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Question paper specific instructions

q5{ cz d ftC frRrE 3r-{itT

i. This paper is divided into two Sections, Section-A and Section-B.

t cr{T, d qsJ t ffisd B. {ds-A Gflr rjs-B

ii. Each Section contains four (4) questions.

e-d6 Eis fr qn qrc tt
iii. Candidate has to attempt five questions in all.

qfrflpff oi q'iq e:.it or sfl{ frs{r t I

iv. Question Nos. I and 5 are compulsory and out ofthe remaining, THREE questions axe to be attempted
choosing at least ONE question from each Section.

cy;r €qr .' 91" 5 qffi t sik ts er.it t t ffi d-{ or Bctr{ ftq{r t. !-ii-{ ris t
\ro qcT o) ro or+ tl

v. Word limit in questions, where specified, should be adhered to.

cp=it t {r< frqr. q-d ftfttre t er ergrw foqr qrfl qrBq 
t

vi. The number ofmarks canied by a question/part is indicated against it.

trd6 cfilqFr d fuc F=q-d oio vfld srqi ftr rc d r

vii. Questions are printed in English & Hindi languages. In case of any ambiguity in

translation of any question, English version shall be treated as final.

e-dfi erq Gd *i Giffi +ii.rnrlit d Eqr tt crit d ergan t ftffi enqqcr

al Reft i ,siffi sswr of fr crfuq ril=n .,rrTrrrt



Section-A (Eig-A)

Q 1: Write answers of the following questions

ftqfuto(qriihst-tftfuq

1(a) What are the different forces acting in a moving fluid? Also discuss different (8)

similarity model laws used to study the dynamic similarity of a prototype'

qfrcTr q-d i q't{ t frns * *,, ar G tr dd-req al rrffif, EqlTdr or 3{tn.q-q q'-fi

# tts wdrr fu s qii srA fr f tH scr+dl d-gd Fr{rl qt rfr qqf of t

1(b) How are the various types of loads estimated for the design of roof truss? (8)

6d il gRiEI S BqT{ } frq Efiltr e-fi R b rnfr oi qnn i* oqrqr qrar il
1(c) When does cavitation occur in a pump and what ale its harmful effects? How is (8)

the available net positive suction head defined and used in the analysis of
cavitation?

vwfr1fraru-+6-sfrdre 3fu {s}.6rtr+.r.+. qqrqffil & 6666 6sasq fr srf,dl

tc ffifrE qends d at$ qft l{fud c{tr Bqfrq fu ql qrdr ?z

l(d) Liquid limit (LL) and plastic limit (PL) tests were carried out on a soil sample as (81

per Indian Standard method. The values were 60Yo arld 360/o respectively for LL

and PL. What is the tlpe of soil based on the above test data as per Indian

Standard Classification System? Justify your answer.

qrfiq qr++- qdfr b og.sR ffi b c{i w il{d ScT 1{dqo o{tr wrfu+, frql d(ro
qfi e{q fr 's .rs 

r \tdq-6 fir fr qrd } ffi s {fr iFrIqI: 60% sts : ez t r r+rrdq qr+fi EIfErur

uunfi fu sq-{R s[ifft qfr erur 3-cr ] enqn Tr fu0 6l c-6rc qr & 3nqi q-qrs 6"r

eilE-osrtrd6tt

1(e) How the average permeability of a soil deposit consisting of a number of layers is (8)

determined?

o.-{ qrfr ild fiA b qmq +1 g{tsd qrsrrmr i* fr qf F{d 61 qrfr fu
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Q 2 : Write answers of the following questions

Frqftfuocarihsctfrfus

2(a) A rectangular bar of 30 mm x 60 mm cross-section and 200 mm length is

restrained from expansion along its 30 mm x 200 mm sides by surrounding

material. Find the change in dimensions and volume when a compressive force of
180 kN acts in axial direction. E: 2x 105 MPa; v : 0.3

36 ffi* 66 frffis-$q,ouh zoo fr6 66 6r gfi .rrqfrron ER o{Rrcrs 61srqfi
trRr 30 frflx zoo ffi qeil 5 qrq ff€R I rtr Rqr rFn t I w, u0,.,\ qil €fis;s-{f,
s{etrqfrcnfror{orartd snqrq s{tro{rrfiiqfirrd{56a1&vr E = 2x 105 Mpa; v =

0.3

2(b) A continuous beam ABC consists oftwo spans AB and BC of length l5-50 m and

11-50 m respectively. The span AB carries a UDL of 28 kN/m and span BC

carries a point load of 100 kN at 8 m from support B. El is constant for both the

span. The end supports A and C are fixed, while support B is simply supported.

Determine the support moments and reactions. And also draw the shear force and

bending moment diagrams.

* ** 61uq&S i mqcr: 1 5-5s frdr olR r r -so fi.t ffi b A fu sir frS dA
tr tcne fr za kN/m rr'r uDL6tdrt oilrfr{ Bcfrqcth Bt 8fierst roo kN Erfrfd
ets d-ar t r E I <ti +{ } ft s Rn t r @C s G{tr S fu -€ e u-dtu sfi -C fr }-d-d
qtf str v+rh qj!il Bih rlh*.'eiorfrqf{urEtrorttqqsqqqf, cfud6-{ o{rquf

erfuof q+rql
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2(c) A propped cantilever beam is shown in Figure 1. Analyze it using the stiffness matrix

method and find the reactions in the spring. Neglect axial deformation in the beam.

/.'\=
2EtF

r-wtw* Figu re 1

fu* r i \1+. ft-dr go{r a-s-c &c fr Erqr qq t r o-&ar tBq Ef U 6r sq+{ qrrb ts 6r
ffiqur o:€ efu aria fr qfrfu'qrofr or qdr erTs r frc C ersftq lesqur 6t uEqr 6t r

.-"-- #
,rw*w*

Q 3: Write answers of the following questions

FrqftfudqaY+st-rftftq

3(r) Soft saturated clay has a thickness of 6m. After one year, when the clay,

consolidated by 50%o, the observed settlement was to the tune of l0 cm. For an

identical clay and loading condition, what will be the magnitude of settlement at

the end ofone year and five years if the thickness ofthe clay layer was 25 m ?

+tc€{qfrde1fuo frtr \rs s{} srq wftfl, soz amsifu-6, q-{EIFq-dH

10 tfr619{qr qr \16 {cnfrA cikoEHe1Rtfrbfse, \'+-d{ cirqiss{} cid

fr tid-+s oi qPtcu €r ilr qE frB +1 u-ra ol qlgr€ 2s frrt fr

15

@

(10)
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3(b) A prestressed concrete beam,300xg00 mm, is simply supported over an effective
span of r2 m. It is prestressed with a cable whose eccentricity varies linearry from
50 mm at the supports to 250 mm at (3) span points tiom either support. Effective
prestress in the cable is 900 kN. Determine, Net deflection dre to i.est ess andself-weight central concentrated load required to cause a maximum downward
deflection of(Span /400) Use M40 grade concrete. Derive only the expressions
for de{ections due to prestress. E:5000 Density ofconcrete:25 kN/mr.
\16. fi-q€ dr*tc frc, :oo x 8oo m, &-+o r z *.. # *"fr qEft-fr-sq# 

e I q-6 gfi
myj$s.*.ar t W r*-.- -*-. s0 Efr ftR{n sq r aH Effi B3{R l.FSl r.n vqtr{ t (3) *+ fr-gofi w zso ffi a-o tfi t +* fr ,rd #e" ;;; r,tl am+r, eqIE olr on-a-a-wr b=anw G EA*-rfU*. fin *1 Gi{ E&cq to o_r+il ftq ofl-dqro *-dq eqd rm or rurfr-zoool ,oo # a#; rd,;;rt, ffi *onq fr &qq b fr s }-rd ai-q-+. E-dr aifr q,, 

= roo, 6_"r. 6r q;lRi = 2 5 k N/m 3 
|

3(c) A concrete pile 450 mm in diameter and 20 mlong is driven through a system of
layered cohesive soil' The top layer is g m thick and comprises ofsoft clay with
cohesion of 30 kN/m2 and adhesion factor of 0-g0. The middle layer which is
medium stiff clay has a thickness of6 m and undrained cohesion of50 kN/m2
with adhesion factor of 0-75. The bottom-most layer which is stiff strata extends
to a great depth with undrained cohesion of r05 kN/m2 and adhesion of0-50.
Compute the ultimate and allowable capacity of pile if the factor of safety
assumed is 3-0. The water table is observed to be at ground level.

\ro frs er a s o frfr qrs,fir 
z o fier dereka \rfi -ge ft .fl +1 \15, crnd &. crqac t

qdrqr qrdr e I sfr{ q{d a fidr +A t ofu fs$ :o kNZm2 }. €€q+ efu o_go }. on€qi.
on-o b srq rrcfufl qnfuo t I cq q{d d cqc -d. m-S t ur+1 fu 6 64 g uL
o-zs *' otr€q+ on-o *- wr{ so kN/m2 g1 ela$}s wrrus fr lqqg dti o1 qra d +-.st t o s tlz, z &' ofigls sriqs efu o - s o *. en€w & eiv \l-6 {$ rrfl r€ il6 fu d S{
B I qE gtet +r orco :-s qnr qrdr fi dqr{f, +t riFdq oil ffi{id gmr +1 rrur+ of I

rls-f, F{ qfr+ wr cr t€T rrqr t r

(1sl

(1s)
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(10)

Q4:

4(a)

Write answers of the following questions

ffitucsrilbglrfttuq

A hydraulic jump occurs in a horizontal rectangular channel, which is I m wide.
The pre-jump depth is 5 cm and the post-jump depth is 20 cm. Assuming the
channel to be frictionless, estimate the discharge of water. If the friction is not
neglected, and the friction force is estimated to be 20 N over the jump-length,

\1o. frfuq s{Flin-s'R i-ro fr q-+. ET{Stro ireirr +fr a m 1 fi-cr +.S ilfr tr fqi t
qt.A d rtwr€ s +&fi -ir oir q-ci b me +t rrf,{r{ 2 0 t&+.{ *fr t I il+o o1 q{ur rtrd
cHA gs, q{ & F-f,er o.r .rEqH ETrqr qE s'{uT 01Biefi Tfl +1qTfi e si-r q{q co
20 \r{ ddirr-ri-dr{ w di ol eqqF e,

A Pelton wheel turbine bucket deflects the waterjet by an angle 0. Show that if
friction losses are ignored, the maximum power will be developed when the
bucket speed is halfofthejet speed. If friction on the bucket surface reduces the
relative velocity ofthejet by l0o/o at the exit, find the ratio ofthe bucket speed
and jet speed for maximum power.

\16 E-€{ md e-dffl Etrc qrfi b +c +1 o olq i frAft-a orfr tl RErt fu qE s{ur
affi +1 sten 61 qrfi e d etls+-f,q qrk ilq ffia drfr qe d}-c +1 rrfr frc +1 rrfr
a1 entfr ilfr r qE drd o1 scr6 qt q{ur dr6r ffi qt ie b srtar trr oi r o"z 6-q q't
fu e d oifY+.-dc srfr b frs srd e1 qtr eir +c +1 qh o.r €riqn rn +lfrq r

A 6 m long built-up column carries an axial compressive force and consists of4
nos. ISMC 350 sections as shown in Figure 8. A lacing is provided in each of the
four planes. Explain the principle of design of lacing with the help of a neat
sketch.

4(b) (151

(1514(c)

/k;osr " *' 'li T!ili : l'*--r.. .lJ
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L60O ED

Fi8ure 2

6



q-+' 6 d-fl dA f{€-+rq-+ioc i \16 g{Sq dqBd {d ilar B 3h Esrl a m dt t t r s r'ac

:so risffi'Ba s fr Rqrqr -rqr tr an ffffi g g r$o fr \1+' AfHTI q-dT-{ 61qrfr tt
so fo* +1 sarrdr t A qb fr-qrfi il fu<n al srflqs t

Figure 2

Section-B (tiB-a)

Q 5 : Write answers of the following questions

Frqftfo(satbvtsftfuc

5(a) What are the impurities in lime and how do they affect the cementing properties.

qi fr nr .lt{Etf e ofr{ aS frtu Wfi al i* uqrtrd 6{a t t

5(b) What are the purposes of making frog in bricks during moulding? Explain with
the help of neat sketches.

mRE:q il EtrH f,d i il-ro c+ri *' qr Gw & soffi +t sorqf,r t qtrSr{q I

5(c) How are aggregate classified based on particle size? What is bulking of sand?

uq en-on &' emm q{ qgaq 61a* sflE-d l6,qr qldr tz erEEI tr sqHI Hr tu

5(d) Explain the product of hydration of c3S and c2S. giving the relevant equation

involving the reaction.

c3s ilIrc2s &- qf,frq{ } gur+q-d +1 6q-sr olftq I cfrfrql i {i6ifYd qHFIfi qfi-fi''tuI

t{l
5(e) Briefly explain the purpose and procedure for attrition test on stone.

ett qr qBm te b st{q stti qfrqr d €Aq fr TqgIEq I

/-^.* _'r r, 
Irll

, I 
lr6oo 

Em

:iliC }I
)+

1600 a6

t

)
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Q 6: Write answers of the following questions

Frqftfudqlif hst<fttuq

6(a) A wastewater treatment plant discharges 10 m3lsec of effluent having an ultimate (101

BOD of 45-0 mg/L into a river flowing at 10-0 m3/see. Just upstream from the

discharge point, the river water has an ultimate BOD of 4-0 mg/L. The

deoxygenation constant (ka) is 0-22lday. Answer the following:

(1) Assuming complete and instantaneous mixing, what would be the ultimate

BOD of the mixture of waste and river just downsheam from the outfall?

(2) Assuming a constant cross-sectional area for the river equal to 60 m, what

ultimate BOD would you expect to find at a point 10-0 km downstream

\rs qqRrgsf,sq-qnritiT 1-o m3ffiqr{Eiqrfrrfrfr+s-o mglL}'sifrc BoD ErA 10

m3/sec edl6 6r ft-dd{ orar trBed fr-g t fio scr olsil{, TA b qrfr fr a-o mslL

6 roifrc a o o ildr t r of{frs{ Rnio ft a) 0- 2 2/ft { t frsfr fud E r grrq t
(1) W srtr il@rfuo fixur al qma Eq, s{qRre sil{ TA t ftuur oroifrq dstrS qqr iln
msFrfr{qf6fii+1ofuilnr

(2) 60 trfi *.qtrfl rfr ft fOS \'o' ftifr qR sr{qFtrq A7 cma ES, cfls 1o-o ffifi +n
413fu \1+. ftfg qt qr q-tq-fr3h$ ffi a1 u6a 611

6(b) A community of 50,000 people uses a l2-ha landfill site that can be filled to an (1sl

average depth of 20 m. If the municipal solid waste is generated at the rate of 25

N per person per day, and its compacted unit weight in the fill is 8 kN/m3 and the

municipal solid waste to cover ratio is 4: l, what is the anticipated useful life of
the landfill site?

so,ooo frril 6I gfi rrgqrq 1z-tfisfumsr{d 6r Bcfrq o.{dr t trq z0 fi.r +1 .llfsd

,rctr€ a-o qq q sr-iil trqfr qrn qrR-ol frs i{cRrc zs N ch qm chE{ 61ct t
cfftr Ehr a qk rrtrs fr {s6r €gfud {sr{ qqq 8 kN/m3 t ott +ncrff6l dsor qRrs

ofler-d 4: 1 e ofgqrF-d Bq*rfr fiqr flr ? ffid srid 6p



6(c) What do you mean by Environmental Lapse Rate (ELR) and Adiabatic Lapse

Rate (ALR)? How and in what manner do the environmental lapse rate and

adiabatic lapse rate affect the dispersion ofan air pollutant into the atmosphere?

Explain clearly.

qqf*otq 6rs{r dCdeflr) eir o-ae 6nre{ Gqdo{n i erqwr sq-qA tz qqffiq
Erg{t Gir Fdtq Erg{r ilg rfl+1 e argrisd fr ftorq d a* ci{ fu-s q-fiR qr+hd

o-rfr& sEsqtqq-{rsl

Write answers of the following questions

fr=ifufuosalbvt-rftfus

7(a) The design speed ofa highway is 80 km/tr. There is a horizontal curve of radius

200 m in a certain locality. what should be the superelevation required to

maintain this design speed? If the maximum superelevation of 0.07 is not to be

exceeded, what should be the maximum allowable speed on this curve? Also
determine the extra widening required and length of transition curve using the

following data:

Length ofwheel base of the largest vehicle:6.1 m
Pavement width :7 .2 m

Number of lanes : 2

Rate of introduction of superelevation : I in200

Type of terrain : Plain

Safe limit of coefficient of friction : 0. l5

(1sl

(101

Q7:

9



l-

\16 ttqcpf qfr fr-qrfl qfr so ffiAia tr \l-+. ffiDE forb.fr z oo fra Fqr or \rs.
fi h-q rfi t r qq Bqrfl o1 rrtr 6i T{rs {tsi &. loq s{r{{T+. gqr itqH qr il{ qrld\r?
qE o.oz *' srfu+-ac erft axq{ 6l qR ag o-r+ t d W ao w of$+-ac ffi sr{ rrfr fl r
ilfr *Fq fffiRfd sfqd 6r sqftr o€ gq efl?rc.rs. s{hkfi +sr*.{ur o?k rimqor
a*o1ffitfrfrqft-d6t:

q-+SGsr6{UqBsbenERetffi 
= o.r fr

Vzqq+1fu= 7.2fra1

rrftrqlolriesr = z

Ewdro6t*ern+1a=zoofr1
rtqFrsrrc-fi-n = +il{
qdur b {qi+. 61 gtlQra Sm = o.r s

7(b) calculate lead and radius of a tumout on a Broad-Gauge railway track with the (151
following data:

Heel divergence : 130mm

straight length between theoretical nose of crossing and tangent point of
crossing : 1.3m

Angle of :4o45'49"

Angle of switch: 1.08'00"

Broad Gauge Width : 1.676 m

Show the values on a neat sketch of tumout.

ffi rRfd 3-cr b sp{ fs-i-q H fu w r{ onre } fis oir hqr qfr qum qrt

fidE-ddr = rgofrffr

dlfrqbfutr+.cr+ BttrmfHqbssf fr-gedqalStfrffi = r.: fr
6161ut = 4"4s,4g,'

fu+ota1, = 1.08'oo',

fsi-qfu= 1.676frg{

q-a-cnbseffieqtqHfrErtr

10



7(c) A 400 m radius curve is introduced between straight portions of a Broad Gauge

(BG) railway line intersecting to form a deflection angle of 50 degrees. The speed

for determining the equilibrium can't is fixed at 100 kmph and the maximum

sectional speed is 120 kmph. Determine the equilibrium can,t, the maximum

permissible speed (considering the cant deficiency, can't excess) and desirable

length of transition curve. The maximum permissible cant and can't deficiency be

165 mm and 100 mm respectively. Can't excess is restricted to 75 mm. The

lowest speed of any train can be taken as 50 kmph.

\1o. trs i-q d$ H dEq b m0 N b +s s0 Efi b E&qq +iur e-+1 5 6o *
400 frrc frwr qF. tsr frqr vror tr€ge-r Bqnrd 6.{i b fts rrh 100 filrfi qfr U?T

frrf|ld rfr +1qr so-fi t eir ofU-o.-dc .:rgqFftq rrtr 120 frrfr sfr Ua tl Bqfkd rfi
6{ ssa riilr{, orfY6-dq cEnq rrh r*z o1 o.* a tqn fr r$A gS, odD-r rgf d qffi)
eiq rim.qoT Tfi 6l Eiu'frq ffi r orfu+-rq sr{rd +z Gir &-€ qJ ffi 6-qq1, 1 6s frfr
ofu roo fuft 6 s6'6 trerlq,6-dr 75 ffi 6+'frft6 =rfltr frffi rs fr afi qa-rn rrfr so

ffiefrd?bFqfrfrsIs+frtr

Q 8: Write answers of the following questions

ftqfrtuccaitbsrqfrfus

8(a) what is o index? How is it estimated? what are the factors that affect @ index?

o q{6io- wr il gror sEqH h$ dqrqr urkrr il t +t{ t arro t do q{+'i-+. a
qr{fudorttr

8(b) During a recuperation test, the water in an open well was depressed by 2.5 m by
pumping and it recuperated 1.8 m in 80 minutes. Find yield from a well of 4 m

diameter under a depression head of 3 m.

\1o' M r0apr b Et{r, \r€ g.A gs fr qfrrr gnr qrfr +1 z. s fi -ct oq fu qr rrqr G{tr 16
B0 fu{e i 1.8 fr.r ilm fi6 d rrqr : frcr b EtsH ts }' {i a $-et qrs } EE t
gqqo'tqdlEfrlg

(1sl

(10)

(1s)



8(c) After how many days will you supply water to soil (clay loam) in order to ensure

efficient irrigation ofthe given crop, if:

Field capacity of soil: 27%o

Permanent wilting point: l4%o

Density of soil: 1.5g /cm3

Effective depth ofroot zone: 75cm

Daily consumptive use of water for the given crop: 11 mm

d T{ w-so +1 eqrd f$Er{g frfyd o-G b fts om tufl (ffi$ fr frlti H } sE
utfr+1c{r{t6ti, qfr,

Frfl +1 t* ewdr = zzz

Rnfrrs66'g = 14%

ft'florqa6 = 1.5glcm3

F-c fr{ qfi qqrfi 116r{ = 75cm

6.6 wq-o b lte qrfr +1 tn-o E,cd = r r Frfi

(1s)

L2


