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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 § 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
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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TUS A
SECTION A

QL (2 U T (Fdeflat) o Sl aa d ©F g9 F TH-AE wv F &9 B
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A cantilever beam is in the form of a quarter of a circle in vertical plane
and is subjected to a vertical load P at its free end as shown in the figure
below. Find the vertical and horizontal displacements at the free end, if
flexural rigidity is same throughout the length of cantilever. 10

P

(b) vEfE HiHe #shie (M. TEmaA f ding sEe A ¥
HI H FTAAIA & FIAR FFAA § Fhie, Y5 TUW @ TH.IETEHL
(HYSD) 3euma & forg sfterafires sfaaa-fosfa a6 aft wwiftes ot =1 goia
TR |
Draw characteristic stress-strain curve for concrete, mild steel and

HYSD steel in flexure giving all relevant values as per codal
recommendations for limit state design of RCC structures. 10
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(@ 7 W wEl, J@F 100 mm I €6 10 mm W, ® e K fiwm d
ufts o Torerd a 4-6 % 9 Fieet B ITERT H NG T 8 | TAF Siee H
=T 16 mm T8 Wd el & 9 997 THSA 410 N/mm2 3 | g 61 3@
1 i T 9t @2 a7 # & | S sraeen sfen = w=m S |
e : TuH i 4-6 % dieel % AT £y, = 400 N/mm2.

Two steel plates, each 100 mm wide and 10 mm thick are connected
together by a lap joint using a single row of three bolts, along width, of
property class 4'6. The diameter of each bolt is 16 mm and the ultimate
tensile strength of steel plates is 410 N/mm?2. Calculate the efficiency of
the joint if the plates are in tension. Use limit state procedure.

Given : f;;, = 400 N/mm? for bolts of property class 4-6. 10

@ T FSAY T Gqd F = F 1-5 cm W Fae » [ARE W@ 09 IR
Tifeeh T 20 Ne/m2 % Th add A YT T 8 | T 10 m x 1-0 m x 0-1 em
AR 3 20 N wR a1t g H @i e & e | W@t | AR we B
0-1 m/s % = 3 § IS ST B, A AETAB w9 A AT |

A 1-5 em wide gap between two vertical plane surfaces is filled with an
oil of specific gravity 0-9 and dynamic viscosity 2-:0 Ns/m2. A metal plate
1-0 m x 1-0 m x 0-1 em thick and weighing 20 N is placed midway in the
gap. Find the force required if the plate is to be lifted up with a constant
velocity of 0-1 m/s. 10

(e) %wasaa;tlyfa T Th a1 W & WY TH T F Qo I S B g
wﬂ%wosww%@@wﬁﬁmm 2-7 97 | 7§ Hl 6:3 m H
&R 9 @ieT I & | T % Ao & il (He aiatem wm O % fow)
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qEe $ EvEE haw T w1 Fulor fifve | s e e e g, 9k
1% 8, 3 =Feaw FIRY | I&1 F THF TR 9-81 kN/m3 7 3401 HIRT |

A pit is to be excavated in a fine sand stratum completely saturated up
to the ground surface. The void ratio of the soil was 05 and specific
gravity of soil solids is 2-7. The pit is to be dug to a depth of 6:3 m. To
stabilise the bottom of the excavation (to prevent sand boiling) it is
decided to drive steel sheet piles to act as cut-off walls that encircle the
excavation. Determine the minimum depth of sheet piling required for
an impending quick condition. Derive the formula, if any, used. Use unit
weight of water as 9-81 kN/m3. 10
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Q2.

{a)

(b)

(c)

9= o & i ™ F % H9Md GE, 6C w@ BC A s w9 $ikw | 3fm
Fdre o eromg g7 4 & sty gdfiea 0§

T & 3 » 400 N

3m

*

B C
4dm , 4m |, 4 m
v

1200 N

Determine the force in members GE, GC and BC of the truss shown in
the figure below. Indicate whether the members are in tension or
cOmpression.

D
.
l

A
v
1

7r- & E—-—+4OON

3 m

_JL A B C D
y 4m , 4m I, 4 m 7%;
1 v |

1200 N

TF 6 m $ Tty geafa famgfa arch yeafirs Fhie @ ) F9m 18 kN/m
T 12 kN/m %1 99 R U9 reardfig Wi 989 e & | i S A
Tl M 25 3 F3hie T Fe 250 IS 3901d § | o0 % qit=az wd g% oA
Yoo i fiere F | e Y NS 500 mm B | WA oTawen
arfirerea faftr &1 v fifd |

A reinforced concrete beam having a clear simply supported span of 6 m
is required to support live and superimposed loads of 18 kN/m and
12 kN/m respectively. The materials to be used are M 25 grade concrete
and Fe 250 grade steel. Design the section of the beam, and the main
longitudinal reinforcement. The width of support is 500 mm. Use Limit
state design method.

T 45° 1 qrvd YEorEr arelt BrysTer T 1 Seeee @ € 1 @ el
Td YO8 @ # qrEey i arel wefiester shi sgeatty Hifd |

I et & SO @ 9 w§ g Y TEUeEl A 05 m W 10 m &, @
TEIE S AR IV F qd U9 915 I Hise (Froude) T&IE & IR |

A hydraulic jump occurs in a triangular channel having sides sloping at
45°. Derive an equation relating two depths and the flow rate.

If the depths before and after the jump in the channel are 0-5 m and
1-0 m, find out the flow rate and Froude numbers before and after the
Jump.
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Q3.

(a)

(b)

(c)

wh ot & 6 uer 1 AuEd (W W) TW 14% U6 THH1 AT The WX
17-0 kN/m3 ® | 927 % 38 ot fafdre ves 2:7 % | v wefia wor o v %
fore qg1 ) @ie 2w uw Pl T WA S | a9 dsfa s
2500 m3 3 | B &7 & @i IH I 7 F e w1 fFaiw fifs, afe
7a & R % sgER yq A SE% Yo T YR 180 kN/m3 T
AT 16% % YeHd RR I ? | GER % qvEIg §qfta e UE aifed
HEH W H 30 @i 1 ger ¥ e 9m et e A w5 ot P
$ifST | S *1 TF AR 9-81 kKN/m3 A wfifag |

The in situ moisture content of a soil at a borrow area is 14% and its
moist unit weight is 17-0 kN/m3. The specific gravity of the solids of the
soil is 2-7. The soil is to be excavated and transported to a construction
gite for use in a compacted fill. The finished compacted volume is
2500 m3, If the specifications call for the soil to be compacted to a dry
unit weight of 18-0 kN/m3 at the moisture content of 16%, determine the
volume of seil to be borrowed from the borrow site. Also determine the
degree of saturation of the soil after compaction and amount of water to
be added to the borrow soil to achieve the desired compaction. Assume
unit weight of water = 9-81 kN/m3,

TF 16 mm A ¥ D B W H W ¥ wrmm Ay F R gl we

 TFH 95 ol ATheTT FIRT | Sehe T 230 kN 1 OM WR wY F TS o

350 mm F gH W T T R | T I°S T Fe 250 FWW IS H
TR o T & | S W T T ot seisu | i e ghean s S
Hif |

Design a full penetration butt weld to connect a 16 mm thick bracket
plate perpendicular to the flange of a column. A factored load of 230 kN
is applied to the bracket at a distance of 350 mm from the flange of the
column. Field welds and steel of grade Fe 250 were used. Also give a
neat sketch of the connection. Use limit state procedure.

U Uoed W5k 250 m hl gE=EAT W 15000 kW Sifth 3T0%1 &t 8 | 956 B
qUlicA® o, AA@F 9el hl T, ToH A H FAHR, Ffeedi

+ famd wa wifeet i @& @ Hikm )

¥eH : C, = 098, K, = 046, 0 = 088, 0 = 14 7 Fafre =1t = 30

A Pelton wheel develops 15000 kW power under a head of 250 m. Find
rotational speed of wheel, number of jets required, size of each jet,
dimensions of buckets and number of buckets.

Given : C, = 0-98, K, = 0-46, 1, = 0-88, % = 14 and specific speed = 30.
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Q4. (a) TUH AY T-9 S 400 mm hi Fgler 3g gewina feufa 3 s e mn 2
P 1 AF 3/ Hifvwe, afe fa d guiv mw dE 9@l F T 3 A R A T
g o g ddted fagfa 50 x 105 2 | 9 § I=aw s Wiowa ot
fratfa il |
¥ed : E = 200 GPa.

T A |4|
4 mm 5
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3 Py E
! {ore L
; L}
{:g
LA 7§,} 7 12 mm v
y 100pmm , 100mm , 50 50 , 100mm
1 1 A mmﬂmmﬂ_ 1
HIE A-A

A small T-beam is used in an inverted position to span 400 mm. Find the
value of P if due to the application of three forces shown in the figure,
the longitudinal gauge at A registers a compressive strain of 50 x 10-5,

Also determine the maximum bending stresses in the beam.

Given : E = 200 GPa. 15
Strain
gauge A
|:4 |
_L mm RN
= " . 3 mm o ~
! [ 4 31 K E
- o™
—
)‘_E
‘:ILR_E
LA 5,} . 12 mm p
y 100mm , 100mm , 50 50 , 100mm ,

1 [ a “1

T, A
mm mm

Section A-A
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Aferp1 afEion grn e e s i @ faie fite, @1 p, = 2452 SR (),
vy = 40 m/s, Dy = 0-3 m, Dy = 0-15 m, 6 = 60° W9 p = 1000 kg/m3 fe=n
TR |

A certain fluid is flowing through the pipe bend as shown in the
figure below. Determine the forces exerted by the pipe boundary on the
fluid, if given that p; = 2-452 bar (gauge), v; = 40 m/s, Dy = 0-3 m,
Dy = 0-15 m, 6 = 60° and p = 1000 kg/m3. 15

(Laid horizontal)
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Two footings are placed at a depth of 1:0 m on a sand layer as shown in
the figure below. The footing at the left is of size 2 m x 2 m and that at
the right 1'5 m x 1-5 m and carry loads of 400 kN and 225 kN,
respectively. The location of water table and other relevant soil
properties are shown in the figure. If the settlement of the footing is
considered only because of the consolidation of compressible clay layer
(ignoring elastic settlement of sand and clay), where do you expect the
maximum settlement ? Justify your answer. Also determine the
maximum consolidation settlement for the footing soil condition shown
in the figure. Assume unit weight of water as 9-81 kN/m3. Assume 2-0
vertical 1-0 horizontal dispersion of footing pressure over depth. 20

!400kN !225kN
] 2m ]

RN | [ RN FAEKPRAN

1m

[ 2mx2m | [1:-5mx1-5m]

e E L ]

y = 18:0 kN/m3 lm

v WT Sand \V
E3 E3

Compressible clay layer

Co=04 e,=10 y=170kNm3 [3™

Sand and Gravel
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TvE B
SECTION B

Q5. (a) % A3 BUH 90 g @ § w AN fam i gy agER Amd a6l W
2% % | 9f s A W adur Aferan 9F 9% 99 T R, @ Sl # feaw
aTa & 2 W ot 3 ¢ 9t gelt durdl # | s A TR 300 N AR s
B R 400 N % |

Blocks A and B are connected through a cord and rest on the inclined
planes as shown in the figure below. What is the tension in the cord, if
the friction at block A reaches the maximum value ? Assume that pulley
at C is frictionless. Block A weighs 300 N and Block B weighs 400 N. 10
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(b) ﬁaﬁmmww,ﬁamwwwa%mmﬁw

gawer Fraffa Hife )
HIce 46 7S & ¥, o 35 Fe 41098 %1 2 |
12
fe—]
ISA 125 %95 x 10 mm
-
35 18 mm ¢‘E{'1Fd 50 mm %
Lbobs YT ST W
50
1 jas 20 mm ¢ e 100 mm
3 / & T W
M N
< she N
55 T 40
e— TTTH We
H‘iﬂﬁ'ﬂﬁmmﬁ

Determine the effective net area for the angle section shown in the
figure, subjected to tensile force.

Bolts are of grade 4-6, and the steel is of grade Fe 410. 10
12 .
h—1
ISA 125 x 95 x 10 mm
i
35 18 mm ¢ bolts staggered at
i) 50 mm pitch
-+ LA
50
! 20 mm ¢ bolts at
gz / 100 mm pitch
< i >
55 40
je—— Steel plate

All dimensions in mm
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/Wm

A \ A \ y
F Y T

4" 6m 41"_2]]1—7"

N

30 kN-m

fert (b)

An 8 m long beam is loaded with a uniformly distributed load, w/m over
the entire span. The beam is supported at supports A and B as shown in
Figure (a). Bending moment diagram for the beam is shown in
Figure (b). Determine the value of udl, w and draw the shear force
diagram. Also determine the maximum bending moment in the beam
and its point of application. '

7 w/m

Figure (b)
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(d v O ThEm F YR W UH SAR IS F HE0 i wisgamh
1 A 8 | NI, TH 0-3 m = F TN, B 4-5°C | G5 F I §
257 m/s @ w1 W } ) fiod W o= 152 mm R ) g #
Favass wan we Fuifm il | 9’ e seen § fed W
FH 27 N B, @ ofiiwew & wdu #1 amwem AR | 45°C W
T : P st = 1000 kg/m3, vggg o = 157 x 106 m2/s 3 WFF Ao
T qE W parg = 1-227 kg/m3, vayy = 146 x 10-5 m2/s.

The drag of a sonar transducer is to be predicted, based on wind tunnel
test. The prototype, a 0:3 m diameter sphere, is to be towed at 2-57 m/s
in sea water at 4:5°C. The model is 152 mm in diameter. Determine the
required test speed in air. If the drag of the model at these test
conditions is 2-7 N, estimate the drag of the prototype. Given that at

45°C, Pgen water = 1000 kg/m3, veq water = 1-57 X 10-6 m2/s and at STP,
Pair = 1227 kg/m3, vy;, = 1-46 x 10-5 m%/s. 10

(e) Th W@ R, M= e i ol oER, wh sF-IEfEa Hre # & ™ R |
fraifa Hifs
() He > M 3 o W wivd whaerer |
(i) @wifea e SR <hr STftrRan TECE |
(i) oo W g Stftehan I-STeifRE Fe i e |
Gv) Rifv = $a afska Wik, afk 8 m 1ewE o ga1 ) G i il § i

e g1 giours fufw g oafeaa |
74 [ RSN
¥ = 18-0 kN/m3
4m ¢ = 25 kN/m?
¢ = 10°
N
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An unsupported cut is made at a site as shown in the figure below.
Determine :

(i) Lateral stress at the top and bottom of the cut.
(ii) The maximum depth of potential tension crack.
(iii) The maximum depth of unsupported cut possible at the site.

(iv) If the soil is excavated upto 8 m depth and supported by a vertical

earth retaining wall, total active thrust on the wall. 10
> o [ 7RRSTRRSTRRS
¥ = 18-0 kN/m?
4m ¢ = 25 kN/m?
o = 10°
.

£ TRSERRSRISTRN

Q6. (a) HA WA AR (5), JTEI NAwA (1) T TN F A T (T,) b
foq Wics dew & 1 4 = @AY At @i dea wa foan
yites et Fregam vem @

u v .
U s
Find expression for boundary layer thickness (), shear stress (7;) and
average coefficient of drag (¢.) in terms of Reynolds number, if velocity
profile of laminar boundary layer is given as : 15
u_y
U s
(b) e fafer @1 swe @ gu, = fow e o & 2= 1 fawcwo <hiftg, af}
AFHA ToaT W B d R R

TB [4OkamC é}

e—— 6 m —> 4:5 m >
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Using displacement method, analyse the frame given in the figure
below, if flexural rigidity is constant throughout. 15

kN/m
R

«<—— 6 m —« 45 m -3

Ly b

W Y

() UH FW % B & Faue $H Faly s 40 m x 9-0 m & 3R Ta9e 230 mm
A1él ford it fa w ygefem & | o YR F 6 kKN/m2 &1 =9 9R ud
Tishr S F BV 145 kN/m2 1 3=Ed 4R wiite ® | it % &
Fe 415 U8 % 39910 Ud M 25 US F shshie =1 3991 1637 701 B | %9 % Saue
#r aAfieper A wd fady & fw suh @it dif | g seeen

Aftrerea TafY w1 & Hiftm )
T Ufdaer & ot war-or 1qures
JUINATAN
16 \ \\\\\‘\
NLQN
E) 1-2 Vi \\\____"‘“--f*lgo
5= 190
E ~| k=2
0-8 — P
e : £, qa1 Ui 3eTd WiEs
0-4 ;
N/mm2 % &
? 0-4 0-8 1-2 16 2:0 2-4 2:8 30
gdera a5 Widae
Foa s R AR T - ik
® ¥ yoa T W ARy aiedy S

URC-U-CVLE 15




The floor slab of a room has clear dimensions of 4-0 m x 9-0 m and the
slab is simply supported on 230 mm thick masonry walls. The floor
loading consists of a live load of 6 kN/m?2 and dead load due to finishing
work is 1'5 kN/m2. Steel of grade Fe 415 and concrete of grade M 25 is
used for construction. Design the floor slab and check it for deflection.
Use limit state design method. 20

Modification Factor for Tension Reinforcement

B LTLWANAN
\ \ \ A N

1-6 \ \\\\\‘
o \\ \\\i
§ e I o, e 55220
e e NC s gy T—F—
2 ~ fe = 190
=

0-4 Note : f, is Steel Stress of Service

Loads in N/mm?
0
0-4 0-8 1-2 1-6 2-0 2-4 2:8 30
Percentage Tension Reinforcement

£, = 058 fy Area of cross-section of steel required

Area of cross-section of steel provided

Q7. (a3 U Bowrhy vhaw ¥ s deomdn qQ1 Sfded w 3= ge¥ dfoed @
=1 gea aftms 99 67 W@ o3 T & | TR (Mohr's) 960 &H15¢ U oy T
o3 % WS F ¢ ® ok FIH HINT | 61, 63 T ¢ F Tal § W1 a4 W
SAETYT IR, 1 U8 WHT Siasd, o % ekl @ ot SYaw S |
A cohesionless soil specimen in a triaxial test is subjected to a major and
minor principal stress 67 and oy respectively. Draw Mohr’s circle and
derive an expression for ¢ in terms of o7 and o3. Also derive the
expressions for shear stress, T and normal stress, o on the failure plane
in terms of 61, 63 and ¢. 10

URC-U-CVLE 76




(b)  TH 0-3 m x 0-3 m = FHR g HI 18:0 kN/m3 Teheh WR TTelt T9 THEH
4 <6l TAE W@ R U T W TH R 090 o 2 ) 39 % Ry ¢ am
F1 BT, (S TG 47-5 kKN & 9K W 971 8t & 2 = & 7 wmft =60 w@v R
T Gt 8 )
4 1-5 m x 15 m MHR F Toh 11 36 g2 F 10 m H =R H W W
e B, @ 25 % & O H WY UG H ST AT a4 v 2 oft
aEEl § WY I T e TEUE W o1 U 39 WIS ) Safd fRan |

¢° N, Ng Ny

18 13-10 5:26 2-00
20 14-83 6-40 2-87
22 16-88 7-82 4-07
24 19-32 9-60 572

26 22-25 11-85 8-00

28 25'80 14-72 11-19
30 30-14 18-40 15-67
32 35-49 2318 2202
34 42-16 29-44 31-15
36 50-59 3775 44-43
38 61-35 48-93 64-08
40 7532 64-20 93-69

A square footing 0-3 mx0:3m is placed on the surface of dense
cohesionless sand with unit weight 18-0 kN/m3 and subjected to a load
test. If the footing fails at a load of 47-5 kN, what is the value of ¢ for the
sand ? The table given below may be used.

If a footing of size 1'5 m x 15 m is proposed on the same soil with a
depth of foundation 1-0 m, what will be the allowable capacity of the
footing with a factor of safety of 2-5 ? In all cases water table was at a
great depth and its effect is to be ignored. 15
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Q8.

()

(a)

¢° N, Ny Ny

18 13-10 5-26 2-00
20 14-83 6-40 2-87
22 16-88 7-82 407
24 19-32 9-60 572

26 22-25 11-35 8-00

28 25-80 14-72 11-19
30 30-14 18-40 15-67
32 3549 23-18 22:02
34 42-16 29-44 31-15
36 50-59 3775 44-43
38 61-35 4893 64-08
40 75-32 64-20 9369

w 22 m fagfa o1 3fcss wie T St T g # URea: Wifd R W
A YR HI BISF 100 kN/m 1 THEAH faaia 9”989 w8 | T
AT SIES gEhT URd B | Fe 410 IS T991@ &1 Fm fwm en
ATTEaai=sg @ Afces Sigl F Afrwer $ifvm | sifiefcra ofesg #
wres Ty TR | dimia swEe afteewn ot = s Fifte | i T w
SRS # ST TR

A welded plate girder 22 m in span is laterally restrained throughout,
and carries a uniformly distributed load of 100 kN/m excluding the self
weight. The girder is without intermediate transverse stiffeners. The
steel used is of grade Fe 410. Design the cross-section and the welded
connections. Draw a neat sketch of the designed section. Use limit state
design method. The plate girder is fabricated in the workshop.

31 gifefel ot s e 9@ a1 h wEew g w5 i w5 %
T ot v whaer Iuges ® | 3, 9 SR STaur i gar % ST
1 foR w0 3T TG S@-TY SR Be AR & Yol W Al & AGEIW
Fmed % fom ue =i e i |

T SN i % aa § O g 99 § U auEd woreh S9E9e gdarr feen
T | GE % FHEqel % AT 150 N-m s@-amegel & snawaswal ot | 3fid ®
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SToEqor iy <hi IV A g gt sEmEiRa soeTer amed w2
P 1 AE 100 mm TF TS 150 m 4 |

Explain the conditions when vane shear test is suitable for determining
the shear strength of the soil. Derive an expression for shear strength of
soil in terms of applied torque and vane dimensions considering
shearing at top, bottom and surrounding soil.

An in situ vane shear test was conducted in a clay soil at the bottom of a
borehole. A torque of 150 N-m was required to shear the soil. What was
the undrained shear strength of clay neglecting shearing resistance at
the top ? The vane was 100 mm in diameter and 150 mm long. 15

(b) 18 YR YA TATeAl Th o Th-geR ¥ 150 mm ) gt W @&l & &few fén
AR Wl < €19 Jaifed 3 | Ya18 1 Afread o 1-5 m/s ® 1 T Hifv
(1) <= YR
(i) o AR FUHIR e W srETor yfdwa
(i) 9 % =0T vaE * forg wfy wwes e e
An oil of viscosity 18 poise flows between two horizontal fixed parallel

plates which are kept at a distance 150 mm apart. The maximum
velocity of flow is 1-5 m/s. Find : 15

(i} Pressure gradient
(ii) Shear stress at two horizontal parallel plates
(iii) Discharge per unit width for laminar flow of oil

(©) = foa ® guily My 2eher M (FeleR) @1 Rz Hife @@ fam ww)
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Analyse the propped cantilever as shown in the figure below and
determine the collapse load. 20
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