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(@)

Section A : Geo-technical & Foundation Engineering

A homogeneous clay layer, 9 m thick, is expected to have an ultimate settlement of
308 mm. After a time span of 2 years, the average settlement was measured to 108 mm.
How much longer will it take for the average settlement to attain 220 mm?
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Q.1(b)

S_a;\” -

(i) A 40° slope is excavated to a depth of 8 m in a deep layer of saturated clay
" (¢=50 KN/m? and ¢ = 0°, y =19 KN/m?). Determine the factor of safety for the trial
failure surface shown in Figure.

0 b 4 m

P 510
F/975° ------ m

W= 10560 kN

(i) Explain the difference between soil liquefaction and quick sand condition.
B ' [6 + 6 =12 marks]
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(c)

\

A soil sample has a maximum dry density of 1.65 g/ cc at an optimum moisture content
(OMC) of 14.5%. The specific gravity of the soil solids is 2.70. Determine the degree of
saturation and the percentage air voids at OMC. Also estimate the theoretical maximum
dry density.
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Q.1(d)

Two square footings with a contact pressure of 300 kPa under each are placed 6 m apart
(center-to-center) on the ground surface.

Footing A: 2.5 m x 2.5 m
Footing B: 3.0 m x 3.0 m

Determine the increase in vertical stress at a depth of 3 m below the ground surface at
the following locations:

(i) Vertically below the center of Footing A

(i) Vertically below the center of Footing B

(iii) Vertically below the midpoint between the two footings.
Use Boussinesq's point load formula.
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Q.1(e)

"

An undisturbed soil in a borrow area has a water content of 16%, a void ratio of 0.55,
and a specific gravity of solids of 2.7. This soil is used to construct an embankment with
a finished volume of 60,000 m?®. The soil is excavated and transported via trucks with a
5 m? capacity. When loaded to capacity, these trucks contain a net weight of soil equal to
70 KN. During construction, water is added to bring the water content to 19%. The soil
is then compacted to a dry unit weight of 18.0 KN/m?®. Using unit weight of water

=10 kN/m?,
Calculate:

1. The degree of saturation, bulk unit weight, and dry unit weight of the undisturbed

borrow material.
The number of truck loads required for construction.

The amount of water (in litres) to be added per truck load.

[6 + 3 + 3 =12 marks]

w /’“k_» \‘Tr Gotmml
Ocnetnl. h




Do not
write in
this margin

MADE ERSY4Y Question Cum Answer Booklet | Page 9 of 72
Fa’rﬁuvdﬂ"-u\’hul bcmer\a-J( I
es=wq
3= leX %0 RSy,
O.SS-
il 20.7066
Yo Gll4w)Yw = i’}{l'to*\c)xw B e -

\+e / | torss e

RLGRTAC IR e
¢

e 5% ) Pras —
/ o e

No\™ o soik solids = o™ o f <l sl L{
o P A eabamiran v
b = |8 eN]m® = Y“—’_)
rga\— exm o t Ya ( : e—m
Q= 9"4*%&61’2 oSO
=4 (+ Q,L

\/T ) = qulc}
L +0°3> } +o°yv

No- of truck (bod, weqd = Lrocom” Y9 Yoo Pu
Sm?

(h z 2 (\+w) Rlo = e
= | +0'S o




MBDE ERSY Question Cum Answer Booklet

Page 10 of 72

Do not
writeir
this mz

Q.2(a)

A 500 g dry soil sample was subjected to a sieve analysis. The masses of soil retained on
each sieve are as follows: 12 g on 4.75 mm sieve, 160 g on 2.00 mm sieve, 115 g on 1.00 mm
sieve, 95 g on 425 um sieve, 45 g on 212 pum sieve, 25 g on 150 um sieve,
40 g on 75 pm sieve, and 8 g in the pan. Plot the Particle Size distribution curve on semi log
graph given below. Determine the soil fractions and the gradation of the soil classify the

soil also.
Particle Size Distribution Curve
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(b)

‘\3

Consolidated undrained triaxial tests were performed on two identical specimens of
saturated clay with pore pressure measurements. The observations are as belows:
Determine the shear strength parameters in terms of both total and effective stresses.

Pore Pressure (1)

Specimen | Cell pressure (65) | Deviator stress(Ao,)
1 100kPa 160 kPa 40 kPa

2 300kPa 320 kPa 120 kPa
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(c)

(i} A footing is constructed 2.0 m below the ground surface. The base is 3.0 m x 3.0 m
and carries a total load of 2100 kN. The substrata consist of:

Sand & Gravel Layer: From ground to 5.0 m depth (y = 21.0 kN/md).
Water Table: Located at 5.0 m below the ground surface.

Clay Layer: A 3.0 m thick normally consolidated clayllayer exists below the sand
(B, = 11, C =0.6, G =272).

Compute the probable ultimate consolidation settlement of footing.

(ii) Explain the criteria for design of protective filters in earthen dams.
[10 + 10 = 20 marks]
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Q.3 (a)| (i) Ataproposed construction site, the soil profile consists of a 5 m thick layer of sand
(G = 2.66, e = 0.70, D;;, = 0.2 mm) underlain by a 4 m thick layer of clay
(G =272, w = 30%). Below the clay layer lies a dense, impermeable hardpan. The
water table is located at a depth of 3 m below the ground surface. A uniform
surcharge load of 20 kN/m? is applied over the entire ground surface. Assuming
the capillary rise constant C = 0.5 cm? and that the clay layer is fully saturated,
determine and plot the distribution of pore water pressure, total stress and effective
stress.
(ii) Write short note over bulking of sand.
[15 + 5 = 20 marks]
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Q.3 (b)

(1)

A pumping-out test was carried out in the field to determine the average coefficient
of permeability of a 22 m thick sand layer. The ground water table was located at a
depth of 3.5 m below the ground level. A steady state was reached when the
discharge from the well was 25.0 lit/sec. At this stage, the drawdown in the test
well was 3.10 m, while the drawdowns in two observation wells situated at 10 m
and 25 m from the test well were found to be 2.15 m and 1.60 m respectively.
Determine:
(@)  Coefficient of permeability of the sand layer in m/day.
(b)  Radius of influence of the test well.
(c)  Effective size of the sand using Allen Hazen's formula (take C = 110).

[4 +4 +2=10 marks]

(ii) Discuss the type of foundations to be provided in Expansive soils. [10 marks]
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Q.3(c)

A square group of 16 piles (arranged in a 4 x 4 formation), each 12 m long and 400 mm
in diameter, supports a raft footing founded 1.5 m below the ground surface. The pile
group is spaced at 1.2 m center-to-center. The foundation soil consists of a 19.5 m thick
layer of normally consolidated clay underlain by dense sand, with the water table residing
at the ground level.

The gross load carried by the pile group is 350 ¢. The properties of the clay are:

Water content (w): 32%

Specific Gravity (G): 2.67

Liquid Limit (LL): 50%

Estimate the probable consolidation settlement of the pile group. Assume the load is

distributed at an angle of 60 with the horizontal from an equivalent raft located at 2/3 of

the pile length. For accuracy, divide the compressible clay layer into three sublayers of
3 m, 3 m, and 4 m thickness.

[20 marks]
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(a)

(i) Compute the total active thrust and its point of application for the retaining wall

shown in Figure. The wall has a smooth back face.

Assume: Tension crack are developed

FLVAN
Clayey Sand
¥=1.85¢/m’
¢ =24°
c=1t/m?

54—
Dense Sand
15m / y=195¢/m’
l ¢ = 36°

{ii) Inashrinkage limit test, a container of volume 9.6 cc was filled with soil slurry. The
weight of the saturated soil was 17.46 g. The slurry was then gradually dried, first
in atmosphere and then in an oven at a constant temperature of 110°C. The weight
and volume of the dried soil were 11.58 g and 5.22 cc, respectively. Determine the

shrinkage limit of the soil and the shrinkage ratio.

[12 + 8 = 20 marks]
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“(b)

(i) Araftfoundation is supported by a group of 12 concrete piles, each with a diameter
of 400 mm and a length of 12 m, arranged in a rectangular formation of 3 rows and
4 columns. The piles are spaced at 1.0 m center-to-center in both directions and are
embedded in a deep layer of clay having an undrained cohesion of 4.5 t/m? and a
unit weight of 1.8 t/m?. Assuming an adhesion factor of 0.9 and using a Factor of
Safety of 2, determine the allowable net capacity of the pile group.
(ii) What factors should be considered while determining the appropriate depth of
footing for a civil structure?
— B [12 + 8 = 20 marks]
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4(c)

A square footing of dimensions 2.5 m x 2.5 m is proposed to be constructed at a depth of
2.0 m below ground level in a deep, uniform deposit of soft silty clay. The foundation
soil has an undrained cohesion of 3.5 ¢/ m?, a bulk unit weight of 1.75 ¢/m® and an angle
of internal friction equal to 0°. Laboratory consolidation tests on the clay indicate a
compression index C. = 0.280 and an initial void ratio ¢, = 0.90. The groundwater table
is located at a depth of 1.0 m below the ground surface. Determine the allowable net
bearing capacity of the footing such that a factor of safety of 3 is ensured against shear
failure and the total consolidation settlement is limited to a maximum of 5.0 cm. For the

analysis of shear failure, use Skempton’s method. Take y, = 10 kN/m>.

i

1‘ 1 m/')OO(\
20m 4
! el D
e,=0.90
A C-=0.280
e . C=35tmi—
am Yourx = 1.75 t/m?
1 o=0r
[20 marks]
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Q.5 (a)

<21

(i)

(ii)

2 0
4 ) DNImMe % v 4 D s O1

A water supply scheme is under preparation for a city. Data shows the population
of the city has grown from 40,000 to 1,60,000 and then to 4,00,000 in the last two
successive periods of each of 20 years. Using the logistic curve method, determine
(@) The saturation population of the city.

(b) The expected population of the city after next 50 years.

Explain the following terms in relation to the aquifers a) Specific Capacity; b) Specific
yield.
[8 + 4 =12 marks]
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Q5 (b)

(i) A fully penetrating well is constructed in a confined sandy aquifer that is bounded
above and below by impervious clay strata. The well has a maximum discharge
capacity of 900 L/min. The thickness of the aquifer is 15 m. Determine the required
length of the well screen, assuming that the available strainer has 13% open area
and the borehole diameter is 15 cm. The maximum permissible velocity through
the strainer is 2 cm/ sec.

(ii) Draw the neat sketches of the different types of plume behaviour observed for
emissions from a chimney. Also illustrate the corresponding atmospheric lapse rate
conditions under which each type of plume behaviour occurs.

[4 + 8 =12 marks]
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3(c)

)

To determine the pollution level in the river, the BOD; test was performed. The river
water sample was diluted 10 % with distilled water. The dissolved oxygen of river water
sample was measured as 2.5 mg/! and that of diluted water as 6 mg/! before incubation.
After incubation of 5 days at 20°C, the DO of the sample was recorded as 1.2 mg/l.
Calculate the 5 day standard BOD of the river water and also calculate 3-day BOD at
27°C. Given deoxygenation constant at 20°C = 0.23 per day.
[12 marks]
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Q.5(d)

o\ —

Two primary settling basins, each of 25 m diameter and having a side water depth of
2.0 m, are provided with single effluent weirs located along the periphery of the tanks.

For a total wastewater flow of 25,000 m? per day, calculate:
The surface area and volume of the settling basins,

The surface overflow rate (in m*/m? day),

The detention time (in hours), and

el

The weir loading (in m®/m day).
AddawnaXix &kﬁqd‘\ 5!5&\3.\&3 boim = T3 M

[12 marks]
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Q.5(e)

%x'ﬂ

A factory is consuming 2 ML of fuel every month. Determine the safe height of chimney
from which the flue gases emitted contains following pollutants per ML per year.
Particulate Matter = 2.5 tonnes

SO, =15 tonnes

Oxides of Nitrogen = 4 tonnes

HC, CO and other = 2 tonnes [12 marks]
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Q.6(a)

Sol -

Given the following data, obtain the required size of an anaerobic digestion tank.
Domestic sewage treated in plant = 4.5 MLD

Suspended solids in incoming flow = 220 mg/L

Solids removal efficiency of primary clarifier = 65%

Moisture content of influent sludge = 95%

Volatile solid content in influent sludge = 70%

After digestion, volatile solids in the digested sludge are reduced by 35 % of that in
influent sludge.

Digested sludge moisture content = 92%

Consider, the detention time as 20 days and specific gravity of primary sludge & digested
sludge as 1.03 and 1.04 respectively.
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Q.6 (b)

SoA"

(i) A low lying area is to be identified for the municipal solid waste disposal using
landfill method for a design life of 35 years. Estimate the volume of landfill site
required for a city of having population as four persons per household generating
the 2.5 kg of solid waste per capita per day. Survey shows the compacted density of
MSW may be assumed as 900 kg/m?3 for design. Assuming the ratio of solid waste
to cover as 4:1, what volume of cover soil is needed on yearly basis. Total number

of households in the city are 5000.

(ii) Explain the different methods used for land filling in dry areas. Also explain the

ways to control the gas and leachate movement in landfills.

(ﬁ) Voew  mnaXinedy o /(qu‘mmi 20 dry anea —

[12 + 8 = 20 marks]
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3(¢)

Determine the dimensions of a high-rate trickling filter using the following data: the
sewage flow is 3.5 MLD, the recirculation ratio is 1.5, and the BOD of raw sewage is
220 mg/l. The primary settling tank removes 25% of the BOD, and the desired final
effluent BOD concentration is 30 mg/1. Take depth of filter as 1.5 m.

Further, determine by what percentage the diameter of the filter would need to be
modified if the filter were designed instead as a standard-rate trickling filter to meet the
same treatment requirements.
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(i) A coagulation-sedimentation water treatment plant treats 45 million litres of water
per day. The dosage of filter alum required at the plant is 16 mg/!. The raw water
has an alkalinity equivalent to 5 mg/I as CaCO,. Determine the annual quantity of
filter alum required and the annual quantity of quicklime (containing 85% CaQ)
required for the plant. The molecular weights of the elements are given as: Al = 27,

$§=32,0=16,H=1,Ca=40,and C=12.

(ii) Explain the mechanism in brief occurring in slow sand filtration process.

[12 + 8 = 20 marks]
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Q.7(b)

A wastewater treatment plant discharges its treated effluent into a stream at a point
designated as A. The characteristics of the stream at a location sufficiently upstream of

point A, as well as those of the effluent being discharged, are given below.

Effluent | Stream
Flow m’/s| 030 0.65
DO mg/1 1.5 8.00
temperature | °C 27 23
BODs ppoc | mg /1 50 2

For the combined mixture of effluent and stream water, assume that the deoxygenation
constant K, at 20°C (base 10) is 0.087 day™? and the reoxygenation constant K at 20°C
(base 10) is 0.174 day . The equilibrium concentration of dissolved oxygen (C,) for fresh

water at different temperatures is provided below:

Temperature °C

18

20

2 |23

24 | 25

26

G (mg/l)

9.54

9.17

8.99 | 8.83

8.53 | 8.38

8.22

The average velocity of the stream downstream of the discharge point A is 0.3 m/s. For
temperature correction, use coefficients of 1.04 for the deoxygenation constant 8, and

1.02 for the reoxygenation constant 6. Determine:

1. The critical oxygen deficit in the stream, and
2. The location downstream of point A at which this critical deficit occurs.

N

[20 marks]
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(c)

(i)

(i1)

Explain the different type of settling observed in settling tanks of water / Sewage
treatment plant.
In arectangular primary settling tank of size 4 m deep and 55 m long, if the horizontal
flow velocity is 1.20 cm per sec. What would be the minimum size of particle to be
removed effectively. Assume kinematic viscosity of water as 0.01 cm?/sec. Specific
gravity of the concerned particle is 2.65.

[10 + 10 = 20 marks]
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There is a thermal power plant of total capacity 915 MW with a load factor of 72.5 percent
and an efficiency of 40 percent. Determine the amount of particulates, CO, and SO, that
are generated annually if oil is the fuel source. The ultimate analysis of fuel are give

below:
Moisture | Ash | Carbon | Hydrogen | Nitrogen+Oxygen | Sulphur
03% | 0.04% | 85.2% 11.3% 0.36% 2.8%

[Assume 80% of ash is particulate, Calorific value of fuel = 40.5M]/kg]

[20 marks]
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(1)

An average operating data for a conventional activated sludge wastewater treatment
plant are as follows. The wastewater flow rate is 40,000 m® per day and the volume
of the aeration tank is 9,500 m?. The influent BOD concentration is 240 mg/L, while
the effluent BOD concentration is 18 mg/L. The mixed liquor suspended solids
(MLSS) concentration in the aeration tank is 2480 mg/L. The effluent suspended
solids concentration is 30 mg/L. The waste sludge has a suspended solids
concentration of 9,700 mg/L, and the quantity of waste sludge withdrawn is 220 m3
per day. Based on the above information, determine

(a) Aeration period in hours,

(b) F/M ratio expressed as kg BOD per day per kg MLSS,

(c) Sludge age in days.

(d) Percentage efficiency of BOD removal

(ii) Discuss the advantage and disadvantages of Activated Sludge treatment.

[12 + 8 = 20 marks]
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(i) Calculate the storage capacity required to meet the water demand given below,

assuming that the inflow to the service reservoir is maintained at a uniform rate
throughout the 24-hour period.

Time

00-04

04-08

08-12

12-16

16-20

2024

Demand in million litres

0.36

0.86

1.70

1.36

0.74

0.42

(if) Write a short note over Water distribution network and it's type.
[12 + 8 = 20 marks]
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