Engineering Mechanics

Module 1.1 — Resultant of forces
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Engineering Mechanics

What is mechanics?
/ \ Engineering Mechanics

J

It is the branch of engineering science
which deals with effect and analysis of
forces acting on the body, which may
be at rest or in the motion

Statics Dynamics
(Bodies at (bodies in

rest) motion)

\ / IJ | ’I

Find the reaction force at A and B

Kinetics
(Considering
cause of motion)

Kinematics (Not
considering cause
of motion)

735 SoM

%avie® K J Soma iya College of Engineering




Types of different force system (F.S.) acting on a body

Force
systems

Co-planer Non-co-
force planer force
system system
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Non- Non-
COmEUTE, concurrent concurrent
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Resultant of a force system and its importance

/Basic terminologies: Force and moment \
Force: It is an external agency acting on the body which will cause the motion of the
body from one location to another
Moment: The turning tendency of the body due to application of a force on it about a
particular point is called moment. Moment magnitude is given by force *

kperpendmular distance /

What is resultant?

It is a single equivalent force acting on a body producing the same effect as that of multiple

forces producing on it. Y
R, = YF; F Fy ,
R R
R, =YF, \\ y
ﬂl . 'Eil X ﬂ']:
R= \/Rzﬂ + Ryﬂ I
tanf, =
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Resolution of force

Resolution of any particular force is nothing but representing
a single force into its equivalent rectangular components

yT Y% 400 sin 45°
= 400N 300N 300sin30° | 400 N
3 : AF,, L/ 45°
:> "3“'""0 i 400 cos 45°
300 cos 30 1
300 O. -------- »> — X
- % 600 \ '00 F4I
0 cos 60%gsass R.=XF,
P00 cos ‘600\ : g ’=xsoo cos 50°
' :
oN/ : .
>0 . ¥ R=2800 N
F.=500N R=800N 500 sin 60" R, = LF,
5=

= R00 sin 50°
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Sign convention and symbolic representation of Resultant

Quadrant Symbal

II | :
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v
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Psin® i
sin! p p Psin
PcosO PcosO ) &
E Psin® Psin® ¥
P, =—Pcos6 P, =Pcos6 P, =Pcos@ P, =—Pcosb
Py=_Pgine Py=—Psin9 Py=Psin9 Py=+Psin9
P o
120 220,

0
j 300 |\ 120°
P P P

P =+Pcos 120° P, =+Pc0os220° P ,=+Pcos300 P, =+Pcos (-120")

P, =+ Psin 120° P, =+Psin 2200 P, =+Psin300° P, =+Psin(-120)
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Resultant of coplanar concurrent force system

Problem 1 : For the force system shown in fig. determine the value of force F so that the ]
resultant of the system is vertical

_*
.
450 \\

30 kN

\
20 sin 12° 20 kN

F cos 60°

30 kN 30 4in 45°

ZF, = 20cos 12° + F cos 60° — 30 cos 45° = (
SoF = 3.3KkN

R =X F, = =30 sin 45° — F sin 60° — 20 sin 12°

—-30 sin 45° — 3.3 sin 60° — 20 sin 12°

= —28.23 kN = 28.23 kN ()
b ¢ T RUST
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Resultant of coplanar concurrent force system

Practise problem : Find the force F4 completely so that the resultant of the force system is as
shown in fig.

00N Y1 400 sin 45°
1 300N 300,sin 30° oo _—
i 4F4y i/ 45
(------'0 E 400 cos 40
—> X 300 cos 30 :
300 G/ \45° > -» X
60° 50° Fax
00 cos 60%axess R.=1F,
oo 60/ X*7 = 800 cos 50°
F3=500N R:SOON ': ='
500Ny L < R=800 N
500 sin 60° R, =2F,
= smo sm 50°
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LAW OF PARALLELOGRAM OF FORCES

* |f two forces, acting at a point, are represented in magnitude and
direction by the two sides of a parallelogram drawn from one of its
angular points, their resultant is represented both Iin magnitude and
direction by the diagonal of the parallelogram passmg through that
angular point. |

Let OA and OC represent the forces P and Q
acting at a point O and inclined to each other at an
angle a then the resultant R and direction ‘o’
(shown in figure) will be given by

R=+vP2 +Q2 + 2PQcosa

and tan 6 = Qsina.

P+ Qcosa

Case (1): If P =Q, then tan6 = tan (0/2) = 0= 0a/2
Case (i1): If the forces act at right angles, so that

— Q
a=90° we have rR=¥*+a*> and tanf = ;
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« Two forces of 400N and 600N act at an angle 60° to each other.
Determine the resultant in magnitude and direction if the forces have

Y= -
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Varignon's theorem

Statement: Moment of a resultant about any point is equal to the sum of
the moments of the all forces about the same point.

PrOOf R My=rxR=rxP+rxQ




Resultant of Non- concurrent coplaner force system
P '\ f, L7 ﬁ fo=fxcosg
. / P i h=fxsing
A ® > _
Force system Resolution of Forces | 7* ~ P 7%
R Py =p X sina
Py
]
A Iix f}} l R: — EFI
S | O
o dp \ < R, = XF,
| o dy, R = 2 2
ZM about A = x/R: —;yﬂy
Rxdﬂ':Z(Frxdf):r’}'x‘ipﬂ"frxdfy tﬂnﬂ:ZE

Location of the resultant Calculation of resultant
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Problem- Determine the resultant of the force system and
also locate the same
N fe =100 x cos37 =79.86 N —
- f, =100 x sin37 = 60.18 N 1
Ay O Py =75 X c0os30 = —64.95 N = 6495 N «
p=7N p, =75 xsin30 = —37.5N = 375N |
Ry = 2268 N
ZMﬂbﬂ“fA = Resultant calculation
R, X dp = Z(F_;, X ds) = —py X dy, + f, X dy, R, =ZFx =f.+p, = 7986 — 6495 = 1491 N -
22.68 X d = —37.5 X 1.5+ 60.18 X 2.5 1 £018N
dp =4.15m 64.95 N | 7986N | Ry = ZF}, = f, +py =60.18 —37.5 = 2268 N 1
A mm — >
A O
| 1'52 | Re=1491N | g — 14017422682 =27.14N
—‘R J
L Y asm R, 2268
375N Slope = tan 1(R—) = tan 1(14.91] = 56.69°

Location of resultant
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Problem — Determine Resultant and x-intercept of the F. S.

1000 N 1500 N 1000 N 500N

R=(ZH)? + (IV)? = /(1390)? + (3256)> = 3765 N
TV 3256
YH 1890

To determine x-intercept, the moments of all the forces are taken about point P
3256 x = (1000 x 0) + (1500 x 0.866) 4 + (1000 x 0.707)3 + (500 x 0.5)12
=13 852

=1722 or 6=3593"

tan O =

1382 o5 m

X
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Practice problems
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Practice problem

Find the resultant of the force system
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Practice problem
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Practice problem

C3 — N'm
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Practice problem

Solve the given problem
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Practice problem
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