


Engineering mechanics (KCE-301) solution by -   Vikas Gupta 
Q1-(a) 
(i)the frame is perfect frame
(ii)the frame carries load at the joints
(iii)all the members are pin joine
(b)
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It states that if the moment of inertia of a plane area about an aa= 1% * = = . 5 .
through the C.G. of the plane area be represented by Z;, then the moment of the inertia of the
fgiven plane area about a parallel axis AB in the plane of area at a distance / from the C.G. of
the area is given by

Iy =1Ig+AR2
where 7, = Moment of inertia of the given area about AB
1, = Moment of inertia of the given area about C.G.
A = Area of the section
2 = Distance between the C.G. of the section and the axis AB.
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Varignon’s Theorem states that the moment of a force about any point is equal to the
algebraic sum of the moments of its components about that point.

Principle of moments states that the moment of the resultant of a number of forces
about any point is equal to the algebraic sum of the moments of all the forces of the system
about the same point.
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proof of 'Varignon’s Theorem
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Fig. 3.4 (a) shows two for i i &
e o agiin i
3:3‘:; ilgl ?ni ;:;‘Q ;sf che giugo;:; of parallelogram OACB. Let 0 is the point in the plane
koot which moments oL ¥ s and R are to be determined. From point ', draw perpendicu-

Let r, = Perpendicular distance between F, and 0.
erpendicular distance between R and 0"
Perpendicular distance between F, and 0",

Then according to Varignon’s principle ;

Moment of R about O must be equal to algebraic sum of moments of F; and F, about 0.
or Rxr=Fyxr+Fyxn,

Now refer to Fig. 3.4 (b). Join 00 and produce it to D. From points C, A and B draw
perpendiculars on OD meeting at D, £ und F respectively. From A and B also draw perpen-
Hieclars on CD meeting the line CD at G and H respectively.

Let 0, = Angle made by F with oD,

6 = Angle made by R with 0D, and
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-dnen v = fes T

P, sin 6, =AE =GD = CH
OE

F, cos 0,
F,sin 0, =BF =HD
F, cos 0, = OF =ED
(+ OB =AC and also OB || AC. Hence projection” of OB and AC

on the same horizontal line OD will be equal i.c.s oF =ED
Rsin6=CD
Rcos06=0D

Let the length 00" ==
Then xsin 6, =r;,xsin8=7 and x 8in 0, =7,
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Now moment of R about 0 : ~
=R x (L distance between O’ and R) = Rxr

=Rxxsin® e
= in 6! i
=(éiDs:nx ) xx (' Rsin®=cp)
=(CH+HD)xx

F,sin0, +F,sin0)xx (= CH=F,sin0, and HD =F,sing,)
=F xxsin0, +F,xxsin0,
=F xr +Fyxr, (r xsin® =r andxsin@,
= Moment of ', about O’ + Moment of F, ahout O".
Hence moment of R about any point in the algebraic sum of moments of its components
(i.e., F, and Fy) about the same point. Hence Varignon's principle is proved.

The principle of moments (or Varignon’s principle) is not restricted to only two concurrent
forces but s also applicable to any

coplanar force system, i.e., concurrent or non-concurrent or
parallel force system.
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(u) Free Body Diagram of Cylinder
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R, - Ry - 100
sin (180° — 40°) sin (180° — 15°) sin (15° + 40°)
R, Ry, __ _100

sin 40°  sin 15°  sin 55°

100 x sin 40° _ 100 x 0.6428
Ry=——ST 2 == 220 _ 78,
. sin 55° 0.8192 SN

100 x sin 15° _ 100 x 0.2588
Ry =100 xsin 157 A0 L2 —31,
2 sin 55° 0.8192 O,

Ans.

Ans.
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Magnitude of the resultant Sforce

Resolving all the forces horizontally (i.e., along 4B), and find the algebraic sum of all the
horizontal components,

IH =20 cos 0° + 30 cos 30° + 40 cos 60° + 50 cos 90° + 60 cos 120° N
= (20 x 1) + (30 x 0.866) + (40 x 0.5) + (50 x 0) + 60 (- 0.5)N
=360N (1)

Resolving the all forces vertically (i.e., at right angles to 4B), and find the algebraic sum of
all the vertical components,

¥ = 20 sin 0° + 30 sin 30° + 40 sin 60° + 50 sin 90° + 60 sin 120° N
= (20 % 0) + (30 x 0.5) + (40 x 0.866) + (50 x 1) + (60 x 0.866) N
=1516N (i)




image16.jpeg
We know that magnitude of the resultant force,

R= \/(ZH)z T @YY = \/(35'0)2 +(151.6)2 =1558N  Ans.
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or 0 =76.6° Ans.
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Tnangle ABD is a right-angled triangle having angle ADB = 90°.
AD=ABcos60°=5x05=25m

The distancc of the line of action of the vertical load 10 kN from point A will be AD

cos 60°
ar 25x05=125m.
From triangle ACD, we have AC = AD = 2.5 m
< BC=5-25=25m
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*The horizontal force Fy is more than F,. Hence the horj -
direction of F,. This is only possible if Fy is acting away from B, - "Penent of Fy must be in the
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In right-angled triangle CEB, we have

BE = BC cos 30° = 2.6 x %
The distance of the line of action of the vertical load of 12 kN from point B will be

BE x cos 30°
V3), V3
(285 ) S o

- The distance of the line of action of the load of 12 kN from point A will be (5 — 1.875)
=3.125'm.
Now taking the moments about A, we get
Ry x5=10x125+12 x 8.125 = 50
50

Ry= 7 =10kN

R, = Total load - R,

or BE x

2

(10 + 12) — 10 = 12 kN
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Joint A
Let  F, =Force in member AD, and
F, = Force in member AC.

Let the directions of F, and F, are assumed as shown in
Fig. 7.13.

Resolving the forces vertically,
F, sin 60° = 12

RAy= 12N

_12_ _ 13,856 kN (Compressive)
sin 60°
Resolving the forces horizontally,
F,=F, cos 60° = 13.856 x 0.5 = 6.928 kN (Tensile)

Now consider the joint B.

1
Fig.7.13
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Joint B
Let F, = Force in member BE, and
F, = Force in member BC.
Let the directions of F; and F, are assumed as shown in
Fig. 7.14.
Resolving the forces vertically, we get
F, sin 30° = 10 Fg= 10KN
10 -
Fy= coge =20 KN (Compressive) Fig.7.14
Now resolving ihe forces horizontally, we get
F, = Fy cos 30° = 20 x 0.866 = 17.32 kN (Tensile)

Now consider the joint C.
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Fy = Force in member CE
Fg = Force in member CD
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Let the directions of F, and F, are assumed as shown
in Fig. 7.15.

The forces ¥, and F, arc already known in magnitude
and directions. They are tensile and hence will be pulling
the joint C as shown in Fig. 7.15.

Resolving forces vertically, we get

Fg 5in 60° + F sin 60°

or @)
& forces horizontally, we get

or =ferFh 1732 - G928 = 10.302

or —F, 4 F,=10.392 x 2 = 20784

or Fy+ Fy - 20784

" 20784

Fig. 7.15
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4
—5 — =10.392kN
and Fy=

s == Fy = - 10.392 kN
The magnitude of F is —ve, hence the assumed
direction of F, is wrong. The correct direction F, will be as
shown in Fig.'7.15 (a)
% F;=10.392  (Compressive)
and Fy

(Tensile)
Now consider the joint E.
Joint E
Let F, = Force in member ED

Let F, is acting as shown in Fig. 7.16.

Fig. 7.15 (a)
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The forces F and F; are known in magnitude and
directions. They are compressive hence they will be push-
ing the joint £ as shown in Fig. 7.16.
Resolving the forces along BED, we get
F, + 12 cos 60°

or

3—12x 05
=20 -6 = 14 kN (Compressive)
As F is positive hence the assumed direction of
i

Fig.7.16
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In triangle ABC, tan 6 = =

CA 4 Fac
AC 4 4 x 2 c A
cos 6 = = = and sin 6 = 8
AB [p2.4r 20 20
F
Refer to Fig. 7.32 (a). The forces are shown at joint A. Resolving g *
forces vertically, we get Fig. 7.82 (a)
F g 5in 0 = 200

_ 200 _ 200 _ 200x 420
sn® 2 2

'AB =4472kN. (Ans.)
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Resolving forces horizontally, we get
Fpo=Fyycos0
Tensile).
= (100 x ¥20) x J” =400 kN (

Joint B [Refer to Fig. 7.32 (b)]

c
ZABC =90-0 o
Resolving forces vertically,
Fyo=Fy c0s (90— 0) e 5 74
=Fyysin =
2 Feo B
= (100 x 4/20) x 5 Fig. 7.32 ()

2
” - in@=—s
[. Fyp =100 % 420 and sin J'ZFJ
200 kN (Tensile)
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Resolving forces horizontally, we get
Fap=Fpsin (90 —0) = F,y cos 6

4 4
= (100 20 —— =400 kN (Compressive)
(00320 p .

e oy




image33.jpeg
Joint C
Refer to Fig. 7.32 (c).
Resolving forces horizontally,
Fgpcos 0+ Fpyeos0=Fye

400

4
F, —= 4Ky
&> Jog TP a0
V20
Fog +Fep=100x =
=100 x V20

i)

Fig. 7.32 (0)
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Resolving forces vertically, we get
Fg sin 0 = Fp sin 6 — Fao =0
or (Fop—Fep) sin0= F,,C =200

Fop—Fep= sm—e=(—

=100 x {20

G

Fye =200 kN)
z 2
sinf=—

v 20]

-
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Adding equations (i) and (if),
2F o, = 200 x 20

Fgg =100 x Y20 (Tensile)
alue in equation (i), we get

Substituting this v
Fm=100x‘/2_64100x./2—0=0
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Support Reactions

To find the support reactions, consider joint D and E.
Joint D

The force Fyp) = 400 kN
whereas F,. = 0. Hence at joint D, there will be only horizontal reac-
tion Rpy, which will balance force F,.

Ry = Fyy, = 400 kN.

Joint E

At joint E, the force Fg =100 x /20 kN. To balance this force,
there will be horizontal reaction and vertical reaction at £.

Let Rpgy = Vertical component of reaction at &

Ry, = Horizontal component of reaction at £
Resolving forces horizontally, we get

By = Fygp cos 0 = (100 x y20) x

i Feg=8
I =400 kN. Ans. Fig. 7.32 (e)
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Fec=0
Fig. 7.32 (e)
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4753 B VYV a4t

Joint E

At joint E, the force Fc=100 x /20 kN. To balance this force,

there will be horizontal reaction and vertical reaction at E.
Let Rpy = Vertical component of reaction at £

Ry = Horizontal component of reaction at £
Resolving forces horizontally, we get

Ryyy = Fge cos 0 = (100 x y20) x ——— = 400 kN. Ans.

V20

Rpy = Fy sin 0 = (100 x y20) x ,/;5 =200 kN. Ans.

Now the nature and magnitude of forces in the members are :

AB — 447.2 kN (Compressive)

BC — 200 kN (Tensile)

AC — 400 kN (Tensile)

BD — 400 kN (Compressive)

CD -0

CE — 447.2 kN (Tensile)

Resolving forces vertically, we get
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Solution : The given area can be divided into a square, triangle and semi-circle as
shown in Fig. 45.12 ().
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2
The radius of the semicircle is e 2828 m

The calculations are tabulated as follows :
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10 m

1
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Area A, =125 x 10.= 1250 mm”

Area A, =75.x 10 = 750 mm?

Total Area = 2000 mm?

First, the centroid of the given section is to be located.

Two reference axis (1)-(1) and (2)-(2) are chosen as
shown in Fig. 5.54.

The distance of centroid from the axis (1)-(1)
sum of moment of areas A; and A, about(1)-(1)

Total area )
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1205+ 750(10+EJ
e, Te=—— N 2
2000
= 20.94 mm
Similarly,
the distance of the centroid from the axis (2)-(2)

1250x%+750x5

2000

= j= = 40.94 mm
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With respect to the centroidal axis x-x and y-y, the centroid of A, is g; (15.94, 21.56) and that o
A, is g, (26.56, 35.94).

I, = Moment of inertia of A about x-x axis + Moment of inertia: of A, about x-x axis

3 3
L= 20525 L soxanse s X0 L oo 30,042
2 12
ie, I, = 34,112989 mm* Ans

Similarly,
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125x10° 10x 753
= 20 2 x75
I, o + 1250 x 15.94* + 7t 750 x 26.56*

e. 1,, = 12,08658.9 mm*
Polar moment of inertia =1l +1,,
=34,11298.9 + 12,08658.9
I = 46,19957.8 mm*
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30 mm

30 mm
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The :nlculu ions are tabulated as follows :

x mm ymm I, mm

15 2 30x40°
12

40 o 30x40°

3 857

15 g0 4X15 oax1st
3z

memxXlllm

-247 -697
-9.14 18.03
239 -697
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43 mm”

>A
3 Ax = 47301.44 mm?

S Ay = 48387.17 mm>

215
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It states that if a force, acting at a point on a rigid* body, is shifted to any other point
which is on the line of action of the force, the external effect of the force on the body remains
unchanged.

(@
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\/“If anumber of coplanar forces are acting at a point such that they can be representes
0 magnitude and direction by the sides of a4 Polygon taken in the same order, then their

resultant is represented in magnitude and direction by the closing side of the polygon taken in
the opposite order.
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forces F,;, F, and F; acting in a plane and these forces in-
tersect or meet at a common point O. This system of forces
is known as coplanar concurrent force system. Hence in
coplanar concurrent system of forces, all the forces act in
the same plane and they intersect at a common point.
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