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CIVIL ENGINEERING

Paper—I

Time Allowed : Three Hours Maximum Marks : 300

INSTRUCTIONS

Each question is printed both in Hindi and in English.

Ansters must be written in the medium specified in the Admission
Certificate issued to you, which must be stated clearly on the cover
of the answer-book in the space provided for the purpose. No
marks will be given for the answers written in a medium other
than that specified in the Admission Certificate.

Candidates should attempt Question Nos. 1 and 5, which are
compulsory, and any three of the remaining questions selecting
at least one question from each Section.

The number of marks carried by each question is indicated at the
end of the question.

Notations/terms used have their usual meanings, unless
othenuvise indicated.

If any data is considered insufficient, assume suitable value
and indicate the same clearly.

Newton may be converted to kg using the equality 1 kilonewton
{1 kN) = 100 kg, if found necessary.

A graph sheet is attached to this question paper for use by
candidates. This should be carefully detached from the question
paper and securely attached to the answer-book.

Important Note : Whenever a guestion is being attempted, all its
parts/sub-parts must be attempted contiguously. This means that
before moving on to the next question to be attempted, candidates
must finish attempting all parts/sub-parts of the previous question
atternpted. This is to be strictly followed.

Puges left blank in the answer-book are to be clearly struck out in
ink. Any answers that follow pages left blank may not be given
credit.
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Section—A

1. (@) Compare the moments of resistance for
a given maximum bending stress of a
beam of square section placed (i) with
two sides vertical and (i) with a diagonal
vertical. The bending in each case is
parallel to vertical plane. 12

(b) Three bodies A, B and C of masses 50 kg,
30 kg and 20 kg respectively are under
a force of 5 kN as shown. Calculate the
force transferred between A and B,
B and €. Assume all are frictionless
surfaces. 12

S kN
—» A

Tl

FATTTTTTIFITFTZT772 P TTTFT7T

{c) A two-hinged parabolic arch of span
50 m and rise 5 m is under no external
load. If the left support yields
horizontally by 0-5 mm (outward) and
the temperature rises by 10°C,
calculate the horizontal thrust
developed and draw the bending
moment diagram assuming secant
variation. Take El=1x10'? kN-mm?,
o =10x1077 /°C. 12

(d} A pipeline carrying oil of specific gravity
0-8 changes in diameter from 300 mm
at position A to 500 mm diameter at
position B, which is 5 m at a h1gher
level. If the pressure at A is 1962 N/cm?
and at Bis 1491 N/cm?, and the dis-
charge is 0-2 m? /s, determine the loss
of head and the direction of the flow. 12
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1. (%) TF s uiteds H 4 &, fow mu siltewan
94 gfaeet & fou, ufoedw smgoi 1 gen
Fifsu—

(i) & uza I E A S
(ii) & a7t &1 fyanf Sahr @
Yclleh ST T " SeATL Gae & gurdl A 1 12

(@) @ fig A, B aw C, % o= wul:
50 kg, 30 kg 921 20 kg £, 5 kN & & &
e § £, a1 femma T 2) A 9 B 3N B
U1 C F Ued WHEARG 9l F1d Hia0) I8
A e f5 auft gy adurcza #) 12

| 5 kN
' —»

A

g

(M) TF 2 Feall at WIAHH g2 4 famgid 50 m
| TUT UM 5 m & AU I I HE A0l 9R T 2
Ife @i dYR 0-5 mm (e F TE) A
s # uOyEd 9@ 8 91 a9 10 °C 4]
Sl 2, 99 Iqa A weie i o i
an Hide famad f Fewn W g "
AT 3t wifew) Ef =1x10'? kN-mm?,
o =10x1077 /°C &fifsm 12
(9) TH YA, S 08 INfiE wwea & 9w
weted il 2, ® fag A W =@ 300 mm 3
3 78 fg B™ 500 mm =4 # 98 a1 @
A15 mPBIT W WE I AW IA
1962 N/em? @ B™ 1491 N/cm? wd
frmm 02 m3/s &, a9 wd-wif @on waw i
faon gra fiform) 12
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(e}

(a)

(b)

An  expression for the velocity
distribution in the boundary layer flow
on a flat plate is given as

u 2
—=a+bn+c
n+cn

where n:%, and a b and c¢ are

constants. u and U are velocities at y
and & respectively. y is the distance
measured normal to the plate and § is
boundary layer thickness. Value of u ={J
when y = 8. Sketch the boundary layer
thickness growth along the flat plate
and velocity distribution in the
boundary layer. Find the ratio of
boundary layer thickness to dis-
placement thickness.

Analyse the continuous beam as shown
by moment distribution method. Draw
the bending moment diagram. Assume
EI = constant.

20 kN 3 kN/m iOkN

1 ¢ el

2m 3m 4 m 2m

A cantilever beam of cross-section
50 mm x 100 mm is subjected to a
compressive  force parallel to the
longitudinal axis of the beam at the
free end. The point of application of the

F-DTN-M-DJWA/11 4
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(%) & 992 <z T HiWid 7E yag °§ an aEed &

fam =9 79 yFw B
u 2
—=a+bn+c
; n+cn

aﬁnzg,W@bﬁIc@Tﬁ%luﬁﬂﬂU

FHA: y TG S W AT EE B By R &
Saaq A 75 gl % aen § dimia uie A @1 S
y=907, @@ u=U B ¥ @ iz & fewn ©
HHd Wd Arer § 3fg a9 dwia ww # an
sz # fafm fifw dam ogw qed =
foramaa Herd & s1que W Hifsw;

et w2 fafa g wad w@ =, S feamn
2, et fifs % fou 99 ampel sma
G| El = fers om il

20 kN 3 kN/m iO kN

1 * PN AN

TE Y 4E W, WM 50 mm x 100 mm
WU FE H g, Ik e FE F
o g R W gdften aw em @ R
a9 H omE-fag aeht it waw @

12

15
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load is at 10 mm above the bottom
surface on the vertical centroidal axis.
The span of the beam is 4 m. Calculate
the maximum stresses in the beam. 15

{c) Water is flowing at a critical depth of
flow = 14 m in a channel shown in the
figure below. Estimate the discharge
and specific energy in the channel. 15

/\,
L3

— 24 m —H
Triangular channel

(d} The difference in water surface levels in
two tanks is 15 m and distance between
them is 600 m. Two pipes of diameters
30 cm and 20 cm, and each having
equal length, are connected to these
tanks. Find the discharge through the
pipes when they are connected
appropriately in (i) series and (i) parallel.
The coefficient of friction = 0-04 for each

2
pipe. Use hf = 5104 . Find the ratio of

2gd
discharges when the pipes are in
parallel to when the pipes are in series. 13
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4

K— 24 m —A

frysrEn arfen

T fFm A 9w H mag 7 W 15 m @
I =2 A g 600 m 2 T gy FEF
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FOR &, o R w92 E) w8 e e
#ifu S99 wgfug &7 @ R T & ) wft 7
qAT (if) TR Wl FAF Ws9 % foaw e
2
TE = 004 21 hf_%ug?ﬁﬁﬁm
oEdl % gHiat a9 A e & faewen &6
37T F1d Hifs |

15

15

15
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3. (a) Determine the plastic moment capacity
of the frame as shown. Assume

EI = constant. 15
50 kN
20 kN o i x
e—>
2m
4 m
i 6 m
mr X
— 4 m —
{b) Draw the bending moment and shear
force diagram of the beam as shown.
El = constant. 15
2 kN 4 kN/m 2 kN
4 |
E B C F KD
e——>

fc) Derive Euler's equation of motion along
a streamline for an ideal fluid flow
stating clearly the assumptions. Explain
how this is integrated to get Bernoulli’s
equation along a streamline. How is this

F-DTN-M-DJWA/11 8




3. (%) fmm mu wr A vy He eEd

Fifu | Ef = o 3 wifsu) 15
50 kN
20 kN o p ¢ -
T
2m
4 m
L 6m
| ¥

(@) Fomme mu i % for s Tl qe T S|

g difa | E7 = fors) 15

2 kN 4 kN/m 2 kN
. |
i £ B c F ED

Im L £ 1m

() FETAI F WE IP@ W O, T M@ wW
e & fou ws g-tan i fem § siEen W=
nfa T e fifsw) wE fifse F o
HF TG woh gg-w e § adeft
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equation modified while applying
in practice? Draw a relevant sketch
pertaining to Bernoulli’s equation
components for flow in an upward
inclined converging pipe.

fd) An inward reaction turbine has an
external diameter 12 m and breadth
0-3 m. If the velocity of flow at inlet is
3 m/s, find the mass of the water
passing through the turbine per second.
Assume 15 percent of the area of flow is
blocked by blade thickness. If the speed
of the runner is 240 r.p.m. and guide
blade angle at inlet is 15° to the wheel
tangent, draw inlet velocity triangle and
find—

(i} the runner vane angle at inlet;
(it the velocity of the wheel at inlet;

fiii) the absolute velocity of water
leaving the guide blade;

fivj the relative velocity of water
entering the runner vane.

F-DTN-M-DJWA/11 10
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arfterto e fRa SaT 81 =EEn § IgEm # fAy
30 AR § FE e e s 27 mw #
afir Ja dfvEd wgw § wew F fow adeh
Tfieo & 9ol 9 gefia gma o e 15

(7) = ofal afcfean zwass w1 @ =I% 12 m
dul e 0-3 m 1 AR FE W g 9
3 m/s ¥, 79 9 THg EEA @ S I ael
el 1 290 Fd Sifsw | 77 3 i fF rar
1 15 9ldvd &7 I8 WIIE F A0 SRy Tl
2l afd W # =@l 240 rop.m. & a1 FAE
9 MEE wAT 0 gfen wEl-ta ¥ 15° g, d4
sfarm o By difaw qan 3@ Fifse—

(i) HOTH 97 TR 97 ol

(ii) HATTE T qfEw w1 9

(i) ez =15 & P A Tt P A,

(iv) TR E 9 J&5W @ Fd ® oamifaE 15
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4. (a) Calculate the maximum load P that
can be applied on the frame as shown.
Yield stress =320 MPaand E =210 GPa. 15

50 mm 60 mm

S50 mm

C/S of the members

(b} Draw the influence line diagram for

forces in the members (D, (@ and (@) of
the truss as shown assuming loads are

moving on the bottom chord. 15
®
@ < T
2m
4

» &
k—e——— 6 @2m=12m ———

F-DTN-M-DJWA/11 12




4. (F) FF W W@ N GFA G Afmad I P, S
= 8 fegrn m 2, B o AT woEE
gfded = 320 MPa a9 E =210 GPa 2| 15

50 mm

50 mm

60 mm

AT} F I FZ

(@) I8 &ooN L gQ 6 90 fraw e wmowa @
2, & & wad (D, @ an Q) am aw
et & A 9wia Y sma Hifau 15

O

©

2

X .

T
2m
A
&

k————— 6w2m=12m —

F-DTN-M-DJWA/11

[ P.T.O.




(c)

(d)

A jet of water of diameter 100 mm

strikes a curved vane at its centre with a

velocity of 15 m/s. The curved vane is

moving with a velocity of 7 m/s in the

direction of the jet. The jet is deflected

through an angle of 160°. Assuming the

vane is smooth, find—

(i} the force exerted on the vane in the
direction of the jet;

fiij the power of the jet;

fiii) the efficiency.

A series of vanes are attached to a

rotating wheel such that jet always

strikes the vane. Find (i, (ii) and {iii) of

the above case for this situation alsoc.

A liquid of specific gravity 1-6 is flowing
upwards at the rate of 01 m3/s
through a vertical venturi meter with an
inlet diameter of 0-3 m and throat
diameter of 0-15 m. The coefficient of
discharge is 0-98. The vertical distance

between the pressure tappings is 0-5 m.

(i) Find the difference in readings of
the two pressure gauges, which are
connected to the two pressure
tappings.

i) Find the difference in levels of
mercury columns of the differential
manometer connected to the
tappings in place of pressure
gauges.

(itij Sketch the arrangement showing
the details.

F-DTN-M-DJWA/11 14
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()

el F1 TH 100 mm AW Tl TUR TF 9 94
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5.

(@)

(b)

()

(d)

fe)

Section—B

A reinforced concrete rectangular
section of size 300 mm x 600 mm
(effective depth) is reinforced with three
bars of 20 mm dia. Determine the safe
uniformly distributed working load that
the beam can carry over a simply
suppoerted effective span of 5 m. Do not
ignore self-weight of the beam. Concrete
used is M 20 grade and steel used is
Fe 415. Use limit state method.

A short reinforced concrete column of
size 300 mm x 300 mm is reinforced
with four HYSD bars of Fe 415 having
20 mm dia. Concrete used is M 20.
Determine the safe working load that
the column can carry. If the load is
doubled and steel amount is kept the
same, find the required section of
square column. Use limit state method.

Which law controls the wet analysis?
Give assumptions and limitations of
the law,

What is quicksand phenomenon? How
does it happen and how is it remedied?

What is earth pressure at rest? Explain
it considering active and passive
pressure.

F-DTN-M-DJWA/11 16
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5.

()

(@)

wus—o

u# laaleld wdle dTamr uf=de, fowEi
HMEY 300 mm x 600 mm (J9E TEE) 3,
20 mm =@ # & g § wfaafaa 21 =8
TAEF 5 m $ g afefed ywrE feegla =
Ted T WF | WA F @ & 91 1 0 T 7l
W dFle M 20 #HfE F:; R dU 9T
gqd Fe 415 #if2 &1 21 dim smen fafy &
gE i

uF DrEl Afqafed sl wu, S smm
300 mm x 300 mm g, 20 mm =aE f
I® HYSD B8l 8, S Fe 415 # £, ufvaferd
fopa T 3 W iz M 20 FIfZ F 2 gUEd
FEFN qT F9 HIH S WY ged B HF | AR
HT FY <A H e S qun geard 6 Se
®, a9 JINER WY F HEEE UMEsE T4
Fifeu | i sraeen fafa w1 3mm fifsu

F-m Fgg o favemo =t fafE & 27
T #t Fogett aun dimet & 3g@ e

Faare] 9 R wad 37 7@ ¥ oAl ad @
T zHa e FH w0 7

fép srren # gfv =@ w1 37 AbFa A fAfeks
T 1 HAE T e we fifg

12

12

12

12
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The following figure shows the flight of
staircase of a hospital building which is
simply supported on two walls at two
ends. Assume suitable live load, finish
load and other dead loads :

Detail A

Width of flight = 1'-5m
230 mm 12 m

ke~ 1 m - L
T rre—
8 @250 mm |

| (Tread) |
IRise = 150 mm:

230 mm

For the given data—

i) find at which section, the maximum
moment will occur;

fii) find the total steel and give total
number of bars of particular dia to
be provided in the flight;

fiii) find the nominal shear stress at
critical section;

{iv) show the detailing of reinforcement
at A without any curtailment of
main longitudinal bars.

No need to apply deflection check.
Use limit state method.

F-DTN-M-DJWA/11 18
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}58 @ 250 mm |
| @mE-aE)

| 3P =150 mm |
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| fom o sfRgl % fem-—

(ij @ fifqw 5 fwa el st
EERAUIE

(i} dum-ufE § wgw Fa gead an fafe
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fb) The following figure shows the plan of
slab of a framed building. It consists
of several panels with different edge
conditions :

f—55m—— 4 m —3

Tf T i
|

I Assume :
i | DL on slabs = 6 kN/m?2
| IL on slabs = 3 kN/m?2

[&-S-Sm—;}(—f}m—)i

The positive and negative short-span
and long-span factored moments are
given in the table for three panels :

Short-span moments in Long-span moments in
kN-m per m width kN-m per m width
Stab (+)ve (ve (+jve ()ve
moment moment moment moment
5 135 179 11-8 15-86
Sy 10-8 14-5 9-46 12-3
S, 7-34 9-72 53-18 691

From the given moments, work out
positive and negative bending moment
coefficients, and indicate for which edge
condition and for which long-span to
short-span ratio, they are applicable. 15
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fc) The dry unit weight y; of a soil having
5% moisture content is 18-5 kN/ma.
Find the bulk unit weight y, saturated
unit weight y,,, and submerged unit
weight v". Assume G =2-7.

{d) What are the shear strength parameters?
How are they determined? The following
data are obtained from a series of
drained shear box tests on 36 cm?
sample of siity clay. Plot the graph for
effective shear strength parameters.
Give the value of attraction {Janbu) :

Normal stress (kN/mg) : 20 40 60
Maximum shear stress (kN/mz) . 195 286 380

7. {a] A prestressed concrete beam section is
250 mm wide and 300 mm deep. The
initial prestress force is 450 kN at an
eccentricity of 60 mm as shown below.
The beam has a span of 575 m and has
to carry an imposed load of 7°5 kN/m.
Analyse the beam section for the
stresses produced at mid-span before
and after the application of imposed
load. Allow a loss of prestress of 15%.
Assume unit weight of concrete as
24 kN/m?.

f¢— 250 mm—>

T 150 mm

300 mm -+ — —
60 mm

CF----- .
90 mm

F-DTN-M-DJWA/11 22
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7.

(m

(4)

U I H e THEE IR y,, fSEH 15%
AEA ®, 185 kN/m*> R TWH & FF
YRy, BYH THE Wy, 1 fEE o
Wiy’ 31 IS G = 2-7 Wy

WuEqn  mEeE wEd #H-8 87 IR R
@ R ot 27 TEEm gieeR ¥ 36 cm?
frasfe W suarfes smETw w4d kIR
T @ Frafafaa sffeg W feg T @) e
g g urEel % feu ars difau) s
1 A4 Fdrze (Janbu):

v ufram (kN/m?) . 20 40 60
sfysm weean gfEe (kN/m?) - 195 286 380

(%) ww qd-viqatod w2 9@ uf=8g 250 mm

g 3t 300 mm TET 21 60 mm H
Iehzal | AnfiE -gfdaes @9 450 kN
w1 @ 2, S fr fem 0 femmn w20 am A
fawgfa 575 m 2 9w @H 75 kN/m
AT MR 29 F1 2| AU 96 @ H gged
aen a2 3 v -faegfa w 3era widaei & fog @
= % ufeas 1 favemn fifsu| @-ufgea #
gif1 15% & o1 Gt ¥ FHIE F OTEHRE IR
24 kN/m? am #ifqu)
fe— 250 mm—3|

T 150 mm

300 mm 44— ——o— | —
60 mm

CF-----1 ;
90 mm

15

15

15
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{b)

The figure shown below gives the cross-
section of a cantilever retaining wall
which is retaining 6 m of earthfill
having a unit weight of 16 kN/m?>. The
coefficient of active earth pressure is
0-33. The resultant of all the forces lies
in the middle-third of the base. The wall
is safe against sliding and overturning,
The eccentricity is given as 047 m :

035 m
P

R 7N

I m I'65m

PR
[ zio-m_J;_
k— 3m —>f T

Find the base pressures and design the
heel slab for the maximum moment only
by limit state method. Find the design
shear at critical section. Use M 20
concrete and Fe 415 steel. Safe bearing
capacity of soil is 180 kN/m?,

F-DTN-M-DJWA/11 24
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15
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(c)

(d)

In laboratory test on a clay sample
of thickness 25 mm drained at top
only, 50% consolidation occurred in
11 minutes. Find the time required for
the corresponding clay layer in field,
2 m thick and drained at top only, to
undergo 70% consolidation. Assume
T,. =0197 and T, =0-405.

vsg v70

Using Terzaghi’s theory, determine the
ultimate bearing capacity of a strip
footing 1-5m wide resting on a
saturated clay (C, =20 kN/mQ, ¢, =0

and Ygq =20 kN/m>) at a depth of 2 m

below the ground level. The water table
is also at a depth of 2 m from the
ground level. If the water table rises by
1 m, calculate the percentage reduction
in the ultimate bearing capacity.

A tension member -9 m long has
to resist a service dead load of 20 kN
and service live load of 60 kN. Design
a rectangular flat bar of standard
structural steel of grade Fe410.
Assume that the member is connected
by one line of 16 mm diameter bolts of
grade 4'6. Use limit state method.
Given : Partial safety factor for material,
Ymg = 11 and Yp, = 1-25. Partial
safety factor for dead load and live
load, Y= 1-5.

F-DTN-M-DJWA/11 26
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Ys0

el fagE w1 wEm w1 g us ud
RICHC S T Cos B e B bt B 11 3 = (O
1’55 m INE g 4@ 4 2 m =
HgH ga (C, =20kN/m?, ¢, =0 @
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I3 AT B, 99 90 WUWO &9a ° ufewa @t
1 o Fifdu
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wfey 1 B e fou oee WAl geE
Fe 410 =ife €1 us JEA&R HUR ®E &
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16 mm =™ & Ff 4.6 &G # Fiedd Fi
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TE Yy = 11 @1y, = 125 Bi =@ aul
1Tl W forn anifires e R y o = 105 R
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(b)

ISHB 450
—>

A joist cutting is used as bracket to
support a factored load of 200 kN. It is
welded to column flange as shown in
the figure given below. Find the size
of fillet weld. Grade of steel is Fe 410.
Use partial safety factor for shop weld,
Ymw = 1'25.  While calculating the
moment of inertia, ignore the moment of
inertia of the flange weld about its own
axis. Use limit state method.

120 mm long weld
/;00 kN

E—>
170 mm

T

320 mm
J{ long weld

ISMB 400

120 mm long weld

F-DTN-M-

120 mm

| | 320 mm 400 mm

View of weld from XX

DJWA/11 28
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(@) T (R T Fel FG dHe % T § WH Tl
2, S 200 kN * fawfid wr £t 9gq = 3|
ot A fGEm Ut i e T WY % R
¥ IS g0 el T gt R de” T drgat 9
FIT | 319 F Fe Fe 410 1 ot 9o
# fou onfis @an = v, - 125 =fifdu
TEE-AY h VAT Fd GHT FAA dog H
YT 3T WU Sged-3Tel g i) iy
feufa fafy & wm Hifs)

ISHB 450
—>

F-DTN-M-DJWA/11

120 mm w1 308
/;00 kN

170 mm

T

320 mm
¢ GEIER

ISMB 400

120 mm 135

120 min

| | 320 mm 400 mm

XX #E?c-—e'aﬂgw

29
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(c)

(d)

What is standard penetration test?
What corrections are applied for the
test? Name the other penetration tests
giving the positive features of the tests.

What type of foundations be provided
for successful performance of
constructed low-rise structure on
expansive soil?

F-DTN-M-DJWA/11 30
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(M) O FaavH wle F& Bidr 7 39 qhe %

faw ®a-8 gmem wam Ry 9@ 7 s
raaeH TS 1 3ga Hifse e I veRen

g i ferfigu 15
| (@) vH ga1 W a%e FEwdt HH HE b qaA §
\ ora g #t ffa g =rfew ? 15
|
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F-DTN-M-DJWA

e g=hfaah
TF-T3—I
T dF A qUIf : 300
A
Yed+ v =i 3k asht @l § 89 81

gvl & 39 397 AvEE 4 ford 9 aifen, fraet 3g@ ed FEW-UT 4
fobar 7 8, 3K 39 WIEAH F WY IP@ IW-NF F J@-78 W AlHd
e v W fear s Tifde YEW-u W O3fgfEd gregm & sfafts
37 fordft W & ford MY 3T W BT 3 A8 me

w7 g'm 1 3% 5 sfard &1 4t g § 8 ghE @ve § #5-9-%0
Tk ¥ GAH fohegl dt Tl & I A |
TR T % Rrg i sis T % 81 4 oY 7 & ‘
Tt /it gEfera syt 4 W §, strem fAfdE 81

afz g siw Al ga &, @ 3fea o @F wnfi w2 At i
F7e! f[fde #ifm

qfe smava g, @ 1 feiged (1 kN) = 100 feamm (100 kg) %
YR T g F ey § wRafdd fEar 1 g% 2

T AT F 7 T9-09 % W9 U U7 A §old £ IGHT SHEE
ST FF T FH-JFH J Forgdt @ Jodt B A

R %y : 78 smavaw & & 5@ W 5 999 FIIW 2 B E, 99 39
w7 & gt urm/39-ur & 300 are-gre o1 a7 & e
97 &1 I ford F forg anl 9@ 8 @ fiwe w7 & gty /39-ym
% I G B A1 39 a9 T HITE q IR0 FHHorg)

IT-gEaw 4 @ielt 913 §¢ 9E F @t @ wr w9 9 $r iy gt
92 §U vl % ag ford gU W & 3% 7 Ry wnd, 4@ g g &)

Note : English version of the Instructions is printed
on the front cover of this question paper.
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