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DETAILED EXPLANATIONS
Section A : Solid Mechanics
1. (b)

Consider, an element of length ‘5h” at distance ‘h” from top and having area 4, as shown in figure.

H
Force at depth, h = c4a,
Force at depth /1 + 8h = o(a, + 0a,)
So, Weight of element = o,(a, + da,) - 6,4,
= 0,94, (1)
But weight of element = a,06hp ...(id)

Equating (i) and (ii)
c,da, = a,8hp

N Say, _ P
ap Go

...(i)

Integrating (iii), we get

Gy
At h=0a7=a
C = lna
Ina, = Lh+lna
Gy
h
o0
= ah = ae
At h =H,a,=A
H
oL
A = ae ®
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2. (c) -l d |~
v o
Shear stress on plate, T = — o
ab !
o |
T ; T
Shear strain on plate, y = —= |
G ly )
v | i
abG

Horizontal displacement, d

Vi
abG

3. (c)

4. (d)
Consider an element of length ‘dx” at x distance from top.
Now ,axial force acting on element, P, = YA(l - x)

j- PZdx
Now, strain energy stored in bar, U = .
o 2AE

Jl-[yA (1-x)] dx
0

2AE

2 1
YA 2
= E_([(l—x) dx

2E

2 3

= M[ZS +Z__ 13}
2E 3
,YZAZ3

6E

Normal stress on plane y-y, 6

2 3 !
= u[lzx+3%—lx2}

vh (If y is very small)

0

3 90kN

ocopyright: MADE ERSY

www.madeeasy.in



MADE EASY Civil Engineering | Test4 15

_90x10° S
 Tq0 C7PN/mm
Now,  normal stress on plane x-x = 6cos?0

75 % cos?30° = 56.25 MPa

6. (d)
An element in plane stress can never be in state of plane strain except when stresses acting on
element are in-plane stress and are equal and opposite i.e. 6, = -G, .

y
7. (b)
8. (b
SFD is one degree higher than loading intensity diagram and BMD is one degree higher than SFD.
9. () 60 kKN
. l4o KN/m
From the figure ZF, =0 fla'a'a'a'a'a a'a'ala'a'a'a'a'a'a'ay:
= V,+V,-60-40%6 = 0 e 4 ——
= V,+V, =300kN ..(i)
Va Vg
My =0
= VA><6—40><6><g—60><4 =0
= V,x6-720-240 = 0
960
= VA = T = 160 kN

V, = 300 - 160 = 140 kN

SFED is shown below.

160
80
(*+)
A 20:(+) D B
e 2m e | n
140
| 4m I
Let, point D is at x distance from C.
R 2
o 4-x 140
= x =05m

So, maximum shear force, V__ is at support A.
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10. (b)
Maximum bending moment occurs where shear force changes sign i.e. at D.
Now, bending moment at D, BMD =160 x 2.5 - 40 x 2.5 x 1.25 - 60 x 0.5
= 400 - 125 - 30
= 245 kN-m
11.  (c)
Maximum shear stress for a rectangular section is
3 Vmax
Tmax = E X bd
_ 3,,160x10° 2 NJ/mm?
2" 250 x 480 i
12. (b)
o bh®
Elastic section modulus, Z = o
250 x 480°
=T 6 - 9.6 x 10° mm3
Mmax
Maximum bending stress, 6, = 7
_ 245x10° - 255 N/mm?
9.6x10° ~ 7/
13. (b)
Diameter of Mohr’s circle represents maximum shear strain.
14. (b)
Column should be axially loaded.
15. (c)

Minimum moment of inertia, I,

Now,

Where L

cr

Critical load, P_, =

200 x 120°
12

28.8 x 10 mm*
n2El

LZ
L 4000

=\/§_\/§mm

[ One end is fixed and other end is hinged]

2 x2x10° x28.8x 10° x 2
(4000)2

72 x4 x28.8x 10"
16 x 10°

~ 7106 kN
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17

16.

17.
18.

19.

(d)

Let the spring is subjected to an axial load P,

. Torque, T = P xR

Now, the strain energy stored in a spring is given by,

T2L _ (PR)* x2mRn _ 32P*R°n

= VR 4
2GIp e nd” Gd
32
. . . ou
Axial deflection of spring under load P, A = P
_ 64PR’n
Gd*
P P  Gd*
Now, stiffness of spring, k = A"~ ¢1pR3,  64R°n
Ga*
()
(b)
200 x 400°
Moment of inertia about neutral axis, I = 1

= 1066.67 x 10° mm*
Now, moment of inertia of shaded portion about N.A,

3
I, = w +200x100x 1507 = 466,67 x 106 mm*
MxI,
Now, moment resisted by shaded portion = =
00 5 466-67 x10°
= T 066,67 x10° ~ 875 KN-m
()
Free expansion in x-direction = LaT
Now,compression stress in y-direction due to temperature rise,
6. = EaT

ocopyright: MMIADE ERSY

www.madeeasy.in



18 ESE 2024 Prelims Exam e Classroom Test Series MADE EASY
So, expansion in x-direction due to o, i.e.
Mo,
5=t
pwLoT
Hence, expansion along x-direciton = LoT + pLaT
LaT(1 + p)
20. (c)
) am
Shear force at any section X - X, V., Ir
—wx? 2wL
—wx +——
2L 3
Now, V. 0
—wx? x4 2wL 0
- 2L 3
= -3x2-6Lx+4L%2 = 0
% + 6_x -4 0
- LI
X —6++6% —4x3x(-4)
L 2x3
—6++/36+48 -6+/84
6 6
84
-1+ % (Neglecting - ve sign)
-1+1.527 =0.527
x = 0527 L
21. (c)
TL
Angle of twist at free end, 6 = Gl,

where, T = 2kN-m =2 x 10° N-mm
L = 1000 mm
G = 78 x 10° N/mm?
I, = 2md b =2mx 49° x 2
o - 2x10° x 1000

0.017 radians

T 78%10% x 21 x 49° x 2
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22, (c)
Maximum principal stress, o,
Minimum principal stress, ©,
Now, maximum shear stress, T

23. (c)

BMD of beam is shown below

16 [+ M7+ 77

nD?3
%[M—\/W +77]
61— 0
2
16 {\/W T2 4 M2+ T2
nD? 2

& [Vmrr]
T

C
AI L/2 fo—— /2 — 5
PL/2
PL BMD (M-diagram)
Al
PL/4EI PL/4EI
PL/2EI PL/2EI
MJ/EI diagram
Using Area-Moment I®t theorem,
0,-0, = A/ +A,+ A, (-0,=0)
LBl L L L L (2L L)L
= 05 = 2 2EI 2 4EI 2 2 \2EI 4EI) 2
P> PL* PL* 5P

Op

24. (b)

+ + =
8EI 8EI 16EI  16EI
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dy -1 AR
—7 = —wyX| —| Xsin—x—
dx EI T
4
= w, = —EId Z = Wy sin—
x
At x = %, w = %
25. (¥
Applying area moment theorem,
1 ML,
O5-04 = 375 %
N N N U W W N U U
\. .../
I L I
)
%diagram
MyL
EI
M,
% T 2m [-6,=0]
1ML 2L M,
Also, d,-98, = LN, X?XL = 3E [. 8,=0]
M,
= % = 3Er
26. (d)
Downward deflection B due to load,
w B
AA A AC
L L
VA VB VC
5 . 5 weD' 5wl
384 EI 24 EI

Upward deflection at B due to reaction at B,

Vs (2L)° VL

O = T REI 6EI
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Now, & =08" [As deflection is zero at B]
5wl VL
- 24 EI ~ 6EI
5
= Vg = ZWL
= = 1 wXx 2L - EwL
Now, Va=Ve=75 1 [ Due to symmetry]
= 1{ZwL —§wL} = EwL
2 4 8
27. (a)
By principle of superposition,
gl Ag = Mal Myl
opeatA Oy = 3Er T 6kl
ol B e - M4L N M;gL
opeats O = Tepr " 3EI
M,L N ML
94 _ 3EI " 6EI
Now, 05 = m =1.5
6EI 3EI
2M 4 + Mp
= M, +2M, - 19
= 2M, + M, = 1.5 M, + 3M,
= 05M, = 2 M,
Ma
28. (c)
High tension steel is more brittle and mild steel is more ductile.
29. (b)
As we know
E = 3K(1 -2p)
Now, u<0<05
= E < 3K
K1
- E~ 3

For homogenous and isotropic material, the number of independent elastic constants is 2.
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30.

31.

32.
33.

(d)
* Under pure normal stress, only volume change may occur.
* Under pure shear stress, only shape change may occur.

(b)
Deflection at point B due to UDL and V7, is,

_wlt Vel
B 8EI  3EI
20 kN/m
’ B
A : . A
[=4m
VB

Now, Ap =0

3 l
= Vp = 3 w

3
N V. = —=x20x4=30kN

B 8
Let, point of contraflexure is x distance from B at point C.
Now, Bending moment at C (from right) = 0
2
= _VB XX+ wx =0
2
2
= -30x + 20 x 5 = 0
= x =3m,0m
. Point of contraflexure is at 1 m from fixed end.
(d)
(0)
Maximum stress in timber, 6., =8 N/ mm? at 100 mm from NA
L 8x75

Now, stress in timber at 75 mm from NA, ¢, = 100 =6 N/mm?

So, stress in steel at 75 mm from NA, 6, = 6 x 20 = 120 N/mm?

|75 mm-»|
|« 100 mm —
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Now, Moment of resistance, MOR

150 x 2002 25 x 1502
O max w ><7+05 X—
g 6 6
8 x 1 x 10° + 120 x 0.09375 x 106
(8 +11.25) x 106 = 19.25 kNm

34. (o)
35. ()
Strain gauge is in direction of major principal strain.
Major principal strain, &, = 400 x 10-°
Minor principal strain, €, = - 400 x 10
Maximum shear strain, ¢ = € - ¢,
= (400 - (- 400)) x 10°°
= 800 x 10°°
Tmax 20
Shear modulus, G = O = 800x10°°
= 25000 N/mm? = 25 GPa
36. ()

Let, the reaction at C is R.
Now, deflection at C in beam AC is,

A/

wl*  RIP

8EI 3EI

16 kKN/m
C
[ =3m T
M, Va K
A lR

Deflection at C in beam CB, A” =

Now, A’

162 9R
= ‘EI EI
= R
Now, V,+R
= V,

|
B
c [=3m
VB
_ 16x3" Rx3® 162 9R
© 8EI 3EI EI EI

R’ Rx3® 9R
3EI  3EI  EI
=A”
9R
T E
= 9kN
= 16x3
= 48 -9=39kN
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37. (c)
L :
Effective length of column, [, = 5 (. Both ends are fixed)
Axial compression force in column due to rise is temperature by AT, P = EaAT x A
) n’El _ 4n’El

Also, Euler’s load, P,, = (Le)g -
Now, p=r,

4n’El
= EaATA = 3

L
4m? (n d4) 0
nd

= AT 64

I2xox ™42 " dol?

Section B : Geo-technical & Foundation
Engineering-I

38. (b)
Bulk un bt of sob v, = Weight of soil
ulk unit weight of so1, y, = Volume of soil
where weight of soil = 2770 - 946
= 1824 gm
1824
So, y, = 1000 =1.824gm/cc
G(1+w)p,
Now WS T e
265(1+0.1)x1
= 1.824 =
1+e
_ 265x1.1 ~1 = 0,508
- ©T T1s4 TV
39. (o)
As we know,
_w _(VL —Vd)Xpw
w, = WLT T T
where w; = 60%, w,=20%,V, =40cc, V,=23.5cc
M, = Mass of dry soil
0o = 06— (40-235)
M,
16.5
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Hence, dry density of soil, [

Now,specific gravity of soil solids, G=

= G
40. (b)
41. (a)
42. (d)
43. (b)

T,
0, 100
1
B5 W
4125 100
1

— =27
057 -0.2

When a soil is stressed to a level greater than maximum stress to which it was ever subjected in

past, a kind of breakdown occurs in soil structure resulting in higher compressibility.

44. (c)

Settlement, AH

45. (0
Undrained shear strength of clay,

C

u

7t><502(

C,H, o &+ C.H, o Oy + AG

1+ () 60 1+ () (_SC

0.03x 3.8 120 0.27x 3.8 150

005%58, ;120 | 0-27x58) 159
1+0.9 60 1+0.9 120

0.06 log2 + 0.54 log1.25

. r
ndZ(h - d)

2 6

40 x 1000

100 = 50
[ + _—
2 6

) = (0.087 N/ mm?

87 kN/m?

6, - u =200 + 150 - 75 = 275 kN/m?
0, - u =200 - 75 = 125 kN/m?

46. (c)
Since clay is normally consolidated, C = 0
Now, ¢’

(B =55 1(275—125) - 1(150)
Sin — | = SsIn — - | = SsIn —
Gyf + 0y 275 +125 400

ocopyright: MMIADE ERSY

www.madeeasy.in



26 ESE 2024 Prelims Exam e Classroom Test Series MADE EASY
47. (o)
48. (c)
Failure envelope in terms of effective stress parameters is a straight inclined line. While in terms of
total stress parameters, it is a horizontal line.
49. (b)
50. (d)
51. (d)
* Quicksand condition occurs when flow is upward through the soil.
* In clays, the shear stress does not get reduced to zero even when the effective stress becomes
zero, owing to its cohesion.
* High artesian pressure in a coarse sand is major reason for development of quicksand condition.
52. (c)
G G
As we know Y, = 1Yw = Yé”w
where G =277y,=981kN/m? S=0.8
27x981 2649
Ya = ,27xw  1+338w
0.8
53. (c)
g N Pa_13g
Mass specific gravity in dry state, G_ 4 = 0,
= p, = 1.8 g/cm?
Gy
Now, void ratio of soil, e = ? -1
_ 27 1=05
1.8
Now, mass specific gravity in saturated state,
_ Psat
Gms T P
o - G+e
= ms T 1+e
_ 27+05 _ 222.13
1+05 15
54. (d)
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55.

56.

(d)

HyCylog(t, /t;) HyC,Alogt
SS 1+€f B 1+€f

(b)

Initial area of soil specimen, A, = 1100 mm?

15
. : = —=0.15
Axial strain, € 100
Final area of soil specimen. 4. = -2 =190 0119 mm?
inal area of soil specimen, A, = 1-¢ 1-015 e mm

30x107° )
— =23.18 kN/m

Unconfined compressive strength, g, = 129412 x10-°

Section C : Environmental Engineering-I

57.

58.
59.
60.

61.

62.

63.

(d)

Schistomiasis also known as sleeping sickness is caused by snails carrying the intermediate vector
(parasitic flat worms called schistosomes) for disease. These snails (crustaceans) thrive in clean
water canals in many tropical countries and can create a major health hazard.

(b)
(b)
(a)

This process is not suitable for highly turbid waters, because the suspended impurities get deposited
around the zeolite particles, and thus cause obstruction to working of zeolite.

()

3MLD

0.3 x 1076 x 3 x 10° = 0.9 kg
Now,daily requirement of bleaching powder

Daily water demand

Daily chlorine requirement

-2 3k
03 7°®

(c)

Head loss through bed, h;, = D(1 - n)(G - 1)

= 0.6(1 - 0.6)(2.65 - 1)
= 0.396 m

(d)

* Iron salts produce heavy floc and can therefore remove much more suspended matter than

alum.

* Handling and storage of iron salts require more skill and control as they are corrosive and
deliquescent.
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64. (o)

Amount of alum required daily

12 x 1076 x 15 x 106
180 kg/day

Now, chemical reaction of alum is given below.
Al(SO,),- 18H,0 + 3Ca(HCO,), — 2AI(OH), + 3CaSO, + 18H,0 + 6CO,

Molecular mass of alum
Molecular mass of CO, =
Hence, 666 gm of alum releases =

180 kg/day of alum will release =

65. (a)
Requirement of cloth area =
Now, area of one bag =
So, Number of bags =
66. (d)
In a settling chamber
Vi _
0T

where V, is terminal settling velocity.

= V,

Also, V, =
Equating (i) and (ii), we get

g(pP _ptz)dlzj

666 gm

44 gm

6 % 44 gm of CO,

6 x 44
666

%180 =71.35 kg/day of CO,

20 x 60
4

nDH
% 0.5 x 6 m?

=300 m?

300 _ 100
nx05x6 T

18

Y =

67. (d)

Vi
L
V,H
L
g(pp —p.)dp
18
V,H
L
1/2
B (18thHJ
gppL

[ pp>>>p,]
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68. (c)
Drawd 100 m, S5 = =W )
rawdown at m, S5ip9 = 4nT
where Q = 1800 Ipm = 1.8 m*/min
= = = 2 = — = 2 1
T = kB =30 x 30 =900 m=/day YT 0.625 m*/min.
W(u) = 3.355
1.8 2.4156 2.42
= ————x3355="——m ~ ==
100 = 4mx0.625 n Ty

69. (d)
70. (o)
71. (b)

Y Population | Increase % increase Decrease in

r
« in thousands | in population | in population | % increase

1990 80 40 50 16.67

2000 120 40 33.33 13.33

2010 160 32 20

2020 192

Total 30%

30 0
Average per decade 5 = 15%

.. Expected population at end of 2030 = 192000 +(

20-15

= 201600

5 ) x 1920000
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72. (0
Maximum daily draft = 1.8 x Average daily draft
= 1.8 x 25 =45 MLD
Maximum hourly draft = 2.7 x Average daily draft
= 2.7 x25=67.5MLD
[ Maximum daily draft + Fire demand
Now, Coincident draft = Max. or
i Maximum hourly draft
[45+60
= Max.| or =105 MLD
| 67.5
73. (d)
74. (b)
As per Sichardt equation,
Radius of influence (in m) = 3000svk
where s is drawdown in m
k is permeability in m/s
75. (b)
EEEN
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