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1.2.

1.3.

SECTION A. (75 Marks)

This question consists of 27 (Twenty Seven)
multiple-chaice tyep sub-questions each carryiing
one mark. The answers to the multipte choice
questions MUST be written only in the boxes
corresponding to the queston number by writing
A, B, C or D in the answer book, (27 x 1=27)

If, A, B, C are square matrices of the same order,
{ABC)! is equal to
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The following integra
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{a) Diverges 3
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{¢) Converges to - a—; {d} Convergesto0

A funchion with a period 2n is shown below
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The Fourier series for this Tuligtion|§s given by
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Consider the following two statements :

I. The maximum number of linearly independent
column vectors of a matrix A is called the rank
of A,

Il. if A is an n x n square matrix, it will be
nonsingular is rank A =

1.6. A twogoan |

With reference (o the ahove statoments, witiiiel
the following applies 7

() Both the statements are False
{b) Both the statements are trye
(e} 1is troe but 11 is false.

(€} 1is false but 1 is true.

1.5. The dimensions forfhe (lefiiral vgidity of a beam

element in mags (M) leifbth (L) and time (T) is given

by
(@) MT2 By ML*T2
{o) MUR? (@) ML1T?

=&t with an internal hinge is shown
below!
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1.7. Pick the incorrect statement from the following four

staternents :

{a} On the plane which carries maximum normal
stress, the shear stress is zero.

(¥) Principal planes are mutually orthogonat.

{e) On the plane which carries maxiznum shear
stress, the normal stress is zeTo.

{d) The principal stress axes and principal strain
axes coincide for an isotropic material.



1.8 A lramp ABCD is supported by a rolier at A and is
on a hunge at O as showen belfow :
T 12 Lz

N T

—

The ruuc!.ié\n al the rofler end A is given by
(ay P by 21
44 r (dy Zero.

2

1.9, The following two statements are made with

reference to a simply supported under - reinforced

RCC beam:

I Failure takes place by crushing of concrete
before the steel has yielded.

I The neutrat axis moves up as the load is
increased.

With reference to Lhe above statements, which of

the following applies 7

{7} Both the statements are false.

(&) 1is true but 1 is false,

(] Both the staterments are ture.

{dy 1is false but Il is true.

1.10, The stress-strain diagram for two miaterialdand
B is shown below :

/\MatgnalA

Ifrh

z Material B

i -

5] Strain

The following statements are made based v this
diagram :
{l} Material A is more brittle than material 3.

1
(I} The ultivnate strength of material B is more than
that of A.

1.1L

1.13.

1.14.

1.13.

with refetence to the above statements, which of
the following applies ?
(@) Bolh the statemnents are false.
{f) Both the statements are true.
{g) lis lrue but 11 is false,
{d) 1is false but 1T is true.
Four column of the same material and havine
identical geometric properties are suppafled in
diiferent ways as shown below :

\\E

Dy o

I . i TLL v

It is required|to ordef these four beams in the
increasipggardel wl thell respective first buckling
loads 4 he coact order is given by

(oL, U, 1 1Y by HLIV, LI

A 11, L Nyt () LILIV, I

4 son Bample has a void ratio of 0.5 and its porosity
wilibe close to

{a) 50% By 66%
{c) 100% {d) 33%
A borrow pit soil has a dry density of 17 kN/m*

How many cubic meters of this soil will be required
to construct an ernbankment of 100 m? volume with
a dry density of 16 kiN/m’.

(m 94m () 106 m?
(©) 100m? @) 90
The group efficiency of pile group

{#) will be always less than 100%
(b} will be always greater than 100%
(¢} may be less than 100% or more than 100%

{d} will be more than 100% for pile groups in
cohesionless soils and less than 100% for those
in cohensive soils.

The two criteria for the determination of allowable
bearing capacity of a foundation are

(7) tensile failure and compression failure.
(I tensile fallure and settlement.

{t} bond failure and shear failure.

{(d) shear failure and settloment.



L6 I duty {D}is 1428 hectaros /cumec and base period
{B}is 120 davs for an irrigated crop, then delta (A}
in meters is given by
iy 28
{) 1.38

(0 073
) 0o

1.17. The relation that must hold for the How Lo be
irrotational is

du e M e
e — — = {} —_— —
{ av  dv (&) g o
d’u 4 o the
R -+ =1} ————
fe) ot bt ) dy dy
1.18. Cavitation is caused by
@) high velocity (I} low pressure

() high pressure (@) high ten1peramre

1.12. ¥ the pump head is 75m, discharge is 0.464 m7/s
and the motor speed is 1440 rpm at rated condilion,
the specific-speed of the pump is about
(@) 4 ) 20
) 38 () 1440

1.20. The BOD removal efficiency, in percentage, during
primary treatment, under normal conditions is

about
(@) 65% (b) 85%
{r) 30% {d) Zerd

1.21. Critical factors for the activated sludfe trefident

process are

{7} maximum hourly Alow rate.

{B) maximum and minimum oY

() maximum hourly@icv@sate ind maximum
daily organic loat

(@} minimum hourly Bl ratefind minimum daily

organic lgad.

aniars suckds alum
stion of pH of the treated waler.
indincrease of pH of the treated water.

1.22, Use of cq
(@) resultsin red
{1y Chesud
{c} results in no change in pH of the lreated water.

1) W cause and increase or decrease of pH of
the treated water.

\,23, The disinfection efficiency of chlorine in water
treatment
{7} is not dependent on pH value.
{(#) is increase by increased pH value.
{c) remains constant at all pH value.

{d) is reduced by increased pH value.

—

1.24. Tlie Istan(lard Plate size in a plate bearing test for
tinding modutus of subgrade reaction (k) value is
{7} 100 cm diameter (I 50 e diameler

{£) 75 cm diameter ) 25 om diameter

1.25. Width of carriage way for a single |
recommended to be
@ 75m

cy 375 m

ane ig

[y 70m

{ef) 55m

1.26. Stopping sight distance is the minffium dist
available on a highway which is te

() distance of sufficient length to sip thed ehicle
without collision.

(B} distance visible to@dnvabdurin@night driving

() height of the objitt aifove

()} distance egfiallo Bihsis
above thi road sugace.

¢ road surface.
it of the driver’s eye

1.27. Bituzmd
highfvay ofi

15 Wterifls are commonly use in
truction because of their good

i) lengdlie apiicompression properties.

'7} bind

{c) Jshear strength and tensile properties.

£ and water proofing properties.

{) bond and tensile properties.

2. This question consists of 24 (Twenty Four}
multiple-choice type sub-guestions, each carrying
TWQ marks. {24 x 2 = 48)

_1
21 Uf(x, v, 2)= o+ y2 +22y 2
3 It 9
_&?+?+EZT is equal to

(7)) Zero i

_:
€y 2 {i} —3(x2+y2+zz)
2.2, The Taylor expansion of sin x about x =1/6 is given
by
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2.5.

2.6

27

t sy = £ [1f (t}} denote the Laplace transform ol

the fuction 1. Which of the {otlowing statements

is correel 7

|

£ j frr)dt = sF(s) - (o}
]

g [ tenyd |= -
o

[t

J' f(r)dfj]: F{s—a)

o

T 1
-[f(f)df} = ';' F{S)

i

| = sF)-Fe); £

o
() £['&T] = sF(s}-F(0)

H

The limit of the function () = {1—214 /x"} as
x —» w is given by
(1

{c) o

(8) exp [-a]

(d) Zero

The maxima and minima of the function
F{x) = 2x% - 15x2 + 36x + 10 occur, respectively, at
(@} x=3andx=2 (I} x=landx=3

{£) x=2andx=3 {d) x=3andx=4

The four cross sections shown below affpequiind

to be ordered in the increasing drder/niheir
respective shape factors.

|

|

v
Which of th following order is correct ?
f2) M4 TV, () LU MLV
ey, I, 0L () L1V, 1L1

AsimplipSupperted beam with an overhang is
lragersed by a unit concentrated moment from the

ft48 the right as shown below :

!.—b» Direction of Motion
M=1 A B
[ ]
j A

12— —— — 1,

b

The influence line for reaction at B is given by

2.8,

29,

{r} \gm

_2L[/

® | 1
!T
1]

{c) i 1 :

{d) zeroeverywhere

The following two statements are made with
reference to the plapfit trels shoyds below :

=R
/

The truss is statically determinate
[, The truss is kinematically determinate
With reference to the above statements, which of
the following applies ?
{a} Both statements are true.
{b) Both statements are false.
{¢) [Iis true but { false.
() Tistruebut 1l is false.

A cantilever beam of length L and a cross section
with shape factor f supports a concentrated load P
as shown below : P

4

Lp
[
- - L o
The length ]_. of the plastic zone, when the
maximum bendl.ng moment, equals the plastic
moment M, given by

—
|

L
@ -7 & L=ia-9
L 1 L 1
© T @ ey



2.18. For the siructure shown below, the vertical
deflection al point A is given by
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2.11. The ullimate bearing capacity of a soil is
300 kN /m?. The depth of fotndation is 1m and unit
weight of soil is 20 kN/m". Cheosing a factor of
safety of 2.5, the net safe bearing capacity is
{(n) 100 kN/m? Iy 112 kN/m?

() 80 kN/m? () 100.5 kN/m2

2.12. A deep cut of 7in has to be made in a clay with unit
weight 16 kN/m? and a cohesion of 25 kN/m?2,
What will be the faclor of safety if one has to have a
slope angle of 30° ? Stability number is given to be
0.178 {from Taylor’s chart) for a depth factor of 3,
{o} 0.80 by 11
{c} 1.25 {dy 1.0

2.13. In a drained triaxial compression test, a satated
specimen of a cohesionless sand fails_undet)s
deviatoric stress of 3 kgf/cm? when the @8] pidssure
i3 1 kgf/em? The effective angle(0f sifeatihg
resistance of sand is about
{a) 37° (b} 452
{c) 53° {dy_20°

2.14. Two footings, one cirfulacdndathé other square,
and founded on the sur{yf of a phrely cohesionless
sail. The diameter of the (ST footing is same as
that of the side hf the square footing. The ratio of
their ultim@ite bedking copacities is
(0) 3/4 b 4/3
)y ©0 ) 1.3

2.15(Fghavizero active pressure intensity at the tip of
awaidy sohesive soil, one should apply a uniform
sitcharge intensity of

M 2ccoto

(d) -2ctana

{a) Tctan o

¢y -2ctanw
2.16. Water flows at a depth of 0.1m with a velocity of

6m /s in a rectangular channel. The alternate depth is

(@) 030m () 040 m

{c} 0.86m {d) 0.81m

2.17. In an area of 200 hectare, water Lable drops by 4 m,
If the porosity is 0.35 and the specific retention is
(.15, change in volume of storage in the aquifer is
() 16Gm™ )y 16=10°m
() 8x 10 m? {d} 1.6=10% m2

2.18. A tube well having a capacity of dm? /hour operatas
for 20 hours each day during the irrigation season.
How much area can be commanded if the irrigami A
interval is 20 days and depth of irrigatiofis 7 em
{m} 171 = 10° m? (5} 114 = 10* m-

(£} 22.9 % 10* m? {d) 2.29 x5 02

2.19. The parameters in Horton's infillralion ¢ uation
({0 = £+ (f_ - £)7"] are given athi, =462 em/
hour, f_ = 1.34 em/hour and k = 4.182 /hour. For
assumed continioud volling e cumulative
infiltration at the enl of Zfhowts is
(a) 268 cm ) 0 em
(£} 1.34cm Wy 418 cm

2.20. Water flows 0t a rate of 10m7/s in a rectangular
chan@el 5 iy wic@ e critical depth of flow is

M 11360 M 2m
) tdim (d) 1.04m
£21. W circular sewer 2m diameter has to carry a

distarge of 2m?/s when flowing nearly futl. What
the minimum required slope to initiate the flow?

Assume Manning's n = .015.

(@) 0.00023 () 0.000036

{ry 000091 (4) 0.000014

2.22, The following characteristics pertain to the sand
filters used in water industry.
L. Filtration rate is 1 to 4 m?/(m? day}.
[L. Typical duration of operation in one run is 24

to 72 hours.

Tl Operating cost is low.
Which of the above characteristics pertain to slow
sand filters ?
(@ LHandIll
{c) Handlll

2.23. The ruling minimum radius of horizontal curve of
a nalional highway in plain terrain for a fuling
design speed of 100 km/hour with e = 0.07 and
f=0.15is close to
{n} 250 m
{c) 36m

2.24. Design rate of super elevation for horizontgl
highway curve of radius 450 m for a mixed‘ traffic
condition, having a speed of 125 km/hour is
(m 1.0 oy 0.05
{¢) 0.07 ) 0.154

(t land U
{d) Tand Il

(5} 360 m
(@) 300m



SECTION B. (75 Marks)

This section consists ol TWENTY questions of I-I\f};.
marks cach. ANY FIFTEEN out of lhfzm have to be
answered. Answers to pach questions I‘.I‘ILES! bs,j
siatled on a fresh page. i more number of guestions
are attempted, score off lhe answers not Lo be
cvaluated, else onlv the [irst fifteen unfcore—d
ver wifl be considered strictly. {15 =55 73}

on of the differential equation

TSV

Find the soluti

Lt

§51+ Ay = cos et + k owith initial conditions
dat? ’
vy=10, ﬂ\_ [0y = 0. Here 2. and k are constants.

Use either the method of undetermined coefficients

(o d
vr the operator L D= gi] based method.

4, A i§ a square matrix is given by

{2 o]
A=|-1 2
o0 -1 2
One of the eigenvalues of A is given to be equal to
2. Determine the other eigenvalues. Express the

eigenvector corresponding to the lowest eigenvalue
in the form [ 1 a b}l and determine a and b.

5. A canlilever beam AB carries a concentrated forc
Pand a momenl M = PL/3 at its lip as showafGdlbw.
Show using Castiglianc’s theorem that, if the alig
of inclination ¢ of the line of action offthe fofte P i
such that sin o = 1/2, then the displacement Qighe

point B, due to bending will b¢ inthg Himestion of
force P.
o]
/
Yy __
A;- a,
4 , —— g
! E Coistont M
[ R T PP N

(5

6. A W 8 is suspended from a wire CB as shown
in gul. tw;i(:w, The beam carries a central
“aicentrated load P. It may be assu
E=7%100N/m?, 1 = 800 mni‘, A=12 2?:2 tahr?c;
P 300 N, Determine, using stiffness m;trix
.p.proach, the deflection of point B. What would be
this deflection if the load P were o be applied
upwards, instead of downwards ? The axial
deformation of the beam AB may be ignored.

C

AR Wire
lp = 300N B0fmm

L—Qﬁﬂanm——b-‘-— 20{nn —

1B

The stiffness matrix for a beam elinent is%iven to

he as follows.

2 ]
3 1, AF s
—e N4 »
S N

I 1
A ; - Symimetric
0 12
K DEL 0 6L 417
¥ . ,
ALY AL
) 1
0 -12-6L0 12
0 sL-2120 —6L 417

. A simply supported rectangular prestressed

concrete beam 200 mm wide and 400 mm deep has
an effective span of 12 m. The prestressing cable
has a triangular profile with zero eccentricity at
ends and 70 mum at the midspan as shown in the
figure below. The effective prestress is 800 kN after
all losses. Determine Lhe value of a point load, the
beam can support at the midspan if the pressure
line passes through the upper kern of the section.
The weight density of the material of the beam can -
be taken to be 25 kN /m?.

f— BOC0mMmM —--i--——- B000mMm ]



8 A two hinged parabolic arch carries two
concentrated moments as shown in the figure
belowe. The moment of inertia of the arch al any
pariicular cross section is equal to the moment of
interia at the crown multiplied by the secant of Lhe
angle @, where @ is the angle between the horizortal
and the tangent Lo the arch axis at that particular
sectiod, Determine the support reactions.

H M i

Yo

je-La—wl
|

il

Lt L

9. A continuous beam 230 mm x 450 mm carries 6

numbers of 12 mm diameter longiludinal bars as
shown. The factored shear force at the point of
inflection is 200 kN. Check if the beam is safe in
bond. Assume M15 mix with ¢ =15 N/mm? and
mild stee] with o, =250 N/mrd A clear cover of 25
mm can be assumed. The design bond stress lor
mild steel bars in M15 concrete is specified to be

11.

12.

13.

A 5m thich clay layer lies between two layers of
sand each 4m thick, the top of the upper layer of
sand being at ground level, The water table is 2m
below the piezometric surface being 4m above
ground level. The saturated unit weight of clay is
20 kN/m* and that of sand is 19 kN/m?. Above
the water table unit weight of sand is 16.5 kN /m"_
Caleulate the effeclive verlical stresses at the lop
and botlom of the layer, Also draw the total vegsigal
stress diagram in the given soil layers.

In an cedometer tesd, a specimen of saturaldd clay
19 mm thick reaches 50% consolfiiaton Gn2s
rhinutes. How long it would take a (Syer of this clay
5m thick lo reach the same degree §hconselitation
under the same stress and drainage Mdons 7
IHow lond would it take far the clay layer (o reach
30% consoltdation 7 ’

A footing 3m squarg caffies & gross prassure of
350 kN/m?* agilpiepih of 42 m in sand. The
saturated unif weight of sand is 20 kN/m? and the
unit weight aliive the Sater table is 17kN/m”. The
shear sifcQpth Pammiiers are ¢’ = 0 and ¢’ = 30°

1.0 N/mm? {Forf/=30700 =22 and N = 20). Determine the
' ’ tagloroffafety With respect of shear failure for the
Seclion of point [ollowine cados:

/ of inflectich

& nos. of 12mm Ao

L
|

| s

RS I TPV N
3

thwater 1aole is 5m below ground level.
{bj\dater table is at 1.2 m below ground tevel.

14.For bhe retaining wall shown in the figure below

assume that the wail can yield sufficiently to
develop active stage. Use Rankine's active earth
pressure theory and determine (a) active force per
meter of the wall, and (b} the location of the
resultant line of action.

% s T

10. A 12mm bracket plate is_conneckd G column ' ? t=16khlf_’m’

flange as shown in thedigliifbelo ,IThe béackek ¥ ? E,-=;o‘ 3m

transmits a load of W =100 ki tgghe Zolumn Hlange. Cy=

A 10mm fillet weld is pidnded llong AB, BC and é——i._i__

CD. If e = 350 mm, b = 200 and d = 650 mm, f . —lsk;/m’

verify if Lhe siz@of the weld provided is adequate. A ‘.u_':ao_ 3m

Allowableghearhg stre@s in the fillet weld can be g Ci > l

taken to be (UM Ba. A=

byt

[ ¢ - 15. A pump is to deliver water at a rate of 1.4 m?/s
from a sump to a reservoir which is 10 km away
through a steel pipe 1200 mm in diameter for a
length of 5 km and the remaining through a psC
pipe of diameter 1000 mm. The elevation dlfferencle
between the full tank level of the delivery reservoir
and Lhe low water level of the sump is 50 m. What
is the Break Horse Power ( in kW) requirement of
the motor ? Assume a pump house loss of 375m
and minor losses to be 10% of the friction losses.
Use Darcy-Weisbach friction factor (f)_of 0.018 for
steel pipe and 0.02 for PSC pipe with a pump
efficiency of 80%.

12mm thick
plate



16, A 1: 49 seale model of a propose

18,

d dam is used lo

« condilions. The design flood

predivi prololype flowv .
discharge near the spillway is 15000 m?/s. Establish
the relation between velocities in the model and
prototype. What {law rate should be established in
the model to simulate this flow 7 1f a velocity of
1.2 m/sis measured at a point in the model what is

the velocity at a corresponding point in the
protoivpe 7

An area of | hectare is irrigated through a stream
of 0.03 m/s. Depth of the root zone is 1 m and
availabie moisture holding capacity is 16 cm/m.
Irrigation water is supplied when 50% of the
available moisture is depleted. Water application
efficiency is 50% Determine the storage efficiency.

A 6 hour unit hydrograph of a watershed is given
below. Calculate 18 hour unit hydrograph using
5- curve method and tabulate the results.

19,

=

Time(hour) 6hr unit hydrograph
Im3iem)]

0 0
6 1.8
12 30.9
i8 85.6 i
24 asd [ |
3G 1
36 N |
2 ver B

Consider a glucfe solution (C;H,;0,) of molarity
1.75 x 107 that is Cample@ly oxidized to CO, and
H,0. Find thg alygint of oxygen required foi this
reactineihe Chemical mass balance equation for
the abgive reaclion is given as

\AH,,0, 60, - 6CO, + 61,0
{Admic weights are : C = 1LH=10=16).

. The dissolved oxygen (DO) in an unseeded sample

Jf diluted waste having an initial DO of 9.5 mg/lis
1:1easuru_ed ke be 3.5 mg/1 after 5 days. The dilution
actor is 0.03 and the reaction rate constant

k =0.22/day (lo the base ‘e’ i
ase ‘e’ in the d
Wy Estimate e

2%

{a} The 5 day BOD of the wasle at 20° C.
{b) Ultimate carbonacecus BO
{c) Remaining oxygen demand afier 5 days.
(d) The 5 day BOD of this waste al 25° C assuming

a temperature coefflicient of 1.047.
The load penetration date from a California Bearine
Ratio {CBR) test is provided in the [ollowing table:
Indicate whether any correction is required@urihe
calculated UBR value. Find the CBR valile of the
soil from the data provided.

Table : Load penetratich data

Penetration{in mm} Load in #3f (kg drce}

e 0
0.5 | 4
1.0 —I ot 13
15 | 29
Y £ 0
25 i 50
3.0 58
B 4.0 70
5.0 78
7.5 93
10 103
125 112

22,

Area of plunger is given as 19.6 cm?. Pressure for
standard crushed stones at 2.5 mm and 5.0 mm are
70 kgf/em? and 105 kgf/em? respectively. ©

An ascending gradient of 1 in 45 meets a
descending gradient of 1 in 60. A summit curve has
to be designed for design speed of 80 km/hsoasto
provide a safe avertaking sight distance of 230 m.
Estimate the length of the summit curve.



ANSWERS

11 ) 1208 13.)  14.0)  15.0) 16 7.0 18.@)  19.() 110.()
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EXPLANATIONS
A 1.8 The frame isstaliily deferminate.
1.2 ll_r’lljx"‘ dn = 111_12 [-%[x'a ‘]‘] Taking jfioment abodiC, we have
: L
R, WP -PZ =
A 5 5 a
= m-"fa?-1] or = R, =0
1 192 Hemwe =05
= =7 [0-1]=+
’ ’ L 33%
lve 15 7
s r
13 =1 T <x<y ).13 ¥, = iz I?g\{/ma! :,;1:—;00 3
= (); in other region Ta = m 2= U
/2 W, W,
a g 1 Y, = XY
=L _ — Ax = - 5 Y. A 4
2 2 Jl % ' s
-2
w2 and = TXYw
1 J ) n=m T Ty,
a = — 1cosodx = —sih—
T g nz 2 since'f!isconstantforagivensoil, therefore
b, =& [ f(x) is even function]
' Ya Vo
1 2 . nx Yo V2
He! 1,?5‘,_"\ is, f(x) :72—+ ;{Esm -E"COS nx
- 17 \
or V, = % 100=106 m
1§, W =N T2x Li=MLIT? 16
. 116 Here D = 1428 hect/cum; B =120 days
1 In real beam In conjugate beam
Fix-end Freind _ 8648 _ B64x120 _ o 7a
A=Dp 1428
internal hinge Roller
Roller!Support Internal linge 1.17 Forirrotational flow,
Hinge Hinge é‘_u_ _ Qg_ -0
vorticity, £= dy X




