh fmfor 1 SHal @ e el | 13 WwaTe 1g GRS <l e Al T
aun frfafga whfeafaat Sfga 6 .

(i) framd 1-2 91 1-3 ol &1 7%, S qA-§9 | e of |
Gi) fsram 2 — 3 ufspan & B o of 81 & fofu 19 gwamg o awas 2 |
(iii) BRI 3 -4 T T g3 2 |

13 GwdTe & w1 U THfign & onur W, avfi fohaneti 1 wifta +d 3 Th
T2 TISHT STRT |

w1 IR I 99 % 15 3R d%h g4 &l S ?

Ife afEieHT it 49 Twag § g0 e @, ot Faifa fife i R 3 - 4 =
fopaa skt foken ST 2 e wfeisn @ | feRat afg geft 2

5FeT 3 — 4 % TTU he AT T 450 ATE qAT K FHA 17 Fed1@ HH AT |

The project of constructing a small road in a rural area consists of
various activities as given in the table below. The time (in weeks) and

cost (T in lakh) required for completion of each activity is also given.

. Normal Time Normal Cost
Activity
(Weeks) (T in lakh)
1-3 9 90
1-2 12 180
2-3 18 210
3-4 20 360
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Q4.

(a)

(b)

lst

The construction of road started from January. The project was

reviewed after 13 weeks and the following conditions were observed :
(i) Activities 1 — 2 and 1 — 3 are completed as originally planned.

(i) Activity 2 — 3 is in process and will require 19 more weeks to
complete.

(iii) Activity 3 — 4 has not started.

Based on the above review after 13 weeks, formulate a new project
including all activities.

Will the project be completed by 15th August of the same year ?

If the project is to be completed in 49 weeks, determine how much
activity 3 — 4 is to be crashed and what will be the increase in project
cost ?

Assume crash cost for activity 3 — 4 is ¥ 450 lakh and crash time is
17 weeks.

wh SIS A % Al H, T 8° 9k U 4° e o o faudia fom §
qiafd BT 8 | afe 7fa 28:90 km/hr 7k SfdafYd 2 3R he =1 1 I
M 7:61 cm 2, A GE&I @R W fd Sfaerg Feif@ Hife

In a layout of B.G. Yard, an 8° curve branches off from a 4° main curve
in an opposite direction. If speed is restricted to 28:90 km/hr and
permissible value of cant deficiency is 7-61 cm, determine the speed
restriction on the main line.

(i) =t 32 qU1 Auselt g2 A faudientor Hifse | Fwfor wrt % o = @
1 1 ST TE R S @ 2
Differentiate between overburnt and underburnt bricks. Why are
these bricks not recommended for construction works ?

(i) Tt 3wl & fofu geer & =5 i YWIfad A el G SR
gt smgu | Frefafed swm & fow geer % @ ?q SR faEm
Aniefia Sl
(1) U Yo o U 61, a1
(II) ¥Yg % @ Yo ?

List the general factors governing the selection of stone for
construction purposes. What considerations would guide in
selecting stone for the following use :

(I) Face work of a building, and
(IT) Buildings facing the sea ?
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(c) (1)

(i1)

CRNA-S-CVLE

T A i AR F AUl w1 @ik Hife 3R 37 @it |
Hifq, witdg, foea, S qun Wue fify welfa fife | w we7 *
39T VR o 3991 <l Hag 7 v ot Hifsw |

Sketch a cross-section of a masonry wall and show coping, cornice,
lintel, jamb and parapet wall in the sketch. Also briefly explain the
use of the above parts of a building.

T Q| B o IJIIEY-I=Se & Wiad sl TEdr d $ed, o5 «IE,
A TFRH IR g9 g3 (I3 1) 92 6 =3 Fifvw | dus o= *
Ievg 1t =mEn Fifm |

Explain the terms eaves, eaves board, common rafters and tie beam
with the help of a sketch of cross-section of a slopy roof. Also

explain the purpose of tie beam.

10

10



Q5.

(a)

(b)

wuE B
SECTION B
TH AER (IA-UEW) &9 § B: IUHG WRIE 7 | Th 99 H, aumHifE g
3ifepa anfie gfdum fFemEr 2

TIA A B C D E F
gftuma (ah) 90 100 200 130 120 150
Fgtfa Eﬁﬁm :

(i) JNHIYE] % JdHH 998 % e f|a gidura o seheq § 7He I |

(i) 22% IR qeM 5% I & U maR (Fa-yew) &3 ° auimfu 6 gzam
e |

A catchment has six rain gauge stations. In a year, the annual rainfall
recorded by the rain gauges are as follows :

Station A B C D E F
Rainfall (cm) 90 100 200 130 120 150
Determine :

(i) The standard error in the estimation of mean rainfall in the

existing set of rain gauges.

(ii) Optimum number of rain gauges in the catchment for 22% error

and 5% error.

T 40 m TS % UEg TAGTE TR Bl Teh §Y YOiaa Sgar 8 | TR g
el 4, 30 ¥ 0-04 ms 1 FIa Femwor v foRen Srar R | W %9 @
20 m 91 200 m g{ W @ q F9 § HAM: 3:5 m qAT 0-5 m HT ITHY
Sftra fomam < 2

FeAaTal T shl IIOTHT U1 9 IRt [d Shif |

In a confined aquifer whose thickness is 40 m, a well is fully penetrated.
Under steady state condition, it is pumped with a constant discharge
of 0-04 m3/s. The drawdowns observed at two wells located at 20 m and

200 m from the well are 3-5 m and 0-5 m respectively.

Determine the transmissibility and permeability of the aquifer.

CRNA-S-CVLE 10
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(c)

(d)

(e)

T W @i h TEEd 8 Sied o, &9 gual AR Rl Tl fag
(fafeen ufse) w f&=mE it smafa o g i saren i |

wHA g hl T Ry sraTen % e, T 1 9y Swm 3 firifer R
foeg st qon s 1 9= areft gt A TenE i i afg ger § or
H g AET 50% B AAT A &F TS 100 mm @ | FGEE gEmar #
80% WH T |

With the help of a neat sketch, explain the effect of frequency of
irrigation on average moisture content, field capacity and permanent
wilting point.

During a particular stage of crop growth, consumptive use of water is
3 mm/day. Determine frequency of irrigation and depth of water to be
applied if the amount of water available in the soil is 50% and root zone

depth is 100 mm. Assume irrigation efficiency to be 80%.

T 100 mg/L Tt TS (C5H;(NoO3) T 100 mg/L THE (CgH;906)
% fagor i UBOD @1 BODjs (mg/L H) ¥ HIfST | BOD; YoM whife
srfufsran <t fFrdms & 7 1 0-23/d (MY ¢’) °F ST |

Determine the UBOD and BODj5 (in mg/L) of a mixture of 100 mg/L
glutamic acid (CsH19N9O3) and 100 mg/L glucose (CgH190g). Assume
the value of the BODj first order reaction rate constant as 0-23/d

(base ‘e’).

T TG o T h T W TG fepvad qhreer § Feferiiga afom e e

hiteh TR 1-0 0-1 0-01 0-001 | 0-0001
YFITcHeh! ohl & 5 5 3 2 0

T % fore wn i . srorEn Siefieid Ifd 100 mL s AW 9H = fog e E
gHTcHe Aferdl shl J&A1

10 mL 1 mL 0-1 mL ..
5 5 3 920
5 3 2 140
3 2 0 14

TG % A o A B TG, RTR ?
CRNA-S-CVLE
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Q6.

(a)

A multiple tube fermentation test of a river water sample gives the

following results :

Serial dilution

1-0

0-1

0-01

0-001

0-0001

Number of positives

5

5

3

2

0

The standard values for MPN or coliforms per 100 mL of sample are

given below :

Number of positive tubes

10 mL 1 mL 0-1 mL MPN
5 5 3 920
5 3 2 140
3 2 0 14
What is the MPN for the river water sample ? 10
(i) T STATeRG ! TRATRY HIfT |

(i)

CRNA-S-CVLE

T Tehish SATer@ il Feard § ot T3 31 qova AHGronsti i =men
SHIRTT | Thish TATIE o STIANT AT GRETHTE =1 8 2

Define unit hydrograph.

Explain two basic assumptions made in the derivation of a unit
hydrograph. What are the applications and limitations of unit
hydrograph ? 10
T 4 T2 % Tehich JARI@ 1 Hiteai =9 & 7§ | reAmiwr iy
IYANT A g Teh 12 6 o Thish TATE i HiTedT Fcqd hIfT |

. 4 92 Thieh TATAE
w (%) #1 Hife (m?/s)

0 0

4 30
8 120
12 200
16 250
20 210
24 130
28 75
32 50
36 20
40 10
44 0

(hae e SYcqd I | TTH ARG Tl hItorg |)
12



Given the ordinates of a 4 hr unit hydrograph as below, derive the
ordinates of a 12 hr unit hydrograph by using the method of

superposition. 10
. rdina hr
Time (h) | © %H Efn‘;fs‘;‘

0 0

4 30
8 120
12 200
16 250
20 210
24 130
28 75
32 50
36 20
40 10
44 0

(Only derive the ordinates. Do not plot the graph.)

b) () W aRfeuferEt e # w@d g, w0 i 5o R gus ugh, 5%
yefd 8 98 faeheg 2 2 319 S 1 3iifae fag fifv |

Considering the Indian conditions, is a separate system of sewerage

a better choice than the combined system ? Justify your answer. 10
(ii) shifaeh foig IR Tieror & 2 2 $Hehl STTavaehdl I 8 ?
What is break point chlorination test ? Why is it needed ? 5

(c) Uh ATE SHEEAT % W&l T 150 Iped Tt FgH fohaT STt 8 | 98 WHQ T

for sHeR1 80% TURE & & &9 U Fehaar B, T fgdfioes fuge & a4
o Hifse | flgR % IdEE ft BOD; 150 mg/L ® | I8 dA8AE 7
f6 sfggm@ € BODs 5 mg/L, MLVSS 3000 mg/L 3R 3F&yarg Higdl
10,000 mg/L & |
Frafefga et &1 3w S .

Y = 0-5 kg MLVSS/kg BODj

kq = 0-05 9fd f&
10 f&7 1 wad.am A, 3R 4 9 w1 WA, e | vfafe i
37aYh o A R T=At JaTE F1 7 ?

CRNA-S-CVLE 13



Q7.

(a)

(b)

A city of 1 lakh population is supplied 150 lpcd of water. Assuming 80%
of this emerging as wastewater, calculate the volume of a secondary
reactor. The influent to the reactor has a BODgs of 150 mg/L. It is
desired to have an effluent BODg of 5 mg/L, an MLVSS of 3000 mg/L
and an underflow concentration of 10,000 mg/L.
Use the following constants :

Y = 0-5 kg MLVSS/kg BODj;

k4 = 0-05 per day
Take MCRT of 10 days and HRT of 4 hours. What is the volume and
mass flow of sludge waste per day ?

(i) 5% 3, 55% aTsasfial 31 qgT 1-01 % faf¥E w9cg a1 500 kg Tefis
GUSH o UTH o UEA dYT 91 H IaA AR gfawd # =t Fuifa
it | gfed s@us o 10% 39, g arasiia 3| § 90% i qen
fafsre weg 1048 |

Determine the volume of sludge before and after digestion and
percent reduction for 500 kg of primary sludge with 5% solids, 55%
volatile solids and specific gravity of 1-01. The digested sludge has
10% solids, 90% reduction in original volatile solids and specific
gravity of 1-04.

(ii) T 150 lped I W Tt 2,00,000 SATHA % IR % 7T TF gd a1G
fres s oM w2 | Frees & fou otfimhew R &
200 m3/d.m2 ® | 9N fr=emi % foru freges wag &wa 3 HIvT |
afg AfiEheT WR @ #1 T FRieH & FRRd T8 e 6 fufa § qu
HE1 9, @ Ui Fiies gag e feraan g =fee 2

A rapid sand filter unit is to be provided for a city of
2,00,000 persons with water demand of 150 lpcd. The design loading
rate to the filter is 200 m3/d.m2. Determine the filter surface area
for four filters. If the design loading rate is to be met with one filter
out of service, what should be the surface area per filter ?

T a8 g I Wifeu qun =aren $ifse 6 a8 58 fEa g & e
AT shl WSRO 0T o ATheld o 1T It 8 |

Draw a Flow Mass Curve and explain how this will be useful in the
estimation of the storage capacity of the reservoir for a constant
demand.

CRNA-S-CVLE 14
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Q8.

(e

(a)

(b)

(c)

e @iteEl i TERa 8 U I s1g i fawerar & fafte afist i
= HifSe qen fawerar & faftm ol @ gefua ofieon it =men
SHifoT |

Explain different modes of failure of a gravity dam with neat sketches
and equations associated with different modes of failure.

() U faten (feedisgedl) 1 ashar a=9 & 15000 3F: 2, @ 80%
fafea forn 1 oot R | e 6 dgar @ Tam & o 60% ® o
wil% Hem % fu 30% 7 | Afe foafem % g@ W 3fied Sarhid @
tﬁlmﬁ?%ﬁ 2500 ha/cumec & q°I @ﬁqﬁtﬁ'ﬂﬂ%%ﬁ 1500 ha/cumec
7, a1 Toafeht & g@ W amavash e s i |

The Gross Command Area for a distributary is 15000 hectares, 80%
of which can be irrigated. The intensity of irrigation for Rabi season
is 60% and that for Kharif season is 30%. If the average duty at the
head of the distributary is 2500 ha/cumec for Rabi season and
1500 ha/cumec for Kharif season, determine the discharge required
at the head of the distributary.

(i) & % Fefm fagia i samean Hifve | grfes foha qon sifoa fofm =i
gftfya i | S arfgeieni & SAfhed & Hed § oiEll &% T
fagra aun < & faga 6t go A |
Explain Lacey’s Regime Theory. Define Initial Regime and Final

Regime. Compare the Lacey’s Regime Theory with Kennedy’s
Theory with respect to the design of alluvial channels.

frerere (cfe) @ 2 2 A T 31| 7RE Y-9E | 3§ STveEfud Bie
ST q@ I8 w1 THET ¥ R Gehdal B ? AR Hive fF Wes ywE |
fefTeTes 1 8 yEfya fohan SaT 7 |

What is leachate ? What problems may it create if left unmanaged in a
solid waste landfill ? Explain how the leachate is managed in sanitary
landfills.

3.97E.U, ufshan ¥ ffiRaa srawenati & 3ewd a9 ufshan i sawean i
(i) B (GhIFT)

(i) EHITT

(iii) HTESIh TH

Explain the purpose and procedure for the following stages in EIA
process :

(i) Screening

(i1) Scoping

(iii) Public consultation

CRNA-S-CVLE 15
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