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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 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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@Us—A / SECTION—A

1. (@) v hfd W@ ¥R U § A9 F0 Tea 87 R e few R wmelt 6wk @ weta
37 wrelt & aRaeT N I8 R TR TWiRE w87

What do you understand by percent swell and load factor? How is the load
factor related to swelling of the material? How does it affect the transporting of

material? 10

(b) TH FHEA-SEH H A1 e R € 35,000 B1 W h W oY 12 a9 arRfera A 9 R 2
W 9k € 3,00,000 H AHRAT TG F IR TG T h A R, D I7 fem ® fh <
Wed 30 ¥ 3R Ferm|

=S R/ B 8% A g Fuia Hifte f w7 srgvifta wem s fraedt @ @1 @ 6 we
Bl I W N F iy fag ik

A shop building gets an annual rate of return of ¥ 35,000. The future life of the
building is estimated as 12 years. But if recommended repairs are carried out
immediately at an estimated cost of ¥ 3,00,000, it is expected that the building
will last for 30 years more.

Assuming the rate of interest as 8%, determine whether it is economical to
carry out the recommended repairs or leave as it is. Justify your answer. 10

(c) T TE 701 87 TH-TR ¥ 10 m [ A AGal | AT T TG 9 & fe am=a a4
1 Fufor Sive 7 77 @@ 65 N w6 29 %1 9fd #I® IR 0-62 N | E =200 GPa @
Iy I3 W g% 8 mm? i)

What is normal tension? Determine the normal tension for a steel tape
supported between two supports 10 m apart if the standard tension is 65 N
and the weight of the tape per metre is 0:62 N. Take E =200 GPa and the area

of cross-section as 8 mm?2. 10

(d) Uh =R 7?7 TES Rive eawal i qwiid g Al w1 W@ 99En) JEh TR % 9RR %
A % e = fm-fdw &

What is rotary intersection? Sketch rotary showing its various elements. What
are the guidelines for selecting a rotary type of intersection? 10

(e) T A AE & AR A AR T 8° 93 9T 5° % F&A o 4 fagdia fawn F weriaRa @
3, @ I A R AR i v fifv Rk ge dm o siftean sy nfa
45 km/hr ®)

If an 8° curve track diverges from a main curve of 5° in an opposite direction in
the layout of a BG yard, calculate the superelevation and the speed on the
branch line if the maximum speed permitted on the main line is 45 km/hr. 10
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2. (@) TR 3 arch o aREeE hit s, I yadq @ wgid T qun s fi 7 @ B
TR 31 1gay B I AR HIG A B AN TS B € 3R IFER w1 ywIfvE ui¥ A 5%
F WURY H FH Fh o T B F Th W18 918 YA R s R ) vem o o ar 9w
S 3R STem v AT e HiE | Sfourer it aiEsen % gl 99 % 6 T | e I
SIE B SR (Sis-319) o R a1ffs = W 15% 1 KSR F wha I N o1 iR Tl
I 3Igd AP W 10% & fia e §1

<

foam Fad4 (ATE) guETEfy (HE) ATa/ATE (T )
A 0 2 45
% B 1 3 4
C 3 1-5 12
D 3 1 15
E 35 1-5 4
F 5 1 20
aft forard w2

The table given below shows a project’s activities along with starting and
finishing time and the budgeted cost. The conditions of contract allow
measurements to be made monthly and payment of the amount certified less
5% retention to be paid to the contractor after a month of submission of bills.
The first bill will be submitted after a month and subsequently every month.
The retention amount is to be released after 6 months of completion of the
project. The annual interest rate is 15% on locked-up capital. Calculate the
total profit of the contractor if he earns 10% profit on the quoted cost :

Activity Starting (month)  Duration (month) Cost/month (lakh rupees)
A 0 2 4-5
B 1 3 4
C 3 1-5 12
D 3 1 15
E 35 1-5 4
F 5 1 20
All activities are independent. 20

(b) TR &= (sfiem) ¥ vk uPE TomrEl | B-avfi FEH (7 m) § 60 m B w1 @ 9% 7
fEreds TTfd 40 km/hr B TR0l I < waTg 1 fRuion i) afe fade o 60° ®, @
I 6 Tl T T waEl - B wers w1 Ruio A T @i, e = 0-07; TRicem
T ®=60%1; C= g0 , SRHaN 0-8 W& =qaw 0-5 & I1HH; Fey™ &l YA

75+V
Fiew i 7o W)
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A two-lane pavement (7 m) on a National Highway in hilly terrain (snow-bound)
has a curve of radius 60 m. The design speed is 40 km/hr. Determine the
length of the transition curve. Determine the total length of the curve and the
tangent length if the deflection angle is 60°. Assume e = 0-07; the rate of

attainment of superelevation = 1 in 60; C= OV’ subject to maximum of

08 and a minimum of 0-5; rotation of superelevation about pavement
centreline. 15

(c) TrafeRaa Farm wesis ¢F oot dact T T 4 m F AR = H gerar A gad TGO
aqreft S W 30 m ¥ I W fow -

0-680, 1-455, 1-855, 2:330, 2885, 3-380, 1-055
1-860, 2:265, 3-540, 0-835, 0945, 1-530, 2:250
YR forg %1 wHig 99 (3o Teo) 80-750 m o |
(i) ©9E % 1 O 98 Waa FIN w& 3w wrein H iy fifvm)
(ii) oM fafy grr Saredl it wwrig FIRkm)

(i) Tom T At farg it e Il Y@ R gevrr w1 Puafor Sk siediRs 3% w1 @
$ifm)

The following consecutive readings were taken with a dumpy level and a 4 m
levelling staff on continuously sloping ground at 30 m intervals :

0-680, 1455, 1-855, 2-330, 2-885, 3:380, 1-055
1-860, 2-265, 3-540, 0-835, 0-945, 1-530, 2-250
The RL of the starting point was 80-750 m.

() Rule out a page of level book and enter the above readings.
(i) Carry out reductions of heights by collimation method.

(i) Determine the gradient of line joining the first and last point. Apply
arithmetic check. 15

3. (@) Wy W F faftm worl A frmse) didt 9 o oy ¥ PR T 12 3§ 1 % S
(FemRe), N o 3 % vam @ o @ @ A B 9w g et ¥ 09 e %
we-E i wilRm i dgifes TR (Ao To o) ¥ Tewar ¥, A Pum-vd F R j
&S @l Egal H o AR IE 9w 1144 cm R o Ry ’

Enumerate various types of track junctions. Calculate all the elements
required to set out a 1 in 12 turnout taking off from a straight BG track with its
curve starting from the toe of the switch, i.e., tangential to the gauge face of the
outer main rail and passes through theoretical nose of crossing (TNC). The heel
divergence is given as 11-4 cm. 20
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(b) TF GFA =R H wARESE RBRE 9 fere 2000 m 9=l UF i W@ AC Y Rem-ad
m%@w%wﬁvﬁﬁm%lﬁAﬁcaﬁ@RWWﬁm%dmﬁw

TR § :
& amaré (m) Regar
AB — 360°00'00”
AD 731 113°48'00”
DE 467 81°18°00”
EF 583 105°57°00”

FC ¥ awe ol G fegam 1 sifeper $iftm)

Enumerate the methods of adjustments of a closed traverse. A straight line AC
of length 2000 m is required to be set out at right angle to a given line AB. This
is done by traversing from A towards C. The observations are as follows :

Line Length (m) Bearing
AB —_ 360°00'00”
AD 731 113°48'00”
DE 467 81°18'00”
EF 583 105°57°00”
Compute the necessary length and bearing of FC. 15

(c) tﬁﬁzmﬁmaﬁaﬁmﬁwmqﬁmﬁmaa@aﬁﬁmmqﬂmﬁ%mmﬁz%uﬁamﬁ
#1 +ft eufse (FmA ddde Wi ¥ )

Specify the laboratory tests conducted on cement. Also indicate the permissible
values of the cement for corresponding tests (for ordinary Portland cement). 15

4. (@ T P T A wR F e w7 ¥

Frfeia sreeensii % foe difz #hie 12 ¥g o= e (<) B W sifrmed iR -
Ffieead 9% WR = 4100 kg '
HAREHEH VR A = 40%
9z I " = 20 cm
Gﬂgiﬁﬁgﬁ= 2 cm
T~ (1) B3 § S99 Wi = 1400 kg/cm 2
e (STad) B8 # 3T AgEyy wfiiEe = 1000 kg/cm?
ﬁaﬁzﬁa@amuﬁw= 100 kg/cm?

AYTR H K 99 = 8 kg/cm 3

E = 3x10% kg/cm?
u = 0-15
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What are different types of joints in rigid pavements?
Design a dowel bar system for a cement concrete slab for the following
conditions :
Design wheel load = 4100 kg
Design load transfer = 40%
Slab thickness = 20 cm
Joint width = 2 cm
Permissible flexural stress in dowel bar = 1400 kg/cm2
Permissible shear stress in dowel bar = 1000 kg/cm2
Permissible bearing stress in concrete = 100 kg/cm2 -
K value of subgrade = 8 kg/cm3
E = 3x10° kg/cm?
u=015 20

(b) 20 AT aTeht TF W) F T frfafan e w1 swm = T €Y WHT W yEue o
I i :
TS FH B AR = 18 A
¥ & AgA Ul = 2-5 kg
W@l Y fd = 50 km wid "
THFHAY W FH P AR = 120 A
WA H RN 5d = 12
[ &9 H1 AgA Tl = 3-5 kg/eA

Find out the steepest gradient on a straight track using the following data for
a train having 20 wagons :
Weight of each wagon = 18 tonnes
Rolling resistance of wagon = 2:5 kg/tonne
Speed of the train = 50 km/hr
Weight of locomotive with tender = 120 tonnes
Tractive effort of locomotive = 12 tonnes
Rolling resistance of locomotive = 3-5 kg/tonne 15

() () v ¥ e A 9 = g §7 vew A ¥ fag s R wret w eEw
HE? T I & gy v w fag Ak ARk dioa Soeyg a7 3 stwfeem fifvea
e ST 1 w9 W % foe via wE e § @ 9 i @n?

(i) W8 % fafia et H g R

() What do you understand by the orientation of the building? What factors
will you consider with respect to building orientation? Justify with an
example if you have to decide the orientation in cold climate zone. Will it
be different in India and Australia for same season? 10

(i) List the different defects in timber. 5
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@Wus—B / SECTION—B

5. (a) ﬁwm%ﬁw,@w—%ﬁmm%mﬁmmmﬁ
g |

Give five main human actions that affect the hydrological cycle and identify the
components affected by each of these. 10

(b) 18 m TETE AT Th FURG STETEl § Haqh 200 mm B % To%RY F I w1 fai
Hifm| e T w39 9@ A TR 12 m ¥ g9 R TenE 25 m 9 R R R
g 99 6 B 250 m ?)

Determine the yield from a tube well of 200 mm radius penetrating in an
unconfined aquifer of depth 18 m. The depth of water in the well, after
drawdown, is 12 m. The permeability of soil is 25 m/day and the radius of the
circle of influence is 250 m. 10

| (c) @@Eﬁlg@ﬁ?ﬂéﬂ26oo%@m%,ﬁaﬁ%mw®maﬁm%mﬁaﬁﬁ

| dea T 20% 3N 40% B @ F gE@ W F wEAl & [0Q Jerpla () F:
750 ¥R 9 FHS T 1800 IR IR HAF 31 A F TG W eI PR I Hifvrg
Ify I=aw in, hwd EEEHA H 120% B

A watercourse has culturable commanded area of 2600 hectares, out of which
the intensities of irrigation for perennial sugarcane and rice crops are 20% and
40%, respectively. The duties for these crops at the head of watercourse are
750 hectares/cumec and 1800 hectares/cumec, respectively. Find the
discharge required at the head of watercourse if the peak demand is 120% of
the average requirement. 10

(d) ARE F 5% agEm R R Mg e 3o do wheo % A Fefafan g fog -
T % g e ke e arfifia s A gel Stade (o 3le) = 36 mg/L
T T R e A (e o) = 0-8 mg/L

5 T % SSARA (FRETE) F ITSIE qgHA T B geh
st (o 3Mo) = 0-7 mg/L

Jftrepe FIRTY :

(i) 5@ & o o o

(i) = fo 3o Lo
Thege qEEE W IETEE e 0-12 wH i)
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During BOD test conducted on a 5% dilution of waste, the following
observations were taken :

DO of aerated water used for dilution = 3-6 mg/L
DO of original sample = 0-8 mg/L
DO of diluted sample after 5 days’ incubation = 0-7 mg/L

Compute :
(i} 5 days’ BOD
(i) Ultimate BOD

Assume deoxygenation constant at test temperature as 0-12.

(e) Frfiian sHiwst % fu & smaaER sEERA +h © fmelt 9y DRt -
TR T 9 9 S W A = 3 e o wfy R
e Ay = 4 G2
FETE 1 AT = 10 cm i e
Find the dimensions of a rectangular sedimentation tank for the following
data :
Volume of water to be treated = 3 million litres per day
Detention period = 4 hours
Velocity of flow = 10 cm/min

6. (a) I-gaet Tl g o g ur A Frewor H e F R £ Ded R T s § R
Forn mn, i v A e 105 m B 3fea e o sl § urr 3 W gRr AR e An
A2 wroft F Ry &) g A freor H o it

it Paa m d L (m/s)
(m) 0-2d W 0-6d W 0-8d W
1 04 0-4
2 07 076 0-70
3 1-2 113 1-19
4 1-4 1-25 1-29
5 1-1 1-09 1113
6 08 0-69 0-65
7 0-45 0-42
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To compute the discharge in a small stream by velocity-area method, the
stream width was divided into seven segments of 1-5 m width each. The
average depths and the velocities measured in the segments by current meter

are given in the table below. Compute the discharge in the stream :

Segment | Average depth, d Velocity (m/s)

No. (m) at 0-2d ot 06d e
1 04 04

2 0-7 076 070
3 1-2 1-13 1-19
4 1-4 1:25 1-29
5 11 1-09 1-13
g 0-8 0-69 0-65
7 0-45 0-42

(b) 9 F THR F T B WG T T [T FRS 1 87

What are the main factors that affect the selection of type of dam?

20

15

() TH 100 km? ¥ ER-89 o1 1 0 F a0 F WT T w9 4 € ¥ el Imwm
-6 fenm 9 SwiY STgER @\ € -

¥
o

-

&7% (km?)
8 8

30

40

W
o
01 2 3 45 6

4% (hr)

TH 6 U2 & A & IAE qWi gRawE it wifeal Foafafaa -

79 (hr)

0-1

1-2

2-3

34

4-5

5-6

wyrEt #9f (mm/hr) 5

10

20

15

10

5
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A 100 km? catchment has a 4-hour concentration time with 1-hour intervals,
resulting in the time-area histogram as shown below :

— 40
L 40
g 30
ey 30
S 20f =
< 10 7
10 / /
/ 1 1 *
012 3 45 6 8
Time (hr)
A 6-hour storm has the following effective rainfall hyetograph ordinates :
Time (hr) 0-1 1-2 2-3 3-4 4-5 5-6
Effective rainfall (mm/hr) 5 10 20 15 10 5

Use the time-area method to calculate the outflow hydrograph for this
catchment. 15

7. (@) H F G F I T G TH GRS ellg AR w1 AP HIRG) Bl A
3gur 10 TF A % w1 oM n = 0-0225 % WY e 1 FreEwr 30 m3/s ¥ AR
i % a1 Faorr 5000 # 1 % wueR § 3l wners aiftert ) 9vd v 1 H ;2 V R

Design a trapezoidal alluvial channel using Kennedy’s theory. The channel
carries a discharge of 30 m3/ s with critical velocity ratio 10 and Manning’s
roughness coefficient n equal to 0-0225. Assume that the bed slope is equal to
1 in 5000 and the trapezoidal channel has side slope of 1 H : 2 V. 15 |

(b) 30 km? &% F TH MR- ¥ 4 €2 H 3@ A 40 mm 3R 30 mm vhEE H A
FART T FR AEE-4 % fvin | yar #1 fFrfaies e sem gen -

FofF Ry eI (hr) |[-12| O 12 | 24 | 36 | 48 | 60 | 72 | 90 | 108
Mera yarE (m3/s) 7|5 |15|27|22|17|13| 9| 5| 5

T Fa s TR 5 m3/s 7 g avife w g-gueni w1 fafon fiftg)

The rainfall of magnitude 40 mm and 30 mm occurring on two consecutive

4-hour durations on a catchment area of 30 km? produced the following
hydrograph of the flow at the outlet of the catchment :

Time from start of
rainfall (hr)

Observed flow (m3/ s) 7 S 15 | 27 | 22 | 17 | 13 9 5 5

-12 | © 12 | 24 | 36 | 48 | 60 | 72 | 90 | 108

Assuming a constant base flow 5 m?3 /s, determine the rainfall excess and
¢-index. 20
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() TETIT FETH ITAR GO ¥G 56 YW AlwSt F g aghem eEfy, sivw w1 gt
(Tho /o) A ¥ (kg Ho 3lo Lo 3 R W kg Wo THo wo wo ),
Hfo 3o o frerm Hi wlwa (%) 2w i sreds f oy (R F) =1 Puko Hifvw

3fiTE S W@ = 45000 m3 wfa &=

g St 1 ™A = 15000 m3

a4t dfio 3o Ho = 250 ppm

afgarelt o 3o €to = 25 PPmMm

e 59 Feifea 3@ ward (THo weo TWo Wo) = 2500 mg/L
sfe-wma # feifoa 39 ved = 50 mg/L

i eraus #§ ficifia 3| verd = 11000 mg/L

FARTE @y H AA = 220 m3 wfa R

Determine the aeration period, food to microorganism (F/M) ratio (in
kg BOD/day/kg MLSS), percentage (%) efficiency of BOD removal and
sludge age (in days) for the given operating data for conventional sludge
treatment plant :

Wastewater flow = 45000 m3/day

Volume of aeration tank = 15000 m?3

Influent BOD = 250 ppm

Effluent BOD = 25 ppm

Mixed liquor suspended solids (MLSS) = 2500 mg/L

Suspended solids in effluent = 50 mg/L

Suspended solids in waste sludge = 11000 mg/L

Quantity of waste sludge = 220 ma/day 15

8. (@) 2000 m R TF <t ¥ TH TG SHUEA ITe) Th 6 @ 150 X R =i sy A H =
et <l Agfd S R Fe vH e # San Sie-R B S9E F F® 36 m 21 IR win
A Y 8 W F H AF B, A TS URY F IAFR T U9 R AEF FEARE (o THo o)
%1 Ayt fifm) siferam s # shwa win &1 1-5 T 9F i wdo s, £ = 003,
Y & A 24 m/s IR 99 ) @aT 80% WM |

Water has to be supplied to a town with one lakh population at the rate of
150 litres/capita/day from a river 2000 m away. The difference in elevation
between the lowest water level in the sump and reservoir is 36 m. If the
demand has to be supplied in 8 hours, determine the size of main pipe and
horsepower (BHP) of the pumps required. Assume the maximum demand as
1-5 times the average demand. Assume coefficient of friction, f = 0-03, velocity
in the pipe 24 m/s and efficiency of pump 80%. 20
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(b) W%@rﬁﬁaﬁméaﬂhmﬁmme-ﬁmﬂﬁmmm
%F frutor & foe e s vt %

(i) Traa = f ofd F forg savas ~Han =
(i) TF <8 GO 9 Afteman faa srem win

With the aid of neat sketches, describe how a flow-mass curve could be used
for the determination of the following :

(i) Minimum storage needed to meet a constant demand

(i) Maximum constant maintainable demand from a given storage 15

(¢ 7@ =) afEISHIR % HROT HieRe | 98 I ThRRIeHE 3R Terens warEt h w9t fifg)

Discuss the positive and negative impacts on environment due to river valley
projects. 15

* %k Kk
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