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87.

88.

89.

90.

91.

92.

93.

()
Thermal force, P = (Ea. AT) x A
2 x 100 x 12 x 1076 x 30 x 66

= 47520 kg
p
Length required to overcome thermal stress, L, = Resistance
47520 kg
= Ly = S0 .-
T 07kg/m
= L, = 67885.7m = 67.885 km

Minimum length required to prevent creep =2 x L,
= 135.77 km =~ 136 km

(b)
In the normal take-off case, the basic runway length is taken as 115% of the lift-off distance required
to reach a height of 10.5 m, and the clearway length shall not exceed half of the take-off distance.

(b)

Effects of driving tunnels through stratified rock formations:

* Driving along the dip is dangerous due to sliding of strata.

* Fault zones are weak, fractured, and water-bearing.

* Driving along strike (slip) offers more uniform and stable conditions.

(c)

Wreck buoys are special purpose navigation buoys used to mark the position of sunken vessels or
wrecks that poses danger to navigation. They are deployed both in harbours and in open sea to
warn ships and to identify the exact location of the wreck, ensuring safe navigation.

(c)

* Theoretical methods are based on mathematical analysis of stresses and strains in pavement
layers (for example: Boussinesq, Westergaard, Burmister).

* North Dakota cone method is an empirical method.

(b)

Wider shoulders increase freedom of movement, narrow shoulders reduce capacity.

(b)

Average skid resistance, f=07

2
2 (5X6OJ
u 18

Skid resistance, f = 241 = %102
= 0.6313
. B i B 0.6313><100
Brake efficiency = 7 x100 = 0.70
~ 90%
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9. (d)
For cement concrete road, in region of heavy rainfall, camber is provided at a rate of 1 in 50 i.e.
2%.
. . . w 7
By straight line relation y, = or =27 50 100 cm
Camber = 7cm
95. (b)
1/2
Total thickness of pavement, t = [@—é}
CBR =
Load 4200
Contact area, A = =
Tyre pressure 7
= 600 cm?
[1.75 x 4200 600 T/ 2
t = - -
4 |
= t = [1837.5-190.91]"2
= t = 40.58 cm
96. (b)

Distance of occurance of maximum stress from the point of load is given as, x = 2.58va.L

a = Radius of contact area in cm = 12
L = Radius of relative stiffness in cm = 75
x = 258J12x75
= x = 77.40 cm
97. (d)
As per IRC, minimum value of transition curve is,
2
L = 2.7V— = 2.7><M =288 m
R 600
. 2 288
Shift, S = 4R 24 %600 =0.0576 m ; 5.76 cm
98. (b)
(1bh) fxy,
Area of steel per meter length, A_ = T
S
A - (1 x 3.75 x 0.20) x1.5x 2400
= s T 1500
= . = 1.8 cm? per m length
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99. (0
Area of district inkm? 15000 km?
Length of NH = —a TCISIGIMEM M - 300 km
50 50
62.5x Number of towns — Length of NH.
Length of SH = Max Area of district in km?
25
" 62.5%x20-300 950 km o
= ax = =
15000 ax 600 ki m
25
Total length of NH and SH = 300 + 950 = 1250 km
100. (c)
0.20 m
B c o
%o
())
41
Correct staff reading, AC = \/A82 -BC? = \/42 ~0.22
= AC = 3.995 m
101. (<)
90-3
o = Altitude
0 = Latitude
d = Declination
cos H = ﬂ—tanetaxﬁ
cos0cosd
sin 25°
= ——————— —tan40°-tan 30°
= cos H cos 40° cos 30° an an
= cos H = 0.1525 ~ 0.15
H = cos™! (0.15) = 81.37°
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102. (b)
— PO A= 60°
External
distance (E)
Mid ordinate
M)
. A
External distance (E) = R sec - - R
Radius of curve, R = 15 x 30 =450 m
E = 450 sec 30° - 450
= 69.615 m
= 2 chains 48.1 links ~ 2 chains 48 links
103. (c)

Difference in elevation between two points is

Al = (quBf _ 0= 00%150

P1P2 50 x 48
=375m
104. (c)
In EDM, the distance between station ‘D’ is displayed
2D = nh + AA
Ph i M= 20
ase comparison, = 3600
180° - 60°
= ————x20
2xD =5x20+ 360°
= 2D = 106.66 m
= D = 5333 m
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105. (b)
————————————————————————————— RL Beam
N I 410m
1.25m
Floor--+———%------- e
RL =45.00 m
Reduced level of beam = RL of floor + HI + Staff intercept
= 45+125+4.10
= 50.35 m
106. (c)
107. (b)
Instrument and their uses:
* Pantagraph — Map reproduction (scaling) and uses principle of similar triangles
* Sextant - Angle measurement by reflection
* Ceylon Ghat Tracer — Gradient setting in ghats
* Burel Hand Level — Rough/approximate levelling
108. (c)
Telescope should preferably be anallactic to eliminate additive constant.
109. (b)
Declination is zero at equinoxes, not at solstices.
110. (c)
The ratio of a given volume change in a soil, expressed as percentage of the dry volume, to the
corresponding change in water content is called shrinkage ratio. The ratio of a given volume
change in a soil, expressed as percentage of the dry volume is known as volumetric shrinkage.
111. (a)
Given: w, = 40%
wp, = 32%
w, = 36%

If 50% > w, > 35%, soil is classified as medium compressible.
Plasticity index (I,) = w; - w, =8%
Soil plasticity is low

Activit b —I’”—§—1o
C1V1ynumer—%c—8— .

Based on activity number soil is classified as normal.
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Soil is of low plasticity.

Consistency index (CI) | Liquidity index (LI) | Consistency
100 - 0.75 0.00-0.25 Stiff
0.75-0.50 0.25-0.50 Medium soft
0.50-0.25 0.50-0.75 Soft
0.25-0.00 0.75-1.00 Very soft

Activity number Classification
0.75 Inactive
0.75-1.25 Normal
>1.25 Active
Soil is normal.

Liquid limit Compressibility
0-35% Low
35-50% Medium

>50% High
Soil is of medium compressibility.
Plasticity Index Plasticity
0 Non plastic
1-5 Slight
5-10 Low
10-20 Medium
20 - 40 High
> 40 Very high

112. (a)

Entrapped air and organic impurities, these factors obstruct the flow in the soil voids, and hence
reduce the permeability. therefore, complete saturation of a sample should be done before

performing a permeability test.
1 1

K o or
Foreign umpurity ~ Organic impurity

1

K o ————— o< Saturation(s)
Entrapped air

1
= Viscosity
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113. (d)
Given: Y,
Vb
= 19.62 (1 +e)
e
i
114. (a)
115. (a)

Given: For test sample,

%u=90%, H =

t

For field, % u

T,

= T

Cy

= t

= t

116. (d)

FOS

FOS

For critical, height,
: YoupHc cosPsinf3

= C
= H.
117. (a)
Given: 0]
eC
SF
= 18

19.62 kN/m3, S = 0.5, v, = 9.81 kN/m3

(G+Se)yw
1+e
(2.75 + 0.5¢) 9.81
0.5
G-1 175 _ 116
1+e 15
20 mm, d= . Double Drai
2 hours =5 ouble Drainage
9% and H=4m,d=2m
C,T
42
t . 2 __t
2’ 002 (é)z
S ENE
8 x 10* hr
8x10*
A% 365 9.132 years ~ 9.1 years

C + Y pZcos’ Btan ¢
Y subZ cos B sin B

land Z = H.
C + v, ,Hc cos?Btand

(YsubHc cos? B(tanP - tan (])))

C
Y up €0s” B (tan B — tan ¢)

30°, C =3.0 kg/cm?, o, = 18 kg/cm?

) 30°

45° +—=45°+ =60°
2 2

oytan?0_ + 2C tan 6,
o, tan?60° + 2 x 3 tan 60°

ocopyright: MADE ERSY

www.madeeasy.in

MADE ERSYH



MADE EASY Civil Engineering | ANUBHAYV Paper-II 53

118.

119.

120.

= 18 = 30, + 643
18 -10.39
= 6, = ————
3
= 0, = 2.54 kg/cm?

(a)

Since the wall is restrained from yielding, the wall will be subjected to earth pressure at rest,

which given by

p, = %koYH ?

K, = 1-sin¢ =1 -sin 30° = 0.5

P, = % x0.5x19x 6 =171 kN/m length of wall
(@)
Given, g, = 80KN/m? C, = % = 40 kKN/m?

Using Skempton’s equation, G = 5[1 + 0.2%}[1 +0.2 D—BF}

10 D

= = 5/1+02x—||1+0.2—

s [ 20}[ 20}
= G, = 55[1+0.01 D]
Given; g, = 120 kN/m?,

qnf 55 55x0.01
= Df = —+————D+15D

%= Fos TV T 227 22
= 120 = 2.5 +15.025 D
= D =78m>~78m

(d)
The ratio of the ultimate load capacity of the pile group, ng to the sum of the individual load
capacities of the piles in the group, is called group efficiency n.

n= nQ,

Disturbance of soil during installation of piles and overlap of stresses between adjacent piles may
cause the group capacity to become less than the sum of the individual capacities, i.e.n <1. Generally,
for smaller spacing between piles, n < 1. For larger spacing, the effect of pile interaction diminishes
and n approaches unity. In driven piles where the soil around the piles gets densified, as in loose
to medium sand, N may be even more than 1.

As per 15-2911, Part IV the allowable load on single pile will be minimum of the following two
cases:

2
1. grd of the load at which total settlement is 12 mm.
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121.

122.

123.

124.

1\
2. 50% of the ultimate load at which total settlement is equal to the (E) of the diameter of

pile.

1, 2
3. ) to grd of the load which gives a net settlement of 6 mm.

%)

(b)

Optimum number of rain gauges, N

o
C, = Coefficient of variance = 1005
_ ) 800 + 600 + 700 + 900
P = Mean rainfall = 1
= 750 mm
130
= 100x— = %
C, 750 17.33%
2
17.33
N = T =3.003 ~ 3 (say)

Optimum number of raingauge is 3

(b)

N
Ranking of storm, mo=
N = Total numbers of years on record = 10
T = Recurrence interval = 5 years
10
= — = 2
"Ts

Therefore, we have to choose 2"d severest storm. i.e. 71.2 cm

(b)

Infiltration rate f, after “+’ hr is

f = K[‘Pﬁw+1} = 0.12[9X20'3+1}
t

= f; = 0.282 cm/hr

(c)
As per U.S. Army Corps of Engineers empirical relations, width of hydrograph at discharge equal
to 50% and 75% of peak discharge,

5.87 5.87 539 h
w ] i — . r
50 q;.OS (1.08)1'08
w539

7= 175 175 o08hr
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125. (d)
* Ephemeral streams flow only in direct response to precipitation.
* They lack well-developed channel morphology due to intermittent flow.
* Sequent peak algorithm is used in reservoir storage analysis.

126. (c)
A station rating curve is essentially a stage-discharge relationship established for a specific gauging
station.

127.  (¢)

Stream density (stream frequency) is defined as the number of streams per unit area, not the total
length. The total length of streams per unit area defines drainage density, not stream frequency.

128. (¢)
Discharge over the spillway in uncontrolled ogee spillway is,
Q = C,LH%?
= 2.1 x40 x 432=672m3/s
129. (c)
Total horizontal wave pressure per meter length of the dam,
P, =20yh,>
= 2.0 x10 x 22=80 kN/m
: 3y .
Location of resultant wave pressure = e above still water level
2
= 3x— =
3 0.75m
130. (c)

Net irrigation requirement, NIR = C, - R,
= 124 -44 =80 cm

Field irrigation requirement, FIR = NIR _ 80
n, 050

= 160 cm
Gross irrigation requirement, GIR = FR _160
n. 080

= 200 cm

131. (d)
Principal stress at the toe,
G = p,sec?a-(p -p,) tan’al
where p, = Vertical normal stress = 120 kN/m?
p’ = Water pressure intensity = 60 kN/m?
= Hydrodynamic pressure = 20 kN/m?
o = 120 sec?45° - (60 - 20) tan? 45°
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132.

133.

134.

135.

= 200 kN/m?

Shear stress on horizontal plane near toe,

(a)

T=(p,- (¢ -p)tana
(120 - (60 - 20)) tan 45°
80 kN/m?

Mutual pile interference causes redistribution of pressures; sign depends on whether the point
is in rear (positive) or forward (negative) zone.

Thickness correction is essential because pressures are computed at the top of floor but act at
the bottom.

Correction for slope is positive for downward slopes and negative for upward slopes, not
upstream/downstream.

(d)
Setting of an weir type outlet is 0.9

(a)

(b)

For

For

=
=

Useful storage lies between minimum pool level (MPL) and normal pool level (NPL).

This is the actively usable storage for irrigation, water supply and power.

Surcharge storage exists only during floods.

It lies between normal pool level and maximum pool level.

It is uncontrolled and temporary.

Bank storage is water that seeps into reservoir banks and later returns.

It is temporary and depends on permeability and geology.

It does not remain permanently stored.

Effective storage is not defined as useful storage reduced by bank storage.

Effective storage for flood mitigation = Useful storage + Surcharge storage - Valley storage

a hydraulic jump
2 _ 1(—1+J1+8Ff)
1 2
0.8 [ 2
05 - 3 -1+4/1+8F
32 = (—1+«/1+8F12)
E? = 2.08
QT o
rectangular channel, F? = ¢ A3 Q
208 x10 % (1x05)3 = Q?>x1
Q = 1.61m3/s
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136. (b)

In RVF frictional losses are usually negligible.

In GVF, curvature is small and pressure is hydrostatic.

137. (d)
Let y, and y, be the alternate depth

Specific energy, E

2
o1

yp| 1+

1( 2gy1)

Y1
Y2

Y1
Y2

Now, F2

From equations (i) and (ii)

138. (c)

Load factor =

139. (b)

2 2
U1 [
+— = —=
Y1 2¢ Yo 2¢
2
U
Yol 1+
2[ ZSVJ
(1+E /2) [ F=L]
(1+£2 /2] Jgy
2+ Ff
2+F
2 2 2
v_l = 2 3 and FZ = 2Q 3
81 Y1 B gy;

Average load during a certain period

Peak load during that period

9000000k
10° x 7 x 24 kWh
53.5%

=(0.535

()

...(i)

Fire-shielding mortars are used for setting refractory bricks in the furnace linings where the
temperature is too high for ordinary mortars.
Aluminous cements and finely powdered fire bricks in the ratio 1 : 2 give excellent fire resisting
mortars. Its trade name is Accoset 50.
Sound-absorbing mortars : These are prepared by mixing water with binding materials such as
cement, slag cement, lime, or gypsum, and lightweight porous fine aggregates made from pumice,
cinders, and ceramsite. They have a bulk density of 6-12 kN/m?®.
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140. (b)
* Definition of true regime: No silting/scouring due to sediment-flow equilibrium.
* Bank rigidity can provide stability, but this is NOT the reason for true regime.
* True regime stability is due to alluvial adjustment, not bank rigidity (which is relevant to
initial regime).
141. (a)
Lime causes flocculation and agglomeration of clay particles, which reduces liquid limit and
increases plastic limit, thereby decreasing the plasticity index.
142. (a)
Mosaics generally have an overall average scale, not a uniform scale everywhere.
Variations in flying height and presence of tilt/relief cause scale variation.
Statement (I) correctly explains Statement (II).
143. (a)

144.

145.

146.

147.

148

149.
150.

In summer mid-day, temperature gradient causes downward warping, inducing tensile stress at
the bottom. Load stress at the edge is higher than at the interior. Warping stress and load stress
are additive at the edge. Frictional stress due to expansion is compressive and small, hence reduces
tensile stress only marginally. Therefore, the edge becomes critical.

(b)
The fundamental cause of zero DO is the extremely high organic load and anaerobic decomposition,
not merely the imbalance of rates.

(a)
For hydraulically smooth pipes, friction factor depends only on Reynolds number
Roughness lies inside viscous (laminar) sublayer, so it does not affect turbulence.

(c)
Statement [ is true but Statement 1II is false.
IRC suggests that the FI of aggregates used in water bound macadam and bituminous macadam

should not exceed 15%.

(a)
Dumpers are suitable for both short and long haul as per requirement of work. Also they have
advantage of high capacity.

(a)

To limit the width of shear crack, strain in shear reinforcement should be limited.
(b)
(b)

In simple bending, strain in the bent beam varies linearly across the beam depth.
This happens because of the fundamental bending assumption:
"Plane sections before bending remain plane after bending."

Q000
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