GATE-2000

CIVIL ENGINEERING

Duration 1 Theee hous

Manicrum marks - |50

SECTION A. {75 Marks)

1. This question consisis ol 37 (Twenty Seves)
rntliiple-chaece Lyop sub-questions sach cmyling
one matk The answers fo the matlliple chaice
questipns MLUST be writker only am the bowes
carrpiding b e queshon numlbser ¢ writing
A B g T e ansawer book, {27 = 1227

11, AL B, © are aqisare makrices of fhe sapse aedor,
PABCT! s equal o
) CPATHY th) TR A
fc} AVEVCH i ATCTRY

'

12, The followmng iregral F“'_J‘:‘-‘ dx
1
]
{#) Diverges It Corverges o 5

1
(4] G:!rwrrgnhﬂ-:f dy Converges io

1.3. A funchion witk 3 pe:i.nd.i‘.lisﬂ.qwanhw

1)
]

- =l ®7 e

“Ther Fowirier series for this function is given by
1 =2 am

la) Fix)= 5“2,;"‘7
S g

y Tix)= ;;“"Tmnx

- ! _uT
e} ﬂ’-:l" 2" F”' 3

i Fie)= E_’"' wim o,
14 Consider the following o staterents :

I Themaximam number of Inearly [ndepeendisnt
column vectors of & matrix A i3 called the rank

ol A

. B A is anon o= nosquare mairts, (e will be

nordinguler is ok A =

Witk suference te the above slalemenss, which of
U Fallow e applies T

G Bepth 1hat sEstemenss e false
(i1 Bealln ibet stalemanis ars true.
L e ok 1 i lake.
Gl 0 s Ealse buk 1) i brue

L5, The dimenssons for the llesnal wigidiy af pbeam
el an mss (MG et L nd Lme (Ths given
by
dn} MTH fF) w*T?
ic} ML T [} MLET!

LB A rwo span beam with an inlernal hinge is dhown
bl

i
y v A
Y R .y
Conjgats beam corresponding bo this beem
¥ 3 2 d
P S
= I g <

Fan e

[L1]
. 5 b & ‘E
N e R

1.7, Pick ine incoerect staterrent from the moilowsng fous

sl aberneils ©

{4l Oin vhe plane which carries maximum: narmad
simess, L Ehear stnews (6 2e00.

(B} Principal planes are mutvally crthagonal

{e) On the plare which carries maximuail shear
sbress, the normal sliess i Bera.

(4] The principal stress axes anal principal abrain
ames cuincide for an solrupis maberial.
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JA A pae A 10 s suppeeted by 2 roller al Aand =

ur AR 7 47 s shisie bl
1} [ R L

A

T pesation al the miler eid A s given by
W P oy 2F

Y] ; Wl Feee

18 The fallowing bwo siateranis are made with
el 103 sumply supporied under - retrloteed
RO Dapaem
| Fattuse fakes place by crushang of concrete
medere the steel has vickded,

I The meutral sxis moves up as the bad is
T,

With sefereon b0 the above slalements, which of

the ledlowing appdics 7

47 Hanih the stalewends ore lalse.

) 1w e bl I s Balee

] Dtk the slatensenils are o

R FIER TR S

I-1I-.T‘-1|-Hm;w-:lua| dhagram For swo materinls A and
B o ahom o

Mawwinl B

—
Htrain

T Foliowng, staiements are mads hased o this
diagram :
-:I.] Matenial A bs more brittie fham matecis] 3

" 1) The wiimatestrangth of materia) Bis
-.-_. that of & mary Hhuin

With nebeenor (o the ahatar slalemaats, which ol
1 blliwsimig apvplecs 7

(a3 Bokh the stalemerds are False

i1 Bath fhe statements are true,

ich s irae baat 1l = false,

dify [ Lalse bt 1 s rrise

1.31, Fuar columm af 1he same materad ans 1!\"3

idemitiral gromedric pioieries Ane SUpPpoed in
A lprend ways as shiven balow ©

l -
LlLd

1 I m W
1 is required o arder these {our beams m the

inreasn order ol i pespective first buckling
limaids. Thoe correct order @ given by

fnp L L HLIV [ 1 R R
e 10, LAY, T ] 0L IV IR
1AL Asoil sample bas o vosd rstloof 1.5 and its porcsity
will be chese to
) 5l i BEN
) 100% ) 3%

113 A& Dosrew pit scsl bhas a dry density of 17 &/ m,

Hiow rany eibic metees of thig sol will be required
hegbnstruct &n emmbankarent of 100w vehame with
& dry density of L& kk/m’

[CC e b 1% m!

(¢l 100’ (& S’

1:14. The growp citicency of pile group

[} will be siways e tan 005

[5) will be always greater than 10{Fe

fe} may be leas than 100% o mone than 100%

[#) will be more than 100% for pile groups i
cohemioniess solls and less tham LO0HS foc st
in cohersive soils.

1.1% The twa eribesia fes the determication of allowable

berarirg capacity of 2 loundation are

@) tenwile faibure and compression failune
(H mersile fallune and setibersen)

ey bond failure asl shesr (aikire,

dh shear Lailung aigd estiloemt.
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100 1F v 100 1 1425 Bectams f vumee and e perisd
ARE s 1200 ke for an arvigatd orap, e dilia 44
= mhers s Rlver By
fal EA
L ]

[ s
id} nai

LI7 The relatias that mest hold far the Mow 1o be
irroia tEomal i

L Lo
W Eatt b ER
L L
W Frrgret W oge-g
118 Cavidaiinn is caveed by
1) high vlocity il bow pressaiee
b high peossaire 1) bagh lemperatire

103 1 ihe pump hoad is Tm, discharpe is 0464 m'/s
amid ehe enedor speed i 1440 rpem ab reied coradilion,
thee speculic spsed of the pump is aboul
(L] & M
wh 4 W10

126 The B0 remarval elficeroy, in perveniage, dusng
primary freatmend, under normal condstians
aboat

fa} 6% HI-= ]
e} M (# Leaty

121, Cratical Factors dur ke activated alud e IFekmen|
process are
o} masaimun hourly Now cate,
1B mamimum and miramam [low fle
{r) manimum hourly lbow rate and macimum
daaly organac baad.
1) minimm bowrky Mo rte and minimem daily
arganic load.
L2 Use of cosgiians guch 25 alum
fn} results an reduction of pH of the teated waler.
(&) results in increase of pH al the ineated water
fey wesults in nochanges in pH of the breated waier.

{d} mzy cause and increose or decnease of phi of
the Lreated walker

128, The disindectio eificiency of chloeing in water
Irealzmem
@) i ot dependen) om pH vakae,
{8y ip increase by incroesed pH vatue.
e} remairs conalanl at &1 pkl wahie.
) is redwend by inereased pH value

1249, T standusd plate sire i 2 plane bcaring test fog
tinding meskulus ol subypade teaction Ik} walue

) B om Gieeeter [ 50 o daaemcter

Wb Wimdameler [y 295 em imeer

125. Width of carriage way
mecomrmended bo e

W 75m W Fim

m

) AT m ] w3

Fur & simpie lape o

138, Seepping sight distsnr is e mesmuen distancg
avaslabile oaa bighway which i e
w] delanes ol saifcient leagih is sop the vekacle
wintheul callislen
1P} sastance viaiie s dnver darmg naght driving
{e) bwighl of the obieot absove the mad purlsce.
14 cistamce equal b0 the ivesghl of the driver s eye
abore e road surface.
LI Bilumirons materials are commonly use |
Tugiwray corsirucbon hivadse of their good
i} femsile and corsprssion fraperies.
[# binding srdd waler procfing propertses.
[r} sheas grength and tensile propevties.
[y i sl ewmile properies
L Thiz question consists of 24 [Twenty Four)

mulfiple-chake type sub-questions, each carrving
TWO ko, {24 = 1 m 4R}

v
20 Mifs, v, 2l = e vt Uk

LA AWk
E*F*:}'hrﬂuﬂh
) Zera 1

. i
w2 i -3-::-T+r'+:lll

22, The Taylos expassion al sinxaboul € = /6 s given
by

4

o §o 352 23

I3 T
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£ i enf donati fhe 8 aplee transdoem of

AN etk =
i gl Wl Whichal fhe (aflow ing slFlements
vl ¥
"-i-!-ll"' -i"-r)dru,ﬂ.,'.. (]
w B Il

i 1.{% j = whpt-Pi: b ]:Itl':dr:l = -
{ch ’:I-%] = =Ffa)-FIE) qi;f.‘rrk.f]_ Fis-a]
il Jﬂ]- sFts-FIBY ‘H:"""] - hy

+ &4, The limit wl the Forction I (s} = [I s .-'x'] as

% b & i by
[ 1 1B ep -a]
€] = @) Zevo

25 The smaxima ard minima of the hmoisen
Fx} = 3n7 = 152t & 3as « 10 oocar, respectively, al
@ ne= Jandxs2 i x=landx=3
£ s=landu=3d (&) xwdandxwd
uﬂvmu:m;uummbﬂm:nwm
in be ondered in ike ircreazimg order of their
respective shape facors.

OO0 L L

Wiich of the Hlﬁi‘lu dmder 13 correc T
I LY, 1 LI Im, Y
= WL, L0 4y I, 1, AL
5. A senply supported besm with an overhang, is

Eraversed by a unl conoentrated mosment From the
befil Lo it pijghed am shover el ;

[P —t "
The infiuence fane for sesction st B is giwen by

" _—l

(£

il [ H'.

i) =eeoeverywheng

2.8, The fallpwing two statemenis are made il
referenae ko the planae nass snown deiow

A

I The truss is saboally determinate
Il., T truss is kinematically determinate
With releience o the above staiemmenls, which o
the faliawing applie ?
(4} Ealh shatesnents are v
ib) Eolh stabements are ke,
teh I} s iruwee but § false.
1 as i bt 1 b Galse.
2.9, A garilever beam of tengih L and a cross sedtien

wits shape tactor [ sapports a conoen rabes koad F
s Al balow | »

e NI

The length L, of the plastic sene, when L
TR O bgn.dm; mament, squiks e 1|.J-l'll'
ek M*, given by

L L

b I I el v
ko =T ] T Li-h

L .1 e 1
L s A S s
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410, For B sirnctaing shuwn below, the vectical
dellat i ol poing A is prven by

P {. i

) I - BEEEEE g
HIET
L

T B

Gl Zero r
m H . B .

213 The vltimate bearing capacity of » soll is
X0 kB me. The diepiia found ation is T asd ueit
welghe of soil is 20 kN /m" Choosing o facior of
salety of 2.5, the nel sade beariey capacity is
iny MKl k™ o 112 kNS
lch &80 kN fmd i) 108 kN Sm?

LIZ A divep il od Tan b to be made in a clay withunin
weighl 16 kMASm" and a cohesion of 25 kN fm?,
Whak will b Uhe Dclior of sadely if ane i ip have a
slope angle af 30 * Sabiity number s gives 16 be
QU7 {from Taylor's chuel) dor a depth factior of 3
im) 0.0 {# Ll
<} 1.25 Wi L

AT In s area o 300 begiare, sy Laldo
IF thee poemsisy i 035 ane the ;pl.-tl.lﬁr:?::;:nr?;
LIS, change in voluse of sieange in the aquher m
W 180m? 1B LA« 10 m
LI LR FT [

LAR A she vl bavirg a eapacily o SR
e h-wrs-uc:tlur dunn; thar -n;u.;xﬁ:
Haw mitach area can be commandad || W sigaten
miervalie 20 days and depih ol irTigatiom i ¥ con ?
g 171 . W pd W L1410 m!
eh 2285w W ) 2395 1P !

2% The paraeneters in Harioe's indibiraties ogualles
IR0 = 0w A, - %) are given as, Iy = 752 emf
b, £ = 13 conhene and k= 4182 /i, For
ssyumed contipions panding the cumulative
infiliratian at the end of 2 haurs 5
[a) 288 cm ¥ V.50 con
[er 1M em Iy 418 cmn

1w, Water fers 3@ e of 10m' s m a rectangater
<harinel 2 m wide. The critical depth of Now
Inf Li3m [k Im
ich 145 m qd) 104 =

LIL A circalar sewer P diamler has lo corry &
discharge of 2m /s when flowing neasty fuil Wimat
= the mirsmuam requiced shope 10 initiate the Now?
A Marning's n = 0015,

213, In & dramned trigwkal dicn b=l a s
specimen of a cohesionless sand (2l under a
duvaaturic siress of ¥ kgffom? wihen it ool pressure
15 1 kgl /om, The effective angle of shearing
ressktange of sand & about
m 3 1) 459
i) 53 {fy 20

L. Two fvotings, ane circular and Ihe oiber sqmpre.
a0 lunded on the surface of a purely cohessanlecs
#0il The diameter of the circalar fooking b same as
that of the gide of the square foolng. The ratie of

Ehatir ultimale bracing capacites is
{a) 314 L 443
kLD Lk 1.3

L1% To have sero aclive pressure intersity 21 the tp of
awall in cahesive 30il, cree should apply 8 ualicrm
mircharge irdersily ol
) 2ctan o ) Jremo
e =2ctane ] -Ictana

206 Water flows at a depth of Qm with a velocty of
Emf s im a rectanggalar channel The alternate depth s
fa) 0.30m # 4=
(b OHS m i TRl m

7). CIEKIEE [k D000k,
) 00009l I N4
L2} The Following characierisias periain ke the sand
lliers wsed in waber cudusiry.
1. Filtration rabe s 1 o4 m®0m” day)
Il Typical duralion of operelion in ane rum is 24
b 72 hiwars.
N1, Crpearing cost s low
Which of the above chamclenisioos pertain io slow

sanad filwem 7
fab 10l ard 101 ¥ land 1l
Gl Mlamd 11 i} Land 1

2.23. The ruling mirinsm mdsus of hanzonial corve of
a matinral highway @ plan terrasn for o fnling
diesign spond of 100 ki Sheur with e = 007 ared
= QLIS i close po
(4] 250 m
) 3m

124 Design rate of super elevation for horizonial
highway curve of sadius 438 m for 2 mived izaflic
candition, having a speed of 125 km/bour =
&) 18 (B 005
¥ 00T ) 0I5

(b0 M0 en
sl M0 m
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SECTION B, 175 Marksl

Trog du s s sl TWENTY questsons al l-'l\;:: g
sk cachh, ANY FITTEEN ot of thom have tub e
anmeverrd. Ardeers [0 rach qmestions musl oo i
e e & sl e 11 v f-umm-r-dmmrt == | ki
ane arlenipied, soors atf ke angwaes nal 10 I:j |
cvalialed, vlse onply 1fe st fiflern wAEcore . \ |
ancapr will =2 penti dervd sIAcH (15 =% a T8 - 1

3. Feruf thi saluligm of ihe dibferential sgnation e bl

A | i e gom uin + bowith initial coditions

ar .
The stilfness mazri o s beam element 15 5ot io

i1 = 0 1hewrs 2, 0 and ke conskanss
el a ok e 2 Enllws.

dy
ym= i E ;
Use esehor U mothad o undctnmined eocificients

d ] ] . 5
o the aperaten ["'-' = i | based mothed, 4 =k .
T M
A4 A i suare malti mogiven Dy - _—
) B

¥ -: o
A -i A L
v - 2 .
: ALY : 1
Oine af the eicenvabues of A i given b be egunl Be T Symmetes
1. Determime the other siganvalues. Express the B A
elgrneecier cormesponding b9 e lowers elgenvaloe .
itk Borin | 1 a b ard determine 5 and b = Eb 0 al 4L’
] 1 3
5§ A eardileses Beam AR carries a corcenbraded foroe K -—"'L 0 0 _'.'1'
Pl el B = 1L 5. it 1 as shaw belovw ! ' I
Show usng, Castighano's theorem H‘uhi'ﬁi'm!k o -l e R i
al inclinariom a nf the Bne of action of the Brce P is 0 eL-27 0 5L 4

suachy that aim o = 1,2 dhen tbe displacement af ile
paint B, due to bending will be in the direchan of

Fareee Pt *. A simply supposted rectangular prestressed

cincrede beam M0 mm wide and lﬂﬂm&rp'hﬂ

. % 3 an glfective span of 17 m. The prestressing cable
4 bars a iriangular profile with 2ene sccertricity at

y ends and 70 mm at the midspan as shown n the

| 1, & Canainn L Figarne lwbow, T etiective prestress is 900 kN afer

Tk all lessses, Dretermme the value of 3 point load, the

beam cam suppori al the mudspan if the pressure

fi. A beam AD o suspended froen & wine CF as shown lira parsses throwgh the upper kem of the secion.

in ligure below. The beom carries a coniral Thee weight density of the materisl of the beam can
cifdenirated load F. It may be assumesd that b taoen Bo he 35 kN S,

E'?'W"’Nfﬂ-r’..hmm,,q,umﬂ.; and e
P 300 M. Ctermine, using stifiness m;.1||!| ol _Lf Fomm )
apprasch, i deflection ol paint I What woeld be B e
Mieﬂmh#hwrmthid ] = t

upwards, ingtgad of dowswards ? The axj mm-m—-‘-—- BOSrry
ion of the baam 4B m:rtb:lc:mdnul e
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% A 1wo binged parabalic asch garpes fwos
cemoembrabed meends as slown in the figne
wlony . Tie mament of meria of the anch al any
pesrlivuiir eroes srclaom s equaal lo he momend of
mleria il e crowwn meliiplicd by e secam al Lhe
arvgle 1, wihe e 0is e sl bebwenn e horiconisd
angd e Banganl 1o dber anch awis 2% that particular
:ﬂli'ﬂr Ipbrmming Hhes suppsor feaciions.

:géT

(S R et |
o e E—

& A cortimpous beam 255305 mm = 4530 mam cimes 6
miznibwess ol 12 men diameber haplisdonal bars as
aherivn. The factored shear {oree at the poens of
Eflection 13 300 kM. Check i the beam i sale in
L At AT ervi witds i om 15 N Sam and
it stee with o, = 280N man. A clear cowerof 25
mamy gar oo apsimed . The design bomd streas dop
mild strel bors in M 15 cencrene i3 specilicd 1o be
(R BT T

. A (2w bracket plate is eonnecled W oa colime
Mangy 25 shown in the figure below, The Lracket
trarsmits a basd of W = 200 kN bo the cohunn Fange.
A 1imina fillet weld 5 provided along A8, B0 and
(0. 1 e = 350 mm, b = 2K mm seed ¢ = £50 moa,
werity if the sier of the weld provided i adequate.
allwably shearing stress im (e Ellet webd can be
Ekagn i e 1060 BAPR,

10, A Sm tich clare layer nes belween o lavers ol
wand ench v thick, W o of Bhe upper Taver o
sart esingy 3l gromned levid. Thy waier bkl s 2
bolow ihe plesosawsidse surlage baitig, Am plove
prosmnd vl The sadaraled ona weerght af elay is
20w and et ol send = 0 KRS mY Above
tha water table unm weght of semul s LG5 LN fm?
Caliulale the efleciive vemical strmess 31 [he g
ars] bollgim ol the laver. A drave U tolal vernical
Sts AlRgram i fhe e sl ives

1L In am cedomenes s, 4 sperirnen of salursted chy
T4 mpn thack reag hes 5000 comsnbdaisn in 30
evinles. Hiom ooy it womld Like a fayes nl tnyg clay
Siey fhich A reach The seme degrec of comsalidatgn
wifidet he sime simest snd drainage coeditions *
IHow lond woulbd it lake ior t clay Tover (o neack
10, consalidation

13. A iootng 5m squane carmies a gross pressuse of

A5 KNS Al oa -ﬂ'-l.‘?!h al 1.2 e in sarad. The
anturated uni weight of sand is 20 ki S and the
wnil wright el the wabes Lable ITRM fed. Tha
shwear strength pasamelers are © = 0 and § = W
Foe g = M"‘,..‘».:q = 323 and Nln 1t Detiermine the
incbor of salbely with respect of shear [albare for che
Tollowing, crses:

{nywater table i1 Sm bedow pround level

{la) weaber talnle 1 at 1.2 m bedow grownd jevel

WFor Ihe retaning wall shawn in the figare elow
asmumse that the wall van yiehd seliently o
develop active slage. Use Ranks's stlive earih
pressinne thaory andd dwtermine (1) Brve faee per
meber ol the wall, and (kj the locaton of the
sesultant Hee of action

T

15, & puenp i 1o defiver water a3 » rale of 14 m'/s
fenn 3 suny e 8 reservos which 1S 10 km aeay
thraugh a sheeb pipe 1200 mmon diamahes for a
lenggthy ¢ & km and Hhe pemamning through 3 e
ppddi.gﬂkr]mﬂmm.mm;ﬁmdﬂvw
Iretvpen Ene Fall tank bevel of (e delivesy reseread®
and llre B wabes level of the swmg is 50 m. What
15 llwe Break Horse Powtr { 0 kW) requarenieed of
thi molar ¥ Assumna a pump house |oos of 375 @
arvd mitnar loases do e 10% of the frichion losses.
Lise Darcy-Welsbach iwﬁmmiﬂ.dﬂ.ﬂm!ﬂl
el pipe aad 002 for PSC pipe with 8 pump
eficlency of B
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19 scake mhel ol & proposad dam = paed Ia

oA g
ilrf-lh‘lrl-‘l"'ll"'""""'""""I'I"""’ The destn

tap Ther 5 cnw BOID of the washe o1 30O
(ki L imase enclwnaczous BL

.Ii-_-lurqumrth-"q.n‘-hu.n'mr.'-m:'m'.-'s. Entabrlish
v relagiun binweon velocilies in (he L] m-d
peutieype, What Loy ral? shasald ke established in
1he el o sl tns faw ¥ I8 velocity af
1.3 s s iapasiared 38 a pidnd in the moxdel what i
e vehocity #1 & corresponding paint an the
by T

17, An area al | hectare i3 rrigsted through a siream
ol 303 s /e Depth of the ot aone &5 1 m ard
svadlable moistirre halding capacity 1 16 enfne
Ievigation water i supplied when 5% of lhe
avaitalse messtare is depleied. Waber applicatinn
plticiency is 57 Determane the starage clficemncy

15, A 6 hous i hydrograph ol 2 watershed is given

bedow . Calowlate 18 hoar umil Bydoograph using
& rurve metnod and tabulale the resulis

Timethour) ik sl edrograph
Tl

4] 2

i 15
12 X9
I8 LT
24 418
30 s
L 15
42 1B

18, Cansader a ghcowe solution (C,H 0,1 of mokarity
o 175 = L0 bhat is completely axidized ta OO, arl
13,00 Frad the ammoeant o gxygen required for this
reaction. The chimical mass balence equation lor
o2 Bbeve rea lian is giver as
T T, B0, s 600, - SH,0
[Aamic weighis are - C = IH=10=18).

0. The dissalved duygen 10 in s urseeded sample
A diluted wasie baving am mitial 10 0 P5mg/ s
mersured by be 1.5 gl afler 5 days. The diluticn
Lm;-rnu G032 and he reaction rate conatani,

= 0232/ day (1o the base ‘e’ i (e curve
W b Eslimate en *

{c) W wg weygen deimand aller 5 days
{dy The & day B0 of gl wasie 2 750 naFuRng

A lemperanmne coefhciont of 1047

31, Thie lowed penebration date treon 21 alilornaa Hwn_n-_.;
Ratio {CBHR) best s pravided in the lollowing tabie,
Endicale wiether arvw gormesction is reguimed log the
aleulated COR walve. Fird the CBR vahie of the
sail from the data provided.

Table : Load penetration data
Feawtralinnitn mm) Laadd in kgl kg farcn) |
a 0
0.5 &
1.3 15
15 ko)
in &
L] 50
in 58
40 Ta
in 5
75 a
1] 133
125 nz
Area of plunyger is given as 1906 cm?. Pressure for
atandard crushed sienes al 225 men and 500 mm an
70 kgffem® and 105 kgffem® respectively. '
2% An ascending gradient of 1 in 45 meets a

desoending gradient of §in &3, A summit curve his
g e designed for desipn speed of #) kb s et
pruvide a safe overtaking sighl distanoe of 230 m.
Estinuate the lengih al the summit cure.
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AMSWERS

Ll LR 1Ae AR 1R BeG RT0 LR 180 L

ML LI VL Liklel LIS L 1T LI G L

L 20m 334 2ddal 2MAG 3R TG 1A R0 2
ik it BEL ) 2aA G 2adoal 2ISel Li6h RIT0W 2000 TIRnd 13044
23.{7 27 WM 2

EXFLAMATIONS

. 13 The irame is stasically determinate
12 _!ilu_Ju'*dn_ fim | ‘i[h 1]'] Taking enament aboul C, we have

R, wle P ;_p% S

fiowm L g
= i 3|[1| 1] oF R, o=

aam
1 . 112 Here ¢ =05
= ';]I]-—'I]:F
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