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Section A

Ers 3{

a 1 (a) For the given soil profile and flow conditions (Fig. 1), determine the total stress, pore

water pressure, and effective stress at A, B, C, and D. Does quicksand condition occur at

any pornt? Use g* = 9.81 kN/m' [10]
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1 (b) Justify the conectness of the statements: [ax5]

i) Two 1000 cm3 samples of sandy silt undenvent a test for permeability determination. Prior to

testing, sample 1 was soaked in water for saturation for only t hour, while sample 2 was soaked

for 24 hrs. ln which of the two samples will the soil exhibit higher permeability and why?

ii) For the same effective stress, the void ratio of a soil with an OCR of 3 is less than that for the

same soil with an OCR of 8. True or False. Justify your answer

iii) Symbols Cl, CL, and CW are valid symbols for clay soil . True or false, if false, explain why.

iv) Soil mixed with water content of 25 % starts to crumble when 2 mm diameter threads are

formed. Comment on whether the plastic limit of the soil will be less or more than 25 o/o and

why?

6rri fr HanTr irr rr'lfrs frEq ot:

it qrrrrqer frqfflrr d ffiII ffi rrrq S rooo ffi. d it TTif a-r qflffor fr;qr rrfil trfrffsr S

[4xsl

qril, trr+r 1 6-) drf, r q? d frq *{h * ffiI, qrfi fr fffiqr rrqr rn, saftF +r+r z o} z+ qe

S ffiI, Frrifcr rrr ill drfi cTn q fi ffi fffl ra vnrrear rEfifd 6m 3+{ dp

iil sqr{ grTrfr il{ra S Frg, sffi3iT{ 3 drffi ftfl 6,r f+rar 3qcrd sffi3ir{ 8 dlEfr 3fr

trd A qFr+r d oq tr sfi qr rrrat yql q-crE 61 3fl'Fl-il Hrfrd 6tt

iii) rfr.F o, cL, 3rt{ cw fr6:fr frd} d ffia tq rfr6 tt mq t m sffiar, qtr arss t il or*sr

FTE6tI

ii zsolo qrfr Efr" trrf, z Frfr ans d uri ea1* Tss-f mrrfr tr trqErfr 6t fr Frf, d

qilrfiFo Tfrqr 2s% t iFrT 6)rfr cr 3Tftr6 ril-r wf,

(3)



'l (c) Forthe following data, determine the Optimum moisture content and maximum dry unit

weight. Also determine the dry densities corresponding to the zero-air void line for the test, for

eachof thewatercontentvaluegiven.Themoldvolumeisg.44x'l 0"m3, andG=2.67. t10]

Water content (%)

Weight of wet sample (N)

19

18.9

16

18.7 19.3

Frrffifr-a r-cr a'ffi-(r, grtrc rfr fi qr*r rft E+lfotrc rgo rorg aa-+ frErfft-d alr k(r rrt,

rdo a-o rrtlT rfl:r d ffitr, qfrersr d ffi(, rrq-dr{ ft-tril tsr s 3rrrq {rtr'EEEr fr
frqffrfr ott qle di crdr s.44 x to-4m.* c = 2.67 tt

qrfr dn qElT (%)

rffiTTf iF-Ttr=Fr (N) 18.7 19.3 18.9

a 2. (a) Consider a structure as shown in figure below. The span of AB is 4 m and it is
subjected to uniformly distributed load of 9 kN/m with fixed end at A. The span BC is 5 m long

which carries a load of 24 kN at 3 m from B and has roller supports at C. The span BD is 4 m
with a point load '10 kN acting in the middle and has fixed end at D. The cross-sections of the

members yield different moment of inertias, i.e. spans AB, BC and BD has 3, 2 and ,

respectively. Assume elastic modulus is constant. Analyze the frame using the slope-deflection
method and determine (i) kinematic indeterminacy of structure, (ii) reaction forces at A, C and D,

and (iii) draw the shear force and bend moment diagrams. t15l

9 kN/m

(4)
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(16 sff{r rrt kirn 6t +sr fr dn F{ q RE[cr rrcr tl AB 6l *+ + ctc{ t srtl w a w
Ff?ird frt A HT{ g kN/m S rErr+ Fq t ffid rm d 3{rff;T tl +t+ ec s fur 6.fl t sil B

t s cta{ fr (fr rR z+ xN .Fr r{rt dFr irftr t rfr c E{ Est rtr* sqtd tt dc BD 4 fret t,

ffi qq fr rO xN tFI (16 ftiE r+n t Efrr gror rra p rn frft16 tt TEFft d pis_6q1g 6

$Ffi-3fTFrrI r.smr rqF trrtrfr t, crfr rdq AB, BC sflT so t s, z 3fr oqu tl cr+ d ft.

Ffq-fi qmi-6 Rn tr aar+-frsqur El0 ar 3qqlr 6rd sq ar trrfrqur 6t 3ftr frqfftd

at 
1iy 

rru+r fi rrma rfirrErrr, (ii) A, c rfrr p w ffifrqr ea srt{ (iii) orrfi ea #l-*

G rur 3Trkr r+rtrl 115l

(s)

24 kll



2(b) A tie member of a truss consists of double angle sections of each 80 x 80 x 8 mm welded on

the opposite side of a 12 mm thick gusset plate as shown in figure below. Determine the length

and for the fillet weld connections to be fabricated in the workshop. The factored tensile force in
the member is 350 kN. Assume the weld of size 4 mm and steel of grade Fe 410. I10l

__i__
22.7 nm---t--

es d tro er$ wcs q [&6 80 x 80, e ffi S EH 5}ur Et t';-A t ,fi 12 frfr ffi rrse

dz a ffif, ilrw ffis 6ia t*{rr fu Ttn E(r r(r fud f furqr rfl tt or{11161fr Frffid

fu(r srf drd FE-fie te o-iar+ t ffi"(r mtrrg 3rtt Eerfft-f, ott sErs { rSqas6o dq ircr

350 kN tt s{r6Tr4 Frfi6Ttos 3rt{trE Fe 410 6-rr*mcrlil (10)

i__
22.7 mnl---f--
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2(c) A singly reinforced slab 120 mm thick is supported by T-beam spaced 3 m centre to centre.

The effective depth and width of the web are 580 mm and 450 mm, respectively. Assume 8

reinforcement bars of Fe 500 of 16 mm diameter are provided in two layers with a clear spacing

of 25 mm between the layers. The clear cover in the beam is 40 mm and the effective span of

simply supported beams is 3.60 m. Determine (i) depth of the neutral axis and (ii) moment of

resistance of T-beam section. Assume the grade of concrete is M 25. (1s)

(nF r zo Fr* ffi (r6d v-cFff, r#{ 6i d{ fr f{ .r.F s +6r fi gfr qr A_fic grtr {qfifu

frqr rrqr tt to fr q'rrfi 116{r$ }rt{ # rorr' s80 Frfr fih a5s ftffi }1 qr{ d ftb r o frfi
qrs fr Fe 500 fi s qqeo-rrr ff *.O d dtE 2s frfi fi se Efr d uru dI q{d fr rErc

fr rr$ tt fic d se 3rriru 40 Frfr t rfh sro Hqfifd fic fi cqrfr rrql0 s.oo cter tr d-

frc aqtTrtl d 
1iy 

tre++ 3Tcr fi trr rrS eft (ii) cftffiq trr !flrr FqffiH otl qra d fth'6fre

6Tisuzstl (15)
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a 3 (a). A 10 kg block sits atop a larger 18 kg block, positioned on an inclined floor tilted at a

20'from the horizontal. The'1 0 kg mass is connected to a string, as depicted in the diagram

below. The coefficients of staticfriction between the blocks and the inclined floorforthe 18 kg

block are 0.35 and 0.30, respectively. Calculate the force, denoted as P, needed to pull

downward to set the 18 kg block in motion. 112l

fnF 10 fu-rr or oio re fuur S (16 G df6 6 s.q-q frr16 f,, sft Gtfri fr zo. q* qS g'(, urf

q{ Rrd tt *sr ffi Ttn Rtr rrtl E-{ { fturcr rrrr t, ro ffi Frqrc (16 Rrr fr 5.sr E'3il tI

df6 3{k qd gt, tn?f S dtq rrtft-o ESq A rJuri-6 18 Bd q'rfrF d ffi-(r FqrT: o.35 g*r o.so

tt re ffi ffii6 S *e 6') rrfr d +i fi 3iF ff S ffiv 3rra?rr6 irm fi rrcmr ot, ffi p

srcf ??fcrrrcrtl 
t12l
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3(b) ln the preceding question Q1(a), ascertain the force necessary to initiate the movement of

the 18 Kg block when a force, denoted as'P', is applied in an upward direction. I8l

Frud clt o 3 (3T r fr, ra ffitrrs 6i6 fr rrfr rJr arl S ffi-(, 3Flrznq6 $FT iF-I qilr drrr(I;gcr

(EF Ercr, 56'p $ rv fr <rrffl rrcr t, 5tn fr frrn fr 6ffr6qr Jilrdr | 1

3(c) The l-beam, which is uniform in mass, weighs 45 kg per meter of its length. Calculate the

tension in both supporting cables, AB and AC, as well as the reaction at point D. [1 0]

l).i rl

1.0 m

m r -frc, ffiro15qqq (rq''fic6 t o-I a-tr{ rffA ildr$ A cfr'fian as ffirrrq tt ffi

s5s5 drdt, AB 3Ttr Ac fr il;rn fi rrumr 6t, firq A FfE o trr ffiB-qr fr rfr lru5a1 qi 
1

0.5 rl

(e)

ot ?,i

,a.-\
:

n1
3.5 rr 6
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3(d) The spring with a modulus of k = 5 kN/m extends by 15 mm when the center of the disk,
denoted as O, is at the leftmost position x = 0. Calculate the tension, T, needed to move the
disk's center to x = 120 mm. Additionally, determine the force, N, exerted on the horizontal
slotted guide at this position. The mass of the disk is 5 kg. [10]

(c) K = s kN/m iii Enqi-6 ilFil frim rs Frfr ro ffia rtei t rE B6;.q'.,r di{, trr$ 6 d sv

fr qtTtqr ilril t, Tre$ {r$ 3f{ Rffit x = o rR Etril tl B+a.S dE iF} x= r2o trrfr. rr A sr+ d
ffig rrarrro d:rra, r fr rrur+ otr rff& 3Tfrfutr, rs Rffi'fr qlfr-fr Fi& urfs rn aq6r

rr(r irFr, N iil EqftTr mtt Ew o.r rarrrFr s fr-ir tt

T

T

(10)



a a (a) water is flowing from a pipe nozzle and strikes a plate oriented at 45"to horizontal as
shown in following figure. calculate the reading of pressure gauge if the force to hold the plate
in place is 80 N. Assume the flow to be incompressibre and frictionress. tl sl

Area * 3.95 n,:

crfr u6'cr$c +rd t ee rrr t rfr +s" ettrm w rgu (16.qile * rorrar t trr fr
ffiEa frr fr frErcI ,FTI tl rrtr Eile an Rrr Tei iFT irsT 80 N t d rqra +rql a;r rr dil

fltrrr fr rrurqr atl crq d ftb, rcre sI+rdfr 3fr u,*uy 16o 1, (ts)

/t

Area =li.Lr::, rrlr

( l1)

Area = c.oS mr

f.,

/,



4(b) A viscous fluid with absolute viscosity of 0.065 Ns/m, and density 800 kg/m3 is flowing at a
rate of 0.008 m'/s through a tube of diameter 10 cm. lZ+131
(i)Find the pressure gradient (pressure drop per 1 meterof tube length)assuming no boundary
effect (or velocity being parallel to tube axis).

(ii) lf the tube is 1 km long, find the power rating of pump required. Assume the efficiency of
pump to be 68%.'

0.065 Ns/m, fr Wf ?qFrrfi Ah ggg kg/m. Et=Ifrt in6J trO ffiqr Fr 1 0 cm qrs t1rffi (16

q( S rTlqq t o.oo8 m3/s fr rt t ee rrr tt

(i) R{t frHt Tfrqr qqrd Gn 6IEr 3{ff S tm ot qrrd EIr qiilir qduril (q{ fi ffi
d cfrI r frer ren giqr tnl qiTT ffirui

(ii) qfr afE r ffi trfr t, ;1 3541rrtr qq fr qrct tfrr Era 6.tt qrc t fr cc fi Eqrar 68% t

Sdction B

uie

Q 5 (a) What are the critical positions of loading on a rigid pavement as per Westergaard's
analysis? Explain the two major stresses acting on a rigid pavement. tgl

ffi S frrilsur S srlsn 6 tnzwq rR qR fr rrd{uf Rrffi wr te 6 q-awu w
mrr{ ilA dt rgo il{rd fi ar6sr ail

5(b) Explain the functions of longitudinal and transverse joints in a rigid pavement. t6l

E Eeqrq t 3r{ed s+{ 3f{n+q sifs-i a orfl 6 qFqr artl

5(c) Explain the three types of pavement distress resulting from repeated (cyclic) apptication of
traffic loads. Define the resilience modulus of soil with the help of a diagram. tgl

rrtrlrtrkT qn d en-un rqfr$ sr{rfrrr t Jilr q'aru ffi S fi{ r6rif fr urisry qtrl
fr* fr rarrrar S frfl A FrtrilT{ crcio, 6'} cfruffia atl

5(d) List the four major categories of railway signals. Explain through a schematic diagram the
different types of location signal that a train will pass through while approaching a station. [g]

ffi Hiffi fr qn qT€ rtffi fr qm e+rql 1ro vtr+recq 3rrt€ s mtqc * rq frrtrr
sirrr $ p1-a siffi dI fiTflr(r'Eil* ia ffi €rrc fi 3f{ 3rra srrrT rdmr

(12)



5(e) The average normal flow of traffic on crossroads i and 2during design period are 500 and
300 PCU per hour, the saturation flow values on these roads are estimated as 1200 and 1000
PCU per hour, respectively. The all-red time required for pedestrian crossing is .l 2 sec. Design
two phase traffic signal by Webster,s method. 

t10l

Bi|E{ srdE A Et{'I{ *IG r sih z q{ qftnrrrfr 61 3+sd rrrqrq 9ar6 soo gil-r:oo ffi{
gfrI [sr t Fr +rr-ol qr wfr rar EFr 6rr?r: r z o o 3rt{ I o o o fr .+q qfr, sa 311qrfu t r

tffi crfi FiFfu A ffiI, 3rrd?qir'yuf srrr 12 s5! tt icg-r frlt fm eil urur driilr tfr3;
Hifra furrsc 6{t

Q 6 (a) The census data of a town is given in the table. A rectangular sedimentation tank
(L:B:H=12:3:1) should be constructed for treatment of water aiming for 20s1, considering annual
average water demand of 135 lpcd and peak hourly demand is 1.5 times of average annual
water demand (ignore losses). (i) what should be the daity water demand (t/day), and (ii) size
of the tank, if the designed hydraulic retention time is 60 min? Assume the population of the city
increases following the arithmetic increase methodl. tl5l

Year 1981 1991 2001 2011

ftrfr rrrr fi il{rrurfl ab 3Tri't ilrfr--T s frtr w tr a{ zosr s ae * srq qFfi s sqn d
ffi'(, (16' 3IrrkrI'iDR 3ftr+rrFr *o r(rd.fr.(rE=r2:3:r) drT Hq frqr rr+r rlfrq, ffi ilrFl6
3+sa qFfr a cirr r3s (,_srfi+fr* rfrr qmrq Ere fi cirr 3ftrd ffifa qFfi a sirr al r.s

[{I t raorrra .R €trla q a r ri l d {p6 crfr fi qirr rffievfr+r, rrt{ ri i r to. ml 3rkF.R rrrr

dr*r rrB(, ? ctr trEri{ fr'qr rrqr aift{ cfrq** rrrrrr 60 fr{e tr c,, d fr si'rrFkfiq

1clo qufr A rr11ffi ?rrr fi Frniqr q 
T<lA drfi tr trsl

il( 1981 1991 2001 2011

45000 60500 72oOO 85000T{gqI

(l 3)

Population 45000 60500 72OOO 85000
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6(b) To measure the MPL/100 mL, three parallel experiments with four different sample sized
(1' 0.1' 0.01, 0.001)were carried out to find out the Fecal coliform content. First two samples do
not have any negative result, where third tube has two and forth tube has one positive results.

Find out the Fecal coliform content in the wastewater sample using Thomas method. t10l

wfr(rf,lroo w(rfr of qrqt s ffiv, qrr 3ftm-3ftrrr arn * 3rkFR (1, o.r, o.or, o.oor) a

ffiq fi{ rffi a? s-6iil aHrrid fr rn:rT qdr Frrnt d frv Brr rrtrr v6il d Tfn

t 6t$;rcFnrarai qfrunq;rfr- t, rsfr #+rfr ftfr { a 3Th drfi Tffi fr (rcr +r6.t:rr6rc5 cr{unc

tt rliq-s frfEr ar 3$t'FT drd 3rcfilu ,rm S qt d S6d affiC fi qm ol rriTr Frrr(ri

lrol

6(c) A single stage trickling filter packed with rock-media can treat a flow of 1800 m./d. The

influent BOD in the treatment plant is 500 mg/|, where the primary clarifier removes 30% of
BOD- The diameter of the filter is 6 m and depth is 5 m. The capacity of re-circulation pump is
600 m'/d and it runs with its full capacity. Calculate the effluent BOD and the overall efficiency of
the trickling filter. [given, F=(1+R)/(1 +0.1 R),] tl sl

lto-*Bfi t *o 1r516q-6 +tsr ffirr mE{ 18oo msld d gdrt'6l JqirR ir-r HiFiTT tt

3tlrlrl si*r q slet A sr}r TGrd EI fuTtfr 5ee fiffig1q/Fn?{ t, rri grqffia. ErJE$o so"A

d3ffr at rer tcr tt fret irl q;s e fier 3Ttr 116rr$ s frcr tt fi-r{drr+ qc fr nEl.rT 600

m./d t rtr qa 3Trfr Tt qrrrtrr fi ffiraT tl ran fr sflr rqr6 6T fuitfr 3rtr ffirr frdr
fr gry EqIiTI fi rrur+t ott rEgr rrcr t, F=tr+ru/tr+o.rR),1 t15j

(14)



Q 7 A 6-h unit hydrograph of a basin is triangular in shape and has a peak of 60 m./s. The peak
discharge occurs at 18 hours from the start, and the base length of the unit hydrograph is 54
hours.

(a) what is the area of the catchment represented by the unit hydrograph?

(b) Calculate the flood hydrograph generated due to an effective rainfall of 2.S cm in the first 6-
hour period and 3.5 cm in the next 6-hour interval. The base flow can be assumed to be 15 m3/s

constant throughout.
[15]

(c) Assume that due to urbanization, the g- index of the basin has decreased from 0.25 cm/h to

0.1 cm/h. Moreover, the 6-h unit hydrograph now has a peak discharge of 100 m3/s at 12 hours
from the start' The base length of the unit hydrograph has been shortened to 48 hours. lf there
is a storm of 4 cm in the first 6-hour period and 5 cm in the next 6-hour interval, estimate the
percentage increase in the peak storm runoff due to urbanization. t15I

(nF itrlra ffi o-qe 6T gre 6rf$]rns ffiruftq 3rrrrn q t 3fr{ Eff6l ftr6r oo mvs tt

Ffu 8f,6{ cR:{ t 18 Erz qr 6'til t 3rt{ qkc 6rFBr.Jr,F fi sTrrrn a.erg a4 ut tt

1rry {fe rr$ilrJrrn. 6rrr E?rfTr rFqr ysrr6 6-r d" *r tz
(d) TFd 6 

qe fr rrdf* fr 2.5 frrfr 3{tr 3frrd 6 
qA * 3ril{rm d s.s ffi fr cqrfi dsf *

iFr{q rtr{ dr? Er$Etrjrs fr rrur+ att gt 3{TrrR Irdr6 6t 15 m./s ftr{ qr{r rr HiFaT tt

(H) ffi EflfiV fr rrrfropr S a-nor ffiruro 6l p_ qq6.i6 s 25 ffi7uel t uemr s.1

ffilqar d rrfl tt 96; 3rFrr.r, 6-qe d {B-c rEdrrJrs fr rro rpsrra * rz .r? t 100 ,./"
irr H-fdr fttrtq tt tfe arfjIrlrm' fr rnem ffi q-co-r 

48 qe d rrcr tr qtr.rrd 
o 

qa fi
rdfEl t 4 frfr 3Tt{ 3rrr-fr 6 

qe d 3rtr{rf, { s ffi fi dsf d?fr t d rrr+torvr S m.r+ur

+rfu 3dqirr6 f ffirm EclO 6l ryqF{ ilrn(ri

t10l

(1s)



a 8 (a) After how many days will you supply water to the soil in order to ensure sufficient

irrigation of the given crop if the field capacity of the soil is 28%, the permanent wilting point is

'13%, the dry density of the soil is 1.3 gm/cm', the effective depth of root zone is 70 cm and daily

consumptive use of water for the given crop is 12 mm. Assume any other data if required. [10]

d rr$ qg-a 6t qqfq ffi {frf?Td 6rf S FIv gnq ftffi frCf S ffi trrf, fr qrfr 6l

3{rgffi 6tn qtr fffl 6l stds qrrdT 28ol., +qrfi T.flrf 6l ftiE rs%, ffifl 6T {Er EFI<.I 1.3

q1s7 ffi., E eI{ fr srrrfi nffi$ zo ffi 3ffr A G rn.sm S ffiI, qr* an tF+a;:qril-r rz

ftffi f, I qft 3rrdtr6 dl d 6t$ erq ier qr+ dt

8(b) Assume the transplantation of a crop takes 16 days, and the total depth of water required by

the crop is 60 cm on the field. During the transplantation period of 16 days, if rain starts falling,

and about 10 cm of rain is utilized to fulfill the crop water demand. Find the duty of irrigation

water required for crop during the transplanting period. (i) Assuming 25% losses of water in the

watercourses, find the duty of water at the head of the watercourse. (ii) Find the duty of water at

the head of the distributary, assuming 15% losses from the distributary head to the watercourse

head. t10l

q1-+ EflB(r fr'(16 rriffir A ffi fr 16 E;r Frrri t, s#* qsa 6') qrfi A 6-FT 3IId?rliF oo

ffi t I r e frCf fr ffi 3rilf,q S drrq, ctr Efi rr Elt ffirrfi t srtr arn+ry r o ffi erRrt ol

:qfrrr q-sa fi crfi A ciq at gn art d ffiV frqr sril tI W rcE.;; qt{H ETd d

ffitr :rrarqo ffi rm fi qA iam frfr(rl (i) trdqRr3il'fr crfi A 25% 6rH cr+A Eg,

ffirqnrS rfl{rtcrfifrqdarcdBtrt (ii) frinq rfi{traqmd tfr{ro 1s% 6rfr

sr+i E(r, frff{or A rfrS w qrfi 6I F1-A a,-f,q fl-6 fiE(rl

B(c) A trapezoidal channel with side slopes 1.5H:1V is required to carry 15 m'/s of flow with a bed

slope of 1 in 4000. lf the channel is lined, Manning's coefficient (n)wlll be 0.014, and it will be

0.028 if the channel is unlined. Calculate the average boundary shear stress if a hydraulically

and economically efficient lined channel is adopted. t20l

l.sH:lv qr?d 6ilr+ drd (JcF TTTTErtIIFlr +ffi d +ooo if r d ra zar+ d grq t5 m:/s lror6 A

drt fr 3f,rd?Tirar 6ifi tr qtr arr< iTm t, a) tt+-t 6'r rJUn6'(n) o.o14 drrfi 3Tt{ ryti6

o.o28 6trrr vtr Aqiil 3iqdr5{ t I 3r1gd frqr o-trrfr r;rn fi rrum 6i qR'6r{frF6 3+t

3nfif6 Fc fr E?rf, dr{€ t+a s{q+rql rnn tt

(16)


