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OUESTION 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

Question Nos. 1 and § are compulsory and out of the remaining, THREE questions are to be attempted
choosing at least ONE question from each Section.

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

Answers must be written in the medium authorized in the Admission Certificate which must be stated clearly
on the caver 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 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
Booklet must be clearly struck off.
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Q. 1(a)

Q. 1(b):

Q. 1(c)

Tl Twr ‘il §

SECTION—A _*
TF 6m A= o5 AB® fen AD g7 g4 & U aar ¢, aar FE ¥ wng m

21 BY F1 o 10 kN 21 T8 Wiy &Y % @0 dae feeA € Rew AD ¥ @A @
Frator ST |
A rod AB 6 m long is held against sliding by a string AD. The rod weighs 10 kN.

Determine the tension in the string AD assuming that all surfaces are smooth. 10

Rt woa @ wids Rowie AR F Rivs ard Redwie A & 21 w99
YER Aiswis [Har 1 dFar 2 & e rw Rewadc a Aisg &1 Sw aqa S
g9 q d0a gAY |

The global stiffness matrix of a structure contains rigid body displacements. Describe how

to modify it to account for nodes having zero displacements. Give two approaches. 10

A B C D
r i KOL — L. El = Constant
[ =200 x 108 m?
5m 4 m 6 m E = 200 GPa
k e - ¥

fra # R ™ @ 3 R, 757 sl (@w) wk@ TR, o« @9E B’ 10 mm A
grar 21 el R B A @ swEw A

Draw the B.M. diagram for the beam shown in figure when support B settles by 10 mm,
using moment distribution method. 10

Q. 1(d) UF T YT I F HFAT HI WA P HgR q & Wl 21 & WA 3 m W
1 B @d bt 36 GXHeEtoer (AT faem &) 0.01 cmy/s 8 3R IEF FW
] m AT A6F BT & ™Egdl HIhETe IE HTsel 0.1 cm/s GEIEED ) 8
od R ¥ 99 9o % &faw it F\far guaqal & fou #-Teisce 3w ARED]
freafro il |
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The ground water movement at a site takes place through a soil zone comprised of 3 m
thick sand with coefficient of permeability 0.01 cm/s (in both directions) overlain by
! m thick fine gravel with coefficient of permeability 0.1 cm/s (in both directions).

Determine the coefficient of permeabilities applicable for horizontal and vertical ground

water movements through the layer. 10

T efe B G U AW v, W@ § g7 Ry oF Brodig gf 0P @l B e fefa

B B 1.5 m @ Pogm g8 9 AW 0.8 msT! U S B gn-dendi w1 iy w1

F JAT H 0.5 m AT 1.25 m & GeAl U YA® H A FH Gl i |

At the entry of the pump intake the velocity v varies inversely as the square of the radial
distance r from inlet to suction pipe. The velocity is found to be 0.8 ms™' at a radial

distance of 1.5 m. Compute the acceleration of flow at radial distances of 0.5 m and at

1.25 m, from the inlet assuming the stream-lines to be radial. 10

&= B 910 Rew/a5e] (Borrow pits/sites) & ddfha & ford M Juesy o€t | &+ 942
fRufd & il 1.0 x IQS m3 91 IR IFF ags d9ar 0.75 uri 39-18< (In-situ) 970
W @ ger (@A 3 wi@e am) @ aReq B @ AR faar w2

Borm Total cost per cubic meter
| 1 0.8 | Rs. 200 |
2 | 1.15 Rs. 180
3 L 1825 i Rs. 175

ydfrer wd & o0 g9 s fFedt ase s $e

CETIES
Material for an earthfill was available from three different borrow pits/sites. In the compacted

state the fill measured 1.0 x 10° m3 at a void ratio of 0.75. The cosresponding in-situ void

ratio and cost (cost of material and transportation) of the material for three sites are as

follows :
Borrow site Void ratio Total cost per cubic meter
| —
| 0.8 Rs. 200
2 l 1.15 Rs. 180
3 1.25 Rs. 175

Determine the most economical site for the above earthfill work.
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Q. 2(b) TF R¥qell FUREs WX (I-section) el fa&gia 6.0 m 8, & UL 31 <Ed, 200 kN ufa
@, 2.5 m& @ W H9d @ 21 [AFET & IR X [Fd =g 200 x 200 mm
T ¥ DT 800 mm x 6 mm 2|
afe Ty dfgn wFifYE, s crara @ e @EY 2289 110 MPa, 165 MPa
A 100 MPa #HT: 21 a1, 3 9 fOe «<d9 &1 o4 A ui=og & Jurdar 9% &g |
Trs‘f EQ {-qm'( TIEN o S gear 2

Two wheels, placed at a distance of 2.5 m apart, with a load of 200 kN on each of them,

are moving on a simply supported girder (I-section) of span 6.0 m. The top and bottom

flanges of the I-section are of 200 x 200 mm and the size of web plate is 800 x 6 mm.

[f the allowable bending compressive, bending tensile and average shear stresses are
110 MPa, 165 MPa and 100 MPa respectively, check the adequacy of the section against

bending and shear stresses, self weight of the girder may be neglected. 20

Q. 2(c) TYIM F THF FTAN Uidey (va #ISd) R IeemwA (forge) T R@asl (30) &1 qarwmA
A F fog wieaicns mETer # 0F @8 B AF 100 msT! 9T wE-wm IS AT
Il 2
w&iE & fF 5 TededaT T $T ~90°C I TR ATETISA & @Y FEeTE s A
$ TH Ul 9 (A $ RiT p=7.7 kg m™>, WiAT 1.2 x 1075 Ns) 39 d9a17
X AT ? 'y A AR 295 ms! 2
qui TRATCHF A IR AT A AMRIEY 9T TN gU &l B AU ! FATEF HLA
% g @S <79 yam an R wisd aAEm™ & Pt @i

g &1 FUATT ueed 1.2 kg m™? R WA 1.8 x 10 Ns 2

In order to predict lift and drag forces on a scale model of an aircraft during a section
of operational envelope, involves sea level flight at 100 ms™!, where the speed of sound

may be taken as 340 ms~!.

It 1s proposed to utilise cryogenic wind tunnel with Nitrogen at 5 atmosphere of pressure
and a temperature of —90°C (p = 7.7 kg m™, viscosity 1.2 x 10~ Ns for nitrogen). The
speed of sound in nitrogen at this temperature is 295 ms™!. Determine the wind tunnel
flow velocity, the scale of model to ensure full dynamic similarity and, the ratio of forces
acting on the model and prototype.

Mass density of air 1.2 kg m™ and viscosity 1.8 x 1075 Ns. 15
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Q. 3(a) 20 kN 20 kN

2 m m 2m

ptn T, v .
RY g0 w7 & ¥ ‘A’ Wigee W @i X ‘B’ WX @ ¥y ¥t 9 Hwtgy Raw &
e URA ZA g gl w5 El = seeve o |
Determine the slope at A, vertical deflections at B and mid span using the moment-area

theorem. Take EI = Const. | 15

Q. 3(b) T Ul TH + G H I, ITHas Y 9 60 kN F1 qd UE I gH<
7.5 KNm/m 962 & 9l & %9 X 2+99 e & W@ g, ® o 39T §Er 8

M 30 35 = F=hic &1 3T Fe 415 §5 AT TEIHT DHd

gurdl 97 = 30 mm

e m sreT

wHREa 28 37 sTeiFe 2749 ¥ w=e = 1.5 MPa
TNdeT T ¥ dicsn <A 39 i = 2 MPa
argAx WA = 9

Design a section of wall of a water tank on uncracked basis to resist a pull of 60 kN and

a bending moment of 7.5 kKNm/m width producing tension on the water face. Use M 30

concrete and Fe 415 grade steel.
Effective cover = 30 mm
Permissible stress in direct tension in concrete = 1.5 MPa

Permissible stress in bending tension in concrete = 2 MPa

Modular ratio = 9 15
Q.3(c) M usw A Fx & Reeiq ai® & Sig7 M1 B GRY ® FlFc Ty I T B
Pipe D (mm) L (m) 3
A 150 600 0.020
B 100 480 0.032
C 200 1200 0.024

gcds qI39 &1 Y4B €X HId T | Y BTGl ] TAeHeTS Thgr ST "ol B |

C-AV-O-DAOA <
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Three pipes are connected as shown 'in: figure. The characteristics of pipe are as follows :

Pipe D (mm) L (m) f
A 150 600 0.020
B 160 480 0.032 Ly
G 200 1200 0.024
Determine the flow rate in each pipe. Minor losses may be neglected. 20
— 60.0 m
A
s .
r B
EL
== YO0 i

Q. 4(a) @ §uAq T (f-Francscs THY) |2 ? @ 949 T & Froe 3 ol & v

T e

hijiy |

What is the preconsolidation pressure ? Describe a method to determine the preconsolidation
pressure. | 15

Q. 4b) dI¥e FIZ Yo ¥ Rem @iterd & 9T 34-[42 49 #u ¥ S T FIT B AGEI
#1 @ o 155 N-m T (Torque) ® A@egsal &1 49 &1 <@ 100 mm 33X T=RE
150 mm 2 | J&T &1 575 RUy €79 (Cu) 1 o1 ? ¢ 34 q §eftm, fwm ik
ITg-8 fAux T+ I wud F R w@ws Fagg w1

An n-situ vane shear test was conducted at the bottom of a borehole in a soft clayey soll.
A torque of 155 N-m was required to shear the soil. The vane was 100 mm diameter and
150 mm long. What was the undrained shear strength, Cu of the soil ? Derive the relevant

expression relating to torque vane dimension, and undrained shear strength of the soil.
15

Q. 4c) b wigcthid REMT g F”d ® wF 3 599« 39 g0 <ufyy w2 O g
gl s g7 19 kN/m3 3 ufae s R 30° 8, &1 gfdger ¢ @7 21 Fis-cIe
SR Fad e H H, g €7 BuT Aug &1 e w3 i M 30 TS
&l Hhic 9 Fe 500 U & T SRIATT ) ST g%l g
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A counterfort retaining wall is shown in figure in plan and sectional elevation. It retains

dry earth having a density of 19 kN/m’® and angle of repose of 30°. Design a counterfort

in flexure only using the limit state design. Take M 30 grade of concreie and Fe 500 grade
steel. | 20

im

0.5 m A' ] A

H
6 m s v s s ssss—— | ¢_
[
= : i I
05 m
- — A
Im
; A f T
= V
—_ +—+ PLAN
5m 0.5 m
(a)

e el e e G-EEEEEET  Bwryeiesl SRR el N

(b) SEC  A-A

WUET—H
SECTION—B
Q. 5() () W F@Alax YRy, fad W w@ & YaAB 8 §& [Nadl Fgddics [AEnady

1.95 x 1073 m2s~! 7 AT AT 1500 &, F7 0¥ q@ HL | U9 A A darg H
AYgT §9C @ a2

Determine the diameter of the vertical pipe needed for a fiow of a liquid of kinematic

viscosity 1.95 x 1073 m?s~! at a Reynolds number of 1500. The constant pressure is
maintained throughout its length. 5

CAVSCO-DAOA 7
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Q. S(a) (i) Sartg 77 F fo¥ FiTieRy T W YA ¥ o

Q. 5(b)

Q. 3(c)

Q. 5(d)

3T @ TEe = 18 km, e = 250 ms™!

e = 2.5 m, ¥ A e = 50 m

A7 B HIST FHET @A 1 ;50 7 &R =a 1 : 500 WX FH@r w8
SqTOg AT 12 97 B

I9d Hisd H Wd AN (m/sec) M A IAE W HL

Prototype data of Tidal Channel are as follows :

Length of channel = 18 km, Discharge = 250 m’s!

Depth = 2.5 m, Width of the channel = 50 m

Model 1s built with a vertical scale of 1 : 50 and a horizontal scale of 1 : 500

Tidal period is 12 hours

Compute the average velocity in ms ! and tidal period in the model. 5

Rt

TF 0 Fewd AEd B TR a=3Jv ¥ 90 W B t=2 sec U, IR [STGHT
8§ m 3 I 6 misec 81 AT t = 4 sec UX ZHHI faeyga, I 3N c@ww e |

a = TaRul qUT v = A |

A particle moves on a vertical line with an acceleration ﬂ=3'\/; . At t = 2 sec, its
displacement is 8 m and velocity is 6 m/s. Determine its displacement, velocity and
acceleration at time t = 4 sec. a = acceleration and v = velocity. 10
U 8fe five 9 12 m o1 2, S fRETa 9 fhads 21 99 g1 &I § d@r ol
g dl A" g (couples) 50 kNm Fcdissl d 75 kNm G-¢IFcdidisy S md 9 m FHI:
ai R, @ "Ree )W ad FT @R

e U R & g wd wie ud U Rafa off @ oy §iE7 fve WA
HIUG VST T A |

A horizontal shaft 12 m in length is fixed at its ends. When viewed from its left end, axial

couples of 50 kNm clockwise and 75 kNm counterclockwise act at 5 m and 9 m from the

left end respectively.

Determine the end fixing couples and the position where the shaft suffers no angular
twist. 10
s Ffifd Aaits gavar (\ag) fEer gavmm S0 15° 2 (&Y fEfed @ amw T @)
% s AT 9 18 kN/mP @ widl i % Treeaa R ¢ =35°8 | Wi R
YU A faweral w1 UHT F wEc< gd 9T 99 c (i) vV gui ®9 § due WRd
el ar Mrafsd 8, (i) 99 'Y % "de 9T 3 3 gHIaL |@iue 81 L@ 8l
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An infinite natural slope with angle of slope 15° (inclination measured from horizontal)
has a saturated unit weight of 18 kN/m’ and an effective angle of internal friction, ¢ = 35°.
Determine the factor of safety against failure of the slope (1) when the slope is completely
dry or submerged but without seepage, (ii) when seepage occurs at and paralle]l to the

surface of the slope. 10

Fe 410 TS &id &' 31 < 9o @59 300 x 10 mm 30X 280 x 10 mm 8 $! dvss
qu wargee & WgT wor 8 dd Ry ¥ Reemwr mw 8

Heg 48 TEAAE FG gd, d058 dU wAIgre @l isWigAd hL wed W @ egd ©Y
q% Bl
¥E VU WF HIRYA = 250 MPa

Tmozl'l
Ties I8 &1 AN PFex NME ¥l = 1.5

Design a welded lap joint to join two plates of size 300 x 10 mm and 280 x 10 mm in

Fe 410 grade steel to mobilise the tensile strength of the plates using field weld.
Yield strength of material = 250 MPa

= Ll

Yll'lﬂ

Partial safety factor for field weld = 1.5 10

P {_L—‘ —h $—p

// 300 x 10 mm Plate

7P 777 7T F P77 I 777777 1 7

/
g 280 mm
g < 300 mm

77 722 2777 7 77 77 I i

T e, e, T,

Su

280 * 10 mm Plate £ Lﬂ

CAVS-O-DAOA 9
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. b6(a l -
Q ( ) ‘ I 50 mm
?5—
S0
50
-
50
100mm 49 . 100mm A~
1= [

UF U HI M dFw o ¥ gwfar ww @1 3 IR qoeww ww 10 kN T HaiRe
WS UX AT ma B EE WX Aueyw ghed (Rew ©2w) fadwe w@ il

A beam has a cross-section shown in figure. It is subjected to a vertical shear force of

10 kN at a given section. Determine the shear stress distribution on the section. 15

Q. 6(t) (1) @ womwwl B v Rug gy F CF qECI TFG AT T 2} AR P9 P FRI
T ML FM 20m e o URIERA W mis! § Ua® X A9 Fied |

RIS A = 1500 m
g0 qone = 0.02

qrEgazd & <A = 300 mm
‘A’9C WSEL =200 m
‘B’ WSEL =185 m

A booster pump is installed in the pipeline between two reservoirs. If the energy

added by the pump is 20 m, determine the flow rate in the pipeline in m%s™.

Length of the pipeline = 1500 m
Coefficient of friction = 0.02

Diameter of the pipeline = 300 mm

. WSELof A=200m WSELofB =185 m 5
Y | 200
i h¥4 185
A
B
s@wts
C-AVSCO-DFAOA 10
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Q. 6(b) (ii) & & TH U FET IJUCYY Fiqad TEATIT e & gegdr & ywe
e = 5000 m3s™!, fEx &8 @A™ =1 : 2500
yarE ' MeUs = 4.50 m
o & a9d 9 2
Compute the shear stress acting on the river bed for the data given :
Discharge = 5000 m’s~!, River bed slope = 1 : 2500
Depth of flow = 4.50 m

Assume the river to be wide. 4

Q. 6(b) (iii) TF wFEgIa® WFT F Fal B 9.0 m T IFALIH WIS e 0.12 21
Wid @l IR TR R e digdn

A hydraulic jump has an energy loss of 9.0 m and the downstream Froude number

1s 0.12.
Determine the initial depth and the discharge intensity. 6
Q. 6(c) (i) TFeX-dm~¢ IAWd = e ‘sweH MUR' &1 97 Sy |
Gi) BRFT I 3 wra Oddvs @ @ AR B0

(i) W90 Seqia @1 AeneIitier dHar S 9k Sy
(iv) 7@ gfoefa s=ric 3 &8 wg Iufaey #

(1) State the Abram’s law on water-cement ratio. 5
(11) Name the various grades of ordinary Portland cement. 5
(it1) Define characteristic strength of reinforcing steel. 3
(1v) State any five applications of prestressed concrete. 3

Q. 7(a () Fa ¥ Ream T &ga 7 % fou ok C =0989 C_=0.62 & d, a7
FAR W Fed | qF ;0 V, =2.006m s, g =981 ms? Ta ¥ &y =
gtk WX FaE & A Fraior @it

For the sluxce gate shown 1n Figure, if C, = 0.98 and C, = 0.62, what is the height

of the opening ? Given V, = 2.006 m 571, g = 9.81 ms™. Also determine the flow per

unit width. ‘ 5
VZ2g

A T

-

/f//f/%fff/f/’f/’fff I A

C-AVS-O-DAIA 11
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Q. 7(a) (i) @ wwerdl aer (Rivarsd ¥7w) P ol @ 9eE 20 m 7 a®s @
(V):2) 2, & giwd oot & Te0s 1.5 m @1 o &1 =g ] ox 1074 #)
AT ®FA (IFTH) Fiiberdc = 0.2 B | YR (SIFAELN) Feeid Ul # Fa
F 3mFIA B @ el WHRA B Fiffhm & |

The uniform flow depth is 1.5 m in a trapezoidal channel of bottom width of 20 m

with a side slope of 1(V) : 2(H). The bed slope is | x 10~*. Manning roughness

coefticient 1s 0.2. The downstream control raises the water surface by 3 m. Classify

the profile. 5
Q. 7(a) (i) TF IFAAR A7 B g Pretaiaa srer fRar mar 2

#5E =9m, n=0017, S, =1 : 4000

D/S M8k = 6.80 m, U/S TeXR = 3.6865 m, fsea™ = 48.748 m3s!

fra &2 fafer & s #3d g4, areid @ drER (@il |

Following data are given for a rectangular channel :
Width =9 m, n=0.017, S =1 :4000

D/S depth 1s 6.80 m, U/S depth is 3.6865 m
Discharge 48.748 m3s~!.

Using single step method compute the length of profile. 5

Q. 7(b) 9=l WEEH F Y H TH I T F A Aqx ¥y fhwr mn } | ycdd wEer e
A 04 me1 TESS wER (BUS) 12m? T Twed F aw ¥ex T e qd
1.2 m &1 58 & §EI9 (PB99) ¢ = 50 kN/m?, $815 9 y = 18 kN/m3. a0 &ifey
- (i) TR O = 3.0 F I S gU SAH PUNET (TRA [T F) (if) g9 ST vz
H FAT-HAT Aol WX IARE, (jii) UR W SR UGS (AT qEAT 0

FIGT BFT o = 0.8)

A pile. group consists of nine friction piles driven into a deep layer of clay soil. The

diameter of each pile 1s 0.4 m, the embedded length is 12 m and center to center spacing
of the piles is 1.2 m. The soil has cohesion, ¢ = 50 kN/m?, unit weight, y = 18 kN/m?.
Determine (i) the block capacity of the pile groﬁp using a factor of safety = 3.0, (ii) group
capacity based on individual pile failure criterion and (iii) design capacity of the pile

group. (Assume adhesion factor o = 0.8) 20

C-AVE-O-DAFAIA 12
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Q. 7(c) T 2T yare ﬁf%qm U{c-r‘f) CCEGT BT AEACET STEHTEA B
qEd Wiewd B o= 0.5 m
el e e r,=03m
foifea damddt g7ae R (B,) 91 7 = 80°

cATSd B g gIsS U¥ ydre Hnt @b 9 = 0.25 m

T AMF 4 mis ex@gy A Wl 8 99 YRR 300 rpm 2 |

W = $v B, & Wi vy, B & oo Usaeh s Fed 1% |

rEeT ¥ U G TR AAT A A 7@ ver Reia ofk B oA R
IR g0 I & 97 arell e A Iqd gRUmHEEEY vldd ARH i |
AT G99 UX BIs ACH T8 8 IR fF w3 AI0Y Heg d #

A radial flow turbine has the following dimensions :

Outer periphery radius r, = 0.5 m

Inner periphery radius r, = 0.3 m

The angle made by the relative velocity at the inlet is (p,) = 80°.

The width of the flow passage between the two sides of the turbine 1s 0.25 m.
The flow of 4 m’s! goes through the turbine when the speed is 300 rpm.

Find the blade angle [, such that water exit radially.

Find the torque exerted by the water in the turbine and the power thus developed.
Find the head utilised by the runner and the power resulting therefrom.

Assume no shock at the entrance and blades are of negligible thickness. o 15

Q. 8a) fa ¥ RY W d gl Tw & R, died @ 9 Ted Juig J a1 F 99
FR RYd & UYigre IMF clowd & @nodt 9 : H=5m, ¢ = 30%.C = 9,

B=90°%h,6 =20m, vy, = 18 kN/m’, y,,, = 17 kN/m’ (above water table),
q = 250 kN/m?.
C-AVEZ O DAIA 13
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For the earth retaining structure shown in the figure, determine the total active thrust on
the wall, and the point of application of the thrust above the base of the wall. Given

H=5m,¢=30°C=0,p8=90%h,=20m,y, =18 KN/m’, v, . =17 kN/m’ (above

" wifer table), g = 250 kN/m?. 15
| 9 =250 kN/m?
bbbl
Youlk — 17 kN/m?
f=om b =30°C=0

h,=20m y_ =18 kN/m’

sat

Q. 3(b)

V4 L, ¥

0 s
& L, L, L, Ly Ls
f

6 @5m

o & R M ¢y @ R0, Twqueg @A wd 9 w%ad UL, U,L, 3 L,L, % ol

373

@nad §4750) 9 A9 3 F1E I 99 G B

For the truss shown in fig. draw the influence lines for force in members U,L,, UL, and

L,L.. The load moves on the bottom chord. 15

C-aﬂwqﬂ.é‘t?aﬁ 14
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A bracket connection shown in figure, consists of a joist cutting welded to the flange of
a column by shop fillet welds 8 mm on flanges and 6 mm on the web. Determine the safe

service load ‘W’, the bracket can support at a distance of 200 mm from the face of the
column if the steel grade is Fe 410. | 20
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Y des T HIF G TUE = 1.25
TE A TUNd FAAT = 250 MPa

Partial factor of safety on shop weld = 1.25
Yield strength of steel = 250 MPa
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