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CIVIL ENGINEERING
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SECTION A. {75 Marks)

- This question consists of 35 (Thirty five) multiple

choice lype sub-guestions, each carrying one mark.
The answer to the multiple choice questions MUST
be written only in the boxes corresponding to lhe
question by writing A, B, C, or D in the answer book,

{(35x1=35)
. Limit of the function Er: . — is
J; Iin

! B0
@ 3 ®
{c) = (1
The function f{x) = e* is
{a} Even
(b Odd

(¢} Neither even nor odd
{d) None of the above

If Alis any n » nmatrix and k is a scalar, [kA| = o | A
where a is

{n} kn {t) n«
{e) k° {d) k/n
"2
The infinite series ,:Zﬂ %2;1))_'
(&) Converges () Divergs
() Is unstable {0 0ciilate

Number of inflection piintaffor e curve y = x + 2
xis

(a) 3 G

£} n @ {n+ 1)

Number of Jeriis in the expansion of general
detergaii@ut oforder n is

(a) n’ ¥ n!

( (@) (n+ 1)

Twih perpendicular axes x and y of a section are

callg hprincipal axes when

(g} Moments of inertia about the axes are equal
t,=1)

(b} Product moment of inertia (IW) is zero

() Product moments of inertia ([, x L} is zero

{#) Moment of inertia about one of the axes is
greater than the other

1.13.

L.8. Insection, shear centre is a point through dhick, if
the resultant load passes, the section will hot be
subjected to any

{7) Bending (¥ Tensio

{c) Compression {d) Torsion

1.9 For a fixed beam withgspan L, having plastic
moment capacity o Mp, e ulthinate central

concentrated load will ba

4M i

My -y
CH T {1 o

EM_ . BMF‘
{c} 4 {d) .

. I reinfirced conerete, pedestal is defined as

Compressifivmernber, whose effective length does
notdxceed its dimension by

(5} 3 times

{d) 8 times

O 12 imes
{c} 16 times

1.11. The minimum area of tension reinforcement in a

. beam shall be greater than

0.85 bd D87,

® ®) g
0.4bd
(&) 0.04 bd @~

1.32. The characteristic strength of concrete is defined as

that compressive strength below which not more
than

{a) 10% of results fali
(¢} 2% of results fall

{t) 5% of resuits fall

{ef) None of these
Maximum strain at the level of compression steel
for a rectangular section having eifective cover to
compression steel as d’ and nettral axis depth from
compression face x_ is

a4 d
(@) 0.0035 [1 - x“) (5) 0.002 [1 - ;)

x\.l
() 0.0035 [ --’:ﬁ.] (d) 0.002 (1‘37)



LML Acsteel beam supporling loads from Lhe Hoor slab as
well as from wall is termed as

{£) Lintel beam
(i) Header beam

{#) Stringer beam
{7 Spandrelbeam
1.15. The problem of lateral buckling can arise only in
those stee] beams which have
(#} moment of inettial aboul the bending axis farger
than the other
{%) moment of incrtial about the bending axis
smaller than the other
(¢} fuily supported compression flange
() none of these
1.16. The values of liquid limit and plasticity index for
soils having common geological erigin in a
restricted locality usually define
{n) a zone above A - line
(¥} astarighl line parallel to A - line
{c} a straight line perpendicular to A - line
* (d) points may be anywhere in the plasticity chart

1.17. The toughness index of clayey soils is given by
(a} Piasticity index/Flow index
(b} Liquid limit/Plastic limit
{e} Liquidity index/Plastic limit
(d) Plastic limit/Liquidity index
1.18. Principle involved in the relationship bgtiveen

submerged unit weight and saturated weighi bf a
50l is based on

{#) Equilibrium of floating bodies
(#) Archimedes’ principle
() Stokes’ law
{d) Darcy’s law
1.19. For an anisotropic gfil, peiineablities in x and y
directions are k_ind ¥, refbectively in a two

dimensional flow. T tfectiy permeability k  for
the soil is gixen by

() &, 4 () jl:—:

@2 1k, 7Y {d) (kky)*

120, Colesion it soil
W Ubcreases active pressure and increases passive
resistance
) decreases both active pressure and passive
resistance
{c) increases the active pressure and decreases the
passive resistance
(d} increases both active pressure and passive
resistance

1.21. Consalidation in soils
{) is a funclion fo the cffective strass
{8 daes not depend on the present stress
(¢} is a Funclion of the pore walter pressure
(d} is a funclion of the total stress

1.22. The sequent depth ratio 6’[ a hydraulic ju

rectangular horizontal channed is 16.30, Th Frouda
Number at the beginning of the jump is

() 5.64 ) 7.63
{c) 8.05 (@ 13.61
1.23.In an iceberg, 15% of the volume pro; sove the

sea surface. It the specific weight of sea water is
10.5 kN/m?, the sifecifie weighlof iceberg in

kN/m’ is
{a) 1252 {2051
() 8.93 (d) 783
1.24. The aflifiate ol thadfstantaneous Unit Hydrograph

(1) offi < tchrnent at any time t, is

) "théslope of the 1-hour unit hydrograph at that
tiy

W) the slope of the direct runoff unit hydrograph
at that time

(} difference in the slope of the S - curve and 1 -
hour unit hydrograph '

(¢} the slope of the S - eurve with effective rainfall
intensity of lem/hr

1.25. An isochrone is a line on the basin map

{2} joining raingauge stations having equal rainfall
duration

{5} jeining points having equal rainfall depth in 2
given lime interval

{c} joining points having equal time of travel of
surface runoff to the catchment outlet

{d} joining ponts which are al equal distance from
the catchment ontlet.

1.26. In a steady radial flow into an intake, the velocity
is found te vary as {1/1%), where r is the radial
distance, The acceleration of the flow is proportional

0
1 1
@ 7 ® =
1 1
© @ <



1.27. A sl formaltion through which only seepage is
possibin, being partly permeable and capable of
giving insignificant yield, is classified as

{0 Agquilard

{d) Aquiclude

(@) Aquifer
ir} Aguifuge
1.28. Temporary hardness in water is caused by the
presence of
{a} Bicarbonates of Ca and Mg
(i Suiphates of Ca and Mg
{¢) Chlorides of Ca and Mg
{d) Nitrates of Ca and Mg
1.29. Blue baby disease {methaemoglobinemia} in
childrer is caused by the presence of excess
{#) Chlorides (&) Nitrates
(¢} Fluoride {d) Lead
1.30. Standard 5-day BOD of a waster water sample is
nearly x% of the ultimate BOD, where x is
{7y 48 (b) 58
(t) 68 ) 78
1.31, The minimum dissolved oxygen content (ppm) in
a river necessary for the survival of aquatic life is
{a) O () 2
(c) 4 (d) 8

1.32. Chlorine js sometimes used in sewage treatm(
{1} to avoid Hocculation
{b) to increase biological activity of bafteria
{c} to avoid bulking of activated siidge
() to help in grease separation
1.33. The tolal length (in km;} of the exiiting National
Highways in India is indiie rabge ol
{) 15,000 to 25,000 (BC25,000 to 35,000
{e) 35,000 to 45,000 W A540U0 to 55,000

1.34. The relationshif between the length (1) and radius

(r) of an idigk tralisition curve is given by
(@) lesyr M ler?
@1t @ e =
r r
L35. lapidiring cutback bitumen is produced by

leriting bitumen with
() Kerosene

(b) Benzene

{c) Diesel

{i) Pelrol

2. This question consists of 20 (Twenty)-multiple choice
type sub-guestions, each ca rrying TWO marks, The
answers to the multiple choice questions MUST be
wrilten enly in the boxes corresponding to the
question number writing A, B, C or Din the answer’
book. (20 = 2 = 400

2.1. If ¢ is a constant, solulion of the equation

d
—y=1+y’is

dx

(@) y=sin{x+q) (B y = cos (x +a)

{t) y=tan{x+¢) {dy y=e*+
2 1 1
2.2. Theequation [T 1 —E =0, representsa parabola

x2

passing through the p nts
@) (0, 1), 0, 2), (B 18 (0,01,(-1, 1), (1, 2}
@ L0022 (L), (2,100
2.3, The Laplage tragsform ! the function
fitl =%, 0<tac
=0, cat<mis

o (e
3

) [Ej {1-e™)
3

G

5

{thke-=
2.4. Value of the funchion lim (x-a)®-*is
®—

(a1 {5y 0
{c) () a
2.5. The shape factor of the section shown in the
figure 1 is
@ 1.5

(i 1.12

h
Q :
PLa
() 2 .

) 1.7

2.6. The slope of the elastic curve at the free end of a
cantilever beam of span L, and with flexural rigidity
El, subjected to uniformly distributed load of
intensity w is

wl? wi
@ 5L 2T
wit wL?
{c) ﬁ {d) SEL



7.

2.8.

2.9

210

16 an element of a stressed body is ina state of pure
shear with a magnitude of 80N/mm?, the
magnilude of maximum principal stress al that
location s

() 80N/ mm?

W) 120 NSmm?

(b} 11314 N/nun?
{ff) 56.57 N/mm*

Two steel plates each of width 150 mm and
thicknoss 1) mm are conmected with three 20 mm
diameter rivets placed in a zig - zag pattern.
The pitch of the rivets is 75 mm and gauge is 60
mm. H the allowable tensile stress is 150 MPs,
the maximum lensile force that the joinl can
withstand is
{#) 195.66 kN
{£) 192.75 kN

(i 195.00 kN
() 225.00 kN

The lwo tubes shown in Fig.2 may beconsidered to
be permeameters. Dimensions of the smaple in Fig.
(i) and {i{) are alike, and the elevations of head water
and tail water are the same for both the figures.
A, B, elc. indicate points and AB, AE, ...etc.
indicated heads. Head loss through these samples
are

L-‘.

(F \!} C,ti‘f)AE
4} (DOAB, (if) AB

(@} (/) BD, (i) FB
(£ () AD, (i AF
A riverd m deqh consists of a sand bed with saturatd

unit wellht o020 kN/m? v = 9.81 kN/m’.
The effective Wirlical stress at 5m from the top of

safhd Dk is
() U kN /1 (i 51 kN/m?*
(NG KN /m? (@) 53 kN/m?

Iyt \s0il sample in its natural state has mass of

2.290kgand a volume of 1.15 x 10-*m?, After being

.oven dried, the mass of the sample is 2.035 kg, G
for seil is 2.68. The void ratio of the natural seil is
(1) 0.40 () 045

(c) 055 () 053

2.12. Triaxial compression test of three soil specimens

2.13.

exhibited the patterns of failure as shown in the
figure. Failure modes of the samples respectively
are

)
&)

(a) (i) brittle, (#y semi-plastic, (i7/) Jastic
(by ¢
(e} {0 plastic, {if) brifle, (i semi{lastic
() {

fy serni-plastic, (i) brittle, (/i) plastic

o} (i} brittle, (i) plastiedleli) $omi-plastic

A direct rungfi hydrogra@iidue to an isolated storm
with an effeqiive rainiiil of 2 cm was trapezoidal in

shapegmsho@in indhe figure. The hydrograph
corrfspontiito acatchment area {in sq. km.) of

)y 7902

90 cumecs. 4haurs

(55994

{c) 6825

[ 1,1 ]
{d) 435.3

2.14. The number of revolutions of a current meter in 50
. seconds were found to be 12 and 30 corresponding

2.15.

2.16.

to the velocitigs of .25 and 0.46 m/s respectively.
What velocity (in m/s) would be indicated by 50
revolutions of that current meter in one minute?
{a) 0.42 () 0.50

{c) D.60 ) 073

In a river, discharge is 173 mp?/s; water surface
slopetis 1 in 6000; and stage at the gauge station is
10.0 m. If during a flood, the stage at the gauge
station is same and the water surfae slope is 1 in
2000, the flood discharge in m?/s, is approximately
fa) 371 (b) 100

(c) 519 {d) 300

A hydraulic turbine has a discharge of 5 m®/s, when
opertating under a head of 20 m with a speed of
500 rpm. [f it is to operate under a head of 15m, f(_’f
the same discharge, the rotational speed in 7pm will
approximately be
{a) 433

(c) 627

(b 403
(d} 388



2.17. Two sampies of water A and B have pH values of

4.4 and 6.4 respectively. How many limes more
acidic sample A is than sample B?

(a) O
(b) 15
{c} 100
{d) 200

. In a BOD test, 5 mi of waste is added to 295 m! of

aerated pure water. Initial dissolved oxygen (D.0.)
content of the diluted sample is 7.8 mg/1. After 5
days of incubation at 20°C, the D.O. content of the
sample is reduced to 4.4 mg/L The BOD of the waste
waler is

{my 196 mg/l

(b} 200 mg/|

{c}) 204 mg/]

{d} 208 mp/1

2.19. A parabolic curve is used to connect 2 4% upgrade

with 2% downgrade as shown in the figure.
The highest point on the summit is at a distance
of {measured horizontatly trom the first tangent
point-FTT%)

{@) 50m
(b} 60 m . Wt
) 75m

{d) 100 m

2.20. A lwo lane single carriage-way is to be designed

for a design life period@i 15 Ppars. Thtal two - way
traffic intensity in [he gtar@f completion of
construction is_appecidil to b/ 2000 commercial
vehicles per ddy. Yehicle damage factor = 3.0, Lane
distribution fagtor = 0.70] Assuming an annual rate
of traffigc G th 8757, the design traffic expressed
as culiiulalive humber of standard axles, is

(@429 £ 1 (B) 22.6  16°
E0.1 x 10" - (@) 53x 16



SECTION B. {75 Marks}

This section cosists of TWENTY questions of FIVE
marks each. ANY FIFTEEN out of them have to be
answered. Answers to cach question must be started
on a fresh page. If more number of queslions are
atiempted, score ofl the answer nol to beevalutated,
clse anly (he firsl fifteen unscored answers will be
considered stricity. (15 x5=75)

3. Show thatthe matrix [A] is orthogonal and determine
its cigen values.

21.2
303 3
a2 2]
{}_,333
rz2
3 3 3

4. Find the maxitaum and minimum values of the

function f{x) = sin x + cos 2x over the range
Qo » <21,

5. Figure below shows the members of a truss structure,
subjected lo a vertical load of 100 kN as shown.
Caleuiate the displacements of node A using Matrix
Method. The corss sectional area of each member is
0001l m* and medulus of elasticity of the material
(E) is 2.0 x 10* kN/m’ Lenghts AB =30 m,
AC = 3464 m; AD = 4243 m; AE = 6.0 m. Anglés
BAC =130° BAD=45% BAE = 60°.

- Figure below shegiws a cantilever member bent in Lhe
form of a quadraihof a cigcle with aradius of 1.0m
up to tHE Wgenlre of the cross section.
The member (s suliiisled a load of 2 kN as shown.
The lemitly,is having circular cross section with a
diamelpr of 5050, Modulus of elasticity(E) of the
1atesialis 2.0 x 10° MPa. Caleulate the horizontal
difhiacdient of the tip.

ZkN

7.

10,

Twao wheels, placed at a distance of 25 m apart,
with a load of 200 kN on each of them are movin
on a simply supported girder {I-section) of span
6.0m. The top and baltom Hanges of lhe I - sechion
are of 200 = 20 mum and the size of web plate gy
800 » 6 mm. If the allowable and average shear
slresses are 110 MPa, 165 MPa and @\
respeclively, check the adequacy of tHe section
against bending and shear stresses faalf-Whisht of
the girder, may be neglected )

. The width and depth of a reinforcédconcrs e beam

s 250 mm and 400 mum respectively.“The beam is
provided with 4 Numd@&Gh20 mep tor bars in the
tension zone. The bedin isdubjdrted to a shear force
of 150 kN (Factarsd | heck the requirement of
shear reinforgbment and provide if required. Grade
of concrete is M 20 anil that of steel is Fe 415, The
shear gifctipth clijgndtete for different percentages
of tefisile geeare as below.

[V, =087 f & d/S, and (A_/S) = 0.4b/[_ with
Wk termé Having usual meaning] '

Yo ol Steel Shear strength of
conerete (T} in N/mm'k
1.0 0.62
1.25 0.67
1.50 0.72

. A beam with a rectangular cross section of size

250 mm wide and 350 mm deep is prestressed by a
force of 400 kN using 8 number 7 mm: ¢ steel cables
located at an eccentricity of 75 mm. Determine the
loss of prestress due to creep of concrete. Grade of
concrete is M40; Coefficient of creep is 2; Stress at
transfer is 80%, Modulus of elasticity of steel (£}
is 2.0 = 10* MiPa.

A layer of saturated clay 5 m thick is overlain by
sand 4.0 m deep. The water table is 3 m below the
top surface, The saturated unit weights of clay and
sand are 18 kNm?® and 20 kN/m?® respectively:
Above lhe water table, the unit weight of sand s
17 kN/m?* Calculate the effective pressures on 2
horizontal plane at a depth of 9 m below the ground
surface. What will be the increase in the effective
pressure at 9 m if the soil gels saturated by capillary:
up to height of 1 m above the water table?
¥, =9.81 kN/m>



11wl A brridding is comsirucied on the ground suriace
beneally which, there is 0 2w thick saturated
clay layer sandwiched between two highiy
previous layers, The building starts settling
with time. If the average coefficient of
consolidation of clay is 2.3 » 177 em /5, inhow
many davs will the building reach hall of i1s final
settfernent 7 T, = (L.197.

(Y A 1.25 m layer of soil (h = 035, G = 2.65) is
subjected to an upward scepage head of
1.85 m. What depth of coarse sand would be
required above the existing soil to provide a factor
of safely of 2 agains! piping ? Assume that coarse
sand has the same porosity and specific gravity
as the soil, and that there is negligible head Joss
is sand, v, = .81 kN/m?

12. {g) Compute the intensity of passive earth pressure

13.

14.

15.

atadepth of 8 m in a cobesionless sand with an
angle of internal friction of 30° when water rises
to the ground level. Saturated unit weight of
sand is 21 kN/m?% v, = 9.81 kN/m?.

{#} Avertical excavation was made in a clay deposit
having unit weight of 22 kN/m". it caved inafter
the digging reached 4 m depth. Assuming
¢ = 0, calculate the magnitude of cohesion.

A footing 2.25 misquare is located at a depth of 1 Sm
in a sand of unit weight 18 kN/m?® The shésr
strength parameters are ¢’ = Dand ¢' = 3630 aButlate
the safe load carried by the footing agailist cafnpibte
shear failure. Factor of safety agaiflst shofit faillire
is 3. Use Terzaghi’s analysis.

N =654, N =494 N =380

A vertical water jet is issifing ug ward| from a nozzle
with a velocity of 10 m/
15 60 mm. A flat horizon
250 Nissupporle by the impact of the jet. Determine
the equilibrifm hetrht of tae plate above the nozzle
exit. Neglect Wl Iodsi and take unit weight of water
as 1000 k.

Thend zle exit diameter

(2.

ate with a total of

T pipes A and B are connected in paralle! between
twi pdifts M and N as shown in the ligure 8,
Jipe A is of 80 mm diameter, 900 m long and its
friction factdr is 0.015. Pipe B is of 100 mm diameter,
700 m long and ils friction is 0.018. A total discharge
of 0.030 m*/s is entering the parallel pipes throught
the division at M. Calculate the discharge in the two
pipes A and B. -

16.

17.

18.

— A D=0015

Hmm i, 900m

100mm dia, 700m
B =013

—

The inflow hvdrograph for a river read

15 give
below. Route this flood to a downstreal poinl o
the river using Muskingham meflpd G4 Hod

routing. Assume that Lhe initial flood disgharge at
the downstream point is equal t 100 m*/ 5 For the
river reach, Muskingham ¢oefficieth {418 hours
and weighing factor (x) = 0.3. Use a routing period
of 12 hours.

24 36

470

Time {hours) 0 —l_ 2 48

270

Inflow {mt/s) 1‘1}[:' 70 | 780

Fig. 9 shows{ihe secti¢i (non - overflow portion) of a
straighiperadity dam built with concrete.
Corgidery Quvater pressure and uplift pressure, and
neglictie thedpther external forces acting on the
lam, dieckdvhether the resultant passes through

e midaie third of the base for the reservoir full
coilition. In the figure, RL stands for Reduced
bevel in metres and MWL stands for Maximum
Water Level. {Unit weight of water is 1000 kg/m?*
and that of concrete is 2400 kg/m?)

A rectangular sedimentation tafik is designed for a
surface overfllow raté {surface loading) of
12,000 litre/hour/m?. What percentage of the
suspended particles of diameter {a) 0.003 mm and
{b) 12 mm will be removed in the tank. Appropriate
expressicns for settling velacity (V. mm/s) may be
sclected from the formulale given below.
Kinematic viscosity (nu) of water = 0.897 mm*/s.
Specific gravity of particles = 2.63.

d2 ..

{s-1}

Stroke’s: V_= £
18 v

05
4gd 24 3
azen's: | ==={s-1 = 034
Hazen's: Vs_[fi Cp © J] S Re ¥ JRe ¥

where Re is the Reynolds number.
Newton’s: V,=[333gd (s~ 1] \ad



18, [Mesign a septic lank for a colony of 200 preople. The
colony is supplied svater al a rate of 135 litres/
person/day. Assame a detention period of 24 hours
and 75% of the water becomes waste water, The
tank is cleaned ence in a year. The rate of deposition
of sludge is 40 litres / person/vears. Depth of tank
is ko be kept a5 2.0 i Provide a free board 0of 0.3 m.
Length to breath ratio may be keptas 3 -1,

20. The driver of a car, applied brakes and barely

avoided hitting an obstacle on the road. The vehicle
left skid marks of tyres on the road for a length of
25 m. There was a speed limit restriction of 55 kinph
for that road. Was the driver of the car violating the
[imit if he was travelling on
(@) level road
(&) a 4% downgrade.
Also compute the average decleration rate
developed (in the process of braking) on the level
road. Assume the longitudinal coefficient of friction
berween the tyres and the road surface as 0.5.

21. On a two-lane two-way highway, a car A was
following a truck B and both were travelling at a
speed of 40 kmph. While looking for an opprotunity
ta overtake the truck, the driver of the car A saw
another car € coming from the opposite direction.
Af that momentl, Lhe distance between A and C w
450 m. After an initial hesitation period of, fwo
seconds, the driver of car A started the overtaxihe
operation. The distance between A and G0t thal
instance was 30 m. A overtook B by adielerdiihat
an uniform rate of 1.20 m/sec? Wiien Lhe
overtaking operation was compleled, theteefas a
distance of 25 m between B 408 Batermine the
distance between the twopsars (A and C} at the
instance of completion £ the #Vertakihg action. The
distance between diffgrenf vellitles given are as
measured from the front{he bufiiper of ane vehicle
to the front bnper of another vehicle. Design
speed of the higliway is@0 kmph.

22. A ortion of a highway is to be constructed with
25 ¢m thick plain cement concrete siab. The design
traffic intensity is estimated to be 3000 COMmmerciy]
vehicles per day. Using the data given below, check
the adequacy of the slab thickness as per IRC; 55 .
1938 procedure.

Dimensicns of slab =4.5m x 3.3 m

Design wheel load, P = 5100kg

Design tyre pressure, p=7.2 kg /em?

Foundation strength, k= 6 kg/cm?

Flexural strength of concrete = 40fg /em?

Elastic modulus value of concrete
E=30x10%kg/cm?

u=0.15

Coefficient of thermfiil expfisien of concrete,
a =102 3000

Maximurm vilue of termpcrature differential in the

slab, At=15.C

Radiyf ol aiiitness, | =90.3 cm

Radins of tyiconlact area, a = 15 em

Peisson’s ratio of congrgl

elall

~adiug of eglivalent distribution of pressure,
u=145cm

Usche following expressions wherever necessary:

“ilge stress (due to load) in kg/em?

P
= (L.526 el {0.54 11) [4 log,g -ll;+ logy, b-o.-ms]

Cormnetr stress {due to load) in kg/em?
3P [aJE )1'2
= —-ih I— —_—
h |
Edge stress (due to temperature differential) in
kg/cm? = Ea % C

Bradbury coefficients (C} may be taken as 0.72 and
0.43.

ANSWERS
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