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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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@ ‘& SECTION ‘A’
Tt T 9997 & SO% SIeIT

Answer all five questions :

S0 kN feu 7o o & RETe v 9w vea B, Sy
qoMU 200 mm §, ¢ foramsier @ femg &

4 TICOTTET T TAT T, | farg A & Eere & b R
7 _#60KN T fRfe &7 st uaT ST | D@ E BC AT AC

S H e g 10

ol Find the resuliant of the force system acting on a

\_ - lamina of equilateral triangle of sides 200 mm.
4 = E = ¢ o Find also its directicn and position w.r.t. point
1A A as shown in the figure. D and E are the mid-
80 kN points of BC and AC respectively. 10

TS 70 MPa & aifErs gy o 200 HP sl w%r & o & 3 gamr st B
FTSTEREaT IS | S o TF 20 RPM 92 &7 S8RY 20,000 RPM T =dl ¢ | 2pf-=ear &
SIERTOT § Tow TRUMT 9% A e & | enfeeer & 3k gare & fow 51 s e R
AR FAAE 7 | 10
Design two solid circular shafts to transmit 200 HP each without exceeding a shearing
stress of 70 MPa. One of these operates at 20 RPM and the other at 20,000 RPM. Give
your inference about the final results from the view point of economy. Do you have any
other suzgestion to improve the economy further ? 10
TRET & = 40 m/s, T = 98-07 kN/m? 311 S=019 =71 =120 kg/m? ITel 91 17 3§ T&
Tewigamaag gk ke e s G RIso ms R sw s wemsm
T | 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 point, 10
2:5 cm AT SOYER, TOR § GAD G W g5 US 797 ©e TR IgR QT ¢ |
T @2 9T 784-53 N T =& 7R7raT ¢ | FHeeeor &y wroren S | o) =61 seom 557 9]

10 kN/m? 7 #tforg | 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 T2 qigT i qred Seel TR 10 m/s © HK SHE 40 m & MY & T 0-8 m3/s F
ety o= s Y qfd S et @ 1 Al areet §E @7 150° % UE & i) AT &

el 31, Y 2XETET ST VR ST FEAET WIS ST | A9 IO T 0-96 AT | 10

A pelion 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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2.(a)

2.(b)

2.(c)(®)

2.(c)(ii)

3.(a)

- o e fe d e W e vela S i qe
\ fi= 9@ (FBD) &4 | 30 AB, BC, AC
AR D ¥ % ©9R Sl SUET A §C G

AN T b 19 9R@ S 9918 | D W &
et THEE ¢ | 10

N ;;C Draw free body diagram (FBD) of the
whole system as shown in the figure.
Neglecting self-weight of its parts AB, BC,
L w ] AC and D, draw FBDs of individual parts
also. The wheel at D is frictionless. 10

fae g ot # femmg & o yrEefEE o
AR G F foTg STt T[0T 7 6 & it
& ®9 H HF &7 94T @0 TAT IGHT S5

et R 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

et aare S Fr adg ¥ 2 m 3T 4 m 6 HE1S W ST S TTHAM: 2 m/s AR 23 m/s A
T | AT T HT TRehe T | T R 0-40 o) srgTfass samar (garr) 0-145
centi stoke Fﬁﬁﬁm | Wﬁﬂ'ﬂ%ﬁ 8m a?r“ﬁﬁiqzﬁﬁmév@m?wﬁaaﬂa

ALV Sl VST, T ATHeT L | 15

The wind velocities were measured above a smooth plane ground surface at2 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
TR TS § BIHATel T076 F AP [N o6 o< BT X & % | 100 km/hr €7H, 2 m =4
& 30 m g ©F & ATER T 6 AT0T T AT . | TAT 1 o0 ued 124 kg/m? &R
Y[R et 0-15 centi stoke o | 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

fegan o= # ey, fBear R A asw waw
fafer=x =Y 39 P 3Ry e W fomT e
T ¥ forg, T3 it erftrmay =2 « Gy

gt ? e e e e p, R 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 y,. 10
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3.(0)

3.(c)(@)

3.(c)(1)

1200 m SIS U AGr # 0-90 m/s 3 SATEa 397 U< 2830 m3/s T fHeaur giar e | S damT
1 : 800 T FEATET T 1 : 40 T 72T T U st e S geanea © | 3 e O
ware & ferw #AfH 1 0025 7, T SEeRT H fHasl 7 feamr emr = ey ? sitw o fo o el &
e faepsy & 7 gt SamaT 141 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 SATEET ST IT29 ¥ 1-5 m?/s &7 Feesor 217 8 | 929 & 9121 10 mm € &K
T o T T e AT 20-7 x 1010 N/m?2% | ST o1 STaa 71976 21-09 x 108 N/m?
? | TET RIS 35 km & AR IS A H Irea oWl © | ST H S HIG hiieid | () gl g
& 3-5 sec H 92 [RATSITAT & (ii) AR AT FT 100 sec # 5% fRATSITAT © | T 1 5 HIH Hoea

- 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 modulus 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?>. 10
T Seifen TR & o, Arearr-siqale, amsae, awi 9 I&Tad SR i e /i
F e e 8

i | S| W | we | g | 9E | o | e | orn | R | e | Tk | fewR
ATga

sty 50 | 40 | 30| 25 | 20| 30| 200 | 225| 150 | 90 70 60

(Mm?)

AT

TS 6 8 | 13| 172222 14 | 11 13 12 T 5

(cm)

Treard

Tat 1 0 0| o | o 19| 43 | 39 22 6 2 1

(em)

ATgARY

B 70 | 75 | 80| 85 | 130{ 120| 25 | 25 40 45 50 60

(M)

S ST St 30 km? | 77 ! I FA o o STt T316 T SATeher o | 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 ‘Uct Nov | Dec
Monthly
Inflow 50 | 40 | 30 25 20 30 | 200 | 225 150 | 90 | 70 | 60
(Mn?®)
Monthly
Evapora- 6 8 3 17 22 Z2 14 11 13 12 7 5
tion (cm)
Monthly
Rainfall 1 0 0 0 0 19 | 43 39 22 6 2 1
(cm) ‘

Monthly
demand 70 | 5 80 85 130 | 120 | 25 25 40 | 45 | 50 | 60
(Mm?)

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

3T TEeER fiforee, E & F, Pt s s =
a9 1000 N &, fu v o & e sk @&
g # W Y 2 e ok www % a9
% WU Wl IUET PR §U, A, B W C W H
s & s &Y | 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

l p RunmfEitedamstR, B
fag ‘e Tt & s s 15

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

El=Ua ¥91
EI = Const.

4.(c)()

4.(c)(i1)

5.(2)

!

STerTich ScaTar o fordr, 7o siierst & SITaR IR U SUITh 2XaTed T8 Sl ©
ST SIS = 300 m 3 FER=6-25 m3/s | TRAT 200 rpm AR T IAAT85% T T & |

T & SATH &7 ATHAT e, | ST 7 {F37€ T 10,000 N/m> F | 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?. 77
farfRre =TT N = 50 =T 3r9ehesy 99 i 798 & 1-0 m/s ST FReawor, 40 m SS9 | gy
fRaT ST R | 999 1500 rpm 9% Tt § ST SehT GaiT T219T 75% & | T8 <t ST s ST
IERICEIGERE 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

GT ‘@ SECTION ‘B’
il ot geel o ST : TE guled @@ 99 ISWB 450 @

Answer all five parts : 0794 kN/m &7 &7 § &K 37 o
y y ISWB & I¥TET 1% 9 SitsT i & forme

R g

T T

¥ ¥
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5.(b)

ISWB 450@ 0-794 kg per m 3 TUTEH :
A = 10115 sqem Ly = 35057-6 cm* I, = 17067 cm*

fy=TT R ARE =92m;  f, =250 M.Pa = Tr¥E Ficad | 10
AT AT 10 | 20 | 30 | 40 | 50 | 60 | 70
STy e

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 sqem Iy = 35057-6 cm* Ly = 1706-7 cm*

= thickness of web = 9-2 m; _]; = 250 M.Pa = yield stress. 10

Slenderness ratio 10 20 30 40 50 60 70

Permissible stress in
axial compression in M.Pa

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

g M“‘N’“’ R r B § R w2, o ¥ frg, da

AA
,

D Ay & TYOF TR &K SATETON o & | 10

L L Draw the bending moment diagram and shear

/'I
5.(c)

5.(d)

5.(e)

2Zm ¥ Pm A4 Im 7 force for the beam as shown in the figure. 10

¢ = 36° 31T 18 kKN/m® & TWTET 36T W aTel X 7 (i) & 1 1 m F1ST 9gT, (ii) 1 m AT
& e 9 UTS o el o Teher A et qRidg T ST grm 7 AT eiorg foh 9T o[ae & A
1 m Y TS W enfa § T S T UE FS1 Tels W g | @ 30 & gRET FRE
AT | STET T R T SmTer 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 7 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 N, = 43. 10
e =L A T o § R eegite Y (= 0) 45 cm iR A s e ¥
1 cm fRaT & | 99 &9F &7 AW 59 4 5@ 9 Y 10 em ¥R fR Ster 8 am f& i
44 cm ¥ FZE 34 cm. 10

In a variable head permeability test the initial (¢ = 0) hydraulic head is 45 cm and it
drops 1 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.

srafieg ddte wderr & et gfdest 160 kN/m? & ufies W9 e s | ﬂwéﬁaﬁsﬂ
%50°mﬁm%|@%wﬁmmm%mmﬁt 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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6.(a)

6.(c)

U SEETee [ 87 (ISMB 350) 5% 20 kN/m =7 ST 91 51T § | 8 & R 250 mm
A SERT W @ el g wiE W 625 mH wE Bl ¥ aw B f ) e e
rifera & it o ¥g 3T T ST § | eRA By e i eneiiTee e € | e & aicees &
S, TSI 1T T <Y gfE & St i | ISBM 350 & aiese o Ffafea €
Ix = 13630-6 x 10* mm*, 917 = 524 N/m

t,, = J2T I AIETE = 8-1 mm, &% = 6671 mm?

D = =9 &1 T80% = 350 mm h

ST ST STcTaTeT o SR ATET TSl 3 5 LS. IS o S A | ST o fore femse
& | v 7 e o fog wite &l | 20
A simply supported [ 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 625 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
deflection. The section properties of ISMB 350 are :

Ly = 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

Toems o T oirees SETC T 15 kKN/m? 3 TS ST 9Tl SITe], T TITamer AT § | i
=T IO 30° ¥ | I S S e gEn ¥ o sk SeE 42 m R | R i w e
300 mm & | &1 T S1STE 2100 mm € | S STy {35 597 sl o qionsy e F 95 &
TEE A9 § | SaR & STl ST &1 TG ST | GaT % 919 ST a19w 1 fHwar
T FEATR R | W@ &7 o e AR 2 | R R e 24 kiN/md 2 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 42 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 kN/m3. 15
feu g o ¥ e 7t siEwer s & fa,

= = 8 m i TEE IF, F Ikisd, THE! giaee AR
e — v SCTEIN TfGEE & ARG SR | HAHIT IA A

s i b el i) ¥ 10 RN/uER 15

For sub-soil conditions shown in the figure draw
total, effective and neutral stress diagram up to a

i l i depth of 8 m.

G=27

7.(a)

Neglect capillary rise. Take y, = 10 kN/m>. 15

TF &iel &1, 125 mm ST IET Ters 9% 20, 10 mm 08 67 BT & -7 200 mm c/c T
Teiferet fRAT AT 8 | M 20 Fhie 31X Fe 415 Tier &l SYART ka1 74T © | ot &7 TfeRier smeet
T R (1) FESRT Tase @l T ar (i) dres s amed Gt 3 (s @ seen
gftrerer) LS. code & HaTiaia (1.S. code Tterm ¥ f&3 7€ sirar ) | T bt Trir sTa<rs, (Saret
BRIT ? AT SaTa = 13-33 8 | 20
A slab 1s reinforced with 10 mm diameter bars at 200 mm c/c located at an effective depth
of 125 mm. M 20 concrete and Fe 4135 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 LS. code. (1.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)

8.(a)

8.(b)

8.(c)

T 30 cm STH i el T, 90 kN/m? % FTREg Goied armd aiel et giae e §
20 m T TR TF T B | I B oo arw awar ey @ ? eSO = 0-8
AR TEF =3 | 15
A 30 cm diameter concrete pile, is driven to a depth of 20 m in a deep deposit of clay
having unconfined compressive strength of 90 kIN/m?. What is the design carrying
capacity of pile ? Assume adhesion factor = 0-8 and factor of safety = 3. 15

THRT AT TS I S5 TeXTs qoh 1 ST Y Tes U< U faieg 91K 200 kN ST e € | gfderer
drgar ENELY

HIeH
(i) 9R & €Y A= 10 m T TR K
(i) 5 m Fr &R g i 10 m B e we |

SR THIHTT & SENT T | 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 ISR x 500 mm FINT TEE & 9 TRISferad Hshl 87 i, Tohel TICo0T o Toed
7% & 100 mm 3T Ieheaal T 750 kN & 3 97 & T Ticeriord {ohaT 74T § | 8= sl Tt
g 7 mm B | 59 9 s/ TR & AT 20 kIN/m &7 99T gen WK s e 2 | Brgfa
&% W @ Teed, ¥9d R AR 99 7R F TE] S o0 g 0 oK a9 K giosat @
AT F, | [EIRER e’ FT T IR 24 kN/m € | FHE F TH 9% & TReem
1 ATl 7ol © | 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
L 2m
7 ALEN 5KN/m 20 kN
A E 2917 B Wéﬂ cC D El =T& 997
El = Constant
l, Jm L 4m [ 1m ‘

“ 8 1 4 .
HA B T AT - Ferarcor forfer 3 gy forereror SAifory ofi e srmeefl s samsw, fored wq@
HIHI &1 AT T | 20
Analyse the continuous beam by moment-distribution method and draw the bending
moment diagram showing salient values. 20

U gaiea gheret 1 gieT guais 0-2 8 | 56 gt 9a %1 oS feear aque
0-9gaﬁ|§aq‘m§3 m 2 | afe IR 7o gfise 10 kN/m? &, a5 2 cm & =< s & o
oot el e Gt ST qhaT § 7 15
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 kIN/m?, how high can the
stress become before the ultimate settlement is 2 cm ? 15
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