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CIVIL ENGINEERING (PAPER-I)

Time Allowed : Three Hours Maximum Marks : 250

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.

Question Nos. 1 and 5 are compulsory and out of the remaining, 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 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 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 Question-cum-Answer Booklet must be clearly struck off.
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@Us—A / SECTION—A

1. (a) T4 1l(a) ¥ @T TC 200 mm Y1 F @18 oS & T ot @ @ gU s« a3 & gftomeh
| ! A KN WY dl, A & gug Igeh e o erafeufa 1 9@ ey

Find the resultant of the force system acting on a lamina of equilateral triangle
of sides 200 mm shown in Fig. 1(a). Also, find its direction and position with

respect to A. 10

20 kN

B

60 kN
A { > » 30 kN

v

80 kN

= /Fig. 1(a)

L

{5) fruifa R & 99 S § 80mm x50 mm x 6 mm THa |0 el 1-75 m o6t ®
I T a4 Afues fovan Wi 331 wowar g, 9 97 &l mowE @ G @ 991 39 A
@ % f, 250 MPa T g6 B0 o foIg ARY-FRE 4% a9 GRyH Brsan A

746 mm* 3R 107 mm | et n = 1-4.

Determine the maximum load that a discontinuous strut having a single angle :
30mm x50mm x6mm of length 1'75m in a roof truss can carry, if it is |
connected at the ends by a single bolt. Take f, of steel as 250 MPa. For the

given angle, the cross-section area and radius of gyration are 746 mm? and

10-7 mm, respectively, Take n =14, 10

o e

(c) T ga K mear (FRE) @ il €
| 58 " = 55%; gueadl (Wiiee®) €W = 25%; foge dim = 15%
le WTehideh 3Txdl H=<asg = 30% &, T 591 Guahd 3N gueaal gaswis 67 Haiu Hife )
The consistency limits of a clayey soil are as follows :
Liquid limit = 55%; Plastic limit = 25%; Shrinkage limit = 15%
If natural moisture content = 30%, determine liquidity index and plasticity =
index. | 10

(d) YoEal I 5T 3R 3G I WY Hifm)

Draw plasticity chart and explain its use. 10
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(e)

(b}

40cm3ﬂm%ﬁmﬁ0-2m3/su{d 9% @1 8| ITeY &fas smEd | 145@%ma@ﬂ
3T 2| UIg % H=L T¥d §Y Il 1 2@ 400 kN/m* 21 We R vfomdt s« & ofmm af
fam =t wem fifeg)

A pipe of 40 cm diameter is carrying 02 m>/s water. The pipe is bent by
145 degrees from the horizontal counter-clockwise. The pressure of water

flowing through the pipe is 400 kN/m?2. Find the magnitude and direction of
the resultant force on the bend.

fa3 2(a) ¥ REm ¥ ® g D W Aftw gy aem A o s E7 s

Determine horizontal deflection at point D in the frame shown in Fig. 2(a). El is
constant throughout.

P
B ¢ &
a‘ a 2a
A
2a

a3/ Fig. 2(a)

wF Wl ger ¥ gr, Rrad et wieE sveww amed ¥ wee el &, o qedy &
fgtor forem s @1 ®

¢’ =100 kN/m?; ¢’ =20 foift; 38 i = 17 kN/m*
areflm srveam e & g Ruifa IR (pore) T9 y=e A 3R B %AW: 0-6 3R 0-8 &I
qesy H 98 aa: (just) Sm # 8 m T FW I]F T R
FeEY & YR T YR & &9 g F1 Hui Sifv) mif & o $ sa saen & =
IR (pore) T4 1 & Fvg ¢ R I8 & foredl oft g W wifvass 2@, Featug g@ &1 s 2|

An embankment is being built of a soil whose effective stress shear strength
parameters are as follows :

¢’ =100 kN/m?*; ¢ =20 degrees; Unit weight = 17 KN/m?

The pore pressure parameters A and B determined by the trniaxial shear tests
are 0-6 and 0-8, respectively. The height of the embankment has just been
raised from S m to 8 m.

Determine the shear strength of the soil at the base of the embankment.
Assume that the dissipation of pore pressure during this stage of construction
is negligible and the lateral pressure at any point is one-half of the vertical

pressure.
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(C) U B gel 3, @R C, =50 kN/m?, y, =18 kN/m? &, @i oes & @1y

gaTs 1 Wl 2 AT i Tl rftenan e w1 Rufon i i a8 et R R0, =0 3k
B =90 feift & & wirs & &t 0-261 fon s @&ar 81 74T FS & 140,

An excavation is made with a vertical face in a clayey soil which has
C, =50 kN/m?, Y¢ =18 kN/m*®. Determine the maximum depth of excavation

so that it is stable. The stability number, corresponding to ¢, =0 and
B =90 degrees, may be tal;en as 0-261. Assume FS as 1-0.

3. @ (i

30 m I & T& HER 3ra fifdet R 3% &1 0-74 smifas a9 9@ M= @
15 m ! Tl T W fea1 I 21 PRE FF 2-5 H FHH A g AR Wi )
AEIE AR ¢|ﬁﬂﬁﬁﬁﬁﬁl?ﬁmfy=250MPalwﬁ§ﬁéaﬁHmﬁaﬁ,ﬂﬁﬁ
At TRt Fifv) fesmgs f sEferd e it 1 s fifm)

A vertical steel cylinder storage tank of 30 m diameter is filled up to a

-depth of 15 m with gasoline having relative density of 0-74. Determine the

thickness required for the wall plate using a factor of safety of 2:5. Take
fy =250 MPa. Ignore the loca 1zed bending effects, if any. Use working
stress method of design.

TEIHE Fohie & T O HIX H 91 & g awas gedl i amnsll &1 uiered
it | Hi5T & 3o oTaq & feara | fisor sgoma 1: 1433+ 2-80 &, Rrae So-die
JEE 048 (39" & fga@ 8) B) e, W 3 U & 49 (%) T HIW:
1490 kg/m>, 1700 kg/m> 3R 1610 kg/m?3 ¥ 3t dma smifys T9e Haum:
3:15, 2-60 3R 2:62 | guifw Ay it Tfawaar 2.0 2\

Calculate the quantities of ingredients required to produce one cubic
meter of structural concrete. The mix proportions are 1: 1-33: 2:80 by
dry volume of cement, with a water-cement ratio of 0-48 (by mass). The

bulk densities of cement, sand and coarse aggregates are 1490 kg/m >,

1700 kg/ m> and 1610 kg/ms, respectively, and the corresponding
specific gravities are 3:15, 2:60 and 2:62, respectively. The percentage of
entrained air is 2-0.

(b) T EAHR =4 B N 4-0 m 2 oM @ & fafie 5=t 40 m 21 A9 & ifirway goE
g feaat @me? |

The width of a rectangular channel is 4-0 m and specific energy in the channel
i1s 4'0 m. What would be the maximum possible discharge in the channel?

(o] () ofe mEr i e il () ¥ @ wg  Pee S v g S-ae @

AT 27 HI TS & -HROMST 1 3gd Hia)

- What inputs are required for the estimation of settlement of a group of

frictionn piles in clayey soil? Mention the assumptions made.
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() 12 m o=l 3 250 mm =A™ N N e (TR F O TR H 60 kKN/m? F
e emfteg gdte amwed areft gfven ge1 4 arier sxafem e s 2
1-0 & §E & ors & AU il it de-R-dex T S areh g0 gEEul S &
v ® fepfeafa =t Feeies i ot FEsE s o = 09 @@ 9 dife)

A group of nine piles, 12 m long and 250 mm 1n diameter, is to be
arranged In a square form in clayey soil with an average unconfined
compressive strength of 60 kN/m?.

Suggest centre-to-centre spacing of the piles for a group efficiency factor

of 1:0. Neglect bearing at the top of the piles and assume an adhesion
factor o =0-9. ID

4. (@) 7m TEEH T GEATH Hg Th FE AR ® REA T 2, s @y 9@ 45 oft |1 Fi
am?ﬁ%wﬂ?,ﬁaﬁtaﬁa'rt%aﬂﬁq&v'gﬂrimé—%@ﬁém%ﬁlﬁtﬁﬂf%ﬁﬁ%%luﬁtﬁaﬁ%
VT B AT 9T F HI MEH 30 W Il g, @ 99 H1dt Rgwar1 & Ftdt @ 39 95a 98 A
fehat &g T EN7?

A uniform ladder of length 7 m rests against a vertical wall with which it makes
an angle of 45 degrees. The coeflicient of friction between the ladder and the
wall is 1, and between the ladder and the horizontal floor is 1. If a man

3 2
weighing half as that of the ladder ascends it, how high will he be when the
ladder just starts to slip? 10

(b) W d =100 mm % 0% 318 JAHR % W =3 4(b) & fe@T MU Fd-3170t F1 91 2( T 3
8 & fo=w = fRwm s s saRT

A solid circular shaft of diameter d = 100 mm is loaded with torque as shown in
Fig. 4(b). Plot the diagrams showing the variation of T and 6. 20

a 4 kKN-m 8 kN-m P

g {4 kN-m

/ | J

3 /Fig. 4(b)

() 4mx2m 3HQA&Y (FH) Tl TE EawR  Fln, s waedt g9, e
E=6x10% kN/m?® 3R pu =050 &, ® 150 kN/m* & q& ¥va wxht 21 39 g =
(i) T B AR (i) 3g Pfén urEt 9ed qU S w BN & sy fFwen w1 fuitn i 37
gfen & foru g ok 1, =152 3 gg $fen & ferq 1-20 wmw: wfifom)

A rectangular footing 4 m x2 m in plan, transmits a pressure of 150 kN/m? on

a cohesive soil having E =6x10% kN/m* and pu=050. Determine the

immediate settlement of the footing at the centre, assurning it to be (i) a flexible
footing and (i) a ngid footing. Take influence factor I, =152 for flexible footing
and 1-20 for rigid footing, respectively. 20
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5. (o) T S(e) o e (z]) % e A P A s vl s s gl @ Rt

hiteTe |
Determine the forces and their nature in the members meeting at joint A of the
truss shown in Fig. 5(a). - 10
32 kN
2
3m
.2
3 m

¥ ‘ 10 m & 101’1‘1. ¥
fm/Fig. 5(a)

(b) T Wik (FRS) ga1 R T Aadeg 40% B 3R ga1 Ft #1 i v 2.7 7)1 Ik
- fifts arguma, wiya, Wifsa it IoF THE MR F e it

A saturated soil sample has water content of 40% and specific gravity of soil
| grains is 2-7. Determine its void ratio, porosity, saturated and dry unit weight. 10

() wF ¥ Fd9 &1 ob 6 IR = 15 kN/m°® 3R qdl = 45% 2| Hif<s seg Jaora &
 frufto S -
A sand deposit has dry unit weight = 15 kN/ m*® and pﬂrosity = 45%.
 Determine critical hydraulic gradient. o 10

(d) @ TR A it faf fi aforw dfm) fafm yoet F @@ yEE TS () EhEEE 3R
A-THAAH YaTE a1 (i) T oK faggsy war wwe i

Define Etilerian method of fluid motion. State the various types of fluid flow.

i Explain {i) uniform and non-uniform flow, and (i) laminar and turbulent flow. 10
(e) TtaiRaa & o favde il -
Differentiate between the following : 10

) FEH R EE
! Compaction and Consolidation |
(i) T 9 T AR T I
Pore water pressure and Seepage pressure -
(iii) Tl YA ST ATETF TEaT
| Liquidity index and Relative consistency
(iv) et dia 3tk el e

Shallow foundation and Deep foundation

i
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6. (a) %a6(a}ﬁﬁammam,wwwma@,@ﬂw%mgm,aﬁ?ﬂmmﬁ
I ¥ QA A fafta YR e gY 1 g WR (1AW dieg) @ Rl S

Two cantilever beams of same cross-sections and separated by a roller, jointly

support a uniformly distributed load as shown in Fig. 6(a). Determine the
collapse load. 20

w/umt length

5 T 1 Ec
A% B Ve

A Mp

L2 0 L

3/ Fig. 6(a)

(b) R 6(b) ¥ Ream sgan, s Aol 12 AW ¥ 5 m 3K SR # 20 m @ | 9fE AR fem
eFt eftml B, e W @ @ F Fuka Fi)

A cylindrical gate shown in Fig. 6(b) is S m in diameter and 20 m long. Find the
total pressure on the gate in magnitude and direction. 15

B

R /Fig. 6(b)

) () smdea wa & R wEtm fluet (Fiaiférem) # - gl fafag

Write the Navier-Stokes equation in Cartesian coordinates for
incompressible fluid. 2

(i) T A smifie D, 39w, B=20mm, p=5x10"% kg/m s 3 TE T
9 _ _15kN/m? el @t ¥ @ sofad wia v ¥ fm sl @ derd g

dx

g, arftrerem argwg afi arftean o &1 faufor sifs

For steady laminar flow between two infinitely wide stationary plates,

B=20mm, p= 5x1072 kg/m s and pressure gradient g_p =-15 kN/m?,
b

determine discharge per unit width g, maximum shear and maximum
velocity. 10
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(bj

(c/

u- A1 L-378 & TNE 150 mm W1 3 300 mm TR T JFardn afwss & faw 1, 1,
AR 1, 1 9HEheH AT u- AN p-318, x- 3 y-319 & gfa 30 feht ammad g g g
Compute [, I, and I, with respect to u- and v-axis for a rectangular section

150 mm wide and 300 mm deep. The u- and v-axis are inclined 30 degrees
counter-clockwise to x- and y-axis. 15

ST W B SR 6 m S A Soche TR G v (9n) w1 fee Hew SRR

¥ W 9 ) Al 200 mm | et YER YR 9E-9UE FOGHE R 175 kN/m? 2,
gt fasmy & 30 et R)1 g M20 & hie 3R Fe4 15 12 & HYSD TG &l TEIH
hINT| YS9 R H1 T 99180

Design the stem of a cantilever retaining wall of height 6 m above the base
slab. The thickness of the stem at the top is 200 mm. The unit weight of

well-drained backfill is 175 kN/m2 with angle of repose of 30 degrees. Use

concrete of grade M20 and HYSD steel of Fe415 grade. Draw reinforcement
details. | 15

15 m % Y & 39efq 3R 0-86 F T 39T W HIEE TF e 2@z 10000 kN U1 *id
¢l gk d <&t = 09, TwR AU = 2-1, Y18 U = 0:65, «F & [/ H
7| = 0-3 3 O=79-0m>/s A, @ f=fafan = sifimem Fifd

-(i) TaTE &1 an, iy |, @ ein (F1ee) W
(i) TR 3 3mifées R

(i) TR W TRy B B0 3 FoE B9 @
A Ifee fe e 359 2

A Kaplan turbine produces 10000 kN working under a head of 15 m at an
overall efficiency of 0-86. If hydraulic efficiency = 0-9, speed ratio = 2'1, flow

ratio = 065, diameter of boss/diameter of runner = 0-3 and Q= 79-0 m>/s,

compute the following :
(1} Velocity of flow, peripheral velocity, both at inlet
i} Speed and specific speed

(i) Guide vane angle and vane tip angle at inlet

- Assume that the discharge is radial. _ 20

|
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8. (@) T 6m fafa o & vafa Ffie saeR ui=8e # ¥9U W19 300 mm x 650 mm %,
3N 40 mm % AT FO W 20 mm 9 Hit 3 T B T T4 Foed 21| T A@fad w7
T THEAH ¥ A fafts wn 2 3R 3k 3 W ¥R wr @ gan ?) af g wwemm fyafia
I 1 Bh5d W 919 39 4 7, @ W grea 3 9edla gifdn ceeme faafa stk g3

It ht A FI ) iz M20 I8 1 R 3R Fed15 18 % HYSD 3810 &1 sewrea T
T B

The reinforced concrete rectangular section of a 6 m span beam has overall
size 300mm x650 mm, and has tension reinforcement consisting of 3 bars of
20 mm diameter at a nominal cover of 40 mm. The simply supported beam is
subjected to uniformly distributed load and concentrated load at its centre. If
the ratio of total uniformly distributed load to concentrated load is 4, find the
safe uniformly distributed and concentrated loads that can be supported. The
concrete 1s of grade M20 and HYSD steel of Fe415 grade is used. 15

(b) WS 220 mm x400 mm & & @-Tdalda #shle Jg Meifad IEAHE 9= 10 m &
st foRgfd 7 50 kN/m % IR R &1 967 B T §) Wae Fels areft b - waemasr
%ael et @ 100 mm g8 |, v faqgfy ok el & g9 W R IR W@-vaeEd o
480 kN B, @ 9N HETH HeheU] &I TR H@ ¢ 9 § =00 3 Qa1 9 st =
yidarett &1 Fuin fivm) gd-vfdea § gl ® 15% 9= s v

A prestressed concrete simply supported rectangular beam of size
220mm x400 mm carries imposed load of 50 kN/m over an effective span of
10 m. The prestressing cable is with parabolic profile placed 100 mm from the
bottom at the mid-span and concentric at supports. If the prestressing force is
480 kN, determine the stresses in the beam at transfer and service load

conditions using load balancing concept. The losses in prestress may be
considered to be 15%. 15

(c) Niibe ° 7 fagsts W H, ot @ g, 59T TE p, R % =@ d 3 v
W sl 31 SiEm & pi fgr (fm) =1 e F@ g e fofla fedwe i st
qurize f&

0 _ (pHVoH d°
H5/2 g\/? . H,

p, H 3M g & TREdt =0 & i W 581 i

Discharge through an orifice depends on head H, acceleration due to gravity g,
mass density p, diameter of orifice d and viscosity u. Make out a dimensional
analysis using Buckingham'’s pi theorem and show that

Q .y pHygH d
H3/241/2 w H
Use p, H and g as the repeating variables, 20

* & &
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