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Question Paper Specific Instructions

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

Candidate has to attempt FIVE guestions in all.

Questions no. I and § are compulzory and out of the remaining, any THREE are to be
atternpiled choosing af least ONE question from each section.

The number of marks carried by a guestion (part is indicated against if.

Answers must be written in the mediurm 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.

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

Diggrams/! 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
gquestion 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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HWUE A
SECTION A

QL. (a) woreht % Frae va wull vl F fow g v g difav | 9 geie e

% o aft sfafipmatt = afimmem $ifs
lﬁkH
v @ C;J 0]
O—% O
- = # + A

“03m 05 m 0-3 m 0-5 m

Draw the free body diagram for lower and upper parts of the system.

Calculate all reactions for the figure shown below. 10
O lﬁ kN
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(b} 16 mm %I gfE=rad] i agw o e fEe 9em e oo Piofsfes o= 4 0
TF % g AE T B | uieem Sifem TR 26 d 8 s e s aeen
1% WEH H0

(i) 24 mm fEE 60 mm % FATOH W
(i) 30 mm & 90 mm % 3FWE W
faan w0 # : p, = 160 MPa, p, = 1025 MPa, p, = 236 MPa

16 mm plates are joined together by single riveted lap joint in one of the
following ways. Calculate which of the two ways will give a stronger
joint :

(i} 24 mm rivets at 60 mm pitch

{ii) 30 mm rivets at 90 mm pitch
Given : p; = 1560 MPa, ps=1ﬂ2~5MPa, Py, = 236 MPa 10
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(¢ Trafafen ofsgdamesi s Tam oftsge & =@ 9A=m gm0

gftmers Hifau .
T it =S = 1200 mm
A =i TETE = 120 mm
frm =i =g = 300 mm
TUTET TETE = 600 mm

T T HT A9%A = 25 mm 99 $i 8 98
yerd : M 20 ¥ Fshie Td Fe 415 HYSD 38
Caleulate the ultimate flexural strength of a T-beam section having the

following sectional properties :
Width of the flange = 1200 mm
Depth of the flange = 120 mm
Width of the rib = 300 mm
Effective depth = 600 mm
Area of tensile steel = B bars of 25 mm diameter
Materials : M 20 grade concrete and Fe 415 HYSD bars 10

(d) T IEE HIEl WA el & die Yaikd @9 arel =gedrg oie & 9 fam
frafafes ofm g e 2 .

_v|._(zY

wnZ [ [h”

wE VIS A #

4f2 a0d Ha 2 Ne/m2, V=06 m/s T8 h =5 mm #, &

(i) Foras an v G e gibtew, v

(i) U HAAA, W ok GEN & TEEI U9 e @ (Seaag) 8 e
#, W fFamae sroEqu wiiee % ffor ifsm |
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The velocity distribution for the flow of a Newtonian fluid between two
fixed wide, parallel plates is given by the following equation ;

2
av v
—_— — 1 —_— —
> [ [h] ]
where V is the mean velocity.
If the fluid viscosity is 2 Nafm?2, V = 0-6 m/s and h = 5 mm, determine
(i) the shearing stress acting on the bottom wall, and

{ii} the shearing stress acting on a plane parallel to the wall and
passing through the centre line (mid-plane). 10

—|-:-t—;:|.-
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(@) HEH ®E % 50, 1 m A& g Ht W@ w Uen 50 FE 30 mm A FEHT
T T @ | Wy ° g = i sgeE 0.9, 3R IEW 15% W | HEEE
wa % forn sifem fifes s w1 Pt $ifs | Fofo & o oF = 8 fad
o T WR & w9 g f aihs @ Afon wgita amn w0 o i
it | v wifay B g % w5 e il w9, G = 2.7 U@ 9 9 T
W, y,, = 9-81 kN/m?.

During a compaction work, a 1 m thick stratum of soil was compacted to
a total of 30 mm via a reller. Initially the void ratio of soil was 0-9, and
the water content was 15%. Determine the final void ratio of the
compacted stratum. Also determine the dry unit weight of the soil before
and after the construction and initial and final degree of saturation of
the soil. Assume the specific gravity of the soil particles, G = 2-7 and
unit weight of water, y_ = 9-81 kN/m?, 10
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Q2. (a) 20 kN/m (F&m) T8 50-0 m o Sfea w1 % o 59 feg § sofe S5 5
famol am UL, ¥ sifesmm w9 =1 uftwem fifse | =7 senfam fen w2
T 77 wled w0 &=t & wusfar § & gufm € | (S F =oaw & e
fie)

Eﬂn
Lﬂ Eﬂ' Eﬂ' LE
Forr Ly Lg Ly AN
“Toom T 100m T 100m T wom T o=
4 500 m +

Caleulate maximum force in the diagonal member Ugls of the truss
shown in the figure below, for a moving load of 20 kN/m (intensity) and
50-0 m in length. It is proposed that this moving load will be transmitted
through the bottom chord. (Neglect the self-weight of truss) 20

7 100 m * 100m =~ 10-0m 10:0 m * 10-0 m +

, 500 m A
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(b) 1200 kN % FHE®M 9K F 400 mm SHTH & AN T00 H1 HeloH] T@wd
& iy faamga #ifau | M 20 F5hie 16 Fe 415 3991 F1 3930 Hifaw | w0y
$t amarafen ol 3 m B, o I e o sEen w5 vt w9 g
FH F TS @ 2, 9fe 9o & fang fafie a2
Design a circular column of diameter 400 mm with helical reinforcement
subjected to a working load of 1200 kN. Use M 20 concrete and Fe 415
steel. The column has unsupported length of 3 m and is effectively held
in position at both ends, but not restrained against rotation. 15

(c) =mfU HLHW UH WG Teit Fenned Tz & Fmin fFn g ) e EE
A Ap % FHO HAE T H 73 g L% fow o e (S uaaiee)
=Ieqe =hifan |

By

An inclined tube reservoir manometer is constructed as shown. Derive a
general expression for the liquid deflection, L, in the inclined tube, due
to the applied pressure difference, Ap. 15

2l

Gauge liquid, p;
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Q3.

(a)

(b)

% fam MU TR W 8 m A wgw g @ & A= e @ | g @
Wikl were 30% @ va Tt & Foi 1 sfEes Ae 27 o | 9 WA W
Ieg7 2@ (WA W9R) 3 m 9 gerew (A1t ¥E) % Huged ® | given
T # wEd wetas £ R | g wm @ aw gewm (sfen dR) F SR
w2 ¥ T Reeeht et wad B W R 2 3R T T (R S
) 16 aifad &, o g o wa § gz 6 e RRe el 2 5w
wifire @ #1 U W, g, = 9-81 kN/m?.

At a given site, an 8 m thick saturated clay is underlain by a sand layer.
The natural water content of the clay soil was 30% and the specific
gravity of soil particles was 2-7. The sand layer is under artesian
pressure equivalent to 3 m of water head. It is proposed to make an
excavation in the clay layer. How deep can the excavation be made
before the bursting of the clay layer by bottom heave ? If a factor of
safety of 1-5 is desired, what would be the depth of excavation for the

same clay layer ? Assume unit weight of water, v, = 981 kN/m?,
2 4
uw Fresll waer wwm, y=%—%* &1 fomgfa 300m vE Fg W

eafs 289 50 m 2 | 9 HE0E W SEEEE-He I o § v 8 5,
Tz W UFAAE AT AR 10 kKN/m (99 W + 96 9W) FERa R |
fag if s derm & wft @vsl (dawra) § G4 S = 2 |
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2
A three-hinge parabolic arch, v = 2 has a span of 300 m and

3 45
maximum rise of 50 m at centre. Arch is having uniform cross-section
throughout. It is subjected to uniformly distributed load of 10 kN/m
(dead load + live load).

Prove that Bending moment will be zero at all sections of arch.

; 10 EN/m

(e} = o 4 v o B oeaw (wEm) £ vatemn & wt9 $ifaw | R d
ity o sifem f iz dede ddua i vimern 98 e & | dee = sifm
fam glt 35 mm & | FEuR ¥ 3G 30 mm SE F 2 deel w1 I9@ fam
™ 2 | sftm fam @ (wE @) @ 9" 230 mm % 160 mm # |
30 mm ®ie2 % for, Ay = 561 mm?, dy U dg = 33 mm, f,y, = 400 MPa.

e 230 mm #
*
25 mm
s A "\*Bmmﬁﬂzﬁ‘ﬂ 4
«+— 16 mm Hrerd
iﬂﬂﬂkﬂ
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(a)

Check the adequacy of the hanger connection shown in the figure below.
The end plate welded connection shown in the figure need not be
designed. The end distance of the bolt is 35 mm. Two bolts of 30 mm
diameter are used to make the connection. The end plate is
230 mm x 150 mm in size. For 30 mm bolt, A, = 561 mm?, dy, and
dy = 33 mm, f, = 400 MPa.

e 230 mm »

25 mm

|35 mml+ h ;
8 mm fillet weld

++—— 16 mm thick

Voo

e faes e w faed 5@ (30 w) F, 9y = (fefe ofe) v, s s
=M D, W 99 (S SAMA) p, T Wa WAl (wE TeiEd) oW
ol = & | & i w1 3w e oge, sfadfie o o v wgem
v o, e s ST % "1y mEEeEy w9 & o swEm e e
T | p, V, D =954 Etda wEei gg il |

The drag force F, on a smooth sphere depends on the relative speed V,
the sphere diameter D, the fluid density p and the fluid viscosity .
Using Buckingham n-theorem, obtain a set of dimensionless groupe that
can be used to correlate experimental data, Select the repeating

parameters as p, V, D,

EGT-P-CVLE g
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(b)

{c)

U FEE TG, UHARH B9 H Hid gg yiaw, frew awieg adten e
120 kPaB, W@ ™} | W # it s & 12m fR w2 @
 F 1000 kN 1 W 57 1 £ | g w1 0 9R 20 kN/m® # UE
wig et R s e W R ol 39E waE w1 TesErs R wn awa
2 | fau o wr vd e i fafn % oo geen i 3 % o aiew o
wari-sEn (IEbvE) we fifm | ot i = w aier e % e w
eI 91g ST A A A &, 9 9e %1 = e g 2

A square footing rests on a uniform thick deposit of stiff clay with an
unconfined compressive strength of 120 kPa. The footing is located at
12 m below the ground surface and is to carry a total load of 1000 kN.
The unit weight of clay soil is 20 kN/m* and ground water level is at a
great depth and its effect can be ignored. Determine the dimension of
square footing required for the loading and soil conditions given with a
factor of safety of 3. What would be the diameter of the footing if a
circular footing is used instead of square footing at the same depth 7

v wiw, m W vwawE fafta v e R, & fn 9w sl st AN
femgmn m & | WA Y SE 9% WAGH! & TH AB 791 DE UM % fog

2
ﬁm%fhaatﬂmm;:ﬂgmtl

W1 % UET T 9Ees HifEu vd 9ne vs A9Ean 59 AHE w1 |

#¥—3-0m —
256 EN-m

£2-0 mot h‘\ £2:0 mé)
D
@ C
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Bending moment diagram for a beam carrying uniformly distributed

load has been shown below. Bending moment diagram curve is parabolic
2

and follows the equation v = ﬂ? in AB and DE portion.

Caleculate the values of load and plot loading and shear force diagram. 15

A~ 30 m—+
25 EN-m

@r 2:0 m{-.-]l;j m 5}2—-0 mA
R Cme T

_ax? F———60m—— Parabolic o
SELLS S nunrey=5—12;—
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Q5.

(a)

e B
SECTION B

T heleiEn WA w g T W e i wR e R | e B W
wfiean wE @89 40 mm 7% HfE ® | T WA W HIE G e
(g WR + 9a WR) 15 % foe vwemm faafts ym & sifirsm | afmm =
gftsheA Fifae |

E = 200 » 105 kN/m?

Y7 i HIEA = 200 mm = 400 mm
200 mm

¢ 5 0m——F 1[}Dmm
®

T e

A cantilever beam carries a uniformly distributed load over its entire
length. Maximum possible deflection at the free end ‘B’ iz limited to
40 mm. Calculate the magnitude of maximum possible uniformly
distributed load (dead load + live load) for a combined factor of safety of
1-5 on this beam.

E = 200 x 10% kN/m?

Size of beam = 200 mm x 400 mm

@ 400 mm
50m— J‘

EGT-P-CVLE 12
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(b) T oo 7 <=w Fawm | o TEnd 0w 9 vEEa B W R | S99 F o
%+ fom e wfome (wfafes =E) 200 MPa o difim & | S95e Wi fadl
T ygrEieEd gl | R g e 145 % fom 2 sene = gfeses fifim )
e T -9 OIS 490 | 99 % UEE 9T 10 kN/mS # |

10 mm 10 mm
e —
1010 mm
J;
10 mm
L -

1020 mm ——

Channel section shown in the figure is carrying water to full depth.
Permissgible stress in channel material is limited to 200 MPa. Channel
will be simply supported at itz ends. Calculate this support spacing for a
factor of safety 1-5 to the loads. Neglect self-weight of channel. Unit
weight of water is 10 kN/m?,

10 mm 10 mm
LSNPS - o P
1010 mm
.3
10 mm
T >
#——— 1020 mm A

EGT-P-CVLE 13
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(c)

(d)

(e)

10 m fomgfa areft v EHofiafem F8e 9@ F 200 mm? F=dgFe g%
Trefl TEeE AW # gEufaatem R T R ) 2% @S W AR i I
50 mm JEA W5 F F a9 7eq faega W 50 mm IEET ey & A= R
o T ® . wm W fERElEE = 100 mm x 300 mm, p = 0-35,
K = 0-15/100 m. af2 ar =t %aa o Gt @ @ 3% B o &, @1 ado 2l
&1 e it |

A prestressed concrete beam of span 10 m is prestressed by a parabolic
cable of cross-sectional area 200 mm?2 The eccentricity of cable at
support sections is 50 mm above and at mid-span section 50 mm below
the neutral axis.

Given : Cross-section of beam = 100 mm = 300 mm, p = 035,
K = (r15/100 m. If the cable iz jacked from one end only, calculate
friction loss.

T TEE, 76 mEEEd W 100 TEA/fAEE ® 107 kW S o B

(i) THH YEE UAS W, 11 m gErea 7 e gt et anft o
(ii) Zr=mEa =t Torm nfg & = =ifen 7

A turbine develops 107 kW running at 100 rev/min under a head of
76 m.

(i) What power would be developed under a head of 11 m assuming the
same flow ?

(ii) At what speed should the turbine run ?

6 m S=rd Al g whens il (dEr) am 9 e deeeER TrEe e
wE, Al T F0 ¢ = 30° U T WR y_ = 18 kN/m?, ! i@
wel # | Tufe & de = o e = 2, foew fifs & s =0 O
wH | 3fz fufa & wE § T 99 B, O o 3 oman o fufen % R
H#iE W wH AT g w9 S | fife % snaw 8 9o % spEm
fag 1 safeufs =1 b 59 Fifem |

A rigid retaining wall of height 6 m retains a dry cohesionless levelled
backfill with angle of internmal friction, & = 30" and unit weight,
¥, = 18 kN/m?. A support is to be provided behind the wall to prevent
from yielding of wall. Determine the force on the support if used to
prevent yielding of wall for a unit length of wall. Also, determine the
point of application of the support from the base of the wall.

EGT-P-CVLE 14
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Q6. (a) UF WEWET yE= H, @t fif v wWE 12 m G famgfy awh W 2 e
Zall W fRer o W afeE & ) TS 150 mm UE $2 300 mm # | Hifgwi
w1 fegma s mu | Wi Bg M 20 UH IO B4 Fe 415 ®1 IWM
Y | 99 970 1 94 3 kN/m? =#ifa |
A straight stair in a residential building is supported on a wall at one
side and by a stinger beam on the other side, with a horizontal span of
1-2 m, The risers are 150 mm and treads 300 mm. Design the steps. Use
M 20 concrete and Fe 415 steel. Take live load as 3 kN/m2, 20

(b) WHH TYHSHE FWAI H, 1 m =W UH 25 m F UH AeAmen e,
50 km/h AT THEAW @14 % yug °§ ® | a0 wvmEl vE = & wE .
T & | Faot % sum @ AwA s # smEes Fif |
femm w2 -
P =101 kPa (abs)
Cp =035

p =123%kg/m?

w =179 x 10-5 &
ms

“p-d=1m

i3

—§ L=325m
yol | I

A eylindrical chimney 1 m in diameter and 25 m tall is exposed to a
uniform 50 km/h wind at standard atmospheric conditions. End effects
and gusts may be neglected. Estimate the bending moment at the base

Fpn

of the chimney. 15
(iven :
P =101 kPa (abs)
Cp =035
p =123 kg/md
W =179%105 X8
ms
-l'|_|'l- d=1m
F -
D_.r.. L=25m
|
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{e)

{a)

(b)

v uok HEemEE g F g v e oliew e e @) o T %
T W w3 giew g, b % et adn s AR 400 R omn
a1 | =2 100 kPa & A Uiy wima & wiew & ghE, T W
e 2, & Faeen wfiws (ap) v i fiftue sfee % e ol w, ofem

T =1 @ AT WA () & s 7

A sample of dry cohesionless soil is subjected to a triaxial test. From
another test on a sample of same soil, the angle of internal friction of the
soil was estimated as 40°. If the minor principal stress of 100 kPa is
applied on the sample during the test, at what values of deviator

stress (Ap) and major principal stress will the test specimen fail 7

Fr= ZmTs M8 a o for o el M % W 1 aitshe i |

100 kN 100 EN 200 kN
@i | | © | ®
® © 1 ® 1
10m., 20 Om, 2Z20m ir1~l] my,
& T4 m 2+

Calculate the value of Plastic Moment ‘M p' for the beam shown below.

100 kN 100 kN 200 kN
® | % ® | ®
7 ® t ®

I,1-[.'r m, 20m ﬂ..,l'ﬂl:l%r 240 m I*Llﬂll'.' m,

£ 70m &

wafe Fhie FEgal & feaned & v wdwd gfEs v v diom aEem

worelt % FagEl i = Fifm |

Explain the principles of working stress method and limit state method

of design of R.C. members.

EGT-P-CVLE 18
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(c) U TENTINE 99 GO S e SETE-ERE 305 mm SR # | g an
YiETEEl ® F FITEHE W oA Fn ¥ s um e diese 9 et
Hier 7 6 g # | g (1), 985 B =0 3 gy = 26 mis B, Tarame
Wil 6; = 15 mm B | sgwene (2), 9 & (D) 4§ f e B, w
b =21 mm# | FwaFe (D) @ 2) & 6= «@f g § giad =
ufteer Fifaw | oftorm wt sgweeare (D) w f =i afhis 5e em % ey |
sifver $ifsw | mfe o e st |

A laboratory wind tunnel has a test section that is 306 mm square.
Boundary-layer velocity profiles are measured at two cross-sections and
displacement thicknesses are evaluated from the measured profiles. At
section @, where the free stream speed is u; = 26 m/s, the displacement
thickness is 5] = 15 mm. At section (2), located downstream from
section @ : E; = 2-1 mm, Calculate the change in static pressure
between section (1) and section (Z) . Express the result as a fraction of
the free stream dynamic pressure at section @ Assume standard
atmospheric conditions. 15

Q8. (a) TUE TNER uEe v, el aw i o ¥, v w@eem fod R @ fmin

BFm e # | S 9 w1 =9 300 mm 91, SR 10 mo o wE el &

#ia Fg-H-hg T HATOA 760 mm 1 | T o 1 smfag e amed

I AE 200 kPa Feen T 8 | wH S s 1o = 046 |

(i) T U 3 TR RY, sl bor fhgia % amam w et =t 99 amen
T Hifam |

(i) THS TR Fe g & amgw 9 9 agen wE it | a9 o v
uise & o0 g i = 2 vE T gae Sead-enE gt g e
et s Tl grn sgmfm @

(iii) TEeT Hi &Ear 1 fewEs d9w Hifan |
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A square pile group consists of four friction piles, constructed on a
cohesive soil deposit. Diameter of each pile was 300 mm, length was
10 m and centre-to-centre spacing between the piles was 7560 mm.
Unconfined compressive strength of the cohesive soil was determined as
200 kPa. Assuming adhesion factor = 0-6, determine : 20

(i) Group capacity of the piles based on block failure eriterion with
a factor of safety of 3.

{ii) Group capacity based on the individual pile failure criterion.
Assume factor of safety for single pile = 2 and estimating group
efficiency by the Converse-Labarre equation or any other
method.

(iii) Design capacity of the pile.

(b) TE 122 m HE AETER A § 2547 m¥s T VARG @ | =SS W
o 000283 # | sipEgFr (1) W 0 137 m @ sgEgwr (@),
% 92 m f9 #f wF (M) §, W EE 162 m ¥ | Afmewm
U ‘n’ 1 SHEd 5 F Em ? eia g = 9-81 mis®,

A rectangular channel 122 m wide carries 2547 m¥%s of water. The
slope of the channel is 0-00283. At section (I) the depth is 1-37 m and at
section @, 92 m downstream, the depth is 1-52 m. What is the average
value of Manning’s roughness factor ‘n’ ? Take g = 9-81 m/s?. 15
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(¢) o iR a1, FaEd 9 3 m o« 3 m B, W OEE F 15 m FE Te v A
&t ud W et 7 R | W v U v % A= 3 m O ey gufiE fad 6
wa ® | fidt % ol wE ag ymw fm § it o # ) g Wi & wam
g A % Fa wgmie 9ufh Fagm (eodeee SoEhive deen=) =

Frufro e |
lQ = 1100 kN
P

A FEN .

1-5 m ¥ = 185 kN/m?3
1% EWT

= F—3m—
- y = 205 kN/m?3
i :
e vE Tt

v=170kNm® gy gufim
30 m e, =12C,=06 yfrm
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A square footing of size 3 m » 3 m is placed on a sand and gravel layer at
a depth of 1'5 m from the ground surface, Below the sand and gravel
layer, a layer of normally consolidated =oil of thickness 3 m is present.
Details of soil properties and the footing loading are shown in the figure.
Determine the total expected consolidation settlement for the clay layer

because of the footing loading. 15
lq = 1100 kN
P
1T = 7RI
1'5m ¥ = 185 kN/m?
= f—3m—
45 v= 205 kI"T.l'IlI:I:I.3
" Sand and gravel
*
y=1T0kN/m®  Normally
3:0 m e,=12,C =08 consolidated clay
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