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SECTION - A GENERAL APTITUDE

Q.1 Shopkeeper sells product at Rs. 192 per kg by Mixing product P and Q at a certain
ratio.
P is Rs. 800 for 5 kg
Q is Rs. 800 for 4 kg
Find the mixing proportion of P/Q.

Ans. (a)
Rate of P = 160 I/kg
Rate of Q = 200 I/kg

Quantity of @ 200-192 8 1
Quantity of @, = 192-160 ~ 32 4

End of Solution

Q.2 Three village PQR located at distance showed
P

13 15

Q R
14

Aroad is proposed to be constructed between QR and P by joining P to QR. The shortest
length of road to be constructed from P to QR is

(@) 10.5 (o) 125
(c) 11 (d) 12
Ans. (d)
h? + x2 =132 ..(0)
h? + (14 - x)? = 152 ..(i)
13 12 15
5 9

After solving (i) and (ii)
We get x=5and h=12

End of Solution
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Q.3 The president along with the council of ministers to visit India next week.
(a) is wishing (b) wish
(c) wishes (d) will wish
Ans. (c)
The president along with the council of ministers wishes to visit India next week.
Q.4 Even though | had planned to go skiing with my friends, | have to at the last
moment because of an injury.
(@) back on (b) back off
(c) back out (d) back down
Ans. (c)
EEEN
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SECTION - B TECHNICAL
Q.5 Order and degree of the differential equation :
APy [Py ° ay\*
(d—)(d—) (d—J =0
(a) order 3 and degree 1 (b)
©) (d)
Ans. (a)
Order = 3
Degree = 1
6 8
Q.6 For the matrix A = 4 2l eigen value is
(@ -10 (b) 10
() 4 (d) 2
Ans. (a, d)
Gi trix, A = 8
iven matrix, A=
A +8L-20=0
A+ 10A-20 -20=0
AMA + 10) -2 +10) =0
A=-10, 2
2 3 4
. 145 .
Q.7 If matrix A = then transpose of A is
4 3 2],
x3
2 1 4
(@ AT=13 4 3 (b)
4 5 2
Ans. (a)
[2 3 4]
A= 145
|4 3 2]
(2 1 4]
Al=13 4 3
14 5 2]
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Q.8 x3—§x2+18x+20=0
Ans. (Sol.)
¥ —1?5x2 +18x+20 =0
fx) = x° —1?5x2 +18x+20
f(x) = 3x2 — 15x + 18
¥ -5x+6=0
x=2,3
f’(x) = 6x — 15
fr(x),_, =6x2-156=-38<0
x=2 Local maxima
() 5 =6x3-15=3>0
x=3 Local minima
3 15,
flx) = x —?x +18x+ 20
3 15, .
f(2) = (2) —?(2) +18x2+20
=8-30+ 36 +20=234
£3) = (3° —1?5(3)2+18><3+2O
=27 -675 + 54 + 20 = 335
A _ ey .
Q.9 If e €7 then the value of ¥(0) is
(@ In(e" + ¢ (b) In(e” - ¢)
(© (d)
Ans. (a)
ady
=2 _ px -y
dx ©
ay
L _ pap Y
dx e“-e
a
d_); = e*dx
e’=¢e"+¢c
In(e¥) = In(e* + ¢)
y=1In(e* + c)
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Q.10 The free flow speed of a highway is 100 kmph and its capacity of 4000 vehicles per
hour. Assume speed density relation is linear. For a traffic volume of 2000 vehicles per
hour, the possible speeds are

(@) 14.64 kmph (b) 85.36 kmph
() 7.22 kmph (d) 65.20 kmph
Ans. (a, b)
Given:
Free mean speed, V,= 100 kmph
Capacity, g, = 4000 veh/hr

Possible speed, V,, V, ="
Speed density relation is linear

y
Omax = Zklvf
1
4000 = Zx100k/
k/. = 160 veh/km

V (km/hr) V (km/hr)

Gl N maes|
' 1 k=160  k(veh/km) 2000 4000 g (vehhr)
g (veh/hr) i E i E
4000 |4~
2000 | /F----q-----
ky = 23.431 k,=136.568  k(veh/km)
k
Now, q = vk ovE Vel 1-—
kj
k2
! f( k/j
5]
2000 160
On solving k, = 23.431 veh/km
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k, = 136.568 veh/km
Velocity of traffic flow at k; = 23.431 veh/km

23.431
V1(k1 = 23.431) = 100(1_ 160

Velocity of traffic flow at k, = 136.568 veh/km

136.568
(kp = 136.568) = 100(1— 160 j = 14.645 km/hr

Hence, the correct options are (a) and (b).

) = 85.355 km/hr

v

End of Solution

Q.11 Onatwo lane highway, a horizontal curve of radius 300 m is provided the design speed
is 80 kmph. If the longest wheel base of vehicle expected on this highway 6 m then
the extra widening required m.

Ans. (0.606)

Given:

Two lane highway
Number of lanes, n = 2
Radius of curve, R =300 m

Design speed, v = 80 km/hr

Longest wheel base of vehicle, I = 6 m
Extra widening, W, =7

As per IRC
Extra widening, W,

W, + th
= 2R 95JR
2% 6° 80

= +
2x300  9.5y300
W, = 0.606 m

End of Solution

Q.12 Therecommended minimum traffic growth and design period is considered for structural
design of flexible pavement for national highway in India as per IRC 37 : 2018 is

(in %) and (in year).

(@ 7,20 (b) 7, 30

(c) 5,20 (d) 5, 30
Ans. (c)

As per IRC 37 : 2018.
For structural design of flexible pavement for national highway in India.
Minimum traffic growth = 5%
Design period = 20 years

End of Solution
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Q.13 Match List-I with List-Il and select the correct answer using the codes given below the lists
List | List Il

P.  Vehicle damage factor 1. Stability of subgrade soil
Q. Passenger car unit 2. Capacity of roadway
R. Perception reaction time 3. Stopping sight distance
S. California bearing ratio 4. Flexible pavement
Codes:
P Q R S
(@ 4 3 2 1
)4 2 3 1
1 2 4 3
(d) 2 1 4 3
Ans. (b)

End of Solution

Q.14 Inthe pin jointed truss shown in the figure the members that carry zero force are identified.
Which of the following options is/are zero force members.

F H
60 kN D
B
A : : 1
(¢} E G
J K
L M
(@ F I (b) J K
(c EG (d BC
Ans. (b, d)
F H
60 kN D
B
A : /
c E G
J K
H, =0 —> M
V,#0 V,#0
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Force in members AB, AC, BC, CE, DE, FH, HI, JK and LM are zero.
Hence, Fr=0 Fge=0, Fuz0, Fiz20
Hence, the correct options are (b) and (d).

End of Solution

Q.15 The figure shows a propped cantilever beam with uniform flexural rigidity (El) and
subjected to a moment (M). Consider force and displacement in upward direction as
positive. Find the upward vertical reaction at the propped end support. If the support
B sinks by A in downward direction

El = Constant
A I m %B M

I L |
2M 36 3M 36
@ 3777 ® 2T~
M 3Els M 8EIA
(C) L LS (d) L LS

Ans. (b)
Reaction due to moment,

EI = Constant

Deflection at B=0

MZ? R, 0
2FI  3E
3(M
= A7)

Reaction at propped end due to sinking of support.

3EIN
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Net reaction at propped end is

3( M\ 3EIA
(Rghet = ol L) JE
B E H J % o
Q.16
c F K N 6m
3m
AN E / ‘ o 2
| 6@6m {

ILD for force in member GI.
1.33

30m |

1.33

(d) *)
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Ans. (a)
B E H J M o
c E K N 6m
\\\\\ 3m
A
— D ¢ L o RO,
| 12m | 24m }
: ,ab_ !
| | 9p=133 |
| a I b |
here, a=12m, b =24 m,
[=6x6=36m
h=6m (Bottom member are in tension)
ab 12x24
— - ——=1.33
Ih 36x6
Q.17 Acircular tube of thickness 10 mm and diameter 250 mm is welded to a flat plate using
5 mm fillet weld all along circumference. Assume Fe410 steel and shop welding. As
per IS 800 : 2007, find the torque in N-mm that can be applied.
(@) 130.2 (b) 65.1
(c) 70.1 (d) 156.2
Ans. (b)
Given,
diameter of circular plate (d) = 250 mm
size of fillet weld (S) = 5 mm
thickness of circular plate = 10 mm

thickness of flat plate = 5 mm
f = 410 N/mm?

u
For shop welding, v, = 1.25
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:
i<— d =250 mm —=! s=5mm

Flat plate

: i
i i
I (Planview) 1
| T
' ! Lo

1

' 10 mm

i ‘ 5mm

(Side view)

Throat thickness, t;=0.75 = 0.7 x 5 = 3.5 mm

J AP
Z = —-—=— =
P
d mndt
Z, = (ndt) x 5~ "% t
The maximum torque that can be applied on plate is
T=(f,x Zp)
(& X(ndztt]
NEY— 2
410 ><n><o.252 x 3.5
T J3x1.25 2

T =65.07 N-mm ~ 65.1 N-mm

End of Solution

Q.18

Ans.

For a reinforced rectangular concrete section of width 350 mm and total depth 600
mm, effective cover of 40 mm is provided with the following details

e Stress block is rectangular upto neutral axis from the top fibre.

* Area of stress block, C = 0.36 fbx,

e Depth of neutral axis do not change

¢ e_=0.0035

Find moment of resistance (in kNm). Take grade of concrete as M20 and steel as Fe415.
Take area of tension reinforcement, A, = 800 mm?

(145.2)
Given, width of beam B = 350 mm

effective depth d = 600 — 40 = 560 mm
f. = 20 N/mm?

C
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fy = 415 N/mm?

A, = 800 mm?
=—— 350 mm——
‘ Xyl 2
X, <—+ C=0.36f,BX,
d=560 mm (d Xu)
2

A = 800 mm? }

S >- - -0 —_— e
40 mm
T=0.87f Ay

(stress diagram)

Limiting depth of NA
X,im = K.d = 0.48 x 560 = 268.8 mm?.
Actual depth of NA

B 0.87f, Aq 0.87 x 415 x 800

XT 036f,B ~ 0.36x20x350

X, = 114619 mm
Xy < Xjiim

section is under reinforced
M, = C x LA

= 0.36 fckau(d - X—;)

114.619
=0.36 x 20 x 350 x 114.619 (560—7)
= 145.197 x 108 N-mm
M, =~ 145.2 kNm

Q.19 Arectangular section of effective depth 500 mm is provided with 2 legged vertical stirrups
of diameter 10 mm and center to center spacing of 100 mm. If grade of steel used is
Fe415 then the shear force taken by vertical stirrups (in kN) is .

Ans. (283.57)
Given 2 legged vertical stirrups of diameter (¢ = 10 mm)
c/c spacing S, = 100 mm
f,= 415 N/mm?
effective depth d = 500 mm
Spacing for vertical shear stirrups
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S 0.87f, Ay, xd
v Vs
where;
Vg = (1, - 1) bd
_ U ;
T, = bd (Nominal shear stress)
V, = shear force resisted by shear stirrups
T2
0.87fA. d 0.87xf x2x-¢°xd
V. = Y S~ _ 4
° Sy Sy
O.87><415><2><%1O2 % 500
B 100
V, = 283568 N
V, =~ 283.57 kN
Q.20 After applying the correction for elevation and temperature the runway length is 700 m.
The corrected runway length for an effective gradient of 1% is ___ m.
(@) 700 (b) 720
(c) 840 (d) 740
Ans. (c)
Given:
Corrected length after applying elevation and temperature correction,
[=700m
Gradient = 1%
For every 1% gradient, runway length increase by 20%.
20
Therefore corrected runway length = 700+700Xﬁ
=700 x 1.2 =840 m
Q.21  Which of the following statement(s) is/are correct?
Statement | : Fly Ash and silica fumes can be used as mineral admixture
Statement Il : According to IS code the Moist curing time will increase on addition of
mineral admixtures
(@ I and Il (o) 1 only
() Il only (d) Neither | nor Il
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Ans. (a)
Statement | and statement Il both are correct.
S-1 : Both Flyash and silica fumes are artificial admixture as Pozzolanic materials are
supposed to be artificial mineral admixture.
S-1l : As soon as an admixture is added rate of hydration decreases slightly which in
turn increases curing time of concrete.
OPC — 7 to 10 days of curing
With mineral admixture — Minimum 10 days of curing.
Hence, the correct option is (a).

Q.22 Hydraulic Jump is formed when slope of the channel changes from
(@) Mild to steep (b) Steep to steeper
(c) Mild to zero slope (d) Steep to mild
Ans. (d)
, NDL
Hydraulic
CDL -.___ Jump
NDL oy -cpL

Steep siopg

Mild slope

Hydraulic jump is formed in an open channel when flow change from super critical (F,> 1)
to sub critical (F, < 1).

End of Solution

Q.23 Avery wide rectangular channel is having depth of flow as 1 m and bed slope as 0.0001.
If Manning's nis 0.02, g is 9.81 m/s?, then the critical depth of flow (in m) is

Ans. (0.294)
Given : Bed slope, s = 0.0001; Manning’s coefficient, n = 0.02; Depth of flow (y) = 1 m,
g = 9.81 m/s? Critical depth (y,) = ?
For very wide rectangular channel (B >> y)

A By

Hydraulic radius, R = — = ~y =1m ' B+2y=8B
y P~ Broy y ( y =B
5\ 1/3
Critical depth of flow, y_ = (%J (i)
Now, Discharge, Q= A x v

O — ByX%R2/SS1/2
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a= Lrrg .- @
n
1
g= - yx y2l3.512
g-= %xys/s <52
q= szx(1)5/3 x(0.0001)"2
g = 0.5 m®/sec/m
From equation (i), critical depth of flow
0.52 1/3
o 581
¥, =0.294m

Q.24 For a 3 hr flood hydrograph, Peak discharge is given as = 180 m3/sec and Base flow
is given as 30 m%/sec. If infiltration index, ¢ is 0.2 cm/hr and rainfall is given as 6.6
cm, then peak of 3 hr unit hydrograph is m3/sec.

Ans. (25)
Peak discharge = 180 m3/s
Base flow = 30 m%/s
¢-index = 0.2 cm/hr
R=6.6cm
Peak of 3 hr unit hydrograph,

Peak discharge — Base flow

P R— ot
180-30 150 ,
_ _180-30 _ 150 _ g
66-02x3 6 /s

End of Solution

Q.25 Given: S=067,e=06, w=0.15 G=267,v, = 9.81 kN/m3 volume of soil =5 m?,
weight of water required to make the soil fully saturated is

Ans. (6.11)
Initial water content, w, = 0.15
Let water content be w,
After full saturation, Se = w,G,
e 06
= —=—=-=02247
2= G 267
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A Weight of water w

N f — = - - = —
o "2~ " T T\eight of solid Wy
Vi
Also, w,= V.G, = (ﬁ)G'vw
= 0.2247 - 0.15 = 5#
Ex2.67x9.81
w = 0.0747 x 3.125 x 2.67 x 9.81

=6.11 kN

End of Solution

Q.26 Which of the following statements is/are INCORRECT?
(a) The effective stress in liquified soil is almost zero.
(b) As the depth of GWT above the ground surface increases the effective stress in
the soil decreases.
(c) The earth pressure at any point in the soil under all conditions is always smaller
than the vertical effective stress at the point.
(d) Bulking of the moist sand is due to the capillary action in the sand.

Ans. (b, c)
End of Solution

Q.27 The head difference between upstream and downstream end of a flow net is 9 m. The
number of equipotential drop between upstream and downstream side is 10. If the length
of the flow field near the toe is 1 m and the saturated unit weight of soil below the dam
is 21 kN/m3, then what is the factor of safety for quick condition?

Ans. (1.267)
i
FOS = -
where, loit = ATh = H/LND = &110 =09
i, = YYW =%=1.14
= FOS = %= 1.267

End of Solution

Q.28 Group pile of 4*4, group efficiency is 100%, pile length is 20 m and average unconfined
compressive strength (UCS) is 100 kN/m?. Take adhesive factor, oo = 0.8, diameter of
pile is 500 mm and neglect bearing of pile. Calculate spacing S.
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NS

Ans. (1.51)
Qavg
Group efficiency, n_ =
P Y, Mg nQ,
ucs 100
Here, ng = 1and C = T=?=5O KN/m?
Oug = n-Oup

C(4xBL) = n[oac(rDL)]
50 x 4 x B x 20 = 16x[0.8x50xnx0.5% 20]

On solving, B=5.026m
B=38s+ D

=3s + 0.5 = 5.026
= s=151Tm

End of Solution

Q.29 A 6 m thick clay stratum has drainage at both its top and bottom surface due to the
presence of sandy stratum. The time required for 50% consolidation is 2 years. The
coefficient of volume compression (m,) is 1.51 x 103 m?/kN and unit weight of water
is 9.81 kN/m8. The coefficient of permeability (in m/yr) is _____

Ans. (0.013)

Time factor, ()5, = C SR K L

Y my, &

Tx05° = - x—2
4 1.51x107° x9.81 (6)
2
k = 0.013 m/year
Q.30 The most suitable test for measuring the permeability of clayey soils in laboratory is
(@) Pumping out test (b) Constant head test
(c) Falling head test (d) Hydrometer test
Ans. (c)

End of Solution
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Q.31 A circular plate on surface of diameter 1 m subjected to plate load test unit weight
of sand, y = 16.66 kN/m?3, ultimate load bearing capacity, Q, = 1500 kPa, The value
of Nv is .

Ans. (300.12)
We know, for circular plate

q, = 1.3CNg +yDsN, +0.3BYN,
For sand, c=0
= g,=03x1x 16.66 x NY = 1500 [ D,= 0]
= NY = 300.12
Q.32 vy, = 2267 kN/m3
Area = 150 m?
C = 20 kPa
Tension cracks are developed and filled with water 2.5 cm below the surface.
FOS = ?

ZN
4]?.5 m
5m Yy 2.5 7.5m

150 m?

Ans. (0.625)

14 m

7.5m
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Resisting moment
Overturning moment
c(L x1) xR
WxX+F,y

FOS =

80
20x14[@xn}<14

(150><1)><22.67><2.5+%><9.81><2.52 x{14—7.5+ 2'5’<2}
5473.35
= =0.625
8501.25+250.36
End of Solution

Q.33 Ifthe fore bearing of the lines AB and BC are 60° and 122° respectively, then the interior
angle ZABC (in degree) is

Ans. (118)
Given : For bearing of line AB, (FB),5 = 60°
For bearing of line BC, (FB)g, = 122°

122°
B
40
60°
C
A
(BB)AB = (FB)AB + 180° [ (FB)AB < 1800]

= 60° + 180° = 240°
Interior angle ABC = (BB) 5~ (FB) g
= 240° - 122° = 118°

End of Solution

y
Q.34 Foramap drawn to a scale of 0" the length of a line was measured as 468 m. However

]
it was later realized that a scale of — was used to make the measurement. The corrected

20
length of the line is m.
Ans. (936)
y
RF of wrong scale = %0
RF of ted le = T
of corrected scale = 77
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Measured length = 468 m

RF
()W’w xMeasured length

(
=

( 1 j
40
End of Solution

Q.35 The point where road alignment changes from a tangent to a curve is known as
(b) Point of tangency

(d) Point of intersection

2

Corrected length
)corrected scale

x 468 =936 m

(a) Point of deflection
(c) Point of curve

Ans. (c)
The point where road alignment changes from a tangent to a curve is called as point

of curve.

Pointof __, A deflection angle
intersection N

’
‘

Pointof __, - Point of
tangency

curve

Straight road

Straight road

End of Solution

Q.36 The shaft of a 6 m wide gate in the figure will fail at a moment of 3924 kN-m about
the hinge P. Find the maximum value of water depth h (in m) that gate can hold.

(Take density of water = 1000 kg/m® and g = 9.81 m/s?)

1l
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Ans.

(8)

Let force F acts on a gate at B.

.|||n

Hinge /

F= pghA

pg(h-4+2)(5x6)

1000 x 9.81 x (h—2) x 30
=294.3 x (h — 2) kN

h=hgp
PB

. _E+ I Sin? e}

From figure, sing =

Ah
PB

4
5

6x5° (4)2
X P
12 "\ 5

h-p4 12 \S)
T h-2)x5x6

PB

Slo._4
PB=41""3(h-2)
Now, taking moment about P,

F x PB = 3924

5 4
294.3x(h=2)x=|2————| _
94.3x( )x4{ 3(h—2)} = 3924

=

4 32

h-2 2——— ©e
( )X( S(h—2)J‘3
4 32
eh-4-g=73
h=8m

5

End of Solution
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Q.37 The ratio of head loss in pipe (B) to the head loss in pipe (A) is

Engineering Afternoon Session

Water level Pipe B
v Diameter =1 m
- Length =200 m
f=0.01

Pipe A
Diameter =2 m
Length =100 m

£=0.01
Ans. (64)
Head loss in pipe, h, = gi
pipe, ng= g D°
Ratio of head loss in pipe B to pipe A,
80" /Ly
hy _ Q_D[D_JL_
My @.fi\ Dg)  La
n’g Dj
5
(2] x2P g
1 100
Q.38 Which of the following bacteria is mainly responsible for crown corrosion in sewer?
(a) methanogenic bacteria (b) sulphur reducing bacteria
(c) pseudomonas bacteria (d) denitrifying bacteria

Ans. (b)
Sulphur reducing bacteria is responsible for formation of hydrogen sulphide. This
hydrogen sulphide on combining with oxygen makes sulphuric acid which is responsible
for crown corrosion of sewer lines.

End of Solution

Q.39 For a water sample, following data is given
Ca®* = 150 mg/L as CaCO,
Mg?* = 40 mg/L as CaCO,
Fe?* = 10 mg/L as CaCO,
CO,% = 50 mg/L as CaCO,
HCO,™ = 100 mg/L as CaCO,
Find the non-carbonate hardness of the sample.
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Ans. (50)
Total hardness as CaCO, = 150 + 40 + 10 = 200 mg/L as CaCO,
(For Ca?*, Mg?* and Fe?*)
Alkalinity as CaCO, = 100 + 50 = 150 mg/L as CaCO,
CH (Carbonate hardness) = Min.{Alkalinity and Total hardness}

CH = 150 mg/L
CH + NCH = TH
NCH = TH - CH (NCH = Non-carbonate hardness)

NCH = 200 - 150 = 50 mg/L as CaCO,

Q.40 For a confined aquifer of depth 20 m and k value is 2 x 10® m/s. Drawdown at well
is 1 m, radius of influence is 300 m and radius of well is 30 cm, what is discharge from
the aquifer?

Ans. (36.38 x 107f)
k=2x10%m/s
b=20m, #=300m, r,=03m,s,=1m

Q- 2nkbs,,

2nx2x10° x20x 1
0.3

80nx10° 80mx107°

Q= Tlog10®  3x2.303
= Q=36.38 x 10 m%s
Q.41 Which method is not used for treating highly organic waste?
(@) Anaerobic decomposition (b) Biohydrogenation
(c) Composting (d) Open dumping
Ans. (b, d)
Biohydrogenation and open dumping is not used for treating highly organic waste.

Q.42 If the free chlorine residual and pH was measured to be 2 mg/L (as Cl,) and 8.5,
respectively, what is the concentration of residual HOCl ions (in umoles/L) in the water?
Assume that the chlorine gas added to the water is completely converted to HOCI and
OCI. Atomic weight of Cl is 35.5 g/mol.

Given: OCF + H' #=—=HOCI, K = 1075
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Ans. (2.56)
k = % (All conc. in moles/I)
HOCI
1075 = [O[C/‘]1O]‘85 (PH = 8.5)
10 = [HOCI]
[ocr |

[OCI] = 10[HOCI]

-3
[HOCI] + [OCI] = w [Cl, = 71 gm]

2x 107 moles
71 It.

[HOCI] = 2.56 u moles/litre

11[HOCI] = x10°u moles

End of Solution
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