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1. Overturning effect: The centrifugal force tends to overturn the vehicle about the
outer-wheel B on the horizontal curve without superelevation.

Inner side Outer side
of curve of curve
C.G.
P
h
|<—><—>l
ATps2 b2 B
w

Let 'h' be the height of the centre of gravity of the vehicle above the road surface and
'b' be the width of the wheel base of the vehicle.The overturning moment due to
centrifugal force = P- h.

b

Restoring moment due to weight of the vehicle = W- )

For vehicle to be on the verge of over-turning,

b
- w2

Ph ;

P b

= W 2k

p b
If the centrifugal ratio W attains a value of o there is danger of overturning.

2. Transverse skidding effect: The centrifugal force developed has also the tendency
to push the vehicle outwards in the transverse direction.

C.G.
P
Fy=fRy ~— ~— F=/Ry
Al |B
R, VR
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The equilibrium condition for the transverse skid resistance developed is given by,
P = F +F=f(Ry+Rp)= W

where 'f' is coefficient of friction between the tyre and the pavement surface in the

transverse direction, R, and R, are normal reaction of the wheels A and B such that
(R, + Ry) is equal to the weight 'W' of the vehicle, as no superelevation has been
provided.

P
Centrifugal ratio, = = f

When centrifugal ratio attains a value equal to coefficient of lateral friction, then there is
a danger of lateral skidding.

Thus to avoid both overturning and lateral skidding on a horizontal curve, the centrifugal

b
ratio should always be less than =7~ and should also be less than transverse friction

2h
coefficient, 'f".
5. (d) Solution:
Given data
Prototype: D, = 4 m, Pp = 8000 kW
N, = 250 rpm
H, = 60 m, n, =085
Dy 1
Model: D, ST
H, =10m
n, = 0.85
. D 1
Size of model, D, = U, XE
= D, =4x01
= D, =04m
Speed of model using head coefficient,
D
N =N, w2 s |Hu
m i Hp
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10
= N, = 250x10x @0
= N,, = 1020.621 rpm
, P8R, H M,
Discharge of prototype, p, = 1000
2000 1000x9.81xQ, x60x0.85
- ) 1000
= Q, = 15.990 m3/s
Discharge of model using discharge coefficient,
D ’ N
Qm = QP X£_mj L
D, N
1020.621
= 15.990x (0.1)° x ———
- Cn D550
= Q,, = 0.065m?/s

Power developed by model using power coefficient,

D i N ’
D, N,

P =
3
1020.621
= 8000 (0.1)° x| ———
= P, = 5443 kW
Np By
Specific speed, N, = L5
P
250 x~/8000
= N, = 60125
= N, = 133.905 rpm
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5.

(e) (i) Solution:

Given data Q
S
T

For radius r

u
= u
= u
W(u)
W(u)
Drawdown, s
= S
= S
(e) (ii) Solution:
Given data

Wheelbase, B

Diameter of wheel, D

Radius of wheel, R,

Depth of flange below rail, h

Radius of curve, R

Lap of flange, L
= L
= L
Extra width of gauge

45 litre/sec = 0.045 m3/sec
6 x 104
0.3 m?/min = 0.005 m?/sec
10 m, time, t = 5 hours = 18000 sec
1’2_5
4Tt
102 x6x10™
4% 0.005x 18000
0.000167

—0.5772 —1n(0.000167) + 0.000167

8.120
L
4nT

0.045
4 x 71t x0.005

5.816 m

x 8.120

6.6 m
1500 mm =15m

22 0.75m
2

34 mm = 0.034 m

= 200 m

2\Jh(D+h)

2,/0.034 x (1.5+0.034)
0.457 m
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2
W = 13(B+L)
¢ R
2
. W = 13(6.6+0.454)
¢ 200
We = 3.237 cm

6. (a) Solution:
Given data: Hauling capacity, H = 22 tonnes
Speed on level track, V, = 80 kmph
0.166

Coefficient of friction, u

) 1
Gradient, G = 400

D =2°
1. Maximum permissible train load
Total train resistance, R, = 0.0016V +0.00008WV +0.0000006WV>
At maximum load on level track, H =R,

= 22 = 0.0016WV +0.00008W x 80+ 0.00000061V x 80*

= W = 1858.108 tonnes
2. Reduction in speed on gradient 1 in 400

Gradient resistance, R = W x L =1858.108 x L = 4.645 tonnes
8 400 400

22 = (0.0016x1858.108+0.00008  1858.108 X
V, +0.0000006 x 1858.108 x V2 + 4.645
= V, = 65.033 kmph

Reduction in speed = 80 - 65.033 = 14.967 kmph

3. Reduced speed with gradient and curve
Curve resistance, R. = 0.0004xW xD
0.0004 x 1858.108 x 2 = 1.486 tonnes

22 = (0.0016x1858.108 +0.00008 x 1858.108 x V +
0.0000006 x 1858.108 x V) + 4.645 +1.486
= V, = 59.87 kmph
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6. (b) Solution:

Given data: N = 250 rpm
Q = 6 m3/sec
H=45m
D, =2m
D, =25m
B, =B,=02m

Discharge to be radial at outlet,

We know,
Q = mD,B,Vyy =nD,B,Vy,
6 = mx2x02Vy =nx2.5x0.2V,
Vi = 4775 m / sec
Vi, = 3.820m / sec
DN _ mx2x250

=26.180 m / sec

1= 760 60
0 = nD,N _ mx2.5%250 _ 32725 m / sec
60 60

u,=32.725 m/ sec
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For radial outlet,

V=0 and sz =V,
Usi ) sz Viith
tion, -5 = =
sing equation 2g o

3.8202  V,,x26.180

2x9.81 9.81
Vi1 = 16.583 m/sec
Vane angle at inlet and outlet:
, o a6 Vi 4.775
From inlet velocity triangle, tant = Vo —u 1658326180
6 = 153.55°
v 3.820 .

From outlet velocity triangle, tan¢ = f = 32795 = 6.658

Inlet and outlet velocity triangle diagram shown as below

V,=V,
2
Outlet velocity triangle

' Vi, ' Intlet velocity triangle

Uy
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6. (c) (i) Solution:

Given: BOD = 300 mg/!
Q, = 5000 m>/day
R, =R,=1
f = 0.9 (treatability factor)
vV, = 7500 m?
V, = 5000 m*
o 300 x 10° x 5000
Total BOD load in first stage = 10° = 1500 kg/day
. : 1+R, 1+1
Recirculation factor, F; = 7 = 5 =1.653
[1+(1-fi)R, | [1+(01)1]
100
Efficiency of first stage, 1, = 50D
1+0.44 !
Vi xE
100
= n, =
1+ o.44\/ﬂ
7500 x1.653
= n, = 86.73%
Total BOD load in second stage = 1500 x (1 - 0.8673) = 199.05 kg/day
R, =R, = 1 (Recirculation ratio)
F, = F, = 1.653 (Recirculation factor)

Organic loading rate on second stage filter,
BOD in kg/day _ 199.05

= = 3
OLR, Vol =o0p = 0-0398 kg/m?/d
Effici f second stage, N 100
1c1ency or seconda stage, ) =
, 044  [0.0398
(1-0.8673) \| 1.653
= N, = 66.03%

Overall efficiency

1- noverall = (1 - nl) (1 - nZ)
= 1My, 0 = (1-0.8673) (1 - 0.6603)
= n = 0.9549 ~95.5%

overall
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6. (c) (ii) Solution:

Given: Horton's infiltration equation: f(f) =5 + 12 ¢25¢ (i)
A
gtk N
A ft) =+ (- Fe
.5 < steady state
L s )
k= |
-t
time (hr) —
Infiltration rate at any time t is given by f(f) =f, + (f, - f)e™ ..(ii)
Comparing equation (i) and (ii)
f. = 5mm/hr
k = 2.5 per hr
f,-f. =12
= f, = 12+ =1242*900 + 5 = 17 mm/hr

Infiltration rate at first 45 mini.e. 0.75 hris,
f(t=0.75hr) = 5+12¢25%07 =684 mm/hr
fit=0.75hr) < f,

Steady state is not attained

f()
f,=17mm/hr _
) =f.+ (F, - )™
6.84 mm/hr steady state
f.=5mm/hr y/777 :
075hr | t
time (hr) —
Depth of infiltration for first 45 min is,
0.75
-2.5¢
I45min = .l. (5+12€ )dt
0
196-25t 0.75
= Ly5 min = (St_ 75 j
) 0
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_ 12 1 55%075
= Iy = 5%0.75- E(e -1)
= 145 min = 7.81 mm

Average infiltration rate for first 75 mini.e. 1.25 hr

1.25 1.25
[ far [ (5+12e2)at
. 0 0
(lavg)1.25 hr — 1.25 - 1.25
[ 14t
0
_ L(St_ge_zwjm
1.25 2.5 0
_ Ll sx105- 12 (250 )
1.25 2.5
= 8.67 mm/hr
7. (a) (i) Solution:
Given data Flow rate, Q = 12000 m3/d
Influent BOD, S, = 1.5 kg/ m3
Effluent BOD, S = 0.15 kg/m?
Mean cell residence time, 0, = 6 days
MLSS concentration, X = 4 kg/m3
Yield coefficient, Y = 0.6 kg/kg
Decay coefficient, K, = 0.04 d-!
Underflow concentration, X, = 12 kg/m?
1. Volume of reactor
l YQ(SO -5 )
= = 2 g
0. VX
. 1 _ 0.6x12000x(1.5-0.15) 004
6 Vx4
= V = 11758.064 m’

2. Mass of solids wasted per day

VX 11758.064 x 4
0 6

=7838.709 kg/d

c

Ans.

Ans.
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Volume of solids wasted per day

w

3. Sludge recirculation ratio R

(a) (ii) Solution:

Given data:

= kss

Ultimate BOD,

= L0

5-day 20°C BOD, BOD; 5,

= BODj 54

(a) (iii) Solution:
Mass of glucose
Molecular weight of carbon
Molecular weight of hydrogen
Molecular weight of oxygen

Balanced equation for oxidation,

7838709 _ 653905 m? /d

350 mg/1
4 days
35°C

0.23 day~!
5 days
20°C

koo % (1.047)35°20)
0.23x(1.047)"° = 0.458 day ™
Ly(1-e™)

Ly(1- e—O.458><4)

416.716 mg/1

LO (1 _ e—k20><5)

416.716(1— e "%"°) = 284.768 mg/1

100 g

12.011 g/mol
1.008 g/mol
15.999 g/mol
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CcH,04 +60, — 6CO, +6H,0
Molecular weight of glucose, M = 6x12.0+12x1.00+6x16 =180 g/mol
Molecular weight of oxygen, Mo, = 2x16 =32 g/mol

Oxygen required for 1 mole of glucose,

6x32=192 g

g>< 100=106.67 g
180

Maximum BOD, BOD

max

7. (b) Solution:
Since gate is suddenly dropped

V,=0

Q = 6m?/s

¥, = 13m

b=3m

V =g= 6 =1.538 m/s

1 A, 3x13

V, ~1—

V,=0

T Ya —
W —>V1
l

Velocity of water at section 2 with respect to surge = V
Velocity of water at section 1 w.r.t. surge = (V, + V)
By continuity equation

w

Voya = (Vi+Vy)y
y; =13m
= Vi, = 1538 m/s
= Voy, = (1.538+V,)x1.3 (i)

By momentum equation

pQ[V, —(Vp+V1)] = B -P5,
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Q

Py

P

px3.9(1.538+V,,)[~1.538]

= 6(1.538+V,,)
From (i)
wa 2
= Vw (]/ 27 1 3)
= Vi
= 6( 2 + 1.583}
Yy, —1.3
2
Yy, —1.3
2
Yy, —1.3
By trial and error Yy
Y>
Channel will overflow Vv

by, (V; + V) =3x1.3(1.538+V,,) = 3.9(1.538+ V)

= Yo %xl?)x?) = 195'wa1 = 2535Yw

~

>

yz—zxyz x3="15y,y2 = 1.5y,y>

V., (2.535-1.5y5)

Tw

9.81(1.5y5 —2.535) ...(i)

(1.538+V,)x1.3

2

2
yz - 1.3

9.81(1.5y3 —2.535)

1.635(1.5y3 —2.535) - 1.583
2.453y5 —5.728

2.453y3 —5.728

1.885 m
1.75m

2

— -3419m/s
1.885-1.3
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7. (c) (i) Solution:
y F,
Kite
X
10°
F,
Tcos® 45°
T sin 0
T” String
W=75N
Given: C,=06C =08
For equilibrium
2F = F,, = T.cos 45°
ZFy = = F, = W+T.sin 45°
FD = TpairAVO
C
F, = P AV
Now,
C
TDpairAVOZ = T.cos 45°
0.6 2
= Vi =24249T
CL 2 _ : o
7pm-rAV0 = W+ T.sin45
0.8 2 .
— 7X1.2X(0.9X0.9)V0 = 75+ T sin 45°
T
= 03888 x24249T = 75+ N3
=3 023569 T = 7.5
= T =31.82N

From equation (iii)

V2 = 24249 x 31.82

=

Vy = 8.784m/sec =31.62 kN/m

...(ii)

...(iii)
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7. (c) (ii) Solution:

Given:
Depth of flow, y=15m
Bed slope, S = 0.0009
Width of channel, B =3m
Manning’s coefficient, n = 0.015
Hydraulic mean radius R = 4_ By
’ P B+2y

= R = x5 =0.75m

3+2x1.5
Velocity,

Y = 1 p23g12
n
1 2 1

= v = m(0.75)3 (0.0009)2 =1.65 m/sec

Discharge per unit width

q= % = yv =15 x 1.65 = 2.475 m®/sec/m
Critical depth,
1 1
233 233
y, = | L =(2'475 ) =0.855m
g 9.81
Maximum height of hump,
Zmax — E1 =By = Ey - E¢
:} Z = +ﬁ —_
max yl 2g 2 yC

J
N
|
—_
Q1

max

2
= ( S+ 165 j - E><0.855
2x9.81) 2

0.3563 m

U
I

max
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8. (a) Solution:

1. Bulk density of specimen by uncoated specimen procedure and immersion test.
The bulk specific gravity G is calculated as:
1200.5

Guwv = 12005-6952 ~ 2370

Bulk density, v,= G _, x vy, (takingy, =1 g/cm?)

2. Bulk density of specimen by paraffin-coated sample procedure

Weight of paraffin:
W, = 12483-12005=478 g
Bulk specific gravity with paraffin coating;:

1200.5
G = ) =2.334

mb
1248.3 -680.8 — (@
0.90

Bulk density, v, = 2.334 g/cm?
3. Percent volume occupied by constituents

Percent volume of asphaltic cement (V):

_ BxG,, 55x2.334

= =12.463%
Yo Gy 1.03
Percent volume of coarse aggregates (V,),
Py XG,yp 53.4%2.334
=— = ——————=47571%
Vi G 2.62
B %Gy 33.6x2.334
i =——— = ——"—=28517%
Percent volume of fine aggregates, V, G, 575
Py xG,, 7.5x2334 o
Percent volume of mineral filler V, = : G, L= 570 6.483%
4. Percent voids in mineral aggregate (VMA)
Total aggregate by weight:
P =100-P, =100-5.5=94.5%
Bulk specific gravity of aggregate G:
P+P+P
1t + D 53.4+33.6+75 _ 2 671

Go =P, P, P, ~ 534 336 75
S+ + +
G G, Gy 262 275 270
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VMA:

G P
VMA = 100 - LXS = 100_(Mj =17.423%
Gy, 2.671

5. Percent aggregates voids filled with asphalt (VFA)
Air voids (V):
V. =VMA -V, =17.423 -12.463 = 4.96%

VFA:
V, 12.463
= 100 = %100 =71.532%
VEA VMA>< 17.423
8. (b) (i) Solution:
Gravitational force:
Fg =0,8Y
Buoyant force:
F, = P48V,
Drag force:
2
Pp
E, = C;A-E
d d 5
Where:
T 3 . .
v, = gd (volume of spherical particle)

A= A= gdz (projected area)

At terminal velocity v,, the net force is zero:

2
T3 T PP
F,-F-F = (pp —pw)ggd —Cdzd _w2 :
Rearranging for terminal settling velocity:

48(p, —Pyp)d  [4(G-1)gd

% = 3C,0,, 3C,
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8.

(b) (ii) Solution:
The characteristic equation is given as
V(m/s) = 0.51 N + 0.03

Where N is the number of revolutions per second.Assuming depth at a distance of 27 m
from one bank to be zero.The total discharge is calculated by method of mid sections.
For the first and last section average width,

2 2
4] (1)
W, = = =3375m

2W, 2x3

_ 3 3
For the rest of segments, W =|3t3]|=3m

2 2

Distance from | Depth | Average width (m) Segmental discharge
one bank (m) | (m) (v) w N 14 DQ=yxVxW

3.0 0.4 3.375 0.2 0.132 0.1782

6.0 0.8 3.0 0.385 | 0.226 0.543

9.0 12 3.0 0.7 0.387 1.393

12.0 2.0 3.0 1.25 0.667 4.005

15.0 3.0 3.0 2.5 1.305 11.745

18.0 25 3.0 4 2.07 15.525

21.0 22 3.0 3.25 1.687 11.137

24.0 1.0 3.375 0.69 0.382 1.288

27.0 0 -

Total discharge, SQ = 45.816 m3/sec

w; W, W, W, Wi Wy 2% Wy
| | | | | | | | |
I | | I I I I |

3375m 3m 3m 3m 3m 3m 3m 3.375m

1** segment i | ; i | !
Location of ! ' ' - - - Last
velocity : ! ! : i | : segments
measurement i : i E E i E

Remaining segments
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8. (c¢) Solution:
Given Data:Total height of wall, H=5m

Top layer: hy = 2m,

v, = 18.5 kN/m?
c, = 10 kPa
¢, = 20°

Middle layer: h, = 1m
Y, = 172 kN/m?
c, =0
¢, = 30°

Bottom layer: h, = 2m
v, = 18.8 kN/m?3
c; =0
¢, = 38°

Coefficient of active earth pressure:

K

ﬂ:m{w —9j
2 1+sin¢ 2

K, =049, K,=0333, K,;=0238
Active pressure at depth z is calculated as:
p. = K,0,~- 2c\/K—a ,0, = vertical stress at depth z
For the top layer (sandy silt):
At base of top layer, z =2 m:

o] Y1hy =18.5x2 =37 kPa

Kalcv - 2C1 \ Kal

0.49x37 -2x10v0.49 = 4.13 kPa

v

p,(top layer)

Tension crack depth in top layer:

2¢c; 2x10 — 1544 m

o Ty JK, 185J049

For the middle layer (loose sand), c, = 0

At top of middle layer (z =2 m):

©Copyright: NADE EASY www.madeeasy.in



62 | ESE2026: MAINS TEST SERIES

P2(mid) = K0, =0.333x37 =12.32 kPa
At bottom of middle layer (z = 3 m)
6, = 37+y,%xhy, =37+17.2x1=54.2 kPa
P3(mia) = K0, =0.333x54.2 =18.05 kPa

For the bottom layer (dense sand), c, = 0:

At top of bottom layer (z =3 m):

P3wot) = K, 30, =0.238x54.2=12.9 kPa
At bottom of bottom layer (z = 5 m):

0, = 542+y;xhy =542+18.8x2=91.8 kPa

p, = K30, =0238x91.8=21.85kPa

4 14
_ e 1
v, =185 kN/m? z,=1544 m
2m C=10kN/m? 1
0, = 20°
g O%emllda
Y, =172 kN/m* ~ 12.32
Im C=0 @ (+)
¢, =30° S 18.05
v, = 18.8 kKN/m? 129
2m C=0 ® (+)
0, = 38°
D 21.85

(Earth Pressure diagram)

Total active force is the area under the pressure diagram:

Top layer triangle (from z = 1.544 to 2 m):

1
P, = Ex4.13><(2—1.544)=0.942 kN/m

Middle layer rectangle: P, = 12.321x1=12.321 kN/m

Middle layer triangle: P, = %x (18.05-12.32) x1 =2.865 kN/m
Bottom layer rectangle: P, = 129x2 =258 kN/m

Bottom layer triangle: Dy = %X (21.85-12.9)x 2 =8.95 kN/m
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Total active pressure: P, = 0.942 +12.321+ 2.865 + 25.8 + 8.95 = 50.878 kN/m

otal
Point of application from base:
~(0.942x3.152) +(12.321 X 2.5) + (2.865 x 2.333) + (25.8 X 1) + (8.95x 0.667)

y= 50.878
y = 142m

The total active pressure is 50.878 kN/m, acting at 1.42 m above the base.
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