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(@) | (i) Write the short notes on
1. Prime coat vs tack coat
2.  Bitumen emulsion vs Cutback bitumen

(ii) Discuss the requirements of highway drainage system.

Section A : Highway Engineering + Surveying and Geology

[3+ 3+ 6=12 marks]
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(b)

ll/
—

The following observations were made to determine the sensitivity of two bubble tubes.
Determine which bubble tube is more sensitive. The distance of the staff from the instrument
was 75 m and the length of one division of both the bubble tubes is 2 mm.

Bubblereading Staff reading
Bubiietube | Ty, RHLS. (m)
A 14 6 1.718
13 9 1.867
B 16 4 1.735
15 7 1.888
[12 marks]
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Q.1(c) [ Calculate the stresses at the interior, edge and corner regions of a cement concrete -
pavement using Westergaard's stress equations based on the given data.

Design wheel load = 4200 kg

E value of cement concrete = 2.8 x 10° kg/cm?

Thickness of pavement slab = 20 cm

Poisson’s ratio of cement concrete = 0.15

Modulus of subgrade reaction = 10.0 kg/cm?®

Radius of contact area = 14 cm
{12 marks]

2 _
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Q.1(d)

Sl
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Using Webster’s method, design a two-phase traffic signal with pedestrian crossing for
a road intersection. The average normal traffic flow during the design hour on cross
roads A and B is 460 PCU per hour and 240 PCU per hour respectively. The corresponding
saturation flows on roads A and B are 1300 PCU per hour and 1000 PCU per hour
respectively. Assume that the total red time required for pedestrian crossing is 12 seconds
and an amber (clearance) time of 2 seconds is to be provided in each phase. Draw the
signal phase diagram also.

[12 marks]

Totad Red Time R = L2 gec

Pmben Tima P ‘7@. qux,

No®
AU Red T L = . 2X2 412
.
//: 16 2o
Now
_ Yo (335
‘:}\ [3co 1
Lo = Ak
1. & e 024
Y= 9% 9= 0594
Cgclt T?w&, e
A
1+5 .
5 L #5

1-_.




MARDE ERSY Question Cum Answer Booklet ,

Page 7 of 73

Do not
write in
this margin

<

15(16) + 5
{—0:59Y

ALYy 3. See

Cb-

'ayl

3 Aec

/

ig{akive C{‘&"QQM, Thwne. . —

6= & Clarty

L -2y C y
0Ty
34 zec
¥

Prbes Tinae

ézq
& 594

~

23 A

®)

¥
65%

)

Ry

{
C\ti 34 Rec \2/5‘34\

Sl &ee

q?_: DL

I
R, = 3| A2e ‘

=




Do no
e MARDE ERSY Question Cum Answer Booklet l

Page 8 of 73 |%mer
Q1(e)

this m:

A vertical photograph was taken from a height of 1200 m above the mean sea level with
a camera of focal length 30 mm. It contains two points a and b corresponding to ground

point A and B respectively. Calculate the horizontal length AB and the average scale
along the line ab from the following data:

Photo point | Elevation above MSL | Photo co-ordinates

*¥(mm} | y(mm)

250 205 155

210 -15.5 =205

: [12 marks]
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2(a)
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(i) Plate bearing test conducted with 30 cm diameter plate on a soil subgrade yielded a
pressure of 1.25 kg/cm? at 5 mm deflection. The test carried out over 20 cm base
course yielded a pressure of 5 kg/cm? at 5 mm deflection. Design the pavement
section for wheel load of 4100 kg with a tyre pressure of 6 kg/cm? and allowable
deflection of 5 mm. Use Burmister’s method.
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Thickness of reinforcing layer

Relationship of F, and & in a two - layer system

{(ii) Differentiate between Rigid and Flexible Pavement.
[12 + 8 = 20 marks]
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2 (b)

(i) An expressway having four lanes with a divided carriageway passes through flat
terrain. The horizontal curve provided on the expressway has a radius equal to the
ruling minimum radius. If the design speed of the expressway is 110 km/h,

determine the following elements of the curve:
I Ruling minimum radius

II. Super elevation

III. Extra widening

IV. Length of the transition curve

(ii) List down the advantages and disadvantages of traffic signals.

(iii) What are the necessary requirements for provision of intersection at grade?
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[12 + 4 + 4 = 20 marks]
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Q.2(q)

St

A baseline was measured using a steel tape suspended in catenary under a pull of 155 N
at a mean temperature of 15°C. The lengths of the individual tape segments and the
corresponding differences in level between the ends of each segment are given below:

Bay/Span | Length (m) | Difference in level {m)
1 29.988 -0.346
2 29.895 +0.214
3 29.838 -0.309
4 29.910 -0.106

The tape was standardized on level ground under a pull of 95 N at a temperature of
18°C. Determine the correct length of the baseline.
The following additional data are provided:

Cross-sectional area of tape = 3.35 mm?
Mass of tape = 0.025 kg/m
Coefficient of linear expansion = 0.9 x 10 per °C
Young’s modulus = 14.8 x 10 MN/m?
Mean height of the line above M.S.L. =120 m
Radius of the Earth = 6370 km
[20 marks]
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(i) Determine the warping stresses at interior, edge and corner region in a 30 cm thick
concrete pavement with transverse joints and longitudinal joints at 4.5 m and 3.6 m
interval respectively. The modulus of subgrade reaction is 6 kg/cm?®. Assume
temperature differential for a day condition to be 12°C and radius of contact area is
15 cm. Additional data for cement concrete pavement is given below:

o =10 x 10 per °C, E =3 x 10°kg/cm?, u = 0.14,
1.2 :
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(ii) The following staff readings were taken in succession with a level. The instrument
was shifted after the fourth and the seventh reading. Enter the data in a page of a
level book by rise and fall method. The first reading was taken on a Bench Mark of
reduced level 68.235 m.

1.735, 1.625, 1.580, 1.250, 1.115, 2.010, 1.325, 1.055, 1.095, 0.955. Show also the

arithmetical check.
[12 + 8 = 20 marks]
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3(b)| A two-lane, two-way highway is designed for design speed of 65 km/hr. A vertical
curve is to be provided at intersection of downward gradient of 1 in 50 with another
downward gradient of 1 in 20. Calculate the length of the vertical curve based on
overtaking sight distance and stopping sight distance. The coefficient of longitudinal

friction and the acceleration may be taken as 0.35 and 3.6 km/hr/sec respectively.
{20 marks]
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Q.3 (¢)| (i) Explain folds and faults and their impbrtance in engineering works.

(ii) Explain the concept of resolution in remote sensing. Describe the different types of
resolution and discuss their importance in image interpretation.
[10 + 10 = 20 marks]
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4 (a)

S

(i) Adjust the angular error in the observations (if any) and calculate the bearings of the
traverse lines in the following systems if whole circle bearing of the line AB is 30°:

Traverse station

Included angle

A

120°35"00”

89°23'40"

131°0100”

128°02°20”

94°54"40"

Him (O 0 |=

155°59°20”

{(ii) Describe the raster and vector data models in GIS. Compare them with respect to
data structure, advantages, and limitations.

[10 + 10 = 20 marks]
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4(b)

(1)

{ii)

Discuss the role of joints in rock masses and explain the problems they create in

civil engineering works.

Spot Speed Studies were conducted at a certain stretch of a highway and the
consolidated data collected are given below:

Speed Range (kmph) No. of Vehicles observed

0-10 12 '
10-20 35

20-30 55

30-40 60

40 - 50 140

50 - 60 230

60 - 70 320

70 - 80 95

80-90 45

90 -100 28

Determine:

(i) The upper and lower values of speed limits for regulation of mixed traffic flow.

(ii) The design speed for checking the geometric design elements of the highway.

[10 + 10 = 20 marks]
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Q.4(c)

A tachometer fitted with an anaclitic lens was set up at station B and the following
observations were recorded. The value of the multiplying constant is 100.

Station | Stationsighted | Bearing | Verticalangle | Staffreadings(m)
. A 325°30 +3°20° 0.750,1.000,1.250
C 55'30 +2°30° 1.250,2.000,2.700

(i) Find the horizontal distance between A and C.

(if) Find the difference of level between A and C.
[20 marks]
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5(a)

Section B : Geo-tech & Found. Engg. - 1 + Environmental Engg. -1

Describe the triaxial test? State the merits and demerits of Triaxial test?
[12 marks]
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5(b)| A 6 m thick clay layer (g, = 1.05, C_ = 0.40, C, = 0.025) is subjected to an increase in

'1["\

pressure of 75 kPa. The initial effective overburden pressure at the centre of the clay
layer is 125 kPa. The clay is underlain by dense gravel and has a coefficient of
consolidation ¢, = 3.5 m?/year. Calculate the total settlement (in mm) after 20 years,
assuming primary consolidation is complete at U = 95%.

[12 marks]
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Q.5(c) | The BOD of a sewage incubated for 5 days at 20°C is 110 mg/1. Calculate the ultimate

BOD and one day BOD at 37°C. Assume k, at 20°C as 0.10 day .
[12 marks]
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5(d) | Design a septic tank for a colony for the following data:

Population of colony = 100

Sewage produced per capita per day =120 litres

Dislodging period = 1 year

Length: Width=4:1

Rate of deposited sludge = 30 litres/capita/year

Detention time = 24 hours

Depth of tank =1.5m

[12 marks]
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Derive an expression for determination of permeability in a well Penetrated fully in a
unconfined aquifer. For conducting permeability tests on a well which has an unconfined
aquifer, two observation wells A and B are bored at distances 20 m and 35 m respectively
from the centre of the well. When water is pumped at the rate of 7.5 litres per sec, it is
observed that the elevations of the watertable above the impervious layer up to which
the well is excavated are 12 m and 12.5 m respectively at A and B. Calculate the
permeability of the aquifer.

[12 marks]
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(i) With necessary assumptions, derive the expression for permeability of soil for a
falling head test.

(i) A falling head permeability test was performed on a 20 cm long cylindrical sample
of silty clay. The diameter of the soil sample was 10.0 cm and the internal diameter
of the standpipe was 1.0 cm. During the test, the water level in the standpipe was
observed to fall from an initial height of 80 cm to 50 cm in 15 minutes.

Determine:
(@) The coefficient of permeability (k) of the soil in m/day.
(b) The height of the water level in the standpipe after an additional 25 minutes of
testing. ;
(c) The total time required for the water level to drop to 15 cm.
[10 + 4 + 3 + 3 = 20 marks]
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5(b)

(i)

(i)

A core sample of undisturbed clay was retrieved from a construction site to assess
its consolidation characteristics. To preserve its natural state, the sample was
immediately coated with a layer of paraffin wax. In the laboratory, the total mass of
the wax-coated specimen was recorded as 725.60 grams, while the mass of the soil
specimen alone prior to coating was measured at 715.20 grams. The entire coated
assembly was then carefully immersed in a tank, where it was found to displace
395 m! of water. A representative portion of the clay was used to determine the
moisture content, which was found to be 21.5%. Given that the specific gravity of
the soil solids is 2.72 and the specific gravity of the paraffin wax is 0.9, calculate the
bulk density, the dry density, the void ratio, and the degree of saturation of the clay

sample.

Determine the effective height of a stack using the following data:

Physical height of stack = 150 m with 1.2 m inside diameter
Wind velocity = 3.0 m/s

Ambient air temperature = 25°C

Barometric pressure = 950 millibars

Stack gas velocity = 14 m/s

Stack gas temperature = 180°C

[10 + 10 = 20 marks]
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Q.6 (c)

Sel*

e

tl)

(i} A dairy plant processes 1,15,000 kg of milk per day and produces an average of
250 m? of wastewater with a BOD of 1200mg/t. Determine the following:
1. The rate of wastewater flow per 1000 kg of milk received at dairy plant
2. BOD per 1000 kg of milk received.
3. BOD equivalent and hydraulic equivalent of population. Assume 85 g of BOD
per person per day and waste water at 350 lts per person per day.

(ii) The per capita water demand of a city is 140 lpcd. Estimate the total daily demand of

water for this city in the year 2050, given the population of past six decades of this
city is as below:

Year | 1970 | 1980 | 1990 | 2000 | 2010 | 2020
Population (in lacs) 10 15 21 28 34 37

Use incremental method of population forecasting.
{12 + 8 = 20 marks]
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(i) With reference to Figure, determine the following:
(a) The pressure heads at the points A and total head at E.
(b) The exit gradient.
(c) Factor of safety against piping.
(d) Quantity of Seepage beneath the per m length of sheet pile.
Given, G = 2.65, ¢ = 0.90, k = 0.002 cm/ sec.

1 Y
4m 11m
05m =
{
4m s
6m B
*F D

[3+2+2+3=10 marks]

(ii) A5 m thick clay layer in the field is underlain by an impermeable rock stratum and

overlain by coarse sand. A 25 mm thick undisturbed sample of the same clay was

tested in the laboratory with drainage at both top and bottom. The sample reached

60% consolidation in 12 minutes. Determine the time required for the field layer to
reach 85% consolidation. -

[10 marks]
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(b)

(i) Explain the concept of break point chlorination in water treatment with a neat
diagram.
(ii) The chemical analysis of a water sample gives the following ionic concentrations:
Calcium (Ca?*) = 60 mg/L
Magnesium (Mg®") = 24 mg/L
Bicarbonate (HCO,") = 183 mg/L
Carbonate (CO,2) = 30 mg/L
Chloride (CI"} =71 mg/L
Sulphate (S0,%) =48 mg/L
Assume that hydroxide alkalinity is absent.
(i) Calculate the total alkalinity of the water sample in mg/L as CaCO,.

(ii) Determine the total hardness in mg/L as CaCO,.
(iii) Compute the carbonate hardness and non-carbonate hardness of the water

sample in mg/L as CaCO,.
[8 +12 = 20 marks]
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Q.7 {c)| (i) Explain the mechanism of Coagulation in reference to water treatment.

cit)

(ii} A mechanically mixed flocculation tank having dimensions 32 m x 10 m x 4.8 m is
proposed to handle a flow of 80 MLD. The tank is provided with rectangular paddles
of size 10 m x 0.35 m, mounted parallel to the tank length on fjve horizontal rotating
shafts. Each shaft rotates at 3 rpm and two paddles are fixed on each shaft in opposite

directions. The paddles are located at the mid-depth of the tank with the paddle
center line positioned 2.0 m from the shaft axis. Take C,=1.8

Assuming that the average velocity of water is 0.6 times the paddle tip velocity,
' determine:

(i) the power required for mixing,

(ii) the detention time of flocculation, and

(iif) the velocity gradient (G).

Take the kinematic viscosity of water 1.0 x 1076 m?/s.

[8 + 12 = 20 marks]
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(a)

(i) What is the earth pressure at rest? Derive the relationship.

(ii) A 6 m high rigid retaining wall has to retain a backfill of dry, cohesionless soil
having the following properties:
¢=30°e=0.72,G=267, u=0.35.
(@) Plot the distribution of lateral earth pressure on the wall at rest.
(b} Determine the magnitude and point of application of the resultant thrust.
(c) Compute the percent change in the lateral thrust if the water table rises from a
great depth to the top of the backfill.
[8 + 12 = 20 marks]
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Q.8(b)

(1)

(i)

A square pile group of 16 piles penetrates through a filled-up compressible soil of
3 m depth the pile diameter is 250 mm and pile spacing is 0.75 m the unit cohesion
of the material is 18 kN/m?. Sketch plan and elevation view of the pile group and
compute the negative skin friction on the group.

(Take unit weight of soil is 15 kN/m? and adhesion factor as 0.4, use uniform
cohesion)

Design a raw water pumping station to draw water from a perennial river for a
town with the following data:
Population to be served = 6.0 lakh
Average daily water demand = 160 lpcd
Peak summer demand = 180% of average demand
Pumping hours per day = 12 hours
Normal water level in river = RL 205.00 m
Lowest water level in summer = RL 201.50 m
Water is to be pumped to a treatment plant inlet at RL 220.00 m
Rising main diameter = 1.0 m
Head loss due to friction in rising main during peak summer = 2.8 m
Overall efficiency of pump and motor = 70%
Determine:
(i) Discharge capacity of the pump required during peak summer (m?/s)
(ii) Horsepower (HP) of the pump required
[10 + 10 = 20 marks]
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Q.8 (d)

(1)

(i)

What is the zeolite process of removing hardness. Discuss the advantage and
disadvantage of it.

A water supply system is provided with an ion-exchange softener containing 0.06 m?
of resin having an ion-exchange capacity of 45 kg/m?® expressed as CaCO,. The
daily water requirement of consumers is 900 litres per day. Chemical analysis of the
raw water indicates that it contains 80 mg/L of calcium (Ca?*) and 36 mg/L of
magnesium (Mg?"). The consumers require softened water having hardness not
exceeding 100 mg/L as CaCO,. Assuming that the ion-exchange resin works with
100% efficiency and that complete saturation of the resin occurs before regeneration,
determine
(i) the quantity of water to be bypassed daily and
(ii) the time interval between two successive regenerations interval of the resin.
[8 +12 = 20 marks]
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