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Force Systems


Quantities ilaal

1) Scalar Quantities Al 8l) Cilpast) (Y

A scalar is any positive or negative physical quantity
that has magnitude only

1add Lgtiad dd pma Lgdua il A Al Clast)
Examples :- length, mass, and time
CJ'AJ'“ ¢ alisly ad‘}hﬂ . d‘:l.d



Quantities eilaal]

2) Vector Quantities Agaiall Cilsasl) (¥
A vector is a quantity that | ooy
possesses magnitude and A P
direction - 20

()

Lgaladl g Lgtad 48 jna Lgdaa 5l 3L A cilsadl) 0
Examples :- force, displacement, and acceleration
dlasl) ¢ da) V) ¢ 5681 = Jlia
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Vector Addition of Forces Lalail s sil) aea

» Finding a Resultant Force s o4l Alaaa o)

» Finding the Components of a Force s o8l S sa Alas) <«

= ‘o .
Addition of Several Forces 238 5an p
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Vector Addition of Forces LAl st gan

» Finding a Resultant Force s 98l Alaaa ) «

FR=F1+F2
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Vector Addition of Forces Lali) sl aan

» Finding a Resultant Force s 94l Alaaa Jau) <

FR=F1+F2

F F, + F;
(D) R 1 2

Parallelogram law _ Triangle law
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Vector Addition of Forces Lald) sl aan

» Finding the Components of a Force s 58l LS ya o) <

(a) (b) (¢)
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Vector Addition of Forces LAl st ga>

» Addition of Several Forces S5 aan <

Fr=(F + F)+F;



Vector Addition of Forces Al st gar

» Addition of Several Forces S5 aan <

Fr=(F + F)+F;
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Vector Addition of Forces Lald) sl aan

» Addition of Several Forces S5 aan <

FR = (Fl . 2 F2)+F3



Dr Qassim
Rectangle


Vector Addition of Forces Lalad) 58l aaa

» Addition of Several Forces S8 B ran <

FR = (FI - F2)+F3




Remember A4
_____________________________________________________________________________________________________________________ —
Fx =F cos ©
Fy = F sin © Y
X
e b " by Fx

Sin o sin 3 Sin y

LLaw of sines

"3 o | | ;
a< = b+ ¢ — 2bccos

. ; ” : 7
Law of cosines b =c“+a- — 2cacos B

2 2
¢’ = a* + b* — 2ab cos )%




Examples alia)

Example (1) : : (V) Juia
The screw eye in Figure is subjected totwo  -,.all) 5 gill dlasa Giluay o8
forces, F, and F,. Determine the magnitude  .al) jlacal) (i o o) 5%
and direction of the resultant force. ¢ Jeddu

17



Examples Alia)

18
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Examples Alia)
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Examples alial

F = V(100 N)* + (150 N)Z — 2(100 N)(150 N) cos 115°

= V10 000 + 22 500 — 30 000(—0.4226) = 212.6 N
= 213N

ISON  212.6N

sin 6 sin 115°
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Examples alial

Fr = V(100 N)* + (150 N)Z — 2(100 N)(150 N) cos 115°

= V10 000 + 22 500 — 30 000(—0.4226) = 212.6 N
= 213N

IS0N  2126N

sin 6 sin 115°

150 N
3in 6 = 9063
Sin 2126 N (0.9063)

9 = 39.8°
¢ = 39.8° + 15.0° = 54.8° ¢
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Addition or a System ot Coplanar Forces -
Ay giua (5 92 A5 gada Rad

,‘-
X
E
I3
Z
_ x
F,
F a |
F, = Fcos# = i T
F ¢
or or
= F si a
F, Fsin @ F, = F(ﬁ) F, = —F(;)
c

22
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Addition or a System ot Coplanar Forces

» Coplanar Force Resultants. Ag ghuwa 5 g8 m.. 4
F, .
F,, Fp. F
1 Rl T ol — : | R
‘ "'-u“ '_,-
F = 7---., t.—"’ » F : 6 | .
F %N Fi, Fgp,
F, \\
(i*) fh‘:‘z'lt_f‘-kf“t \/FI(l+FR\
(+T) FH\TFIE+F1_P11
FRx - EF\’
Fry™= 25, 6 = tan ' Fay
F

Rx 23


Dr Qassim
Rectangle

Dr Qassim
Placed Image

Dr Qassim
Rectangle

Dr Qassim
Placed Image

Dr Qassim
Placed Image

Dr Qassim
Rectangle

Dr Qassim
Placed Image

Dr Qassim
Rectangle

Dr Qassim
Rectangle


Examples alia)

Example (6) : : (1) Jhia
The shown screw eye in Figure is subjected  -.all) 0 gall dlasa Giluay o8
to two forces, F, and F,. Determine the Caaal) Jlanual) (il y Ao o) S5
magnitude and direction of the resultant ¢SSl
force.

y
F, =400 N F; =600N

24



Examples Qe

SOLUTION |

Scalar Notation.

LFRI=EFI

Fry = 600 cos 30° N — 400 sin 45° N = 236.8 N —
F, = 400N F, = 600 N

+1Fgy = ZF,

Fr, = 600 sin 30° N + 400 cos 45° N = 5828 N1 ——
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Examples AL

SOLUTION |

Fr. = 600 cos 30° N — 400sin 45° N = 236.8 N—

Fry = 600 sin 30° N + 400 cos 45° N = 5828 N 1

F. = V(236.8 N) + (582.8 N)> = 629 N :

= 67.9°

582.8 N)

= { _'(
O=tan " \3368 N

26
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Examples alia)

Example (7) : . (v) Jlia
The end of the shown boom O is subjected Crmaall Ja gkl £1,3 4ulgs Adali
to three concurrent and coplanar forces. A8Mia g 8 SO L e JSEIL
Determine the magnitude and direction of dlaaall Gluay a8 4 glusa g
the resultant force. ¢ Laladl g dad

v
F, =250 N

27
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Examples 4L

5 Fp, = 3F,
Fre = —400 N + 250sin 45° N — 200(%) N
= —383.2N = 3832 N«

—TFR}r = EF},.
Fry = 250 cos 45° N + 200(2) N = 296.8 N

Fr= \V(-3832N) + (296.8N)? = 485 N

296.8
— < _l S P SI:I
H tan (333‘2) 37.8§
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Moment of a Force

When a force is applied to a body it will produce a tendency for the body to
rotate about a point that is not on the line of action of the force. This
tendency to rotate is called the moment of a force.
Cuad LgiSl g Ak Joan gy AdaaS pauall 42 55 iy L gus A s (e 348 (Bl ay Lanic
“34all a3 ,ugaill Jaall 1A cacwg B8 Jas i o
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Moment of a Force
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Moment of a Force
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Moment of a Force



Dr Qassim
Placed Image

Dr Qassim
Pencil

Dr Qassim
Rectangle

Dr Qassim
Rectangle

Dr Qassim
Rectangle

Dr Qassim
Placed Image

Dr Qassim
Placed Image

Dr Qassim
Placed Image


Moment of a Force 598 a e
Direction: | S—) 'y
The direction of Mo is defined by its Moment axis
moment axis. I
: The right-hand
rule

|
/’T\M()
V’
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Examples dLia)

Example (1) : s (V) Jba
Determine the moment of Je> ddual) 348l aje Caal
the force about point O. .(0) 4dail)

- 7. i1 -
O 1
| 1t 150 l .\ijiﬁ" ft
————————————— 60 1b

Mo = (60 1b)(1 sin 45° ft) = 42.4 1b - ft
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Examples

Example (2) :

Determine the moment of Je Aduall 348l 2 Caal
the force about point O.

Solution:

4m

Mp = (7TkN)(4m — 1 m)
= 21.0kN - m
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Examples alia)

Example (3) : s (YY) Jha
Determine the moment of Je> dduall 348l aje awal
the force about point O. .(0) adaiil)

/)\
2 ft
\</
O 30°¥ 40 1b
I

|" 4 1t -L -
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Examples alial

Example (4) : s (%) Jba
Determine the ssall ale dlasa
resultant moment of ahill) Jea Aduall  a Y
the four forces acting | .(0)
on the rod about point | _

0.
20 N
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Examples ALl

MRO — EFd

Mr = —50N(2m) + 60 N(0)

O

+ 20 N(3 sin 30° m) N

—40 N(4m + 3 cos 30° m)
—334N-m = 334 N-m

<
X
|
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Principle of Moments a9 ad) o) g8

For two-dimensional problems:

MO:EY_Fyx

This method is generally
easier than finding the

same moment using
Mo = Fd.
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Examples alia)

Example (5) : Jlia
Determine the Js> Adusal) 368l aje Camal
moment of the force .(0) 4dail)

about point O.



Dr Qassim
Rectangle

Dr Qassim
Rectangle

Dr Qassim
Textbox
5

Dr Qassim
Textbox

Dr Qassim
Rectangle


Examples

Solution 1:

d =(3 m)sin 75°=2.898 m
Mo = Fd = (5kN)(2.898 m) = 14.5 kN.m
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Examples ALial

—

d, = 3simn 30°m

|

F, = (5 kN) sin 45°

Q)

Solution 2:
Mo:-dey—FYdX

= =(5 cos 45° kN)(3 sin 30° m) — (5 sin 45° kN)
(3 cos 30° m)
=-14.5 kN.m
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Examples —

Solution 3: Y \
Mo = - Fy dx
= - (5 sin 75° kN)(3 m)
=-14.5 kN.m

FV — (5 kN) sin 75°
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Moment of a Couple z9 N als

Definition : S WP i

A couple is defined as two parallel forces that have the
same magnitude , but opposite directions , and are
separated by a perpendicular distanced .

¥ ngsyguﬁuiu.b@yﬂ\@,ﬂg

¢ OaeaSladia Cpaladly (<1 g ¢ dasll) (udi Lagd

* cd A ges Adliwa Lagin (9SS g
_D_>



Moment of a Couple z9 N als

Scalar Formulation : M » dauldl) dS Lual)
/‘(\
~—r
M = Fd |
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Moment of a Couple z9 N als
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Examples aLial

Example (6 ): Jlia
Determine the Cla) g3 Juaaal) z) 53 Y aje amal
resultant  couple Adual) 4a gl e 3 5 gal) EOUL
moment of the

F, = 200 Ib
three couples

acting on the plate

F2 — 45() Ih

F, = 2001b Fy = 3001b 2
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Examples Alia

F| — 2(!) lh

0—'(,| = 4 {1 —
F =4501b A} == ’
s - o -

) _1_' ..' A o ; L M
MR — EM F>, =450 1b
MR — _Fldl £ 1 F2d2 = F3d3 Fy=2001b]  £'=3001b

= (—2001b)(4 ft) + (450 1b)(3 ft) — (300 Ib)(5 ft)
= —9501b-ft = 9501b - ft D

The negative sign indicates that M has a clockwise
rotational sense. 2
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Examples

- R R R

Example (7 ) :

Determine the
magnitude and
direction of the
couple moment
acting on the gear
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Examples ALia
M = >M,
= (600 cos 30° N)(0.2 m) — (600 sin 30° N)(0.2 m)
= 43.9N-m >

y 600 sin 30° N
F = 600N

26
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Force and Couple System z)1 93 ¥ 9 (5 581 allas




Force and Couple System z)1 93919 5 581 allas
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Examples

Example (8 )

Replace the force
and couple system
by an equivalent
resultant force and
couple moment
acting at point O.
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Force Summation: : s 98 £ gaxa

(FrR)x = ZFx y

(FR)x = (3kN)cos30° (3 kN)sin 30°
+(3/5)(5kN)
= 5.598kN

(FR)y = sz

(FR)y = (3kN)sin 30°
-(4/5)(5kN)- 4kN
= -6.50kN
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Examples ALl

(F.). = 5.598kN
(FR) Yy = 'GoSOkN

Fr = V(Fr): + (FRr)y

= V/(5.598 kN)? + (6.50 kN)2
= 8.58 kN

o= ()

6.50 kN
— t —1 — O
an (5 508 kN) 49.3
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Examples e

Moment Summatlon : a9 ) £ sana
f\ y
(MR)O = 2M, (3 KN)sin 30°

(MR)o = (3kN)sin30°(0.2m) .|, E i
-(3kN)cos30°(0.1m) .. [ .
+(3/5)(5kN)(0.1m)
-(4/5)(5kN)(0.5 m)
-(4kN)(0.2m)

=-2.46kN.m

(Fg), = 6.50 kN
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Examples dLia|

Example (9 ): Jla
Replace the force 598y JSAIL Cadaall ) 9a W 9 (s 581 Jadiu)
and couple (0) Adaiil) aie ) 933 a e 9

system acting on

the member by 500 N

an equivalent
resultant force 200 N
and couple

moment acting at
point O
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Examples 4t

i’(FR)J = EFJ

(Fg). = (3) (S00N) = 300N —
+1(Fgr)y = ZF,
(Fr)y = (S00N)(3) — 750N = —350N = 350N/

Fr = V(Fp)d + (Fr)y
= V(300 N)? + (350 N)? = 461 N

(Fr)y 3
o = tan"(( F")“) = tan"(—$:) = 49.4°
R)x -
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Examples aLial

Moment Summation: : asjadl Esada o

C +(Mg)o = ZMp + ZM;

— (750 N)(1.25 m) + 200 N-m

= —37.5N‘m = 37.5N-m)
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Force and Couple System z) 93 ¥ g s sil) aldad

The force system can be further reduced to an
equivalent single resultant force provided the lines

of action of Fr and(MR)o are perpendicular to each
other.

Jaaa aje g Alana 358 J) Al A Say agall g (o sil) allad
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Force and Couple System z)1 93919 (5 581 allas
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Force and Couple System z)1 9399 s 581 allas

r Ao gleuall (5 g8l AU
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Examples Alial

Example (10) : JUia
Replace the force JSAIL Cpasal) ajmd) g 3 gRl) aUAS S
and couple moment 4dadi A8l waaly . Alaaa 5 ghy
system acting on the adadil) (e 5 pasl) o W 00 had aldalis
beam by an (0)
equivalent resultant 8 KN
force, and find where ( o s Aa

its line of action
intersects the beam,
measured from point

O.
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Examples

5 (Fr), = SF,= (Fr)x = 8kN(2) = 4.80 kN —
+1(Fr)y = SFyc=) (Fg), = —4kN + 8kN(%) = 2.40kN1
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Examples ALl

Fr = V(4.80kN)? + (2.40 kN)? = 5.37 kN

d .
2.40 kKN
T —1 ___ o
f = tan (4.80 kN) = 26.6

(Fg)y = 2.40 kN

O
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Examples dLia|

Moment Summation: X a9l £ gana
S K!
4 kN AR Z
. Fg
(Fr), = 2.4(IKN‘ (Fgr), = 4.80 kN

(MR)o = ZMo
240 kN(d) = —(4kN)(1.5m) — 15kN-m

~[8 kN(2)] (0.5 m) + [8 kN(2)](4.5 m)
d = 225m
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Examples dLia|

Example (11) : e

The jib crane s s O Gajsa JUAIL Gmall A
subjected to three Baaly B8 (ssAl s Jaful A gia

coplanar forces. ¥ &4 Wl bi ghlli Akl Gl
. . . (BC) g'.¥s (AB)

Replace this loading by 154 N

an equivalent resultant B > "

force and specify ki . A,

where the resultant’s 6 ft 3

line of action intersects — 601b  “2501b

the column AB and .

boom BC. \_ )
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Examples dLia|

FRx — EFx i 3 S ft L 31 “
Fr. = —2501b(2) — 17516 T @ ‘
= —3251b oIk
FR = SF. 175 Ib <= 60 Ib
y b & :
Fr, = —2501b(%) — 60 1b Ny |
= —2601b | -~
Fr = V(3251b)* + (2601b)*  _ ,(260 lb) BT
— 416 1b - \3251b) T % .
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Examples ALl

Fr = —3251b

X

Fr,= —2601b

Fr= 4161b

0 = tan"(igg :E) = 38.7° 0>

45
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Examples alial

Moment Summation: ——,
: a9 ad) £ gana 1
MRA _ EMA I75Ih<:
325lb(11ft) - 260lb (x) = -
1751b(5 ft) - 60lb (3ft) '
+2501b(3/5)(11ft)
- 2501b(4/5)(8ft)

x = 10.9 ft
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Examples Alia

Moment Summation:
: a9 ) £ gana

MRA= EMA

325 Ib (y) + 260 Ib (0) =
175 Ib (5 ft) - 60 Ib (3 ft)
+250 Ib(3/5)(11 ft)

- 250 Ib(4/5)(8 ft)
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