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QUESTION PAPER SPECIFIC INSTRUCTIONS

Please read each of the following instructions carefully before attempting questions.

There are EIGHT questions divided into two SECTIONS and printed both in HINDI and in
ENGLISH.

Candidate has to attempt FIVE questions in all.

Question No. 1 and 5 are compulsory and out of the remaining, THREE are to be attempted
choosing at least ONE 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 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 meaning.

Attempts of questions shall be counted in chronological 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 answer book must be clearly struck off.
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Answer all five questions :

RS0 kN %qifqﬁerﬁ%mquwﬁﬁﬁsﬁﬁ
oMY 200 mm 8, X Al oo fem &

\> - TIROTTHY <67 TaT eI, | foreg A 3 gere o gy Rar

/ Z o _A%0KN T TR 7 S QA | D @ E BC T AC

Sl 5 FHART: & Hew forg € | 10

/ - e Find the resultant of the force system acting on a

A {50 lamina of equilateral triangle of sides 200 mm.
4 = E = P Find also its direction and position w.r.t. point
A A as shown in the figure. D and F are the mid-

S0 kN points of BC and AC respectively. 10

. X . :
T ¥ 70 MPa & i gu 59T 200 HP swraRE 507 3 B T ST B R ST Y
STISTRETAT SIS | S79 & T 20 RPM T T 58 20,000 RPM TR ot £ | anef-reenr
ZfEeRTor & e oo 9T o ey B | STRTEETET BT ST QERR 3 forg =7 917 T 3

el X

FTgAEE ! : 10
esign two solid circular shafts to transmit 200 HP each without exceeding a shearing
siress of 70 MPa. One of these operates at 20 RPM and the other at 20,000 RPM. Give

rour inference about the final results from the view point of economy. Do vou have an
: b

¢
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4 ¢

other suggestion to improve the economy further ? 10

TIRET & = 40 m/s, T = 98-07 kN/m? 3R 5o wf7iesr =120 kyg/ m® el a7 6177 3 T
e =7 gairaT st & | af frafe fife & et fimg 37 80 my/s 2 v o g am I
=hiferg | 10

A body is immersed in an air stream with an ambient velocity of 40 m/s at a pressure
of 98-07 kN/m? and a mass density of 1-20 kg/m?>. If the velocity of the immersed body
is 80 m/s at some point, determine the pressure at that poini. 10
25 cm AT SOIER, TER § GFHT 9 @ g3 U o9 @9 9K oK ST & |
TETT &2 T 784-53 N o7 =T SRTIAT & | FFreeor Y o iy | oy &7 g sa7s 70
10 kN/m?® 717 fiforg | 10
A 2-5 cm diameter water jet strikes a stationary plate held at right angles to the jet. The

jet exerts a force of 784-53 N on the plate. Determine the discharge. Assume the mass
unit weight of water as 10 kN/m?. 10

T SeaT 9ty Y ATey Sreet TR 10 m/s & 3 IE9T 40 m ¥ 9 ¥ SR 0.8 m¥/s %
ety W s i afd i ar &1 g e ST @Y 150° ¥ uw S Bouw 5

<ol &, & 2xaEA i afen 3 aerar qrem g | 3T orie 7 096 WY | 10

4 pelton wheel has a mean bucket speed of 10 m/s and is supplied with water at a
discharge of 0-8 m’/s under a head of 40 m. If the bucket deflects the jet through an
angle of 150°, find the power and efficiency of the turbine. Consider the coefficient of
velocity as 0-96. 10
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£ Tfear TR R | 10
(9 #

i S /) Draw free body diagram (FBD) of the

A whole system as shown in the figure.

Neglecting self-weight of its parts AB, BC,

[ # ] AC and D, draw FBDs of individual parts

also. The wheel at D is frictionless. 10

2.(b) few g o & o ) o yREe
JATHR TS o folq ST 2101 &1 O & Tt
& TT | T & Gl I OAT SHET qa
ATEO! AR S | 15
For the semicircular simply supported
member shown in the figure, find the value
of bending moment as a function of 6, and
also draw its bending moment diagram. 15

2.(c)(i) et aare sl Y Gae ¥ 2 m W 4 m T ST T EAT H ITHAL: 2 m/s AR 2-3 m/s A

T | TN 7 BT TR HITOT | FHATT ORI 0-40 HIR LGk ST (Farht) 0-145
centi stoke AT T | ST T T8 & 8 m I S8 9L fevaeT 377 grm ¢ astifea @
AL hY HISTS T TR Y | 15
The wind velocities were measured above a smooth plane ground surface at 2 mand 4 m
heights as 2 and 2-3 m/s respectively. Compute the shear velocity. Assume Karman’s
constant as 0-40 and kinematic viscosity of air as 0-145 centi stoke. What is the velocity at
8 m above the ground surface ? Calculate the probable laminar sublayer thickness. 15
2.(c)(i) TR IATE & GINaTel TS o AT ISl o =119 &7 X T AL | 100 km/hr T7H, 2 m =™
% 30 m £H T I TR I SicheT HTHOT T ATHAT T | TaT T ToqAT e 1-24 kg/m? AR
Q\I?affiﬁﬁ Sa7ar 0-15 centi stoke & | 10
Distinguish between surface and form drags due to a fluid flow. Estimate the bending
moment at the base of a 30 m smoke stack 2 m in diameter during a 100 km per hour
wind. Assume the mass density of the air as 1-24 kg/m?® and the kinematic viscosity as
0-15 centi stoke. 10
3.(2) feua e & ey, B g sicass war
: faforst &Y /@ P g d@Gr | fomr fhae
ST 3 forg, Tt S erftreas S« et
BRIT ? Efcien ST unieh p, T | 10

What is the maximum height x of a step in
the figure so that a force P will roll' a
cylinder of radius R weighing W over the
step with no slippage at all. The coefficient
of static friction is 1. 10
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3.(b)

3.c)®)

3.(c)(iD)

1200 m St it 7t 7 0-90 m/s % STEw 397 U2 2830 m/ s &1 Frerursar e | & g
1 : 800 S FEATER FAFT 1 : 40 FTHE &t =71 U st s=mem sam ueanfae € | oF K et o
gt & forg & 7. 0-025 B, ) e arm Fest & fraar s =nifee ? st o for s e &
gaTe feeeer § ? IEeTies $ATaT 1-1 centi stoke o | 10

A shallow river has a width of 1200 m and conveys a discharge of 2830 m?/s
at a mean velocity of 0-90 m/s. It is proposed to construct a river model to a horizontal
scale of 1 : 800 and a vertical scale of 1 : 40. If Manning’s # for the river bed material is
0-025, what should be its value in the model ? Verify whether the flow in the model is
turbulent. Assume kinematic viscosity as 1-1 centi stoke. 10

T 900 mm STEHAT T8I 9129 § 1-5 m3/s =7 Fee2or St & | T £ 12w 10 mm & oK
TS < =T T TTEaT A7 20-7 % 10'° N/m?28 | STe 7 STEae AT976 2109 x 108 N/m?
& | 9T T TR 3+5 km © 3K ST S § STed oI § | ST A ST S IS | () Il I
1 3-5 sec ¥ &% FRRTSITAT R (i) AR I Y 100 sec & e AT | T & 29T 59

. 1000 N/m3 o | 10

A 900 mm diameter steel pipe conveys a discharge of 1-5 m®/s. The wall thickness of the
pipe is 10 mm and the elastic modulus of the pipe material is 20-7 x 10'° N/m? and the
bulk medulus of water is 21-09 x 108 N/m?. Determine the increase in pressure if the valve
at the end of the 3-5 km long pipe is closed in (i) 3-5 sec and (ii) 10-0 sec. Assume the mass

density of the water as 1000 N/m?3. 10
T STviich GRS & ford, ATearY-siats, arsae, aut 9 yeaTia stersw Sy s |
& e feT €

wier | S| R | | e | w9 | S | S | enre | R | ope | o | feee
qrEarr

EnEr 50 | 40 | 30| 25 | 20| 30| 200 | 225 | 150 | 90 70 60
(Mm?)

ATgET

T 6 g b1l 17 l9alae 14 ] Hi 13 12 7 5
(cm)

RTgaTA

Tat 1 0 0o 0| 0} 19| 43 39 22 6 2 1
(cm)

ATgaT

T 70 | 75 | 80| 85 | 130/ 120| 25 | 25 40 45 50 60
(Mm?)

SO STETRIT &Thet 30 kim? | AT Bt O A F ot St TR31e 7 ATeher St | 20

Following are the monthly inflow, Evaporation and rainfall data and the contem-
plated demand for a proposed reservoir of a hydropower project :

Month Jan | Feb | Mar | April | May | June| July | Aug | Sept i(_)ct Nov | Dec
Monthly
- Inflow 50 | 40 | 30 25 20 30 | 200 | 225 150 | 90 | 70 | 60
(M)
Monthly
Evapora- | 6 8 I3 17 22 22 14 11 13 12 7 5
tion (cnt)
Monthly
Rainfall 1 0 0 0 0 19 | 43 39 29 6 2 1
(cm) .

Monthly
demand 720 L S 80 85 130 | 120} 25 25 40 | 45 50 | 60
(Mn?)

The average reservoir area is 30 km?. Estimate the storage that is necessary to meet the demand.
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4.(a)

3 TR [T, E ¥R F, SR @ =
F= 1000 N &, v 1w fey & R R &
T # W W g st ok s ¥ diw
& = T IUET A §Y, A, B W C W H
uferferamel &1 seer &% | 10

Two equal cylinders, E and F, each weighing
1000 N are placed in a box as shown in the
figure. Neglecting friction between the cylinders
and the box, estimate reactions at A, B and C.
10

p Ruagfmd e s ol fR B
o ‘s fafer’ & s AifSrr | 15

For the beam shown in the figure,
compute the deflection of end B by
777777 force method. 15

El =T% 9
EI = Const.

4.(0)®)

4.(c)(i1)

5.(2)

/

SteraTieh SeaTed o fordt, e sfiersl o SATaR 92 Uk SUYTh SXalTe 98w Bl @
AT 3 = 300 m 3T FET0T= 6-25 m3 /s | T AT 200 rpm A HATT THAT 85% T Hehl & |

TR, 3 STH T ATHRAT H | et 7 TR 9% 10,000 N/m3 o | 12
It is required to choose a suitable turbine for hydropower generation for the following
data : , '
Available head = 300 m and discharge = 6-25 m3/s. A runner speed of 200 rpm and
maximum overall efficiency of 85% can be adopted.

Determine the diameter of the runner. Assume the specific weight of water as
10,000 N/m?. 12
farfre =t N = 50 arer sraehest gral i 782 & 1-0 m3/s T Feaor, 40 m &) S99
fRaT ST R | 999 1500 rpm 9 T © 311K SehT G907 T84T 75% & | T84 <t ST i< St
IERICEIGEE 13

A discharge of 1-0 m®/s is to be pumped to a height of 40 m using centrifugal pumps
of specific speed. N5 of 50. The pumps run at 1500 rpm and have an overall efficiency
of 75%. Determine the number and arrangement of pumps. 13

@< ‘@ SECTION ‘B’

I T IY o ST R : wF afE @R T ISWB 450 @
Answer all five parts : 0794 kN/m & &7 © K 37 o
y ISWB &1 TWET X 9 SireT 77 & forasr

FJ € | afs e & FReiEd d99n

¥

%
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ISWB 450@ 0-794 kg per m 3 TUTeH ;
TFT = 101-15sqem L, = 35057-6 ca* I, = 17067 cm

f, = VT EARE =92m;  f, = 250 M.Pa = T gl | 10
AT ST 10 20 | 30 | 40 | 50 | 60 | 70
weg AdET ®

AT Ofeae MPa #

f,=250 M.Pa 150 | 148 | 145 | 139 | 132 | 122 | 112

A built-up column consists of three ISWB 450 @ 0-794 kN per m connected effectively
to act as one column. (See above figure.) Determine the safe load carrying capacity of
built-up section if the unsupported length of column is 4-25 m.

Properties of ISWB 450 @ 0-794 kg per m.

Area = 101-15 sq em Iy = 35057-6 cm* I, = 1706-7 cm*

i, = thickness of web = 9-2 m; fy = 250 M.Pa = yield stress. 10

Slenderness ratio 10 20 30 40 50 60 70

Permissible stress in
axial compression in M.Pa

fy =250 M.Pa 150 | 148 | 145 | 139 | 132 | 122 | 112

' Mzm"“ R mr B § R w0 2, w7 ¥ frg, de

D S, € ATl TR 3T STV S TR | 10

L L Draw the bending moment diagram and shear

5.(d)

5.(e)

gm 4  Pm % 2m force for the beam as shown in the figure. 10

¢ = 36° 31T 18 kN/m® & TWTET SeTE W aTel X 7 (i) & T 1 m F1ST 9gT, (ii) 1 m AT
& U 3 UTE o el T gkt AR (ot it e ST SR ? A Sione ok T S[ae kA
1 m T TR I WU § AT foh o1 &) T a1t 8<% T E | 6 & 3-0 T LT FRS
AT | 3TET T R 6 SmTe ST | S ¢ = 36°, N, = 47 R N, = 43. 10
What will be the gross and net safe bearing pressure of sand having ¢ = 36° and effective
unit weight of 18 kN/m? under (i) 1 m wide strip footing (ii) a square footing of 1 m
size ? Assume the footings are placed at a depth of 1 m below ground surface and the
water table is at a great depth. Also, assume a factor of safety of 3-0. Use Terzaghi’s
theory. Given ¢ = 36°, N; = 47 and Ny = 43. 10
U =R 9 TR aeer § aRiEE gEgifas oY (= 0) 45 cm AR AT S5 e ¥
1 cm FRaT & | 9§ @07 7 49 719 & 96 9 0 10 om 9K R smar € a9 i o
44 cm ¥ T2EHE 34 cm. 10
In a variable head permeability test the initial (# = 0) hydraulic head is 45 cm and it

drops 1l cm in 5 minutes. Calculate the time required for the head to drop further by
10 cm i.e. from 44 cm to 34 cm.

sufeg guied e § et ufdest 160 kN/m? & yfoed WHTEaTs | ﬂmaaéﬁﬁrﬁm
%50°mﬁwaw%|@%awsﬁtmg%ﬂwm%mmaﬁt 10
In unconfined compression test, a soil sample fails at 160 kN/m? stress. The failure plane
makes an angle of 50° with the horizontal. Calculate the values of cohesion and angle of
internal friction of the soil. 10
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e STETETSIT 7 5K (ISMB 350) K 20 kN/m &7 SR 975 o7 2 | et 3 R 250 mm
AR SERI 9 @ o) a7 @e) 9% 625 m %7 T gl F o % € ) o7 une
Rt iR as g s sramT 2| T3 el ez ) et s 2 | e & oRese oy
STeRT, ATETOT 3T (=89 <A ¥ & s FIRTT | ISBM 350 o IR=T e i €
Iy = 13630-6 x 10* mm*, 397 = 524 N/m

1,y = 9T & AT = 8-1 mm, % = 6671 mm?

D = =17 &7 T0E = 350 mm !

ST ST TSI o SR ST Tfeveret 3 W LS. IS & SATAR S | e 3 forw e
| FTET 7 e 3 Rru st Y | _ 20
A simply supported 7 beam (ISMB 350) is to carry an imposed load of 20 kN/m. The
beam ends are resting on 250 mm thick walls with bearing plates (smooth) with clear
span of 6-25 m. The beam is laterally restrained and is made of MILD STEEL. The
beam supports a floor slab. Check the beam section against bending, shear and
defleciion. The section properties of ISMB 350 are -

L = 13630-6 x 10* mm*; Weight = 524 N per m

t, = Thickness of web = 8-1 mm; Area = 6671 sq mm

D = Depth of the beam = 350 mm

Assume allowable bending stress, allowable shear stress as per code. 20

=TS i oo SRR FER R 15 N/ o TS S el SITef, T TRYEor T 2 | il
RO 30° § | I ST (s e e & o R w42 m | SR S werg
300 mm & | T 1 S1TE 2100 mm § | ST 1R 35 797 it 67 TRomTe s & T &
TeEsd=Te) ST o T STeh i TR R | et 3 arer et e =7 et
ST AR & | X 7 o1 oy iferet 2 | RS oy e o =S 24 1N/ | 15
A masonry retaining wall has to retain sand with a unit weight of 15 kN/m?, Angle of
internal friction 30°. Assume sand to be dry and the height retained is 4-2 m. The top

-width of the wall is 300 mm. Bottom width is 2100 mm. Check whether the resultant

of the forces is within the middle third of the base. Calculate the stability factors of the
wall. The back of the wall adjoining the soil is vertical. The top level of sand is

horizontal. Unit of weight of masonry is 24 kKN/m?. 15

feq g o 3 foers et e smreit & o,

R e 8 m Y Te O, T T, TS ahEe ok
|

i o oot SSTIT IS % AR AT | SR I )

o R foooo- SR WeeTble o Yo= I0KN/m?+ | 15

For sub-soil conditions shown in the figure draw

total, effective and neutral stress diagram up to a

b ! i depth of 8 m.

7.4{a)

Neglect capillary rise. Take ¥, =10 kN/m3. 15

T A &, 125 mm &1 gt Te0E 0 R, 10 mm =7 & =V & ZRT 200 mm c/c T
geifere fSRaT T & | M 20 F3612 3R Fe 415 T T ITANT R T & | Eelet ST iR sl
T L (i) FRERT I By & ar i) wiTes e arre Gl & (s e e
TR=w) LS. code F Fanfas (1.S. code arer 3 T2 A€t o ) | o iy wh e Ry

? HTTE FATT = (333 | 20
A slab is reinforced with 10 mm diameter bars at 200 mm c/c located at an effective depth
of 125 mm. M 20 concrete and Fe 415 steel are used. Find the Moment of resistance of the

slab using either working stress method or limit state of strength (ultimate limit state of
stress) method as per I.S. code. (I.S. codes are not applied during examination). What shall

be the overall depth of slab ? Modular ratio is 13-33. 20
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7.(b)

7.(c)

B.(a)

8.(b)

8.(c)

T 30 cm FTH Y shehle T, 90 kN/m? & ieg Eie qIHed el TR G (e &
20 m 7 TEUE T AT © | I S ooy arw s faaEr € ? s o = 0-8
AT TR =3 F | 15
A 30 cm diameter concrete pile, is driven tc a depth of 20 m in a deep deposit of clay
having unconfined compressive strength of 90 kN/m?. What is the design carrying

capacity of pile ? Assume adhesion factor = 0-8 and factor of safety = 3. 15
THIT AT TS Sl STEeT TeXTs o ST STHIM o1 T U< Ueh faeg 911K 200 kN &T& € | gfderer
EIERIEIGUEIEY

() R & WY A= 10 m ST oS K
(i) 5 m ¥ &R i 10 m B ™ W

ST THIEHTT & SR ity | 15

A point load of 200 kN acis on the surface of a homogenous.soil mass of large extent.
Find the stress intensity
(i) at a depth of 10 m directly under the load.
(ii) at a horizontal distance of 5 m and depth of 10 m.
Use Boussinesq equation. 15

300 mm =1STE x 500 mm FTHT TEX o TF TRIS T Hehle T i, Thel T=ST o Tod

7% & 100 mm Y IeheRaT 7K 750 kN F A 5 F g9 gisiford a1 M@ ¢ | W%Twa“r
foegfy 7 mm ¥ | S 9% o WK & @19 20 kN/m ST A09T g7 WK A e © | el &
HF R I Iiae, =6 WK 1T T WK & TAET ST o gT Y R q 9K gieret &1
IMehefl R | QEATIISIferd €T 1 THish ST 24 kN/m & | Fshie 3 T 8het & Tiewer
T SATRTSHAT ol © | 15
A prestressed concrete beam of 300 mm wide x 500 mm overall depth is prestressed with
a net force of 750 kN at an eccentricity of 100 mm below from the centroid of gross
section. The effective simply supported span of beam is 7 m. It is subjected to an imposed
load of 20 kN per metre in addition to the dead load. Evaluate the stresses at top and
bottom fibres at the centre of span due to effect of prestress, dead load and live load. Unit
weight of prestressed beam is 24 kN per m. Calculation of equivalent area of concrete is

not necessary. 15

| 2 20 kN

A E ”Q/V B ﬂéﬂ C D El =U& 99F

EI = Constant
L 5m |_, 4m ;, Im I
/l

T SR T AT - mﬁ%%mﬁwmﬁtwmmm [EEERC)
HTHT Y AT AT | 20
Analyse the continuous beam by moment-distribution method and draw the bending
moment diagram showing salient values. 20

TS ISd mmmmwoz%lwmwmmﬁﬁm

09aﬁtnﬁa€3m%iwﬁgﬁfﬁqaqarsr%aa 10 kN/m? &, mzcm%wﬁw%%&
TiieTd &gl o ST ST AT & 7 Is
A normally consolidated clay has a compression index = 0-2. Initial void ratio of this clay
layer is 0-9 and thickness = 3 m. If the initial soil stress is 10 kN/m?, how high can the
stress become before the ultimate settlement is 2 cm ? 15

a-brl-m-djfa 8



