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SLPM-B-CVL

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)

(@)

@Uus—A / SECTION—A

g § ==t Aifvte o6 St et oiv o<t forgfa o gelt & fmion & foe wmma wmed e 6
gor | 39w Fhe 1 AU dveEeE 2|

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 ¥ T sl % T ger @ s % T wEt fit gom § aes e g (sT)
F 39 % ol H == gag 7 A

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

Ui quged TihaT 1 TN HTh T 4-HTT HET % T@rEd A H bl daHH 4o d
Fuff@ fifm)

39t HemE % werEE & fay fefafea @ sgafa f o 2
(i) o i af § A T Gl TafiEs wwwEE a9 = T2 wWe
(i) e T@w@E @ = < 0:06 IS

I W H 10% Ffa a¥ aiffs 9 | =srgfed 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 = T 2 crores

() Annual maintenance cost = ¥ 0-06 crore

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

20 cm HIA W 9 g i whe Fim F Fmin F dm S e S e W aee
15 °C % a1 7ifdl % S Srftreran T a9EE 45 °C BT 21 3t TR Sie % sfaua
e’ 25 cm 2, @ fo@ar dn wF= Sel % d= f gl A o ffg)

frfafaa sifwest & 7m <fifv -
Fehie & g frar %1 o = 12x107° ¥fa °C
Fehe 1 THh WK = 2360 kg/m*
Fﬁﬁzairﬁzﬁwﬁagﬁasrhaa= O-8kg/cm2
3RYE H =JYY T = 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 = 08 kg/cm2

Coefficient of friction of the interface = 15 10

(e) TR e ¥ fafim yar % v (Refegem) 1 3faa seewn afea samen Hifsm)

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

2. (a) T TR & H UH SRR W gfd w@fid w1 F e ww 3R deft e @ 3E W@ @1 gl

yfesn i fafim wfafafiet = & o
Tfatafe Tfatater &1 A9 ferquf
A A s R Tfafafy
B e T yrfes nfafafy
C EEGUAELIL B 1 I8 Fefl B (F TR F e gRe w6 ®)
D A Tenfia e qoier <1 Tfafafy qen A 3R C 1 sTgE =l @

4 fF % wrwr % @y ufEs % 18 T # qul @1 fi suen ®) i@ Fifve 7 99%
wifekal % @1 aRESHT % i B9 % forg 3% R ot it sem wem) 98-93% Wil
Wd g fa=ed Z &1 7E +2:3 91 99-18% WiRihdl % WA Z H HE +2-4 B TWh
Hfafes, afe dher wfafaftml F Fu gr wfelemn A 17 f&t 8 of 0 1 7@ w@a g, @
fuffa fifvm & 3¥er e v afEsm o 6t e won) fafim nfefaftet F foag
A 991 % Ifafy R Hag @ra e aweft # 6 8 €

M= Mfafare 1 Tfafare
arfefarte sy anTd sy arm
(fet ) (TA) (fet #) (T H)
A 8 6,000 5 9,000
B 4 2,000 3 4,000
& 8 5,000 7 5,500
D 6 3,000 3 7,500

ot g & fou sy @ T 500 wfdfe 2
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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
Aeaiy Duration Cost Duration Cost
(in days) (in T) (in days) (in ©)
A 8 6,000 S 9,000
B 4 2,000 3 4,000
C 8 5,000 7 5,500
D 6 3,000 3 7,500

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

()

(i) T L |TeTh T FHHING FSH IR W ARG Hohd IR A % ToI¢ i1 @ 7|
3G gran T o woha Qol sifireefeta o ofR dich (Yer) =t it eraftr wafw =& 2
Fefafea sfeasi 1 @M Fd T =T@F & @ A el B F

IRR W geF H el = 20 m
¥gH W 7fd €\ = 60 km Ffd =1
Yol (W) =<t Y e@fe = 40 s
mmﬁﬁ=3~0m/s2

FR FH TR = 40 m

Fgyfa wfafsran @ma = 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/s2

Car length = 40m

Perception reaction time = 12 s

(@) @feE & Wy e ke fF ged ® W SaEr B W w9 % iy dgwd
Srar-freprdt womeht B R wem frn s ®)

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

16 24l goATE &1 910 Tk I0-39H R TR ST T 9Tl 80 & o5 (Iedeh) arel a1 ol
Hfteran g@ it A AR I-399 1 IR 100 oA @ 3R e ) €Y gead 59
AT @9 W 60 km fd w21 it 7fd A o B1 IH R Y- F aga Qfem) wfly |
FAN: 16 kg fd 27 a°n 20 kg W4 24 9H <fifm)

I [ H 150 F 1 A Javrar W 1° 95 § TN 2, df 1e-55 hI 169 gells &war
oft o <hifsg

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)

() T PRz ¥ enur W@ AB, e &fas @ 200 m §, & fogstt Aqan BR, @

(@

apmg fagedt P Ao Q, S W1 AB % TH @ @R &, % Y& fag M)
Frferfaa Yeor forg o -
ZPAB = 80°, /QBA =90° /QAB =50° /PBA =45°
P& A ¥ I &I = 20°
QO AW T HU = 12°
&fost gt PO @ P 3k Q A F=mé § i it o Fifvm)

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

The angle of elevation of Q from A

T SIEl Al SR HIE B 150 mm BIFH THEE k TH Tl HH o 92 4
3000 m H =1 ¥ forn 7| WA YEH YR 80 mm F AR HIAT 1| IHAME
Hfeeae & T w2 F @Y, FEaw ur 229 ¥ 100 m FW B, H SFEid Ha T
Fe ¥ @Y f IuE T Al AR wR F @ F ofid o 9@ fog F dw w1 @A ITw
4-6 mm 27 20 W HE F1 IET R < HiE IguA (THIER) % o9 fomm g @
#i T gl off ww A

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.

() wEr (W 3F) & e o o= il werd & smaves o it =wen Ffg) FRon

Hfta =men fifv 7 39 i o[ 3% & fag @m-a g gerd wed sifee 39y 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.
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(i) TF T A wHErl (W ), Tl W s M +6, W@ o @1 13:0 m 3R
TR F =AMeK 25 cm 2, F fou el A smaves =Eam mwad H o A

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

(c Tmio %@ § 5w 7a (W) F oemi | fefafaa & gwa 98w 1 ==i fifvg
(i) &E S M wYS S
(ii) FF AR
(iii) X@ qen ar
Briefly discuss the effect of the following on the properties of mortar used for

construction work :

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

(i) Sand and water 15

4. (a) T Fuo ofEsm § FER-wE tg goesR %69 s’ qu T s’ % wEm B oger
hifer | Frfofaa sifeet =1 Iwim a gT Tk & Fmio afesm % fore o geesr gra fird
g # THH ara (X /m3) 1 faio i .

(i) FASHR @Fd = T 4,000 wfa =

(i) TETEH (IMRR) &1 A = T 150 Uid 52

(i) Fuifa Aiceard gwar, swEd ™a § (98 ©Y) = 4 cum
(iv) & & g g =1 P = 125

(v) T 30 = 50 m

(vi) FASISR & G T 9fd 521 = 50 fime

(vii) FASHR & T A = 3 km Tl w2
(vii)) SR ht faeim fd = 6 km ufd =

(ix) TR sgem & 999 = 0-3 fiFe
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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 (¥ /m3) for

pushing the soil by a bulldozer for a canal construction project using the
following data :
(i) Bulldozer cost = ¥ 4,000 per hour

() Wages of operator = ¥ 150 per hour

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

(iv) Swell factor for the soil = 1:25

(v) Hauling distance = 50 m

(vi) Operating time per hour for the bulldozer = 50 minutes

(viij Forward speed of the bulldozer = 3 kmph
(viii) Reverse speed of the bulldozer = 6 kmph

(ix) Gear shifting time = 0-3 minute 20

(b) Tr=fafaa =1 3w 9&g § 9T .
(i) 59 TE wed aF F A, @ HEE F ITE F H AVRES 87
(i) wEfed wehiz % Gehee RIS B ITN FA h T AW 8
(i) @R et # W w1 ST FA F F AN 87

Answer the following in brief :
() Why is it advantageous to use ferrocement when the structural member is
in tension?

(i) What are the advantages of using ferrocement over reinforced concrete?

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

(c) T 7FEmE % TF 3 km @ 9 W e aferrgm amnedt (T fu) % dRm welfén wn
faftr g =me o frere sremA ARG fF T eremEA ¥ eifee R few g #

) argl # gear
I FHIF
fagdia fesm NaRF FA aId | HEaRH [T T
1 140 30 16
2 130 22 17
3 180 18 19

Ife T R 30 km R 521 6 v Figd 9@ @ 9d @ R, @ Fefataa f e fif

() Tafm amnett % foe aamEm a7 & =
(i) TA-TFE T JATR-Hd G
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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 | 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 15

@us—B / SECTION—B

5. (a) TH aiew Yo 1 fda wEe™ 10 99 R)
() AR Afepewr af % IR F9-B-F0 T g F Yo f amar ¥ AfE W
el sifgq 5 gfdwa &, @ fhadft eifimreqan erafa o1 3w form s =nfee?

(i) TEH F G ® T T8 gRenE sty A s ve & fow sAfyfeud st giern i
gEar 50 ¥ 9% UR T Befi?

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) T F3AT 50 m WR TH UEg TAYd & 0 F9 § {qa¥H B 21 0-10 m> /s H Fa = A
S THA qo 9fET % 918 FE V50 m R 150 m A g W A9y (FFeRA) FA: 3 m IFR
1-2 m Y@ fpr mu ¥ YafE f gemar ¥ s wesa (Fefeefaf?) v werofman
(zafiffafe) Ruifa $ifm)

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. 10
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()

(@)

(e)

(@)

SR % qesdE (AfeiRTE) % el uta sl swEl w1 sga S @ 5 et
ST Fehar &7

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

30 °C W 1 f&7 & foTu Fwmm fog e smafite s/t % 93 #1 o 3o Eo 120 mg/L o
20 °C W 5 f&di 1 sfto 3o o g Fifmy 3fk 20 At % sw@ 20 °C W 3H-sATdFA
o 3o Sho F Fftwra H 3w FINY| 20 °C W =« Fraas #1 0-1 vl <hifdrg)

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.

TR 3 sl f FEE A ulen f e W gy agse (W) FEn ¥
Hewqol Afrer foeml W ==t Fifvm

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

S5km? ¥ TOUEN-84F F IR TF FF H @Y 14 02 of | qEH a9 F FHE 9
Frafafea 2 -

@[ & IRFY @ P 9 (can)

@5, t (h) )
(1)
0 0
2 06
4 28
6 52
8 67
10 75
12 9:2
14 9:6

e e % A ¢ GEHF 0-4 cm/h &, A (i) Foreh =i (o 3TRo) TREMF iR (i) THW
& HU SRV § YA At H A fuia Ffie) e F v wrem (@) # W s
q Twisy qur A oRomdt w1 wnoh w9 wRifE AR ) T a9t weems R SR
#ifsg)
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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 06
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. (iii) Also, plot the effective rainfall hyetograph.

20

(b) (i) TH TURE @ IER GIA | GO AR F IW A g A I W I

mﬁmﬁa’rﬁaﬁm
SMfE §@ a8 = 10 MLD

IF-3=Tia e s # Frafrea 3 werd (Tao wHo) = 250 mg/L

Ho THo o FI & = 62%
I79UF Gr5al = 5%

arasfiet 3 9erd (ffo wHo) = 60%

dto wHo 1 fafie @ = 0-980

fer 3| e = 40%

for 39 verl = fafie w9 = 2465

SLPM-B-CVL/5
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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 % TH AR i & Th @ 90 § fosmn ™1 2 w& suwa (3999)
TEUE1 500 H 1 %1 38 W # 3 3fR amfie vare fuifa Hifve qon w@-wwrE 9 ¥ R
Site <hifsr | Af 7oni 1 0-015 fifvre | 7= v 7 der gof w9 & e w7 @ 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) (i') S IYER § Frees (fhet) 3 domer & N 1M arell waensdi 6 sren fifvm ik
goa At & 32 9 Feafa frn s oaewar 21

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

(i) T F=quiel G h Al A gug e wrewl @ 3gE fifkvm) ™ T ¥
JTTE 1 @A 9915 3R 36 I ) ARG i)

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

7. (a) GfFa Eu® iFn ¥ gefRa sfes = o .

SHEE = 500000

3RTE S IFEE = 150 lped

fer st si@ %1 o 3o o = 200 mg/L
Fifsa afe-amE o 3o do = 30 mg/L

SLPM-B-CVL/5
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(b)

AFS F IWM w4 g A Mgfaa sifimern yee w1 3@ AR (F/M = 0-2,
THo Tedo Tho THo = 3000 mg/L, Tho o 3130 = 100 =i, si&f o Teto THo THo =
i @ Fafed 3@ gard, o do 3Mgo = AU AT GIHS) ¢

(i) ST F AT

(i) <&

(iii) I HRor (SAife)

(iv) YA 31U I

(v) S gfaurer ¥9F (THo 3TRo 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
(i) Efficiency
(i) Volumetric loading
(iv) Return sludge ratio
(v) Hydraulic retention time (HRT)

0-30 mm A1 AMY &% Th Sclleh H Th H-NEqia (3enge) fi=m afes gnaraen
uf=de i 3, Feh 7@ 98 = 3-:0m, IE UM = 1-5H: 1V 3R e yavm
= 0-00035 | If% ¥g a1feh 0-8 m i TEE W 1-5 m3 /s F YA =1 Fde &=t 8, @
Fuifa fifsle—

(i) WaT® % FRO MHd qa ATEIU Yo,

(i) N % HROT ATEIU Gl

(iii) TA AR & FROT GV Fferered |

y=9790 N/m?3 wfifsg)

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? /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) STATIE I qReIfa HIRTT | Sew & el SR Froil #1 3g@ | siasrrE F Fa1 g9E §7

8. (a)

Sava & foredl uie feer om0 9o fifsg)

Define waterlogging. Enumerate any four causes of waterlogging. What are

the effects of waterlogging? Describe any five control measures for
waterlogging.

15
e @
_______________________ s e e
VT
IHd =25m \
\ E
W \ i A
V2 \
28 9= A T
’ 7=
P=40m @f?y gT v
Ys
Y ‘L
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[ @
/)

foz o w erftryendt Iccra qwian T R, S 40 m FE1 R I°AE F FW 25 m F fEerE

Fell qErEal T AfS e (TF) W 3aad F 9Ol | 94 Jares & oy Refafaa |
fruffa Hifse -

(i) AFFH TR
(ii) S g™
(i) B g IREE S A gfowra
Energy Line
______________________ e
\ ]
\E
\
\ L
e ;
o 7
@1
Y2
1 J,
) 14017 11 l‘/ / ’Illllflllllléll‘l ’l’l’l'l’l,I’l’l'l’/'l’l'l'/'l'l [’I I

The figure shows an overflow spillway which is 40 m high. At the design energy
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. 20
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(b)) 20 MLD S&, f@d 80 mg/L frafraa 2 ward 2, A fhestl [Al,(S0,)5 - 14-3H,0] #
60 mg/L ! QU & @ 9= fFa s #) 7 Aea g foh waiw wikfoe e suwey
8, 3 IFF H HA F J10 FIT| ST9u % GRE o B 1-04 AR g @@ B
60% it

20 MLD of water with 80 mg/L of suspended solids is treated with alum
[A1,(SO4); -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 fas I # ol 0 A e A wwema g v fafte ke & 3w w5 e I9 %
g ==t i)

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

* k Kk
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