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Q.1 ()| A bimetallic thermal control, made of a brass bar of 8 mm diameter and a magnesium

bar of 12 mm diameter is as shown in figure. The bars are so arranged that the gap between
their ends is 0.2 mm at room temperature. Find the temperature increase above the room

s st e
temperature at which the two bars just come in contact. Also find the compresswe stress
induced in magneswm bar when the temperature is increased by 470°F above room

temperature.
Take o, =10 x 107 per °F, B w18 % 10 per °F, E, .. = 100 kN/mm?,
B agnaiiiom = 0KN/ mm?,
Magnesium bar
b 0.2 mm
P;rass ar o
8 mm 12 mm
R ! l«—— 40 mm —>&
[12 marks]
f%‘g e o) f\ L= AT
= (QAoT) 4 (AAT) = 0.2
7 L ?@wc‘g L >fﬁ°7
l

\/

E r %(mlo %A\\ [qos,eflﬁwo xmﬂfozm,

N o O
pw, D= utoF —

, M )
(05 - §%§> . droar— Emd

=m

2 0.5 — 6ox& 5,282 — bm Mo

Y oo W e,
oM éb - O\&EQ”@IHT%— — (I
Y
(394®) 6»\%% . &{\xr’}m

9 GxE= Y D G- 2arn



MRDE ERSY Question Cum Answer Booklet

| Page 2 of 72

Do not
write in
this margin

Q1 (b)

(i} There are four alternate proposals for road plan in a district, the details are given as

below. Identify with reason which proposal is best. Assume utility value of 1 and 5 per
300t of agricultural and industrial products served.

Total | Number of town and villages served with P
road | population range FOELCRI R o es
length
(km) |<2K|2K-5K|5K-10K|10K -20K| >20K| Agriculture | Industrial
P | 800 8 16 30 22 6 150 90
Q| 650 6 22 38 40 5 320 75
R| 780 6 20 28 38 6 110 60
s$| 710 12 23 31 26 6 408 40

(ii) The speed of overtaking and overtaken vehicles are 80 kmph and 50 kmph,

respectively, on a two way traffic road. The distance between overtaking vehicle

and vehicle coming from opposite side is 475 m, when driver took decision of

over-taking. The average acceleration during overtaking may be taken as 0.9 m/s?
and length of wheel base of vehicle is 6 m. The distance between overtaking and
overtaken vehicles before overtake is 20 m and 23 m, respectively. Calculate the

distance between overtaking vehicle and vehicle coming from opposite direction after

overtaking operation. Take design speed as 90 kmph.

[6 + 6 = 12 marks]
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Q1 (9
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(i) Write a short note on design features affecting the soil sample disturbance.

(ii) A slope has been excavated to a depth of 6 m in saturated clay, having the following
properties:
C,=60kN/m? ¢, = 0 and unit weight = 20 kN/m®.

Determine the factor of safety for trial failure surface as shown in figure.

[3 + 9 =12 marks]
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Q1(d)
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(i) What is the significance and application of BOD in sanitary engineering? Derive an
expression for the BOD left after certain time.

(ii) The following observations were made on a 5% dilution of waste water:
Dissolved oxygen of water = 3.5 mg/L.
Dissolved oxygen of diluted sample after 5 days of incubation = 1.0 mg/I.

Dissolved oxygen of original sample = 0.4 mg/L
Determine the ultimate BOD of the sample, if k,, = 0.15/day at base 10.
[8 + 4 =12 marks]
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Q.1 (e)| The principal stresses in a material are 50 MPa, 40 MPa and - 30 MPa. Calculate the

following;:

1. Total strain energy per unit volume.

2. Volumetric strain energy per unit volume.

3. Shear strain energy per unit volume.

Take E = 200 GPa and Poisson’s ratio, u = 0.3 [12 marks]
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i) A steel bar of variable section is subjected to forces as shown in figure.

Taking E = 10/kN7mm2, etermine the total elongation of the bar.
A

6. 01U MM

. D
KN

0N [ 0 ] E 30 50 kKN
s
(3]

30 mm
20 kN

1m |
I 12m !

| 1m

(ii) If a tension test bar is found be taper from (D + 4) diameter to (D - a) diameter, prove

that the error involved in using the mean diameter to calculate the Young’s modulus
. f&jz t
is L D | Ppercent.

[10 + 10 = 20 marks]
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Q.2 (b)

A town with population of 1,50,000 produces solid waste at the rate of 750 g/ capita-day.
The composition of solid waste produced is given below in the table.

The landfill is designed to serve for period of 20 years and height of land fill is restricted
to 15 m. The ratio of compacted fill to compacted SW is 1.75. Estimate the area required
for the landfill.

Component Mass fraction Normal companction| Density (kg/m®)

1. Food waste 0.0943 28 288
2. Paper 0.4317 5.0 81.7
3. Plastics 0.0181 6.7 64

4. Cardboard 0.0650 4.0 99.3
5. Textiles 0.0020 5.8 64

6. Rubber 0.0088 33 128
7. Leather 0.0150 3.3 160
8. Garden Trimming 0.1432 4.0 104
9. Wood 0.0350 3.3 240
10. Glass 0.0749 1.7 194
11. Tin cans 0.0520 5.6 88.1
12. Non-ferrous metal 0.0100 5.6 160
13. Ferrous metal 0.0400 29 320
14. Dirt, ashes 0.0100 1.2 480

[20 marks]
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Q2 (¢

(i) An overhanging beam ABC is loaded as shown in figure. Find the equation of
deflection curve and calculate deflection at'C. Also determine maximum deﬂggﬁon
between A and B. Take E = 200 GPa and I = 24 x 10-? m%.

T R e AT 20 kN
! 5 J
A [ C
I 4 m - 2m i
RB

(i) Using moment area method, derive an expression for deflection at free end of a
cantilever beam of length ! subjected to a concentrated moment M at the free end.

[15 + 5 = 20 marks]
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Q.3 (a}| A piece of material is subjected to tensile stresses of p, and p, at right angles to each
other (p, > p,).

Find the plane across which the resultant stress is most inclined to the normal. Find
the value of this inclination and the resultant stress when p, = 60 N/mm? and

p, =40 N/mm? (both tensile).
[20 marks]
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Q.3 (b)

() Explain in detail, how waste water gets treated in a facultative pond. Draw a neat
sketch of facultative pond.

(ii) Waste water flow from a community averages 4000 m?/d at a temperature of 26°C
during summer. The BOD; of waste water is 350 mg/L and reaction coefficient k is
0.24 day~! at 20°C. Three facultative ponds are provided to treat the waste water in
series having depth of 1.8 m each. Determine the area of each pond, if overall efficiency
required is 92%.

[12 + 8 = 20 marks]
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Q.3 (c)| Explain briefly the properties of summit curve and it's possible types.
Derive an expression for finding reduced level for vertical point of tangency for a summit
curve. Also prove that the vertical point of intersection exists at mid of length of summit

curve.
[20 marks]
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Q4 (a)

A retaining wall of 8 m height has backfill soil in 3 different layers. Top 1 m and
bottom-most § m la.yer of clay has their unconﬁW@_&tmngth&equal to
50 kN/m? and 75 kN/m 2, respectively. The void ratio of top and bottom-most clay is
mespectwely. Middle 4 m sand layer has void ratio of 0.45 and when tested
in tri-axial test the following results were found:
Confining pressure = 300 kN/m?

Deviator pressure W

Calculate position of total active earth pressure force from bottom of wall, if water table
exists 3 m from top of wall and surcharge of 40 kN/m? is applied at ground level.
[Take G, =27, G, 4= 2.68 w

= Q0O = Q9
clay clay above WT — 8%, Wsand above WT — 8% ]

[20 marks]
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Draw shear force and bending moment diagram for the beam loaded as shown in figure.

20kN/m Internal hinge 20 kN/m
Alk ‘ JLC D J\B
4m 2m ]' 2m
[20 marks]
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Q4 (¢

(i} From the traverse data given below, check whether the traverse closes or not. If not,
then balance the traverse using Bowditch's rule.

Line AB BC CD DA
Length (m) | 3105 | 340.8 405.2 279.2
Bearing | S45°E | N50°30'E | N54°15'W | S33°18'W

(ii) A steel tape was exactly 30 m long at 20°C when supported throughout its length
under a pull of 8 kg. A line was measured with pull of 15 kg applied to the tape at a
mean temperature of 13°C and was found 800 m long. The cross-sectional area of the
tape is 0.03 cm?, total weight of tape is 0.65 kg. Calculate true length of line if the tape
was supported during measurement at every 15 m. Measurements were taken at
rising ground of 1 in 300 situated at 800 m above MSL.

Take o, =11 x10°/°C, E__, = 2.1 x 10° kg/cm? and radius of Earth, R = 6370 km.
[12 + 8 = 20 marks]
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Q.5 (a)

Section B

To reduce interference, a link in a machine is designed so that its cross-sectional area in
the centre of the section is reduced by one-half as shown in the figure below. The thickness
of the link is 50 mm. Given that, P = 40 kN.

1. Determine the maximum and minimum values of the normal stress acting on

section m-n.
2. Sketch the stress distribution in section m-#.
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&
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Q.5 (b)

(i) The following records refer to an operation involving reciprocal levelling:

Staff at

Instrument at

Remarks

A B

Distance AB =1200 m

A

1.155 m 0985 m

RL, =525725m

B

2655 m 2385 m

Find the RL of B and the rate and direction of collimation error. Assume that the

radius of Earth is 6370 km.

(ii) A closed traverse is having five stations viz. A, B, C, D and E taken in anticlockwise
order, in the form of a regular pentagon. If FB of the AB is 30°, then find FB of all the

other sides.

[8 + 4 =12 marks]
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Q.5 (o)

() Write a short note on Vibro-Flotation.

(ii) A square footing is required to carry a net load of 1000 kN. Determine the size of
footing, if depth of the foundation is 1.8 m and assume a factor of safety of 3. The soil
is sandy with N = 13. Water table is very deep. Use Tang’s Equation. Net ultimate

bearing capacity for square or circular footing asi5given by:
q,y = 033N 2BR,, + (100 + N% D,. R | ]

where R,, = Reduction factor for high water table for N, term
0.5b
= Dt——| <
R (O 5+ B J 1
b = Depth of water table below the base of the footing,.
R, = Reduction factor for high water table for N, term
0.5a
| o]
o [ Dy ]
a = Height of water table above the base of the footing.

[5 + 7 =12 marks]




MARDE ERSY Question Cum Answer Booklet

Page 41 of 72

Do not
write in
this margin




MADE ERSY Question Cum Answer Booklet | Page 42 of 72

Do not
write in
this margin

Q5(d)

(i) Explain the term refuse and briefly explain its composition.

(ii) Explain in detail the process of composting.
[4 + 8 = 12 marks]
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Q5 (e)

The cross-section of a joist is a T-section, 120 mm % 200 mm * 12 mm, with 120 mm side
horizontal. Sketch the shear stress distribution and hence find the maximum shear stress

if it has to resist a shear force of 200 kN.

le— (Lo thm—7) [12 marks]
P
1 6710 Y mw
o hj 132, 96l
s
VAT
NP= heuyal O 3
4 T = (Qorx1 D,
= Py £ Py b
Pihe Yy QQ_O\%n\ Cg')‘oq__z%jl“
= (ox 1J + 188xIL %Y +
i 3 |ox8®
C{Doxi L Jrl?fx-fg 12 (1g8) 1 B
I = Bl
= @) g
=LA 8
k g«w/‘”w;) L= |5us1738
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—

/U/MVV\L/
e

(i) A hollow steel shaft 5 m long is to transmit 180 kW of power at 120 rpm. The total
angle of twist is not to be exceeded 2° for this length and the allowable shear stress
is 50 N/mm? Determine the inside and outside diameter of the shaft, taking
modulus of rigidity, G = 0.8 x 10° MPa.

(i) A 2 m long pin ended column of square cross-section is to be made of wood.

Assume modulus of elasticity, E = 14 GPa, permissible Euler’s stress,

o, =12 MPa, and using a factor of safety of 2.5 in computing the Euler’s critical load

for buckling. Determine the size of the cross-section if the column is to safely support
100 kN load. [Round off your answer to next higher multiple of five]

[12 + 8 = 20 marks]
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Q.6 (b)

(i) Discuss indetail about the types of shear failures of soil and draw their load settlement

curve.

(i) An anchorage bulk head 6m high retains sand on both sides. The anchor rods are 1 m
below the top and depth of embedment is 1.8 m. Determine FOS against failure. Angle
of internal friction of sand is 30° and sand is submerged throughout with a unit weight

of 11 kN/m®.

[12 + 8 = 20 marks]
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Q6 ()

(i) A copper tube 1.2 mlong, has 80 mm internal diameter and 2 mm wall thickness. It has
closed ends, and is filled with water under pressure. What will be the alteration of
pressure if an additional 10 cubic centimeter of water is pumped into the tube. Neglect
the distortion of end plates. Take modulus of elasticity of copper = 1.02 x 10° N/ mm?
and Poisson’s ratio = 0.3, Assume bulk modulus for water to be 2.1 x 10° N/mm?.

(ii) A close-coiled helical spring, made of 12 mm diameter steel rod, has 12 complete

tums over a mean diameter of 100 mm. Determine

(a) increase in the number of turns, and bending stress induced, if it is subjected to

an axial twist of 16 Nm.
(b) torsional stiffness of the spring.
Assume, modulus of elasticity of steel is 2 x 10° N/mm?.

[10 + 10 = 20 marks]
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Q.7 (a)| (i) A uniform bar of cross-section area, A and flexural stiffness El is heated so that its

t
temperature varies linearly from 5 atone end to f at the other end. One end is pin

jointed to a rigid foundation. The other end is pin jointed so that it can slide in the
length of the bar (L), the thermal expansion of which is resisted by a compression
spring of stiffness k. If there is no load in the spring when ¢ = 0, obtain an expression
for the stress in the bar when it is heated and show that it buckles in flexure when
4n’l [ EA]
G
3al"A

i

kL
Coefficient of linear thermal expansion

where, o

(ii) Two views of an overhung crank are shown in figure below. A force of 20000 N is
being applied to the crank pin in the direction shown and at a distance of 150 mm
from the centre of the adjacent bearing. The crankshaft is of solid section of 75 mm
diameter. Calculate the maximum principal stress and maximum shear stress in the
section of the shaft at the centre of the bearing.

20000 N

_________

: 150 mm |

"Centres of bearing's

[10 + 10 = 20 marks]
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Q.7 (b)

(i) What is self cleansing velocity ? Explain its importance.

2
(ii) Design a sewer running at depth of 3 of diameter to carry discharge of 600 lps.

. i
Take n = 0.012 and invert slope of 750

(iti) Define and explain hydraulically equivalent section connected to sewer designs.
[5 + 10 + 5 = 20 marks]
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Q.7 (d)| (i) Figure below shows the normal and tangential stresses on two planes. Determine the
principal stresses.

27 MPa

60 MPa
{—» 108 MPa

B

(ii) Enumerate various prominent theories of failure, with their graphical representation.
[14 + 6 = 20 marks]
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Q.8 (a)

(i) Show that the maximum bending stress in a beam of rectangular section of depth 4 is
given by
Md
fmax = ﬁ(Zn + 1)

Here, stress-strain relationship is observed as f" = E x €, where n is a constant which
depends on the properties of the material.

(ii) Figure below shows the section of a steel beam in the shape of an inverted semi-
circular channel with flanges. Determine the position of the centroid from the base of
the beam and the second moment of the area of the section about the base and also
about the centroidal axis parallel to the base.

___________________________

! |<—120mm——i<—120mm—-| i [ 20mm
| ; 140 mm | 140 mm ——»=f«——|

'80 mm ! ! '80 mm

[14 + 6 = 20 marks]
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Q.8 (b)

() A square mass concrete footing supporting an ultimate load of 5000 kN extends from
ground level to 4 m deep into clay stratum. The unit weight of concrete and soil are
25 kN/m?® and 21 kN/m?® respectively. Shear strength and adhesion of clay
ar KQ._IO N/ mm? and 25 kN/m? respectively. The adhesion may be supposed to act

over a depth of 2 m from the bottom of foundation. Calculate size of footing required
against a factor of safety of 4.5. Take cohesion of clay as 120 kN/m2.

(ii} A 30 cm diameter pile of length 10 m was subjected to pile load test and the following
results were obtained:

Load (kN) 0 | 500 | 1000 | 1500 | 2000 | 2500

Settlement during loading (cm) | 0 | 0.90 | 1.70 | 2.50 | 4.00 | 6.50

Settlement during unloading (cm) | 3.5 | 4.00 | 470 | 550 | 6.20 | 6.50

Calculate the allowable load on pile.

[12 + 8 =20 marks]
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Q38 (9

(i) Derive an expression to calculate the set back distance for a single lane road if sight
distance is more than length of curve.

(ii) A vertical is curve formed by joining upward gradient of 1% and another upward

gradient of 4%. Design the length of valley curve to satisfy both comfort condition

and headlight sight distance condition, if design speed of road is 80 kmph.
[Take f=0.35]

(iii) Explain stability of vehicle against the effect of overturning and transverse skidding.
[7 + 7 + 6 = 20 marks]
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