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Section A : Transportation Engineering

A vehicle applies brakes and skids through a distance of 50 m before colliding with
another parked vehicle. The weight of parked vehicle is 60% of the colliding vehicle. If
distance travelled by both the vehicles after collision is 15 m before coming to rest, then
determine the initial speed of the moving vehicle. [Take f= 0.6]

Also write the assumptions used.
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(b)

(i) On a two way traffic road, the speeds of overtaking and overtaken vehicles are
80 kmph and 50 kmph, respectively. If the acceleration of the overtaking vehicle is
2.5 kmph per second, calculate the safe overtaking sight distance (Assume: spacing
between vehicles = 16 m; reaction time of driver = 2 seconds).

(if) How WBM roads are constructed? What are the advantages and disadvantages of
WBM roads?
[7 + 5 =12 marks]
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Determine the actual runway length after applying necessary corrections for elevation
and temperature as per ICAO and gradient correction as per FAA specification for the

data given below:

Basic runway length = 1900 metres

Elevation of airport site = 600 metes

Monthly mean of average daily temperature for the hottest month of the year = 16°C
Monthly mean of maximum daily temperature for the same month = 21°C

Effective gradient = 0.6%

[12 marks]
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(d)

A train having 20 wagons weighing 18 tonnes each is to run at a speed of 50 kmph. The
tractive effort of a 2-8-2 locomotive with 22.5 tonnes load on each driving axle is 15 tonnes.
The weight of locomotive is 120 tonnes. Rolling resistances of wagons and locomotive
are 2.5 kg/tonne and 3.5 kg/ tonne respectively. The resistance which depend upon the
speed is computed as 2.65 tonnes. Find out the steepest gradient for these conditions.
[12 marks]
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Q.1 (e)

(i) The specific gravities arrd weight proportions for aggregates and bitumen are as
under for the preparation of Marshall moulds:

Aggregate-1 | Aggregate-2 | Aggregate-3| Aggregate-4| Bitumen
Weights (gm) 800 1200 350 150 100
Specific Gravity 262 252 2.40 242 1.042

The volume and weight of one Marshall mould was found to be 475 cc and 1100 gm.

Assuming absorption of bitumen in aggregate as zero, find.

1. percentage air voids.

2. percentage bitumen by volume.

3. percentage voids in mineral aggregates.

(i)

B.G. track. Explain the salient features of different parts of the crossing.

[7+5=

What is diamond crossing on a railway track? Give a sketch of such crossing for a

12 marks]
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Q.2 (a)
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(i) A twolane pavement (7.0 m) on a National Highway in hilly terrain (snow bound)
has a curve of radius 60 m. The design speed is 40 kmph. Determine the length of
the transition curve. Determine the total length of the curve and tangent length if

the deflection angle is 60°. Make suitable assumptions.

(ii) What are the types of transition curves commonly adopted in horizontal alignment?

Which transition curve fulfils the requirements of ideal transition curve and why?

[12 + 8 = 20 marks]
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(b)

(i) Theaverage normal flow of traffic on cross roads A and B during design period are
400 and 250 PCU/hr. The saturation flow values on these roads are 1250 and
1000 PCU/hr. All red time required for pedestrian crossing is 12 sec. Design a two
phase traffic signal by Webster’s method. Take startup lost time before each green

signal as 2 sec.

(if) Explain with neat sketches the commonly adopted unchannelised and channelised
intersections.
[12 + 8 = 20 marks]
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()

A road intersection 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 (VI.}.) per hour
during peak period are given below.

Vip | 37 [ Vo, [ 466 |V, [182[ Vs, | 45
Vis 303 | v, (122, | 54 [ Vs, [ 132
Vi | 64 | Vo, | 47 [ Vs | 18 [V | 62
Vis | 52 | Vas | 657 | Vs | 116 | Vs, | 15

Find the weaving ratio between the legs 1 and 2. Also calculate the capacity of rotary, if
both roads have carriage way width of 15 m and width of carriageway at entry and exit
is 10 m.

[Take weaving length = 50 m|]
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(@)

(i) What are the various tests carried out on bitumen? Briefly mention the principle

and uses of each test.

(ii) Explain with sketches the requirements of joints filler and sealer. Discuss the desirable

properties and the various materials in use.

[10 + 10 = 20 marks]
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Q.3 (b)

(i) A driver travelling at the speed limit of 50 kmph was cited for crossing an
intersection. He claimed that the duration of the amber display time was improper
and consequently a dilemma zone existed at that location. Using the following data,

determine whether the driver’s claim was correct.
(i Amber duration = 4.5 sec

(if) Perception reaction time = 1.5 sec

(iii) Comfortable deceleration = 3 m/sec?

(iv) Car length = 4.6 m

(v) Intersection width =15 m

(ii) Explain various type of walls used as protective work for hill roads.

[15 + 5 = 20 marks]
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(i)

If a cross-over occurs between two M.G. parallel tracks of same crossing number
1in 12 with straight intermediate portion between the reverse curves and the distance
between the centres of tracks is 3.5 m, then find the intermediate straight distance
and over-all length of the cross-over.

An exit taxiway is to be designed for Boeing 707 with turn off speed of 65 km/hr.
Calculate the turning radius of the exit taxiway using the following data:
Coefficient of lateral friction = 0.13

Wheel base = 18.0 m

Tread of main landing gear =7.0 m

Width of taxiway =22.5m
{10 + 10 = 20 marks]
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(@)

(i) Calculate the stresses at interior, edge and corner regions of a cement concrete

pavement using Westergaard's stress equations using the following data:
Wheel load, P = 4100 kg

Modulus of elasticity of cement concrete, E = 3.3 x 10° kg/cm?

Pavement thickness, i = 18 cm

Poisson's ratio of concrete, u = 0.15

Modulus of subgrade reaction, K = 25 kg/cm?

Radius of contact area, a =12 cmn

(if) Whatare various type of failures in flexible pavements? Explain the causes of failures.
[12 + 8 = 20 marks]
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Q.4 (b)

(i) A branch curve of 7° diverges from main curve of 3° in an opposite direction in a
layout of BG track. Calculate the superelevation and the speed on the branch track,

if the maximum speed permitted on main line is 70 kmph.

(ii) A linear relationship exists between speed and density for a length of road section.
Free mean speed was 80 km/hr and jam density was 70 veh/km. What is the
maximum flow which could be expected on this section and at what speed and
density it would occur? Sketch the fundamental diagram of road traffic and show
the values obtained. What is the shape of this diagram?

[10 + 10 = 20 marks]
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(i) Plate bearing tests were conducted with 30 cm diameter plate on a soil subgrade
and over 15 cm base course. The pressure recorded at 0.5 cm deflection are

1.25 kg/ ecm? and 5.0 kg/cm?, respectively on soil subgrade and 15 cm base course. -

The relationship of F, and h in a two-layer system (Burmister's method) is given in
the diagram.
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Thickness of reinforcing layer

Design the pavement section for 4100 kg wheel load with tyre pressure of 5 kg/cm?
for an allowable deflection of 0.5 cm using Burmister's approach.

(ii) Determine the spacing between contraction joints for 3.5 meter slab width having
thickness of 20 cm and f=1.5, for the following two cases:
1. For plain cement concrete, allowable S, = 0.8 kg/cm?, S, = 1200 kg/cm?
2. Forreinforced cement concrete, 1.0 cm dia. bars at 0.30 m spacing. Assume unit
weight of cement concrete as,
W = 2400 kg/m3
[12 + 8 = 20 marks]
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Section B : Environmental Engineering :

Q.5 (a)

A coagulation-sedimentation plant clarifies 40 million litre of water every day. The
quantity of filter alum required at the plant is 18 mg/[. If the raw water is having an
alkalinity equivalent to 5 mg/! of CaCO,, determine the quantity of filter alum and
quick lime (containing 85% of CaO) required per year by the plant.
(Al=27,5=32,0=16,H=1, Ca=40, C—12)
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(b)
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1. Trickling filter

2. Activated sludge process.
[6 + 6 = 12 marks]
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Write advantages and disadvantages of the following methods of treatment of sewage:
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Discuss about different types of plume behavior.
[12 marks]
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b (d)

Estimate the theoretical volume of methane gas that would be expected from the
anaerobic digestion of a tonne of a waste having the composition C,,H, ,,O,,N, if 15% of
the waste would be used for the synthesis of the cell tissue.

Use density of methane as 0.7167 kg/m?

[12 marks]
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(e)

(i) The BOD; of a wastewater is determined to be 150 mg/I at 30°C. The k value is
known to be 0.23 per day at 20°C. What would the BODj, be if the test were run at
REET

(ii) A 200 ml sample of water has initial pH of 10. Thirty milliliters of 0.02 N H,SO, is
required to titrate the sample to pH 4.5. What is the total alkalinity of the water in
mg/l as CaCO,?
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[8 + 4 =12 marks]
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Q.6 (a)
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Design a rapid sand filter unit for 4 million liters per day of supply, with all of its principal
components. Assume any other data suitably.
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(b)

(i) What are the characteristics of a good distribution system? What are the advantages
of the following distribution systems :

1. Dead End system 2. Grid Iron system 3. Ring system.

(if) What are the factors affecting the selection of a particular type of pump?
[15 + 5 = 20 marks]
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(c)| (i) An activated sludge system is to be used for secondary treatment of 10,000 m3/d of
municipal waste water. After primary clarification, the BOD is 150 mg/! and it is desired
to have not more than 5 mg/! of soluble BOD in the effluent. A completely mixed
reactor is to be used and pilot-plant analysis has established the following kinetic values
:Y =05 kg/kg, K, = 0.05 d1. Assuming MLSS concentration of 3000 mg/! and an
underflow concentration of 10000 mg/1 from the secondary clearifier, determine (I) the
volume of the reactor (II) the mass and volume of solids that will be wasted each day
(I1I) the recirculation ratio; Take 8. = 10 days.

(ii) Determine the effective height of stack with the following data:
* Physical stack is 203m tall with 1.07m inside diameter.
*  Wind velocity is 3.56 m/s
* Air temperature is 13°C
* Barometric pressure is 1000 millibars.
* Stack gas velocity is 9.14 m/s
* Stack gas temperature is 149°C [12 + 8 = 20 marks]
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Q.7 (a)

(i) Discuss the need of environmental impact assessment and also discuss the
environment impact of mining and its contribution in air pollution.

(ii) The sewage is flowing at 4.5 million litres per day from a primary clarifier to a standard
rate trickling filter. The 5 day BOD of the influent is 160 mg/ . The value of the adopted
organic loading is to be 160 gm/m?/day, and surface loading 2000 I/m?/day.
Determine the (I) volume of filter (II) depth and (III) efficiency of the filter unit.

[8 +12 =20 marks]
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(b)

(i) What are ‘primary air pollutants’? Discuss about the following air pollutants in detail:
(I) Carbon monoxide (II) Suspended particulate matter

(ii) An industry utilises 0.3 ML of oil fuel per month. It has also been estimated that for
every 1 ML of fuel oil burnt in the factory per year, the quantities of various pollutants
emitted are as below:

Particulate matter = 2.9 t/yr.
SO, = 60t/yr
NO, = 8t/yr
HC = 04 t/yr
CO = 0.5 t/yr

Calculate the height of the chimney required to be provided for safe dispersion of the
pollutants. Assume 300 working days in a year with 24 hr/day of working.

[12 + 8 =20 marks]
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(c)

(i} A main combined sewer was designed to serve an area of 60 sq. km with an average
population of 185 persons/ha. The average rate of sewage flow is
350 litres/ capita/day. The maximum flow is 50% in excess of the average, together
with the rainfall equivalent of 12mm in 24 hours, all of which are run off. What should
be the capacity of sewer in cubic meter per second?

(if) Find the minimum velocity and gradient required to transport coarse sand through a
sewer of 40 cm diameter with sand particles of Imm diameter and specific gravity
2.65. Assume k for sand = 0.04. The Manning's roughness coefficient (n) for the sewage
material may be assumed as 0.012.

[10 + 10 = 20 marks]
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Q.8 (a)| (i) Write in brief about the following sewer appurtenances :
1. Manholes

2. Catch Basins

3. Inverted siphons

(ii) Discuss about the characteristics of nitrogen content in municipal and industrial water.
[12 + 8 = 20 marks]
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Q.8(b)

(i) Given the following data, calculate the population at the end of next three decades by

decreasing rate method.

Year Population
1940 80,000
1950 1,20,000
1960 1,68,000
1970 2,28,580

(ii) Two primary setting basins are 26 m in diameters with a 2.1 m side water depth.

Single effluent weirs are located on the peripheries of the tank.
For a water flow of 26,000 m?3/d, calculate;

1
2. Overflow rate (in m®/m?/d)
i

4. Weir loading rate (in m3/m/d)

Surface area and volume

Detention time (in hours)

[10 + 10 = 20 marks]
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Q.8 (c)

A municipal waste-water treatment plant discharges secondary effluent to a surface
stream. The worst conditions are known to occur in the summer months when stream
flow is low and water temperature is high. Under these conditions, measurements are
made in the laboratory and in the field to determine the characteristics of waste water
and the stream flows.

The wastewater is found to have maximum flow rate of 15,000 m3/day, a BOD; of
40 mg/I, a dissolved oxygen concentration of 2 mg/! and a temperature of 25°C. The
stream (upstream from the point of wastewater discharge) is found to have a minimum
flow rate of 0.5 m%/sec, a BOD; of 3 mg/1, a dissolved oxygen concentration of 8 mg/!
and a temperature of 22°C. Complete mixing of wastewater and stream is almost
instantaneous and the velocity of the mixture is 0.2 m/s. From the flow regime, the
reaeration constant is estimated to be 0.4 day! for 20°C condition and deoxygenation
constant is 0.23 day~'(base ¢). Find dissolved oxygen concentration at point 20, 75 and 100
km from the point of discharge and the point of least DO. Assume the mix has saturation
DO concentration of 8.7 mg/1.

[20 marks]
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