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Representation of the Forces

Cable tension

4

Complete specification of the action of a force must include its
magnitude, direction, and point of application, and therefore we

must treat it as a fixed vector.



Force Classification

Forces are classified as either contact or body forces.

» A contact force: is produced by direct
. Contac
physical contact. facs 1

force 2

Contact Force

» A body force: e.g. gravitational, electric, or
magnetic field. An example of a body force

1s your weight. S =

<
\ i
o e
A _—
-

Magnetic Field
» Forces may be further classified as either

concentrated or distributed.



Resultant of Concurrent Forces

v' By the principle of transmissibility: 2 R (Resultant) at the point
of concurrency A, as shown 1n Fig b.

I'ﬂ'-ll (b )

H =I'."11+ E‘E



Rectangular Components

F=F,+F,

where:
F, and F,, are vector components of F in the x — and y — directions.

F,=Fcos§ F=/FZ?+F}7?

F,
F,=Fsin6 H=tan‘1F—,‘

X




Rectangular Components




Rectangular Components
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Resultant of Two Forces

R=F, +F,=(F i+ Fj)+ [Fyi+Fyj)
or

Ri+Rj=(F_+Fyi+F, +Fy)]

X

R, =F, ;F, =3F,

R =FII+F21=EE1:

Negative!
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Resultant of a System of Forces
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R,
R=F,+F,+F;+ ++=2%F
R,=XF, R,=XF, R=JEF)*+ (EF)*
R, IF,
f=tan ' —=tan ! —
R, TF,



EXERCISE - 1

The two structural members, one of which is in ten-
sion and the other in compression, exert the indicated
forces on joint O. Determine the magnitude of the re-
sultant R of the two forces and the angle # which R
makes with the positive x-axis.
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Solution — Exercise - 1

Rj =2y = 4-S5N45°-sn I5° = 1L._T76 kN

R = VR +RE = 8.72 kN
_ - | 53_ = =] LZ"?G s o
e = tan (R = tw (5= 17k

Y A ¥ S
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EXERCISE - 2

If the equal tensions 7' in the pulley cable are 400 N,
express in vector notation the force R exerted on the
pulley by the two tensions. Determine the magnitude
of R.

13



Solution — Exercise - 2

Ry = ZFy = 400 + 400 cos 6°= 600 N
Ry =2F\\j = 400 sin 606°= 3446 N
= R= 600y + 3464 N
R= N 600%+ 34t = (93 N

14



Exercise — 3

The forces F4, Fo, and F3, all of which act on point A of the bracket,
are specified in three different ways. Determine the x and y scalar
components of each of the three forces.

Fy=500N Fy=O0nN




Solution - Exercise — 3

The scalar components of F,, from Fig. a, are

F) =600cos35° =491 N  Ans.

Fig. (a)
Fl, =600sin35°=344 N Ans.

The scalar components of F, from Fig. b, are

F, = —500() = ~400N  Ans.

Fig. (b) F?, = 500(%) = 300 N Ans.

Fig. (¢) 4 =tan-1|22| =256
0.4
Then, Fs = Fjsina = 800 sin 26.6° = 358 N Ans:

FB; = —Fscosa = —800 cos 26.6° = —-T1B N Ans.

The required sealar components are then

0.2 - 0.45
or: FB--FZEI“..-"LE-FH -E-Eﬂ'ﬂl *] ‘

AB J0.2)2 + (—0.4)° # Fy = 358 N Ans.
= 800 [0.447i — 0.594j] Fy =-TI6N  Ans
¥

= 358i — T16j N which agree with our previous results.




Exercise — 4

Determine the resultant R of the three tension forces acting on the

eye bolt. Find the magnitude of R and the angle 0, which R makes
with the positive x- axis




Solution - Exercise — 4

S ':ZF; = 20sin 30"+ Tsn45® = 15,66 kN
RH = '£F5 = 20005 30°-3 ws45°-4 = "LiL kN
R = YRy 4R = 1743 kN
x>t (MRe) = =2cne




Moment

* Moment is also referred to as torque.

* The magnitude of this tendency
depends on both:

v The magnitude F of the force,

v" and the effective length d of the
wrench handle.

M=F.D




Moment about a Point

M |
M=F.r.sina=F.d Tmr o E
: B\ el
A

v' The right-hand Rule.. o ®

v' The basic units of moment in SI units are newton-meters (N. m),
and in the U.S. customary system are pound-feet (1b.ft.).

v Moment directions:

(+) for counter-clockwise moments, and
(-) for clockwise moments.




Exercise — 5

* Compute the combined moment of the two 180 N
forces about (a) point O and (b) point A.

180 N

|
| =




Solution - Exercise — 5

180 N

F

A

240 mm

240 mm

-
P PG CHRp P —
.
—

Ans. (a) M, =108 N.m CCW 120mm O

(b) M,=108 N.m CCW . !



Varignon’s Theorem

s The moment of a force about any point is equal to the sum of the
moments of the components of the force about the same point.

Because R =P+Q, we may write:

rxR=rxP+Q =

Myg=rxR=rxP+rxQ

we can resolve R into the components P and P
Q, and compute the moment as: -‘1»/

..F‘-’IO — Rd — --PP—qQ




Exercise — 6

Calculate the magnitude of the moment about the base point O of
the 600-N force

2m

4 \A

— -1 a %
A Nﬂ

i B 600 N




Solution - Exercise — 6

(11) Replace the force by its rectangular components at A,
F, = 600 cos 40° = 460N, F, = 600 sin 40° = 386 N
By Varignon's theorem, the moment becomes

Mgy = 460(4) + 386(2) = 2610 N'm Ans.

2m F, =600 cos 40°

.
e (FQ-BOOsin-iO’




Couple

v The moment produced by two equal, opposite, and non-collinear
forces 1s called a COUPLE.

v" The couple has a magnitude

M=Fa+d —Fa

or: M = Fd

*+ The magnitude of the couple is independent of the distance
between the forces = moment of a couple has the same value for

all moment centers. "
R

.

=N
Q
0:0 nght_hand rule.. Counterclockwise Cl;ocfp\xése

couple

(e 'I (el



Equivalent Couples

Changing the values of F and d does not change a given couple as
long as the product M = F. d remains the same.




Force - Couple Systems

v" The given force F acting at point A is replaced by an equal
force F at some point B and the counter-clockwise couple

M=F.D

v’ We now see that the original force at A and the equal and
opposite one at B constitute the couple:

M=F.D

which is counter-clockwise.




Exercise — 7

The rigid structural member 1s subjected to a couple consisting of the
two 100-N forces. Replace this couple by an equivalent couple
consisting of the two forces P and -P, each of which has a magnitude
of 400 N. Determine the proper angle .

Equivalent Couples

‘ M1=M2

100

100N

100 N

Dimensions in millimeters



Solution - Exercise — 7

b &
40~
H‘{.ﬁ

_pliie

-
e

§=
A

The original couple is counterclockwise when the plane of the forces
is viewed from above, and its magnitude is

!

[M = Fd] M=10000.1) = 10 N-m

The forces P and —P produce a counterclockwise couple

M = 400(0.040) cos 8

Eqguating the two expressions gives

10 = (400)(0.040) cos #

100N

B = cus_lﬁ = /1. 3° Ans.

Dimensions in millimeters




Exercise — 8

Replace the horizontal 80-1b force acting on the lever
by an equivalent system consisting of a force at O and

a couple.

Solution - Exercise — 8

We apply two equal and opposite 80-1b forces at O and identify the
counterclockwise couple

[M = Fd|

80 1b 80 1b
M = 80(9 sin 60°) = 624 |b-1n. Ans.

]
]

801801 801b
624 1b-in.



Exercise — 9

Replace the 12-kN force acting at point A by a force-couple system
acting at point O..




Solution - Exercise — 9

Y Yy
12 kN !

30"
/0 ______________ .

A

4 m

& M, =-12xd =-12x4sin30° =24 kNm



Resultant force & its Line of Action

Algebraic Method

We can use algebra to obtain the resultant force and its line of ac-
tion as follows:

1. Choose a convenient reference point and move all forces to that
point. This process is depicted for a three-force system in Figs.
2/14a and b, where M, My, and M4 are the couples resulting from
the transfer of forces F{, Fy, and F5 from their respective original
lines of action to lines of action through point O.

2. Add all forces at O to form the resultant force R, and add all couples
to form the resultant couple M,. We now have the single force-
couple system, as shown in Fig. 2/14c.

3. In Fig. 2/14d, find the line of action of R by requiring R to have a
moment of M, about point O. Note that the force systems of Figs.
2/14a and 2/14d are equivalent, and that X(Fd) in Fig. 2/14a is equal
to Rd in Fig. 2/14d.

My = E(Fd)

R=ZF

o0

(e)




Extra Exercises



Exercise — 10

Determine the resultant of the four forces and one couple which act
on the plate shown.

80 N 5 m—
50 N :

L S Sp——
} | I_ 140 N-m
2 m | i
y | ' sonN
|




Solution - Exercise — 10

R, =XF,] R, =40 — 80 cos 30° — 60 cos 45° =66.9 N
(R, =ZF,) R, = - 80 sin 30° = 60 cos 45° = 1324 N
[R = /RS2 + R_,QJ R = [(66.9)° = (132.4)° =148.3 N Ans.
R,
f=tan~! — # =tan™* 1 182.4 _ = 63.2° Ans.
w 66.9
M, = Z(Fd)] M, = 140 — 50(5) = 60 cos 45°(4) — 60 sin 45°(7)
= -237 N‘m
| K= 1483 N

¥
I
[
F ™
l
|
!
!




Exercise — 11

A force F of magnitude 60 N 1s applied to the gear. Determine the
moment of F about O.

Solution - Exercise — 11

60N SR M,= CFy
o (0.4) (€0 cas 20°)

"

1
| &
&
|
| Z
3

38



Exercise — 12

The top view of a revolving entrance door
1s shown. Two persons imultaneously
approach the door and exert forces of equal
magnitudes as shown. If the resulting
moment about the door pivot axis at O 1s
25 N.m, determine the force magnitude F.

o

Solution - Exercise — 12

+ M, = ZFd
RS = 2 F(cos l‘S“)@L%’)
F = 16.18 N

39




Exercise — 13

A 400 N force 1s applied to the welded
slender bar at an angle @ = 20°. Determine
the equivalent force couple system acting
on the weld at:

a) point A, and
b) point O.

For which value of @ would the results of
parts (a) and (b) be 1dentical?

400 N

J00 mm

600
mm

40



Solution - Exercise — 13

|
“*"““ETG-RD [ o Rl =0t
A e B F = 400N \|
0.35 m
2 Mg = (400 cos 20%)(0.35)
26 m = I13l.L6 N°m CW

LY At O: .
T 7.
F = 4—001\1\:

2 M, = 400 {‘.usZ&“( 0.35) + 400 sin 20" (a.e}
= 24 N'm CW

Part (@) and (b) results are The same
\‘F 8 =Q or 'ED‘,

41



