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Question Paper Specific Instructions

Please read each of the following instructions carefully before attempting questions :
- There are EIGHT questions divided in TWO SECTIONS and printed both in HINDI and
in ENGLISH. :

Candidate has to attempt FIVE questions in all.

Questions no. 1 and 5 are compulsory and out of the remaining, any THREE are to be
attempted choosing at least ONE question from each section.

The number of marks carried by a question /part is indicated against it.

Answers must be written in the medium authorized in the Admission Certificate which
must be stated clearly on the cover of this Question-cum-Answer (QCA) Booklet in the space
provided. No marks will be given for answers written in a medium other than the
authorized one.

Wherever any assumptions are made for answering a question, they must be clearly
indicated.

Diagrams/Figures, wherever required, shall be drawn in the space provided for answering
the question itself.

Unless otherwise mentioned, symbols and notations carry their usual standard meanings.
Attempts of questions shall be counted in sequential order. Unless struck off, attempt of a
question shall be counted even if attempted partly. Any page or portion of the page left
blank in the Question-cum-Answer (QCA) Booklet must be clearly struck off.
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Q1.

(a)

(b)

(c)

wuE A
SECTION A

s vfufem o uftest @1 =@ 30-50 mm 3 19 @FEE 275 mm ® | Afe
17-50 x 10* N &1 & 7191 &a1$ &l 1-28 mm difefd &tar 8, @t @l 3quma
3R e wie 1 it Hifsw | 77 oft Fuifa Hifse 6 9e gfiest #
E Hl fhaa Gpfad a1 8 | FAUEYU AU, G =22 GPa 3R qUvWE
M=, oy = 435 N/mm?2 7H #Af |

An aluminium tensile specimen has a diameter of 30-50 mm and a gauge
length 275 mm. If the force of 17-50 x 10* N elongates the gauge length
by 1-28 mm, determine the Poisson’s ratio and the modulus of elasticity.
Also, determine by how much the force causes the diameter of the
specimen to contract. Assume shear modulus G =22 GPa and yield
strength oy = 435 N/mm?.

U AT ATEqV Sfdee, -raﬂ-=60N/mm2 3R UH FF UsA v ufd

Ueheh oS, O = 1-05° 9fd et =1 3TN ek 65 mm AT $HI T 319 1T
v 1 fieu fomm w1 R | SR W S S TehA arel Siftehan SR
FA-ATU 1 i HfAC | s q9iE 80 GPa #fifS |

A solid steel shaft of diameter 65 mm is to be designed using an
allowable shear stress T,jjow = 60 N/mm?2 and an allowable angle of twist
per unit length 6=105° per metre. Determine the maximum
permissible torque that may be applied to the shaft. Take shear modulus
as 80 GPa.

dr= o § gufan T 85 kg AWM 1 U YeoI-S9ET Uh BF G ATHTNG B |
9% Hag & fore oo &1 w3fas o 0-25 B | SAfusan s@, P i 3@
o i I=aw feufa, b e g ed for yee-ae % 9 @ et w gdor |
3R 7 & Fa 3 ?

B
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In the figure shown below, a strong-box of mass 85 kg rests on a floor.
The static coefficient of friction for the contact surface is 0:25. What is
the largest force, ‘F’ and the highest position, ‘h’ for applying this force,

that will not allow the strong-box to either slip on the floor or to tip ?

B

k4

I
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v
PEal G Sl ek Lo e B o W

je—0-70 m —)

d) o zie oER, 8-0 m forgfa i 1-ufede archt v wufia w@ +r fagfa
% AT H 150 mm 3R T W I Ichgdl o WY Th TWaAd! hisd gHl
yd-ufdafera fham mm 2 | 99 2:5 kN/m & U UshewH fqafa 9 wr &l

& H B |

(i) 9@ W FFd AN 9 90 &% Hqer & fore Hfead & gureht s 3

$ifsa |

(i) <heU & 7eg 1@ ¥ o W@l & faeumga & muEn Hifse |
Hshie T Teheh YR 24 kN/m3 &fifSw |
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(e)

As shown in the figure, a beam of symmetrical I-section spanning 8:0 m
is prestressed by a parabolic cable with an eccentricity of 150 mm at the
centre of the span and zero at supports. The beam supports a uniformly

distributed live load of 2:5 kN/m.

(i)  Find the effective force in the cable for balancing the dead and live
loads on the beam.

(i) Calculate the shift of the pressure line from the tendon’s centre

line.

Take unit weight of concrete as 24 kN/m3.

i fe— 250 mm-—-) =
80 mm
L3
< 80 mm
450 mm

=, A

» ——CD-—-—-—*:-—-—-—--—-—-

(All dimensions are in mm)

U ISA 75 x 50 x 8 (3591d &1 E 250 US) ¥ &9 Tsh dF 3add ! 12 mm HIL
THE @2 ¥ 6 mm % T fhoie dog gra et w2 | foam § guife smEw
30 dH AR AfceT I T B | WO Bl & &1 H1 R0 75° 7 | AR IS
HI TG o AfehedT THZY & SUST Th W & G0 & fou sifesfead
%mw%,fﬁ%@fﬁmlaﬁtmzwﬁﬁmaﬁﬁrm

ISA 75 x 50 x 8 % 7T, Ay = 938 mm? 3R Cyy = 25:2 mm
Ymo = 110 3R T¥eia afeen & faw, y,,,, = 1-5 #fifST |
T BeTehi o 19 o BV 60° — 90° % o K = 0-7.

E 250 U8 3&9Td (grade steel) % fU :

f, = 410 MPa

f, = 250 MPa
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12 mm

THE @i

A tie member consisting of an ISA 75 x 50 x 8 (E 250 grade of steel) is
connected to a 12 mm thick gusset plate using a 6 mm fillet weld at site.
The welding is done on its three sides as shown in the figure. The angle
between fusion faces is 75° Find the lengths of weld LWl and sz, if the
connection is designed to transmit a load equal to the design strength of
the member.

For ISA 75 x 50 x 8, A, = 938 mm? and Cyy = 252 mm
Take v, = 1:10 and for site welding, v, = 1°5.

K = 0-7 for 60° — 90° angle between fusion faces.

For E 250 grade steel :
f, = 410 MPa

f, = 250 MPa

12 mm
(g gusset plate

ISA75x50x 8

Z
25-2 I' e Y 1 @
mm / ISA 75 x 50 x 8
6 mm
weld

12 mm
gusset plate
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Q2. (a) N fom i gl srgem Wit o % fore sweww s@ sit w96 smel smw

AR |
8 kN 4 kKN
2 kN/m
( 6 kN-m J
CJr ¢+ 3+ 43 pr. Y B F
VAN e 4
E
Y y v Y i y
A1mA Z2m T Imn em” 4 2m 1

Draw the shearing force and bending moment diagrams for the beam
loaded as shown in the figure below.

8 kN 4 kN
2 kN/m

/ b B [
Wi 2 v e Ty s N TR .

o i

E

I |7 v |V |V I
T1mA 2m 4 1mA 2m 4 2m 1

(b) T I AfHeT % N, TH ISMB 550 @ 1:037 kN/m ! Th 7 m faegfa
1 Ygrfrd o= il W@ I & fow g mn St o et wiw # ureda:
I FH F GEH UH Taford Sehic B Bl 981 HAl B | Hhel UHEHH
faafa 9 100 kN 3@ WR 3 150 kN =A@t YR & 91 & | 39 90 &
Afefier, g ot fogfa & wer § v formg W off o =t @ S 50 kN F
FTA W 3R 50 kN & JRfYa wr & =1 & | Frafefaa & fore afese 6
watEar <t site Hifse
(i) T9&9o g
(i) weh |
(iii) T
(iv) 3T W I8 =Ha
Tfese #I guea 7 i |
el
3% 9TV TS = 100 mm
fy = 250 MPa, E =2 x 105 MPa
Tmo = 1'1
goed uftesg & faw, g, =10
grafEd 9@ & fag, ¢ =12
KL/r 90 100 110 120
f.q (MPa) 121 107 94-6 837
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ISMB 550 & T :

Ty qise |19, Z, = 2359-8 x 103 mm3

guea itese "I, Z, = 2711:98 x 103 mm3

& A& & Uia: Feed Imul, I, = 64900 x 104 mm?
t;=19-3 y

I'l = 18
Ip = J\A‘_: X
¥
jem 190 —>4

(mft fqmmd mm o #)
ISMB 550

During the design of a beam, an ISMB 550 @ 1:037 kN/m is selected for
use as a simply supported beam of 7 m span carrying a reinforced
concrete floor capable of providing lateral restraint to the top
compression flange. The total uniformly distributed load is made up of
100 kN dead load and 150 kN imposed load. In addition to this load, the
beam also carries a point load at its midspan which is made up of 50 kN
dead load and 50 kN imposed load. Check the adequacy of the section for
the following :
(i) Shear strength
(ii) Bending strength
(iii) Deflection
(iv) Web buckling at support
Assume the section is plastic.
Given :
Stiff bearing length = 100 mm
fy = 250 MPa, E = 2 x 105 MPa
Ymo = 1'1
For plastic section B}, = 1-0
For simply supported beam, y = 1-2

KL/r 90 100 110 120
f.q (MPa) 121 107 94-6 83-7

SKYC-U-CVLE 7



Properties of ISMB 550 :

Elastic section modulus, Z, = 2359-8 x 103 mm3
Plastic section modulus, Z;, = 2711-98 x 10% mm3

Moment of Inertia about major axis, I, = 64900 x 104 mm* 20

tg=193 y

(All dimensions are in mm)
ISMB 550

(c) Wwﬁﬁwwm,ﬁﬁaﬁmaﬁmmﬂaﬁm%%ﬂ%@
AR fagn & @fds i Featw gesi = fFuffa e | s © omeg 2
AR B3 s 2 | E I fa o SHi sl & forg g <fifsm |

9.
8 kN :B 5m ,i&

I
15 kN

35m
251
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Using the unit load method, determine horizontal and vertical
components of deflection at point A for the frame loaded as shown in the
figure below. Support C is fixed and B is a rigid joint. Take E as constant

and same for both the members.

B 2m A
8 kN—» I 1
15 kN
3-5m
251
7T
§

Q3. (a) 4'5m x6:0m e Al faws & F F4 & TSI & oI UF I Saue
$1 HAfirpe HIfw | Fage @t 3 W 230 mm N oA i Hai w
JgEed 8 | a9 4-0 kN/m2 &1 Th I WR 3R IReH0 FE & SR
1-0 kN/m?2 &1 T 3796l YR 987 Hdl 8 | DAYE o Al Bl S 34 § Tl
TR | M 20 Shshie 3R Fe 415 $99Td 1 IUANT I | goehl TNTaH FawATd
7 fifse |

TRof} : S T TR, e IR R TEAd &

g feregf 7016, oy o o, o

ly/ 1y % |t 9l %
lyllg| 10 | 111 | 12 | 1.8 | 14 | 16 for
ox | 0-056 | 0-064 | 0-072 | 0-079 | 0-085 | 0-089 0-056

SKYC-U-CVLE




T JaIc77 & 177 SranerT o

2:0 \ \
1-6
N g 1
FJr r—t_ =9 I
P — 40
E i % = 299 "+—'
y 88 i
ol e : f, el W 1 3
Slﬁﬁl?-lemm2 q %
0 0-4 0-8 1.2 1-6 2.0 2.4 2-8 3.0
gfawd a9 Jee

fy=058f wsiiliilbs i
s G e g s w—

Design a floor slab to cover a room with internal dimensions of 4-5 m x 6-0 m.
The slab is simply supported on all the sides on 230
The slab carries a live load of 4-0 kN/m2

of 10 kN/m2. The corners of the slab ar

mm thick masonry walls.

and a dead load due to finishing work

e prevented from lifting up. Use M 20

concrete and Fe 415 steel. Assume mild exposure conditions.

Table : Bending Moment coefficients when four edges are discontinuous

= Short span coefficient, Oty Long span
coefficient, Oy
I/l | 10 11 12 1-3 14 1.5 | for all values
of Iy /1y
Lﬂfx 0-056 | 0-064 | 0-:072 | 0-079 | 0-085 | 0-089 0-056
SKYC-U-CVLE 70
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Modification Factor for Tension Reinforcement

2-0
16
g \1\
B X N : s 190
e 12 < \ o
® [— f =
&
=
0-4 Note : f; is steel stress of service
loads in N/mm?
0 04 08 12 16 20T %% 28 3
Percentage Tension Reinforcement
f,= 0-581, Area of cross-section of steel required

Area of cross-section of steel provided

(b) @ ISMC 300 @ 363 N/m %l ‘S’ mm % =00 T HEYS W&, 10 m T
AT % U gufed ey &t Afiereqr i T8 8 | TR HI 1100 kN FHT Th
Tftre e YR g8 FE R | S S Uiesdel o fHaert S S Wi S|
i | T F fow s @3 i off sifyeren Hifsig | St i IR % o
4-6 U8 % M 20 sieel ! 3uA fopan man 8 | el it Afvrew T8 il |
E 250 IS 3991d &1 3991 HifS |
be%%(’.’ﬁ({ﬂ=32mm

ﬁﬁ@:ﬁ]mm
ISMC 300 & 7 :
A = 4630 mm?
ry; = 118 mm, ryy = 26:0 mm
I,, = 6420 x 10* mm*
Iyy=313><104 mm?
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Cy =235

ey te= 136
T ::*

1

I
300 || |

o e

ISMC 300
(aeft fomd mm # §)

A built-up column of effective length 10 m is designed by placing two
ISMC 300 @ 363 N/m back to back at a spacing ‘S’ mm. The column is to carry
a factored axial load of 1100 kN. Find the economical spacing ‘S’ of the two
channel sections. Also design the batten system for the column. M 20 bolts of
grade 46 are used for making the connections. Do not design the connections.
Use E 250 grade of steel.

For connections : Edge distance = 32 mm

Gauge distance = 50 mm

Properties of ISMC 300 :

A = 4630 mm?

ry; = 118 mm, ryy = 26:0 mm

I,, = 6420 x 10* mm*
Iy = 313 x 10 mm*

C.=235

y

ISMC 300

(All dimensions are in mm)
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Q4.

(c)

(a)

vyaurar fagm fafa 1 swgm +es, foa 4 guiv oda wa & fau sifew o
rent w1 fraffa Hifse | B, A 3R D W 37eg 2 991 B 3R C W g@ I
# | E19 frea <fifso |

16 kN/m

pf e T

1 I 3m
THT 771 e
A D
e 4 m 3

Using slope deflection method, determine the final end moments for the

portal frame shown in the figure. The frame is fixed at A and D, and has

rigid joints at B and C. Take EI as constant. 10
16 kN/m

B &&&v.ll_ralrxlfalo C

S

I 1| 3m
TTIT o 7o
A D
fe 4 m |

foa # gufr sgar it $=ft & i D & fagw & &fes =ew =i fFaif@
$IfTT | Y FaTT F1 FATRY-AN=SE &% A= dnfiha R w2 |
E = 200 kN/mm? &fifsu | srazet 6 o fag ° sfa & | eifeefeesmn &
THET 1 39N Hifsu |

qreft © SRS F1 aARd

AT | A | SIUEY-Uf=se w1 HT%d
1. AB 765 mm?
z. AD 390 mm?
3. DB 575 mm?
4. BC 765 mm?
5. CD 390 mm?
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D

o

peorrerd m e 4 m >

Determine the horizontal component of deflection of joint D of the truss
loaded as shown in the figure. The cross-sectional area of each member
is tabulated below. Take E = 200 kN/mm?. Length of the members are
indicated in the figure. Use Castigliano’s theorems.

Table : Area of cross-section

S.No | Member | Area of cross-section
: AB 765 mm?2
2 AD 390 mm?
3. DB 575 mm?2
4. BC 765 mm?
5. CD 390 mm?2
D
vy
3m
A N
. B -
50 kN
le 4m e 4 m =

SKYC-U-CVLE 14
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(b)

(c)

fom & zwifu sgEn, P ufd et e % vhenH faafta wr & i ¢ fergfa
¥ Yer wE % fo fum s fuffa Aifse | @ 6t gaea s gwar
Mp, ST |
P/m
Y 2

e ! >

Determine the collapse load in case of propped cantilever of span 7’ and

subjected to uniformly distributed load ‘P’ per metre length as shown in
the figure. Take the plastic moment capacity of beam as MP'

P/m
AR T TV TV T VU I 3 3 T T3

~=
ws)

fe l >

450 kL &mar & fou =1 3nur arefl s garer gt i T i Aftemedn 6
I 2 | 250 mm % Gehiat dfgd A H TEAE 4 m B B | TH i fomed
I F1d HIfT 3R hl i Sar w1 Afieres wa foamr FHifse | M 20 Fie
HN Fe 250 $94Td <l ITART HIfST |

YZT : W@l Yg T DS+ U YA T H W@ W aH idee,
s = 115 MPa

Sl (M 20) | AT IeI& a4 Ufdad, o, =1-2 MPa
el 1 Theb HR, y = 9800 N/m3

A circular water tank with flexible base is to be designed for a capacity
of 450 kL. The depth of water is to be 4 m including a free board of
250 mm. Find the dimensions of the tank and design and detail the wall
of the tank. Use M 20 concrete and Fe 250 steel.

Given : Tensile stress in steel under direct tension for plain mild steel
bars, og = 115 MPa

Permissible direct tensile stress in concrete (M 20), o,y =1-2 MPa

Unit weight of water, y = 9800 N/m3

SKYC-U-CVLE 15
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Q5.

(a)

(b)

(c)

@ B
SECTION B

T R F SR Il 1 T618 W 3 m¥s R | f F w1 : 10 3u Feyt w0
Tlierl Uk S afesht § fohan Siren @ | Prfafea & s Ao

() figet % o for wame v =1 swm fra T =nfRu 2

(ii) ey R fpa sa yearfia &, afz gl W 15N F v a @5
3rgwa T e 2 2

The flow rate of water over a weir is 3 m3/s. A 1 : 10 scale model of the

weir is tested in a water channel. Answer the following :

(i) What flow rate should be used for the model ?

(i) If a force of 15 N is experienced on the model, what force would be
expected on the prototype ?

U Bl FAR JES W UH AAAHR fomr v@ i sfiar 1-3 m 3k fregfiy 10 m
& | 250 km/hour W a1 & I3 W famM @ 20 kN ¥ Hehet arpIfas o *1
ST BT R | o= T@ 1 Ieam ok @ g, Af2 seam-faed s 3
2 ? 91 &1 T 120 kg/m3 fifdmu |

A rectangular wing on a small airplane has a 1-3 m chord and a 10 m
span. When flying in air at 250 km/hour, the wing experiences a total
aerodynamic force of 20 kN. If the lift to drag ratio is 3, what would be
the lift coefficient of the wing ? Take density of air as 1-20 kg/m3.

fom # awie e, v snedfpa fdfia e 140 whe/fme @ gl
2 | e yare 30° W yaw wear ® o B siadE fierar @ 1 2000 w
Sl hl 418 & 4-0 m¥/s B | ST hl HiZrE 10 em W Fr7d 2 | 2xared 2w I
1 9T et Agifaes wits #m @0f, afe et %1 @9 1000 kg/m3 2 |
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(d)

An idealized radial turbine is rotating at 140 rev/min as shown in the
figure. The absolute flow enters at 30° and leaves radially inward. The
flow rate is 4:0 m®/s of water at 20°C. The blade thickness is constant at
10 cm. If density of water is 1000 kg/m3, what would be the theoretical
power developed by the turbine ?

frme § ws g & fEior & HRO 7.0 m H TEE W I9F A9E90 Yfasd
50 kN/m28 | ¥ W g1 7u1 e feg e &

Teheh W (y) = 18 kN/m3

STt HESH (C') = 12 kN/m?

guTet =¥ BT (§) = 30°
W & W1 Hi fag @ aga sifus Fi9 7 e sEaw fawed & favg geen
ek <l TR T | geen qures | wfawd wH oo oft fifsr, af o
I &R ¥ a9 do 31 A1 |
I T Thsh WK = 9-81 kN/m3 fifS |

The shear stress induced at a depth of 70 m due to construction of a
nearby foundation is 50 kN/m?. The soil properties at the site are given
below :

Unit weight (y) = 18 kN/m3
Effective cohesion (C') = 12 kN/m?
Effective friction angle (¢') = 30°

Compute the factor of safety against shear failure assuming water table
located far below the point. Also compute the percentage reduction in
factor of safety if water table rises to the ground level.

Take unit weight of water = 9-81 kN /m?3.

SKYC-U-CVLE 17
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Q6.

(e)

(a)

(b)

TS R | 39 gEl I v 3:0 m WA T 4-0 m 1 Iufegelt fee grarear aft &
W(Wﬁn)%ﬁm@mmm%?a&wm%ﬁmmgm
wz%,aﬁwm%wmﬁuﬁﬁmﬂr@mw%?m
aﬁtqmmmmmm?ﬁﬁqaﬂxwﬁa@mﬁaﬁmm
AT | vy, = 9-81 kN/m3 51 =fifra |

Excavation is made in a soil whose porosity is 35% and specific gravity
of soil grains is 2:65. A 3-:0 m layer of this soil is subjected to an upward
seepage head of 4:0 m. What factor of safety exists against boiling
(piping) ? If a factor of safety of 2 is required against boiling, what depth
of gravel is required to be placed above the soil stratum ? Assume unit
weight of gravel and the soil to be the same and loss of head in the layer
to be negligible. Assume vy, = 9-81 kN/m3.

30 m NS vH A EATER arfgw § 15 m 61 I a8 i T W
9-0 m%s 1 T SaTE Bl & | afach #, sqyars £ R § 2.0 m A e
% 1 TF TGV G 7 | Freferfiga & 3o A .

i) A @l T € @ G § o G F 4 whwar w vefE
TEUSAT FT E 2

(ii) éw%wﬁummm:-ﬁaﬁmmwwﬁwwaﬁaaﬂﬁm
3d 7T I |

A flow of 9:0 m3/s occurs in a long rectangular channel of 3-0 m width

with 1-5 m depth of water flow. There is a smooth constriction in the

channel to 20 m width in the downstream direction. Answer the
following :

(i) What depths are to be expected in and just upstream of the
constriction, if losses are neglected ?

(ii) Classify the gradually varied flow profile upstream of the
constriction, with proper justification.

o fofonfta sridien wame @9 v = oxyl+ 2 - y2) | gmr o 2, et
i sk j F: x 3y A& F WA T wfew § | Frerfafiaa F 3o v -

D) x=3m3My=1mw I gy F vfwm it s9% z70 x50 F @Y
SHIT S AT 1o 1 fafor Hifo |

(i) 7 yarg Wifds w9 F @ @ 2 AR &, 6 g wem @ sdo Ryt
Hifse |
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(iii)  (1,0) 3T (0, 1) ¥ TR aTelt amr @At & sfiw o = 3 2
(iv) o varg o7eufi 8 2 3faa wwon & wy sra 3w o sifae fag difsm |

A two-dimensional incompressible flow field is given by
A A A A
V = 2xyi+ (x2 - y2)j, wherei and j are the unit vectors along x and y

axes, respectively. Answer the following :

(1) Determine the magnitude and the angle the velocity vector makes
with x-axisat x=3 mand y = 1 m.

(i) Is the flow physically possible ? If so, determine an expression for
stream function.

(iii) What is the discharge between the streamlines passing through
(1,0)and (0, 1) ?

(iv) Is the flow irrotational ? Justify your answer with appropriate
reasons. 15

(c) U gfauwe fufy = fag o oofd w8 2

N ) . - -
g A 4 v ¥
* [ g
5

"y =17 kN/m3

Z =
3 m :
K-'L_... . ¢|:280 qm
T . C=0 O

7% 7d 7¢ f6 fafa &1 wova wiw &9 @ @ e ®, = & afer 9@
fufa 6 ufa e T w 3@ HifSe 9 o H ofomd Tan i feafa o

F1a Hifd |
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