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7. (a) (ii) Solution:

Correction for elevation is calculated as per FAA guidelines which specify that the basic

runway length should be increased at the rate of 7% per 300 m rise in elevation.

C : — inxL
orrection = 100 300 b
7 300
i = —x——x1800 =
Correction 100 <300 126 m

L, = 1800 + 126 = 1926 m

Correction for temperature is calculated by first determining the airport reference.

temperature.
T, = T, + Tma"B_ Iy

N T, = 28+ 38 : 28

= T, = 31.333°C

The standard temperature at the given elevation is
T, = 15-0.0065E

= T, = 15-0.0065 x 300

= T, = 13.05°C

The rise in temperature above the standard temperature is
AT = Tp-Tg

= AT = 31.333 -13.05

= AT = 18.283°C

According to FAA guidelines, the runway length is increased by 1% for every 1°C rise in
temperature above the standard temperature.

1

i = —XAT XL
Correction 100 1
1
= Correction = ﬁ x 18.283 x 1926 = 352.131 m

L, = 2278.131m
The total percentage increase due to elevation and temperature is checked.

2278.131-1800
Total percentage increase = 1300 x 100

Total percentage increase = 26.563%
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Since the total increase is less than 35%, it is acceptable.

Correction for gradient is calculated using the effective gradient of the runway. The
effective gradient is defined as the maximum difference in elevation divided by the total

runway length.

Elevation changes along the runway are calculated from the grade data.

Section (m) Grade Elevation change (m) | Cumulative elevation (m)
0-400 +1.20% 400 % 0.012=4.8 48
400 - 1000 -0.50% 600 x - 0.005 =-3.0 1.8
1000 - 1600 +0.40% 600 x 0.004 =2.4 42
1600 - 2200 +0.80% 600 x 0.008 =4.8 9.0
2200 - 2278.13 -0.20% | 78.131 x -0.002 = -0.156 8.844

Maximum elevation = 9m

Minimum elevation = 0 m

9m

: L 9
The effective gradient is, 8o = mx 100

Difference in elevation

8o = 0.3951%
According to FAA guidelines, the runway length should be increased by 20% for every
1% of etfective gradient.

. 20
Correction = 100 8o L,
20
Correction = 100 x 0.3951 x 2278.131 =180 m
L, = 2278131 + 180 = 2458.131 m

The actual length of runway to be provided is
Actual runway length = 2458.131 m ~ 2460 m
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7. (b) (i) Solution:

T
T, Radius = i ; %
A .:::5’_(]’)_’___5:1 ) 'y
O O; Oy C 04 c
Fig. Mohr coulomb failure envelope
61~63
In AABC . BC BC 2 ( tan¢ = c)
n ’ SN0 =4c T Aao+oc ( L +0 ) AO
2
6,—-0 G,+0
= L= = ¢ cotd sing + ( ! 3) sing
2 2
= 0, - 05 = 2c cosd + (0, + 0,) sind
= 6,(1 - sing) = o, (1 + sing) + 2c cosd
= o, = O3 1+S%n¢ +2cx Cos'q)
1 1-sin¢ 1-sin¢
cosh = /1—sin? 0
cos( = \/(1 —sin¢)(1+sin¢)
cos¢ _ (1-sin¢)(1+sin¢)  [T+sing
1-sing 1—sin¢ 1—sin¢
; : 1+si
5 =, 1+sind L e 1+sind {.'tanz(45°+9 _ S%n¢:|
1 1-sin¢ 1-sin¢ 2) 1-sin¢
= G, = 0,4 tan2(45°+%) +2c tan(45°+g) (At plastic equilibrium)
= 0, = 03N, + 2c,/N¢
where, N, = tan® (45° + ¢/2)
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7. (b) (ii) Solution:
(i) Regime Channel according to Lacey's Theory

According to Gerald Lacey, a channel is said to be in regime when it has reached a
state of equilibrium such that it neither deposits silt (silting) nor erodes its bed and
banks (scouring). Lacey's theory suggests that a channel is not merely a "stable" entity
but a dynamic one that adjusts its dimensions-width, depth, and slope-to achieve a
balance between the water discharge and the silt load it carries.

Lacey stated that even a channel with rigid boundaries cannot be in a true regime;
only a channel flowing through an incoherent alluvium (soil of the same grade as
that being transported) can achieve this state.

(ii) Types of Regime
Lacey identified three distinct stages or types of regime conditions:
1. Initial Regime

This is the first stage of stability achieved by a channel. When only the bed slope
of the channel varies to adjust for the discharge and silt grade, but the width
remains restricted (either by stiff soil or artificial boundaries), the channel is in an
initial regime.

* Itis a temporary state of stability.

* The channel has not yet adjusted its wetted perimeter or shape.

2. Final Regime

A channel is said to have reached a final regime when it is free to adjust its width,
depth, and slope to reach ultimate equilibrium. This occurs when the channel
flows through a deep layer of the same alluvium it carries.

* The channel adopts a semi-elliptical shape.
* Thisis the condition for which Lacey's regime equations are primarily derived.
3. True (Permanent) Regime

In practice, a "True Regime" is an ideal or theoretical state that is rarely, if ever,
achieved. For a channel to be in a true regime, the following conditions must be
met simultaneously:

* Discharge (Q) must be constant.
* Flow must be uniform.
* Silt charge (amount of silt) and silt grade (type of silt) must be constant.

* The channel must flow through an infinite depth of incoherent alluvium of
the same grade as the silt load.

©Copyright: NADE EASY www.madeeasy.in



58 | ESE 2026 : MAINS TEST SERIES MADE ERSYH

7. (c) Solution:
Given data
Duration of given U.H. (D) = 3hr
Duration of required U.H. (T) = 9hr

LA
3— units

Effective Rainfall Intensity (i) = 1.5 cm/hr
Effective Rainfall Depth (R) = 1.5 x9=13.5cm
Base Flow = 20 m3/s
The 9-hr unit hydrograph is derived from the 3-hr unit hydrograph by lagging the hydrograph
by 3 hr and 6 hr, summing the ordinates, and dividing the sum by 3 because (1 = 3).

Lag intervals (n) =

Time | 3-hr | Lagged | Lagged | Sumof | 9-hr UH. | DRH (U.H. | FH (DRH
(hr) U.H. 3 hr 6 hr ordinate | (Sum + 3) x 13.5) + 20)
(m%s) | (m¥s) | (ms) | (mYs) (m¥s) (m?/s) (m?/s)

0 0 - - 0 0 0 20

3 15 0 - 15 5 67.5 87.5

6 50 15 0 65 21.667 292.505 312.505

9 95 50 15 160 53.333 719.996 739.996
12 120 95 50 265 88.333 1192.496 1212.496
15 100 120 95 315 105 1417.5 1437.5
18 70 100 120 290 96.667 1305.005 1325.005
21 45 70 100 215 71.667 967.505 987.505
24 20 45 70 135 45 607.5 627.5
27 20 45 73 24.333 328.496 348.496
30 20 28 9.333 125.996 145.996
33 - 2.667 36.005 56.005
36 - - 0 0 20

8. (a) (i) Solution:

Processing techniques are used in solid waste managements system to serve the following
purposes:

(@) To improve the efficiency of solid-waste disposal systems

(b) To recover resources (usable materials)

(c) To prepare materials for the recovery of conversion product and energy.
Important processing techniques used routinely in municipal solid-waste system include

compaction, thermal volume reduction (incineration) and manual separation of waste
components.

www.madeeasy.in
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1. Mechanical Volume Reduction: It is the most important factor in the development
and operation of solid-waste management systems. Vehicles equipped with
compaction mechanisms are used for the collection of most municipal solid wastes.
Wastes are compacted to increase the useful life of landfills.

2. Thermal Volume Reduction: The volume of municipal wastes can be reduced by
more than 90 percent by incineration. Incineration was quite common in the past,
however, with more restrictive air pollution control requirements only a limited
number of municipal incinerators are currently in operations.

3. Manual Component Separation: The manual separation of solid waste components
can be accomplished at the source where solid wastes are generated, at a transfer
station, at a centralized processing station, or at the disposal site. Manual sorting at
the source of generation is the most positive way to achieve the recovery and reuse
of materials. The number and types of components salvaged or sorted (e.g., cardboard
and high quality paper, metals and wood) depend on the location, the opportunities
for recycling and the resale market.

8. (a) (ii) Solution:
Indore Method: It uses manual turning of piled up mass (refuse + night soil) for its
decomposition under aerobic conditions. In this method, layers of vegetable wastes and
night soil are alternatively piled in depths of about 7.5 to 10 cm each, to a total depth of
about 1.5 m in a trench or above the ground to form a mound called a windrow. The
mixture is kept aerobic by turning regularly for 2 to 3 months. This 1 compost mass is

1
then left for another about1to 1 5 months without any turning 2 after which, the compost

becomes ready for use. The entire process thus takes about 4 months. This method is
primarily aerobic in nature.

Bangalore Method: The Bangalore method of composting, involves anaerobic decomposition
of wastes, and does not involve any turning or handling of the mass, and is, hence, cleaner
than the Indore method. This method is, therefore, widely adopted by municipal authorities
throughout India. The refuse and night soil, in this method, are therefore piled up in layers
in an underground earthen trench of about (10 m x 1.5 m x 1.5 m).

This mass is covered at its top by layer of earth of about 15 cm depth, and is finally left
over for decomposition. Within 2 to 3 days of burial, intensive biological action starts
taking place and organic matter begins to disintegrate. Considerable heat gets evolved
in this process which raises the temperature of the decomposing mass to about 75°C.
This heat prevents the breeding of flies by destroying the larvae. After about 4 to 5 months
(depending upon the season), the refuse gets fully stabilised and changes into a brown
coloured odourless innocuous powdery mass, called as humus. This humus is removed
from the trenches, sieved on 12.5 mm sieves to remove stones, broken glass, brickbats,
etc. and then sold out in the market as manure. The empty trenches can again be used for
receiving further batches of refuse.
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8. (b) Solution:

D, = 050 m, b,=0.03m, h,=40m

h, = 36 m, hfs =20m, hfd= 6 m, N =1200 rpm

B, = 20° 1, =085D,=035m

Net head = Static lift + Friction loss =40.0 + 2.0 + 6.0 = 48.0 m
_ mD,N nx0.5x1200 3140
U = 6o 60 =31.42m/s

By assuming radial flow at inlet, manometric efficiency.

§H,,

Nma =

UViia

9.81x48.0
= 0.85 = 31.40%V,
= V,=1763m/s
From outlet velocity triangle, figure.

Uy

_ Y
tanf3, (Uz = VuZ)
sz
- tan20° = i 176 - 036%
= sz = 5.02m/s

Discharge, Q = nD,b,V,, =7 x 0.5 x 0.03 x 5.022 = 0.2366 m3/s
Velocity in delivery pipe

V, = Velocity of suction pipe = V
Q 0.2366
vV, = T T N =2459m/s
“D3 “x(0.35)
4 7 4
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V2 V2 (2459)°

2¢ ~ 2g 2x981

08 m

Delivery side of pump. Let the pressure on delivery side = P,

2
P Vi _ Vi
7+g = hd+hfd+ 2g
Py
= 7=36+6=42.0m
= P, = 42.0 x 9.81 = 412.02 kPa (gauge)
Patm P Vi
and Moo+ Sl
Y s fs v 28

Taking atmospheric pressure at datum pressure,

P
0= 4+2+7S +0.308
F,
= 7 = - 6.308 m (Vacuum pressure)
= P, = -(6.308 x 9.81) = -61.88 kPa (vacuum)
8. (c¢) (i) Solution:
Given: Safe load, Qe = 1500 kN
Factor of safety FOS. =3

Unconfined compressive strength
g, = 180 kN/m?

Tu

Cohesion c= = 90 kN/m?
Adhesion factor o = 0.6

Diameter of pile d=04m

Length of pile L =10m

The ultimate load for the pile group is calculated using
Qe = Quae X F.O.S.

Q,, = 1500 x 3

Q,, = 4500 kN

U

U
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The ultimate load for a single pile is calculated considering only skin friction because

end bearing is neglected.

Q= axcx (mdL)
= Q,, = 0.6 x90 x (1 x 0.4 x 10)
= Q,, = 678.584 kN
The number of piles required in the group is
Qug 4500
"7 Q, 678584
= n = 6.631 nos.

To maintain symmetry in a square pile group, adopt
n = 9 piles (3 x 3)

The spacing of piles for friction piles in clay is generally taken as three times the diameter.

s = 3d
= s =3x04
= s=12m

The width of the pile group is calculated as

B = (25)+d
N B=(2x12)+04
= B=28m

The ultimate capacity of the group acting as a block is

ng(block) = Perimeter X L X ¢

= Qug(blocy = (4B) x L xc
- Quocty = (4% 2.8) x 10 x 90
= Qyiocty = 10080 kN

The group efficiency is calculated using

_ ng(block) _ 10080
U T TuxQ,, ~ 9x678.584

= n, = 1.65
Since n, > 1, the design is governed by individual pile action.
The total capacity of the pile group is

9 x 678.584 = 6107.256 kN
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This value is greater than the required ultimate load of 4500 kNN.

Provide 9 circular piles of 0.4 m diameter and 10 m length arranged in a 3 x 3 square
pattern with 1.2 m center-to-center spacing.

R R
A N T
T —
e
fe—12m —
(c) (ii) Solution:
Given:
Parameter Symbol Value
Original scale 1cm:50m
Original map length L, 20 cm
Shrunk map length L, 19.2cm
Measured map area A, cosured 145.50 cm?
Nominal chain length L 20 m
Chain error e 8cm =0.08 m
Actual chain length L 20.08 m

The shrinkage factor of the map is calculated as

Lo  19.2
L, 20
= S; = 0.96

F
The correct map area is obtained by removing the effect of shrinkage.

_ Ameasured _ 145.50

A
correct map (SF )2 (096)2
157.878 cm?

The ground area corresponding to the corrected map area is determined using the given

i correct map

scale. Since 1 cm = 50 m, therefore
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1 cm? = 502 = 2500 m?2
ound = 157,878 x 2500
= ouna = 394695 m?

The correction due to the chain error is applied as

L'y
Atrue = Ag”ou”dx (f)

2
20.08
= 394695 x| ———
= true ( 20 )
= = 397858.875 m?

true

8. (c) (iii) Solution:

Given:
Parameter Symbol Value
Velocity after jump v, 1.2m/s
Depth after jump Yo 215m
Acceleration due to gravity g 9.81 m/s?
Unit weight of water Y 9.81 kKN/m?

The Froude number after the jump is calculated using

bt 1.2
NI J9.81x2.15
N F., = 0261

r2
The depth before the jump is obtained from the conjugate depth relation.

y—Z( [1+8F2 —1)
2 2

=
2.15 2
= y, = 0.261
The energy loss in the hydraulic jump is calculated using
3
E - (v2-w1)
b Ay

. (2.15-0.261)°
L 4%x0.261x2.15
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= E, = 3.003m

The discharge per meter width is
q=Y*0

= g=215x12

= g = 258 m?/s

The power dissipated per meter width is calculated as
P=yxgxE

= P = 9.81 x 2.58 x 3.003

= P =76 kW/m

Q000
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