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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)

Q@us A
SECTION A

(i) Frearer Tk, 99T (ii) T 3T=<ATshal o GRI hshie o A8 hi T&Y T
T HIfT |
Briefly explain the deterioration of concrete caused by (i) leaching

action, and (i1) chemical interaction.

e 32 AR = w1 fmiu w1 gwg = g gearEt s s 8 2 sEi
g g T 1@IEEl i HeEal § 89 § Sret Shifau |

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 A1 G Hshle Fign A SR M F AT 72 m B QA o4 7 |
Y9 B8 H1 Alhedd hIfT | 3@ & fow a9 § g wried ufdad
1400 kg/em? 37T shhie & T1Y 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?.

U .S, o9y % fow yauar w=n gnft 9fe 6° % 9% % wRr 9 afeiy &
19 yaurar gfedig, 2008 1 < e vavmn & SR gfey & S 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 ?

i 29 o ANTIRITE @ (Y R HI & 2 Wi dad & ATfa=IE A h
fafir fafemt < g Hifsa |

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 i Frot v it wem & y=en & fou us gar v % %
IS S W& R S 599 ek @ | U 3uer ‘A’ 1 U B’ % g @iel
ST Hehel 8 | IYHT ‘A’ Sl TR @ T 1432 9RE @ a1 GRS % o7 °
o g 9 ot 78 gm | Suww B i IR @ T 021 9@ #
TJaft g gmar % fou B % S SuRn Y ravTehar grft a91 39 gEl 6
YT ArTd 9fd a9 (B’ % @ 39T IR A’ B T (-18 oIT@ 3ferk
Bnft | Sy B I B Y 3 9 2 3 framr am 3= R Afer
2 94 QAT U B’ T 0-05 @ ° fosea feen o wehar B | Afe s @
15% &, 1 -8 ITHLUT Tl (ITHT ‘A’ AT 2 F&AT H TR ‘B’) T09H oI
& gfEshor @ 9 & 2q aiiEan it =g 2 3usr B’ 1 sEmia feawo
o 5 99 % 3fd § Fehd) Iiadie & w9 ° 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.

frafafad stfwei #1 3wam #d gu & aAfawifoa q-om wrt & fore o T
Ffga &1 sfiyre Hifm

g 1 1.&1.310. 99 = 8%
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TAUH TaETs ke e yehr 2

e | Hehel YR | ATEA GEA o

T (T) gfafes i T8
3 g{l — Thd

94 15 200 o= %Iﬁ—?ﬂ'&'ﬁ 4%
I gl — Tha

< 20 1512 yra Hﬁ— (é:gq) 8%

IRC 37, 2018 % IFER, TaIE 8% o Toru faftm srfepfeua e & sEm

Afepfoqa | <. foafe | <o, 99 | ssg . | Sfwmi.
2ftheh wa (faeft) wa (feft) | 99 wa (feft) | ge-9g wa
(w.wE.T,) (feref?)
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 :
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Vehicle | Gross Wt. | No. of vehicles | Wheel Configuration |Growth
Type (T) per day Rate
Front Axle — Single
g - 200 Rear Axle — Dual N
Front Axle — Single
Truck 20 1512 T Agla i e deie 8%
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

T W& hl Heh W fohu mu wenfaes nife srerm @ fafafiga sifes yra fee

T | TSy
(i)

s & fou ofa g

(ii) AT iferew el Y i & fog nfy
(iii) FHeH H et = fd Tg |

fq wE el fd T areAl 6
(km/hr) g (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
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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 -175 10

40 - 50 233 >75 6
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Qs.

(a)

(b)

At -1 | U Sl-oH T UST HEMR, el YREse H 2:0% HET % 91
UF 480 m B35 & 9% I TERd AT § | SRIAH % Afesfoud i
YT TE=s (@I 6 HEEdr 8 HAferRlcud ameiiea™ i I % h gl
1 =T Hife |

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.

(i) T S TFd 3R 4-0 m VI i Heg@al ¥ F=ffad b are=ms th
Had QI S T I e e | Ffe wew fag 1 waEa 9w (IRTe.)
99-000 m B, A W g H UiSHATH hl WE wd g Hfw g F
guTid aet i Mo HifT | w5t i |

3-815, 2:500, 1-335, 2:980 1 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 UIvd Aol o e fhu SH a9
#1 rferhan W 1-8 m3/s B | Fafofge afifeafet & fo smaamer
uryd Arfer w1 SAfirereu hifsre | gt wiferat o freao T R
Y418 1 Afhad AT 3 = 0-8 m/s
&A1 O = 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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yrfior &9 § Uk B eE Fmi H afEsE & foe fafie el e o
iRt § & 7 F |y R @@ A & fon srevas @ (dwmE H)
a1 @ (T e H) A TER |

HE 999 HH AN
foran :
(TeaTg) (T @rg )
1-3 9 90
1-2 12 180
93 18 210
3-4 20 360

Tes fAmior 1 SHadt & TRy gaT | 13 HeaTe 91g aRESHl i aten A
au Frfafea afifeafaat Sfam i o

i) foramd 1-2qur 1 -3 qof 81 €, 39 ger-w9 § St of |

i) fsrar 2 — 3 ufsean @ B o of @R & forw 19 wvamg o smawas 2 |

Gii) P 3 —4 Ty T g R

13 TR % 91¢ 39 THien & mEn ®, Tt frmned w1 a4 gu U
TE RIS S ST |

w11 giEgieHT 36t a¥ & 15 o e deh g & St ?

afe afEisF #t 49 TR § QU w0 7, @ Fuifa Fif e B 3 -4 =6
feper Shwr fopan ST 2 e wfesrn @ # fRat afg @t 2

foram 3 — 4 % foTU shr &mTd T 450 @ AT HY FHA 17 FdT® HE 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)

The construction of road started from 1% 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 S 9 & afi=m 4, T 8° 9% T 4° gEF % § foudia fown H
gerfafd g 2 | 4fe fa 28:90 km/hr e Sfeefed B 3 she =Aa1 &1 3
UM 7-61 cm 2, @ GE&I @13 W fd Yfderg 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 T2 a1 Ausel 2§ faudewn fifse | Fmfn st * fau @ &
I F1 A T8l fohe S 2 2
Differentiate between overburnt and underburnt bricks. Why are
these bricks not recommended for construction works ?

(i) fmfo sewai & fou qeew & =@ &1 yifad @ 9T G SR 6
gt s | Frefefga swm & fou weer & 99 3 ®RE faEm
qriehia T
(I) U Wad o STUNF HE, a1
(I) &Hg % G@ wad ?

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

& e 6 faR & g-uiEae & @i Hife it 35 e |
g, Hia, foed, S qun Tove fufs wefifa Hifse | s w1 &
39 WA o I 6t ey § sren ot fifs |

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 eI B4 & ARY-Neae & W@ifed I geEar ¥ deu, don diE,
HHT TFH 3R g9 97 (I3 §1W) 98l 61 =arew hifsw | du o= +
3evd i oft sarEn Hifu |

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.

9
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Q5.

(a)

(b)

@vs B

SECTION B
TF AERE (JA-UV) &9 H B auiHdt RIA § | T 9§ §, et gr
sifera anfifer gfdum Fremgam 2 -
TIH A B v D E F
gftam (a) 90 100 200 130 120 150
fuifa Hifvw .

(i) IEEIET % JduH 99 < fore sited gfdura & o1eeH § wHes I |

(i) 22% I a9 5% I F U R (Sa-uRw) &5 ° auiwiE i ggan
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 (em) 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.

TH 40 m W % UiEg TordTE Wl Th §U G dgar 3 | TRl g
ae H, 390 ¥ 0-04 m%s 1 T o 99 R ST R 1 3@ g9 @
20 m T 200 m g W fo4q § F9i § HEA: 3-5 m TA 0-5 m FT IJTHY
e femen e 2 |

T8l T Sl YT &HdT 99T IO T 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)

T Wes W@iaa 6l geEd § ofed S, & awar 3 e i fag
(fafeen ufg) w fa=mg i stgfa & g i s HivT |

wHd gfg 1 T TRy awen & gRH, I F1 39y I9En 3 furifer B
fireé gl Ao S 1 ST areh T 1 TEed T i At gar i
$1 IYelsy AT 50% B AAT A &F TEUs 100 mm B | e q@a@r #
80% W 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 =i T (C5H;oN5O3) 91 100 mg/L THE (CgH;906)
% figor &t UBOD @21 BOD; (mg/L ®) Fa shifs | BOD; 999 hife
arfufsran et Fame & 9 $1 0-23/d (YR ‘¢’) TF S |

Determine the UBOD and BODjy (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 T b I b T W Fg-Ach fopvam vl 8 Fr=fafied aftom g gu

Shiteh Tl 1.0 0-1 0-01 | 0001 | 0-0001
YFTcHh] <hl T 5 5 3 2 0

T % e w dt e, stean Fiefed i 100 mL F o o e e E
gATeHeh AfeTdl <hl T

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

T8 & IA % T H WA 1R ?
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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
Q6. (a) (i) TUehieh TATAE bl qRwTa Hifsw |
TS U SATeRd hi ogedra § ot T8 q qend SAqewons H s
HIRTT | TehTeh AT o STTIART a1 qREETd 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
(i) Th 4 5 F Thih Joior@ 1 Fifeal f9 @ 1€ & | sreariow fafy &
IYANT T §Y TH 12 92 & Thish JAci@ ! Hifedi gead HIfg |
i (53 4 912 THh TATTE
&1 wife (ms/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
(Shaa ife SYead HINTT | TTH TR T&1 hitorg |)
CRNA-S-CVLE 12
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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) 0“{1}‘}‘1&‘(3;3 i

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) () e gifeafaE ® oo | wed gu, F0 aifed e 6 gus ugh, §Y%
ygfd ¥ 98 fosheg 2 2 3199 I 1 siifae fag Fifsm |

Considering the Indian conditions, is a separate system of sewerage

a better choice than the combined system ? Justify your answer. 10
(ii) Shifaeh foig FANIRIO GOEVT o1 & ? SHehl Tarvdehal #1 B ?
What is break point chlorination test ? Why is it needed ? 5

(c) TUh TG SHEEAT % W& % fTU 150 Iped & WGH fohan St B | I8 9 gQ
for s@h1 80% R a1 & w9 # Frherar B, & fgdfiges fugex & saaq i
o hifse | fige & saEE fl BOD; 150 mg/L ® | I8 dieAE 2
6 sfgg@ i BOD; 5 mg/L, MLVSS 3000 mg/L 3R 3@¥a® Higdl

10,000 mg/L & |

frafafaa et =1 39am Hifse
Y = 0-5 kg MLVSS/kg BOD5

kq = 0-05 9fd f&7

10 &7 &1 wmd.am A, 3 4 92 w1 = A, <ifse | ufafer swafie
37gUH HI AFAH N G JaTE =18 2
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Q7.

(a)

(b)

A city of 1 lakh population is supplied 150 Ipcd of water. Assuming 80%
of this emerging as wastewater, calculate the volume of a secondary
reactor. The influent to the reactor has a BODs 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% aTsasited 31| 91 1-01 % faf¥e w9ea 9 500 kg Tfih
3G & M % UBA a1 91 § HFad 3R ufawe °§ =+ fFuifa
$ifoe | gfed s@us # 10% 319, g arasial 3@ 8 90% HH au
fafsre w=ea 1042 |

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.

(i) TH 150 lped ST HIT 1A 2,00,000 SAFHA * TR % foIC 0 3a 19
e g Ten &6 2 | FeEes & o sifimes wm &
200 m3/d.m2 ® | W1 Fregew! # fou freies aqg 8% s Hvm |
afe fihete YR 2 *I T fieies & wriw T 'R h feafa d qu
HET1 98, 1 Ufd e aag &awa fehad1 g1 |TEy ?

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 YaT8 ol 9k Wit a91 Sred $ifve fF a8 Fa e o & e e
AT hl WSRO 9T & AThald & U Iwgrft gmm |

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.
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Q8.

(c)

(a)

(b)

(c)

Wes @iaEl 6 el ¥ U WHIiya aiy sl fawear & fafim alenl 6
e e g fawaa & fofim afel @ gefaa wdfeon & samen
Hif |

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

() U foafer (feediegedt) 1 o G=7 &3 15000 29 2, foms 80%
fafaa forar < gt 2 | fomE Y dgar & Ao & U 60% 2 au
% Hem % fow 30% ® | Afe faafem & g@ w sfwa s o
:ﬂw%%q 2500 ha/cumec%ﬁﬁn@'ﬂmmaim 1500 ha/cumec
7, a1 foafer o g@ W 3revgeh e [ 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.

Gi) wHt % fofm fagia i =men it | st fsfm qun sif fcfm =
uftifya ifste | Siefie arfeshisti & sifiehedd & @ey # oiEfl & fofim
fagra a FS % faga i gomn HifSw |
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.

femee (efee) = 2 2 afg w 3| e ywwe d 38 swEfud aig fen
ST Al I8 R GHETE U] R Hehal B ? AT Hife b W Y-WE H
fefreres w1 %8 yafea fomam 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.

$.am.u. gfsen # Frafafga sawenesi & ey qon ufsean & saren Hifsw -
(i) BEAT (ShifT)

(i) ERIfG

(i) HraIS TE

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

(i) Screening

(ii) Scoping

(i11) Public consultation
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