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PART A
General Engingeﬂng
(CIVIL AND STRUCTURAL)

A town on the bank of nver Gangg discharges 18000 m;{fda}' of treated
wastewater into the river. The treated wastewater hag 5 BOD, of 20 mg/L. and a
BOD decay constant of 012 day™' at 20°C, The river h:.:u a flow rate of
0-43 m*/sec and an ultimate BOD of 5:0 mg/l,, The DO of the river is 60 mg/.
and the DO of the wastewater 18 04 mg/L. Compute the DO and initial ultimate
BOD in the river, immediately after mixing.

A sample of normally consolidated clay was subjécted to a consolidated
undrained triaxial compression test that was carried out until the specimen
failed at a deviator stress of 50 kN/m® The pore water pressure at failure was
recorded to be 20 kN/m” and confining pressure of 50 kN/m? was used in the
test. Determine the consolidated undrained friction angle.

Using Lacey’s theory, design an irrigation channel carrying 30 m*sec. Take silt
factor as 1-0.

Discuss the various causes of disintegration and the major faults occurring in

WBM and surface-treated (asphalt roads) in India.

Differentiate between the following with reference to bituminous construction :
(i)  Prime coat and Tack coat

(ii)  Bituminous concrete and Bituminous macadam

A road is to be constructed with a uniform rising gradient of 1 in 100. Determine
the staff readings required for setting the tops of the two pegs on the given
gradient at 30 metres interval from the last position of the instrument. The RL
of the first peg is 384:500 m. A fly levelling was carried out from a BM of RL
387-000 m. The following observations (in m) were recorded :
Back sight : 1-625 2-345 2-045 2955

Foresight : 1-315 3-560 2-355

What are the errors induced in theodolite survey ?

A solid shaft transmits 250 kW at 100 r.p.m. If the shear stress is not to exceed
75 N/mm®, what should be the diameter of the shaft ?
If this shaft is to be replaced by a hollow shaft whose internal diameter shall be
0-6 times the outer diameter, determine the size and percentage saving in
weight, maximum stresses being the same.
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ing load
Caated] L0 A Wi}rkl
column with helical reinforcement gubjecte

rted
column is 450 mm. The column has unﬁuppnl
ds but not restrained

te and HYSD

Design a circular

of 1600 kN, Diameter of the

nd is effectively held in position at hoth en

1.25 concre

length of 3:h m a
limit state design method. Use N

against rotation. [se

Fe-415 steel.
crete column of

of 600 kN. The
) Fe-415 bars.

Design a constant thickness footing for a reinforced con

300 mm x 300 mm. The column is carrying an axial working load

: b
bearing capacity of soil 18 200 kN/m®. Use M-25 concrete and HY

Use limit state design method.

lﬂﬂmm_ft:-d:—r{]'lﬁ | 025 || 050 0:75 1-0

tr{NImmE] 0-19 0-36 ‘ 0-49 0-57 | EJ

—

State and discuss different factors influencing compaction of soil in the field.

Classify the solid wastes, giving suitable example for each of them. Also explain

the different methods of disposal of solid wastes.

Estimate for 1 : 20 model of a spillway (i) prototype velocity corresponding to a
model velocity of 2 m/sec, (ii) prototype discharge per unit width corresponding’
to a model discharge per unit width of 0-3 mafaedm, (iii) pressure head in the
prototype corresponding to a model head of 5 cm of mercury at a point, and
(iv) the energy dissipated per second in the model corresponding to a prototype
value of 1-5 kW.

A centrifugal pump having an impeller of 35 cm outside diameter rotates at
1050 r.p.m. The vanes are radial at exit and are 70 ¢m wide. The velocity of
radial flow through the impeller is 3 m/sec. The velocity in the suction and
delivery pipes are 2:5 m/sec and 1'5 mJ/sec respectively. Neglecting frictional
losses, determine the height through which the pump lifts and the horge-power
of the pump.
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' two-layer
! i d retains &4

A retaining wall with a smooth vertical back is 9 m high an

sand backfill with the following properties :

o &
0-9mdepth:c' =00, ©= 3, T=18 I{I“-u"mr1

3 -9 mdepth:¢ = 0:0, 9 =35° T=20kN/m

total active
earth pressure distribution and de

termine the

Show the active the base of the

thrust on the wall. Assume that the water table is well below
wall.
T : -ater table is at a
3 d 6-0 m thick lies above a layer of clay soil. Thew ;
A layer of san W AV 06

depth of 20 m below the ground surface. The void ratio of t .
and the degree of saturation of the sand layer above the water table is 40%. The
void ratio of the clay layer ig 07. Determine the total stress, neutral stress a.ﬂd
effective stress at a point 10 m below the ground surface. Assume specific

gravity of the sand and clay soil respectively as 2:65 and 2:7.

What is grit ? Why should grit be removed from wastewater ? What is the basic
principle behind the design of grit chambers ? What is the reason to have
constant velocity of flow in a grit chamber (conventional horizontal flow) and

how is it achieved ?

Design riveted splices for a tie of a steel bridge, 20 cm wide, 20 mm thick,
carrying an axial tensile force of 50,000 kg. Use 12 mm thick cover plates and
22 mm dia rivets.

Permissible stresses :

Tension in plates = 1500 kg/em®

Shear in rivets = 1000 I{g'.i"-::m2

Bearing in rivets = 3000 I:g:"ﬂ::m2

Give a neat sketch of the arrangement.

Draw BMD and SFD for the beam shown below :

Ebumerate the situation in which doubly reinforced concrete hogp, |
necessary. What is the role of compression steel ? »
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Essential Tables of IS 458 : 2000 Code of Practice

26.2.1.1 Design bond stress i limit state method for plain bars in tension shall be as

below :

Grade of concrete M20 M25 M30 M35 M40 and above

3 ; -
Design bond stress, T, N/mm 12 14 15 17 19

Table 16 : Nominal Cover to Meet Durability Requirements

(Clause 26.4.2)
Exposure Nominal Concrete Cover in mm Not Less Than

Mild 20

Moderate 30

Severe 45

Very severe a0

Extreme 5
Notes :
For main reinforcement up to 12 mm diameter bar for mild exposure, the

nominal cover may be reduced by 5 mm.

2. Unless specified otherwise, actua] conerete cover should not deviate from the
required nominal co +10
q ver by ™ mm .

g For exposure condition ‘severe’ and ‘very severe', reduction

made, where concrete grade is M 35 and above. of 5 mm may be

(Vi) 9555108588, 9555208888
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Table 19 : Design Shear Etrangth of Concrete, T, Nmn

(Clauses 40.2.1, 40.2.2, 40.3, 40.4, 40.5.3, 41.3.2, 41.3.3 and 41.4.3)

A Concrete Grade N
0025 | M15 | M20 | Mas M 30 M 35 ‘ m
(1) (2) (3) @ e ® | 0
<015 0-28 0-28 0-29 029 0-29 0-30
0-25 0-36 036 0-36 0-37 0-37 038
0:50 0-46 0-48 049 0-60 050 051
0-75 0-54 0-56 057 0-59 0-59 0-80
1-00 0-60 0-62 0-64 0-66 0-67 0-68
1-256 0-64 0-67 0-70 071 073 0-74
1-50 0-68 0-72 0-74 076 078 0:79
1-76 0-71 0-76 0-78 0-80 0-82 | 0-84
2:00 071 079 0-82 0-84 0-86 0-88
2-25 071 0-81 (-85 0-88 0-90 0-92 |
2-60 0-71 0-82 0-88 0-91 0-93 095 |
2-76 071 082 0s0 | 09 | 0/96 || 0-98 |.
8:00 and 0-71 0-82 g9 | 096 |l pos | 101 |
above V., A E— W
Note: The term A_ is the area of longitudinal tension reinforcement which

.ot least one effective dept
comtinues at least one | o
. i g
¢ eypport where the full area of tension reinforcement may
except at suppo! |
96.2.2 and 26.2.3.

iyl Siline conforms Lo
provided the detaihng conio

i 1 stre N
Table 20 : Maximum Shear Stress, T, .. fmm

h beyond the section being considered

(Clauses 40.2.3, 40.2.3.1, 40.5.1 and 41.3.1)

) ”
Concrete Grade M 20

U - 9.8
. m
T, max N/m

M2 M30 M35

31 35

s iR

2

M 40 and aDOVE
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le 211 Permissible Stresses in Concrete
e H

Tab
.fChuses B.1.3 B-2.1,B-2.12,B-23 and B-4.2)
All values in N/mm® I
E— . mrrwﬁ L
Permissible Stress in i Syl Bond (Average) for
mmﬁ m—' Direct Plain Bars in Tension
o N =
- @) (3) | ________““______
O che % _#bd AR——.
M 10 3-0 25 i
M 15 50 4-0 06
M 20 7:0 50 0-8
M 25 85 6-0 0-9
M 30 10-0 80 10
M 35 115 90 11
M 40 13-0 100 1-2
M 45 145 . 11-0 | 13
M 50 16:0 12-0 '. 14
Notes :

1.  The values of permissible shear stress in concrete are given in Table 93

2. The bond stress given in column 4 shall be increased by 25 percent for bars in
compression.
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PART B
G’Eﬂﬂrﬂl En[inﬂﬁﬂn‘

(ELECTRICAL)

; sstance of another wire
wire has 8 resistance of 5 €. What is the resl times the length ?
i mnduﬂml;merial but having half the diameter and four
of the same

take 10 A current from

de su ]Ft
arallel across a 100 V PP B 2ol of each

d in one coil is 600 W. What i8

Two coils connected in P
the supply. Power dissipate

cail ? :
; : sreuit of Fi 3
Determine the current through the 5 2 resistor in the circuit of Figure
5Q
AN
1A CD 20 10 % -2A
Figure 1

Find the voltage across the 5 Q resistance in the network shown in Figure 2

using Thevenin's theorem.

20 410
——ARAA AP
%lﬂ
200V T = éﬁﬂ — 12V
—_— 1Y
Figure 2

An aeroplane with a wing span of 52 metres is flying horizontally at 1100 km/h.

If the vertical component of the earth's magnetic field is 38 106 T, find the
emf generated between the wing-tips. .

A coil of 200 turns is wound uniformly over a wooden Ting hnving & mean
nce of 60 cm and a uniform cross-sectional area of 500 mm?2 If the

current through the coll is 4 A, calculate the (i) magnetic eld strengyy (i
iy, and (iii; total flux, e
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Fa i |

210 4 €}

AMA AN —
102 |

0V %:’:L: —— 12V

A
gl 2

2 (a) E:Ema-aifﬁimmﬁfﬁm?{llE}Uknu’hﬁﬂfﬁﬁgﬁag‘gmtlﬂ&
| qﬁ%qmﬁmﬁammﬁwmm:m-%%,aﬁqmﬂtmﬁ
fagqame® &%t (emf) 14 HIAC |

(b) ﬂnuﬁiﬁ:mﬂ?}mﬁﬁg‘mﬁsucmﬁmmmmmmwlﬂ.
ﬂm-mﬁmaﬂaﬁét#wmmmgwpﬁﬂ
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fe)

idb

ah

ih)

i)

id)

fa)
(b)

ic)

(d)

oV de supply. When

a2
4 A current when connected t0 Determine the power

. kes "
An iron chake T8 0 Hz ac supply, it takes 5 A current.

connected to a 66 V. 6
drawn by the coil.

Define the following terms :
(i) Mutual inductance
(ii) Resonance

(iii) MMF

(iv) Q-factor

Prove that the reactive power in ac circuit is equal to VI sin ¢.

A 50 pA meter movement with an internal resistance of 1 kQ is to be used as a
de voltmeter of range 50 V. Calculate the (i) multiplier resistance required, and

(11} voltage multiplying factor,

In a gravity controlled instrument, the controlling weight is 00056 kg and acts at
a distance of 24 em from the axis of the moving system. Determine the
deflection in degrees corresponding to deflecting torque of 1-05 x 1075 kgm.

Explain in brief :

(i}  Megger

(i) Two-wattmeter method
{iii) Signal generator

{iv) Earth fault detection

(v} AC bridge

Explain the braking methods of DC series motors.
Explain the parallel operation of 3-phase transformers,

Draw and explain equivalent circuit of a 1-phase transformer. Draw its poons
diagram for leading power factor load,

A 3:]1113-“ 400V, 50Hz 6-pole star connected induction motor develops
maximum WIFI’-EE at a speed of 940 ypm, If the rotor resistance per phase is
0-1 0, determine the standstill rotor reactance.

(Vi) 9555108588, 9555208888
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fel

id)

(a)

(b}

fch

(d)

(a)
(b)
(e)

R H T R 20V ode WA 3 e | A T HTZ Al R | Ae T g5 v
50 Hzac #US B 121 141 8, @ 28 5 5 4iz 4 & | F2A 20 A TR aney
sifae &1 Faioo ifam |

fr=ferfam wemt 1 aframn #ifan
(i) T W

(i) AR

(iii) UH.OR.U%. (MMF

(iv) Irfeedl AF (QUr)

fag #ifau & ac 99 H gfaarelt wifda viein ¢ % TrEw gt &

1 kQ % AR TR a9 U 50 pA Hier HEEH H TG 50 V I F de e
& w0 F fen o ® | ) onfem o s, ma i) deed TR I W
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6!

(al
(h)

(c)

(d)

(a)

(h)

[

(d)

ed 7 Explain in brief.

circuit breakers decid o
propriate circuit diagram,

. ting of ‘
How s (e tection of generators with ap

Eaplain MersPrice PO
Define the follo¥in8 Gl

(i) Demand factor

(i) Tariff

(iii) HRC fuses

Giv) Diversity factor l
(v) Derating factor of a cable

: nt ?
ont methods of power factor improveme

What are the differ

Explain earthing practices In brief. |
With the help of neat and labelled circuit diagram, explain the process of
electroplating. |
How is the synchronous motor started ? Explain the various methods of starting
of a synchronous motor in brief.

What are the different configurations of an NPN transistor ? Explain each in
brief with neat and labelled circuit diagram.
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PART C
General Engineering
iMECHANI Al

ret diagram for a pure

. e ral
| [ Draw and explain the poT (Pressare - Temperalt
5 IR 3
substance. e
: ; o CFeniation -Z'_:E' EE})
I - aamntions, derive the Steatdy Flow Eneried Equd ;
) e ' hange of 0-14 m®
: ’ b wplume change
eitirag 50K hept while expa whing with VO ; :
(el B .‘5}'1"‘1.'-'[” |1_:|;|=-I‘q.1..‘- |I[:| 1{] f'IE 1t 1 %] % th{‘ Hl.lrrﬂundlngg o

p e o e nfgil) ke
apainst an atmosphere of 1 2w 107 Nfm©, A mass of 40 ke
also lifted through a distance of 55 m

(1 Caleulate the changein energy of the system _
adiabatic process which

(it1  The systemt 13 returned to 1ts initial volume by an
| of the system.

requires 110 ket of work, Find the change in ¢ReTsy
(i1 For the combined processes of (i) and (i), caleulate the change in energy of
the system,
(d? (i1 Define the second law of thermodynamics Wsing Clausius and
Kelvin-Planck statements.
(il Deseribe the working of the Carnot cycle.

(iii) What do you medn by the term “Entropy”?

9 ia) With the help of P-V and T-s diagrams derive the thermal efficiency
expression for air-standard Otto cycle.

b} An airstandard Diesel evele has a compression ratio of 14, The air conditions
before compression are 1 bar and 27°C, The maximum temperature of the cycle
is 2600°C. Determine the

(i) temperature and pressure at salient points of the eyele.
(i1) network output per unit mass of air.
(iji) thermal efficiency.

(c) Derive the network output and thermal efficiency expressions for a si mple

Rankine cycle with schematic and T - s diagrams.

Give the diff
(d) erences between fire tube and water tube boilers with gl

" (8} Define the following -
(i) ~ Steady and Unsteady flows
{iiy Uniform and Non-unifory flows
(iiiy Laminar ang Turbulent flows
(iv) Compressible ang Incmnpre&aihle fl
(v) Rotational ang Irrotationg) flowg o
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=] 1 5gea HiT | o |
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{d)

Hifoe
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! ter in a pipeline,
ter 15 used Lo measure the pressire of water in a i
ft himb ol the
pact of water and

(h! A U-tube maneme
pxcess of atmospheric pressure The 1E
contains MATCLTY and is open to the atmosphers The

45 n the Jeft limb, Calculite the proessure £ geater i the
rihe s 10 e and the

manometler

which 1511
TR

main line, if
mercury
the differenc
free surface o merrury is 1 lewel with the cempe of The prit

. in the level of mereary i the himbs of the 8

. ; : ! . 7 i i's eguation
What 3¢ Euler's equation of motion ? Tlew will you obtair Bernoulli's equaty

e
from
i) Give the difTorenees between: impulse turbane and reaction tiirbine.
1, Tl Fxplain the following terms
110 Angle of repose
f Angle of friction
Gy Cone of friction
thi A specimen of stee] 20 mm diameter with a gauge length of 200 mm is tested to
destruction. It has an extension of 0-25 mm under a load of 80 kN and the load
at elastic limit is 102 kN, The maximum load is 130 kN. The total extension at
fracture is 56 mm and diameter at neck is 15 mm. Caleulate
il Stress at elastic [imit
(i1} Young'smodulus
(iii) Percentage reduction in area
iiv) Percentage elongation
(v} Ultimate tensile stress
i) Derive an expression for the shear stress produced in a circular shaft which is
subjected 1o torsion
(ds A cantilever of length 2 m carries a yniformly distmbuted load of 2 kN/m length
over the whule. length and a point load of 3 kN at the free end. Draw the shear
force and hending moment diagrams.
5. (al Derive the condition for transmitting the maximum power in a belt drive.

{b) With the help of a dingram, define the terminologies of a gear,

{c) Explain the term “height of the governor”. Derive an expression for the height i
the case of A watt governor., | S

) Write short notes on cams and followers.
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(el

(d

With the help of diagrams, explain the different types of flames ubtr.ained in the
oxy-acetylene gas welding process, Also give the advantages and disadvantages

of oxy-acetylene gas welding.

Briefly explain the different types of defects in the casting process and their

remedies.

Explain the different taper turning methods used in the Lathe machine tool.

With the help of a diagram, explain twe different methods of the milling process.

(Vi) 9555108588, 9555208888



K’
K.D Epul Pvt. Ltd

2007, OUTRAM LINES, 15T FLOOR, NEAR GTB NAGAR METRO STATION, GATE NO. - 2, DELHI-110009

(a) m#mﬁm.mﬁﬁmﬁmﬁmmﬁm
(wmT) % R ¥ s Hifw | iR Ae afeEn F o wE i

qaTsY |
(b) ﬁﬂmﬁﬁﬁﬂm#aﬁﬁﬁéﬁﬁwmmmmmr
ﬁﬂmﬁ?mﬁggﬁﬁﬁﬂg‘squzﬁﬁﬁmﬂml
aﬁ@ﬁmﬁuﬁa?h(ﬁ%ﬂ}aﬁmﬁﬁﬁmmﬁﬁﬁmaﬁm

(e)

22




