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7. (b) (ii) Solution:
Given: Ca?" =60 mg/L
Mg?* =24 mg/L
HCO7 =183 mg/L
CO,* =30 mg/L
(i) Equivalent weight of:
HCO~, = 61
CO?%; =30

50
HCO," alkalinity = 183 x a- 150 mg/L as CaCO,

and CO,? alkalinity = 30 x% =50 mg/L as CaCO,

Total Alkalinity = 150 + 50 = 200 mg/L as CaCO,
(i) Total Hardness

Equivalent weight of Ca®*=20 mg/meq.

50
Calcium hardness = 60 x 0 150 mg/L

Equivalent weight of Mg?* = 12 mg/meq.

_ 50
Magnesium hardness = 24 X715 =100 mg/L

Total Hardness:
TH =150 + 100 = 250 mg/L as CaCO,
(iii) Carbonate & Non-Carbonate Hardness
Rule:
* Carbonate hardness = Minimum [Total hardness, Total alkalinity]
* Non- Carbonate hardness = TH - CH
Carbonate hardness:
CH = Min (250, 200) = 200 mg/L as CaCO,
Non-carbonate hardness:

NCH = 250 - 200 = 50 mg/L as CaCO,

©Copyright: NADE EASY www.madeeasy.in



52 | ESE2026: MAINS TEST SERIES MADE ERSYH

7. (¢) (i) Solution:
Mechanism of Coagulation (Water Treatment): Coagulation is the process of
destabilization finely divided and colloidal particles present in water so that they can
aggregate and be removed by sedimentation and filtration. The mechanism of
coagulation mainly involves the following steps:

1. Compression of Electrical Double Layer: Colloidal particles in water usually carry
a negative surface charge, leading to mutual repulsion and stability of suspension.
When a coagulant (like alum or ferric chloride) is added, it releases positively
charged ions that reduce the thickness of the electrical double layer surrounding
the particles. The reduction in repulsive forces enables aggregation.

2.  Charge Neutralization: The positive ions produced by the hydrolysis of coagulants
neutralize the negative charge on colloidal particles. Once the surface charge is
sufficiently reduced or neutralized, the particles lose stability and can collide and
stick together due to van der Waals forces, forming micro-flocs.

3. Enmeshment in Precipitate (Sweep Coagulation): At higher coagulant dosages,
bulky gelatinous precipitates such as Al(OH) or Fe(OH) are formed. Colloidal and
fine suspended particles get trapped or "swept" within these precipitates as they
settle. This is the dominant mechanism in conventional water treatment plants.

4. Adsorption and Inter-Particle Bridging: In the presence of polymer coagulants or
coagulant aids, long-chain molecules adsorb on the surface of multiple particles
simultaneously, forming bridges between them. This results in the formation of
larger, stronger flocs that settle rapidly.

5. Floc Growth during Flocculation: After destabilization, gentle mixing during
flocculation promotes particle collisions and floc enlargement without breaking
them. The formed flocs gain sufficient size and weight to be removed by
sedimentation or filtration.

7. (c) (ii) Solution:

Given Data
Tank dimensions = 32m X 10 m x 4.8 m
80x10°x 107
Flow rate, Q=80MLD = Y =0.926 m3/s
Paddle dimensions = 10 m x 0.35 m
Rotational speed, N = 3rpm
Number of shafts = 5
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Paddles per shaft = 2
Total number of paddles, n =10
Distance of paddle centre from shaft axis, r =2.0 m
Coefficient of drag, C,=18
Kinematic viscosity of water, v = 1.0 x 10° m?/s
Density of water, p = 1000 kg/m?
(i) Power Required for Mixing
Paddle tip velocity
2nrN - _2nN
% =TT 60 ( _W)
2xmx2.0x3
= %S T e
= v, = 0.628 m/s
Relative velocity between paddle and water
Average water velocity = 0.6 v,

v, = 0,- 0.6 v, = 0.4 v,
Relative velocity, v, = 0.4 x 0.628 = 0.2512 m/s
Total paddle area
Area of one paddle = 10 x 0.35 = 3.5m?
Total paddle area, A = 10 x 3.5 = 35 m?

Power required,

P=Fxo= cdx%pAvfxv,

= p= %CdpAvf
1
= P = = x1.8x1000 x 35 x (0.2512)3
= P = 4993 W~ 0.5 kW
(ii) Detention Time of Flocculation
Volume of tank, V =32x10x4.8
= V = 1536 m3

Detention time,
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V1536
- Q 0926

1658.7 s = 27.65 min

P
G =\

\/ 4993
~ V1.0x107° x1536
18.03 571

~
Il

=
(iii) Velocity Gradient (G)

Dynamic viscosity

)
|

=

)
I

=

8. (a) (i) Solution:
Earth pressure at rest is the lateral pressure exerted by soil when it is in its natural,

undisturbed condition and no lateral deformation (strain) is permitted.

In other words, when a retaining wall or any supporting structure does not move either
towards or away from the backfill, i.e. remains stationary. The soil mass does not undergo
lateral strain (g = 0).

The lateral stress developed under this condition is called earth pressure at rest.

It is represented by:

o, = K,o,
Where:
6, = horizontal stress
o, = vertical stress
K, = coefficient of earth pressure at rest

For normally consolidated soils:

u

K,= —
= T-n

0
Thus, earth pressure at rest corresponds to the condition where the soil mass is laterally
confined and neither expands nor contracts sideways.

Though soil is not a perfectly elastic material, but for the purpose of analysis we can
make following assumptions.

* Soil mass is homogeneous, isotropic and semi-infinite.

* Elastic modulus E and Poisson’s ratio is constant through the depth.
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For plain strain condition we can write.

()

v

Soil Element ~—0,=Ko,

1
&= F [Gx—u(cy+oz)]

e = 0(.. Earth pressure at rest)

(&) =GZ=Gh

Hence,
6, -uo,+o,) =0
= 6,(1-1) = no,
w
= % = | 1-p Gy
n
= Kocv = I_M Oy
K = |
o \1-n
8. (a) (ii)) Solution:
Given:
Height of the wall (H) = 6 m

Angle of internal friction (¢) = 30°
Void ratio (¢) = 0.72
Specific gravity (G) = 2.67
Poisson's ratio (u) = 0.35
Unit weight of water (1) = 9.81 kN/m3
1. Earth Pressure Coefficient and Unit Weight

Using the Poisson's ratio approach for the at-rest earth pressure coefficient (K):
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035 035
K, = = =

= = = 0.538
0" 1-u 1-035 065

Dry unit weight of soil (y,):

_ Gxy, 267x9.81 — 15998 KN/m®
e 1ie " 1+02 /m

(i) Lateral Earth Pressure Distribution

The lateral pressure increases linearly with depth (z):
Atz=0: py =0
Atz =6m:
p, = Ky %y, x H=0.538 x 15.228 x 6 = 49.156 kN/m?

The distribution is triangular, as shown in the plot below.

]
49.156 kPa

(if) Magnitude and Point of Application of Resultant Thrust per m length
Magnitude of resultant thrust (P):

1
P, ExKoxydtz

P

. %x 0.538x15.228x 6> = 147.468 kN/m

Point of application:

The resultant acts at a height of H/3 from the base of the wall.

6
Point of application = 3= 2 m from the base
(iii) Percent Change in Lateral Thrust (Water Table at Top)

Saturated unit weight (v,,):

_ (G+e)xy, (2.67+0.72)x9.81 10,335 KN/
Ysat T+e 14072 ' /m
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Submerged unit weight (y'):

Y =y, -V, =19.335-9.81 = 9.525 kN/m?

Total thrust (P, ,,;) consists of submerged earth pressure and hydrostatic water pressure:

_ (1 AN 2

Pl = EXKO XY 'xXH" |+ Exyw xH
1 2|, (1 2
= P = Ex0.538><9.525><6 + Ex9.81><6
= P, . = 268.82kN/m
Percent change in thrust:
Ptotal - B 0
Percent Change = P—o x100
_ 268.82-147.468 100
147.468
= 82.29%

8. (b) (i) Solution:

The plan and section of the given pile group of 16 piles is shown in figure below.

Filled up d |
loose \ | 3m
compressible | |
soil | |
1 r
2
1 r
1 L L LT
=0.75 m~>t=0.75 m~>t=0.75 m—]
(Elevation view)
—5—

O Ofe-ozm
O O

O oJ
Hellle

@

s=0.75m

O O

O O O O

O

(Plan view)
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Size of pile group,
B =35+d
=3x075+025=25m

Negative skin friction for the pile group for the given cohesive soil is taken as the
maximum of the following two cases:

Based on individual pile action:

Qu = Qux16
= Qu = C,(nd)- L x16
N Qupp = 04 %18 x 1 x 025 %3 x 16
= Qup = 27144 kN (1)

Based on block failure of pile group:

Qu = C,(4B) - L.+ YAL,
= Qg = 18 x4 x25x3+15x (25x25) x3
= Q,p = 821.25kN ..(ii)
271.44 kN
Negative skin friction = max { 81 5KN 821.25 kN Ans.

8. (b) (ii) Solution:

The population to be served is 6.0 lakh. With an average water demand of 160 litres per
capita per day, the average daily water demand is

Qan = 6.0 x 10° x 160 = 96,000,000 L/ day = 96,000 m>/ day
During peak summer, the demand is 180% of the average. Hence,
Quummer = 1.8 x 96,000 = 172,800 m®/day

Since pumping is done for 12 hours per day, the discharge capacity of the pump required
during peak summer is

_ 172800 1400 md/h
= 1 = m°/hr
w00

Q= 3600 ~40m/s

The total head against which the pump works is calculated using the lowest summer
water level. The static head is

H, = 220.00 - 201.50 = 18.5 m

www.madeeasy.in

ocopyright: [MADE EASY



MRADE EASY Test No : 2 CIVIL ENGINEERING | 59

The friction loss in the rising main during peak summer is given as 2.8 m. Therefore, the

total head on the pump is
H=185+28=213m

The power required is computed using the relation

pgQH

n

Substituting p = 1000 kg/m?, g = 9.81 m/s?, Q = 4.0 m*/s, H = 21.3 m and overall
efficiency n = 0.70,

1000x9.81x4.0x21.3

= = 6
p 0.70 1.19 x 10° Watts
Converting this into horsepower,
1.19x10°
HP = ———— =1600 HP
746

Hence, the pump required for peak summer conditions should have a discharge capacity
of about 4.0 m®/s and a power of approximately 1600 HP.

8. (c) (i) Solution:

Zeolite or Base-Exchange or Cation-Exchange Process for Removing Hardness. Zeolites
are the natural salts or clays, which are hydrated silicates of sodium and aluminium,
having the general formula as Na,0O Al,O,x. SiO,y. H,O. The usual value of x is
generally > 2 or more, and that of y of ranging amounts. Naturally occurring zeolite like
substances can also be manufactured synthetically, and they are known as ion-exchange
resins. The zeolites or Resins have the property of exchanging their cations; and hence,
during softening operation, the sodium ions of the zeolite get replaced by the calcium
and magnesium ions present in hard waters. The chemical reactions which may be involved
are given in the following equation, where Z stands for the complex zeolite radical.

(HCO;), (HCO;),
Ca Ca
Na,Z + SO, — > Na,< SO, + Z
Mg Mg
Cl, Cl,
Sod. zeolite Cal. or Mg. Sod. salts Ca or Mg zeolite
or active zeolite salt which don’t i.e. exchanged or
cause hardness used zeolite

The calcium and magnesium zeolite can be regenerated into active sodium zeolite by
treating it with 5-10 per cent solution of sodium chloride. The exchange reactions that
take place during regeneration can be represented as:
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Ca Ca
V4 + 2NaCl Na,Z + ClL,
Mg Mg
Used zeolite Sod. chloride Regenerated

solution zeolite

The advantages and disadvantages of this method are given below:

Advantages

(@)

Vi)

(
(
v)
(
(

Water of zero hardness can be obtained, and hence, useful for specific uses in
textile industries, boilers, etc.

The plant is compact, automatic and easy to operate.

No sludge is formed, and hence, there is no problem of sludge disposal.
The RMO (Running, maintenance and operation) cost is relatively low.
It also removes ferrous iron and manganese from water.

Can treat water of varying quality.

vii) There is no problem of incrustation of pipes of the distribution system, as is

there in the lime soda process.

Disadvantages

(@)

(i)
(i)

This process is not suitable for treating highly turbid waters, because the
suspended impurities get deposited around the zeolite particles, and thus causing
obstruction to the working of the zeolite.

The process leaves sodium bicarbonate in water, which causes priming and
foaming in industrial or boiler feed waters.

The zeolite process is costlier and unsuitable for treating waters containing iron
and manganese. This is because of the fact that the iron zeolite or manganese
zeolite formed during the chemical reactions, cannot be regenerated into sodium
zeolite. The zeolite is thus wasted, although the iron and manganese are removed
from the water.

8. (¢) (ii) Solution:
Total Hardness of Raw Water:

The total hardness of raw water is calculated by converting the concentrations of calcium
and magnesium ions into their equivalent hardness as CaCO,.

Total Hardness of raw water

80 36
= =| —=+-——=|x50
Hea = TH (20 12j
H_ ., = 350 mg/L as CaCO,

(i) Quantity of Water to be Bypassed per Day
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Given:
Total daily water requirement, Q = 900 L/day
=100 mg/L

Hardness of treated (resin) water = 0 mg/L

Required mixed water hardness, H_, 4

Let Q, = quantity of raw water bypassed (L/day)

Hardness Balance Equation
Qb X Hraw + (Q - Qb) x0 = Q X Hmixed

Q, x 350 = 900 x 100
_ 90000
Q = 350
Q, = 257.14 L/day

(ii) Time Interval Between Regenerations

Total Exchange Capacity of Resin

Resin volume = 0.06 m3

Exchange capacity = 45 kg/m?
0.06 x 45
2.7 kg as CaCO,
= 2,700,000 mg as CaCO,

Water Treated by Resin per Day

Qtreated =Q-Q,
900 - 257.14
642.86 L/day

Total capacity

Qtreated

Qtreated
Hardness Removed per Day

Daily hardness removal = Q_ ... *H_

642.86 x 350
225,001 mg/day

Regeneration Interval

Total exchange capacity

" Daily hardness removal

_ 2700000
~ 225001
T = 12 days

Q000
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