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Q1 (a)

N i 0 0 0

(i) A prismatic bar of circular cross-section is loaded by an axial tensile force of 85 kN.
The bar has length of 3.0 m and diameter of 30 mm. It is made of aluminium with

1
modulus of elasticity E =70 GPa and Poission’s ratio of 3 Calculate the decrease in

diameter ‘Ad” and the change in volume of the bar. Assume the stresses in the bar
are below proportionality limit.

(ii) A cable with a restrainer at the bottom hangs vertically
from its upper end as shown in figure. The cable has
cross sectional area of 50 mm? and modulus of elasticity
E =130 GPa. A slider of mass m = 40 kg drops from a
height of i = 1.2 m on to the restrainer. If the allowable
stress in the cable under an impact load is 700 MPa, then,
what is the minimum permissible length L of the cable?

(Take g =9.81 m/s?)

[6 + 6 =12 marks]
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Q.1(b)

A reinforced concrete pedestal of height & and square cross-section having side of 50 cm
is constructed with 12 steel reinforcing bars each has a diameter, 4 = 25 mm. The pedestal
supports a compressive load P applied through a rigid bearing plate. Assuming linear
elastic behaviour, calculate the maximum permissible value of the load if the allowable
stress in the concrete and steel are 8 MPa and 70 MPa respectively. Neglect the self weight
of the pedestal itself. (Assume E, = 200 GPa and E,_ = 25 GPa).
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Q1 (q)

A tapered bar AB of solid circular cross section is twisted by torques “T" applied at the
ends. The diameter of the bar varies uniformly from ‘d” at left end to ‘D’ at the right end.
Derive an expression for the angle of twist ‘¢’ of the bar. The length of the bar is “L” and
shear modulus of the material used in the bar is G.

dy-
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Q.1(d)
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Briefly explain the need of theories of glastic failure. Describe the maximum strain theory
and maximum shear strain energy theory along with formulae (derivation not required)

and limitations associated with them.
[4 +4 + 4 =12 marks]
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Q.1 (e)

An aluminium bar has length L = 120 cm and diameter d = 2.5 cm. The initial straight line
part of the stress-strain curve has a slope (modulus of elasticity) of 6.89 x 101 N/m?. The
bar is loaded by tensile force, P = 250 kN beyond elastic limit. It reaches to a strain value
of 0.045 and then unloaded.
(a) What is the permanent set of the bar?
(b) What is the modulus of resilience after the load application?

[12 marks]
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2 (a)

(i) A12mlongbeam of uniform section carries a uniformly distributed load of 18 kN/m
over the whole length. If the beam is freely supported at the left end, find the position
of second support so that the maximum bending moment for the beam shall be as
small as possible. Also, find the maximum bending moment for this case.

(ii) State Castigilano’s first theorem and Maxwell’s reciprocal theorem.

[16 + 4 = 20 marks]
_— i gt & a
5W d =y
[2m

Dt By = MR -

' _ 9xryy

Buiat - Rex(2:) = O :3»/ N Gz
M&Me»&@t’)MaKfmum will be Ra- 216 - ]/ifi

\I%-4)

Mg - - 13X2 - = [me-2i]

I5-4.

i¢(€-a)

12~4




Do not

MARDE ERNSY Question Cum Answer Booklet | Page 100f72 |pi*h

M T

8
g
[\]_RAY)’L-#!%\Z(_:O

M‘f‘: R;ﬂl-— 5
216(6-2) % - Qn "=
o

fom Me = ’\7‘”‘ we

Qlé(&a) =0




@ MADE EBSY Question Cum Answer Booklet ,

Page 11 of 72

Moo 3 90=  12(6- 331,

-5

(R-331Y )
M= Mx%"%—“s”)
12" 3511 )
022-388  ~ ”'22‘*

124 KN-m

Corstangilia ”05 Mreeils: e derwahve
-ﬁ’/toﬂm o derivbive
Accox “ wonth sesp

S'{Orec[ na 600{5/ e
jl‘/%

o 6”“3§[Uﬁm ok o povct

‘{CCJ hegrom —. 9+ 13 an-

(O

axwell K‘%‘
| Z\bb,c@ﬁ@) o{ i




MBADE ERSY Question Cum Answer Booklet | Page 12 0f 72

Do not
write in
this margin

Q.2(b)

In a strained body, the normal stresses on three planes
inclined as shown in figure are 65 MPa (Tensile), 90 MPa
(Tensile) and 110 MPa (Tensile). Determine the shear
stresses acting on these planes. Also find the principle
stresses and draw the final stress element.
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22 (c)

(i)

1 as shown in figure

Plot the shear stress distribution over the beam cross-secti
due to a shear force of 100 kN. \
- 20 mm h:
b= 40 mm—] | 40 mm—{ -L
E 1
i O™ 10 3 2!
207 3 Py )
= | =, £

%{n-ﬂ 40
4

(ii) Explain briefly about the stress-strain diagram for mild steel.
[12 + 8 = 20 marks]
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Q.3 (a)

v

A simply supported beam and it’s cross-section are shown below. The beam carries a
point load of 25 kN as shown in figure. The self weight of the beam is 7 kN/m. Determine
the maximum value of bending compressive stress at a section 2 m from end A.

W=25EN 7y /m

| ] 15 cm Rectangular
! 15 cm . hole
; 15

A i B cm

l s 50 ¢m —+
|

[20 marks]
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—Q.3(b)

(i) A masonry pier as shown in the figure supports a load of 60 kN.

v Y
A 0.8 m ,Load D
| e ]
! point
E 1m
o hh b E """""""""" ¥ 4m
B X cC
| 'y |
I 5m i

1. Find the stress developed at each corner.

2. Find the value of additional load required to be placed at centre of pier so that
there is no tension anywhere in the column section.

(ii) A thinrectangular steel plate 100 mm by 100 mm undergoes elongation of 0.05 mm
and 0.03 mm in x and y directions due to stresses 6, and 6, respectively as shown in
figure. Determine the magnitude of 6, and 6, if modulus of elasticity of steel is 200
GPa and Poisson’s ratio is 0.3.

g

T

¥

160 mm

160 rrem
[15 + 5 = 20 marks]
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Q.3 (c)

(1)

(i)

A beam ABC with an overhang at the left hand end is shown in figure below. The
beam is subjected to a'uniform load of intensity 4 = 2 kN/m on the overhang AB
and a counterclockwise couple M =15 kN-m as shown. Draw the shear-force and
bending moment diagram for this beam.

=15kNm
L’I\ ,

! \¢

Lo

Find slope and deflection at free end usmg double integration method for the beam
shown in figure.

g=2kN/m
B

£ N

10m

r— 4m—

wkN/m

[10 + 10 = 20 marks]
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Q4 (a)

(B

(i)

Explain the application of the moment area method to determine the slope and
deflection. '

Find the angle of rotation 8; and deflection 8; by using moment area method at the
free end B of cantilever beam ACB supporting a uniform load of intensity 10 kN/m
acting over the beam as shown. (The beam has length 10 m and constant flexural
rigidity EI)

10kN/m

[8 +12 = 20 marks]
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(i)

(i)

A steel shaft is to be manufactured as a circular tube. The shaft is required to transmit
a torque of 1250 N-m without exceeding an allowable shear stress of 40 MPa nor an
allowable rate of twist of 0.75/m. The shear modulus of elasticity of the steel is
78 GPa. Determine the required diameter of the shaft if the thickness of the shaft is

1/10% of the outer diameter.
V4

A prismatic shaft consists of a solid aluminum rod of diameter 35 mm, which is
inside a steel tube of external diameter 52 mm. Both the shafts are firmly jointed
and subjected to a torque of 1025 N-m. Find the maximum stresses developed in
aluminjum and steel shafts.
[Take, G, = 70 x 10° N/m? and G,; = 80 x 10° N/m?]

[12 + 8 = 20 marks]
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Q4 (c)

(ii)

An overhanging beam ABC rests on a simple support at A and a spring support at
B (see figure). A concentrated load P acts at the end of the overhang. Span AB has
length L, the overhang has length ‘a’ and the spring has stiffness k. Determine the
downward displacement at the end of overhang i.e. at C using Castingliano’s

P
s s |
D
| éa_ﬁ

theorem.

A vertical pole of aluminium is fixed at the base and pulled at the top by a cable .
having a tensile force T as shown. The cable is attached to the outer surface and |
makes an angle of 30° at the point of attachment. The dimensions of the pole are |
shown in figure. Determine the allowable tensile force T in the cable if the allowable

compressive stress in the aluminium pole is 100 MPa.

I<— 250 mm —~>|

30° T /\

[ \

25m | |
—i ~— 250mm 200 mm—

[12 + 8 = 20 marks]
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Section B: Highway Engineering - 1 + Surveying and Geology-1 + Geo-technical and

Q.5 (a)

Foundation Engineering - 2 + Environmental Engineering - 2

What are the various factors that control the highway alignment? List out the special

care which should be taken while aligning roads in hilly areas?

[12 marks]
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Q.5(b)

(i) Classify different types of survey based on their purposes. _
(ii) A 30 m chain was found to be 5 cm too long after chaining 1650 m. It was 8 cm too
long at the end of day’s work after chaining a total distance of 3125 m. If the chain

was correct before commencement of the work, determine the true distance.
[8 + 4 =12 marks]
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Q5 (o)

Briefly explain the two commonly used geophysical methods of soil exploration.
[12 marks]
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Q.5(d)

The speed of overtaking and overtaken vehicles are 80 kmph and 50 kmph, respectively
on a two way traffic road. The average acceleration during overtaking may be assumed
as O.W

(i) Calculate safe overtaking sight distance.

(i) What are the minimum and desirable length of overtaking zones?

Assume any other data as per IRC-37.

pad ¥},

Z

£ [12 marks]
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Q.5 {e) | Describe stratification of lakes and biological zones in lakes.
[12 marks]
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Q.6 (a)

/'_‘“\

A national highway passing through a plain terrain has a horizontal curve of radius
equal to the ruling minimum radius.

(i) Design all the geometric features of this horizontal curve, assuming suitable data.
(i) What is the safest intermediate sight distance provided for the given national

highway?
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—).6 (b)

(i) The following latitudes and de‘partures were obtained for a closed traverse
ABCDEFA survey:

Line | Latitude {m) | Departure (m)
AB 0.00 183.79
BC 128.72 98.05
CD 177.76 -140.85
DE —76.66 -154.44
EF -177.09 0.00
FA -52.43 13.08

Adjust the traverse by Bowditch’s method and compute corrected latitudes and
departures of all the traverse lines. Also calculate the bearing of CD.

(i) What do you understand by the following forms of curves and where are they

generally used?

1. Compound curve

2. Reverse curve

14 + 6 = 20 marks]
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2.6 (c)

(i) A conventional activated sludge process of municipal waste having discharge of
1000 m®/ day disposes its digested sludge on relatively impervious farm land. Raw
sludge suspended solids concentration is 225 mg/1t [70% volatile], BOD =190 mg/ It
(Excess activated sludge returned to primary). Primary settling suspended solids
removal is 50% and BOD removal is 30%. Excess activated sludge is 0.4 gm volatile
solids produced per gm of BOD applied. .

Compute: (1) Total volatile solids to be anaerobically digested in kg/day.

(2) If anaerobic digestor produces 50% volatile solids and digested sludge solids
concentration is 6%, then compute area required in hectares for disposal of sludge
on the farm land. Specific gravity of sludge is 1 and rate of application on farm land
is 2 m®/ha/day.

(ii) A controlsample BOD water contammg seeded diluted water has a drop of 1.5 mg/It
in its dissolved oxygen over 5 days of incubation. If BOD sample is of 300 ml with
20 ml waste water in it and remaining seeded water in contribution has a drop of
6.8 mg/lt in its DO, then calculate the BOD of the test sample.

. [14 + 6 = 20 marks]
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Q.7 (a)

MBADE ERASY Question Cum Answer Booklet ' Page 56 of 72
Two sets of tacheometric readings were taken from an instrument station A (RL of
A =100 m) to a staff station B as shown below.
Instruments P Q
Multiplying constant 100 | 9
Additive constant 0.30 0.45
Height of instrument 140m | 145m
Staff held Vertical | Normal
Instruments | Instruments station | Staff station | Vertical angle | Stadia readings
P A B 5°44’ 1.090, 1.440, 1,795
Q A B 544’ ?
Determine:

(i) The distance between instrument station and staff station.
(i) The R.L. of staff station B.

(iti) Stadia readings with instrument Q.
[ 20 marks]
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Q.7(b)

(i) Explain the factors influencing the geom

(ii) Why should the psychological widening be.added to the mechanical widening of

roads?

ic design of hills roads.

[12 + 8 = 20 marks]
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.7 (¢}| (i) Designa group of friction piles which is required to carry a load of 3500 kNN includi
the weight of the pile cap at a site where the soil is uniform clay to a depth of 20 m,
underlain by rock. Average unconfined compressive strength of the clay is 65 kN /m?.
The clay may be assumed to be of normal sensitivity and normally loaded with
liquid limit of 55%. A factor of safety of 3 is required against shear failure.

(i} A square mass concrete footing supporting a load of 3500 kN extends from ground
level to 4 m deep into a clay stratum. What will be the size of the footing allowing
for a factor of safety of 3.0? Unit weight of concrete is 4 kN/m?. Shear strength of
the soil is 0.15 N/mm?. Adhesion of clay with footirnig is 30 kN/m? The adhesion
may be supported to act over a depth of 2 m from the bottom of the foundation. For
$=0°N-=57, Nq =1 and Nv = 0. Take unit weight of soil as 21 KN/ m?.

[10 + 10 = 20 marks]
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Q.8(a)| (i) Whatis gradient in vertical alignment? Also, define the types of gradient and their
values for different types of terrain as per Indian practices.

(ii) Thereisahorizontal curve of radius 500 m and length 250 m on a highway. Determine
the setback distance required from the centre line of the curve so as to provide a
stopping sight distance of 100 m. (The distance between the centre lines of the road
and the inner lane is 1.9 m.)

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

(i) Find the factor of safety (1) with respect to shear strength and, (2) with respect to
height along the indicated sliding surface AB in the figure below.

4

10
45° > ¢=55kN/m’
10m 0=15°
& il y=17kN/m’
6m
B

Normal effective pressure on sliding surface AB is 225 kN/m?.
Downward tangential disturbing force along AB is 850 kN/m.

(i) Explain sludge treatment process.
[12 + 8 = 20 marks]}
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Q38 (c)

(i} Find the maximum permissible error in laying off the direction of an offset so that

maximum displacement may not exceed 0.025 cm on paper given that length of the
offset is 25 m, the scale is 1 cm to 75 m and the maximum error in the length of the
offset is 0.50 m. g

(ii) Write short notes on the following methods of plane table surveying:

W=

4.

(iii) Explain the two basic principles of surveying.

Radiation
Traversing
Intersection
Resection

[4+12 + 4 = 20 marks]
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