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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 5 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.

(a)

(o)

fc)

(ci)

H|UE—A [/ SECTION—A

i & =l R S T 3w P ¥ ue & i % Ry ae o e 6
gl B 3w wmed S w aftE a2

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,

s wT1 F e wE F T e @ &2 & ol e R g § des dee g@eF (=)
F 3w % el 1 S gam § e

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

Tofigm wHgea WhE w1 SUE Hh us 4-9ufl HEmrl % e 6 @ W es ad9W 56l
Fauifea Hifem

svd gamarl F wErEn % T feefafan arm spte f o 8

(i} wedw ure g9 A # 9 Al smEts wEEE v = T 2 Fls

(ii) =fifes vErEE @ = T 006 w08

=9 & R 10% 7 ad @iffs w1 8 wwglen 9w it

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 :

(il Periodic maintenance cost to be carried out at every five years =¥ 2 crores

fiiy Annual maintenance cost = ¥ 0-06 crore

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

20 cm H¥ E T 9@l iz e Fm % fwim F dwe e few seow ame
15 °C % aur fifat % drm sl | T9EE 45 °C B B g e Sie % s 6
e 2:5 cm #, T TR T wEa A6t F A= R gl f o A

Srerferf sfFel 1 ww SR
iz F aE TR W= s - 12 x107° wfe eC
Tehiz F THF I = 2360 kg/m?
HHz Fshie # T H AR Ak = 0-8 kg/cm *
HTIE W P = 105
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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 = 12x10 " per °C

Unit weight of concrete = 2360 kg/m?

Allowable stress in cement concrete in tension = 0-8 lrcg,.i’lr::m2

Coefficient of friction of the interface = 1:5 10

fe) HE wama A fifim yEr ¥ Rl (fefegem) 91 sfm semwn afea =wen fife

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

2. (o) UF IO & A U W W AN wia w5 e o S el W oW @
it 6 i nfafafint f9 § od 8 .

T Tfafifr 771 77 foo
A T = i nfafafy
B +fa T TR T
c == feim B F1 A F ® (8 @ F =m iy g 2)
D afft v e gt i nfafa® am A sl C =1 dgem = R

4 fedi & wow & wiy o & 18 4§ gl @9 R sl ¥ fuif fifse & 99%
wiER % T e 9l BR % fom dFEr R B i san wtm | 98-93% Witk %
oma g faEem Z 1 9/ +2-3 99 99-18% WA F W Z &1 6F +2+4 | T
afafee, ufe Fyer nffafel % ¥ g ofEem = 17 B4 3 of =60 %1 ww @A g, @
Fuffm $fifm B 3%en fral aee oigem s 6 et s e iR 5
A A9 A R Hee wrm A= awet 8 6 W ¥

gl 237 TafaEre
nfafafer 3Ey T A AT
(fe=1 ) (T W) (=t ) (T 1)
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

ol i F o sy @ T 500 Wi R
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A contractor intends to bid for erecting a statue at a square in an urban area.
The warious 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 Lo 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 preoject 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

SAcbiy Duration Cost Duration Cost
(in days) (in %) fin days) (in %)

A 8 6,000 1 9,000

B 4 2,000 3 4,000

[ 8 5,000 7 5,500

D - _5 3,000 3 7,000

For the entire project, the indirect cost is T 500 per day. 20
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(b)

(c)

(i) O el =Ters 9 wHenviig ges =R g A Hed IR w6 i s
T g T B g% Soqel sfiesfem o stn Il () =0 A sl wgln 48
frfaflan siwst 1 s/m Fd g2 =ew ¥ T8 H agdd F i

IR T EEE 1 92 = 20 m
e T M Wi = 60 km ¥ "5
dreft (W) =t i st = 40 5
YRS 059 = 30 m/s?

R H F=EE = 40 m

A AEFEn I = 12 s

A taxi driver was fined for crossing the traffic signal at right-angled road
intersection. He claimed thatl the signal was faultily designed and the
duration of amber light iz 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/s>
Car length = 40 m

Perception reaction time = 1-2 s

(i) TEfE ¥ wy =ren fitw & vz w i w9 5) F i aww
el -foirdl uoelt ®1 %0 weW TR S R

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

16 24 1 g &9 Jrd U 16-39 50 W@ 5 'R 99 80 T I9 (UE) = St
wfrmae w1 T R W-E9E F AR 100 7F 3 & md # U @Y ouae 94
e @99 W 60 km W w21 i 1R & wen B G s -5 % aga (D) ufidy @
9 16 kg 9 29 a9 2-0 kg v & AW it

afe Yo 1 150 § 1 yEve | 1° 9% § = 2, @ 9-39 ) qeEws gon ana 6
o1 murEr =i

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, (o) () TF FEmETe 9 aman T AR, feuE &fas e 200 m B, % fagsi A BE, &
s fagedl Paw Q, 9 Y@ AR F wh @ @in §, F Jam fg )

Trmfafas dam fFe .
ZPAB = 80° £0OBA =90°, £OAB =50° <PBA =45°
P A Y I F0 = 20°

Ol A 39G9 i = 12°
afe=s Zh PO M p i Q Fi S=E § 3 £ o Fifem)

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 @ at the same side of the line AB,
The [ollowing observalions are done :

£PAB = 80° £0QBA =90° ZQAR =50°, ~PBA =45"

The angle of elevation of P from A = 20°

The angle of elevation of Q from A = 12°

Calculate the horizontal distance PO and difference in elevation between
P and Q. 10

i) TH WE AT FElE EE S 150 mm G oEE 5 UE wEl bW 8 228 4
3000 m i J=nd # forn | ofed g oMU 80 mm % FUEE WM Y| AR
Afreares O uF 2 F @Y, o uR 229 ¥ 100 m S B, T Aawre T mm
2 % g A Tord A, A @R F @0 F o v 99 fag F A9 w1 a@ma sim
46 mm BT 220 W B3 # YuEn din D) SieE SgaeR (veeden) & & e o @
£ 7 gl o o fifem)

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 {lagpole with ils 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 46 mm? Also, find the scale of photograph
at datum and the distance covered by the aircraft between two successive
eXpOosSures, 10

(b) (i) YwErl (tEE E) & R uw e Pt ued F e ol ) samen fifsw) s
Hiea =me AR F 3= 1 TR 3= F o e-m e e wed el I R

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. 10
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(i) TH a8 @E WA (T ¥), Fel Wl ude M+ 6, Y6 I wEE 13:0 m 3
T i =EE 25 om ?, F o i i dmwms Agram eos f e fifig

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) Tim =r § wge gue (98) F et w Fefafas F v o wdn § =i fifw
(i) adtE sa e s Se
(i) R AIEH
(i) Y@ @ o

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

fil Alkali water and seawater
(i) Low temperature
fifij Sand and water 15

4, (o) = Fmio o & fd-ad o gueeR ¥ WY e’ o W =i % wEm o ge
i | Fefafaa stiwel = Iwm #0@ g v Te Pl aiesm F o o geEen g
yeheld #1 TEE @ (T /m*) = Fafm i

(i) deiErat @ = T 4,000 9fd =921

(i) dared (ARE) AW = T 150 ufd =5

(i) Fuffta Hread smm, wEm 9@ W (=2 QY) = 4 cum
fiv) T % fom oo =1 U = 125

(v) % T = 50 m

fvi) FEEHR F FERA T I 92 = 50 fe

(vii) TASHR F FTE T = 3 km T G
(viti) R F TREm 1 = 6 km W =

fix) Fr === @ v = 0.3 e
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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 /m3) for

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

(i) Wages of operator = ¥ 150 per hour
(it} Rated moldboard capacity in loose volume (blade load) = 4 cum
fiv} Swell factor for the soil = 125
(v} Hauling distance = 50 m
(v} Operating time per hour [or the bulldozer = 50 minutes
(vii) Forward speed of the bulldozer = 3 kmph
{uiiil Reverse speed of the bulldozer = 6 kmph
fix) Gear shifting time = 0-3 minute 20

) FrafafEe =1 s 98 4 A
(i) = e gIE w A R, d R . IEm S AT 2

(i) wefem FHE ¥ gEEe O F I w1 F o owm e
(iii) T deaed # HiEn w1 IEm w9 % = oam el

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

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

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

(c) T=A TEWM F 0% 3 km o ® faftm afergs ame (e W) % dom wein wn
fafyy g e ein faema semme wEita B ) seaEa & afee A R §

| g
T aeta P 4| olacs st @ | ocdw fag
1 140 30 16
2 130 22 17
3 180 18 19

#ft w1 #1230 km vf 92 6 v Fea 5= @ 99 @ R, o Fefataa Fi e S
(i) Tafia aEnsl & o ammEm o F =

(i) AT A TR - WY
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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 i 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

fiij Speed-density and volume-density relationship 15

=vE—B |/ SECTION—B

5. (a) TF e g w1 enfim wEEm 10 af ¥
(i) e sfmern sEfa & dua F-8-n uw wed & gfern A myar 4 afus 23 @
wed wifan 5 wiem &, @ fradl sifimreen smfy w1 3w fen s sfee?

(i) TH N Ay R o e sty ) uw we % T sfiefer st g 6
A 50 99 9% WX T gl

A box culvert has an expected life of 10 years.

fij 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?

fify What is the chance that the box culvert designed for an event of this
return period will not have its capacity exceeded for 30 years? 10

(b) T FA! 50 m W vE ThEE WegT ® 0 §9 F Ho99H WA £l 0-10 m /s F Fraa w @
@ T TF 9 F 9= W 50 m @R 150 m it 7t ™ e (gfer) #e: 3 moEn
12 m UfkE 5 o §) uw TaEtam B ogewer 9 sdig geda (FefRiR) s deoia
(zraffirfafe) Fuffam fifm)

A well fully penetrates a 50 m thick confined aquifer. After a long period
of pumping at a constant rate of 0-10 rn‘:“,."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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(o) SiETIE % FESLEO (WEHRIE) F Bl o wirne e F1 SR it @ 3 = R
| Hehell 27

Enumerate any five adverse effects of reservoir sedimentation. How can it be
reduced? 10

fd) 30°C W 1 FF F fow o B e swfite wier % 7 # dte afte o 120 mg/L |
20°C W 5 A F o e o 7w Fifm 2w 20 B F wAw 20 °Cc W A-aAwFA
die &lo e F uftwm F e FfET| 20 °C W & Faas #1 0-1 wfafe sifm)

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. 10

fe) i@ dw sERE AN FEfE 6 o f o w6 A (i) et $
weey srfimer faemt o=t Fif)

Explaining the process of composting municipal solid wastes, discuss the
important design considerations of aerobic composting. 10

6. fa) 5km? ¥ TEET-49 F IR W qEA H @M 14 R R THEE 99 F =EA TF

fferfian & -
o wame dfaa a9 (cm)
#H4, t (h)
) (2)
0 h]
2 06
4 28
i 2
a8 67
10 75
12 92
14 96

s FemE F T ¢ GFHF 04 cm/h ¥, o @ 97 =9 (o o) wREETE Wi (i) TEW
= FR SeATEn § W) yare i qen Fuita fife) et % 1w (32) 91w s
¥ TigY T o qRowEl # wroll w9 § Ewifin Sifa @) o 9w A
EFE A
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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) Razirifall (cm)
(1) (2)

0 0

2 6
4 2-8
‘ 6 5:2
8 67
10 75
12 92
14 96

If the ¢ index for the catchment is 0'4 em/h, determine i the effective rainfall
|ER) hyetograph and (i) 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 IR T IR GO G FEtR AlwS w= oI W g A I A aE
g 1 wEl fAgiiE e
SafiE 91| WEE = 10 MLD
#F-3qania wAvfine w@ 4 FofEe 2 =g (e wHe) = 250 mg/L
die e Fo # TET = 62%
W9 WA = 5%
Al 2 19 (dte THe) = 60%
dlo UHo %1 fafire g7= = 0-980
fer o/ 9o = 40%
for s vl =1 fafie =@ = 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 (S5) in raw wastewater = 250 mg/L

Efficiency of PST = 62%

Sludpe concentration = 5%

Volatile solids (V3) = 60%

Specific gravity of V3 = 0-980

Fixed solids = 40%

Specific gravity of fixed solids = 2-65 10

fi) 30 cm M % TH FAFR HH F @ oy F fwm m E @ saws ()
T 500 # 1 %1 g8 W § 4 el squfie var Fafia S an @-aed 3 R
sta s & o = 0:015 i) = wif e ol w9 8 e wm w R

A 30 em 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.

o) |

(c) fi) T 30=R 4 FeEs () & g=9ree F 30m o 3l wrened 6 aren S o
Tema difem R v %8 Fefm fm s = g

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

(i) U Amiel w=A1 6 diieen =9 ge e s | g it = S
satel w1 TER SAEY SN 5E "2 w0 AWitea i)

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

7. (o) uiFa sEdE vfED @ TERE w2 99 Rgm .
SHEET = 500000
AUHE o APEE = 150 Iped
foir amfie 5@ =1 Hle 3o Fo = 200 mg/L
qifeq afg@E de e Fe = 30 mg/L
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dtegl # IEm F@ g AW fgfon e wed @ o w A (F/M=0-2,
e e THe THe = 3000 mg/L, THo e #Ee = 100 i, @ tHe e WHe UHe =
iy wa Fafmm 3w wn, e #o wRe = U W gEEE)

(i) arE F A

fif} SEdT

i) AT WR9 (sAfe)

(i) TEFTHA FEUF HAJIM

(v) T AfuRe w9 (U= #He o)

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) :
fi} Volume of aeration
fii} Efficiency
fiii} Volumetric loading
fiv} Return sladge ratio
{t} Hydraulic retention time (HRT) 20

(b) 0:30 mm HI¥ AW F Uk Fellgs § Uk IA-AEANE (o) i aftm gaemamn
viede 6 8, fedt 7@ WK = 30m, IvE v = 1-5H: 1V & sesd yavm
= 0-00035 %1 7R 78 91ft® 08 m Fi T W 15 m? /s ¥ vaw = Fde = &, @
fraifm Fifm—

fij wETe % = fved 99 avern ufEe;
(i) FO F FEO AGE ThE;
(i) & HAFM F B svETy yfrE|

¥=9790 N/m? wifsm)

An unlined irrigation chanrnel in an alluvium of median size 0-30 mm is of
trapezoidal section with bed width = 30 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—

fij the average bed shear stress due to flow;
fifj the shear stress due to grains:
fii} the shear stress due to bed forms.

= 2
Take y =9790 N/m*”. 15
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(c) w@vuE i afvaifa Fifew | SeE % B S s = 3ga i) senrE e gwe §
TAE F Al e FaEw s & o fif

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

any five control measures for
waterlogging.

15

______________________ £
IHd=2‘5m = T %
o ST R P LR T T : \ L

i
Vi \
?Eg ”.E;E — s
7
I
U
|

P=40m

o

|

I R A A i i T L I
Fiar st P

@

TITTT T
I N )

T3 i v sfmard seemE suia T R, 9 40 m S | A § FW 25 m i dfuger
F91 FEET S A EG9E () TS Wy 1w Serese & e fefafem w6

fifa fifsm -
(i) W TEuA
(ii) & &
(iii) & g UREE FHAl 1 gl
Energy Line
_____________________ _A_______{:l""'T“
| \

Y

TIT T T IT T I r T r Ty v
FFFFFFFFFF ok Pop P LY TETE TS

@
The figure shows an overflow spillway which is 40 m high. At the design energy
head of 2:5 m over the spillway, determine—

fil the sequent depths;

fii} the energy loss;
(i} 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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fb) 20 MLD ¥, fomd 80 mg/L Frafram 2 wad &, =t fewdl [A1,(804)5 - 143H,0]
60 mg,/L #FI GF F w4 =G B ) ¥ 98 79 g T main mwEiaE e wneey
#, 300 FATF ) W ) A K e 5 A e w104 3 gudEm 2aa A
60% it |

20 MLD of water with 80 mg/L of suspended solids is treated with alum
[Al;(804)5 -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 104 and removal efficiency as 60%. 15

fc) e fog i =1 fofan w0 6 wben ® e g s e vk @ e e e i #
T = i)

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