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CIVIL ENGINEERING (PAPER-II)

Time Allowed : Three Hours Maximum Marks : 250

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.

Question Nos. 1 and § are compulsory and out of the remaining, 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.

Wherever any assumptions are made for answering a question, they must be clearly indicated.
Diagrams/Figures, wherever required, shall be drawn in the space provided for answering the
question itself.

Unless otherwise mentioned, symbols and notations carry their usual standard meanings.
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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1.

(@)

(b)

(c)

(d)

WUs—A / SECTION—A

" # st it 6 F=ht gl o = fgla & gal & fuio 3 oo amra amed F:6e 6
o i 3= e Fehe F s aveEsE R

Briefly discuss why it is more advantageous to use high strength concrete for
construction of high-rise buildings and large-span bridges as compared to
normal strength concrete.

% wad ¥ R wHE % o ver @1 f F fad wEl B gam d g e s (=)
F I % il == waw °§ Fifg

Briefly discuss the advantages of using hollow concrete blocks for masonry
works of a building as compared to stone or brick masonry works.

ISt Gaqed ST6a1 1 3TN F0h T 4-HFT HETE % Tt A g a0 gl
fuifa #ifs)

I wemrl % wEE % fay fefaiaa @ra sgafa 6 e R
(i) voF ufg 9 # it A Tl TaEtE EEE  rh = T2 ® g
(i) i TEwEE @ra = T 0:06 F

= @ H 10% Ffa F9 aifis ¥ 8 Twgfed AW i)

Determine the total present worth of maintenance cost of a 4-lane highway
using the capitalized equivalent approach.
The following costs are estimated for maintenance of the above highway :

(i) Periodic maintenance cost to be carried out at every five years = ¥ 2 crores
(i) Annual maintenance cost = ¥ 006 crore

Assume the interest rate as 10% per year compounded annually.

20 cm HI# We T @@ 9z wHe FEm F fwi F e fen R w e
15 °C % au1 7l % dRm sifran wie qEE 45 °C B B Al s sie & siaua i
e 2:5 cm 2, @ fawR au g% A€ F 4= A gl Fi wE Hifg

Whe F A fawr #1 pnE = 12x107° wfa °C
w2 F TP IR = 2360 kg/m>
Fﬁﬁaﬁlﬁmﬁﬂ@ﬂm= O-Skg/cm2
HaYB H TH riE = 1-5
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The laying temperature during the construction of plain cement concrete
pavement of slab thickness 20 cm is 15 °C and the maximum slab temperature
during the summer is used to be 45 °C. If the width of expansion joint gap is
2:5 cm, calculate the spacing between the expansion and contraction joints.
Assume the following data :

Coefficient of thermal expansion of concrete = 12x107° per °C

Unit weight of concrete = 2360 kg/m3

Allowable stress in cement concrete in tension = 0-8 kg/cm?

Coefficient of friction of the interface = 1'5 10

(e) TR Gaea ¥ fafim wr % v (ffegem) i 3faa sewmwl afeq saren i)

Explain the different types of resolutions in remote sensing with suitable
examples. 10

2. (@) F TED 89§ uw IR W gid wonfia F F e v e 9t e # o @ g gl

yfEs ) faftm wfefaftat = o #
GICICE Tftater #r A fevquf
A 7fe == wrfve wfefafy
B Hfa @ yrfyres wfeferfy
& < fmfor B 1 Siqw it # (e @ % 9 iy @ @)
D afe Tenfia woiar 1 nfafefe aon A 3R ¢ sgE W R

4 & F vao & Wy wfEe % 18 T # gl @R < smen R Ruifa A B 99%
wiftrekar % @ig RSl % i 89 % forg 3%ar fhaa Tt 1 sman #m) 98-93% Wil &
W G fa=ed Z # AF +2:3 91 99-18% Wil % W Z 1 UM +2:4 ¥ WH
Hfafien, afd 3Far nfafafer & o g wfeism 1 17 & 3 of 6@ =1 w@ w@a @, @
fufta Hify % 3¥er frah awa sfadsm ara A e won) fafim tfffet F b
Y a1 1 iy R deag @ra e awefl § f o E

I TfAfaty 1 fafafy
Tfafafer sy @ a7y arma
(=1 #) (T H) (=1 #) (T H)
A 8 6,000 5 9,000
B 4 2,000 3 4,000
c 8 5,000 7 5,500
D 6 3,000 3 7,500

o gfEe ¥ fore swea @ra T 500 it @)

SLPM-B-CVL/5 3 [B.T.O.

Optional Province - optionalprovince.com



A contractor intends to bid for erecting a statue at a square in an urban area.
The various activities of the entire project are given below :

Activity Activity Name Remark
A Make statue Starting activity
B Lay foundation Starting activity
C Construct platform | Follows B (starts after laying foundation)
D Erect statue Finishing activity and follows A and C

The project is expected to take 18 days to complete having a variance of
4 days. Determine in how many days the contractor would expect the project to
be completed with a probability of 99%. For probability of 98:93%, the
corresponding normal deviate Z value is +2:3 and for probability of 99:18%,
Z value is +2'4. Further, if the contractor intends to complete the project in
17 days by crashing the activities, determine how much total project cost
would the contractor expect. The normal and crash duration, and associated
cost are given in the table below for various activities :

Normal Activity Crash Activity
iy Duration Cost Duration Cost
(in days) (in ) (in days) (in T
A 8 6,000 5 9,000
B 4 2,000 3 4,000
o) 8 5,000 7 5,500
D 6 3,000 3 7,500

For the entire project, the indirect cost is T 500 per day.
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(b)

(c)

(i) T LA |TeTh W AHHNG FSH AR T IATAEG Hohd IR HA & fore i1 o @)
31 7@ T 6 waa gl sifirfeya on o dich (Yer) a1 erafy wafw +E 2
frfefaa sHiwel =1 I@m @ g¢ T & @ A qgeda | i

IR W geF I HeE = 20 m
wg& W fd i1 = 60 km fd 521
fieft (Y=r) o<t it safa = 4.0 s
ARE™F e = 3:0 m/s?

FR 6 T = 40 m

Fgfa vl @93 = 12 s

A taxi driver was fined for crossing the traffic signal at right-angled road
intersection. He claimed that the signal was faultily designed and the
duration of amber light is not sufficient. Using the following data, verify
the correctness of the driver’s claim :

Road width at intersection = 20 m
Speed limit at road = 60 kmph
Amber light duration = 40 s
Comfortable deceleration = 3:0 m/32
Car length = 40 m

Perception reaction time = 12 s

(i) Y@= & Wy e fifk 5 ges W dm Saer B W w0 ¥ R suws
Sa-fEEfl et B F v R s R)

Explain with sketches how the subsurface drainage system is provided to
lower the water table in road.

16 29 &l goTs &9al 9T U {ei-399 g1 Wie S g aTet 80 29 a9 (YS) arel aH1
Aferpam w@ i AT AR Id-39H F 9K 100 A R 3 e # w69 gnae 99
@TEA 99 W 60 km ¥fa =21 i 7fq & S B1 A o - * dga (Ofem) sy =
FE: 1:6 kg 9fd 24 a1 2-0 kg W @7 4W <hifem)

Ife [CrmE 150 § 1 ) WAl W 1° 9% § T &, o Wel-59 i Aavdsh gard el
oft o fifsrg

Calculate the maximum number of wagons of weight 80 tonnes each that can
be pulled by a locomotive having hauling capacity of 16 tonnes. The weight of
the locomotive is 100 tonnes and the train has to run at a speed of 60 kmph on
a straight level BG track. Assume rolling resistance of wagon and locomotive as
16 kg/tonne and 2:0 kg/tonne respectively.

Also, calculate the hauling capacity of the locomotive required if the train has
to climb a gradient of 1 in 150 in 1° curve.
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3. (a)

(b)

(i) T FEEiense | onur W@ AB, faht &fas o/ 200 m &, & fogsdt Aqan BR, @

(i)

(i)

s fagslt Pawn Q, S W@ AB ¥ & @ IR &, F J&5m o )
frafafaa Jam for o

ZPAB = 80°, ZQBA =90°, ZQAB =50°, ZPBA =45°

P A ¥ 3T F0 = 20°

QF A ¥ AT FU = 12°
afest gt PO @ P 2R Q F I | I o Hifs

Observations were made with a theodolite from the points A and B of
baseline AB having horizontal length of 200 m to the two inaccessible
points P and Q at the same side of the line AB.

The following observations are done :

ZPAB = 80° ZQBA =90° ZQAB =50° /PBA =45°
20°
12#°

Calculate the horizontal distance PQ and difference in elevation between
P and Q.

]

The angle of elevation of P from A

I

The angle of elevation of Q from A

T SE HAfqeaTd SR B2 H 150 mm FiEY @S 5 TH waTs hE W 22 4
3000 m #I 391§ ¥ forn m1| ofwd @ 3MUR 80 mm & U /W1 TN IAME
e § 0 32 @, TEH R TH F 100 m IW B, F AFArE R
2 % @) fi Ju w7 Af, AR TR % @Y F i o 9w fig ¥ I w1 wEa em
46 mm 27 20 W B F1 WE1 3R 3w IJgURE (TEasR) # & fonm g @
$ 1 gl oft wm i)

A pair of overlapping vertical photographs was taken with an aerial
camera of focal length 150 mm from an altitude of 3000 m above datum.
The mean principal base measured is equal to 80 mm. In the common
overlap, a flagpole with its base 100 m above datum is observed. What will
be the height of the flagpole if the parallax difference between the top and
bottom point of the flagpole is 4:6 mm? Also, find the scale of photograph
at datum and the distance covered by the aircraft between two successive
exposures.

wrt (Wa 3%) ¥ o vw a8 i) wered % snavas oeml i =men Fifm) Fwen
wfta =men i 6 399 7M1 To@ 3% % fou F-w1 fdl vad w=@ a1 3ug 21

Explain the required properties of a good ballast material for railway
track. Explain with reasons which ballast material is best suitable for
high-speed railway track.

SLPM-B-CVL/5 6

Optional Province - optionalprovince.com

10

10

10



(i) TF TE A W (W oF), P wiw s\ M +6, W A @ 13:0 m 3R
W il W 25 cm ?, ¥ fou FiE) A seavas =Eaw meog i oo S

Calculate the minimum depth of ballast required for a broad gauge
railway track having sleeper density of M +6, length of rail of 13:0 m and
width of sleeper of 25 cm. 5

() T #@ & g wo (W) F ol w fefafea % gwm A d@dg 3§ w=i Aif .
() &l S o qYR A
(it) FH q9HE
(iii) @ aA

Briefly discuss the effect of the following on the properties of mortar used for
construction work :

(i) Alkali water and seawater
(i) Low temperature

(i) Sand and water 15

4. (o) @ Fuio s § fd-wd tg gaSsr ¥ Y s’ Fo e’ ¥ wEm R gen
i | Frefafaa sfest &1 3wm F0@ gu & T@ fwin gfesm % foe o e ga i
gher F FF arma (X /m3) w1 fRufo A

(i) FAEER @ = T 4,000 wfa e

(ii) EaTEF (TRA) &1 a9 = T 150 wfa =921

(i) it dieedis gwal, sTEed e § (A€ WU) = 4 cum
(iv) it ¥ foQ gem =1 P = 125

(v) g% 30 = 50 m

(vi) FASHR F HAEH GHG U0 U2l = 50 fiEe

(vii) FASHR fl FR T = 3 km Ufd =
(vit)) geesR & gfaeim fd = 6 km wfd "2

(ix) Pt sge % w99 = 0-3 fime
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Compare the application of ‘straight blade’ and ‘angle blade’ of bulldozers for
earthwork in a construction project. Determine the unit cost (T /m?3) for

pushing the soil by a bulldozer for a canal construction project using the
following data :

(1)
(@)
(iti)
(iv)
(v)
(vi)
(vii)
(viii)

()

Bulldozer cost = T 4,000 per hour

Wages of operator = ¥ 150 per hour

Rated moldboard capacity in loose volume (blade load) = 4 cum

Swell factor for the soil = 1:25

Hauling distance = 50 m

Operating time per hour for the bulldozer = 50 minutes

Forward speed of the bulldozer = 3 kmph

Reverse speed of the bulldozer = 6 kmph

Gear shifting time = 0-3 minute 20

(b) Frafafaa %1 3w d8m § a4 .
(i) & T gew o § R, @ HEiie F I5Em b AEEE 87

(ii) wafea Fehiz F gEEe RO I FH F AN 8
(iii) T aEE § R w1 3w FA F F AN 8

Answer the following in brief :

(i)

(i1)
(iti)

Why is it advantageous to use ferrocement when the structural member is
in tension?

What are the advantages of using ferrocement over reinforced concrete?

What are the advantages of using ferrocement in marine structures? 15

(c) T FEmr % UF 3 km @@ 9 W e gferrge amned (e f9) % dnm sl #n
fafyr g et o fiers SR s fr T R F eifee R few o #

Ife TfEn FR 30 km YR 921 6 v Faa 9@ @ =50 @ R, @ Fefafaa f o i

| e —
B ey Y
1 140 30 16
2 130 22 17
3 180 18 19

(i) T amet & o aammE o F =

(i) TA-Tcd qYT FETR-EE qE Y
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5. (a)

(b)

The speed and delay study was conducted by floating car method during
different round trips on a stretch of 3 km State highway. The data of the study
is given below :

Trip Number of Vehicles
Number | 1 Opposite Direction | Overtaking Overtaken
1 140 30 16
2 130 22 17
3 180 18 19

Given that the floating car is moving at a constant speed of 30 kmph, calculate
the following :

(i) Traffic stream variables for different trips

(i) Speed-density and volume-density relationship

@Wve—B / SECTION—B

wF diae gfen @ enfEa #wEEE 10 99 R
() 3Rk sfyween srafy % A F9-B-F0 @ "N & Yfaw fi gua ¥ A 'R oA
wed siftgn 5 wfawa &, @ fhad siimmer s@fy = sw@m e s =nfea?

(ii) TER T GaET R B T gwerE safy i v wem & o sfefer st gfern 6
gl 50 99 9% UR A& et

A box culvert has an expected life of 10 years.

(i) If the acceptable risk of at least one event exceeding the culvert capacity
during the design life is 5 percent, what design period should be used?

(i) What is the chance that the box culvert designed for an event of this
return period will not have its capacity exceeded for 50 years?

T F3 50 m AR TF gREe STayd F1  F9 Y qSwE =1 21 0-10 m3 /s Fi A w A
o T a9 9fE F 98 FU W 50 m IR 150 m H g W AgHY (F7EeEA) F: 3 m 3R
1-2 m Y@ fre e ) o Y@t f wEEa ¥ 36 aesa (FefRfaR) o gerofma
(zrafufafaf?) Puffa Hifm)

A well fully penetrates a 50 m thick confined aquifer. After a long period
of pumping at a constant rate of 0:10 m3/s, the drawdowns at distances of
50 m and 150 m from the well are observed to be 3 m and 1-2 m respectively.
With the help of a sketch, determine the hydraulic conductivity and the
transmissivity.

15

10

10
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(c)

(d)

(e)

(@)

SR % desdY (AfeR= M) % fhdl ufa wftepe woEl @1 3g@ it 3 3 @ e
EIK:E T

Enumerate any five adverse effects of reservoir sedimentation. How can it be
reduced?

30 °C W 1 f&7 % foru Foamm fopg o smoféte s % 7 %1 o 3l Ho 120 mg/L =
20 °C R 5 f&Ft #1 sfto &l o W@ Hifvry 3k 20 fdfl F 9@ 20 °C W 3H-sRFA
dlo 3o Flo F Fhwa F HEA FINY| 20 °C W = Fgais #: 0-1 wRifm i

The BOD of wastewater sample incubated @ 30 °C for 1 day was 120 mg/L.
Find 5-day BOD @ 20 °C and estimate the percent of unoxidized BOD @ 20 °C
after 20 days. Take rate constant as 0-1/day @ 20 °C.

THE 3| sfe f FEfEn fi v ff e w@oge s (Wfs) s
el sfierer ol w == i)

Explaining the process of composting municipal solid wastes, discuss the
important design considerations of aerobic composting.

S5km? ¥ TOEV-8F F IW Th @FF F F@W 14 2 of| FH a9 T FEEE 9
Frforfiaa & -

ik s vt (cm)
a7, t (h)

(2)
(1)
0 0
2 06
4 2-8
6 52
8 6-7
10 75
12 92
14 96

e STeEw % A ¢ GFH® 0-4 cm/h &, A (1) g awf (o 31Ro) TREF iR (i) THH
& B STV § Y A H wen Ruia A el F w agem (@) 1w s
} 29fsy qon e ot = wwreft w9 F anifta $if (@) g 9wt e s R
Hife |

SLPM-B-CVL/5 10

Optional Province - optionalprovince.com

10

10

10



A storm over a catchment of area 5 km? had a duration of 14 hours. The mass

curve of rainfall of the storm is as follows :

Time from Start Accumulated
of Storm, t(h) Rainfall (cm)
(1) (2)

0 0
2 0'6
4 2:8
6 52
8 67
10 75
12 9-2
14 96

If the ¢ index for the catchment is 0'4 cm/h, determine (i) the effective rainfall
(ER) hyetograph and (ii) the volume of direct runoff from the catchment due to

the storm. Show clearly one set of calculations and summarize your results in

a tabular form. (i) Also, plot the effective rainfall hyetograph.

20

(b) (i) T IRE F@ ITER A ¥ wEFUG RSl F IWEN A g A I BRI

U & e Fuifa e .
39fiE &1 Y&’ = 10 MLD

-3 efie s A fFrafea 3/ wad (Tao wHo) = 250 mg/L

io wHo do Fi q&AT = 62%

3qYF W=l = 5%
arsfie 3 9a1d (o THo) = 60%
dto wHo 1 fafte w9 = 0:980
for 3| e = 40%

fer 3 gl 1 fafde 99 = 2:65
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Using the data pertaining to a wastewater treatment plant, determine the
quantity of sludge produced per day :

Wastewater flow = 10 MLD

Suspended solids (SS) in raw wastewater = 250 mg/L

Efficiency of PST = 62%

Sludge concentration = 5%

Volatile solids (VS) = 60%

Specific gravity of VS = 0980

Fixed solids = 40%

Specific gravity of fixed solids = 2:'65 10

(i) 30 cm =AW F T FATHR Hiat 1 Tk W@ oo § fawmn mn § s suwa (39E9)
YA 500 § 1 B| 39 WM & I 3R sufiw vene fuifa Hifve qu @-awE 3 F R
it Hifs | & i A 0-015 i) 7= <hfsr 6 diet oof w9 & s w8 @ R

A 30 cm diameter circular sewer is laid in a section where invert slope is
1 in 500. Determine the velocity and sewage flow in the section and check
for self-cleansing velocity. Take Manning’s coefficient as 0-015. Assume
that the sewer is running full. 5

(c) () 5 3I=R ¥ Fees (fheet) & g9req & Aa #1 arelt grensii 6 samen fift sik
gomra 4R 5 32 QA Fefa st e 2

Explain the problems encountered during the operation of filters in water
treatment and suggest how these are controlled. 10

(i) TH FA=mE T B AfweT o gng e = @ sge B T S
FUTE F @A S5 3R 3 gew W AWifHRd HiR)

Enumerate the factors to be considered while designing an intake
structure. Sketch a river intake and name its components. 5

7. (@) UG EUs AiF | gEfEg sfee = g o § .
SHEE = 500000
ORE §& AEH = 150 lped
R fie 5@ #1 o 3fo fo = 200 mg/L

Fifed afeaE flo Mo do = 30 mg/L

SLPM-B-CVL/5 12
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Hiwgl H IFM wWd gQ A9 3fgfaa afwern wmel # s fifw (F/M=0-2,
TWo Telo ThHo THo = 3000 mg/L, THo o 3o = 100 T, ST o Telo THo THo =

i @ Fafem 3w g, o do 3mge = EUF SEE qEES) ¢
(i) I F A

(i) a&Fa

(ii)) TG W (ffen)

(iv) FEATHH EUs AT

(v) S gfaaro ¥ (THo 3o Fo)

The data related to the activated sludge process is given below :

Population = 500000

Wastewater contribution = 150 Ipcd
BOD of settled wastewater = 200 mg/L
Effluent BOD required = 30 mg/L

Using the data, find the design parameters as mentioned below
(Take F/M = 0-2, MLSS = 3000 mg/L, SVI = 100, where MLSS = Mixed liquor

suspended solids, SVI = Sludge volume index) :
(i) Volume of aeration

(ii) Efficiency

(iii) Volumetric loading

(iv) Return sludge ratio

(v) Hydraulic retention time (HRT)

20

(b) 0-30 mm HI¥A AMHNY F TF Fcllgh § U 3H-3id (age) f=d aifts aueamar
gfse i 2, Fed @ 9o = 30m, v WU = 1-5H: 1V 3R e yevmn
= 0-00035 %1 3ft 78 F1fgH 0-8 m F T W 1-5 m3 /s F wa® F fde7 w2, @

fuffm Hifse—

(i) TaR % FRU AHd T ATEIU Yiqaa;
(i) N % HRO ATEYY Yieaer;

(iii) T AFA F FROT AGEIU Gferered |

Yy =9790 N/m? <ifs)

An unlined irrigation channel in an alluvium of median size 0-30 mm is of
trapezoidal section with bed width = 3:0m, side slope = 1'5H:1V and
longitudinal slope = 0-00035. If this channel carries a discharge of 1'5 m?3 /s at

a depth of 0-8 m, then determine—

(i) the average bed shear stress due to flow;
(i) the shear stress due to grains;

(i) the shear stress due to bed forms.

Take y =9790 N/ma.
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(c) SawTE =i qieATia Hifg | STawa % ol = wrol %1 3@ Hifve | swvwE % w1 gvmE §7

S % gl uie e el 1 9via Hifsm)

Define waterlogging. Enumerate any four causes of waterlogging. What are
the effects of waterlogging? Describe

waterlogging.

o & w afuyardt Secrma gwian T R, S 40 m S R IEE F FW 25 m hl Ao
Fl gEreal T AfeS e (TH) W I % Ye W §4 Selrese # fou e |

fRuifa ifsg .

(i) HIFH TR

(i) 1 5

(i) @ TE IR St o1 wfewra

The figure shows an overflow spillway which is 40 m high. At the design energy

any five control measures for

V2 \
"Q“'é adsas ..2. a—
Vi
1
A y2
Y l
F P P TrT !‘f .!_J"J' ‘i"f ""”"‘é"‘uz, ’r‘; 'V‘f}lii ’r'r} ‘.: J.’ ;’ rETHEE

Energy Line

_____________ i A
\
\E
\
\ L

head of 2:5 m over the spillway, determine—

(i) the sequent depths;
(ii) the energy loss;

(iii) the percentage of initial energy lost

for the hydraulic jump formed on a horizontal apron at the toe of the spillway.

SLPM-B-CVL/5
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(b) 20 MLD ¥, fowi 80 mg/L fafrem 2 vard 2, &1 fhesll [Al,(S0,), - 14-3H,0] H
60 mg/L I Guk % Wy =i fFn s 21 @@ wea gu 6 wale wwfed e suess
?, 399 HAGF H A B J0 | aus F e s w104 3R gudEo ag@ B
60% |

20 MLD of water with 80 mg/L of suspended solids is treated with alum
[Al,(SOy4)3 -14-3H,0] dose of 60 mg/L. Find the quantity of sludge produced
assuming that sufficient natural alkalinity is available. Take specific gravity of
sludge as 1'‘04 and removal efficiency as 60%. 15

(c) T fag I i fawfa @ & wfsen 1 wwema gu v faftne arfam & 3w @ e 9 #
gt ==t A

Explaining the procedure for developing a wind rose, discuss the applications
of wind rose using a typical sketch. 15
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