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UNIT Il

Statics of Rigid bodies in Two Dimensional

Moment of force:

Moment of force is defined as the product of the force and perpendicular
distance of the line of the force from the point.
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Moment = Force X perpendicular distance.

Mo= FxXx dN.m

Varignon’s Theorem:

The algebraic sum of the moment of any number of force about any point in
their plane is equal to the moment of their resultant about the same point.

F1Xdl+ F2Xd2+ F3Xd3= RXd
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Find the resultant force for the parallel force System shown in fig.

234N 4\;3{; Y
A £

Resultant force ‘R’
R =24+ 36
R = 60N
Location of resultant force:
Algebric sum of moment of all force about a
M, = —36x12
YM, = —432N.m
YM, = 432 N.m(clockwise)

By virginal theorem

YM,=RXx ks clacr 5
+432= +60X x By O
_ #4372 %_,;Tj’i:'
+60
x=72cm
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2. Four parallel forces of magnitude 10N, 50N, 20N and 35N as shown in fig.
Determine the magnitude and direction of the resultant. Find the distance of the
resultant from point A.
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Solution:-

Magnitude of resultant:-
R=10—-15-20+35
R = +10N

Locating of the resultant
YM,= RXx

YM,= (15%x1) + (20x3) + (—35% 4)
YM,= —65N.m
YM,= RXx

+65 = 10xx

x = (+65)/(+10)

x = 6.5m
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1. A system of forces acts on a weightless beam as shown | fig. Find the magnitude
of the resultant and the location of the point where the resultant met the beam.

am

Given:

Load at K = b5KN at 60°

K = 6KN at 45°

M = 4KN at45°

N = B8KNat60°
To find:

Resultant force & location

Soln:

Resultant R=,/ (X FH)? + (X FV)?

+_

2Fy=0—«
= —5cos60 + 6cos45 +4 cos45 + 8 cos 60
»Fy= 857KN

YE, =0T+ Ll—
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= —5sine0+ 6s5in4b +4s5in45+ 8 sin60
YE,= —12.67KN
R :V/(ZFH]2+(ZFV]2

R =/(857)% +5(1267)°

R = 153Kn

Inclination of the resultant @ = tan™* ()%)
Fr

12.67
8.57

a =tan™'(—)
a = 55.92°

To locate the resultant:

ZM,FUH T

SM, =0+ [+5in45 X 2] + [—4sin4b X 3.5] + [+8sin 60 X 5.5]
YM, = +36.69 KN.m (clockwise)

By varigon’s Theorem

YM,=RXx

+3669=153xx

+36.69
X=
13.3

x = 2.4m
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Problem:1

A coplanar parallel force system consisting of three forces acts on a rigid bar AB
as shown fig. below

a) Determine the simplest equivalent action for the force system.

b. If an additional force of 10kn acts along the bar A to what be simplest
equivalent action.

2DKN

soln:

(a) simplest Equivalent force:

ME3351 ENGINEERING MECHANICS



FBap

20 kN Lok

A
o AN 2 —9]
- B
A > E
¢ D \L
R0KV

Sum of Horizontal force X Fy, =

ZFH=D

Sum of vertical force X FV =10
2LFV =20+40—-30= —10KN
Magnitude of Resulatant Force =R

R = JEFED? + T
— /o7 ¥ (—10y:

R =+100
R =10N

Line of Action:-
Let the resultant force at distance ‘X’ From the line of action 20KN
By using varigon’s theorem
SM.=RXx
YM.=(—40x3)+(30x5)=120+ 150

TM, =430 Nm
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ZMC =30N.mc.w

I0=R Xxx - 30=10 %X x

X_B{]

~ 10
x =3m

- g0 4

A c B

20 KN O\
10KN L = I == -
—" 2 E 2
A c l

Sum of Horizontal force X F5=0

ZFH — 10KN

Sum of horizontal force 2, F,=0

YE, =—20 + 20— 30

Zﬁ, — —10KN

Resultant Force ‘R’ R = /(X (Fx)? + (X(Fy )2

R = /(10)2+ [~ 10P
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R =+/100+ 100 =200
R=1414KN

Location

Su.-YF,

ZME — (—40x 3)+ (30 X 5) = —30kN. M

>M.=30KN.M clockwise

30=10Xx
x =13m

Location

10
8 =tan™ ! 25 =tan™?! (—)
. 10

g = 45°

Mg i v
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—80P = —4628.2

462822
80

P =61.60N

i) Magnitude of the Resultant force:

Resultant R = /(X (Fx)? + (X (Fy)

Z Fy = —61.60 — 100 cos60

ZF - —11160N

Z F,=100sin60

Z F, = 86.6N

R = /[~111.60]% + [86.6]

R = 141.26N
1) Point of Application
By Varigon’s theorem
M, =R X x
M, =61.60x40+[-100sin 60X 80] =0
IM, 2464 — 6928
2. M, = —4464.2Counts clocks wise
%M, = 4464 Clockwise

SM, =R Xx

ME3351 ENGINEERING MECHANICS



4464.2 =141.26 X x

X =31.60mm
Al ,;.':
\(x' = *—
/," ~"'.
S
‘oo uJSéO ‘.. l/ / ‘I!

B

<

6. A 200KN vertical force is applied to the end of a lever which attached a shaft as
B as shown in Fig Below. Determine the(i) magnitude of horizontal force (ii) The
smallest force applied at which creates the same moment about B(iii) How far from
the end B, at 400KN Vertical force must to create the same moment about B (iv)
Replace the given system of force at B.

Vertical load atpoint A = 200KN
Lengthof bar L = 3m

Angle = 40°

Soln:

(1) The magnitude of horizontal force applied at ‘A” which create same moment
about ‘B’

Take moment about ‘B’
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M, = +200 X BC cosf = %

M, = +200 x 2.29 cosf = ?

M, = +459.62 KN.M BC = 2.29m
—F

MD = 459.62KN.m sin g = ﬁ

Take moment About ‘o’ horizontal force sin@ = i

act forwards right sin 40 = %

M, =F x AC AC =1.92m

45962 =F x 1.92

453962 KN.m
1.92 m

F=123834KN

I1) The smallest force applied at which create the same moment about ‘B’
moment About B = 459.62 KN.m o AT
Mg =F X3
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459.62= F X3

r_ 45962
-3
F =15320KN

(iii) How far from the end B, a 400KN vertical force must act to create the same
moment about B.

Let 400KN Vertical force act at a distance of ‘x” A to have same
moment —459.62 KN.m clockwise

To have clockwise moment 400 N Vertical force on the right side of A

Moment = —459.62 KN.m

—400 X x = —459.62 —
x = (—459.62)/(—400) o |
—x
x=1149m
Iv) Replace the given system of Force at B
Downward load = 200KN - 1

Moment atB = 45963 KN.m

7. Determine the resultant of The calendar non concurrent force system shown in
fig. below. Calculate its mangnitute and direction and locate its position with
respect to the sides AB and AD

ME3351 ENGINEERING MECHANICS



Rk A B6kn
4 ¢ S éO“

~]
Sk
&m
2.5m |
SExn
i g
TeFind L2t
10F BrN ‘ |
0 ) & Ygox N
R. & Locadson, NEABanBER) e hir
2 5]
N
doln_ < Dhel B & ws6o”
1800S36%2 [P 59k Y a5
A85ume- \
2, 25 = 3
width A B=3m e 2 5,"1:4‘4.,,' {-/&«
Lﬁ 5 e !
= B o5
Sgun TI RS 5‘,4 =36 2
19wsus | p sl 20
. = =
e UGS
B % 5
R 2m VEor/

Resultant force

R—QF)"+ Q)

2Fi=0+ —» «—— -F4;=Fcosf

JF, = 18cos 45 + 36 cos 60 — 18c0s36°52' — 58+ 58
YFy, =1632KN

2F, =0 +T .l

ZF,=18sin45—90+ 36 sin60°+ 18 sin36°52' = 0
2 F, =—-3526KN

R =, (X(Fy)?+ (Z(Fy)*=./(16.32)>+ (—35.26)2

R = 38.88KN

Direction:-
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g = 65°9’
Location:

By varignon’s theorem
IM, =RXx(or)IM, =XYF, XyorlXF, Xx

IM, = (490X 3) + (36cos 60 X 5) + (—36sin 60 X 3)
+(—18c0536°52' X 5) + (+58 % 1.25) + (=58 X 3.75) = 0

2 M, =+49.46 KN.M (clockwise)
2 M, = 49.46(clockwise)

IM, =XYF,Xx

4946 =35.26 X x

x =1.39m

LM, = X Fyxy
4946=1632Xy

y =3.03

p,/,—%

8. A system of four forces P, Q, R and s of magnitude 5KN, 8KN, 6KN And 4KN
respectively acting on a body are shown in rectangular coordinates. As shown in
fig find the moment of the forces about the origin O. also find the resultant
moment of the forces about O. The distance are in meters.
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Given:

Load on P = 5KN
Load on ) = 3KN
Load on R = 6KN
Loadon § = 4KN
To Find:

1. moment of Forces

2. Resultant
Soln:-
R 6 s1n 60
Free body diagram 1
\J, wsus (40 |
Hxn| =
& cos bo
| b L ¢osT0
»T\
ANy 5 ll—;sm <o ) g m
L I"" Sh—E0__5. 05
== > . 4

Moment of P — _s
Moment of force ‘P’ about the orgin, Mp

M, =5x0
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M,=0
Moment of Q

Moment of force ‘Q’ about the orgin, Mg

M, = (8sin45x 6) + (—8cos 45 X 10)
M, = —22.64KN.m
M, = +2.64KN C.W

Moment of R

Moment of force R about the orgin Mr
M, =—-7596 KN.m

M, = 7596 c.w

Moment of S

Moment of force s about the Orgin ‘Ms’
M.= (4cosX7) + (4sin70x 9)

M, =4340 KN.m
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