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Q1 (a)

Section A : Geo-technical & Foundation Engineering

Explain the factors affecting compaction of a given type of soil.
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21(b)

A natural deposit of loose, dry sand, 5 m thick with an in-situ unit weight of 14 kN/m?® was
compacted by vibro floatation technique and the surface settled by 0.5 m. The relative
density of the sand after cormpaction was found to be 85%. If the dry unit weight of sand in
the loosest state is 10.8 kN/m3, then determine:

(i) the unit weight of the soil after vibro-floatation.

(if) the dry unit weight in the densest state.

(ili} the maximum possible settlement of the surface under ideal compaction.
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A certain clay layer has a thickness O@After 1 year, when the clay was 50 percent
consolidated, 8 cm of settlement has occurred. For similar clay and loading conditions,

how much settlement would occur at the end of 1 year and 4 years respectively, if the
thickness of this new layer was 25 m?
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Q.1(d)

(i) Determine the area ratios for the following soil samplers and comment on the nature
of samples obtained in each of the samplers.
1. Core cutter 160 mm OD 145 mm ID
2. Split barrel 50 mm OD 34 mm ID
3. Seamles tube 55 mm OD 52 mm ID
Here OD is outer diameter and ID is internal diameter of the soil sampler.

(ii) A canal having slopes 1 to 1 is proposed to be constructed in a cohesive soil to a depth
of 6 m below ground surface. The so0il properties are given below:
¢, =15°% C, =18 kN/m?, ¢=0.75, G, =2.65,5S, =0.08
Find the factor of safety with respect to cohesion against failure of the bank slopes
when the canal is full of water.
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Q.1 {e)
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P2 o Uocg

What are the principal modes of soil failure based on the pattern of shearing zones?
Explain with neat sketches along with load settlement curve of each of the modes.
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Q.2 (a)| (i) The results obtained from a series sts on a soil are as below:
C,=C,=0

Qo = 20°, 07, = 45°

A sample of this soil was tested in a CJ test under a cell pressure of 120 kN/m?.

Determine rz
1. Deviator stress at failure. '

2. Pore water pressure at failure

3. Minor principal effective stress at failure

4. Major principal effective stress at failure

(ii) Mention the advantages and limitations of triaxial test
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Q.2 (b)

% 1

A retaining wall with a smooth vertical back retains sand backfill for a depth. The
backfill has a horizontal surface and has the followmg properties:

'=0,¢’ =30°% y=17kN/m?>, vy, = 21kN/m?
Calgulate the magnitude of the total thrust against the wall for the conditions given below:
ﬂkfﬂl fully drained but the top of the wall is restrained against yielding.

%&fé:ckﬁll fully drained and the wall is free to yield.
(ili) Wall is free to yield, water table at 4 m depth and there is no drainage.

Also, determine the point of application of resultant thrust for case (iii).
[20 marks]
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Q.2 (c)

(i) What do you understand by permeability of soil? Explain the factors affecting
permeability.

(ii) Explain the laboratory methods of determination of coefficient of permeability in
coarse and fine grained soils with neat sketches. Derive the expression for coefficient
of permeability in the both the cases.
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2.3 (a)| Determine the allowable load carrying capacity of diameter driven concrete pile
as shown in figure.

Loosesand

v y=17 KN/, ¢ = 25°
Soft cla.y
Yo = 19 KN/, 0= 0.8
C,=25kN/m’

Dense sand
Yo = 20 KN/ m?
¢’ =30, Nq =80

4m

AV
(Assume, FOS = 2.5)

Given; Values of k and 6 as in table below.

Pile material & Values of k

Loose sand Dense sand

s (22 | /o5) 10
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2.3 (b)

(i) With neat sketches, briefly explain the two fundamental crystal sheets of the clay
minerals, viz. the tetrahedral and the octahedral sheet.

(ii) Describe different types of structure of clay mineral formed on the basis of
arrangements of silica sheet and the octahedral sheet. [8 + 12 = 20 marks]
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Q3 (9

(i) The following test results were obtained on a soil sample:
Percentage passing through 4.75 mm IS sieve = 96%
Percentage passing through 75 |1 IS sieve = 10%

D, =023 mm,D;,= 020 mm, D,;= 0.17 mm
Liquid limit = 27%; Plasticity limit = 18%
Classify the soil by IS classification.

(ii) A granular soil deposit is 6 m deep and lies over an impermeable layer. The ground
water table is 3 m below the ground surface. The deposit has a zone of capillary rise
of 1 m with a saturation of 60%. Plot the variation of total stress, pore water pressure
and effective stress with the depth of deposit.

Givene=0.5and G, = 2.65.
[8 + 12 = 20 marks]
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Q.4 (a)| () Whatare the assumptions involved in Boussinesq's and Westergaard's theory of stress
distribution. Explain, which of the two theories is better suited for natural soil deposits.
(if) A loading of 60 kN/m? is acting on an annular foundation of width 5 m and inside
diameter of 8 m. Find the vertical stress intensity at a depth of 10 m below the centre

of the foundation.
[10 + 10 = 20 marks]
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Q4(b)

A footing 2.5 m square, rests on a soft clay soil with its base at a depth of 2 m from

ground surface. The stratum is 4 m thick and is underlain by a firm sand stratum. The

clay soil has the following properties:

w, =30%, w, =40%, G,=2.65,¢,=0, C, =0.5kg/cm?

It is known that the clay stratum is normally consolidated. Using Skempton’s equation,

determine the net safe bearing capacity of the soil (in t/m?). Compute the settlement that

would result if this load intensity were allowed to act on the footing. Natural water table

is at the ground surface. Assume the load spread of 2 V : 1 H and factor of safety of 3.
[20 marks]
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Q4 ()

(i) What do you mean by consistency of clay? Explain “ATTERBERG LIMITS’ in detail.

(ii) A trench is excavated in fine sand for a building, up to depth of 4 m. The excavation
was carried out by providing the necessary side supports for pumping water. The
water levels at the sides and bottom of the trench are as given in figure. Examine
wheather the bottom of the trench is subjected to a quick sand condition if G = 2.64
and e = 0.7. If so, suggest the remedies.
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- ) ) [10 + 10 = 20 marks]
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Section B : Environmental Engineering

Q.5 (a)
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The population of a town as per the census records are given below for the yeo

2021. Assume that the scheme of water supply will commence to function fro

Year | Population
1961 | 42,560
1971 | 47,820
1981 | 63,500
1991 | 86,452
2001 | 1,711,230
2011 | 1,39,886
2021 | 1,82,800

Estimate the population of town after 30 years from the commencement of water supply
scheme using geometric and incremental increase method.

[12 marks]
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Q.5({b)

MADE ERSY Question Cum Answer Booklet l Page 34 of 62
Derive governing equation for settling of discrete particles in laminar flow.
Q& o Q‘f/(’/e-‘v‘ UQL) , [12 marks]
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Q5 (o)

Explain the following control devices for particles:
(i) Cyclone collectors. (ii) Electrostatic precipitators.
(iii} Fabric filters

Yoo dendtn A Mever  an gel
Atboned.
—P WO, U-«lfg b s ’




MBEDE ERSY Question Cum Answer Booklet | Page 36 of 62

Do not .
write in
this margin

@ Sl ey 24=DE w@gn&m
— et ak a an Codined  dourre
IR b LRI . il

A e

A= fLaty @nea
© » DeEa (‘*f(/dlr/%




Do not
@ MBEDE ERSY Question Cum Answer Booklet | Page 37 of 62 Iﬂf:f,i;’,gm

gﬂﬁ/ MU PCRX (W A«Uu,ugof tf@%’a

(et
¥ 8 ‘@o/b‘a»kA = e famu}m e

Q.5 (d)| Design a septic tank for a colony ole. The colony is supplied water at a rate of
135 litres/ person/ day. Assume a detention period of 24 hours and §0% of water becomes
waste water. The tank is cleaned once in a year. The rate of deposition of sludge is 42
litres/ person/year. Depth of tank is to be kept as 2.0 m. Provide a free board of 0.3 m.
Length to breadth ratio may be keptas 3.5: 1.

e [12 marks]
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Q.5 (e)
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/The-BODé\of waste water @ at 20°C. The deoxygenation constant (base 10) is
0.1 per day, What would be (BOD), if the test is performed at 15°C?

[12 marks]
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Q.6 (a)

\

Design a rapid sand filter unit with rate of filtration as 5000 1t/ hr/m? for 4 million litres
per day of supply with all its principal components.

[Assurnye 4%)of filtered water is required for washing the filter with rate of washing as 60
cm rise/minute ans is required for filter washing per day]

20 marks]
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Q.6 (b}

(i) Explain breakpoint chlorination along with its advantages.
(ii) What are the tests done for chlorine residuals? Explain.

[8 + 12 marks]
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Q.6 (c)

A circular sanitary sewer is designed to carry the maximum flow of sewage while flowing

Average
Minimum

Maximum

70% full at a velocity of 0.9 m/sec. If the ratio of flow are 3

Average
and 2.5 respectively, find out:

(i) The proportionate depth of flow.

(ii) The velocities of flow generated at the time of average flow and minimum flow.
(The variation of Manning’s ‘n” with depth may be neglected).

[20 marks]
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Q.7 (a)

(i} Determine the size of a high rate trickling filter for the following data:

1.

AN

Sewage flow = 4.5 MLD

Recirculation ratio = 1.5

BOD of raw sewage = 250 mg/It

BOD removal in primary tank = 30%
Final effluent BOD desired = 30 mg/lt.
Depth of filter =1.5m

(if) What are different zones of pollution in a river stream?

[15 + 5 = 20 marks]
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Q.7 (b)

(i) Design a digestion tank of depth 6 m for the primary sludge with the help of following
data:

Average flow =20 MLD.

Total suspended solids in raw sewage = 300 mg/1t.
Moisture content of digested sludge = 85%.
Digestion period = 30 days.

65% of solids are removed in primary settling tank.
Moisture content of fresh sludge = 95%

Moisture content of digested sludge = 85%

el A S B S A o

Specific gravity of wet sludge = 1.02
Assume any other suitable data if required.

(ii} Explain productivity of lake. Also explain the types of lakes based on increasing level
of its productivity.

[12 + 8 = 20 marks}
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7 4¢)

A town with a population of 30,000 requires a sewage treatment plant to handle industrial
as well as domestic wastewaters of the town. A sanitary survey revealed the following:
Dairy wastes of 3 million litres per day with BOD of 1100 mg/1t and sugar mill waste of
2.4 million litres per day with BOD of 1500 mg/lt are produced. In addition, domestic
sewage is produced at the rate of 240 litre per capita per day. The per capita BOD of
domestic sewage being 72 gm/day. An overall expansion factor of 10% to be provided.
The sewage effluents are to be discharged into a river stream with a minimum dry weather
flow of 4500 It/ sec. and a saturation dissolved oxygen content of 9 mg/litre in the stream.
Determine the degree of treatment required to be given to the sewage. Assume coefficient
of deoxygenation and coefficient of deoxygenation as 0.1 and 0.3 day™? (base 10)
respectively. The dissolved oxygen content is not to fall below 4 mg/lt.

[20 marks]
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1.8 (a)

(i) Explain different types of plumes along with thei{ neat sketches.

(ii) Determine the effective height of a stack with the following given data:
(a) physical stack js 180 m tall with 0.95 m inside diameter.
(b) wind velocity is 275 m/ sec.
(c) barometric pressmo millibars.
(d) stack gas velocity is 1.2 m/ sec.

(e) stack gas temperature is 160°C.
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-8(b)

vt
An activated-sludge system is to be used for secondary treatment of@)OO m3/ g‘l)f
municipal wastewater. After primary classification, the BOD is 150 mg/1t and itis desired
to have not more than 5 mg/1t of soluble BOD in the effluent. A completely mixed reactor

kg/kg, k, = 0.05d 1. Assuming MLSS concentration of 3000 mg/It and an underflow
concentration of 10000 mg/ 1t from the secondary clarifier, determine:

1, The volume of the reactor.

2. The mass and volume of solids that must be wasted each day.
3. The recycle ratio.

[Assume sludge age = 10 days]
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is to be used, and pilot-plant analysis has established the following kinetic values: y =05
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8 (0)

{i) Convert 150 mg/m? of SO, concentration at 20°C into ppm.

(if) A 0.6 m well is constructed in an unconfined aquifer of thickness 20 m. Assume that
aquifer to be composed of sand with permeability of 50 m/day and storage
coefficient S, = 0.22. The original piezometric surface is 10 m below ground surface.
After pumping the well for 1 day, the drawdown in the observation well 25 m away
is 2.5 m. Calculate the pumping rate that caused this drawdown. Maintaining this
pumping rate, what will be the drawdown in the observation well after 1 year?

-9 [10 + 10 = 20 marks]
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