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Q.1 (a)

Section A : Design of Concrete and Masonry Structure

What are the assumptions for the design of a reinforced concrete section for limit state
of collapse in bending? Calculate the limiting percentage of tensile reinforcement in a
flexural RC member for M30 grade concrete and Fe500 grade steel.
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Q.1 (b)

A doubly reinforced beam is 200 mm wide and 350 mm deep to centre of the tensile
reinforcement. The areas of the compression and tensile steel are 1245 mm?and 1600 mm?
respectively. The effective cover to the compression reinforcement is 50 mm. Find the

ultimate moment of resistance of the beam section. Use M20 concrete and Fe250 steel.
[12 marks]
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Q1(c)

(i) Discuss the importance of diagonal tension in RCC beams.
(ii) Fxplain advantages of limit state method of design as compared to working stress
method, for reinforced concrete flexural members.
[6 + 6 marks]
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Q1 (d)

Determine the anchorage length of bars at the simply supported end of a reinforced
concrete beam as shown below, if it is subjected to an ultimate shear force of 300 kN at
the centre of support. Assume M20 grade concrete and steel of grade as Fe415.

[Take 1,; = 1.92 N/mm?]
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Q1(e)

A simply supported prestressed concrete beam of rectangular section 300 mm wide and
600 mm deep has a span of 12 m. The effective prestressing force is 980 kN at an
eccentricity of 120 mm. The dead load of the beam is 4.50 kN/m and the beam has to
carry a live load of 7.50 kN /m. Determine the extremes stresses.

(i) at the end section.

(ii) at the midsection without the action of live load.

(iii) at the midsection considering the action of live load.
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Q2 (a)

Designa 5.0 m X 7.5 m (clear spans) interior panel of a slab for flexure using the following
data, by limit state method.
Width of supports = 400 mm
Live load over slab = 8 kN/m?
Finishing load = 1.5 kN/m?
Use M25 grade concrete and Fe415 steel. Check the slab for shear and deflection. Also
sketch the reinforcement details.

Short span coefficients o, (values of [,/I,) | Longspan
10 [ 11 [12[ 13 [ 14 ] 15 [175] 20 | coctiicenta,

0.032(0.037|0.043 1 0.047 | 0.051 | 0.055 | 0.C60 | 0.065 0.032

Interior panels

Negative moment at
continous edge

Positive moment at
mid span
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Note: £, is steel stress of service load in N/mm’

. e A M
0.4 0.8 1.2 16 20 24 2830
Percentage tension re:nforcement

f,=058f,

Area of cross-section of steel required
Area of cross-section of steel provided
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Q2 (b)

Design a cylindrical water tank of capacity 6.5 lakh litre. The diameter of the tank is
12 m and the wall is fixed with the base. Following parameters may be used for the
design.

1. o, =11.5N/mm? 2. ©,,=221 N/mm?
3. o,=16N/mm? 1. o©,=130 N/mm?
5. v,=10 N/mm? 6. m=811
[20 marks]
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Design the torsional reinforcement in a rectangular beam section, 350 mm wide and
750 mm deep, subjected to an ultimate twisling moment of 140 kN-m combined with an
ultimate (hogging) bending moment of 200 kN-m and an ultimate shear force of 110 kN.
Assume M25 concrete and Fed15 steel. Consider an effective cover of 50 mm.
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Q23 (a)

A rectangular column 600 mm X 400 mm carry an axial load of 800 kN. Design a
rectangular footing of width 2 m to support the column. The sate bearing capacity of the
soil is 200 kN/m?. Use M20 grade concrete and Fe415 grade steel. Consider self weight
of footing as 10% of column load and neglect the weight of soil above the footing.

[20 marks]
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Q.3 (b)

The section of a precast slab unit is shown in the figure. Each slab unitis supported on a
span of 8 m. The section is pretensioned by 6 wires of 5 mm diameter, with three wires
in each rib. The wires are provided at a distance of 50 mm from the bottom of the ribs.
The wires are subjected to an initial stress of 1250 N/mm?, the total loss of prestress is
15% of the initial stress. The permissible stress in concrete are 14 N/mm? in compression
and 0.75 N/mm? in tension. Determine the safe uniformly distributed load on the slab
unit.
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[20 marks]
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Q.3 (c)| A reinforced concrete column of unsupported length 6 m is 340 mm x 500 mm in section

and is reinforced with 10 bars of 20 mm diameter, consisting of 3 bars along each short
edge and the remaining 4 bars equally distributed along the long faces with 2 bars per
face as shown in figure. The column is held in position and restrained against rotation
at both the ends. The column is subjected to an ultimate load of 1490 kN whose
eccentricities are 80 mm about x-x axis and 60 mm about the y-y axis. M20 grade concrete

and Fed15 grade steel are used. Check the adequacy of this column under the above
loading conditions.

Chart-44,SP: 16
Compression with bending. Reinforcement distributed equally on four sides.
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Compressicn with bending, Reinforcement distributed equally on four sides,

14

Chart - 45, SP : 16
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Q4 (a)

An RCC retaining wall is used lo retain a level earth-[ill 5.0 m above the ground level.
Due to construction of a building, there is a surcharge of 30 kN/m? on the earth-fill. A
good soil for foundation is existing at a depth of 1.1 m below the ground level with a
safe bearing capacity of 280 kN/m?. The unit weight and the angle of repose of the soil
are 19 kN/m? and 30° respectively. Assume the coefficient of friction between soil and
concrete to be (.50, The initial proportioning of the retaining wall is shown in the figure

below:
500 m i f“mhaf&e
o= b bbb
r e 100 A, T.for M - 30
bd N/mmz
0.25 0.37
50m
N.50 0.50
t G.L. 0.75 0.59
L : SV
11 m ja—1 m—=| 25m 500 1.00 C.66
mm 2 :
| 40m | T

(i) Check the safety of retaining wall against overturning,
(if) Check whether shear key is required.

(iii) Design the stem of the retaining wall.

Use M30 grade concrete and Fe-415 grade steel.

[20 marks]
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Q.4 (b)

A three storeyed symmetrical RC school building is situated at Bhuj (zone V) and the
following details are available:
Plan dimension = 7 m
Storey height = 3.5m
Total weight of beams in a storey = 130 kN
Total weight of slab in a storey = 250 kN
Total weight of columns in a storey = 50 kN |
Total weight of walls in a storey = 530 kN
Live load on each floor = 130 kN
Live load on terrace = 0 kN
Weight of terrace floor = 655 kN
The structure is resting on hard rock and infill panels are provided. Determine the total
base shear and lateral loads at each floor levels for 5% damping using seismic coefficient
method. Also draw shear force diagram due to lateral forces only.
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Response spectra for rock and soil sites for 5% damping.
[20 marks]
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Q4 (0

(i) Show that development length of a steel bar of diameter ¢ embedded in concrete is
0.87f,0
47, '
Also draw the variation of bond stress along the length of the bar.
(ii) Name five types of staircases based on geometrical configurations along with suitable
sketch of each. Also draw a typical stair case flight and show:
1. tread 2. nosing 3. riser
4. waist 5. going

givenby L,=

[8 + 12 marks]
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Q.5 (a)

Section B : Geo-technical & Foundation Engineering-1

+ Highway Engineering-2 + Surveying and Geology-2
An upward flow of water is cccurring through a layer of sand as shown in the figure
below. Sand is having a specific gravity of 2.72 and void ratio of 0.61.
(i) Calculate the total stress, pore water pressure and effective stress at points A, B and C.
(i) What is the upward seepage force per unit volume of soil?

[12 marks]
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Q.5 (b)

The average normal flow of traffic on cross roads 1 and 2 during design period are
440 and 280 PCU per hour, the saturation flow values on these roads are estimated as
1300 and 1100 PCU per hour respectively. The all-red time required for pedestrian
crossing is 12 sec. Design two phase traffic signal with pedestrian crossing by Webster’s
method. Also, sketch the phase diagram showing the cycle imings obtained.

R =12 Shaye o= 2A% Conm dess
Lo Lot v L= 2v - &
L~ 1es .
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k(j*': AR A y 280 - ©:5473
1380 w0
W elpalke s e
Co= VSLTS _ s xt6+S

anbeu Hre = 2%

[12 marks]
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Q5 (c)

(i) A mass of soil coated with a thin layer of paraffin weighs 5.23 x 10-> kN. When
immersed in water, it displaces 3.7 x 10-* m? of water. The paraffin is peeled off and
found to weigh 1.71 x 10~* kN. The specific gravity of the soil particles is 2.72 and
that of paraffinis 0.9. Determine the void ratio of the soil if its water content is 11%.

(ii) Write a short note on ‘Quick sand condition’.
[8 + 4 marks]
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Q5 (d)

(i) Find the shortest distance between two places A and B, given that the latitudes of
A and B are 15° N and 16°10° N and their longitudes are 70°30" E and 75° E,

respectively. Take radius of earth as 6400 km.
(ii) Write a short note on signal propagation errors.

[8 + 4 marks]
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Q.5 (e)| Briefly discuss about the suitability of igneous rocks for building and foundation works.
[12 marks]
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Q.6 (a)

(i) Derive an expression for determination of water content in soil by pycnometer
method.

(ii) A clay layer 5 m thick has double drainage. It was consolidated under a load of
127.5 kN/m?2 The load is increased to 197.5 kN/m?. The coefficient of volume
compressibility is 5.79 x 10 m?/kN and value of permeability is 1.6 x 10~* m/min.
Find ultimate settlement and settlement at 50% consolidation. Also, determine
probable period of time required for clay stratum to undergo 90% of ultimate
settlement under the given increment of load.

[10 + 10 marks]
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Q.6 (b)

(i) Determine the total thickness of flexible pavement assuming single layer elastic
theory and using the following data:
Design wheel load = 5100 kg,
Tyre pressure = 7.0 kg/cm?,
Elastic modulus = 180 kg/cm?,
Permissible deflection = 0.25 cm.

(ii) The spacing between the contraction joints of a CC pavement is 4.5 m. Determine
the tensile stress developed in CC pavement due to contraction if the coefficient of
friction between the bottom of the pavement and the supporting layer is 1.3 and the
unit weight of CC is 2400 kg,/m?.

(iii) A rigid pavement of 15 cm thickness is supporied over a subgrade having modulus
of subgrade reaction as 7.5 kg/cm?®. If dowel bars are placed at every 30 cm, calculate
the maximum load carried by a single dowel which is just below the wheel. Assume
the wheel load as 4100 kg, participation of dowel bars in load distribution upto 1.8
times radius of rclative stiffness and load to be transferred by the joint as 50%.
Poissons’ ratio and modulus of elasticity of cement concrete may be taken as 0.15
and 2.1 x 10° kg/cm? respectively.

[4 + 4 + 12 marks]
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Q6 (c)| (i) Anarea of 150 km x 100 km is to be surveyed using aerial photogrammetry. From
the data given below:
Size of photograph = 25 cm X 25 em
Average scale of photograph = 1 : 25000
Average elevation of terrain = 330 m
Longitudinal overlap = 60%
Side overlap = 40%
Ground speed of aircraft = 270 km/hr
Focal length of camera = 200 mm
Least count of intervalometer = 0.5 seconds
Determine:
1. Number of photographs required to cover the complete area.
Height of flight
Spacing of flight lines

Ground exposure distance and

LI I S S

Exposure interval.

[15 marks]
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Q.6 (¢)| (ii) Define the following terms briefly:
1. Zenith and nadir
2, Azimuth
3. Prime vertical
4. Declination.
[5 marks]
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Q.7 (a)

Pore pressure measurement were made during undrained triaxial tests on samples of
compacted fill material from an earthen dam after saturating them in the laboratory.
The results were as follows:

Property measured (kN/ mz) Test-1 | Test-2
Lateral pressure (o) 150 450
Total vertical pressure (5;) | 400 | 1000
Pore water pressure (1) | 30 125

Delermine the apparent cchesion and the angle of shearing resistance with respect to (i)
total stress (ii) cffective stress.
[20 marks]
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Q.7 (b)

The consolidated data collected from speed and delay studies by floating car method on
a stretch of urban road of length 3.5 km, are given below. Determine the average values
of (i) traffic volume, (ii) journey speed and (iii) running speed of the traffic stream
along both the directions,

No 6f vehicles

Trip | Direction Journey time, | Total stopped | No. of vehicles No. of vehicles
na. of trip tin-sec delay, overtaking overtaken | f[rom opposile
min-sec direction
1 N-§ 6-48 1-50 3 7 270
2 S-N 7-20 1-40 4 3 150
3 N-S 7-10 1-30 5 3 290
4 5-N 7-40 2-00 3 1 220
5 N-S 6-10 1-30 3 6 270
6 5-N 8-00 2-30 2 2 190
7 N-S 6-32 1-50 2 5 320
8 S-N 7-40 1-30 3 2 190
[20 marks]
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Q.7 (c)

(i) What do you mean by the term ‘Metamorphism’? Describe the various agents

associated with it.
[10 marks]
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Q.7 (c)

(ii) Briefly explain the igneous formations viz. dykes and sills. Also state the importance

of dykes from civil engineering point of view.

[10 marks]
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Q.8 (a)

(i) Define the following terms:

1.

et i IR

Coefficient of compressibility
Coefficient of volume change
Compression index
Expansion index

Recompression index

[10 marks]
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Q.8 (a)

(ii) A wall with smooth vertical back 5 m high retains a mass of dry cohesionless sand
that has a horizontal surface. The sand behind the wall is having specific gravity of
2.65, void ratio of 0.65 and angle of shearing resistance of 20°. The water level behind
the wall is at an elevation of 1 m below the crest. The backfill carries a uniformly
distributed load of 14.6 kN/m?. If the deformation condition for active Rankine
state is satisfied, then what is the total horizontal pressure on the back of the wall?

[10 marks]
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Q.8(b)

(i) Briefly discuss about the angular methods commonly employed for curve setting.
(ii) Twostraights AB and BC intersect at a chainage of 4274.0 m. The angle of intersection
is 150°. It is required to set out a 3° simple circular curve to connect the straights.
Calculate all the data necessary to set out the curve by the method of offsets from
the chord produced with an interval of 30 m.
(iii) Discuss briefly about the terms ‘Drift’ and ‘Crab’.
[6 + 10 + 4 marks]
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Q.8 (c)| (i) Determine the warping stresses at interior, edge and corner of a 26 cm thick cement
concrete pavement with transverse joints at 4.5 minterval and longitudinal joints at
3.5 mintervals. The modulus of subgrade reaction is 15 kg /cm? and radius of loaded
area is 15 cm. Assume maximum temperature differential during day to be
0.6° C per cm slab thickness and maximum temperature differential of 0.4° C per
cm slab thickness during the night. Additional data are given below:

o =10 x 106 per °C,E =3 x 10° kg/em?, u = 0.15
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Warping stress coefficient chart (by Bradbury)
[15 marks]
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Q8 ()

{ii) What is prime coat and what purpose does it serve in the construction of bituminous

pavement?

QOQ0O

[5 marks]
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