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Section A : Design of Concrete and Masonry Structures

Q.1 (a)| A simply supported T-beam is as shown in figure below.
f— 2500 mm ——]
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Clear span of T-beam =10 m.

Live load on beam =52 kIN/m

Width of support = 500 mm

Grade of concrete and steel are M30 and Fe415 respectively.

Design the shear reinforcement of the beam using the table given below:

7% | 1.25]1.50 | 1.75 200|225 2.5
7c(MPa) | 0.71 [ 0.76 [ 0.80 | 0.84 | 0.88 | 0.91

Use LSM.
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2.1 (b) | What are the assumptions made in limit state method as per IS : 456 - 2000? Also, show

that limiting depth of neutral axis is 0.48 times of effective depth of the beam if Fe415

steel is used.
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21 (0)

Find the working moment of resistance of a beam section 300 mm x 600 mm (overall
depth) reinforced with 800 mm? compression steel and 2160 mm? tension steel. Use M25
grade of concrete and Fe415 grade of steel.

Assume stress in compression steel as 350 N/mm? and take effective cover as 50 mm in

both tension and compression.

_ — [12 marks]
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Briefly, explain the systems of prestfessing.
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Q.1 (e)

A box section is as shown in figure below.

f— 350 mm —=

5

150 mm A i 150 1150 mm

Design the beam as shown in figure for a working bending moment of 285 kIN-m using
M25 concrete and Fe415 steel and using limit state method. Consider effective cover for
all reinforcement as 50 mm.
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22 (a)

(i) Design a circular column with helical reinforcement for an axial load of 3600 kN
under service condition. The unsupported length of column is 5 m and the column
is held in position and restrained against rotation at both the ends. Use LSM.

(Use M30 concrete and Fe415 grade of steel)

(i) What are the differences between working stress method and limit state method of
design?

[15 + 5 = 20 marks]
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Q.2(b)

A simply supported slab is provided as shown in figure. The edges and corners are not
prevented from lifting. Design the slab using I.S. code method.

6.5 m

350 m

—~{——— 85m

N width of support
Live load = 6 kN/m?. |

Flooring thickness = SO mm.

Unit weight of flooring = 24 kN/m?®.

Grade of concrete and steel are M30 and Fe500 respectively.

S

1.2 | 1.30 | 1.40

Tt

=

0.084  0.093 | 0.099
o 0.059 | 0.055 | 0.051

R

Also, check the slab for shear. [Given < =.0.29 MPa for M30 concrete]

¢{min}
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Q.2 (o)

A continuous T-beam is used for an effective span of 15 m. Given below are its properties.
*  Flange width = 2000 mm

*  Flange thickness = 150 mm

*  Overall depth =1000 mm

»  Effective cover = 100 mm

¢ Width of web =500 mm

* 10 bars of 32 mm diameter are provided as tension reforcement

*  M25 concrete and Fe500 steel used.

Calculate the ultimate moment of resistance of the T-beam section using LSM.
[15 marks]
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Q.3 (a)| An unsymmetrical [-section is required to support an imposed load of 2 kN/m over a
span of 8 m. Top flange is 300 mm wide and 50 mm thick, bottom flange is 100 mm wide
and 50 mm thick, web thickness is 80 mm with overall depth of I-section as 450 mm.
An effective prestressing force of 200 kN is applied at 40 mm from soffit of beam at
mid-span. What are the stresses at the centre of span for
(i) prestress + self weight?
(ii) prestress + self weight + imposed load?

[20 marks]
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Q.3(b)

A retaining wall is as shown in figure.

| 05m B=15°
5m
0.6 m
1
05m
4
| 12m | | 25m ——

Unit weight of soil = 19 kN/m?.

Angle of repose, ¢ = 32°

Coefficient of friction between concrete and soil = 0.6
Safe bearing capacity of soil = 300 kN/m?.

Use M30 concrete and Fe500 steel.

Check the stability of retaining wall and determine the minimum and maximum pressurg
at base of retaining wall.

[30 marks]
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Q.3 (c}| Explain the reasons for essentially using high tensile steel and high grade concrete in
PSC structures.
[10 marks]
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4 (a) | Design one of the flights of staircase of a school building spanning between landing
beams to suit the following data:
Type of staircase: Waist slab type.
Nurnber of steps in flight = 12
Tread, T = 300 mun
Riser, R = 150 mm
Width of landing beams = 400 mm
Finished load = 0.6 kN/m
Live load =4 kN/m
Materials: M20 grade concrete and Fe415 HYSD bars.
[20 marks]
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Q.4(b)| () What are the reasons due to which the cracks in concrete occurs? Also, explain the
factors affecting the crack width.
(ii). A cantilever beam of span 6.5 m is having of cross-sections 250 mm x 550 mm.
Check the beam for deflection and lateral stability.
[Use effective cover as 50 mm]
[10 + 10 = 20 marks]
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Q4 (o)

A simply supported lintel beam is to be designed for a clear span of 2.60 m.

Width of support on both sides is 300 mm.

Height of brick wall above lintel is 1.5 m and brick work is 250 mm wide.

Slab of 150 mm thickness is resting on top of brick work and is transferring a line load of
30 kN/m on the wall.

Consider 50 mm effective cover.

Design the lintel using M30 concrete and Fe500 steel.

Check the lintel for shear also and use LSM.

Take ¥,y = 20 kKN/m® and ¥y =25 kN/m?

Design shear strength of M30 concrete

Py 1, (MPa)
0.75 0.59
1.0 0.66
~ 1.25 0.71
\ 15 0.76

[20 marks]
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Q.5 (a)

Section B: SOM -1 + Highway Engineering - 2 + Surveying and Geology-2

Design a flexible pavement for a two-lane undivided carriage way using the following data:
Subgrade CBR value = 8%

Lane distribution factor = 0.5

Design life = 15 years

Planning and construction period = 1.5 years

Present commercial traffic is as under:

Vehicle | Gross weight | No. of vehicles | Wheel Growth | Standard

type kg) per day configuration | rate axle load
Front axle-single

- Bus 16000 250 5% 8160 kg

rear axle -Dual
Front axle-single

Truck 22000 1200 8% 14968 kg

rear axle-tendem

As per IRC 37-2018 the following pavemént composition is desired for CBR of 8% subgrade
corresponding to different design traffic:

Design traffic | BC wearing | DBM binder | WMM base | GSB sub-base
(msa) course (mm) | course (mm) | course (mm) | course (mm)
5 30 50 250 150
10 30 60 250 200
20 30 90 250 200
30 40 95 250 200
40 40 105 250 200
50 40 115 250 200
[12 marks]
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Explain the importance of Engineering Geology and discuss various geological hazards.
‘ [12 marks]
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—Q.5 (0

A fiber glass bracket ABCD of solid circular cross-section is subjected to a vertical load
P =40 kN at its free end as shown in the figure. Determine the minimum permissible
diameter of the bracket if the allowable bending stress in the material is 30 MPa.

A
b 150 mm —————

. 2gxie” A B
K x n2
&Y

D meder @:’3 flnq ;3&@/
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Q.5(d)| What are different type of rocks? Explain briefly.
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—Q.5 (e)

A metallic cuboid of size 300 mm x 250 mm x 100 mm is subjected to the loading as
shown in the figure. Determine the change in the volume of cuboid. What additional
load should be applied in direction of 2.5 MNN load so that no volume change takes place?
Assume E = 2 x 10° N/mm? and u = 0.25.

3MN
| )
v
E —» 1MN >
=
300 min——— 4=
s ’ﬁ)ﬁ\ﬁ‘ z

¢
\ o Mmrnl_
+'—\?—<——o-——H“; P [12 marks}]
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Q.6 (a)

(i)
(i)

What is forecasting of traffic and its importance. Enumerate the various factors that
affect growth of traffic.

On an approach to a signalized intersection, the effective green time and the effective
red time are 30 sec each. The arrival rate of vehicles on this approach is 360 vph
between 0 to 120 sec, 1800 vph between 120 to 240 sec, and 0 vph between 240 to
420 sec. The saturation flow rate for this approach is 1440 vphgpl (Vehicles per
hour of green per lane). The approach under consideration has one lane. Assume
that at time, ¢ = 0 sec the light for the approach has just turned red.

Determine:

(i) the average delay to vehicles arriving between 0 - 120 sec.

(ii) the average delay to vehicles arriving between 120 - 420 sec.

(iii} theaverage delay to vehicles arriving between 0 - 420 sec. )
‘ [10 + 10 = 20 marks]




MABDE ERSY Question Cum Answer Booklet

Page 54 of 79

Do not
write in
this mang—




MADE ERSY Question Cum Answer Booklet

Page 55 of 79

Do not
write in
this margin




Do not
@ MRDE ERSY Question Cum Answer Booklet | Page 56 0f 79 | ¥mein

this marg—

Q.6 (b)| (i) A symmetrical framework system consisting of three pin-connected bars is Joaded
by a force P as shown in the figure. The angle between the inclined bars and the
horizontal is 45°. The axial strain in the middle bar is measured as 0.0814. Determine
the tensile stress in the outer bars if they are constructed of aluminium alloy having
modulus of elasticity, E = 70 GPa.

(i} Explain the following properties of materials
1. Proof stress
2. Modulus of toughness
[12 + 6 = 20 marks]
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Q.6 (c)| (i) A nylon bar having diameter 4, = 8.8 cm is placed inside a steel tube having inner
diameter d, = 8.85 cm and outer diameter d, = 9.1 cm as shown in the figure. The
nylon bar is then compressed by an axial force P. For what value of P, space between
the nylon bar and steel tube will be closed so that no stress is developed in steel

tube?

S_téel tube

[For nylon, E = 2.7 GPa and p = 0.4]

(i) A hollow box beam ABC of length L is supported at end A by a 20 mm diameter pin
that passes through the beam and its supporting pedestals as shown in the figure.
Determine the average shear stress in the pin and average bearing stress between
the pin and the box beam if wall thickness of the beam is 10 mm.

Box beam 10 mm

Box beam 1‘ Pint at support A

\ [12 + 8 = 20 marks]
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2.7 (a)

av®

(i) Determine the number of photographs required to cover an area of 750 sq. km.
Given the scale of the photograph is 1 in 10,000 and the photograph format is 250
mm % 250 mm. Consider the longitudinal overlap and side overlap as 65% and 35%

respectively.
(i)} 1. What are the various laws of weights?

2. Explain types of errors.
[10 + 10 = 20 marks]
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Q.7 (b)

An element of material in plane strain is subjécted to strains € =450 x 105, &, 60 x 10°®
and y,, =400 x 105

Determine the following quantities:

(a) the strains for an element oriented at an angle of 80° anticlockwise from horizontal.
(b) the principal strains.

Also, show the strain element in each case.

| G . [20 marks]
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Q.7 (c)
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() Aroadintersection has five legs designated as 1, 2, 3,4 and 5. Leg 1 is in N-S direction
and others are marked clockwise. The traffic volumes in terms of PCU(V, j) per hour
during peak period are given below:

Up | 37 | vy | 466 | vy | 182 | vg, | 45
U3 | 303 | vy | 122 | vy | 54 | U5, | 132
Uiy | 64 | Uy | 47 | Vg3 | 18 | U5y | 62
U5 | 52 | a5 | 657 | vy5 | 116 | U5y | 15

Width of carriage way at entry and exit is 10 m.
Weaving length is 50 m.
Find the weaving ratio between the legs 1 and 2, also calculate the practical capacity
of rotary corresponding to this weaving ratio.
(i) What are the general guidelines for the design of rotaries? _
[16 + 4 = 20 marks]|




Do not

@ MRDE ERSY4Y Question Eum Answer Booklet | Page 69 0f 79 [Mer

CB\'\M‘, I e es — lom
. —— e, = lem
Ol !OFF!@,; [ o
2
e S
PRI o, VIR s o R Y
o i
= 13 <m Bk

%)L /t% b Bt
F 3 Loeatl iy E(m)—f\‘c__
v -—_—TOM hﬁ%;

far P#L

—_—

W
A = Vs + Vipar Ve
= CR+ IRrIE =

b
& =V~ 37

b ’;V[_'g")‘v]\("*\])g—
— B3RTEYHw 1

2 :vﬁ+VH1+Uj
= 132+ €9+ 2=

AR Ty




Dﬂinot

X e

Aulclellveer !

S

6&0 )mu_ﬁ iy feche  max

lﬁ\b}nﬁd

(re v!VLu) k,L

};3 V\_Q_.QOL_O‘C'I

m {2 Doso ek |l ﬁcm*‘ﬁ?

"‘
o,

@ MADE ERSY Question Cum Answer Booklet | Page700f79 |}me™
o b= 49 e =8 BT
A e
19 L B8



MARDE ERSY Question Cum Answer Booklet | Page 71 of 79

Do not
write in
thls margin

2.8 (a)

Two straight lines intersect at a chainage of 40 chains and 60 links with a deflection angle
of 48°. Calculate the necessary data for setting out the curve of radius 380 m using
Rankine’s method. Use 30 m chain length with 100 links.

[20 marks]
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28(b)| (i) A simply supported beam of T-section (as shown in figure) of span 3 m carries a
load of 4 kN at midspan inclined at 20° to the vertical, passing through the centroid
of the section. Determine the maximum tensile stress induced in the section.

fe—— 100 mm ——
20mm| ]

T

80 mm —

™
— ~— 20 mm l

(i) Draw the shear force diagram for the beam loading as shown in figure.

150 kKN Finge  70kN/m
E Pty
AI >< C
L _ B4y D
F—1.5m —t—15m —~=—1m - 2m I
[12 + 8 =20 marks] |
|oo mm
‘&i_ﬁb> ) 17 T200m
\F¥o mm™M
,‘lop HK“Q,@mrh

ordeal Leoad = € osd 8T o A6 Ky

Herd 3-enda) load = YU EM B © 2 1. 363 &

Veohcal  (oad Mot =

Max™ M = WL
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Q38 (9)

)

S

\o
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R G

(i) Consider the following data:
Wheel load, P = 5000 kg -
Modulus of elasticity of cement concrete E 3 x 105 kg/cm?.
Pavement thickness, h = 20 cm.
Poisson’s ratio of concrete, u = 0.15.
Modulus of subgrade reaction, k = 6.0 kg/cm?.
Radius of contact area, 2 = 15 cm.
Calculate:

(a) The edge load stresses using modified equation of Teller and Sutherland.
(b) Corner load stress using modified equation of Kelley.

(i) Write down the construction steps for water bound macadam road?
[12 + 8 = 20 marks]
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