Engineering Mechanics

Module 1.1 — Resultant of forces
Presented by: Prof. Abhishek P. S. Bhadauria
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Engineering Mechanics

What is mechanics? lfvrllgineer_ing
echanics

G IS the branch of \ : I

engineering science Statics Dynamics
which deals with effect (Bodies at (bodies in
and analysis of forces rest) motion)

acting on the body, [ |
which may be at rest or

Qw the motion /

Kinematics (Not Kinetics

considering (ngﬁé%eé}ng
cause of motion) motion)

J
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Brief Contents of module 1.1

Types of different force system acting on a body

Resultant of a force system and its importance
Resultant of concurrent force system

Resultant of Non-Concurrent force system

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

Force
systems

Co-planer Non-co-
force planer force
system system

[ |
Non- Non-
COmEUTE, concurrent concurrentr
F.S. S.
F.S. P
7 4 F4
F, F, Fy 4 /
A g G &5
Fi} Fy} F34¢ F, iy '
A |
) O—- F;
. L 2 |
Y
Fy
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Parallel system :
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General system :

Non-coplanar System
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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 J
R
R, = TF, k\ ‘ R
2 1 e | | :u .
R= \/R:,E + RyE 85 B4 - _ [ R,
tanf, =
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Resolution of a Force

Force F resolved into
components F, and F'f

Fx= Fcosf -
Fy= Fsin8 T
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Resolve the force

Solution: 60 cos 35
Fy= 60cos 35 = 49.15N —
=60 sin 35 = 34.41 Nl

A
60 sin 35
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Solution: Total angle made by S sin 65

220

S kN force with the vertical is 65° d

s Fx= 5sin 65 = 4.53 kN « 55;
Fy= 5cos 65 = 2,11 kN | SkN  5c0s865
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Resolvmg we get
Fx= 200sin 30 = 100N
Fy= 200cos30 = 173.2 N
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Moment of a Force
| The rotational effect or moment is measured as the product of the force
and the perpendicular distance from the moment centre to the force. This
perpendicular distance is known as the moment arm d’.
M = Fxd
a0
& L
oo
(%)
A : The moment of F
' 8 about A = F x d, (anti-clockwise) =+ (F xd;)
about B= F xd, (clockwise) =-(Fxd;)
about C = F xdj (clockwise) =-(Fxdj3)
, about D= 0
D C
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Composition of Forces (Resultant of forces)

Types of Resultant

1. Resultant- Force

R
/{

Resultant-Force

2. Resultant- Couple

2

M
Resultant-Couple
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3. Resultant-Force Couple

g M

A

Resultant-Force Couple
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Parallelogram Law of Forces:

Q
o P
Mathematically R = \/ P?2+Q*+2PQcosa
- Qsina
P+Qcosa

Where 0 is the angle made by resultant R with the force P
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Resolution of force

Resolution of any particular force is nothing bot 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 | :

1

v
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Determine the resultant of given concurrent force system In
magnitude and direction and locate it.
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Solution
. s - 2 —
£z <750 9nys - L8 3. R, = XF,
4+ £ 9052 37 : R, = XF,
_ 1623 v (s  BR=yRI+R]
v T = tanf, = &
2}’\0 > “S 00D =% (%570 | R,
—_ XD (D s 2 4P° Resultant lies in third quadrant
R 3 Location of resultant
=T m F) ' RX
Fany: 5L9E5 Q- 715 R; I
161 83 Ry
e ,75,\, ~
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Figure shows coplanar concurrent force system. Find P & Q if the
resultant of force system Is zero.

B
B, W (> e |
) G —-@_‘L_A_&Eu_o 2y 0 K M=0 .
o  AST .
' 2° Lt Avméo'-”so—ecg(wwcd-
e B WS i
J,( 3 — @_‘; IOvCHL, r o

e 2Ro Y\rv_o’oh——r’ 40 - § ™20
r):_g\r)-
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Determine the resultant of given concurrent force system In
magnitude and direction and locate It.

) 0 ki ’% /| A=K

\1)) 70" Lo Ky
' 'gog,g.
G0k
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Solution

)
éop%J/ Ehe=-40 +25 (6570 - 30 §n60
36 ¢(n30 — 20 0S30— (OSSN0 ; — 60 (0S80 - SO (OSHO
— 608N 50 -4 O - -\0’2-730'49 = \oz-zlkv ‘(4-)\0 A
B0 7R X A = 355070 + 30 (o5 60 - 605N &0
+ SDSM 4O ]

= (08 20 + 20 §1N3 0 - 40 (0510 —
e Sl - 2094 EV

am_

+ &0 (0SSO — 4 _
20:9Y jan Rz [ (EPYE+(ER) = 10U 81 KD -
Q@ - tab ,reii_l ®=11:52 S
E

Resultaol 1jed in ScOND quadant
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For the force system shown in fig. determine the value of force F so that the resultant of the
system is vertical

X
o\ /r L 20 cos 12°
. 45 /600 v cecssal
30 cos 45
“pecces

20 sin 12° 20 kN

F cos 60°

30 kN 30 gip 45°

F

F sin 60°
ZF, = 20cos 12° + F cos 60° — 30 cos 45° = (
W F = 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

Practice 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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Solution: This is a concurrent system 400 N

of four forces. 300 N S 2
I= c
7] w
Let (Fs4)x and (Fa)y, be the perpendicular § %
components of the fourth force 300 cos 30 400 0OS 45
Since it is give R = = o
given 800 N at 8 = 50°_ 500 cos 60 800 cos 50
>Fx = 800 cos 50 — RN O Ty
60
and XF, = 800 sin 50 | : :
500 N v v 800 N

>Fx — + ve
800 cos 50 = 400 cos 45 — 300 cos 30 — 500 cos 60 + (Fa)x
.. (Fa)x = 741.2 N —
2 Fy T + ve
— 800 sin 50 = 400 sin 45 + 300 sin 30 — 500 sin 60 + (Fa)y
(Fa)y =—612.6 N
=612.6 Nl

Now F, =,(Fs),? +(Fs),?> =V741.2>+612.6° =961.6 N

also  tane = L4y _ 612.6 -~ 8=239.6°
(F,), 741.2

The fourth force F4s = 961.6 N at 8 = 39.6°  ........ .Ans.
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e ’ . » .
Varignon’s Theorum: the algebraic sum of the
moments of a sy_stem of coplanar forces about any point in the ;?Iane is equal to
the moment of the resultant force of the system about the same point’.
TMaF = MAaR
y
d>
o \\“‘/’_ R
—‘:\>‘ < 95\ ........... v
am T b ' 5
d1/d E ": E
; L
s n
Te—a— B
i = —— '
. Ry +)
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Let the x component of forces P,
Q and R be P. , Q. and R,

respectively
MsF = P x d, - (1)
MAY = Qxda —----=(2)
MsR = Rx d
= R(OACcos 9)
= OA(R«) (3)

Adding equations (1) and (2) we have
MaP + MaQ = Pd, + Q d»

>MuF =+{PEOACQE-H] ) + [QxOAcnng)
= OA. Px + OA.Q, since Px = P cos B8,

E.I'ld Qx = Q cCOos B-z
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= OA ( Py + Qy)

2MAF= OA(Ry) ——--—--- (4)

Comparing equation (4) with (3)
EM.&F = MgaR
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Varignon’s Theorem and Resultant of parallel forces

4 )
It states. “If a number of coplanar forces are acting simultaneously on a particle. the algebraic

sum of the moments of all the forces about any point is equal to the moment of their resultant force
L about the same poini.” y

R=YF=F +F + F3+...

< X3 > By applying Varignon'’s theorem,
€ Xa >
Coplanar parallel force system Rd =YFzx = Fixy + Foxo + Fyxa+. ..
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rinciple of Transmissibility of Force:

It states “A force being a sliding vector continues to act along its line of action
and therefore makes ne change if it acts from a different point on its line of

action on a rigid body”.

I

Line of
action of
force
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Example:

x
@ s VIDYAVIHAR UNIVERSITY

k%, &S
“avie¥® K J Somaiya College of Engineering

\@I%i SOMAIYA




e] forces. Two parallel forces of equal magnityge
e. The effect of a couple 1s 10 rotate the body o,

le formed by two forces of same magnityge
the arm of the couple.

Couple is a special case of parall
and opposite sense form a coupl
which it acts. Fig. = shows a coup
F, separated by a L distance d known as

3 | = /) FI: MC=:xd

M=Fxd
F

Clockwise Couple
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Moment of a force and Couple Moment

-
"'l-.___
e I
-—
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Conversion of single force to a force couple system

10N
20N 20N

B oy —— - .
G R

2m C

Explanation : Consider a force of magnitude F acting at point B as shown in figure (i).

-
Fon
L

F e F

-

-
.......

20N
0) Gi) G "
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Resultant of parallel force system

Type1 : Reduce 1o a single
equivalent force For Force
] . TH + Ve -Ve
A B anticlockwise clockwise

For Momen

- t
: +
Fy Fa Fg Fa : Type2 . Reduce loan -

l /‘T‘\ l fl 1 equivaler lorce
A Lo H A couple system at o
Cy Co (LCF- given point ‘ Ly (‘AS{SJ ‘ "

Tf Bl B 7

Given parallel force A Tf R LR A

A
C UPOARD P_GS.U(_'TP\ UT)

Typed :Reduce 10 two paraliel TR
component achiaving at ‘

two specific point R lR
- Fg FE 1\/’ ‘ L———*———/i ’IF ZMya — Ve
L1 R
B | (9oL LWARD REVUA “D

C D

#3» SOMAIYA

5 VIDYAVIHAR UNIVERSITY

Le

\)\OS

; &
“avie¥® K J Somaiya College of Engineering



Problem on parallel force system

| 1 30 N 20 N
Replace the foree system

r Ca
shown in figure by a single @ é i I
force. Take ') = 85 N.m, C, = 65 N, and | Cy l Cy .

C.=90N.m. | -
3 . _ N _ DT 50 N 40 N 40N
1m ’ lm | 1m _‘_ l1m h|

T

R=(HT)ZF, =-50-40+30+20-40 = -80 N = 8ON (1) ... Ans. E -
To find perpendicular distance of resultant from /B—
point 4, we use Varignon’s theorem as

ZM = Rxd| .. ()

Now,
(+tO)Z M, = —40x1+30><2+20x3-4[lx4—85+65_90
=-190N.m = 199
Using equation (I) o) AE d ’
N N ) | =2.375 m .
190 = 80xd .. d=2375m from point 4 ... Ans. | 1
Resultant is represented as shown R=80N
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Problem on parallel force system

Consider the parallel force system acting- on rod AD.

() Find the resultant of the given parallel force
system.

(i) Convert the given force system mtn a force
couple system at point A

(iii) Replace the given force system into two
parallel components at B and C respectively.

60 N 80 N 140N 30N
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Solution B
R =2 F, i
.. s~ R

= 60 — 80 — 140 + 30

H IMON (L)
R=130N Using Varignon's principle
. R
1 2M, = M,
RS . 60 (0) - 80 (2) - 140 (4) + 30 (6) + 60 = - 130(x)

3692m
| f M= - 480 Nm x = 3.692m

The required couple at point A is given by M = 2 M,
Mo =60(0)=80(2)-140(4) + 30(6) + 60
M = —480 Nm
p 1he negauve sign indicates that M is clockwise,

M = 480 Nm

130N

x
@ VIDYAVIHAR UNIVERSITY

6@ 3~ 5 5 &
%a Vis¥® K J Somaiya College of Engineering

#3» SOMAIYA



Admin
Pencil


Solution contd...

80 140
1 1 30 Fg Fo 20N 110N
2m 2m '
ST » Jf;. ‘:EMJ - €m [ 2m I 2m
— - Ly J L r———
E cu D A E i T T —— —my
80 Nm C ]

©60-80-140430 = F, 4k
Fy+F. = —130 (1)

(M), = (Smy)

~ 60 (0) - 80 (2) - 140 (4) + 30 (6) + 60 Fy (2) + 1. (4)

I

Il

2F, +dF. = — 480 ...(2)
From Equations (I)and (2)
Fg = -20N, Foe =-110N

Negative sign indicates, direction assumed is wrong for both forces
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Problem on parallel force system

Detrermine the resultant of the system and its location from A.
place the system by a single force and couple acting at point B.

i
ii. Re
iii. Replace the system by a sindle force and couple acting at point D.
120N 180N 100N 30 N R=3F(T+ve)
R==-120+180 +100 -30
d am 1.59m 3-5"‘ P Lﬂ- - 130 H Y CT) I
A B c b Location of resultant force from A
®=a30n Using Varignon’s Theorem,
120N 180N 100 N 30 N
® F
W N& M* — ZM* AEERA RS \D*‘JE
; 2m . 1.5m C om Y 130(&) = 13{}(2.) + 1.00{3.‘5) - 30(?)
= 3.85 m

d= 3.85 m ld -
735 SOMAIYA
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Solution contd...

R = 130 N _
- B ~ Force-Couple System at point B
To find the couple at B, ;‘)we
é‘“} N.m =M’ = 120(2) + 100(1.5) - 30(5)
Zm o 3.9m £
| "';_ _ ] ZM - zl}o N-m YIrIIrr;
A B (ol D 8 >
R =130 N
A Force-Couple Sustem at point D

To find the couple at D, Daeve

F ——
410 N.m ZM_=120(7) -180(5) - 200(2.5)
Ak (7) = -410 N.m

B C D EM: = 410 N.M cecesss C
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Resultant of Non concurrent force system

To find the resultant of a general force system
To find the magnitude of resultant force R,

Ry =2F; ,Ry=2F, R=*\JRXZ +R§
To find the direction of resultant force R,

Ry
RX

0 = tan '

0 gives the angle made by R with the X-axis.

The quadrant towards which R acts depends on the direction of Ry and Ry

e.g. If 2. Fy is negative, implies that R, (<) R

2. Fy is positive implies that R, (M

Then R would act towards the II™ quadrant
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To find the line of action of the resultant force R, we use Varignon's principle,
B

2M, = M, .-(1)

where O is any point

In Equation (1), 2M, is calculated by adding the moment of all forces and couples about
point O,

To find moment of a force R about origin O (M; )

As per principle of transmissibility, we can assume R to be acting at any point along its line of
action

Line of action

x
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M, = Rxd, ...(2), considering perpendicular distance
Mg = Ry XX ...(3), Considering A as point of application
ME = Ryxy ...(4), considering B as point of application
where, x and y are the x and y intercepts of the line of action of resultant force R
>
Perpendicular distance, d = %1 , from (1) and (2)
LM
X-intercept, x= R form (1) and (3
Y-intercept, y = Z_l:."n , from (1) and (4)
X

The exact position of R, with respect to the origins O. depends on the sense of pX M, and the
quadrant towards which R acts. For instance,

i\

AN
y\ \
X\

5 R

(a) If R acts towards II™ quadrant and (b) If R acts towards 11" quadrant and
2 M, (V) 2 M, (V)

\@I%i SOMAIYA
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Resultant of Non concurrent force system

| Find the resultant of the force system acting on a body O4BC as shown in the

ﬁgu" £ o Also find the point where the resultant will cut x and y-axis. What is the
distance of resultant from point 0?

| Ty . %9,&03 53.14°
10 kN 20 kN :
10 kN i
& : 20 sin 53.14°; 20 kN
- B 1 C > B
} a/\}T

3 m
\. b
\\
£
=
Z
]
3m
_D
N \\
o
W
.
B

20 kN 20 kN

VIDYAVIHAR UNIVERSITY
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Solution

I R 0 = (90— o) = 53.14°
Now, tan o A 36.86° and P = (90 -a)
(+=) T F, = =20+ 20 cos 53.14° = =8 kN = 8 kN (+)
(+1) T F, = -10+20-20sin 53.14° = -6 kN = 6 kN ({)
R = '\/(EFI)2+(}; E) = 1/(—3)2+(—6}1 = 10kN ... Ans.
ZF
6 = tan”' z; = tan”! -g—' = 36.86° ... Ans.
. ‘ * 2F
R lies in third quadrant as T F,and I F, are negative. S
0 = 36.86°

Resultant is represented as shown in the figure Ex.21(c).
To locate the position of resultant, we use Varignon’s theorem as
R=10kN

= Mol = IRxd| = [EF,xy| = [EFyxx| ....(I) TF,

g 4,
7 i*% SOMAIYA
@ 5 VIDYAVIHAR UNIVERSITY
ks, &
Yavie® KJ Somaiya College of Engineering T RUST

il - -




Solution contd...
(+U)Z My = 20 x 4+ 40 — 20 x (OB)

[OB* 0A*+AB* = 3*+4%* =25 : OB
(+O)ZMp = 20x4+40-20x5 = 20 kN.m (U)

Now using Equatiqn (1), we get

]

5 m]

20 =8xy=6xx=10xd

Sy =25m,x=333mand d =2m .. Ans.

The resultant is represented as shown in figure

x
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Resultant of Non concurrent force system
P p}l - Cos
f ) ﬁ fe = f Xcosg
. / Px fe fy = f X sing
f’[_"a O > =p X
Force system Resolution of Forces | 7* =P 7"
ol Py =p X sina
Py
|1
Dx fe
A % Jx R, = XF,
AN | O
B dg ‘ R!v' - EFH
IR < R=/R?+R,>
ZMabﬂutA = Ry
Rxdﬂ':Z(Frxdf):r’}'x‘ipﬂ"frxdfy tﬂnﬂ:ZE

Location of the resultant Calculation of resultant
T SOMAIYA
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Problem- Determine the resultant of the force system and

also locate the same

fi =100 X cos37 =7986 N —

fy =100 x sin37 = 60.18 N 1

Ry X dg = ) (B, xdp) = =py X dy, + fy X dy,
2268 x dp = —37.5 X 1.5+ 60.18 x 2.5
dy =4.15m

= 100N
X&——/‘zgﬁ\ >
-5 —= A’
1 7 |
& 300 o
p=75N

p,y =75 % cos30=—-6495N =6495N «

py = 75%sin30 =-375N =375N |

A

|

(92}

R, izz.sa N
Resultant calculation
R, = ZFx = f. +p, = 79.86 — 64.95 = 1491 N —
T £0.18 N
64.95 N | 7986N | Ry = ZF}, = f, +p, = 60.18 —37.5 = 22.68 N 1
= L >—
QO
1.5m o
. ‘ Ry =1491N R =14912 + 22.682 = 27.14N /'
dr | i
— __ <om Slome — Ry 2268 6600
375N ope = tan (RI)—tan [14.91)_ :

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

1000 N 1500 N 1000 N 500N

«—— 4m— >l 4m— ple——am—

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

2V 3256 s
tan© = = =1722 or =598
*H 1890
To determine x-intercept, the moments of all the forces are taken about point P

3765x = (1000 x 0) + (1500 x 0.366) 4 + (1000 x 0.707)38 + (500 x 0.5)12
=13 852

9
= 13852 = 3.679m

X
3765
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roblem for Practice:

s :

- .;h,.~ at -_*l.®_ﬁ._'l:&é_qgg$‘cw ?\Odf. o G
£, ,._A.’._\'_s_,_,&.\_g-;;\@e&_’\—b _%c_t_\:(_,___ i
g _jcap_‘\_r.m_qr___,gotgﬁ _as sheon n

in Tiguwe Find the Yesilbow _

f coo\cie\y aod Aoeote
: : j'\.*_s__'\z_@s_{ji.ojz.w@_\ﬁ_\_wss_v,ﬁ_%_

S u_;—_’rg__w?_gi_@’i‘_- N v A A

!
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Determine resultant of given force system and locate it with respect
to point ‘O’ Also find x and y intercept of resultant

\’ Q)J L0 8 p
g o

2,9
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Solution
o0 () SO b2 4200 —7 50 (05,
= o lounly N, ().
2 = 3VO0 4D gnlo £ o M 5D
= 1wz s [0
rL» \/iﬁ(‘+€§z =l Dol z-ar R

o N
= dtav -n :
(j“rL} . 4 N

ZMo = — 600250 % (- '2—+Gdo SO + V'8 — quo .
T —=673:3) .M
. c _67%.37 $tm J)
{b? VERGren  E Mo = T fy )AL W =

N

Zfn

X

grw.o

Ee
Py

) (I~ d'f')/v\.

G o £ XY Y - S/ eh, = 067
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Problems for Practice:

Determine resultant of given force system and locate it with respect to point ‘O’
Also find x and y intercept of resultant.

Y 12N
3m TQ”‘ £, $15Nm
</
| ()
35 Nm e
20 N +—
Zm/GN
\]»X
O -

20 Nm
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Determine resultant of given force system and locate it with respect to point ‘O’
Also find x and y intercept of resultant.

Y
t 80 N
30 0
40 N
am
0
60 O s
A
50 Nm
m 4m
B C
3m 5m
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