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SECTION A. {100 Marks)

1. For cach stirthquestion given below, for answers viz r
- - _ : 13 27
A, B, Camd D are provided, out of which only one -
is correct. Choose the correct answer from 13- [fthe determinant of matrix 05 -6 26, the
AB CorD 4
(10 % 1= t0) ' 78
1.1, For the differerdial equeation, the delerminant of the malrix lb 3 g lis
o S - 13 2]
(%, v} i + & (x,v} = 0 1o be exact, @ - 26 6
(it} f).f_ - 9% (i afw = ag e} 0 )2
o Jx dx dy
_ [ i 0
) S o
Wy =g () ——= =+ E’ 1.6, Inygflilt oo LR PA
o dy 1 oo
. dy I
1.2.  The diiferential cquation —= + Py = Q, is a linear 11 00
dx - (ay N0 0 @ |0 01
equation of first order only if 010 Bl
{a} Pisa constant but is a function of v 1 00 0ol
() Pand (3 are funclions of y or constants ey |01 0 dyio 10
£y Pisa function of y but (¥ is a constant oot 0
) I'and Q are functions of » ~oifatant : .
() Pand Qare functions of x or cofftan 1.7.  Area bounded by the curve y = x*and lines x = 4
1.3.  Forreal values of x, cos {x) can bfwritld in ofje of and y = 0 is given by
the forms of a convergenl scries aiven SUlY : =2
(r} 64 ] 3
X, Xl 128 128
(1M cos(x) = 1+ﬁ+—! N © = @ =
2 5 1.8. The curve given by the equation x* + y? =3 axy, is
by cos(x)= 1~ ? + ? '5! T () symmetrical about x - axis
() symmaetrical about y — axis
3 ST - .
X X 1y symmetrical aboult line y = x
{c) cos(xjx > S L) ) sy L_ ¥
Rl 7! (d) langenlial tox =y =a/3
S 1.9. €*is periodic, with a period of
Wl Gs(x) = x——+———...x ]
20 3 {a) 2n {5 2in
1.4. 0 A and B are lwo matrices and if AD exists, then = () in
BA exists i , . -
- 1.18. Lt ﬂgn_\(i , where m is an integer, is one of the
{a) only if A has as many rows as B has columns ueo
-y
{5 only if both A and B are square matrices .
. following :
(£} onlyil A and B are skew matrices
{d ly if both Aand B tri @) m (&) mn
only if both A and B are symmetric
) only 4 © mé @



2.1,

2.2,

3.

24,

()

For cach sulguestion given below, four answer viz:
A, BLCand rare provided, oul of which only one
is correct.

The force in the member P of the tress shown n

Ihe figlire is

100 kN

fa) 1000 KN

(N zero

ey 355 kN

{d) 250 kN

A propped cantilever beam of span L, is Joaded
with untformly distribuled load of intensity
w/unit length, all through the span. Bending
moment at the fixed end is

P 2
wl, ) wl
3 2

Wl (d) .WL‘Z

) 12 BTy

The degree of kinematic inderminacy of the rigid
frame with clamped ends at A and D shown in the
Figure 2.3, is,

(a) 4

(fhy 3

fcy 2

A

{f) zero

For the frame show @t ®8he Fliure 2.4, the
maximum bending mumerfl indhe column is

(1) zero  (GguN——s

T

Ij

4

(b) 400 ki Hoge [

{v) 200N n

b 8 ——y
i 200KN m
The order or the flexibility matrix for a structure is
WiPqual to the number of redundant forces
(b} more than the number of red Lindan; furces
{©
{d)

less than ke number of redundent forces

equal of the number of redundant forces plus
three

2.6

2.7

2.8

2.10.

I Hinge

2.11.

A cantilever beam of span ‘L7 is loaded with 5
cencentraled toad I at the free end. Dreflection of
the beam al the free end is

Pl 5eL
“EE ) satr
() Pt i JoR
“ 3E D e
The cylinder strength of the concrete is Jess thay

the cube sirength because of

{n the difference in the shape of the dioss sectioh
of the specimens

() the difference in the slerileness @@io of the
specimens

{c) the friction between the conciele specimens
and the steel pl@@@fthe tegting machine

(d) the cubes are lestof without capping but the
cylindersare (gdled wilh capping

IS 459 - 1878 recginmends to provide certain
minimum $eel in 3 RCC beam

far)
{63 tafavollruplure of steel in case a flexural
Fillure occurs

10 eldure Compression failure

to fiold the stirrup steel in position
(i)to provide enough ductility to the beam
ihe permissible bending tensile stress in concrete

for the vertical wail of an R.C. water tank made of
M 25 concrete is

{7) 8.5 N/mm?
{cy 2.5 N/mm?

{b) 6.0 N/mm?
() 1.8 N/mm?
Permissible bending tensile stress in high yield

strength deformed bars of grade 415 N/mm? ina
beam is

{(#) 190 N/mm?
(v} 140 N/mm?

(b 230 N /mm2
{#) None of the above

A prestressed concrele rectangular beam of size
300 mm = 900 mam is prestressed with an intial
prestressing force of 700 kN at an eccentricity of
350 mm ai midspan. Stress at top of the due to
prestress alone, in N/mm? is

{7} ~3.46 (tension) (&) 2.59 {compression)
(v) zero (d) 8.64 (compression}

. Maximum size of a fillet weld for a plate of square

edge is

{2} 1.5 mm less than the thickness of the plate
(b} one half of the thickness of the plate

(¢} thickness of the plate itself

{d) 1.5 mm more than the thickness of the plate



213,

14

31

3.2,

3.3.

4.

A5,

Factor of safety adopled by [S: 800 - 1984 while
arriving at the permissible siress im axial
LOMPression js
() 2.0
{vy Lo¥

(hy 1.00
(7} 1.50
Effective length of a rafter member between two

nodes at a dislance L, perpendicutar Lo the plane
of the truss is

(0} 2.00L
{c} 1.50!'

(by 0.85
(1001,

- Allowable average shear stress in an unstiffened

web for beams made of steel of grade 250 N/mm?®
s

(@) 250 N/mm?
(€3 150 N/mm?

thy 165 N/mm?
() 100 N/ mm?
For cach subguestion given below, four answers
viz: &, B, Cand [ are provided, out of which only

one is correcl.
(15 % 1=15)

If the porosity of a soil sample is 20%, the void
ratio is

{2y 0.20
{c} 1.00

{by 0.80
{d)y 0.25
The shape of clay parlicle is usually
by flaky
{d) rounded

{a) angular
{} tubular
Consistency Index for a clayer soil is {LLS Lighid

Limit, PL = Plastic Limit, Blggd' hslicity index,
W = natural moisture content]

LL-w " v 2 PL
oy = ' f |
() LL-PL (i w

Accordingta Dajey’s [ for flow through porous
media, the yellsits is proportional to

{a} () hydraulic gradient
v} qohesion () slability number

picbive Slress

soll hass has coefficients of horizonlal and
vektical permeability as 9 » 107cm/s and
49 M07em/s, respectively. The transformed
coeflicient of permeability of an equivalent
isolropic soil mass is
{a) 9x107em/s
(¢} 13x10%cm/s

(&) 4 x 107cm/s
() 6 x 107cm/s

3.6,

3.

3.8

30,

3.10.

3.12,

3.13.

3.14.

!n a compaclion rest, as the compaciion cfior is
increased, the opdinuem monslure content

{r} decreases

(M remains same

(t} increases

(1) increases first thers after decreases

The vertical stress at depth, directly below the
point load p is (k is a constant)

P P

L X

{m) 2 o k o
P ; P
4 kB K
@ 2 ) \’FZ

The slope of the e - log p curve for a soil mass gives
{7} coelficient of pergfeabilly, k

(b coefficient of colBolidatiofiC,

Sele

{r} comprassig |
{#) coefficielll of volygne compressibility, m,
Sand agiipdraiiBaredied to

{a)

i acgheraty the consolidation

cdugh s settlement
3} increste the permeability

{ef; ransfer the load

Chulomb's theory of earth pressure is based on
() the theory of elasticily

{6} the therory of plasticity

{r) empirical rules

{d) wedge theory

. The depth of tension crack i a soft clay (9, =0} is

4C ;
it b 1]
(@) —Y )] —T
C Cu

IS — i
() y () 2y

Vane tester is normally used for determining in
situ shear strength of
{@) soflt clays
{c} sliffclays

() sand
(e gravel

The unit for coefficient of subgrade modulus is
(@) kN/m? & ku/m?

{e) ku/m oy ku/m

The ratio of unconfined compressive strength of
an undislurbed sample of soil to that of a
remoulded sample, at the same water content, is
known as

{a) activity
() plasticity

{P) damping
{d) sensitivity



3.15. Well foundation arecommonly used as foundation

4.1.

4.3.

{or the following structures
(@) Water tanks
() Bridges
{r} Buitdings
(i} Reciprocating machines
For cach subquestion given below, four answers
viz: A, B, Cand D ave provided, out of which only
s carrect.

{15« 1=15)
The unit of dvnamic viscosity of a fluid is
M me/s (hy Ns/m?
[} Pas/m? (d) kg s*/m?
The centre of pressure of a liquid ona plane surface
immersed vertically in a static body of liquid,
always lies below the centroid of Lhe surface area,
because
in fiquids the pressure acling is same in ail
directions

{a

{0 there is no shear stress in liquids at rest
{c} the Hquid pressure is constant over depth

{f) the liquid pressure increasses Hinearly wii
depth ’

One of the following stalements is } withe
regards to bodies that float or are sufmerdedhin
Hquids:

{m) For a body wholly submerged in a i the
stability is ensured if the ceri Tl HOyancy
is below the centre o avity of the body

(M Fora body floatins iny ligfid the stability is
ensured if the cenligaf bugiancy is below the
centre of geavily of (he body

{c) For a hodyloating@n a liquid the stability is
ensurciihe Sentre of buoyany and the centre
Sav i, regardiess of the relalive positions

{ the' (8l of bucancy and gravity

Fdha body iloating in a liquid the stability is
Clred if the centre of buoyaney is below the
centre of gravily and the metacentre is above
voth the centres of gravity and buoyancy.

The kinetic energy correction factor far a fuily
developed laminar flow lhrough a cireular pipe is
(@) 1.00 ) 1.33
) 2.00 Gy 1.50

4.5.

3.6.

4.8.

4.9,

Twa tlow pallerns are represented by their sireqg,
functions w and y, as given below

Wy = x4 )!2, Yy = gxy
If these Lwo parterns are superposed on gng
another, the resulting streamiine Pattern can pe
represenied by one of the following:
{a) A family of parallet straight fines
(6 A family of circles
{c) A family of parabolas

{7} A family of hyperbolas

While deriving an expression fGiloss of {tad due

to a sudden expansion in a pipe, iiaddifion to the

continuity and impulse - momentum equations,

one of the followingfissuiiption@is made :

() Head loss duelfo fiCtiolis equal to the head
loss in cd@ilig Whtion

(1} The mein pressive in eddying fluid is equal
tothe doinstresin pressure

{c} fFhe g7dan pressure in eddying fluids is equal
to flie upsifeam pressure

(d} Heddgdlst in eddies is neglected

15single pipe of length L and diameter D is to be-
wplaced by three pipes of same material, same

length and equal diameter d {d< D, to convey the

same total discharge under the same head loss, .
ther d and D are related by

D

() 4= o by d =55
D

© d=37m @ 4=5z

The downstream end of long prisenatic channel of

mild slope ends in a poot created by a dam. The

resulting non-uniform water surface profile can be

described as one of the following,

{a) M, profile ending in a hydraulic pump

{f) M, profile thal les above normal depth line

{c} M, profile that lies between critical and normal
depth lines.

{d) M, profile that lies belween critical and normal
depth lines.

A hydraulic turbine develaps a power on 10!
meltic horse power while running at a speed of
100 revolutions per minute, under a head of 40 m.
Its specific speed is nearst Lo one of the (ollowing:
{r} 100 (I 628
{v) 523 G 314



410, A hvetograph is a graph representing

3.11.

.12,

4.13.

4.14.

15.

iy raintall voltme with lime
(M rainfall intensity with time
W ramnfalt indensily with duration

1) roinfall intensity over an area

Mukingham method for routing of flood

{ir} 35 used for rouling floods through reservoirs

(I isa method of routing thal uses continuity and
momentun egueations

{t) is a hydrologic method of rouling floods
through streams

{dy is one is which only energy equaltion is used

Both Reynolds and Froude numbers assume
significance in one of following examples :

{7} Motion of submarine at large depths

(I} Motion of ship in deep seas

{c} Cruising of a misssile in air

{4} Flow over spillways

For a ‘best’ symmetrical trapezoidal section of an

open channel with a given area of section and side

slapes, one of the following statements holds true:

{ay Half the top width is equal to one of the side
slope

(& Half the top width plus the bottom widliiis
equal to bolh the side slopes put togather

{r} Water depth is equal to half bottafn widy

{d} Hydraulic mean depth is equdl to'hall the fop

width

Storage coelficient of a_compregatie Confined

aguifer is a function of

o) specific weight U wéiter] thickness of the
aquifer, compressibiity of e aquifer and that
of water.

(&) permeabilityhthickdpss and compressihility of

aquifegailthcompressibility of water

) grefgmigsibifity  of the auifer and
mpresiibility of waler

“Iptrafsmissibility of aquifer and specific yield
olfduifer

O imeter and Tensiometer are used to measure
respectively, one of the following groups of
quantities :

{n) Capillary polential and permeability

{) Evapotranspiration and capillary potential
{r) Velocity in charnels and vapour pressure

{(d) Velocity in pipes and pressure head

5.1,

5.2

5.3.

54.

5.5

5.6,

For each subguteslion given below, four answers!
viz: A, B, Cand Dare provided, out of which anty
ane ts correct, 1 =1=10

Floceulation is a praocess

{#y that removes algae from siabilization pond
elfluent

(b} that promotes the aggregation of |
particles into larger particles to enchdlice thei
removal by gravity

Pathogens are usually remaved Jiy

{a) chemical precipilation

(%) sedimentation

{c) activated sludgelroce s

{d) chlorination

The “sag’ inl the dissotved oxygen curve results

because

(1) 4P1safhnctionCl the rate of addition of oxygen
o tHestiam

(B it adunction of the rate of depietion of
oxygen from the stream

{v) tis a function of both addition and depletion
of oxygen from the stream

(d} the rate of additon is linear but the rate of
depletion is non-linear.

Design parameters for rapid mixing units are

{2} velocity gradient and the volume of mixing
basin

{L) viscosity and velocity gradient

{¢) viscosity, velocity gradient and the volume of
the mixing basin

{#y detention time and viscosity of water.

P

The absorbent most commonly used in water and
waste treatment is

{2y Sand of grain size from 0.1 to 2 mm

() Activated carbon granules of size 0.1 t0 2 mm
fc) Ordinary wood shavings of fine size

(dy Coal-tar.

Among the following disinfectants of waste water,
the one that is most commonly used is

ta) Chlorine dioxide {0} Chiorine

() Ozone () UV-radiation.



12.

13.

14.

16.
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SECTEON B (50 Marks)

Answer any TEN question

from this Section, All question carry equal marks.

(5x10=5p

Find the co-ordinales of the centroid of a plane

X ¥
S

3 2
_ _ o ollivse o= i
Jarnina of the quadrant of an elliy PRI

the densily at any point (x, ¥] 18 given Kxy, where
K is a constant, using double intergration. {3}
Find the limiting value of the ratie of the square of
the sum of n patural numbers to n times the sum
of squares of the nnatu ral numberas, n appronchc:s
infinity. (3)

Analvse the [rame shawn in figure by the method
of momenl distribution. Draw Lhe bending
moment diagram on the tension side of the

members. (5}
WORN 5 _ C
um El

ij |

A two-hinged parabolic arch of span 100 amand
rise 20 m carries a central concentrated load Bf
100 kN. The moment of inertia of any stetightis |

sec 8, where 6 is the slope at Lhe section ald L4s
Lhe moment of inertia at the cx@un, Compule the
reactions at support by the strain engrgy inethod
and draw the bending nimen: Miagiam. Neglect
the effect of ribshortenitiz

.

A hallis covered by a beant B8l slab system with
bearns placed at80 m centres. The effective span
of the bean{ip8 35 . The thickness of the slab is
120 mun. Thestzdphithe beam below the slab is
230 Wi thoand 380 mra depth. The heam is
reinfoifed withilwo numbers of 32 mm diameter
siEyots of grade 415 N/mm? Compute the
megimuiPtolal load /m run, lhe beam can carry,

wipliting its own weight at service stage. Grade
of concrete is M 25, 3

(a) A simply supported beam of a beam and slab
system, rasis on a support of width 450 mm.
The clear span of the beam is 10.0 m.
The thickness of tha slab is 120 mm. The depth
of the beam below the slab is 480 mm and the

18.

19,

widlh of the beam is 250 mr. The begm s
reinforced with one row of 32 mm diametey
steel rods. The tolal load ineluding the Stiper
imposed dead load, live load and its s
weight is25.0 kN/mat service stage. Cinpute
the maximum nominal design shear Blrass iy
the concrete. {3
(b Design a square R C column (8 resist @l axial
foad of 300 kN due to dead 1008 and 240 kN
due to live load al service stage "Uesign the
section as a short adiiiipioaded column. Use
M 25 congrete anf! steal Gf grade 415 N/ mm?,
Give a neat sketclpdflthe ¢ioss section. (7

A compound fleel colu@im consisting of 2 1ISHB 400
placed at320 vl centiis, carries a total axial load
of 2500 kN M imiium slenderness ratic of the
compound coligan is 30. Width of the flange of
die ISHU seghion is 250 mm and its minimum
radkiug of gyration is 31.6 mm. Design a suitable
sing b flat lacing. 20 mm diameter single rivet is
tded Lo connect the lacings to the column. Rivet
capacity need not be calculated. The following
table may be used.

Slenderness ratio Premissible compressive
Stress N/mm?

100 80
110 71
120

130 57
140 51
150 45

A settlement analysis carried out for a proposed
structure indicates that 9 cm of settlement will
occur in 5 years and the final settlement will occur
in 5 years and the final settlement will be 45 cm
bases on double drainage condition. A detailed site
investigalion indicates that only single drainage
exists. Estimate the settiement at the end of 5 years

n 3
for the changes condition. Use T =  U% (5)



20,

22,

23.

24.

Two identical soil specimen were lested in a Uriaxial
apparatus. First specimen failed at a deviator siress
of 770 kN/m? when lhe cell pressure was
200 kN/m?. Second specimen failed at a deviator
stress of 1370 kN/m? under a cell pressure of 400
kN/m?. Determine the value of ‘C* and ¢
analylically. If the same soil is tested in a direct
shear apparaius with a normal stress of 600 kN/
m?, estimate the shear stress al [ailure. 5%

Using Terzaghi throry, determine the ultimate
bearing capacity of a strip footing 1.5 m wide
resting on a saturated clay {C, = 30 kN/m%, ¢ =0
and y,, = 20 KN/, at a depth of 2 m below
ground level. The water table is also at a depth of
2 m from the ground level. If the water table rises
by 1m, calculale the percentage reduclion in the
ultimate bearing capacity.

An anchored sheet pile wall is to retain soil to a
height of 3.5 m. The soil including that into which
lhe pile is driven, is cohesionless with ¢ = 30° and
¥, =208 kN/ m?, The surface of the retained soil is
horizontal and level with the tep of the wall. Tie
rodes are fixed at 1.83 m below the top of the wall.
Determine the minimaum penetration depth of the
pile to achieve free earth support conditions. (3}

A hydraulic jump occurs in a wide, rectangular

channel with initial and sequent depths of (1.50%

and 2.0 m respectively. Calculate

(a) the discharge in m?*/s per metre Yidth

) the possible critical depth forfthis digthary

{c} the emergy loss in the jumg, (i metresiiead)
and

{d)y sketch the criticalldepiipline on the jump
profile {5)

Measured infiltration rate@yfisfcm/ hour, for every
hour from t = { when the rainfall just commenced
to t = & haurs, ate givéPin the table below. The
rainfall JagisWen 8 hours. Caleulate the total
infiff@pior)quatily during 8 hours using
HOUTON @ stant of & = 4 {day™). {5}
Tane Lours) flem. hour})
|5 oF 2.00

1.10
- 0.75
0.65
.55
0.50
{1.50
0.50

S =N WETH O ETHR B

25,

26.

27.

28,

A cylindrical tank 2.5 m diameter and 12 m fong is
installed with its axis horizontal. It holds water
up toa depth of 2 . There isa eircular opening of
7.3 em in diameter at the bottom, which is kept
plugged. If the plug is removed to drain the water
completely, estimate how long does it take to

completely drain the waler. C 3 for the opening is
0.6.

[n a farmland irrigated by a system Whpump from
wells, the area irrigated is 50 hectares. Water
pumped from wells isg@lved thzough a canat
to the farms. Efficiend) of wiliergonveyance is 85%
and pumps work al i bowis/day. Available
moisture holdffig Capatiiggiithe soil is 20 cm per
metre depthiind the Skerage root zone depth is
im. Waler apiiication ficiency is 80%. Irrigation
is stafled YWhen Mosture extraction level of 50%
of available Wimisture is reached. Peak rate of

wistuft usg by plants is 5 mm. Calculate the

rigaticiiperiod in days and total pumping
capacity required in litres/minute. 5

i

“dmunicipal waste water treatment plant is to work
with average and peak loading rates of 4,000 and
B,000 m*/day respectively. Design a primary
clarifier to remove 65% suspended matter at
average flow. An average overflow rate of
35m3/m? day is expected to correspond to 65%
suspended matter removal efficiency. Obtain the
diameler, side wall depth, detention time and
calculate the overflow rate at peak condition.

Secondary effluent from a municipal waste plant
is discharged into a stream at the rate of
12,000 m®/ day at 20°C with a BOD, of 50 mg/litre,
a dissolved oxygen concentreation of 2 mg/litre.
The stream flow is estimated to be 40,000 e/ day,
and the water quality, parameters in the stream
upstream of the effluent outfall are:

BOLD, of 3mg/litre, dissolved oxgyen 7 mg/litre
al 208 C.

Assume a decay constant for the mixture to be
K = 0.23 {to the base ‘e’ in the decay curve).
Estimate.

{a) BOD of the mixture

{b) Ultimate BOD

{c} DO of the mixhire



In order to lest a filtration process, clear water is

Modulus ofetasticity

29.
made to pass through a bed of uniform sand at a of concrete 2% 107 kN/m?
filtering velacity of 3.0 m/heur. Sand bed has the Poission's ratio of concrete @ (.15
following properties:
[;) cvl:l fbpd iy 06 m Moedulus of subgrade 3.6 % 10F kN /m3
epth of bed N Wheel load 084N
Sand grain size 0.5 mm Tyre pressure 600 kN /m?
Sand grain size 265
Sand grain shape factor 10 ¢
used to calculate filtration 1 T T T o+
Reynolds number & =0.80 2k 5.‘h£; Q _ r=
Porosity of sand bed e =040 M 1
Kinematic viscosity of o 20F b
water v=10x10"%mi/s. E‘ "M
Calculate the lossof head in filtration (%) g 15k f— |
30. Determine the extra width of pavement and the é
length of transition curve needed on a horizontal 5 tor b
alignment of radius 225 m for a two-lane road, with
a design speed of 80 kinph. Assume the wheel base ospe h
i hicl .
of design vehicle as 6 m {5} ] ) | . \ |
31 Estimate the wheel load stress at interior and edge p; s\um — T
of cement concrete pavement of 231 cm thickness,
using stress coefficient.
ANSWERS
1.1. {r} 1.2.(c) oAl 1.4.{a) 15 16  17.(0 1.8. (d) 19.(g) 1.10.{g)
2L (B 8.9 2548} 2.4 (5} 25 26.(c) 27 28.(  29.D 210.(%)
211 @iz L3 214 2.15.(d)
314l NR2WP 334m 34 35()  36.( 37.(  3E() 9.0 310.4)
31N W 3150 3140 3.15.()
R 426 43 44 45 46.(0 47.(  4B()  49.() 410.()
441 (B} 4,12 (d) 4.13.{7) 4.14.(D 4.15. (%}
S1.(8) 52 5340  54.00 55.(0) 560 ST S8 59 5100
6. (1) 62.(8) 63.0a)  6.4.(b) 6.5.(c)  66.(0) 67.{h  68.(m  69.(n 630.(h



