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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 attemnpt 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, symbels 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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TUvs—A / SECTION—A

1. (@) T 1(a) & REm 7 200 mm =1 F wwarg By & w AT W o g0 S @3 & uiomh

(b)

(d)

! UG w79 @, A F iy I B o sfdify w1 v 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
50 kN

B

60 kN

A >

l C 30 kN
80 kN
fm/Fig. 1(a)

fiuif #ifm % oa 0 § 80mm x50 mm x6mm Thet R T 1-75 m TR
3T RE Itk @ Sfeh A s 91 e B, AR @ B W o @ diee & g9 5o @
@ % f, F 250 MPa i) &1 ®iu & forg srgseyr-Fe &sa au after fen s
746 mm? 3R 107 mm #| =i n =14,

Determine the maximum load that a discontinuous strut having a single angle

80mm 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

g g1 R Mo (FRe) @ fetile |
58 W = 55%; goea (<afes) € = 25%,; fge dfm = 15%
AR YThfaeh HATEAT A=TEE = 30% 1, T 5qq gIFH N goeaal qudis & Haiw Fif
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

gaeaal 91 agY SR Iu1 W wE Hif)

Draw plasticity chart and explain its use. 10
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fe)

(a)

(b)

40 cm =W % T W39 § 0-2 m3 /s 5@ 7% w1 ¥ Iy Afvw awed ® 145 foft & g g
T3 | UEY & I FEA U TG F ™ 400 kN/m? ) ¥z W uforedt w9 & gfmm af
fem # meEm A

A pipe of 40 cm diameter is carrying 0-2 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.

1 2(a) # Ram m m ¥ g D W A Ry @ Afv @t sr ET sfed 2

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

V c
a 2a

B
a
T7777
A

2a

5

f=/Fig. 2(a)

w W @ ¥ g, Rms e sRew siwew ame ¥y foiiad 8, T aeed #
Profo fen s 2

¢’ =100 kN/m?2; ¢’ = 20 faift; 3 v = 17 kN/m3
Parsfim sveqw ghemit ¥ g fuifm W (pore) @ w=a A 3t B wow: 0-6 3R 0-8 R
ey # I9r gom: (just) 5m F 8 m TF FW J]IH TS &I
AeEY & YR W a1 o ey gmed &1 Fuie #ifvw)| mifg & Fmio 6 5@ s@en & =
N (pore) ¥ @t &7 vy g 3R 78 T fdll oft forg ot wifdss am@, Faiw g@ = ann 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 triaxial shear tests
are 0-6 and 0-8, respectively. The height of the embankment has just been
raised from Sm 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.

10

20

20
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(c}) s Bfv a1 #, F@aw €, =50 kN/m?, y, =18 kN/m? @, wahr wos & 99

| GRS 1 St 31 G Y e stfrhem rewd o Pyt Rifve i a wet = @19, =0 o
B =90 faft & v v ¥@n % 0261 o sn w%ar 21 wiw FS £ 1-0.

An excavation is made with a vertical face in a clayey soil which has
. =50 kN/m?, v, =18 kN/m3. Determine the maximum depth of excavation

so that it is stable. The stability number, corresponding to ¢, =0 and
B =90 degrees, may be t_al_gen as 0-261. Assume FS as 1-0. 10

3. (@) () 30m M F TF FENR T fferst @RS & F 0-74 My T I = A
| 15 m l TeUE T W R I R gem wnE 25 1 TN A gU AR @i B
stiavae W 1 fufon R A £, = 250 MPai g a@ et @, af 6@

at esiere i | fEsng A e yivee R & s@me Rl

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 locahzed bending effects, if any. Use working
stress method of design. 10

i (i) WEAHF FHE F Th W AR B N F U EavEE gewl K AW O
IR | Wi % T S & feara @ fasw ague 1 133 ¢ 2:80 2, Fraw sia-wiie
HEE 0-48 (Foum F feom /) ) dile, W ot U & g (Fow) W FA:
1490 kg/m*>, 1700 kg/m3 3t 1610 kg/m?® § 3t @ smifys w9a wow:
3:15, 2-60 3R 2-62 2| gmifye g A wlawaar 2:0 )

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/m3,

1700 kg/m*® and 1610 kg/m?>, respectively, and the corresponding
specific gravities are 3-15, 2:60 and 2'62, respectively. The percentage of
entrained air is 2-0. 10

(b) T APRTER S7 H NSE 40 m 2 3% Sw § Rifte 9t 40 m 21 T § arfireraw weE
e fer g 7
The width of a rectangular channel is 4-0 m and specific energy in the channel
is 40 m. What would be the maximum possible discharge in the channel? 10

(¢ () TR e d o e () % o g % Rver % wEem ¥ R Se-ae 4 B
‘ s £ H S qd-unonstt w1 g i)

- What .inputs are required for the estimation of settlement of a group of
friction piles in clayey soil? Mention the assumptions made. 5
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(i) 12 m @i 3t 250 mm s $ A et (TEE) F @ AN F 60 kN/m? F
siha arafeg gfte amed areht g gor | afer safem fFn s 2
1-0 % &g 3§ o & fon el il FR-R-d5 T T Al g gEEe) e &
i w iRl @t Feee it s srEsa oE o = 09 F A g
A group of nine piles, 12 m long and 250 mm in diameter, is to be
arranged in a square form in clayey soil with an average unconfined
compressive strength of 60 kN/m?2.
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.

(a) 7 m FETE A T @A i ww Faiw fan w A 2, Ses wv T 45 foft | o

(b)

(c)

Tl 31 W AR am & i oo o L R @ Wi o A wel & e L R AR @ &
W ® 38 WR A HI3 SMEAT 39 T TGA &, q 9a il e E =t 2 39 o099 98 et
fFaft Sad wogm?

A uniform ladder of length 7 m rests against a vertical wall with which it makes
an angle of 45 degrees. The coefficient of friction between the ladder and the
wall is %, and between the ladder and the horizontal floor is % If a man
weighing half as that of the ladder ascends it, how high will he be when the
ladder just starts to slip?

s d = 100 mm % & 31 gun 9w W {3 4(b) # R m aa@-ampt w1 ww @ 7 e
0 % fram =t e @ W aARu)

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.
4 kN-m 8 kN-m K’

Vad Vad

4 KN-m

~ A
X m v (4-)6) m y 2 m‘/y
7 A A

AN - SANNMNNANNNNYN

Rra/Fig. 4(b)

4mx2m gRET (TR) dft w amawR FRn, ww wEedt g, fedh
E=6x10% kN/m? 3t p =050 &, T 150 kN/m? # =@ ¥ wwht &1 30 gfin =
(i) 74 B 3 (i) g8 FRM wHER e g HF W FR & 1w Faea @ Futm it =
g & g ywE o 1, =152 3R g BT & for 120 www: i)

A rectangular footing 4 m x2m in plan, transmits a pressure of 150 kN/rn2 on
a cohesive soil having E =6x10* kN/m2 and p=0350. Determine the

immediate settlement of the footing at the centre, assuming it to be (i) a flexible
footing and (i) a rigid footing. Take influence factor I, =152 for flexible footing
and 1-20 for rigid footing, respectively.

15

10

20

20
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@ve—B / SECTION—B

5. (alu 1'%135(a)ﬁﬁ@s‘n§%a‘1(w)%ﬁsAmﬁaﬁaﬁmﬁaﬁﬁﬂwmmﬁm
Fifu)

Determine the forces and their nature in the members meeting at joint A of the
truss shown in Fig. 5(a). : 10

v 10 m L i0om

i N 1 ‘ X L

fm/Fig. 5la)

(b) TF Wita (F=REE) ga AR # e sradeg 40% ¥ o gar wvit w1 fafte v 2.7 R 36
. Rftp orgurd, s, wifya o gom 3@ wm w1 Fator fif)

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

() T Y fdw = gen i 9 = 15 kN/m? 3R @ = 45%%|a;ﬁmaaﬁuuavmrﬂ
- T dif

A sand deposit has dry unit weight = 15 kN/m and porosxty 45%
| Determine critical hydraulic gradient. 10

(d) mnﬁﬁaﬁﬁmﬁﬁlaﬁqﬁwﬁﬁmﬁﬁmm%mmwymwaﬂr
H-THETH YaTE adl (i) Tl o fagew warg T fifsm)

Define Etlerian 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} frefafam & o= faver fifsw .
Differentiate between the following : 10

(i) TEH 3 g
| Compaction and Consolidation
(i) it @ g@ ot fem 39
Pore water pressure and Seepage pressure
(ifi) AT GEHh I ATHEF FoTa
| Liquidity index and Relative consistency
(iv) el Fia 3R T Fia

Shallow foundation and Deep foundation

|
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6. (a) T 6la) i REm T NER, W I F A, W AT F T g, 9 Refan wd
T w1 A A fEiE R F et gu 1 gt W (S dg) w1 fufm A

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
wjunit length
Y vy v & % c
,
A éﬁ) B Me g
- Mp
|Va L/2 L L I
A A A
R/ Fig. 6(a)

b) fa3 6(b) § foramy arFEn, wF deFER e =W # 5 m 3R TR A 20 m B afe ok fem
24t gt @, e W Fa T & Puke Hifw)

A cylindrical gate shown in Fig. 6(b) is 5 m in diameter and 20 m long. Find the
total pressure on the gate in magnitude and direction. 15

ar

A

firt/Fig. 6(b)

¢ () e e % R e e (Seiém) § - wfwo fafa)
Write the Navier-Stokes equation in Cartesian coordinates for

incompressible fluid. 5

(i) ¥ D sifm WL, =9, B=20mm, n=5x10"2 kg/m s M T@ YU
?:—15kN/m3awﬁtéﬁé;aﬁamﬁa?ﬁwﬂam%muﬁsmaﬁ@§qm

X

e, stftrwan sraeq 3 stftewan an w1 fafor SHifsg)

For steady laminar flow between two infinitely wide stationary plates,

B=20mm, u =5%x1072 kg/m s and pressure gradient g_p =-15 kN/ms,
x

determine discharge per unit width g, maximum shear and maximum
velocity. 10
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7. (@) u- TN y-3§ F WO 150 mm 9L 3N 300 mm TR T AEAER WDk F *ow 7, I,
AR 1, O afeher AT u- 3R v-319, x- 3 y-319 % vfr 30 faf amrad g% gu #
Compute I, 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

(b} FNE ®E F IR 6 m F8 Hit el wfiaws fan F 1z (wn) w1 oo dam fifg
¥ W 7z # Aerd 200 mm 3| Wl THR SR 98-9UG H GHE 90 175 kN/m? B,
e s stor 30 fEft ) g M20 & e 3t Fe415 38 % HYSD s®16 &1 sW@9
$IRe) vae =R W@ =g

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 17'5 kN/m? with angle of repose of 30 degrees. Use
| concrete of grade M20 and HYSD steel of Fe415 grade. Draw reinforcement
' details. ' 15

() 15 m % ¥id & 31t 3 0-86 i Ty 2&aT W BT TF Foad @A 10000 kN a1 e
T TR FEW WA= 09, TRR I = 2-1, YAIg A = 0-65, ¥ 1 AW/TR H
=M = 0-3 3R Q=790m3/s A, @ Frafufea = sfimem Hiftm .

() e A, e A, 36 e (F9R) W
l (i} TR S ANEE TR

(it) TR W Ty v Fo 3N worw fou @i
W 9fere 6 fremm s R

A Kaplan turbine produces 10000 kN working under a head of 15m at an
overall efficiency of 0-86. If hydraulic efficiency = 09, speed ratio = 21, flow
ratio = 065, diameter of boss/diameter of runner = 0:3 and Q= 790 m?/s,

compute the following :

I (i Velocity of flow, peripheral velocity, both af inlet
{ii} Speed and specific speed
(iii) Guide vane angle and vane tip angle at inlet

. Assume that the discharge is radial. . 20

i .
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8.

(@)

{b)

{c)

& 6 m foght v@ & vafm Fe AR w8t # @9 AM 300 mm x 650 mm 3,
3R 40 mm % AT FR W20 mm =" N 3 Tt } &1 71 TeloH 31 T ST v
R THEH 9§ faafa an ? ok 3w Fx w wFEa ww e gen 21 R g ohenm fata
YR 1 Hahisd IR F WY 313 4 B, @ W we | aedta gt wwene i o 933
VIl AR FR | Fhie M20 I 1 § 3R Fe415 38 & HYSD s9@ &1 399 5
™ R

The reinforced concrete rectangular section of a 6 m span beam has overall
size 300mm x650mm, 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 is of grade M20 and HYSD steel of Fe415 grade is used.

HEE 220 mm x400mm # & [E-Tfafis Fhe J8 AeiNa SAEaeR R4 10 m 6
sl gl @ 50 kN/m % mmifda R &1 98 T W@ ) Teer wow ael @-vEemed
%o acll 4 100 mm g0 W, w1 forgfy oft sl % s W 21 AR @-vaee T
480 kN B, @ W FEeH THM F FAA FWQ FL UG § Ao o Fan WR e
yiterett 1 Fufr fife) f-sfewm § afvdl B 15% w0 s w2

A prestressed concrete simply supported rectangular beam of size
220 mm x400 mm carries imposed load of 5:0 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%.

Aftfre A fresl Wi 4, el @ g, 59AE FE p, MR & = d 3 @ o
R ol #1 afhem & pi frgra () @1 e F@ g o Bl fvda it s
Turigy R

Q - f pH{gH d
H5/24172 nw ' H

p, H 3 g A gHadi 90 F dt w gmma Hifg

Discharge through an orifice depends on head H, acceleration due to gravity g,

mass density p, diameter of orifice d and viscosity p. Make out a dimensional
analysis using Buckingham’s pi theorem and show that

Q =f[pH\/g_H _c_i_J
1/2 m "H

HS/QQ

Use p, H and g as the repeating variables.
* k *

15

15

20
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