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Preface

Civil Service is considered as the most prestigious job in India
and it has become a preferred destination by all engineers. In
order to reach this estimable position every aspirant has to
take arduous journey of Civil Services Examination (CSE).

Focused approach and strong determination are the pre-

requisites for this journey. Besides this, a good book also comes

in the list of essential commodity of this odyssey. B. Singh (Ex. IES)

| feel extremely glad to launch the revised edition of such a

book which will not only make CSE plain sailing, but also with 100% clarity in concepts.

MADE EASY team has prepared this book with utmost care and thorough study of all previous years
papers of CSE. The book aims to provide complete solution to all previous years questions with

accuracy.

On doing a detailed analysis of previous years CSE question papers, it came to light that a good
percentage of questions have been asked in Engineering Services, Indian Forest Service and State
Services exams. Hence, this book is a one stop shop for all CSE/IRMSE, ESE, IFS and other competitive

exam aspirants.

I would like to acknowledge efforts of entire MADE EASY team who worked day and night to solve
previous years papers in a limited time frame and | hope this book will prove to be an essential tool
to succeed in competitive exams and my desire to serve student fraternity by providing best study

material and quality guidance will get accomplished.

With Best Wishes

B. Singh (Ex. IES)
CMD, MADE EASY Group
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Engineering Mechanics

1. Equations of Equilibrium and Statics

Q.1 A smooth hollow cylinder of radius r open at both ends rests on a
smooth horizontal plane. Two smooth spheres of weights W, and
W, and radii r, and r,, respectively are placed inside the cylinder,
with the larger sphere (radius r,) resting on the horizontal plane as
shown in figure.
Determine the minimum weight W of the cylinder that will prevent
the cylinder from tipping over.

<— Hollow
cylinder

[CSE (Mains) 2009 : 12 Marks]
Solution:
Let us consider first a free-body for the two sphere, assuming that they are joined together at their point of
contact as shown in figure. By virtue of the assumptions of smooth surfaces, we conclude that the reactive
forces P, and P, exerted on the spheres by the walls of the cylinder are horizontal forces as shown and
likewise that the reaction R, on the bottom of the lower sphere is a vertical force.

W,
— W —
[~ I 4‘
< TP
o h
A P2 2 i
G,
A B
5, Ix,

Thus the two spheres are in equilibrium under the action of the five coplanar forces shown in figure.
By equilibrium equation in horizontal axis,

P -P,=0 (1)
Taking moment about point C,,
W,b-Ph=0 (i)
From equations (i) and (ii), P =P = %

Under equilibrium condition at the verge of tipping, there will be no contact at point B. Force P, and F,

. Wib
constitute a couple, M= P, xh= S xh= Wb

Taking moment about point A, Wr=W.,b

From which, W = W19

r
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b=2r-r-r,
2r—r —r.
Expressions becomes, W= V‘A%
L+
Minimum weight of cylinder, W = W1(2— 1 P 2) o

/
Q.2 Ahomogeneous ball of weight Q and radius a as well as a weight Pare suspended @\
by cords from a point O as shown in figure. The distance OM is b. Find the A
inclination ¢ of OM with the vertical when the system is in equilibrium.
[CSE (Mains) 2009 : 8 Marks]
Solution:
Given: Weight of ball = Q, Radius = a, weight = P, OM = b.
Let inclination of OM with vertical when the system is in equilibrium be (o).
OM=b
MN = bsindand ON= bcos ¢ b

MX = a
NX'=MX-MN=a-bsind A
Taking moments about point O. X

P x (NX) = Qx(MN)
Pla-bsind) = Q(bsind)
Pa—-Pbsind = Qbsind
Pa = Pbsing+ Qbsino=(Pb+ Qb)sind

o (_Pa
SN = | Bp+ab

0= sin“(

Pa _ Sin_1( Pa J
Pb+Qb b(P + Q)

Q.3 A body A of weight 10 kN is connected to an another body B of weight
50 kN, resting on a smooth table of weight 200 kN through an
inextensible thread, passing over a freely rotating pulley mounted on a
corner of the table. Find the vertical component of the reaction of the
ground on the table when the bodies A and B are in motion. Does the
reaction change with time? The system is shown in figure.

[CSE (Mains) 2009 : 12 Marks]

Solution:
Given data:
Weight of A, W, = 10 kN = 10000 N
Weight of B, Wy = 50 kN = 5000 N
Weight of table, W, = 200 kN = 200 x 103N
3
m, = Wa 10000 _ 10x107 _ 4419 35 g
g 98l 9.81
3
my = Mo _ 5000 _ 50107 _ 505841
g 981 9.81
W _ 200x10° 0387 36 Kk
Me= "y = ggy = 20387.36kg

Let Tbe the tension in string and N be the normal force, and acceleration of the system is a.
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For body ‘B’
T=mga=(5096.84)a ... (i) — ¢
Ng = Wg=mgg . (i) B T
For body ‘A mQg-T=m,a
- (1019.36)9.81 - T = (1019.36)a .. (ii) T '
From equations (i) and (ii), N W
(1019.36)(9.81) - (5096.84)a = (1019.36)a &F
_ 101936 x981 | ooy o2 [T
6116.19
T = mga=(5096.84) (1.634) = 8328.23 N = 8.328 kN
Considering forces on table A ‘a
Let vertical component of the reaction of ground on table is ‘N’.
Considering equilibrium of forces in vertical direction on block l
T
/l/B mag
e T

;
N-=Ng-W,-T=0
N=Ng+ Ws+ T=mgg+ W,+ T=250+ 200 + 8.328 = 258.328 kN
Vertical component of the reaction of ground on table N = 258.328 kN.
The reaction is constant and will not change with time.

Q.4 A body A weighing P, descends down an inclined plane D which

makes an angle a with the horizontal and pulls a load B that weighs

P, by means of a weightless and inextensible string passing over a

pulley C as shown in figure. Determine the horizontal component of

the pressure with which the inclined plane D acts on the floor rib E.
[CSE (Mains) 2010 : 20 Marks]

Solution:
Given: Weight of body A = P,
Weight of body B = P,
For body A
| R, |
P, sina—T = g (i)
N= P, coso. .. (i)
For body B, TT
P2
T-P, = rl a (iii)
B
From equations (i) and (ii), we get ‘a

a3 3) |
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_ Rsina-F
- (P+PR)/g
Putting the value of ‘a’ in equation (iii), we get
r_p, - (EJX(MJ
9) \(R+R)/g
- p , PPsNa-P) _ PP+ +PRsina -
SRR P+R
_ AR, +Ppsina AR(+sina)
P+ P, AR
Forces oninclined plane, D é ‘
Let the horizontal component of the pressure with which the inclined |
plane D acts on the floor rib E be £,
F.,— Nsino + Tcoso = O .. (iv)
Putting the value of ‘N’ from equation (ii) and value of T in equation
(iv), we get E
F — (P cosa)sino. + Mcoea =0
Pi+F,
F. = P.cosa xsino - PF(1+sino)coso
Pi+F
Q.5 The crane shown in figure below is supported by cables BD and BE. The distances marked are in m.
What are the tensions in the cables BC, BD and BE, when BC is parallel to the x-axis?
y C
50 kN
D
N z
E >~_
[CSE (Mains) 2010 : 8 Marks]
Solution:

Coordinate of different prints are :-
D(-10, 0,-8), E(-10, 0, 8), B(0, 12,0), (12,12, 0)

12
At point C: ’[ane=§:e:45O
T408iN45° = 50 kN

Tc = 5042 kN

Toe = T4oC0s 45° = 50 kN
By symmetry at point B, Top = Tge

Too=2x Tyx 104, 10

J164+144 164

= 50 = 1.1396 Ty,

TBE

U

= 43.874KN =T,
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Q.6 A beam ABof length 2 m, hinged at A and supported at B by a
cord which passes over two frictionless pulleys (P, Q), carries a
50 kN load as shown in figure. Determine the distance x, where
100 kN load is located on the beam, if the beam is to remain in
equilibrium in horizontal position. Also determine the reaction
at the hinged end.

[CSE (Mains) 2017 : 10 Marks] A

Solution:
Let us consider free body diagram of beam AB and frictionless pulley Q.
For pulley Q: ZFy =0 (force equilibrium)
2T=500r T=25kN
For beam AB: M, =0 (moment equilibrium)
2T  2x25

— = 0.5m
100 100

Tx2=100x x = X =

Vertical Force Equilibrium:

IF,=0

A,+ T=100= A,=100-25=75kN
IF =0

Horizontal Force Equilibrium:

ie, A =0

The answers are :

Location of 100 kN load i.e. x = 0.5 m

Vertical reaction at support A = 75 kN (upward)
Horizontal reaction at support A = 0 kN

Q.7 Acord ACB, 5 mlong is attached at points A and Bto the vertical
walls, 3 m apart (Figure 1). A pulley of negligible radius carries
a suspended load of 200 N and is free to roll without friction
along the cord. Determine the position of equilibrium as defined
by the distance X, that the pulley will assume and also the tensile
force in the cord.

[CSE (Mains) 2018 : 10 Marks]

T
T
fe— 2m ——
| x
100 kN

A
fe— 2m —— T
A—>A
X
A B
\
A, 100 kN

y
FBD of beam AB

50 kN
FBD of pulley Q

Solution:
Given data:
Length of cord ACB =5m
Lengthof DB = 5m
Considering ADCPand ADBE a
CP  DP DC ,
BE ~ DE DB - 0
DB =5m F
DE=38m
BE = \/(DBY - (DEY D
= (67 ~(3f =4m

4-1

AF=FD=/G=GE=T=1-5m
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PC=FD=15m
- ion oP _FC
rom equation (i), OF = BE
x _ 15
- 374
vo X5 g qo5m
For the equilibrium, 2Tsin® = 200 . (i)
AF _ 15 4 T T
and tane_FC_1.125_3 77777777 N
4 c
sin 6 = 5
Putting the value of sin6, in equation (ii),
27_(&) (Free body diagram at pulley)
5) = 200
- e 200><5=125N
Position of equilibrium that the pulley will assume, x = 1.125 m
Tensile force, T= 125N
Hinge\
Q.8 A 600N cylinder is supported by the frame BCD as shown in the :l D
figure. The frame is hinged at D. Determine the reactions at A, _ <300 mm-=
B, Cand D. e __ Cylinder
[CSE (Mains) 2019 : 10 Marks] S 5
Solution: T c (/\6\6\ A
Drawing the FBD of the frame. Z © i
B

a1 Ne
L™
Bl
150
Since the frame is stationery
.. Net moment of forces about D is zero.
. IM,=0
= Nx 450 = Ngx 150
= Ng = 3N,
Drawing FBD of the cylinder
NC NA

450
<
=

YF. =0 |YF =0

Fyp = Ng
0

Frp = -Nc
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Net for us in horizontal direction is zero.

o N, = N,

Also, net forces in vertical direction is zero.
Ng = 600N

N

from equations (i), (ii) and (iii), Ny= Ng= ?B =200 N
Nz = 600 N

Reaction at point D, Fip=-No=-200N
F,p = NB = 600N

(i)

.. (i)

Ny = FBp + Ry = (~200 +(600)% = 632.45 N

Q.9 A tower guy wire is anchored by means of a bolt at A. If the magnitude of the tension in the wire is
2500 N, determine the components of the force acting on the bolt in the x, y and z directions.

y

80m

S ——

i A B N —

777 7 IN S S

Solution:

y

80m

S ———

77 NNV S ==

77 7 NS S

77 7
=777
L~

Simply find the unit vector, AB =

‘

Coordinate of A (40, 0, -30)
Coordinate of B (0, 80, 0)

[CSE (Mains) 2020 : 10 Marks]
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—_—

AB

(0-40)i +(80-0)/ +(0+30)k

= —407 +80] + 30k

48] = |[(~40 + (80 + (30" = 10189
AB = —0.424i +0.848] +0.318k
Force vector acting at the bolt A, F = |@|Z\B

= 2500(~0.424 +0.848] +0.318k)

F = 10607 + 2120 + 795k
F. = —10607 (N);F, = 2120 (N)
= F, = 795j(N)
Q.10 Determine the moment of inertia of the shaded area with respect to the x-axis.

y

————— 240mm ——— |

r=90 mm
120 mm

X x

[CSE (Mains) 2020 : 10 Marks]

Solution:

[Ishaded area]xx = [Irectangle]xx_ [Isemicircu\ararea]xx
2 3 2
h bh h 1, .3
([rect.)xx = IGG +A X(E) = W‘F bh x (7) = gbh
oo = %x 240x120° = 1.3824 x 10® mm*
nrt
[[semicircu\ar area]x’x’ = ?

2
4r .
[[semicircu\ar area]x’x’ = [IS—C]GG + AS—C x (g) [S'C = Sem|C|rcuIar]
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nrt s nr?  16r?
g = ekt g

4 4
r 16r n 16
Uecloa = 8 18m a [5_@]

= 9o4x[g—%]=7.2011x106 mm?*
T

[[ - ] = [IS-C]GG + As—c x d?

d= mo_(ﬂ)
3n

d= 120-2%90 _ g4 8028 mm
3n
2
A xa? = TX 8180287 = 8.5141x 107 mm’
[, ], = [7.2011 x 108 + 85141 x 107] (mm*)

9.2342 x 10" mm*
= 1.3824 x 108-9.2342 x 107
= 4.5898 x 10’ mm*

[Z

Shaded area]xx

Q.11 What is the supporting force system at A for the cantilever beam shown in the figure? Neglect the
weight of the beam.

400 N/m
B
A \Q(i
500 N
300 N
I 1.5m =0.5 m—1 1m |

[CSE (Mains) 2021 : 10 Marks]

Solution:
Let R, ny and M, be reaction forces and moment at support A i.e.

M, 400 N/m
R (a B s 500 cos30°

R, 500 sin3o°  D0ON

300 N
| 1.5m }=<0.5 m—>1 Tm |

Resolving forces along x and y axis.

y
/ A \ B 500c0s30°=433.01 N

R .
N €| &”300 x 0.5 = 150 N-m .

4 300N 500 sin30° = 250 N
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As beam in equilibrium thus, ZF =0, ZFy =0,ZM, 4 a=0

IF =0

= -A +433.01=0

= R_= 433.01N (Towards left)
IF,=0

= Ry—%x400x1.5—300—250 =0

= R,= 850N (Upwards)
ZMaboutA =0

N _/\/IA—(%x400><1.5)x1+300><1.5+150+250><3:O

= M, = 1650 N-m (Anticlockwise)

Q.12 An inscribed circular hole is made in a triangular lamina with each side ‘a’. Find the area moment of
inertia of this lamina about one of the sides.
[CSE (Mains) 2021 : 15 Marks]
Solution:
Inscribed circular hole in triangular lamina of side ‘a’

In AAOD,

a
- —tan30°=
= r= Zan

_a
243

Area moment of inertia) ( Area moment of inertia )

of circular area about AB

Area moment of inertia of shaded portion about AB =
of AABC about AB

o b a (V3 ) | | 3
Area moment of inertia of AABC about AB = 15 = EX 73 [b=base = a, h=height = asin60° = ?a]
_ Y3 4 _ 0054124
32

Area moment of inertia of circular area about AB = 1, , + A.r?
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4
Srx (i) = 0.027274"
4" "\ o3
Iz = 0.05412a"~0.02727 4"
L = 0.02685 &

Hence, the area moment of inertia of inscribed circular hole in a triangular lamina of each side a is 0.02 a*.

Q.13 A pipe with external forces is shown in figure. The loads 300 N, 200 N and 900 N are acting at the
centres of pipe sections as shown in the figure. Find the resultant of force system at point A shown in

the figure.
[CSE (Mains) 2022 : 10 Marks]
Solution:

For the given figure:

F.= 400N

F, =—(900 + 300 + 200 + 500) = ~1900 N

F,= 600N
According to given directions, F,= (400? -1 900]' + 6OOR)N

Resultant moment of the system at A would be

— = -

M = rxF
Moment of force acting at P:
i j k
Mi=110 -8 20
400 -500 600

= 1(5200) + /(2000) — k(1800) ()
Moment of force acting at Q:
i k
M,=|5 -8 20
0 -300 O

- 300(20? - 5/2)
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= 60007 + 1500k (i)
Moment of force acting at R :
i j  k
My=10 -4 20
0 -200 O
= 200x (207 ) = 4000 ...(ji)
Moment of force acting at S:
i ]k
M,={0 0 10
0 -900 O
= 10x(900/) = 9000i (iv)

Net moment of all the forces:

My =M, + M, + My + M,
f(5200 + 6000 + 4000 + 9000) + /A'(ZOOO) - /2(1 800+ 1500)
242007 + 2000/ — 3300k

The moment reaction at A would be

M, = —24200i — 2000; + 3300k Nm

Q.1 A stuntman drives a motorcycle around a circular vertical wall 30 m in diameter. The coefficient of
friction between the tyre and wall is 0.6. Determine the minimum speed that will prevent sliding down
the wall. Determine the angle also by which the motorcycle is inclined to the horizontal.

[CSE (Mains) 2012 : 12 Marks]

Solution:

Given d = 30 m, Coefficient of friction, u = 0.6
Let the minimum speed that will prevent sliding down the wall be v.

V2 Fy=uN

Normal force, N = mT
2
Friction force, fo= % =uN
For equilibrium, Friction force (f,) = Weight o=tan ' p
2
pmve mg

r
gr _ [10x15
Y=\u V 06
Viin = 15.82m/s
Let the angle with the horizontal be 6,
9 _9_,_06
o2 R
o = tan"'(0.6) = 30.96°

tan 6 =
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