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Instructions ( ftfu) :

(, This paper is divided into tuLo Sections, Section-A and Section-B.

s yFrqr{ qt udi c iflTrq-d €, c|s-A 3iR tis-e t

(ii) Each Section contains eight questions.

j+*.dsi s{ra}FTtl

(Lri A candidate has to attempt twelve questions.

ss cftffi?ff 81 qRE vvii er str fu'sql tt

(iu) Question Nos. 1 and 9 are compulsory and out of the rernalnlng, any
ten are to be attempted choosing five from each Section.

s{c {ql r *r s 3lM i *{ is iTS t n ffi W qr gtc ftscr t, e-&s Eis

tf'{-dE}Tn+}teoni?t

(u) Question Nos. 1 and 9 consist of Ttue parts each. Each part wiil be of
6 marks. Word limit will be 15O fin relevant subjects only).

w{ {i@i r $:s*qis-fis qlrtr!-Ss t#T+fts e ;i*ftltftatt slqii@T
rson.F frfud i (qn eqa frq-q] i) r

(u) Remaining questions will be of 14 marks each.

iq vs{ r+ oiq} } vft vqc €tit

I Maximum Marks : 2OO

t3Tfu-fi-dc 3it6: 2oo
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r. (a)

SECTION_A
ETg_A

The system shown in the figure given below has a rightward velocity of
4 m/sec, just before a force P is applied. Determine the value of P that
will give a leftward velocity of 6 m/sec in a time interva1 of 20 sec. Take
coefficient of friction = O'2 and assume ideal pulley.

+i 4 'rs 3rryfr fr da 4 mTsec qRrqa.i q.r ri i. 8'$ qFT ptrgmT i qir ner un
f+rifid 6IfqC fi qt zo 

"ec 
q sq-d{rfr ri 6 -7sec qtcls-d S',T trnt +qq Xon* - O.Z

dfts ei{ 3ilE{i Cd cTq dfrqt

lbi For rectangular channel, wittr veiocity of flow 5 m/sec ald depth of water
0'64 m, state whether a hydraulic jump is possible. If so, find out the
percentage change in head loss before and after hydraulic jump
with respect to total head. 6

3dFldF6ti +i-m + fuS 5 m/sec * 9-*6 i,T 3h qTfl fi :TST€ 6'6a in st-ggi ts
ETigTfu-s sq dtre tt qR {irs i, n iis sift W 3i{ d{*'ff,s sq;n qrqd * Fd is
+ {idq n vfr{d cMc v6 fffsur

1cJ A circle of 200 mm diameter is inscribed on a steel plate before it is
stressed and then the plate is loaded as shown in the figure with
120 N/mm2 tensile and 60 N/mm2 compressive axial loads and 40 N/mm2
and 60 N/mm' shearing loads. Find out the major and minor axes of the
ellipse formed due to deformation of the circle into an ellipse. Make
assumptions for modulus of elasticity.

\rs d-m *a ct zoo mm eRr sr gn.Sq+ vftrqfud s Ti 3-S0f fuqr qqr t ft rq
Az 3ilFfr ;t <$n ergsR 120 N/mm2 6fi qni 60 N/mm2 rifr's* effiq d}-s 3ft:
40 N/mm2 Si 60 N/mm2 sqsqq E}g i qrftd i t fq 4dgf, t W * frsqlT * sT{uT

si 4d-9n + st ce dt $q ilc fi&et *Eoe i-sr€mr t ftq erroTi( crc dfuqt

120 N/mm2

40 N/mm2

2
1\/mm
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[dJ A soil sample was compacted in a 1^50 mm dia mould as pet IS : 272O

(Part 8) (volume of mould = 2250 cmJ). The modified proctor compaction
and maximum bulk density was found to be 20 kN/mr at optimum moisture
content of 10'5%. If the specific gravity G value of soil is 2'65, draw the
three-phase diagram of the compacted soil with volume and weight for
a-Il the three phases.

q6frSiqiTsr 150 mmaftrdlsiql Is 
' 

2720 (\n a) (€isrficlTr = 2250 crr-3)

t riea Aqr .* qr I +dsTqs vt{c{ {6aq € q-{dq' q-s qqe r o' sv" * 3lHH'q *{q{
cl-fr q{ 20 kN/m3 vrqt rrw PrTr sR +{€ 6r frRre UFd G 5l clc 2 65 t, A s$.
dq hii * 3Trs-fi cri r+n * sreT gd frS ff S tE eipft vwlt

[eJ For the analysis of a singly reinforced rectangular section, draw the
concrete stress diagram in compression and find out the expression for
ultimate compressive strength and its position' Derive the steps and
exoression for depth of neutral axis.

s;n-ct eqfud srftrsn qftF+q + ffiqur + frq {fi-sc f +fic €€ 3{ts q-{lq+ 3rh

3taEqd i{-E-s {+pt qe E{ff Rft + fdq diq-{ n6 fffnet ilerPr 3{q 6r .E{Tf +
fusqcsc qiaiqcgo*Sfrtt

2. (a) A three-hinged parabolic arch hinged at the supports and at the crown
has a span of 24 rn and a central rise of 4 m. It carries a concentration
load of 50 kN at 18 m from left support and a uniformly distributed load of
30 kN/m over the left-half portion. Determine the moment, thrust and
radial shear at a section 6 m from the left support.

ss ff-F-'s qr*efu+ qq * e-{R c{ fr-rq 3lk sTs{ z+ m =irEI cd a 6 *qe an*n

6r it rr€ qI{ s-€rt i rs m rR s0 kN q.r A-*s$T t{R 3ft qr+ ent qrq qr

30 kN/m * r'+ ecrc ffia r+n qr qgq e{{r ir sFt w'ft t e m qftldq \R +t€,
e€ Ei \Gqa ftqt ftrtftd Sftql

Ctvtl Engineeriug/ 3OA lP.T.O.



(b/ Design a circular column with helical reinforcement subj ected to a
' 

working axial compressive load of 1800 kN Diameter of the column is

500 mm, the column has unsupported length of 3'5 m and is effectively

held in position at both ends but not restrained against rotation' Use

limit state design method' Use M-25 concrete and HYSD Fe-415 steel'

v*gsaee1800kN+6lf|difrqiqBBfusqR6T:iEd-qRsTf.dqqi}3Tftsd
fiftq t €q qr qrq soo mm t I dq 3' 5 m +sr fdir q6ft + t ah aii ft{rit c{ $Trs

' ftft fr tfs-{Rh+ffidftitlTn€tr * ft-qrtc q<ft fi dcr qT3qqhfifrql

M-25 s-S-c qi HYSD Fe-415 *cT or sqqll fiRqt

3. (a) In the provided figure, the coefficient of friction between the rope and

the fixed drum is O'2 and between other surfaces of contact is 0'3'

Determine the minimum weight W to prevent downward motion of the

1000 N block.

{.rS 3n-{ft t, rd \s RR gq + m-s sdq Wis 0'2 i 3fti qt-{z + R€1sfi€i +

*q o e tl 1s6e N ds fi g6-{tr'rft *1ffi or egac qn w frqifta fifrqt

(b/ A granular soil specimen is initially under an isotropic condition' where

50 kPa pressure rs applied all around' Then the specimen is subjected to

arr addiiional vertical stress (lo) increasing gradually from zero ald the

specimen fails when this additional vertical stress reaches 96 kPa' Another

specimen of the same soil, under an isotropic stress of 80 kPa is subjected

to similar loading until failure occurs'

/il What is the friction angle of the soil?

/ri) What is additional stress required for failure for isotropic confined

stress of 80 kPa?

Civil Ergineering/ 3OA



@n

(iu)

What are the major and mrnor
orientation of the failure plane?

What are the stresses acting on

principal stresses at failure and

fhc {nitrrre nlane?

@

(iit)

(iu)

+q 3Tr.sft f <yfur qrc * v+s. 3lTerR B, c dr a * 31ap-q qf m f+ftot fffrqt

Iou= 2ggxlga 
^m4,1""=3oox1o6 

mma,

Lr"=4rn, L"o:3m

Ctvil Engineedng/.3OA 5

sr+cR fr-$ ql rFT lrtq t qqtRro em t EhT t, qE{ 50 kpa(qrq qrii ft epfd-ot

it ilq cTIr 3Tftft-fi 3d *s (4") vga t sfft-dlt q6-il qRT t gq :ITr 3l€s-d +dl

t ;q q6 3Tidkff B€d sft{€ so kpa c€{.'fi t r sS ffi m qnr ;rTTT, 80 kpa scARr*'

stil{d * g{fltd \r€ €qrq qrkd €dr t w n+ 3Tqq-d c-€i +dl

1zl ftgqrqfudqerti

80 kpa;Fr €c?Rm 6;.6'r{€ efr'e-m fi ]RF6FrdI + ftq 3]ftt-ff vft-qo fi wt
eETq-{dT ti

ri'T€FaaS eftfrarq ft fn*gw eh€9ft-<r<vft"ceetii

ri'T €c-dm c{ sft-{f, qeer wi ti

4. Determine the internal moment at each support B, C and D of the beam
shown in the {igure with vertical downward load of 2000 N at end A and UDL
of 1500 N/m between support B and C. The length and moment of inertia of
each span is indicated.

- ^^^ , ^(, 4 - ^^^ -^6 4 - ^^^ -^6 4 ,.
IAB= 2ooxl'o" mm , .lBc = 3uux ru' mm , lcD = 2+ux lu- mm and LAB= 2 m'

Lra=4m, L"o=3m 14

a* eia qt 2000 N 6T sfrFd gs{dd ete qi rsoo N/m .6I uDL 3ileln .a $l c*

1500 N/m

I.o= 24Ox1O6 rrrrr-4 and Lor=2



(a/ Determine the length of fillet weld required to carry the load
indicated by the figure given below. Assume an 8 mm shop weld. Use
f as 410 N/mm'. 8

fii 3TEft f <$+ 3rj{R rrR {€q + fu q ernlu-* ffiu a€ fi €Esd ET Adrq ff fr q 
r

8 mm qils te ttc dfu1 4q 6c + 4io N/mm2 sq+'r +tr

I /5 l<1\

1O0 mm

Cut from a beam

(b) Water is to be supplied to a small town at the rate of 80 m3 per day in
8 hours of pumping. Town is 3 krn away from the river where two pumps,
each of 80 kW are installed. The service reservoir is 30 m higher tl"an
river water elevation- Find the suitable diameter of the pipe to be laid.
Assume friction factor of pipe y = 9.2.

8 tit sFdfu so ms fi q{ i cdrr si ss dt sd t c|* 6 en$ 6 vrfr tr r{ n
s m ffqftvtrS* 80 kw+AqrqyfrenRntrrfrq.€3-enqrff srqsr*q+qr
30 m tS $ 1 e'ni si+ sr& crEc qr *rq qrs Vm €frer cr{c sr sfu Urio f = o.z
{r{Fft&al

6

175 kN

-::.-:_E--!-
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6. (a) A wagon weighing 500 kN starts from rest, runs 3O m down one percent
grade a'd strikes the bumper post. If the rolling resistarrce of thi track
is 5 N/kN, find the velocity of the wagon when it strikes the post. If the
bumper spring compresses 1 mm for every 15 kN, determine by
how much this spring will be compressed.

s00 kN qsFrE{Tdr qs *Iq 3id i sr${ tm i, cs yftrR fu Q so - fri fi sfu wm
t S{Eiq{d€nes{rdittqRf*qrtfr,Tefdftm s N/kN t, trtmfi.rft.51a' fifucqq16qleie*nmtr qRiic{ffiT"}n-+s 15 kN *fus r mm {i*ba*rfr
t, frrcffirfuc+rifrRaetftr

(b) Eacn- gate of lock is 5 m high and is supported by two hinges placed on top
and bottom of the gate. When the gates are closed, they make an algle
of 9oo as shown in the figure. The width of lock is 6 m. If the water ievels
are 4 m and 2 m on the upstream and downstream sides respectively,
determine the magnitudes of the forces on the hinges due to water
pressure.

s-&s q'dq{r dR 5 m $ET t 3fo <ed + scft 3+{ R-dq mq qr i kq re-s{ q-flT

fu .Tqr t r qq Ecri iis H ETe i, d i so. sT aloT fte t <nH e€€T qqri t I q-dcraT

fi fu o m tr sR iilf, Rr 3tc€q *t srs+dq w Fq{r, 4 m G z m t, fr ve
qqTq * q.Rur f6q qr q-d fr qtTr frqffud fiRar

I
I

I

+

7

L

Elevation Hinge &n

Downstream

Civil Eagineertng/3OA
IP.T.O.



7. A square concrete pile of O'4 m x 0'4 m cross-section is required to carry a
working verticai load Qo = 800 kN in the soil conditions as shown in the
figure below. It is prediCted that consolidated settlement of c1ay, triggered
by the sand fi1l layer, becomes negligible at depth Zr:4'5 m below the G'L.
Based on the given information, determine the le"ngth tr of the pile that
satisfies the requirement of an overall F.O.S. of 3. Consider unit weight of
concrete T" =24kN/m3. A1so, assume the following coefficients of earth
pressure for following layers-

' Sand fill arld clay : K= Ko = (l-sinQ'), Uniform sand : K= 1'5 Ko.

The sand fil1 has the following properlies -
y = 17 kN/m3 and q'= 39".

For q = 38", N^= 100. The unit weight of water Iu may be considered as

1O kN/mr. 74

o.4 m x o.4 m cFr 3rJ9-€r .6-re 5t qs q{ 6-*a {P{n {firr sFs-d *s q" = 800 kN fT|$

wsq ii {i 3rr.sft f qqE qgqR {€-{ sd fi wqs{sdr tt ot Xttg* E ns'T t fu fr-g
sr riqftd .iAqR' ft-$ * q{rq ET{r fta-qfta-S e3Tr, 

qfi-{ qf,€ + *i.TErri Zr : 4' 5 m R r+

d-or tr *,rd qaqT * :rrun c{ cr{d fi Erai{ t ftqifrd fifsc fi F.o.s. s qt €lft
3nsrs6-drE {ige fi qrft i r q-*-e qr V+r$ lTR 

^! 
" 

= 2 4 kN / rn3 qrq t dfrq r Frrqfrfud
qrrii * frqtrqftfua E* eqrq sr g"ris qrc iflftc-
fr€ fu-o (€ d , K= Ko= rl-sinQ'), gFtdrf i-€ : K= 1'5 Ko I

+€frdtftq{ort- y=r7 kN/m3 rir d'=30"1

Q :3s'+ frc il^= 100 | qd 6.r {dr$ 9R yru = 10 kN/m3 dfr\t

aCivil Engineering/3OA



8. Determine the thickness and reinforcement of the footing slab of uniform
thickness for a 400 mm square column transmitti_ng an axial ioad of
1200 kN. The safe bearing capacity of soil is i50 kN/mz at a depth of 1.5 m
from the ground 1eve1. The materials to be used are M-20 concrete and
HYSD steel grade Fe-415. Use limit state method of design. Ignore the load
due to back-fill soil on foundation. 1.4

1 2 0o kN 6r a00 mm sd dq 6r {isrfrd $eiq qR * ftq qs scrc +dr{ 6r Sifir +q fi
"M 3i{ }-{f,{ sT ftrkq Sftqt fig fi gGrd s€q srciTr nrsrs qtr€ t i.s ,r, rc'u'$ qt

1 50 kN/m2 t t vr-zo q-*e *t uysl *e is p.-+ r s qtq'ff 3qqh fi qtd i r F$sc
fi frft-c dc,r-qft m sq*r fifrqr vrc--&q q{ iq. ftd q-}s-d g 6T{0r dts fi sien atr

SECTION_B

€g-B
9, (a) A town of 4,00,000 population is to be supplied water from a source 2 km

away. The lowest water level in the source is 15 m below the water
works of the town. The demand of water is estimated as 150 lit/capita/day.
A pump of 600 HP is operated for 15 hours. if the maximum demand rs
1'5 times the average demand, the velocity of flow through the rising
main is 1'2 m/sec and the pump efficiency ts 7OV., determine-

lri hydraulic gradient and

fiii friction factor for the pipe.

4,00,000 fi q-{i@T er-A rTE{ i z t- q q drn i ao 3Tr$ ST qtfr t r sE{ * era
-"-J t-,+-;i €.- - -aA \, ,---s, --a.-*- . -^ ,. ,qcft1 cb qrq q t{qqq qgl *n{ t 5 m {q 6 | L ll +t qtlt 150 bt/caplta/day 3f,3{IFlzl

it ooo Hp .6T qs cEq 1s it SqTfu"d EY-dr tr qR q-em ciT 3Ttq-d ciry t
1.s Tff +fr t, {df;qrr }c ERT yqr6 6r tT 1.2 m/sec *r qq qlqor 70% i, iil fuTkq
fies-
/, Er5*fusl-drrdr sr
fit clEq +frqsSoTgqist

1rbl Design the length of a valley curve
descending grade of 1 in 30 meeting
design of 90 kmph. Assume driver's
friction to be 0'35 ald allowable rate
as 0'5 m/sec2/sec.

in a highway which is formed by a
and al ascending grade 1 in 40 for
reaction time as 2 sec, coefficient of
of change of centrifugal acceleration

6

SsEdaitqAc)gffEEr{fi 6q\€tq-its}q} sofr€rTI 1+ad{t}s *t +oI
1 + T.dA ie oo t-pr, + qftGc * foq dr gde{ fi sfrfuqt €Tq 2 sec, qdq Uqis
0 35 3iR sqi6ii-s{ur fi # qffwiq q{ 0.5 m/sec2/sec crc iflfuqt

Civil Engineertag/ 3OA lP.T.o.



1cl From BG main line curve of 2", a 1 : 12 turnout takes off in contrary
flexural for a branch 1ine. The speed on the branch line is restricted to
42 krn/lar. Determine the speed restricted on the main iine. Assume
permissible deficiency in cant as 75 mm.

z' & ec +{ €r{{ q* t r : 1 2 6T sid-td 3tiEH it sem t qiq EEr + frq fi-sreqT

tt qis dEr ff.rft +z kmlhr yfu,iifuf, tt t-c eriq c{ yft-"ifr-d.rft ftqtfta fi&qr
r1_W eTfr #< C zs -rr' * Fq i c.H difuqr

(d) A town on the bank of river Ganga discharges 18,000 tr3 1d,uy of treated
wastewater into tJle river. The treated wastewater has a BOD* ol 20 rrrg/L
arrd a BOD decay constant of O.!2/day at 20.C. The river his a flow rate
of 0'43 mr/sec and an ultimate BOD of 5.0 mg/L. The DO of the river is
6'O rr'g/L and the DO of the wastewater is 0.4 mg/L. Compute the DO
and initia-l ultimate BOD in the river, immediately after mixing.
.im+{}ffic{gs{rE 18,ooo 

^3 1d^y 3Tq-{d (a€-crat) +{ie}'.sdrtrds}kd
3rqwiTS 20rnglLfit BODS *{ 20"Cq{ O.12/d,ayq,t BOD STrrRRb*artf rfi
q'r qflil qt 0.43 m3/sec $h 5.0 mg7r. or eraEfu eon A-dT tf +fr er Do 6.0 mgll,
elt o.+ mg/L 3Tl,'IeI irT no tt fraq * Ero *'S sT c-S ii Do 3i{ jtfus 3rc&Ez

s6pfirTur{rfifuq|

(e) Wlnat do you mean by seasoning of timber and state the objectives of
seasoning? Draw the neat sketches of different defects in timber due to
natural forces. 6

74

ftEr + {{tqsr (triql i ei snvrq t i d{ts"r * 3ks frfuq r lrFft-s {d} * 6R"r
ftE{ ii frftrg friii *l wa Wez e-+rsql

1O. The following cropping pattern is evolved under a reservoir.

GCA = 30000 ha of which 807o is cultivable.

Assuming the following :

(, Extra water for the period of peak water use = 207o

Engineering/3OA 10

Crop Season Base period
(days)

Outlet factor
(ha/ cumec)

Intensity
(%)

Crop ratio

Sugarcane

Cotton

Wheat

Vegetable

Perennial

Kharif

Kharif

Rabi

Summer

360

r20

270

720

100

800

800

7200

1800

750

60

80

60

IJ

60

4

2

2

3

1



(ii) Tirne factot = 13 /2O

(iii) Corweyance losses = 20%o

fiul Evaporation ald seepage losses in the reservoir = L 0olo

luJ Allowance for carr5rover storage of the reservoir = 5Zo

Determine the following :

(, Capacit5z factor for the main canal

(ii) T}re design discharge at the head of the main canal

tre'frfu-cvec{*edwmanrq* 3ffa ffidEtdr t ,

ccA = 3oooo tEtq{, frnfi 80% trR *rqr

F{rm d{qc 31RIR 3]-qfu

€qq)

ffo.rsgoTs

G/€+s)
}IIFKTI

f/")

s-{l(i
3UCrA

TIIII

.t t.t

cEgI{I

:l.t6

s-{sft

qTcdcrdf

{9{ l!t)

{9(llf)

-.--ai.q I

,,t t$q

360

720

270

720

100

800

800

r200

1800

750

60

80

60

60

A

z

.)

1

ffr+fufua 3i-jcTRdSrRq .

(, EtR(q qq-q qffi j-*,T S ftS 3TftR-ff qr$ = zoy"

rzzj vilq gu55 = 13/20

lrzzl cft-ddq qTft = zox

fui wTnnt t qTsft*{ot \.i fiFitr qft = roy.

lul qFilrrq i efia *q-6 + ftS er-{cfr = sz

ffifud+}fficfffus,
0 gqTdi*ftqqrc-drIqs

/nl 5w:E{+rfrSc{E$!cM
Civil Engineering/ 3OA
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11' (o') Design the length of a transition curve for BG railway curved track havrng
4o inclination a,'d a cant of 12 cm. The maximum design speed on the
curve is 100 kmph. A1so, calculate offsets at every 15 minutes intervals
ald shift of the circular curve. Assume the cant deficiency as 7.6 cm.

+. 3nqft' qi 1 2 cm 6r <i sra sc tda gqTq i€ ; frq qnwq gclq Sr dErt fi fuflgq
qag)1 gqlqc{c-dncfusEc.rfr ioo kmph it yft' rsft+e}:r<neqiqfogqrq
t {qrqTd{uT + yfosR A q -runr fffrqt driT 3lT'ldT/zfr 7.6 "- 

qtq iflfrq1

1bl A combined sewer of circular section is to be laid to serve an area of 1oo
hectares with a population of 100000 supplied with 180 lit/capita/d,ay.
Assuming impermeability factor of 0.5 and time of concentration ;f rainfall
"t" as 20 minutes, and 80% of water is converted to sewer, ca.lculate the
size of sewer when it has to run fun with a velocity of 0.3 m/s. Assume
suitable values for coefficients for "a" and "b" in equation relating intensity
of rainfail to time of concentration.

1ooo0o ff q{dcq' *} i so titT.ap ita/ dav 3r$ tg 100 hectares + s" it +cl
i+ + ftC TSs n-*vn fi S6 {gs ctft M qfr t | 3{rTr{'remr Surs o.s c1-q iflfrq
efuqql "y *sirdT€cq 20ftTc afui 80% crffctftiivffin, +t efi) * srrqn
fi rrurqi 6fuqqq $ sv n aut 0.3 m/s ff:rft i t}ff'tr esl fi fr-q-dT srqdr t qqq
t {itien qm"s{vr it .,a,'gq "b" + Wi$i * frS *q qq cTc dfusr

L2. (a) A construction project has the foliowing characteristics :

Activity Preceding Activity Duration (weeksf
A

E

C

E

F

H

I

J
K

L

M

N

None

A

A

B

T\

D

D

B

G
FTT

T-r ai

M

5

2

o

I2
10

5

5

9

1

2

3

9

7

o

Civil Ongineetiug/3OA 12



(i) Dravr network for this project.

1ii./ Find various paths arid the critica-l path as the project completion
time.

(iii) Prepare an activity schedule showing Earliest Start Time, Earliest
Finish Time, Latest Finish Time and Float Time for each activity.

qm ffr'r fr+*-c fi ftqfrfud elsTFrrdrr( t :

efur {desBnr erqFr (qH€)

A

B

D

E

F

G

H

I

J

K

L

M

N

---\l ----.lchrQ r[l

A

A

B

D

D

D

B

ra Er

G

,F, I,J
K

H,G

M

2

6

10

q

q

9

1

2

?

7

9

0 Fq;1q*c+ftqffidrtuql

fitl It+€ + T't qrq * 5q I frfu{ qel 3fu ris--fird-{ cel vrd fffuql

fit, e-d$ eisqr + ftq IT{Fffi {a3Trfr €{q, lRfr"s €'fffr vq-q, ffie-d €qrfr
eqq gi wtc €qq <vft gs xBei q-Ruft iqR fffrqt

(b) A npid, sand filter is proposed for water supply treatment plant for a
town with a population of 75000. The average rate of water supply is
15O litre/capita/day and rate of filtration is to be 10O litre/min/sq.m.
Design the size and number of filter beds.

7soo0 A qqisr qR {r€{ + ftS q-d 3Trtffi dqrfud -miz * feq qq rffi fr$
fr-€{ lmrFc" tt vo uiXffi fi 3isd g1 15o lirre/capita/day 3fu fT€iqq fi R
100 litre/nin/"q.* tt ft-et <r ff dqr qd 3ilaTt fi fo$-5+ q-{r{q1
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13. (a) A O.5 m diameter well fully penetrates an unconfined aquifer whose
bottom is 15o m below the undisturbed groundwater table. The water is
pumped out from tJle well at a constant rate of O.1 m37s. Afte, equilibrium
is reached, the drawdown observed in two observation werls at radial
distance of 10 m arrd 5O m are respectively 10 m and 5 m. Determine_

(1) The coefficient of permeability (in m/s)

(A The drawdown in the well (in m)

(t)

(21)

-,e.t mls

0.s m qRT 6T Sei er$ft-d qdld sT $ sn t tw e.cor t, frssr * 150 m tri
srid drm-€ w t I qd, gtti t 0. 1 m3 /s ff s{ t vdq fi-fiET wen t r €ge-+ w nffi
* qrq ii, 1 o m E 50 m frsfrq 1tr w vorearur (grsrsc) srr{T: 1 0 m d s - i fttqq
Eqi ii tqr rrqrt ftdror fffrS-

qRrrErdr 
xsriF. (m/s l)

Rc d v-d-ffq (m fr)

Pumping well
O.5 m = 2ru,

tl-t5{lm tl|,

F*-'"...-- F

(b) The following records are obtained in a tr:averse sr-rryey where the length
and bearing of the last line were not recorded :

Compute tJle length ald bearing of line DA.

F
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ftqfufud Hg.q \s 3qxq {-Asrur i ynr H.T} t, s6i Eqr{ 3lh 3iftq Eri{ fiffp11qp1)ffii-SfiTff ei ,

EEr$ 3fo DAer5{ * ffi fi wn fiRsr

Line Length {m} Bearing

AB

BC

CD

DA

75.50

180.50

60.25

30"24'.

110"36'

21.O" 30',

?

dr{{ aqr$tmt ffirr (qrrq)

AB

BC

CD

DA

/ J'JU

180'50

60'25

?

30"24',

r 10"36',

21.O" 30'

?

14' (") on a two-larre two-way highway, a car A was following a truck B a'd bothwere traveling at a speed of 4O kmph. While looking lor u_ ofpo.,,riiry atake over the truck, the driver of-the car A saw another 
".. c 

"orni.rgfrom the opposite direction. At that -om.nt, the dista'ce between A a'dc was 450 m' After- an initia-l hesitatio.r p.riod of 2 sec, the driver of carA started the overtaking operation. The distance between A and B at thatinstant was 30 m.. A overtook B by accelerating at a uniform rate of7'20 m/s2' when the overtaking op...iio;r- *." completed, there was adistance of 25 m between g ana a. Determine the distance betweendifferent vehicles given as measured from the front bumper of the onevehicle to the front bumper of the alother vehicle. Design speed of thehighway is 80 kmph. Assume *oi*u*-i.rrgth of vehicle as 6 m.
Wd-iagmrr{rqrrrdqr, qq'sRA, a*. BsTfr€nqi€ eff sfu+ii ao kmphfi
rsan * ;nt qo G t r f* * **f* + oiqel qi M Es Eir o + **" i 

"m 
A

Rm t *n c qi 3Tfi 
-g 

t*, iS qrr c{, A 3ft: c-* +q A 6 o* ,n ,*,
2 sec *'yrtfu-s trq-s * qrq, q-n a ofu e + *.q fi Et so m h, 

" 
t 

" 
*f

7'2o m/ s2 fi qo emq rffi t ffie tqrr qs 3## 
"*" ut * *e * e * Ets z s m fi (S pi 

r tsl,TqT qfi qF€{ t x_e em t qft *6, + ; eq{* qrq * sq i frF* *q+ d" fi (fr ftqlta fieqt vwrf h 
"n 

ro *"i tEflqqfuTrmtr e6q6c-d{cm+ 6 m qR cfifuar
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(b) A river discharges 1000 m3/sec of water at high flood ievel of RL: 103. A
weir is constructed for flow diversion with a crest length of 225 rn and
total length of concrete floors is 40 m. The weir has to sustain the under
seepage at a maximum static head of 2'4 m. The silt factor and the safe
exit gradient for the river bed material are 1.1 and 7/6 respectively.
Determine the depth of cut-off required at the downstream end of the
concrete floor. Take the level d/s concrete floor as RL= 100. Check for
exit gradient. Safe exit gradient = 1/6; LenglJn of concrete floors b = 40 m;
Max. Static head:2.4 rn1. HFL u/s = 103 m; RL of downstream
floor = 100 m.

(*. qfr sq srd w{ RL = 103 q{ looo mslsec n qt* ffi tr ls. qiq 225 m fi
ift{ erad si q-Sz qsl fi g;d eer{ +o - $ q6n sT{q-dc + frq trq fuqr rrqrr

qier 4l q{+ {€} * ftc z.+ p q1 q6aq ftn sft{ c{ fr+q (ftFiqq) i r .TK tioTs sh
gdhn ft-*m rourm fte{ +s ftftq-d } frq xq{r, 1.1 qi 1/ 6 t I s-Sz qai + sreqdq
sh qr q'<..=ft qqcTn fi rEir$ ftrtftd fifuqr a/s s-Sz rrat R{ RL = 100 iftfusl
ftsre irqunl + frs q+q Sftqr gdkd f+*rs yquror= r/6;6#z s{i 6i ERr$
b = 40 m; irftq Rn rftS = 2-4 rn; HFL u/s = 103 m; ss€c sst 6r RL = 100 m.

15. An Expressway four-1ane divided, passing through a flat terrain has a
horizontal curve of radius equal to ruling minimum radius. If the design
speed is I2O km/hr, then calculate the following elements of the curve .

fil Ruiing minimum radius

(i, Super elevation

(iii) Extra widening

(iu) Lenglh of transition curve

Suggest the best suitable shape of the tralsition curve.

q* f+lfua qwH st e-c, qqn fTqr ol fq?iTs q+ac Fqr qqRE gqn qrf,r €rrild
*l d i yrm t t qR FEr{c'Tfd 1 2 o km/ hr f , i gcrd * Ftqfr fur rd fi :iunr fiftq,

,., c.:--\..
tt) liq?c|) -<tlfl+1 l?s<l I

/i, gq{ Cfu*Tq

{zlr./ .rrfl r(qn qr{sri, 
I

I4

(tu) 9ll-J|{lr g+llq cf,l (lql$

<rRrTq gfiq * vqtrq snq'n el Kns {frq l
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L6. (a) Design a lined canal to ca-rry 1OO m3/sec on a slope of 1 in 2500. The
maximum permissibie veiocity is 2 m/sec, n= 0.O13 in Manning,s formula
and side slope = 1'25 H : 1.0 V.

2s00 ii 1 * W dc c{ r oo m3/sec t i qr} * ftq q* orw km ff fuEnq fiftSr
ilt'T*qiiq6tq*qfu 2mf sec, n=0.013 sil{Rr{s*dc =r2sH:1.0vtl

"p) For sample of bituminous concrete mixture contains coarse aggregate
(Specific Gravity = 2.7\, fine aggregate (Specific Gravity = 2.9) and mineral
fil1er (Specific Gravity = 1'5) in proper ratio 60 : 35 : 5 by weight. These
materials when mixed with bitumen (fneciflc Gravity = 1 .0 1) and
compacted to a unit weight of 23O0 kg/mr contains 5% voids. Based on
the phase diagram, find out the content of bitumen, aggregates and fillers.

tdfld5fr *-Se fraq + rqQ * frs qR cT{r frcT fudTsr (frfts Xrd = 2.7), rr&{
ft-cflqr tfrRre5rd= 2.e)Sisft-q5-$ (ftfrie5t-e= 1.s) 60: ss: s*3fudycu
t €crRq frqT t r i ufi-q qq fqr{ t ftalr fuqr qmr i fr @Rre Xqs = 1.0 1 ) si
sy" ftR qmfrq 2300 kglm3 * qR srd qs {sd ii eq{ fuqr qrdr tr bs erts c{
3ilqrftd fr'{c-{, fteie'r Si rtwr fi rnT ild ffftqr

***

L
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