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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

(1) Fremerm fopam, a9 (i) TEES T=afshar & grT whshie & 3Eg™ i 89 °
ST iU |
Briefly explain the deterioration of concrete caused by (i) leaching

action, and (i1) chemical interaction.

e 32 forE e 1 i v aue won g et sl S 8 2 98t
qryg g W@es W@iradl i H8Edl 8 89 § SR $IfT |

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

where possible.

TH 20 cm W Wiz Shic Fign d sl IS F AL 72 m A F &4 |
S99 B I ANTHed HIT | 3@ F ol a1 § TR FRiER Sfdead
1400 kg/em? 37T Hhie & A9 994 WA 18 kg/em?2 TH AT |

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, ey % fou yavar w=n gl afg 60 o a5k % HRer 95k gfady %
a1 yquran gfadie, 200§ 1 6 e gavar & Sror gfad & s 7 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 ?

i 29d & AT A Y R gHId & 2 Wi dud o AT A hl
fafim faftrm < foemmn Shifsm |

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 fmior st v gt wem % yEen & ot gars v % %
IS S @ R S 5 99 o @ | g U ‘A’ I1 ITR B’ % g @idl
ST Fehdl B | ITRW ‘A’ hl TRfR AN T 1-32 A @ 991 GRS % 34 |
o e 9 oft 78 g | Sy B i IR @ T 021 9@ #
TJafy gaE gmar & fou B’ & IuR Y AavEehar Rt agT 39 gl 6
Yoo ArTd Ofd a9 (B’ % 3 IUSHUT) IUH A’ B T (-18 @RE ik
Ehft | Sy B <t I Fa g 3 9 @ 3 framor am 3y R dfer v
2 99 QAT UK B’ T 0-05 @ H fasha forn o1 wehar ® | Afe s @
15% 2, Tl -8 ITHT I (ITHT ‘A’ T 2 T&1 H ITHWT ‘B’) FaqH oI
% GEHIU 8 %F HE 7q I0F S 1R ? 39RO B’ 1 AT Far
o 5 94 % 3d § Tehd] Iiqdie & w9 A e feran s =R |

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.

frafafiad stfwsi #1 3wam #d gu & AAfawifoa Q1w wrt & fore o T
Ffga &1 stfirre Hifm

gaie 1 #.96.3M1. 99 = 8%
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FAH STaETRe 2fthes i TR B

dqEd | Hehol YR | dTEA GEA o

YR (T) gfafea NI T8
3 g{l - Thd

EL 15 200 e aﬁ—ilsﬁ 4%
3 gl — Thd

Zh 20 1512 g gﬁ— (é:g‘q) 8%

IRC 37, 2018 % IR, TS 8% o foru faftm srfyepfeua e & sgEm

sftpfeda | .. o |SAwm. sv% | ssgmmm. | S
2fthen wa (frdh) wa (forft) | 9@ wa (foft) | esa wa

(58T (feft)

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 : 20

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 :

Vehicle | Gross Wt. | No. of vehicles | Wheel Configuration |Growth
Type (T) per day Rate
Front Axle — Single
S - 200 Rear Axle — Dual e
Front Axle — Single
Truck 20 1512 B sl St S 8%
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(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

T WE hl Heh W fohu MU wenfass nife srerm @ frefafiga sies yra fae

T | ST
6

s & oo ofa g

(i) ST ifepen weshi H S & fog nfy
(i) FHeH H et = 7fy Tgg |

e e &l I nf g el 6l
(km/hr) e (km/hr) AT

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

(ii)) Speed to check geometric design elements

(iii) Lower speed group causing congestion.

15
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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 >75 6
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Qs.

(a)

(b)

Agrl Y9 § T G-TH H T HEMT, el uRedg § 2:0% T 5 a1y
% 480 m B & Il Tufd At } | SRiea™ 1 sifiesfoua Hifse
AT T @Il 6l FEEar @ fyenfcyd STelied™ ®1 I i i gfsma
6 =arE Fifvm |

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.

() T S dad R 4-0 m WH S GEgEar 8 Fefafaa s g
Had @le] A W 9 fope g | 7 wom ferg 1 wEEia 9@ (Im.Ta.)
99-000 m ®, T W goh H USAH hl FE wd g Afm g >
TuTia at =t o Hifsre | gmr St o ot e A )

3-815, 2:500, 1-335, 2980 YT 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

(i) U HETT iR % gHl A% 9Ivd Aol 8 freaia feu SM a9
#1 Afshay AT 1-8 m¥/s 2 | FrefaRga wifeafaai & fom smaamsr
urvd Tifert 1 Afirehen Hifsw | gFi Tifert 1 e TmE R
Y418 1 fehad 3T I = 0-8 m/s
&A1 UM = 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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(c)

e & H T B Gk i i afEe % o faftm e A= @
ARt ® € ME E | I TR B W A % T saws s (R H)
q1 @FTd (T @ H) it @ g R

T 95 = AN
foran :
(TeaTg) (T @rg )
1-3 9 90
1-2 12 180
G 18 210
ot 20 360

Te fmfor 1 St @ TRew ga | 13 HwaTe 91g giEie <l wien hi g
aun Frefafaa fifeafot Sfea 6 e .

() foramd 1-2qur 1 -3 qof & 7€, 39 go-w9 § St of |

i) fsrar 2 — 3 ufsean @ B ot of @R & forw 19 wvamg it smawas 2 |
(i) ram 3 -4 T T E R |

13 TwTg o 91g 39 THien & Men ®, aft frmed w1 wmitd #Xd 3¢
7% gfEieHT S9TET |

1 gfeEierT 36 ad & 15 3P a T & ST ?

afe afE@sT 1 49 T § g w0 3, @ Fuifa Hifse 6 B 3 -4 w1
fopaa Skt fopan s 2 e wfesn amra § foRat afg &rft 2

R 3 — 4 % foTU sher @FTa T 450 @ AT SHY THA 17 HWdTg HH S |
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
CRNA-S-CVLE 4




Q4.

(a)

(b)

The construction of road started from 15! 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.

s A A F afi=mm H, e 8 9% U 4° g 9% 4 faudia fewn H
geriafd gt 2 | fe wfd 28-90 km/hr o Sfteferd B 3R She =an &1 3
UM 7-61 cm 2, A GE&I @A W fa Yfgerg Fgifa Hifse |

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.

() T 32 aU1 Ausel 32 § fandeo Hifse | i st % fow 37 €&
I F1 A TE R ST 7 2
Differentiate between overburnt and underburnt bricks. Why are
these bricks not recommended for construction works ?

(i) Fafor seval & faU geer & ==@ &1 9Ifdd @ a6 G FEEHT I
gt sse | Frefefga swim & fow geer & 99 3 SRA faEm
qrieRia il :

(1) Uk Had & FUW S, 991
() ¥Hg % @ 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
(I1) Buildings facing the sea ?
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(e @

(i1)

CRNA-S-CVLE

s A i faR F Tg-uiEse & @ik Hife 3 35 @it |
HIfgn, wia, faed, e o wmue fufs wefifa Hifve | w w7 &
39 WFT o I 6t ey § sren ot Hifse |

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.

TH T B b ATEY-UN=Dg & @i hil HeRar § $ed, $od Wie,
HHT TFH 3R 99 9= (I3 §1W) 98 1 =3re Fifsw | du o= *
Jeva i ff =mEn iR |

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.
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Q5.

(a)

(b)

@vs B

SECTION B
TH HER (FA-TEV) &F § B: Nt RIYA § | U 9 °, it g
3ifera o gfeuma fFrrgem 2 -
QYA A B 0 D E F
givama (Fd) 90 100 200 130 120 150
fgifa i

(i) SETHITYET o JG0H g o fo 3fied gieu o ke § §H I |

(i) 22% e A 5% I % ToTT 3aR (IA-UEw) &5 § IuEIyl 6 38aH
@& |

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 HIE & g TAaTdl TR I Th FY QOIGAT Sgar 7 | TR gum
g H, 398 ¥ 0-04 m%/s 1 Fra freawor v fRn ST R | W oRw A
20 m 9T 200 m g W feoa @ FUi F HAW: 35 m AT 0-5 m HT ITHY
Sftra fema S 2

A8l T hl YT &HdT 9T YT T4 shifeig |

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.
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(c)

(d)

(e)

U oo @i hl gEEd § Sfed o, & gual AR el il fag
(fafeen uige) W f&=mg i smgft & gt i e Hify |

wad gfg 1 T TRy srawen & gRH, I F1 39y I9En 3 furifer ®
fimd smafa qon s it SR et gt A Tead @ i afs e § o
# Iuctey WET 50% B AU oA &9 TEUs 100 mm & | FGETE q@ar @i
80% WM 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 ®efH THE (C5HoN503) 71 100 mg/L HE (CgH1906)
% fagor <6t UBOD @1 BOD; (mg/L H) F@ I | BOD; 999 hife
arfufsran 2t faame & oM i 0-23/d (YR ‘¢’) TF ST |

Determine the UBOD and BODj (in mg/L) of a mixture of 100 mg/L
glutamic acid (C5H19N9O3) and 100 mg/L glucose (CgH190g). Assume
the value of the BODjy first order reaction rate constant as 0-23/d

(base ‘@).

T & % A o T W Fg-Acht fepva qdiern § ffafiga aRom e gu

it qIHI 10 0-1 0-01 | 0001 | 0-0001
YFTcHh! bl &A1 5 5 3 2 0

T % fow e, sgen Siefied 9fd 100 mL % e 7F e for T g
gTcHeh AfTdl <hl T

10 mL 1 mL 0-1 mL LR R
5 5 3 920
5 3 140
3 2 0 14

T8 &% IA % T B A 18 2
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 FITI@ ! qRHTIYT i |

(i)

CRNA-S-CVLE

T Tehish SoATer@ il goafd | off 73 31 qonga ATHaronati i =
HITT | TehTeh AT o STTIANT qn qREiaTd o= § 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

Th 4 TS % Thish Jefer@ ht wifear = @ 18 F | sremiow fafy
IYART A U Teh 12 62 % Thish STATrd i hifedl ogeqd Hify |

e 4 ¢ Tehlh TATHE
1 wife (m3/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

(et hife Fcaa HIT | TTH Teifgad T8 hifer 1)
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
i f4 hr
Time (h) Orcll}rll_la:,;g /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

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

b) () wrd gRfeafeE ® oo | wed gu, w0 arfga e 6 gus ugh, T3
ggfd 8 98 fashey ® 2 3103 I 1 Sifuw fag Fifs |

Considering the Indian conditions, is a separate system of sewerage

a better choice than the combined system ? Justify your answer. 10
(ii) Shifaeh foig TR GOEVT &1 € ? SHehl Tavaehal H1 B ?
What is break point chlorination test ? Why is it needed ? 5

(c) TUh WG SHEEAT % Wl & fAC 150 Iped Fet TgH foherm STt 2 | a8 "4 8T

o 591 80% HURTE 91 & &9 ° fherar 2, wh fgdias g & amaad 6
o hifdw | flge % FaEE i BOD; 150 mg/L 8 | 98 digdE 2
% afggr@ I BODs 5 mg/L, MLVSS 3000 mg/L 3R I&Eydre digdl
10,000 mg/L & |
frafafga Fearet =1 sgam $ifs .

Y = 0-5 kg MLVSS/kg BOD5

k, = 0-05 ufe fea
10 f&7 =1 w.am A, 3 4 W w1 waRA. v | ufafer e
37U I A 3 T a8 HT R 2

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 BODg 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% 38, 55% aTSISited 3F 91 1-01 % faf¥e w=ea 9 500 kg Tafis
3EYF % YrEF & YA 91 91 § HA™ad dR Ufawa § it fuifa
HIT | gfed s@us # 10% 31|, g arasiial 3@t 8 90% HHT adn
fafsre w7eg 1:04 2 |

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 ST HIT a1A 2,00,000 SAfHAT + TR/ & ¢ 0 3d 919
Frees 38 TeR e R | Frees & fou sifimem wR =
200 m3/d.m? 8 | ¥R feiewl % fou fiies gag &9%a 7@ Hifve |
afe sAfiehed WR @ &l & Freics & wriw 7@ B H fufa d g
HE1 U8, a1 Sfa fies gag &awa fean g =nfge 2

A rapid sand filter unit is to be provided for a city of
2,00,000 persons with water demand of 150 Ipcd. 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 YA g9t I difeu qun s fifse 6 37 $8 e oin & o
AT hl YR AT o 3Tehei o [T ITART &M |
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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Qs.

(c)

(a)

(b)

(c)

s @il 6 geEal 8 s ywiya atg i fawear & faftm afiel fi
e Hifse g fawea & fofim ol @ gefaa wdfieon & smen
HIfT |

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

() U faafer (feediegedt) 1 o G=7 &3 15000 2FR 2, s 80%
fafaa forar < gt 2 | fommE < drar @ Jem & U 60% 2 aun
Tl% qem & fau 30% 2 | Afg faafer & g@ ® fwa Samfd
ey &+ e 2500 ha/cumec%ﬂﬁn'@'ﬂq;maiﬂ’m 1500 ha/cumec
7, a1 foafer o §@ W 3rEvaeh e 91d 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) o < T fagra i sare Hifse | grfies fofim qon sifem fofm =i
gfnfya hifre | Siefie arfesmieti & sifiehedd & @ey # @Efl & fofm
fagra aun At & fag@ i ga Ffe |
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.

feere (<) 0 & 2 afg s 3| sl ywwe d 3@ srvEfud oig fen
ST A I8 R GHETE g R Hehdl B ? SATEA1 Hife b Wes YW H
e 1 H8 vefea fomar s R |

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.amm.u. gfsen # Frafafga sawenssi & v qon wfsean i saren Hifsw -
(i) BEAT (ShifT)

(i) ERIfG

(iii) HTESIeh HI

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

(i) Screening

(ii) Scoping

(i11) Public consultation
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