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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)

(@)

W@Ue—A |/ SECTION—A

Hag # =i i o = gt oiv o<t foga & el & fwio & fo s amed #3hre i
gor i 3= e Fehie F s e 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.

T v % e wrEl % fag ger @1 f % T wEt B gen d daa FHhe g ()
¥ IwE % Al h S wae i)

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

dsfia Gaqed A1 1 TR 0k T 4-H7f e % W@t A H ghd a9 5ol
fuifa Hifsm)

I Hemrl % waraE & o fefafes @ sgmfa w2
(i) SI® g 9 & it A Gl TaftE EEE arh = T2 wW g
(i) i T@w@EE ard = T 0:06 S

N W H 10% Ui a6 i ®9 ¥ THIfed 7 AT

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 = T 2 crores

(i) Annual maintenance cost = ¥ 006 crore

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

20 cm W WE 9 W@ Wi FEe Fiew % Fmim % dm wshe e §n woamEe
15 °C & o1 il % 4 rferan Wi a9HM 45 °C Bl @1 Ak faar s % siaua i
e 2:5 cm &, @ TR aun w@F=a g & = A g A e A

Fhiz & aig faer @1 s = 12x107°° wfa °C
b H THd WK = 2360 kg/m>
‘éﬂﬁzmﬁmﬁﬂiﬁﬂgﬁlﬁﬁ= O-E?;kg/crn2
3 H WO oM = 15
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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 yr % fave (fefegem) it 3fua semwl afeq saren Hifs)

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

2. (@) T TR 47§ uH IR W gid wifia F F fow v 3R et e # e W@ @) gl

gt i faftm wfafaftel f9 &6 o
wfafafer Tfafary 1 T fevquft
A qfd s arfye nfafafy
B ffa W@ R fafaty
¢ g fmfor B =1 Age el B (9 w@d & = yny 2l ?)
D afe Tenfi e woiar ) nifafefy qon A 3R C w1 e i R

4 T % werw & @y e % 18 Al d ol @R 1 swan ?) Faifa g B 99%
wifrehar % wie aREsEn % i 89 % forg 3%ar fhaa fmi 9 smen #m) 98-93% Wil &
Wd g fAEed Z # 9F +2-3 991 99:18% WAl % W Z 1 UM +2:4 | H
Hfafen, afe 3er ol F Fon g ofesm &t 17 &6 3 of @ &1 @@ w@a g, @
fuffa Ffg 75 3¥eR fraf ava o ara f1 efen =) fifim fafafe % fa
U AT 9 Aty IR Hag @ra e qreft § d i 2

qm=y Al @ Tafare
Tfafafe srafyy @ @y arma
(festi #) (T ) (Feti #) (T )
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 R ¥ fore e @ T 500 i @)
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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
Axtieity 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
C 8 5,000 0 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 ) ATeTh T AHHOG FSH AR R A Hohd IR HA F fere i wmn @)
354 @1 Toen o6 waha <yl sifierfea on ok el (Wrer) =it i wrafy wafw =& 21
frefafaa sttwet &1 SwEm @ g¢ T & @ A g | S

IRR | g% I HeE = 20 m
g% W TG 91 = 60 km ¥fd g2
dieht (W) =<ht it e7@fy = 40 s
ANHEEF Wed = 3:0 m/s?

R H T=E = 40 m

Frgyfa wfafswa @3 = 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 = 4-0m

Perception reaction time = 12 s

(@) Y@= & wg e fIke 5 ges W dm Soem B W w0 ¥ R swaa
sa-frft et B FR e R s R

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

16 2 I TS &Ha1 dTel Teh {o-391 R G S G 91 80 24 a5F (%) 91t AT il
Aferan wE & AT PR WW-591 B IR 100 & ? 3R e )t @Y geaa 99
A 9% W 60 km fd ¥21 i 7fa A o B1 IH R W@-g5a F aga Qfem) iy |
FAN: 1°6 kg Wfd 27 ag1 2:0 kg i 27 "W wfif)

7 [mE 1 150 § 1 Y Wauran W 1° 95 § T &,  {el-39 i Aavdsh garg el
oft o fifsg

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
1'6 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.

10

15
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3.

(@)

(b)

(1)

(i)

% RriiEiemge @ anur W@ AB, e &fost e 200 m ®, & fageft Aqen B®, @
s fagelt Pan Q, S W1 AB ¥ w& @ ¥R %, ¥ J&gw fau mm)
ﬁmﬁfﬁmﬁwﬁqw

ZPAB = 80°, ZQBA =90°, ZQAB =50°, /PBA =45°

P A 9 3954 FI0 = 20°

QF A ¥ 395 HU = 12°
&fow gt PO au1 P 3l Q Hit J=nd F i A o A

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° ZPBA =45°
20°
12°
Calculate the horizontal distance PQ and difference in elevation between
P and Q.

]

The angle of elevation of P from A

The angle of elevation of Q from A

TF SIEl Al SR B F 150 mm HiHE TEE F UH gaTs FH ° 229 A
3000 m #i 341§ ¥ forn 71| 3fwd @ 3MUR 80 mm & ISR AW 1| IAME
Hfoeam 4w w2 F @Y, e YR 22 F 100 m FW R, F AGeiA o m
#2 ¥ @y hi = 7 Afl, IR wR F @Y F i o 9@ fag ¥ dim W @ am
4-6 mm 27 20 W B3 F1 WE1 3R 3 HiE JgURA (TEasR) # e fonm g @@
6 18 gt ot wm Ay

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.

(i) wmrt (R 3F) & fau v o= i vaed % smaves et i e fifw) FRo

afea =men Aifs fF 3= 7t Yo ¢F % fog -w i verd ged siftes 399 2|

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.
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(i) TH TE A W (W oF), P Wi s M+ 6, 3 @ 13:0 m 3R
Wi H ANeK 25 cm B, F Tow Fft f smawws =pan wod H o Hifvw)

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. S

(c) Tmio %@ # W& Aaa (HiR) F oemt w frefafaa % wwa 6 d@gg 3§ ==1 fifg
(i) & S O qYR S
(i) FH q9HE
(iii) @ a1 9
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) @ Fui ofEem § fd-wE ¥g gaSR ¥ €Y e’ qw Fo e’ ¥ w@m R gen
i | Frfafaa stesl & 3wm w0 gu o T fwin gfesm % e o e ga g
UFed H W ara (T /m2) =1 Pk Hifv .

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

(ii) EETEF (TR &1 qq9 = T 150 ¥fd =521

(i) Fuifa Aiesdid gual, 3HEd A™G § (98 ©Y) = 4 cum
(iv) T ¥ foQ gem =1 P = 125

(v) T 30 = 50 m

(vi) FASSR H HaETEH @9 R0 €2l = 50 fime

(vii) FASKR I W MY = 3 km Tl =2
(vit) gaesR & gfaeim fd = 6 km wfa "2

(ix) PR age % @53 = 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 (¥ /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 = T 150 per hour

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

Swell factor for the soil = 125

Hauling distance = 50 m

Operating time per hour for the bulldozer = S0 minutes

Forward speed of the bulldozer = 3 kmph

Reverse speed of the bulldozer = 6 kmph

Gear shifting time = 0-3 minute 20

(b) Tafafaa #1 3w 9&u 7 & .
(i) v E g o A, @ Wiz F1 IwEm w o deEE 27

(i) wEfd Fhiz F gEEe R 1 I FA F A 8
(iii) TR wEE § R ®1 IR FA F w0 AN 87

Answer the following in brief :

(i)

(i)
(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 FEmE % UF 3 km @@ 9 W e afermgs amed (e f9) % dRm welfen #R
faftr g =re o faema siomm sARE frn ) seaER & et R faw g #

Ife T R 30 km YR U921 6 & Fga =@ @ =5 @ 2, @ Fefafaa H o i

) aredl % aEIn
I FHF
fagdia favm & NaRF FA arct | ERE Fy T
1 140 30 16
2 130 22 17
3 180 18 19

(i) Tafim amnedt & foau gmmEmE g/ % =X

(i) =TA-TE qY1 TATE-SE Y
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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 | 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 15

@WUs—B / SECTION—B

5. (@) UF Siaw Yo &1 enfda wEE@ 10 99 R
() 3k sfiween 7afy % A F9-B-F0 T g & Yfam fi gEa ¥ AfE 'R oA
e sifam 5 wfaem 2, @ feah sifiereun safy 1 3wgm fran s =nfee?

(i) 3o T G & T @ gRenE srafy ft uw wem F fow ifvsfeya afew gfern i
qudr 50 9§ 9% YR TE wnfi?

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? 10

(b) TF FA 50 m W TH e SAyd 1 P FY F HqdwH Fa1 21 0-10 m3 /s A Fraw
o T a9 F e FU W 50 m IR 150 m A g W 9wy (F7eEA) FA: 3 m IFR
12 m Y& fre u ¥ s YafE f gemd ¥ s wesma (wefRfaf) o deofha
(zraffafafe) fuffa i)

A well fully penetrates a 50 m thick confined aquifer. After a long period
of pumping at a constant rate of 0-10 m?3 /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. 10
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(©

(d)

(e)

. (a)

SR % dosdy (AfeR M) & Tl ufe wftger waEl @1 33 i) @ 3 9 R
EIK:E TS

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

30 °C W 1 f&7 & foru Foam fore 7o srofere @ % 7 1 o 3l Ho 120 mg/L o
20 °C W 5 Tl #1 #fto 3o o W Al 3k 20 fdfl F 9= 20 °C W 3A-ARFA
o 3o Flo F whtwd F HEA FIY| 20 °C W = Paaiw N 0-1 wRifE v

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| s f FEfEn Fi wlen f e w@oge agsiE (Qfs) s %
el sfiereT foeml v == fifvg)

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

5km? % TOET-8F F IR T A FH @Y 14 52 ofl| qEF G w1 zHEE 9%
frforfaa # -

hiiiaks s avf (cm)
a7,  (h)

@)
(1)
0 0
2 06
4 2-8
6 52
8 67
10 7'5
12 92
14 9:6

e TR & A ¢ GEHIF 0-4 cm/h &, A (i) Foreh awi (o 3Ro) TREF 3R (i) THW
& FRY ATV | YA vare i wen Fuffa ffg) e % o e @) 9 we '
} T9fse qon H wRomdt ) arft w9 F anifta fR) (@) g 9w TR s R
Hifsm |

SLPM-B-CVL/5 10

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) ()

0 0
2 06
4 28
6 52
8 67
10 5
12 9-2
14 96

If the ¢ index for the catchment is 04 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. (iii) Also, plot the effective rainfall hyetograph.

20

(b) (i) T RE F@ IR A ¥ UG RSl F IR A g A I BN oI

aus 6 g fFuifa fifse .
fiE 51 ¥&’ = 10 MLD

3M-3y=nita emfdte sie § Fefem 2 gerd (The w@o) = 250 mg/L

Hlo wHo Fo Fi q&A = 62%
3aYe Edl = 5%

arsfic 3 9ard (o THo) = 60%
dto wHo 1 faftw g7e@ = 0-980
for 3| e = 40%

fer 3 garl =1 fafire w9 = 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 W F TH FAHR Hiat H Th W@ o § fawmn m@ @ @ suwd (39E0)
JaUTaT 500 H 1 81 36 9§ 99 3R ufie vare Ruifa A 9o w-awE 3 F
st hifs )| & s A 0-015 v 7@ <hfsrg 76 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

(© () =R # Fieies (o) F Garem 5 A o areh wvensit € e S i
gara 4R o 32 %8 feifa e s g 2)

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

(i) TH H=iE T H AfweT o gug femoia = @ sge B Tl S
STTE 1 @A s3T5 e # Amifea HiR)

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

7. (@) UG IEuw WhF | gEfEg sfee = Ry d .

Sl = 500000

IR S AEH = 150 lped

TR smfie 5@ %1 dfo 3fio o = 200 mg/L
qifed afe-ar o 3fto do = 30 mg/L

SLPM-B-CVL/5
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(b)

Hiwgl H IWM WA g A= 3fgfaa afwern yme @ og@ fifw (F/M=0-2,
To Teo THo THo = 3000 mg/L, THo o 3o = 100 i, &l We Teo THo THo =
i wa fafea 3 e, wme do 2o = AU A gEEE) ¢

(i) T T AT

(ii) =

(i) TG WRE (SfE)

(iv) T EUs FAIITd

(v) Sl gfqumo @99 (THo 3Re Fo)

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

Population = 500000

Wastewater contribution = 150 lpcd
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
(i) Volumetric loading
(iv) Return sludge ratio
(v) Hydraulic retention time (HRT)

0-30 mm WItA MY % TF Scllesh § T 3H-aia (sHan-e) Rier afes aueemsn
g i 2, Feh qa@ e = 30m, v WU = 1-5H: 1V ¥R s yavmn
= 000035 %I aft 78 91t 0-8 m A e W 1-5 m3/s ¥ var %1 fdeq &= 2, @
fuffm Hifse—

(i) ¥R & FRU 3Fa qa eI gfeEa;

(i) FON % HRO ATEU Yfearer;

(iii) T AHEA F FROT AGEU Ffersed |

y=9790 N/m?3 fifsm)

An unlined irrigation channel in an alluvium of median size 0:-30 mm is of
trapezoidal section with bed width = 3:0 m, 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;
(iii) the shear stress due to bed forms.

Take y = 9790 N/m?3.

20

15
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(c) SEWRTE FI gRAIia FHfg | SiasE % Bl =) Froil 1 3g@ i) Serra F a1 g §7

Sawa & fordl uie = gl 1 9o fifs

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

waterlogging.

fom & = Aftardl Scema gufan T R, S 40 m 1 R | 3@ F FW 2:5 m H AREFEH
Fl el T AfeS e (TH) W IcdE % Yel W §1 Seresd # fou fefafaa

fRuifa Hifsg -

(i) g el
(i) S g

any five control measures for

v \
29 ciane ..2. —
Vs
e 1
I y2
Y l
d1etid Fre l‘!‘f ,"""""é""—"””""";f’"""-’ ‘.’ ;’ ;t’r PR T

(iij) BE T TRENE S A1 glowra

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

Energy Line

__________ s e e VS B
T | T
\\ E
\ L

vy \
2_g crnas “2- ——
803
&1
L Yo
| ‘L
Ay TrTrTT rJ‘! TITT .r’:‘f‘:.:,:‘:l:'y’;'a’-':;;}r;;;;;;;t ;’ TR

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

(i) the sequent depths;
(i) 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 ¥, f5@d 80 mg/L frafraa 3 ard 2, =) fhesll [Al,(S0,), - 14-3H,0]
60 mg/L # Uk & Wy =R o sman 21 @@ wea gu o6 vl sl e sues
2, 39 FATH F A R Ja FIG| i F e s #1004 3R gadiEw aga B
60% it |

20 MLD of water with 80 mg/L of suspended solids is treated with alum
[A1,(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

() T fae 5 % foepfha w0 A ufsen it wvem gu o= fafte et 1w & e 9 &
g ==t Hif)

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