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From the above values, maximum dry density occurs at

MDD = 1.884 g/ml, OMC =12.5%
2. Zero air voids line
_ G xpy
Pzav 14 9% G,
100
0 _ 265x1
Atw=85%, P00 = 855065 2.163 g/ml
1+ —
100
2.65x1
Atw=12.5%, O = 10 5%265 ~ 1.991 g/ml
1+ =—""=""
100
o 3 265x1
Atw=16.5%, 0,0 = 1655265 1.844 g/ml
140222
100
3. Degree of saturation at maximum dry density
- Gspw
Pa™ Tve
2.65x1
= 1.884 =
l+e
= e = 0.407
Using relation,
Sxe = wX Gs
g = 0.125 % 2.65
- T 0407

0.814 = 81.4%

U
wn
I
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Compaction

Zero air voids

i (Saturation
= | o
z | o
a 1.705 ! ! !
() 1 1 ! | .
ol . : i Optimum
E b | | moisture content
. oMo
85 1105 125|145 1165
f«—— Dryside — Wet side —~

(of optimum)
Moisture content (w) ——

6. (b) (i) Solution:

The magnitude of the rise in pressure is deduced by considering the energy changes of

the system.
- : N
Kinetic energy of the moving fluid = oM
1 2
= —(pAl)v
5 (PAD)

Strain energy stored in water (after closure of valve)

1 )
E X stress X strain X volume

2
LpxExan=ay
2K 2K

Where K is the bulk modulus of the liquid. When the whole column of fluid has been
instantaneously stopped (quick closure of the valve), kinetic energy will be stored
uniformly throughout the length of fluid as strain energy if the pipe is assumed to be

perfectly rigid.

1 9 P2
—(pADv" = — (Al
S (AN = (Al
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K
= P = vJKp=v Epz

P \/K
- P~ g\p
6. (b) (ii) Solution:

For sudden closure of the valve provided in an elastic pipe, the pressure rise is given by:

Flow velocity,

= 0=

U
Q
I

ro
pg
B 2x10°
1x2x10°
+ 11
2%10' x 0.01
P
= = =979
pg
= P = 279 x 9.81 = 2737 kPa
2737 x 1
_ — 68.425 MP
= oL = 4x001 a
= oo = 2% 0, =136.85 MPa
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6. (c) Solution:

Given data

Rainfall intensities, i1 =

12cem/h,i,=28cm/h,i;=1.6 cm/h

Duration of each period, t = 4h
¢0-index, ¢ = 3mm/h=0.3cm/h
Base flow = 15 m3/s
Calculation of effective rainfall
R = (i-0)xt
R1 = (1.2-03)x4=3.6 cm
R, = (28-03)x4=10cm
R, = (1.6-03)x4=52cm
Time 4-h DRH, DRH, (10 DRH; (5.2 Total Base Total
(h) U.H. (3.6 x x U.H. x U.H. DRH | Flow | Runoff
(ms/s) U.H.) lagged 4h | lagged 8h) (m3/s) (m3/s) (m%/s)
0 0 0 ] ] 0 15 15
2 12.52 45.072 ; ; 45.072 15 60.072
4 21.32 76.752 0 ; 76.752 15 91.752
6 23.54 84.744 125.2 ; 209.944 15 | 224.944
8 17.84 64.224 213.2 0 277.424 15 292.424
10 14.79 53.244 235.4 65.104 353.748 15 368.748
12 12.18 43.848 178.4 110.864 333.112 15 348.112
14 10.04 36.144 147.9 122.408 306.452 15 321.452
16 8.26 29.736 121.8 92.768 244 304 15 259.304
18 6.51 23.436 100.4 76.908 200.744 15 215.744
20 4.98 17.928 82.6 63.336 163.864 15 178.864
22 3.95 14.22 65.1 52.208 131.528 15 146.528
24 3.05 10.98 49.8 42952 103.732 15 118.732
26 2.26 8.136 39.5 33.852 81.488 15 96.488
28 1.60 5.76 30.5 25.896 62.156 15 77.156
30 1.07 3.852 22.6 20.54 46.992 15 61.992
32 0.53 1.908 16 15.86 33.768 15 48.768
34 - - 10.7 11.752 22.452 15 37.452
36 - - 5.3 8.32 13.62 15 28.62
38 - - - 5.564 5.564 15 20.564
40 - - - 2.756 2.756 15 17.756
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7. (a) (i) Solution:

Given, K, = 0.002 cm/sec
K, = 0.0025 cm/sec
K = \/Ksz =/0.002 x0.0025 =2.236 x 10-3 cm/sec
= 2.236 x 1072 x 1072 x 86400
= 1.932 m/day
H = Head available=3-15=1.5m

N; = No. of flow channels = 6
N, = No. of equipotential drops =12
1. Quantity of seepage loss per unit width (g)
N
= KH-L =1932x15x 2 =145m*/day/m
Ny 12

2. Head drop between two equipotential lines (Ah)
H 15
= N_d =75 0.125 m

(H - 3ah)y,
(1.5 -3 x0.125) x 9.81
11.036 kN/m?
(H - 58h)y,

= (1.5-5x0.125) x 9.81

= 8.58 kN/m?
Seepage pressure at point C = (H -7Ah)y,,
(1.5-7x0.125) x 9.81

Seepage pressure at point A

Seepage pressure at point B

= 6.131 kN/m?
For point E,
Average number of head drop at E = (%} =85
Seepage pressure at point E = (1.5 - 8.5 x 0.125) x 9.81
= 4.29 kN/m?

Seepage pressure at point D = (H -10Ah)y,,
= (1.5-10 % 0.125) x 9.81
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= 245 kN/m?

3. Pore water pressure at point B = (H-nAh-D.H.)y,
= [1.5-5x0.125 - (-10)] x 9.81
= 106.68 kN/m?

Pore water pressure at point D = (H - nAh-D.H.)y,

[1.5-10 x 0.125 - (~6)] x 9.81

= 61.3125 kN /m?
4. Since, I=12m
Exit eradient = ; . = 2 =912 _ 0016
xit gradient = i = I~ 12 %
5. - n = 0.35
n 0.35
. . = = = 0.538
Void ratio (¢) = 7~ n 1-035
G-1 267-1
- . N — =1.085
Critical gradient (i) = 5= 71538
. o i 1.085
_ - =10.417
Factor of safety against piping ; 0.10416

exit

7. (a) (ii) Solution:
Terzaghi’s design of protective filter is primarily based on the grain size distribution of

the grain size distribution of the filter material and the protected material, which are as
follows:

D15 fitter) <5

D 85(Protected material)

This ensures that no significant invasion of particles from the protected soil to the
filter shall takes placed.

D15 sitter)

° 4 < <20

Dys5

Protected material)

First part will ensure that sufficient head is lost in flow through the filters without a
build up of seepage pressure.
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D 50(filter)

<25
Dsq,

Protected material)

Second part of 2"¢ specification and third specification are additional guidelines for

the selection of filter material.

7. (b) (i) Solution:

Index properties are those properties of soil that are used to identify, classify, and indicate

the engineering behavior of the soil. These properties do not necessarily measure the

engineering strength (like shear strength or permeability) directly, but they provide a

reliable "index" of how the soil will behave under different loading or environmental

conditions. They are primarily used to distinguish one soil type from another in a

laboratory setting.

Categories:

Index properties are generally divided into two main categories based on whether they

describe the soil mass as a whole or the individual particles that compose it.

1. Soil Aggregate Properties

These properties depend on the soil's collective structure, its history, and its current

physical state (such as moisture content and density). They are crucial for

undisturbed soil mass analysis.

Water Content: The ratio of the weight of water to the weight of solids in a
given soil mass.

Specific Gravity: The ratio of the unit weight of soil solids to the unit weight
of distilled water at 4°C.

In-situ Density: The density of the soil in its natural state in the ground.

Relative Density (Density Index): Used specifically for cohesionless soils to
indicate the degree of packing (looseness or denseness).

Consistency Limits (Atterberg Limits): These define the boundary water
contents at which a fine-grained soil passes from one state to another (Liquid
Limit, Plastic Limit, and Shrinkage Limit).

Thixotropy and Sensitivity: Properties describing the loss and regain of
strength in fine-grained soils when disturbed.
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2.  Soil Particle Properties

These properties depend solely on the nature of the individual grains, regardless
of how they are arranged in a soil mass. These are typically determined using
disturbed or remolded soil samples.

*  Grain Size Distribution: The percentage of various grain sizes present in the
soil, determined through sieve analysis (for coarse-grained soil) or
sedimentation analysis (for fine-grained soil).

*  Particle Shape: The physical form of the grains (e.g., angular, sub-angular,
rounded, or flaky), which significantly affects the internal friction and packing.

7. (b) (ii) Solution:
Leachate is a highly concentrated, toxic liquid formed when rainwater or moisture
percolates through decomposing waste in a landfill. As the water moves downward, it

undergoes physical, chemical, and biological reactions, picking up dissolved or
suspended components from the waste.

Composition and Factors

The characteristics of leachate vary significantly based on the age of the landfill and the
type of waste deposited. Its composition is generally influenced by:

*  Organic Matter: High levels of Chemical Oxygen Demand (COD) and Biochemical
Oxygen Demand (BOD).

* Inorganic Salts: High concentrations of chlorides, sulfates, and bicarbonates.

* Heavy Metals: Presence of lead, copper, mercury, and cadmium from industrial or
electronic waste.

* Pathogens: Bacteria and viruses from organic decomposition.
The Environmental Problem
The primary concern with leachate is its potential to escape the landfill boundaries:

e  Groundwater Contamination: If the landfill liner fails or is non-existent, leachate
can seep into the soil and reach underlying aquifers, rendering local water sources
undrinkable.

*  Surface Water Pollution: Runoff can carry leachate into nearby streams and ponds,
leading to eutrophication and the death of aquatic life.

* Soil Toxicity: Persistent pollutants can alter the soil chemistry, affecting plant growth
and entering the food chain.
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Management and Control

Modern engineering practices aim to mitigate the leachate problem through multiple
barriers:

* Bottom Liners: Using impermeable layers like High-Density Polyethylene (HDPE)
or compacted clay.

* Leachate Collection Systems: A network of perforated pipes and gravel layers at
the base to channel the liquid to a sump.

* Treatment Plants: Once collected, leachate must be treated using biological (aerobic/
anaerobic) or chemical (flocculation/oxidation) methods before safe disposal.

7. (b) (iii) Solution:

60

50 ; /
i CH /( Alline

N
o

o
o w, =50
2 ! 8
> 30 ; >
S w, =36 /@\\«
% P NS
g 20 : 7
o I bo
o cL / MH|or OH
P i ] g (T U S
4 ML or |OL!

0 10 20 30 40 S50 60 70 80 90 100
Liquid limit, w

7. (c) Solution:
Compute the volume of raw sludge, having 5% solids content. We can compute it using

the following equation:

W,

- s
Vi = Py X 51 X Py

Density of water, p_ = 1000 kg/m?>

450
1000 x 1.02 x 0.05

= volume of sludge before digestion

vV, = =8.824 m®

Compute the total solids in digested sludge

25% of TS (as VS in raw sludge is 75%)
0.25 x 450 kg

112.5 kg

Fixed solids FS in raw sludge
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Also, as 65% of VS is destroyed in digested sludge, 35% VS will remain in the sludge

after digestion.
Therefore,
VS remaining in digested sludge = 0.35 x (0.75 x 450) = 118.125 kg

So the total mass of solids in digested sludge is FS of raw sludge + VS remaining after

digestion
= 1125 kg +118.125 kg
= 230.625 kg
Compute the volume of digested sludge having 11% solids content
Volume of digested sludge, v, = 1000 igf(?ji o1
= 2.016 m*

So, the volume of sludge after digestion is 2.016 m®
Compute the reduction in sludge volume

(volume of raw sludge) — (volume of digested sludge)

Reduction in sludge volume = %100

(volume of raw sludge)

_ 8824-2016 .,
8.824

77.153%

So, the reduction in sludge volume is 77.153%

Compute the specific gravity of solids in digested sludge
We can compute it, using the equation given below derived
P, xS
Sn = T o o~
@ = 1-S1-B)

where
S, = Specific gravity of solids in digested sludge
P_ = Percentage of solids in digested sludge
1- P, = Percentage of water in digested sludge
S = Specific gravity of digested sludge
Now, substituting the values in equation, we have

0.11x1.04

S.p = = 1.538
@ 7 1-1.04(1-0.11)

Compute the specific gravity of dewatered sludge, S,
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We can compute it, using the following equation

1 _ R _(1-P)
Sd Ss(d) 1
where, W, = weight of dewatered sludge

S, = specific gravity of dewatered sludge
S

Substituting the values, we get

1 022 (1-022)

+
S, 1538 1

SP gravity of solid

(specific gravity of water is 1)

= 0.923
Therefore, S, = 1.083
Compute the volume of dewatered sludge (V)
LW
a P X 5 a X Ps
N v, = 230.625 0,968 m°

1000 x1.083 x0.22
So, the volume of dewatered sludge after digestion = 0.968 m?
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8. (a) Solution:
Given Data:
* Population = 2,00,000

* Rate of solid waste production = 800 g/capita-day = 0.8 kg/capita-day

* Design period = 25 years
* Landfill height =12 m

Component Mass fraction (w,) | Density (p,) wyp;

Food waste 0.0943 288 0.000327
Paper 0.4317 81.7 0.005284
Plastics 0.0181 64 0.000283
Cardboard 0.0650 99.3 0.000655
Textiles 0.0020 64 0.000031
Rubber 0.0088 128 0.000069
Leather 0.0150 160 0.000094
Garden Trimming 0.1432 104 0.001377
Wood 0.0350 240 0.000146
Glass 0.0749 194 0.000386
Tin cans 0.0520 88.1 0.000590
Non-ferrous metal 0.0100 160 0.000063
Ferrous metal 0.0400 320 0.000125
Dirt, ashes 0.0100 480 0.000021
Total 1.0000 0.009451

Step 1: Average density of solid waste

The average density is calculated using the weighted harmonic mean of individual

component densities:
T _ 2&
pavg P

From the table, summing w,/p; for all components:

o
2,

0.009451

1 3
. _10581ke/m
Paog = 0.009451 &/

Step 2: Total mass of waste produced in 25 years
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Total mass = Population x Waste generation rate x Days per year x Design period
Total mass = 200,000 x 0.8 x 365 x 25
Total mass = 1,460,000,000 kg

Step 3: Volume of uncompacted waste

Total mass

uncompacted - W
L _ 1,460,000,000 000 ypg s

uncompacted 105.81

Step 4: Volume of compacted solid waste

Average compaction ratio of the waste mixture:

Compaction ratio = Zw, x Compaction,
4.148

V.

uncompacted

Compaction ratio

Compaction ratio

V

compacted waste

13,798,448.15

3
= Vcompacted waste 4.148 =3,326,530.41 m
Step 5: Total landfill volume
Including the ratio of fill to compacted waste:
Vlandfill = Vcompacted waste x Fill ratio
Vienasn = 3,326,530.41 x 1.65 = 5,488,775.18 m?

Step 6: Area required for landfill

Area = Viandfill
Landfill height
— Area = 5,488,775.18 _ 457,397.93 m?
12
457,397.93
: = —— =" =4574 h
Area in hectares 10,000 a
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8. (b) (i) Solution:

1.
e k
2.
3.
- CDL
Horizontal ‘b\ NDL
S!eep
4.

8. (b) (ii) Solution:
Trapezoidal Rule

The formula for volume is:

- V= % x[(250 + 750) + 2 x (380 + 460 + 520 + 610 + 680)]

= V = 126000 m?
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Simpson's 1/3™ Rule

The formula for volume is:

V = gx[(Al+A7)+4><(A2+A4+A6)+2><(A3+A5)]

= V= —x[(250+750) + 4 x (380 + 520 + 680) + 2 x (460 + 610)]
= V = 126133.333 m®
8. (c¢) (i) Solution:
A
T _ 3 f
g am 8 v Z);é'gf/m 4¢m o % x 1.9 x 4 =253 t/m?
= = A i
4m Sheet pile 4¢m .
NN C :
v =10t/m’
D 0 =30° Active zone
\\
- 0O

1
2,53 t/m? 3100y
Passive and active earth pressure coefficient,
- 2 o _ 2 0\ —
K, = tan”(45°+¢/2)=tan"(60°)=3
1 1
K = —

© K, 3
Taking moments of all forces about the point O

Ex2.53x4x(D+8—%x4)+2.53><(D+4)><(D;4)

+Ex[§x1.0x(D+4)}<(D+4)><1><(D+4) L

3 =3 X 3D x D x b
on simplification,
= D =97m
hence, the depth of embedment provided
=13x97
= 12.61 m

ocopyright: [MADE EASY

www.madeeasy.in



MRADE EASY Test No : 13 CIVIL ENGINEERING | 67

8. (c¢) (ii) Solution:
N; =200 rpm, N, = 280 rpm, H, =22 m, n = 0.85, P, = 4500 kW

_ Ny/P 2004/4500

@ N,= H15/4 T on5/4

= 281.584

(b) P, = nyQ;H, =0.85x9.81xQ; x 22 = 4500
N Q, = 24530 m®/s

Nl NZ
H%/z H;/z

2 2
H N
2 (22 :>H2=22><(@) =4312 m
H, N, 200

Since diameter is same:

By similarity unit relationship for discharge:

1/2
H, [43.12 3
Q=0 (H—J = 24.530 x TR 34342 m” /s

Q000
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