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s»*Statics deals with the equilibrium of bodies, that is those that are either at
rest or move with a constant velocity .
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**Where as dynamics is concerned with the accelerated motion of bodies.
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**We can consider statics as a special case of dynamics, in which the
acceleration is zero .
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‘s Particle( s> : A particle has a mass, but a size that can be
neglected. particle ®
A 5 ) Lopmally 45 iy Allab) Uiy Ao (5 A1 ) 4

< Rigid Body ( !l sl (uladl aall): Combination of a large number of
particles in which all the particles remain at a fixed distance from one
another, both before and after applying a load. This model is
important because : the body’s shape does not change when a load is
applied, and so we do not have to consider the type of material from

which the body is made
Leany (pe 440G ddliue e Gl jall s b 85 Al Gl dall e S 23e ez e
Jeall Gukl axy g J8 ¢ andl)
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Rigid-body (continuum of particles)




s*Concentrated Load : Represents the effect of a loading which is
assumed to act at a point on a bodly.
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s Distributed Load: A load applied across a length or area instead of at
one point .
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AUnits( <) :
1- Sl units : S Y HUail
2- US : (SUas ) aUaill

TABLE 1-1 Systems of Units

Name Length Time Mass Force
International meter second kilogram newton*
System of Units N
SI m S kg kg - m
g2
U.S. Customary foot second slug* pound
FPS

Ib-s?
ft S ( = ) b

*Derived unit.



»Table 1-2 provides a set of Direct conversion factors between FPS
and S| units for the basic quantities.
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TABLE 1-2 Conversion Factors

Unit of Unit of
Quantity Measurement (FPS)  Equals Measurement (SI)
Force Ib 4448 N
Mass slug 14.59 kg

Length ft 0.3048 m



»When a numerical quantity is either very large or very small, the
units used to define its size may be modified by using a prefix .

daaiiaall Cilaa o) Jaaed oy 28 ¢ a3 ja ) Naa B0 Aanel) Ll () K0 Laic
olee ST 55855 cilluall 8 Lealadind A sl 5 Lgana apal

* 4000 N = 4kN

 4000000N=4*10° = 4MN

TABLE 1-3 Prefixes

Exponential Form Prefix S| Symbol

Multiple

1 000 000 000 10° giga G

1 000 000 106 mega M

1 000 10° kilo k
Submultiple

0.001 1073 milli m
0.000 001 106 micro m
0.000 000 001 10? nano n




**Rounding Off Numbers : As a general rule, any numerical figure
ending in a number greater than five is rounded up and a number
less than five is not rounded up .

Oy pie ol jial 45 jie LAY () 6SE Gf a i sald) o388 anle aliad) 5 o8 YY) i
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9.3866 =9.39 ( 9 raal 8 Jani A 5 (e 81 Uil L8 )
1.341= 1.34 ( & WS 85 4 Sl 5 e Ja S 3 )
3.5587 = 3.56 ( 6 zuai 5 Jaas S 5 (e 81 L L8 )
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K
(JExample. Convert 2 Tm to —

- /h_zm 1000m\/ 1K
WET T\ 1 /\3600s

0,556 m/s = <().556 m)( | fi )
e g 0.3048

= 1.82 ft/s

ft .

, How many ~ s this?

1km=1000m
1 hr=3600s

1ft=0.3048
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**Scalar (A) : A scalar is any positive or negative physical quantity that can be
completely specified by its magnitude.

» Examples of scalar quantities include length, mass, and time .
ke Can (g JalSIL Laanant (S Al 5l G pe Aale 3paS (51 o Lol
e gl o ALK g J shall dnaell oluaSl) Ata) paas

s*Vector (A”) : Any physical quantity that requires both a magnitude and a
direction for its complete description .

» Examples of vectors encountered in statics are force, position, and moment .
(S Lgiia o oLV 5 laiall (e SIS allat 4pale 4peS (6
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* A vector is shown graphically by an arrow.
afes Aol gy Lol aniall yelay
* The length of the arrow represents the magnitude of the vector .

* The angle 8 between the vector and a fixed axis defines the direction
of its line of action.

Caaidl ks agedl J gl i
cAadall sladil el GOl ) saall 5 Aniall G 4l N

* The head or tip of the arrow indicates the sense of direction of the
vector .
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*** Multiplication and Division of a Vector by a Scalar.
Calaef e clgatiall dadd g o jyua

* If a vector is multiplied by a positive scalar, its magnitude is
increased by that amount.
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* Multiplying by a negative scalar will also change the directional sense
of the vector and its magnitude is increased by that amount.
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s*Vector Addition :When adding two vectors together it is important to
account for both their magnitudes and their directions.

» To do this we must use the parallelogram law of addition or triangle rule .

usdhe.uje@_mh\deo\A_ﬂjMJSJ\Jsaé\o\.m‘}]\a@_,d\UAUJJM\ LJA\.AJ.K:

>As a speC|aI case, |f the two vectors A and B are collinear .
) Llee S5 (oS ra i Y (uii e 16K 1Y) 1 aaad) (e dald Adls
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A i) ALk

A \ A A B
\\/ R N\ R
P ”
S , R
B

. & A J 53 s lad R=A+B
uJJ\J‘ éh ) adals e I Parallelogram law

(a) (b) ] (c) Triangle rule Triangle rule

(a) (b) (c)

R=A+B R=B+A



() ALl B 33 g gall cilans ) J JI)AR, Jal) LA # ydia ()
Al adali ddads o UL 5 AU asiall 0 ) se s ey o580 ((ag sl el ))Anie IS (e
Al ety adads ) Jad aad (o 5V pdalinl dads) Y gl o) A (e o

D5 38 lia (ST Y1 AG plall udi e 4G ARy k)
. 4288 aa) g dulfle oo S Ll A0l A5 all 8 Ll (il LY JSES 6V Asy

il Ll e da g oy AL o () 4l g s Ll AalY) G e 15
Mju‘ojjmj‘@@ayﬁusJJY\

R : ABiadla
FI
A o B > A+B=B+A




D) () 18 data (e S L S Al B
Jaana daie U xita AN J5Y) aniall pany 2683 1 Cilgadia GO Wal o (o il
Sl 4aie Ll U s€a Jranall aniall aa GG aniall gan o (g (U5 J5YY)
LA 5 geall L8 ainge sa LeS Ll Ll A5 Cilgaial
Fr=(F,+F,)+F,




*Vector Subtraction : The resultant of the difference between two
vectors A and B of the same type .
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R'=A-B=A+(-B)
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Cosine law:
C =VA®> + B> — 2AB cos ¢
Sine law:

A _ B _ C

sing sinbh sinc
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sin @

cos 6

tan 6

>~ |

=]

0

o

h (hypotenuse) o (opposite)

a (adjacent)
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JExample2.1 : The screw eye in is subjected to two forces, F, and F,.
Determine the magnitude and direction of the Resultant force ? .

10° .
h f F, = 150 N

p— E 4
T 'Jl
0

) A ER) an )l 45y jla ¢ Adiadla

1‘ Fl — 100 N
o i cud cil platal) b
Aia Y @lia calla 13) Y Lgaladin)

@ 7
*}' S Tl 5 Je) (el 3 )




JsY) aaidl J (5 )l se btz al

A dgE

~/

\‘:_‘J
i\\ a’

A 8Y) adalit) Adaks -

N —25°

65°

aniall J (5 e Jad dnie S (e anyi 1 A5V B ghadl)
O b Jaad & ey Al adalis ddass oy () I LAY
dlaaal \Sﬂ‘u)ﬁo&j@m\@éj\)’\ck@\&m

adaliil) ddads

:' 650
“": \ ij‘ \9-4 bs o
A F=150N
| 360° - 2(65°)
|- = 115°
/> 2 |
'.‘ F, =100N
“ ',/ ;’M o - . . . f -
/ 6 | /10N Al dgilmbagal N T
\ % s i
“. w=

-

——



360°
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o [ _J100N
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\‘\ § | S 0
\ J1:

- 2(65°)

90° — 25° = 65°

= 115°
»
%
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““ 650:
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)
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)
)
@
)
)
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Cosine law:

M3JMJ$M3\JAIM\J\MMHJQJIM\@&

C =vVA? + B* — 2AB cos ¢

Sine law:
A B C

SIN « sin b SN ¢




F, = V100N + (150N)? = 2100 N)(150 N) cos 115°
= V10000 + 22500 — 30 000(-0.4226) = 212.6 N
=7213N Ans.
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Applying the law of sines to determine 6,

SON 226N BN L
=l SIn (sin [15°)
sinf  sin115° N

0 » 3980 150 N

Thus, the direction ¢ (pht) of F, measured from the horizontal, 1§

0

' 1
¢ 7. 100N

v | Ry

¢ =398+ 150° = 48

(c)
;U il 8 aadi (o g ML g Aduasall B gRIL Aaldd) 4l g 310 alay) 2y
ca g Al ALLEall Ay ) 3 g Alianall 5 g8l lada (o i g 4l Aliiall 4y gl 1 (i jai g J oY) Antiall jlaia (b yad
cAd allaal) 46 0 ot ayea W LY U ascial) dagd 20 Al

2838 dual o A ALalS A9l 3 0y 35 g Caliall (s Al Adadall 4y ) 1) dagd Las
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(JF2-1. Determine the magnitude of the resultant force acting on the
screw eye and its direction measured clockwise from the x axis ?
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180 — (60 + 45) = 75°

360—2%(75)

=105
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C

Cosine law:
C =vVAZ + B2 — 2AB cos c

Sine law:
A B O

S11 1 sin b sSin




Fr=/(2kN)2+ (6 kN)2 = (2)(2kN)(6 kN) - cos(105) =
6.80 kN

sin{@)  smn{105)

FKN  6.80 kN
h = 58 |
Eﬁ*=li}

E
'—11_1' — 1{_.]3 sl bl 1388 45V o gall clivadl jgana (e faus




dProplem2.3 : Determine the magnitude of the resultant force F, = F, + F,
and its direction, measured counterclockwise from the positive x axis ?

Counterclockwise :
4 L) c,ul:iﬁ (SS
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P = V(007 + (3758 - 20501375 s 5 = 332 = 331

393.2 @ F=393.2
sin /3" sind
=378 NS

®=37.89+ 45+ 180 + 90 = 352.89
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(JExample2.3 : Determine the magnitude of the component force F in
and the magnitude of the resultant force F; if F; is directed along the
positive y axis ?
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F 2001

sin 60°  sin 45°

F=2451b

Fr  2001b

sin 75°  sin45°

i h.'"‘.
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200 1b

Cosine law:
C =VA’+ B> —2ABcosc
Sine law:

A _ B _ C
sin a sinbh sinc

(c)



(F2-3 : Determine the magnitude of the resultant force and its
direction measured counterclockwise from the positive x axis ?

800 N

600 N



800 N

NN AN,

=

600 N

6=30+0
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800 N

g3 ) 8 il jlgaall (lany ¢ ALY B ghadl

FR 1
6=30+0Q
X
0 800
600 N 600 60
+ 4ANEY 5 gladl)
F.=V6002 + 8002 — 2 * 600 = 800  cos 60 e Aalall 4l 5 W) g Alanall 3 gall alayY GGl (il 68 aadti
721.2 B 800
sin60 sin® 0 =739

® =73.9—-30=43.9



JExample2.4 : It is required that the resultant force acting on the eyebolt be directed along
the positive x axis and that F, have a minimum magnitude.

Determine this magnitude, the angle 8 and the corresponding resultant force ?
: Lgd oLyl aile 45 S84 i ) gu
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I} — 800 N

(b)

A 405 6 90 Al ¢S Laie (o J8 UGN Aniall Aad 5
DS e G Y 8l e Liad ()
Alanall 48 ) o dgacal) 48 sal
Al 5 8l oa dgalall 48 pall

Fr = (800 N)cos 60° = 400N ————> oladll > 05% ol 45130 La Jaa

F, = (800 N)sin 60° = 693 N



dProp2.31.IfF, =3 kN and 8 = 45, determine the magnitude of the
resultant force of the two tugboats and its direction measured
clockwise form the positive x axis ?
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Fr= V22 + 32— 2(2)(3) cos 105°

= 4,013 kN = 4.01 kN

sina  sin 105°
= a

3 4.013

46.22°

b = a — 30° = 46.22° — 307 = 16.2°

i gal) b)) gaa J dlianall 5 681 (e do gl 31 Ay




JProp2.10 . Determine the magnitude of the resultant force and its
direction, measured counterclockwise from the positive x axis ?

S00 1b

500 1b
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Fp = V800

sinb_
500

qf,:

>+ 500° — 2(800)(500) cos 95° = 979.66 1b = 980 Ib

sin 957
079.66

0% — 30.56° = 19.44° = 19.4°
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(JF2-2 . Two forces act on the hook. Determine the magnitude of the
resultant force ?

200 N
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(JExample2.2 . Resolve the horizontal 600-lb force in into components
acting along the u and v axis and determine the magnitudes of these
components ?
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360 — 2(150
2( ) _ 20

180-60=120



120%~

30O ¢

600 1b
F,  6001b
sin 120°  sin 30°
F, = 1039 1b
F,  600Ib
sin 30° sin 30°

F, = 600 Ib

Cosine law:
C=vAZ + B> —2AB cos ¢
Sine law:

A _ B _ C

sina sinb sinc

(c)




JF2-6. If force F is to have a component along the u axis of F, = 6 kN,
determine the magnitude of F and the magnitude of its component F, along
the v axis ?
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sin{30)  sin(103) sin(45)  sin(105)
FXN ~ 6kN F KN _  GEN

F=311kN F.=439kN

30 FV

Fy, 105

45 /F



JF2.4 . Resolve the 30-Ib force into components along the u and v
axes, and determine the magnitude of each of these components ?

30 1b
lSQ“l
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360 — 2(45 +30)

105
2

i




105

45/ 30

sin{43)  sin(105)  sin{30) sin{105)

F.1b  301b F_1h 30 1b
F,=2201h F,=1551b



JProp2.8 . Resolve the force F, into components acting along the u
and v axes and determine the magnitudes of the components ?
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(B)y 6 o
sin75  sin7ses 2= G00KN

(B, 6 I
=t (R)y=3106kN = 3.11KkN

‘ 180-(75+30)=75
ol A Jaa



JProp2.13 . The force acting on the gear tooth is 20lb Resolve this
force into two components acting along the lines aa and bb ?
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20 F,
ind0°  simgoe o= 3060

20 F,
= - F. =26091b
sin 40°  sin 60°° b




(JF2-5. The force F = 450 |b acts on the frame. Resolve this force into
components acting along members AB and AC, and determine the
magnitude of each component ?

450 1b
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sin30° sin45°

F ,.=636.4

450  Fy,
sin30° sin105°

F ,;=896.3



JProp2-4. The vertical force F acts downward at A on the two
membered frame. Determine the magnitudes of the two components
of F directed along the axis of AB and AC. Set F=500 N ?
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F=500 sin 60° sin /5°

F e 500

sin 45° sin /5°

F o = 366 N
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»When a force is resolved into two components along the x and y axis,
the components are then called rectangular components.
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» For analytical work we can represent these components in one of two
ways, using either scalar or Cartesian vector notation.
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**Scalar Notation :
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**Cartesian Vector Notation :

* It is also possible to represent the x and y components of a force in
terms of Cartesian unit vectors i and j. They are called unit vectors
because they have a dimensionless magnitude of 1, and so they can
be used to designate the directions of the x and y axis, respectively .
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*»Coplanar Force Resultants : When several forces several forces act on a
body .
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Fi, h

F; (b)

FR:F1+F3+F3
= Fl,\i T FI.\'j . Fl\i T F.’_.\'j T Fhl . F,‘\'j

- (FI.\ - Fl\ T FB.\)i T (FI.\' T Fl_\' . F‘\)j
F_; — F:__l.i — F‘_r__.h.j = ([:l\’.\')i 25 ([TR\‘)j

F,= Fi.i+ F,j
F, = _F."_ri + F.'_’x'..i



Scalar notation(Coplanar Force )

+ (Fr)x = Fiy — Fy + F3,

—

+T (FH)y - Fl}' + Fl_r o F,'i_v
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JExample2.6 : The link in a is subjected to two forces F, and F,.
Determine the magnitude and direction of the resultant force ?
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F> =400 N F, =600 N




600 sin 30°
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400 sin 45°
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B (Fp), = SF;  (Fg), = 600 cos 30° N — 400 sin 45° N

= 236.8 N — Jo A
+1(Fg)y = 3F,;  (Fg), = 600 sin 30° N + 400 cos 45° N
= 582.8 N1
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Fr = V(Fp)} + (Fg)?

Fr = V(236.8 N)2 + (582.8 N)?
629 N
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Q. The end of the boom O in a is subjected to three concurrent and
coplanar forces. Determine the magnitude and direction of the
resultant force ?

F3 =200 N
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F, =250N
F;=200N

250 sin 45°
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F,=250N
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F, = 400 N
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b (F = 3F;  (Fo) = 400N + 250 sin 45°N — 200(2) N

L

= —3832N = 3832N < 5 o
+1(Fp), = 3F;  (Fg)y, = 250 cos 45°N + 200(5) N
= 2968 N1

(] L



Ol subd gy e dAliasall 5 g8l a2 4ANEY 3 gladll

Fr = \/{FH}% + {FH)E
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JF2-9. Determine the magnitude of the resultant force acting on the
corbel and its direction 8 measured counterclockwise from the x axis ?

-“'

F; = 600 1b F2 = 400 1b
F, =700 1b
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F) = 700 1b
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F, = 700 b
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:)(FR)\ = EFX;
(Fg)y = — (700 1b) cos 30° + 0 + (2) (600 Ib)

= —246.22 1b B A
+T(FR).\' = EF_\';

(Fg)y = —(700 1b) sin 30° — 400 1b — (3) (600 Ib)
—1230 1b
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Fr = V(246.221b)* + (1230 1b)> = 1254 Ib
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6 = tan (J85) = 7868

0 = 180° + ¢ = 180° + 78.68° = 259° 180*78?/\

78.68°
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(JProp2.44 . Determine the magnitude of the resultant force and its
direction, measured clockwise from the positive x axis ?

40 1b
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— (Fr)y = 2F; (Fg)y = 40 (T) + F}l(_—) + 30 =891b—

S 13
4 (12 )
J d 4 = 3
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Fr = V(Fp)} + (Fg)? = V89 + 522 = 103.08 b = 103 Ib
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J Prop2.37 . Determine the x and y components of each force acting
on the gusset plate of a bridge truss ?
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(FH)_L' - EFL - o -
(Fr), = X F, J);‘d‘ 3)\_&;\ dam\g\@ydjmcgjﬂ\ &jmuj.\\&é.iu - ‘Qsm\ th.&“
(4 - (3
(F), = h(;) = 6.40 kN — (F5), = 6 (E) = 3.60kN —
(3 a (4
[Fl)u = b(;) = 4. 80 kN l [‘F:?)L — 6 (E) = 4. 80 kN T
(F3)x = 4 kN < L osnall 3LE) e 1da (8 iea dualiall A8 all SN il s e Al
[FL\'» =0

(F)y = 6kN «— . osaall 3L e dpda €9 5 s dpaliall A pall N Glipdl | sae o Alylala

(Fy)y =0



JProp2-41 . Determine the magnitude of the resultant force and its
direction, measured counterclockwise from the positive x axis ?
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— 8sin 15°




(Fr)x = XF, Dsaall 5 LE J oY) pe i (5 sk 558l £ sana ()58 ulai ; KD § gladl)

— (Fy), = XF;: (Fp), =4 +5c0s45° — 8sin 15° = 5465kN —
Js¥ &
+T[FR)}- = Eﬂ; (FR)}.. = 5sin45° + 8cos 15° = 11.263kN |
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Fr = V(Fp)2 + (Fp)2 = V54657 + 112637 = 12.52kN = 12.5kN
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(JRectangular Components of a Vector: A vector A may have one,
two, or three rectangular components along the x, y, z coordinate
axis, depending on how the vector is oriented relative to the axis.

Al 4 s 2 (o U i e 00 AL e IS e 30 ) 4l
> We resolve the vector A to component A, and A’ 53 35kl
»Then we will resolve A to Ay and A, a5 il




JCartesian Unit Vectors: In three dimensions, the set of Cartesian
unit vectors, i, j, k, is used to designate the directions of the x, y, z
axes, respectively .
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(JCartesian Vector Representation: Since the three components of A
in act in the positive i, j, and k directions .
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* We can write A in Cartesian vector form .
i) o gKa s LS 1Sa aniall 4 Ly

A=Ai+Aj+Ak




 Magnitude of a Cartesian Vector: . 1

A= VA2 + A2+ A2 p

_:lt -
. TR A-—"'J‘

- T

-

* Coordinate Direction Angles. We will define the direction of A by the
coordinate direction angles a (alpha), f (beta), and y (gamma) .

A, A, A,
COSY — —  COS — —  CO§ -_— ",
A OB =7 L /




) ) 2 T a8 AN e g e -
cos“a + cos“ B + cos“y = | O 138 addindd AUl & i s (il sl ) dad Gaale )

> If this is generalized and applied to a system of several concurrent
forces, then the force resultant is the vector sum of all the forces in
the system and can be written .

5o LS sladll pen o g 581 £ gana (o 3 oke (S8 Alanall 3 58l e Lin ) O
ol 8o i

Fr = 3F = XFi + 3F,j + XFKk




JExpress the force F shown in a as a Cartesian vector ?

N

F=1001b

.‘)
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ssae e A pa, GRS e ) aniall Jlai ; (AgY) 8 ghadd)
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F=1001b N F: — 100sin 60°1b = 86.6 Ib

F' = 100 cos 60°1b = 501b

F’ F. dala 5 At 4 ye ) agle Llias 38 (53l aniall Jlas ; 4l 3 ghadl)
Al o) s g Al culS 13y slaall ) ol 355 ein s

F., = F'cos45° = 50 cos 45°1b = 354 1b
F, = F'sin45° = 50sin45°1b = 354 1b



{35.4i — 35.4j + 86.6k} b 5y peally Anial) S5 3 ARAY § gladl
O Anial Hlate Alagl o 855 o 3 S

. O Gk 3
= \/F_; + F + F;
= V(354 + (35.4)* + (86.6)> = 100 b
F F\‘ ® F" o ,
I =0 =] Pe—gp—i
g & F F 5 il dalall 4 ) 311 ala) £ daall) 3 ghadl)
354, 354, 866 sas ol darie dlag) (pe Y Laaas S dlasll
e ——l e rey
100 1007 " 100
= 0.354i — 0.354j + 0.866k
F= 1001b
a = cos (0.354) = 69.3°

B = cos '(—0.354) = 111° Za0 180 (e B L)Y
= cos '(0.866) = 30.0°
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(JProp2-62 . Determine the magnitude and coordinate direction angles
of the force F acting on the support. The component of F in the x9y
planeis 7 kN ?
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7 kN
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F = — = H.08 kM s lally il ) gadl s a8 5 AV A i 5 2y 3l
cos( 30| Sl an ad e s Lbya Y Aniall e (K1 Aail) e slea

DoY) aaiall dagd Laa s WY a3l jean e

F, = F - sin(30) = 8.08 - sin(30) = 4.04 kN

Alom s s A yo 1) aude Ul 35 (301 dsviall Jlas - Al5) § il
Al o) dos g Al IS 1) 5 glaall ) oY) 35 am g

o
[

7 sin(40) = —4.50 kN

Fo=T-cos(d0) = 5.306 kN



JProp2.77 : Determine the magnitude and coordinate direction angles of
the resultant force, and sketch this vector on the coordinate system ?

< . . . . M‘ ¢
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= 400 (sin 60° cos 201 — sin 60° sin 20°j + cos 60%k)

= [325.52i — 118.48j + 200k} N

LS e A3 ) 5 gl Jalas 1 AAIEY 3 gladld)
U5 IS dualdl) U g 3 ellas WY Jes 120

= 500 (cos 60°% + cos 60°% + cos 135%k)

N

Oi + 250j — 353.55k} N

= [2



Resultant Force.

Fr=F + F ‘ . S .y wl.x
= 25.521 — 118.4 + 200k) + (250i + 250§ — 3.55k ) Ny \ s .‘J‘ ‘
2 at wa i 8.' 8. - i - i DA D0 o4 3 Y
( 1 J ) ( 1 J ) ’S S\ - “ . 1 o, . l\

= {575.52i + 131.52j — 15355k} N

The magnitude of the resultant force is

N
(4

LN
LN

Fr = V(Fp)2 + (Fp)? + (Fp)? = V/575.522 + 131.52% + (—153.55)?

cos a = = ——— a = 19.36° 5 9l Aal Al Ll o 3 ala) 1 duwaldd) 3 gladll

s B = _ = — 77.549°
cosB="F" w00 P

(Fr);  —153.55 |
05y = — = — 104.58°
Y T TR el000



JProp2.60 : The force F has a magnitude of 80 Ib and acts within the
octant shown. Determine the magnitudes of the x, y, zcomponents of F.

-
s

F=801b

B = 45°

a = 60°




Lial s LS o A0 ellay ) L ity W00 JBA (e g daie Lual 1 3641 5 gladl)
eyl o S8 o5 08 (LAl (Al ety Lile GUAT QAN 4, 5 31 aled W 5 (5l )

7 ., .,
cos” @ + cos” B+ cos”y = |

F, = 80 cos 607 = 40.0 1b
F, = 80cos 45" = 56.6 Ib

F, = 80 cos 60° = 40.0 1b

| = cos® 60° + cos® 45° + cos® y

Solving for the positive root,y = 60°

3 gall dagd Lual g Ul g 30 Lual + 450N 3 gladl)
5 dle Ay g) 0 Aasi ye 5800 OY e grdailla
Js¥) el GOA Ggllaall ) saall e




[ A position vector (r) (&2« 4334) : Fixed vector which locates a point

in space relative to another point.

Al A ) ol 8 s im0 5 ol 4

(a)
r=xi+ yj+ zk
4 glhaal) Akl g Sua) ddali cpy daiall

o
DIN

Q,le ///,,4 o B(.\'[J-. .‘.b" :,[,’)

r
A(X4, Y4, 24) i

ds .

r= (g =x)i+ g = vi T (5 = 2k

Aglil) ddadll) o oY) Adali pa Aqiall




(JExample2.10 : An elastic rubber band is attached to points A and B as
shown Determine its length and its direction measured from A toward B.

e

Bs

2m —Z|3m
Lly

/e
/_—"2m y

’\‘ %

3 m

£~
Al
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2 & i galall &laal) ) gaball jsaall J s ) 50 90 U L8 )l

3 s )l a3l Slaal) d) )l ) sl J (5 ) sa s 4330 A8 )

B(—2m,2 m, 3 m)



A toward B :
laaldly o Al ddasil) cldlaa) e

= [—2m — 1mh + [2m —0l) + [3@—(—3 mk

= {32t okjm axiall olad) (i ) aaa 45
r=\V(=3m)P> + 2m)> + (6m)> =7m daial) jfaia dad LaS o la8a aad
n=-= — g gj ék aﬁg\}\%éﬁhﬂ\@w
r 70 7 7 o Ualad LS 4y dualal)
— —l<_§) — 115°
& — COS ~ -
— ol =) — 754 1
pi=casicla ) = 1= daliall Aaldl) L g M) Gl
y = Cos_'<§> = 31.0°
= 31.



JEstablish a position vector from point A to point B ?

\?




1- & (imad) QlaaY) (8 Al ) gaall alXi) J s 90 58 2al g 68 )l

4- s gaall &laay) 3 saball [ saall el J 5 se s Azl a8

3 s 23l Shaa¥) ) w3l el J 50 2 43D 68 )

A(-11-4I3)



3 o el Gyl 53 il gaall J sl s &3 A8 )
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B(3,4,0)



] Establish a position vector from point A to point B ?

3m /

‘/L 2m




A(5,0,0)

3m /

. B(0,3,2)



J Establish a position vector from point A to point B ?




4 m

A(-3,1,4)

3- 5a el GlaaY) O3 ) saad) alie) s lse sa D N3

1 8 giball &laa) ) gaball Hsaall J s )50 98 anl g a8 )]

4 5o 33 &lay) O3 a3l el J s ) sa sa Ayl o8 )
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»The direction of a force is specified by two points through which its
line of action passes. where the force F is directed along the cord AB.
We can formulate F as a Cartesian vector by realizing that it has the
same direction and sense as the position vector r directed from point
A to point B on the cord.

wﬁjﬂ\mﬁboﬁ\wmj%ﬂu@wﬁ&J&o;ﬂ\o@\mm
ismall b rase oa sa LS Ll olialad (o) ad gall ania olad] iy (563 (o
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(xg — xA0 + (yg — ya)j + (2 — z4)K

\/(IB — x4 + (g — ya)* + (2 — 24)°

)



JExample2.11. The man shown in a pulls on the cord with a force of
70 |Ib. Represent this force acting on the support A as a Cartesian
vector and determine its direction ?

30 ft




N

Llaill cidlaa) as 1 dgY) 8 ghadl)
P i " JAwa dlally ad) Alaay) Al a3l gae e didaic Ak
A(0,0,30)

6 s 23 &l o3 w3l ) eaadl J sl 50 s 6 Al

B(12,-8,6)




Gy Y il 13 5 Al 1) 3oV ddadil) (pe () oS (52 5 a8 sall Aniia 2 3 Y 3 ghadl)
e Lialad LaS antal) plaie aad &3 ey osladY) dasa (oS5 3alall 5 Jaal)

r= {12i — 8j — 24k} ft

r= V(121> + (=8 ft)> + (=24 ft)> = 28 fi

CHa g Snj\maag;lﬂ&\sékﬁ\
*y galdl)  daudat G o b glll Alad) Al
r 12. Q . 24 OSAN Gkl 3k o B Al ) o

u:_:_l____k
r 28 2877 28

2 8 24
F=Fa=701bl =i - —j — <k
. (23' 287 7 28 )



5 8l daalal) L g 30 alag) « dag 1l 5 ghadl)

64.6°

% |

00 | N

RN
|

_,< 1
CcOos
8
CcoS (—) 107°
28

—24
cos ! ( ) 149°
28




Dot product

|A-B=ABCUSE}‘| 0° =60 = 180°




Laws of Operation.

1. Commutative law: A-B = B-A
2. Multiplication by a scalar:a(A-B) = (dA)*B = A - (aB)
3. Distributive law: A-(B + D) = (A+-B) + (A-D)

A-B=AB, +AB

)

.\ ‘

A.B,

“~ -~

A8 Y alall Gl e

Applications: The dot product has two important applications in mechanics.

Jrafilly aga pii g agillling o g8t g Slaga Cplda’ A il o juall




1- The angle formed between two vectors or intersecting lines.

A'B
H = ms'(m) 0° <60 = 180°

Oeaie Om Al 1 ol

2-The components of a vector parallel and perpendicular to a line .
LY ann (i A5 T palall S pall 5 23 sal) Syl | Andall S e
. Jaal) Jualilly aga jds 2 i




(JProp2-116 . Determine the angle 8 between the y axis of the pole and
the wire AB ?




L Bgaana cilgata o) G gl g ol 4o slhall cilgadiall J ad gall Aaie aai : JdY) 3 ghdl)

O Bugrana 4y g) 3
AB And AC

1—3j 1t
rap=4{(2—0)i+ (2 —3)j+(—2— 0k} ft
— {2i — 1j — 2k} ft

a8 gal) dalia jlala aad ¢ AU 3 ghadll

The magnitudes of the position vectors are

rac = 3.00ft  rup = V22 + (—1)* + (—2)> = 3.00 ft



b ganall 4y gl 3l pada oA 0 eSRY gkl 2 S 3 ghadl)

[(A-B Bl Gipa Gugatall Gpd Aol bl B
0 = cos | —— ) e
AB dalia JS ldka | alaad) 2

Fac TYap = (—3)) - (21 — 1j — 2k)

= (2) + (—3)(—1) + O(—2)
= 3
3

—1 _ 50
“ 13.0003.00) 70




(JProp2-127 . Determine the angle 6 between pipe segments BA and BC ?




. Bgaaa clgatia o) Gm A gl Hay ol A sllaal) cilgatiall J ad gall dniia aad s gY) 3 ghdl)

Vo= {61 + 4] — 2k}ft BC=62+42+22=748 O b ygmana 4yl 30
BC And BA
Ypa = {—3i}ft BA =37 =

a8 gal) daiia jlafa and ¢ AU 3 ghadll

3y ganall Z\ﬁj\jﬂuﬂiﬁ@fﬁ\ gﬁlﬁ\@h& - AANEY 5 gladll

o _1(?55‘?# ) B q_]( —IH)
f=cos | —— = CO0S —
Yl [Vl 22.45

h = 143°




(JProp2-115. Determine the magnitude of the projection of the force F1
along cable AC?

< 4 m
& _
—F W ¥ r




Opmall & ogllaall )y saall 55 8l Lyt Sl Jalail) culilas) as 1 J6Y) 5 ghadl)
A(2.-3.3) B(0, 3, 0) C(—2.3.4)

ojsl\c\_mﬁc;ﬂ\ JM\dohﬂ\MMﬂﬂuﬁ‘)&\Mboﬁ\J;Ju\ m}@&\ 83&\

o _(0-2i+ B+ O-3k 2. 6. 3
N0 =22+ 3= (—3)P + (0-3)2 / 717

Baa gl A o B gAl) o pad = AAIEY § ghadl)

2. 6, 3 |
Fl — Fl“AB — 70(—?i + 5.]' — ?k) — {_EOi + 60j - _‘;Ok}]\



L_UM\ JM\dohjﬂ‘\AﬁAmw‘j\ 8‘9&\

(=2 = 2)i + [3—(—3)]j + (4 — 3)k 1 6 1

Ugc = - > = = i+ J
V(2 -22+[B3-(3)P+&-32> V53 V353 V53

i A5 68l o Juand Cigug gllaal) jgaa JBaa gll dadia 5 581) (o il 1 Aaldd) B ghadll
O3S Aally sl g

4 6 |
{F]]AC — Fl Uy — (_20i + ("}Oj — 301(}'(_ i T ) j + k)
53

- () ol ) + ()



JProp2-129 . Determine the magnitude of the projected component
of the 3 kN force acting along the axis BC of the pipe ?

’t,) A
"
N B
2m o
)\ 6 \
Sm
4 m 3m y

D , | m



Vel g8 stlaall ) sl 5 5 il Ly el sl cilian) a3 1590 5 bl
B (0,0,0) m, C(3,4,—1) D(8.0.0).

5all 4 el sAl ) gaall J san gl daia aa AL 4 5 SD Arally 5 g8l aas o 2y 3 3 A0 3 gladld)

B=3Ni+O0O-dHj+0-(Dlk 5 . 4 1

V42

Uep = N \/ “
N EB =30 -4 [0 - (—DP 42 42

Ban g Aaia o 8 Rl G yual 1 AANAL 5 gladl

5 4 1
F — Fu — 3( i j Ii)
<D ~ a2 NZS Va2

15 12 3
= i j l-:) KN
( 42 42 a2



uJM\ JM\J::AA}MMJM@‘JM 8‘9&\

B-0)i+@A—-0j+(-1-0k 3 4 l

Upge = = i+ j — Kk
V3 —-072+ @4 —072 +(-1-02% V26 V26 V26

i A5 68l o Juand Cigug gllaal) jgaa JBaa gll dadia 5 581) (o il 1 Aaldd) B ghadll
O3S Aally sl g

‘( - \/_]_\/_ '(\;EH\Zﬁj_viﬁk)‘

\(m)(ﬁ) (&) (&) Ve ()

= ‘—{],léﬁlﬁ kN‘ = 0.182 kN Ans.

‘ (Fgc) | *Ugc

- | vlmjz



J Example 2.15 . The frame shown in is subjected to a horizontal force F =
{300j} N. Determine the magnitudes of the components of this force
parallel and perpendicular to member AB

AB: <slkall ) saall

B F=[300j)N

3m




e s L V) aaala) dlle Jua¥ls gl ) gaall Loy yad il Jalail) culilas) an 1 A6 3 ghadd)
- \ |
AB: slaall ) gadl A(0,0,0) B(2,6,3)

Gslhal ) saall J oaa gl datia alay) &8 (e s slhall ) gaddl J a8 gall dpdia &y i 3 ALY 3 gladl)

g 2i + 6j + 3k
s V()72 + (6?2 + (3)

e ¢ oS gl g o gllaal) dadall ool (Al g ¢3S ddally B g8 aad Gl i ¢ ALY B ghadl)

Uy = - = (0.2861 + 0.857) + 0.429k

-

F-u, = (300j)- (0.286i + 0.857j + 0.429Kk)

= (0)(0.286) + (300)(0.857) + (0)(0.429)
= 257.1 N



S & cul€ AR 5 ghadl) B LY )58 Ainen o qglhaal) jgaally yai 0 8 g8 syl &5 0¥ 1 Aay) ) 8 ghadl)

F,pz = Fiapug = (257.1 N)(0.286i + 0.857j + 0.429K)
= {73.5i + 220j + 110k} N
OSRN (Baadad By sk 8 (S ddually 433 galad) 48 pal) dlag) & 5 1 dealdl) B ghadl
F, = F — F,z = 300j — (73.5i + 220j + 110Kk)

{ —73.5i + 79.6§ — 110k} N

&Ad\jﬁd\@h\&\@qé\ dg L3 5 ghadll 53 g )a8a dga galald) A4S sal) dad 1 dwaludd) 3 gladl)

VF — F3p = V(300 N)2 — (257.1 N)?
155 N

Fy



(JProp2-134 . Determine the magnitudes of the components of the
force F =90 |b acting parallel and perpendicular to diagonal AB of the
crate.




A2 oy L Y1 pn ey Gl Joad s osllaall ) gl Ly el il Llial) il flan) a1 1691 5 lad
AB: csihall gaall
7 A(1.5,0,0) B(0,3,1)

Gslhall ) saall J oaa glf datia alag) 2 (a5 slhaall ) addl J a8 gall dpdia &y i 3 ALY 3 gladl)

I'ip 0O—15i+ B —-0)j+ (1 -0k 3. 6. 2
Uap = — _?I o ?] + ?k
FAB '\/[{] — 152+ 3 -0+ (1 —0)?

oS dasa o B g8l (¢ oS8 (f ey ¢ ABIEY) B gladl)

F = 90(—cos 607 sin 451 + cos 607 cos 457 + sin 60°k)

= (—31.82i + 31.82j + 77.94k} Ib



JBa ()9S il g i pllaal) dadall @ el Al g S Adpally 3 681 aad ) 3 3 Al ) B gladl

3 ) 2
(F)aglo, = Fouyp = (—31.82i + 31.82j + 77.94k)- [—2i + 2§ + 2k
P 7 7

7.
= (—31.82) ) s a8 8) ¢ 7704( 2
- LA s _llllr - - b ? - - ?

= 63.181b = 63.21b Ans.

Jlaia ¢ 400 galad) A0S pal) alag) & y3 ¢ dccaldd) 5 gladld)

(F)aglor = V= [(F) aglo? = VOOP — 63182 = 64.11b

Jlsall 138 ) ghaall yadle dialu g calla 13la s JI el Ao aaiad LSl g CANAS al <) gladl)



(1F2-30 Determine the components of the force acting parallel and
perpendicular to the axis of the pole ?

-—
-~

F = 600 1b




ac o s OEL OV atala) clile Ja¥ly coslhaall ) sl Loy el Al Lalail) clan) ans 1 dgY) 3 gladld)

OA: <sihall ;saall O(OIOIO) A(4I412)

Gsthall ) saall J oaa gl datia alay) &8 (a5 slhall ) gaddl J a8 gall Apdia &y i 3 Al 3 gladl)

T (4—0)i+(4-0)j+(2-0)j 4
UOA_T_Zj V42442422 =gt ]+ e

O S ddua 5 gAY (9S8 () caan ¢ ABNEY 5 gladl)

F = [—600cos(60)sin(30}i + E[J[]ff}ﬁ{E[]]f-fﬁ.ﬁ{ﬁ[]].j +
GO00sin(60 k| = [—150i + 2607 + 5200k



JBa ()9S il g i pllaal) dadall @ el Al g S Adpally 3 681 aad ) 3 3 Al ) B gladl

g _ [2150i+260.5 + 520.4 - [—4i + 4 + 2K
” ju— ju—

100 + 346 = 446 b

J1aia ¢ A0 galad) 48 pall alag) &y 1 Awaldd) 5 gladld)

— i —

F\ = \/F2— F" = VG002 — 1167 = 4011
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A particle is said to be in equilibrium if it remains at rest if originally
at rest, or has a constant velocity if originally in motion.

se oS dlla 8 dal) 8 A o)l Al 8 8 1)) o)) g Al 8 aadl
JTo maintain equilibrium, it is necessary to satisfy Newton’s first law
of motion, which requires the resultant force acting on a particle to

be equal to zero.
Of iy (5315 ¢ A8 jall J 51 G g o8 Al (g5 5wl n ¢ 315 e Aliilaall
a5 s anal) e i ) Al 5 g8 ) S

d Also, F=ma ma=0 so the a=0 (constant velocity )

= ()
SE, =0

A M
N
[



JTo apply the equation of equilibrium, we must account for all the known
and unknown forces (F) which act on the particle.

cpmall (o 3555l (5 8l Aad 48 jra (e 2 Y ) Y (il 8 (Badai (S
JThe best way to do this is to think of the particle as isolated and free from

its surroundings. A drawing that shows the particle with all the forces that
act on itis called a Free-Body Diagram (FBD).

oAl el Tl a5 43 Tagnall Tl (e amiall U3 o o5 58l & aa J iy pha (sl




Springs( dus): If a linearly elastic spring of undeformed length | is

used to support a particle, the length of the spring will change in
direct proportion to the force F acting on it ..

dejhubeu;mut_;m‘dw\(uﬂ\;@uﬁ}@\m\ djjacduj&dj.u)]\

adde 3 55 5all 5l olai] e Lpaili

Stiffness k : Defines the “Elasticity” of a spring .
AU J e il Ak glaa o




JThe magnitude of force exerted on a linearly elastic spring which has a
stiffness k and is deformed (elongated or compressed) a distance

s =|—| (4aisYl), measured from its unloaded position, is F=Ks (558} clwa)
s Al Aladll 8 LS 3 53

If s is positive, causing an elongation, then F must pull on the spring;
whereas if s is negative, causing a shortening, then F must push on it.

O e ) Al Aaiuy) S () g 4 ot 38 5 gall O ey 13gd A e Al cilS ()
L4 a8 3 gl
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(JCables and Pulleys : All cables will be assumed to have negligible
weight and they cannot stretch.

Also, a cable can support only a tension or “pulling” force, and this
force always acts in the direction of the cable.

Al o (an Yy Jium (s Ll (Jlad) f) ol aas o (2 i,

b\A.\‘LsSLZS\JdAaAOJSMDMJchﬁmbﬁjiMbﬁM\‘;ﬁJﬁuiu&6Li.aj
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dSmooth Contact: If an object rests on a smooth surface, then the
surface will exert a force on the object that is normal to the surface
at the point of contact.

5all ()5S g amall o 5 8 pdand) (sl g ¢ Galal hais e Lo a5l 1))

, Jlaty) ddis vie mdaull e 40 gale




»|If a particle is subjected to a system of coplanar forces that lie in the x—y
plane, then each force can be resolved into its i and j components.

u_uuLg\c_a\_\SJ.d\JESJLMJL@\‘M\H\QLQJSUAJJSYUAJMAPHM\UJSA\.AL:
M\M@MJ@\uﬁﬂ\ju@\M@w\uﬁﬂ\

» For Equilibrium, these forces must sum to produce a zero force resultant .
Jha (5 sk 8 5i3all 38l £ sane 058 O i ¢ ) 5 Gl

0
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(dProp3.2 . The members of a truss are pin connected at joint O. Determine
the magnitudes of and for equilibrium. Set 8 = 60°.?

Jigaad) 138 77 iy 0 g8l | (g Gl 98 (Badall a1 (a9 B gBI) Julal af (e g Al awual) Jakadia ae
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zania an il (55 S al) Jadadall o yiz A gY) 3 gl

padl e s sall dalasi lnle
¥ C Al JSGy QUL ae Jaladll g Julaill 3 jlgae lad) clile

S F, 0 & sana () 5il8 gk 1 AN 3 ghadl)
>F, = O a5 sben panl) e 3 il (5 58l

4
- 2F,=0; Fysin70° + F;cos60° — 5cos 30° — 3 (7) =10
— U A
0.9397F, + 0.5F; = 9.930 F> = 9.60kN
9 . ~
—TEF_,_,, =(0; Fycos70° + 5sin 30° — Fysin 60° — %(7} = () Fl = 1.83 kN

0.3420F, — 0.8660F; = 1.7



JProp3.3 . Determine the magnitude and direction 8 of F so that the
particle is in equilibrium ?

8 kN




a5 Sy jall hladall s i A9 5 shadl)
8kN el e 5 sl Jilas Uile
S a) JS5 Gl ae Jalzdll g Jiladill 3 jlee o) clile
30 s X i
. od 5kn
e
Ans. “FKN 3 &wdﬁﬁéﬁﬁ:@m\sw\
D (5 sl amall e 3 yigall (5 sl
TYF, =0 Fsinf + 5 — 4cos 60° — 8 cos 30° = 0
Fsin § = 3.9282 =F =0
SIN U = 2. Y204 EFH. _ ﬁ
2 = 0 8 sin 30° — 4 sin 60° — Fcosf = ()

Fcosf = (.5359



+ JANEY 3 gladll)
<) pdial) Mgl g adall ol oan exill ChValeall Ja <l jlew (aaka

sin 6 N
cosp  1PP01 L te A6 Asted) Aacd
in
Realizing that tan 8 = . . then
) cos

Fsin 82.23° = 3.9282
F = 39646 kKN = 3.96 kN



JExample 3.2 : Determine the Tension in cables BA and BC necessary to
support the 60-kg cylinder ?

- dall @l lad
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' 0 o
Tf COS 45 o an gl K0 Sy all aladall s iz A gY) 5 ghadl)
?“"‘;Mus‘;d}‘ﬂ\d-d;-‘m‘;
3 J a) yia | T b\ kPN | Ll Al 3 83 slle
x T{:‘Hﬂd-S SEBERS g Jaladll g Jalaill 3 jlga oyl el

: Galial) aa Jaladl) A gead g 020 Lucall Sl (e
Sl Sl dndig ) sl g3l sal) alall ) i | Abeead) 48 all 3y 53
Sl e dauiig galiall saall J )l sall adall )l | dgalial) 4.8 jall 3 s
5 $81Ly agn pad (S sall g




T — e [(M\p — & sana O sil8 Gl 1 4L 3 gladl)
H3F =0 Tfmf §) =0 1) S s
FISF =0, Tesinds + (37, - 600.81)N = 0 (2) SF — 0

2, F, = 0

Top= - Axa ¥ dpdlall g bl @ qug e A gha) &)y

Equation (1) can be written as T, = 0.88397. Substituting this into

Eq. (2) yield
el ; 40 5 gl

Tesinds® + (2)(0.88397) - 60(981)N = 0 s sxils ) Ja e G
il b el dlay) 5 Cadall
Te=47566N = 476N Ans.
Substituting this result into either Eq. (1) or Eq. (2), we get

T/\ - 420 N . X/S ).



JF3.1. The crate has a weight of 550 |b. Determine the force in each
supporting cable ?

adl) i g Al il e Jash 138 (<05 Wil olinin g (531 Galead) JUial) 3 SE s
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S+ Fr=0 S F,
%Fm*- — Fabcos30® =0 ... A1)
T+3 Fy=10
%Fmﬂ + Fab sind0® —5350=0 ........... (2)

from (1} and (2]
Fab=A4T78lb Fac = 5180
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(JF3-6 . Determine the tension in cables AB, BC, and CD, necessary to
support the 10-kg and 15-kg traffic lights at B and C, respectively.
Also, find the angle 6 ?

Crithalil) e ) ) il 8 (et ay yi Uia B SAN g gteeal) 3L Ja Ulay 8 Lo 5 ais Jlsu
dadd) Al
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"10%9.81

Y F, =0 = Tygsin(15) - 10(981)

[yp=1

VF,-
[ge=3

TON
) = Tge - Typeos(1a) =)

6 N

rnia an il (5 S al) Jadadall o yi iz A gY) 3 ghdl)
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(dProp3.30- Determine the tension developed in each cord required
for equilibrium of the 20-kg lamp ?
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avall e 5l Jalas lile mumia o )l (685 Sy all Jadadall o yi 1 A gY1 3 ghadl)
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Ep=339-83N [ A

20(9-6/)N
At C At D
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SF, = 0
Fppsin30° = 2009.81) =0 Fpp = 3924 N = 302N 3F, =0
392.4 ¢0s30° — Fqp = 0 F.p=339.83N = 340N
F{':A = 243 N

339.83 — FM(‘—) — Frpcosd5° = 0

4 oo }
Fcﬂ(g) — Frpsindd® =0 FCE _ 27..} N



(F3-4. The block has a mass of 5 kg and rests on the smooth plane.
Determine the unstretched length of the spring ?

Llay 38 Wl pilaa oS5l e 20 Y50 S8 (e ST Qe 43Y s dagd oSl 5 aga J)3m
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kK = 200 N /m



FBD

Wx=5.0%(9.81)sin45

“Wy=5.0%(9.81)cos45

=34.68N _34 68N
A S Fa =10
Fﬁﬁ{%j — mrg seredS =0 L.

Fup = 43.35N

Fop = (I — [5)
A43.35 = 200{0.5 — ;]
(., = . 283317

LAY AL b
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40 48 )k

3 ~ /0 Qu e Lid ok o
» =032 +042=05m T 0 I Jpkl aag

k = 200 N/m

F,,Sin(45°) = = F, bl (e (gasale 055 4 03 el o
> Alia 5 At 4 je Sy
F.=4.42kg=43.35N
ks gzl - Al=0283m o o s sy

AF3 .33 = 2000 AT
Dl = 2161
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(JExample3.4 . Determine the required length of cord AC in so that the
8-kg lamp can be suspended in the position shown.

The undeformed length of spring AB is I’ ,; = 0.4 m, and the spring has a
stiffness of k,z = 300 %

I

m

N kg = 300 N/m
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L?."":' 2T
« QLS
|

Vw=msn ==pp 8%09 81=78.5

S53F, = 0;
+13F, = 0;

Solving, we obtain

el o
ons of Equilibrium.

TAH

T,csin30° — 785N = 0

Using the x, y axes,

T\H gz T,\('C()S 3()0 — ()

157.0N

= 1359N
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Tap = kapSap [359N = 300 N/m(s;p) Ay laie aaiy i 50 & a8l (o ilE gulas
0 = 0453 m

k.g= 300N, m‘

——d N

2m = [yccos 30° + 0.853 m
Lice = 1.32m Aldainy) + 280 Ji W Jshll = Ja) J ghall
0.853=0.4+0.453



JProp3-19. Determine the unstretched length of DB to hold the 40-kg

crate in the position shown. Take k = 180% ?
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(Y A8 ¥ LA Lol g (oa & Y 8l Jlas Sl
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sl il e A Ady LS8 i gou L g ,A] B
Z=/x%+ y?

V13=1/32 + 22
V2 =12 + 12 =/8 =/22 + 22

40 (2.81)N
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LIE =0 TBD( ] ) - TCD(

-0

S

el

) 2 F, = 0 Waa Lshu:i\;.m;j.‘ 3 yigall (g gall
ASE, = 0 TBD(ﬁ) n TCD(%) ~ 40(981) = 0 ' < e 85 sl
Solving Eqs (1) and (2) + JENAY B gladl)

p = 33296N ) ol YAl Ja O jlee (ke
Sl yiall dla 5 Cadal

Tap = 28296N T,

™y

The stretched length of the spring is
= V3 +22 = VI3m  uyelid gabi oo & il A skl
Then,x = I — I = V13 — I,. Thus
Fp = kx: 28296 = 180(VI3 — [;) i3l & Al ¢ils (aakad

[p = 2034 m = 2.03m



JProp3.15. The unstretched length of spring AB is 3 m. If the block is

held in the equilibrium position shown, determine the mass of the
block at D ?

’ 3m 4 m
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JProp3.21 . Determine the unstretched length of spring AC if a force P =80 |b
Ib
— 7

causes the angle 6 = 60° for equilibrium. Cord AB is 2 ft long. Take k = 50 7
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V12

2

sin 60° sin ¢

b = sin_l(

2 sin 60 ) _ 20

V12

I'sin60° + Fgsin30” — 80 =0

—T cos 60° + F,cos 30° = 0




Fy, =401b
F, = kx

40 = 50(\V12 — 1)



JThe 200-kg crate is suspended using the ropes AB and AC. Each rope
can withstand a maximum force of 10 kN before it breaks. If AB
always remains horizontal, determine the smallest angle 6 to which
the crate can be suspended before one of the ropes breaks ?




I 0550 Sy all aladall aus yi 1 g¥) 8 ghadl
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YFa=1962 N

1962=200%9.81 < 10kN (Safe)

‘ F SEF, — 0 sl g osana sl ki 400 3 gladl)
H3F, =0 ~Fecosf + Fy = 0; Fo=— - jﬂ < > .

cos f ZF*; = 0 A= LsJL““ ?‘“‘Aj\ L:J'r‘ °)"}AM
+13F, =0 Fosinfl = 1962N = 0

Fo< F, el e oS dan (puddl ) 25 om0 e T Y
AC



s ¢ _ 10KN ;
Fosinfl — 1962N = () st LS 10 sa daall J Jea el (L Jiiged) 8 daglaa oo

[10(10YYN]sin® — 1962 N = 0
@ = sin_ 1(0.1962) = 11.31° = 11.3°

Fg

Fe =

cos A
Fg
NI N =
sOCI0) cos11.31°
Fg = 9.81 kN



(dProp3.11- The block has a weight of 20 |b and is being hoisted at uniform
velocity. Determine the angle 8 for equilibrium and the force in cord AB ?
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2F, = 0
£ 3FE =0; 20sin @ — Ty sin 20° = 0 SF, = 0
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i 8 e Gl (iadaa oS A Uas Caasy
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i

+HZF, = 0 Tigcos20° —20cosfh — 20 =0



sin (8 — 20°) = sin 20°
6 — 20° = 20°
6 = 40°

20 s1in A

<in 20° cos 207 — 20 cos 8 = 20

sin & cos 207 — cos A sin 207 = sin 207

20 sin 40°
Tup = 210 — 37.591b = 37.6 1b
sin 20°

lealizing that sin (f — 20°) = sin # cos 200° — cos 6 sin 20°, then

da 48y )k ) salgd W g Jadd 3 Sall | 53a
IS Wl Ja aldad b od 4 dalal)




(JProp3-8 . The cords ABC and BD can each support a maximum load
of 100 |Ib. Determine the maximum weight of the crate, and the angle
@ for equilibrium ?




HIF = 0;

+H2F, = 0:

D
W(—) — 100 cos8 =0

13

100 "Ei—ﬂ
cos § = —=

12
100sind — W — L-V(F> =0

i

—_

23
100 sin 8 = ]_"’W

2
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sin 6 A A L) Ustaal) dand

=5
cos B
.. sin 6
Realizing that tan 8 = :
cos 6
tanf = 5

6 = 78.69° = T8.7°

—

100 cos 78.69° = l%u (Jan) 2l oadl (i gri Al (039 o) i 3 3 Y 100 WL ge 3 6l

W =350991b = 51.01b < 100 1b (0.K)



JProp3-24 . Determine the distances x and y for equilibrium
if F1 =800 N and F2 =1000 N ?
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J 9 Jina (5 s gl e 8 il

T3F, = 0: 1000 — 2[800 cos 8] = 0 = 51.32°
2F, =0
SF, = 0
y=2m B (AN o
H Jeadl o a2 e
.
¢ B=5/32"°
2 _ | |
~ =tan51.32>: x = 1.60lm = 1.60 m £l .
X am r9=5/.32
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|E X




**Three- Dimensional Force (3D)

Agwsall & A ALLY) JalS Ja S

* In the case of a three-dimensional force system, we can resolve the
forces into their respective i, j, k components .
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JExample: Determine the force in each cable used to support
the 40-lb crate ?
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B _‘\\41;\ F, — FB[ —3i — 4j + 8k }

| = V(=37 + (-4 + (8
— —0.318F4i — 0.424Fj + 0.848F;k
F, — Fc[ —3i + 4j + 8k J

V(=3 + (@) + (8)°
= —0.318Fqi + 0.424Fj + 0.848F .k

Fp = Fpi el Gl )san o dlghia LY
W= {40k} Ib Ll a3l ) gae o Aigaia Le3Y

.

C(—=3ft,41t,8ft) B(=31ft, —4ft, 8f1)
A(0,0,0) Ja¥l ddais e dluais



2F = 0, Fg + Fo+ Fp + W=10
—0.318F3i — 0.424F,j + 0.848F3k
—0.318Fi + 0.424F.j + 0.848F k + Fpi — 40k = 0

2F, = 0; —0.424Fy + 0.424F- = 0
2F, = 0; 0.848Fy + 0.848F- — 40 = 0

FH — F{:' = 23.61b

Fp, = 15.01b

| g.'\guj\ )}MG]:;:\J\JJ
j; di‘.@]‘ JJMLALMYJ
k: Jgjj\ )}MLQLZ\JYJ

(1) Y aleal) Ja @LBJ
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AProp3-43: The three cables are used to support the 40-kg flowerpot.
Determine the force developed in each cable for equilibrium ?
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Y S -
=Fz = O FAD(\/L:’F T 22 + 152

Fap = 762.69 N = 763 N

Using this result, . w e . . *
230 g o (adaia SIS gle gl) 03

1.5
SE — 00 Fae — 762.69 — 0
* ac (\/1.52 T 22 + 1.52>
Fic = 3924 N = 392 N
>
SF, — 0. Fap — 762.69 — 0
> s (\/1.52 + 22 + 1.52)



JProp3-45: If the bucket and its contents have a total weight of 20 Ib,
Determine the force in the supporting cables DA, DB, and DC ?
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JProp3-61: Determine the tension in each cable for equilibrium ?
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IF3-8. Determine the tension developed in cables AB, AC, and AD ?
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JProp3-10: Determine the tension developed in cables AB, AC, and AD ?

X 300 Ib



Fap= FapC0S(120)i — F,;cos(60)j + Fyp coS(45)k s s pal,, osidl te

Fag: Fag i | G sall Al ) saall e %)

Fac =
F,= F,csin(60°)k

: .2 sald AUl s
F.= - Fycc0s(60°) sin(30°) i L Qe A4S gl
Fy= F,-c0s(60°) cos(30°) j ¥ Wl

X 300 Ib



sz:ﬂ_} .433&1{:— .5F,qg='|]

Y F, =0 — 866F ¢ +.707F4p— 300 =0
F o= 2031h

Fun=1761h

EF =) — FAE—.EEFA{:—.EF,qg:ﬂ
Fap=1301b



»F3-7. Determine the magnitude of forces F1, F2, F3, so that the
particle is held in equilibrium.

5 S S ) ) ) 4S8 Ly i
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SF, =0 (S)F5(2) + 600~ Fy = 0
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4 3 4

1 3
S F: =0 () Fs+ (5)F1 —900=0
Fy = 466 N
Fo=S87TON
Fi=T76N

4 3 3. 3 —4
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3 35k 3 & 5“" 3*c* 7]

F=F*2k+ +F x2j
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JWhen a Force is applied on a rigid body about a point O is defined as the
product of force and perpendicular distance of the point from the line of
action is called a Moment .

M}Jmajﬂ\ucOJhchu\))ﬂ\e)cuj&uumw.\dj;w\;eu&ulcojsl‘d.u.k.\mc
Aol ddaasl) ) 368l Jue Jad alaia) ol 5 g8l e A0 galad) ddlially

JdWhen 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 a torque .
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Fd d : Moment arm or perpendicular
distance from the axis at point O to the
line of action of the force.

ATy 8 saaad (oS alatiin 3 5dll &) 53
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* Resultant Moment : Ly o 8 Lild Ahaill (udi e Jie )50 a0 S
ool J 4nledll 3 LAY (e J pandl ai oy 45 L) a3 JS

almas (il =36 (M), = Fd - Fy t P

(

> Counterclockwise or out of the page or moment sum is a positive scalar or 4sludl @ lie Luse

> Clockwise or into the page or moment sum is negative scalar or 4slwll @ & 2a



»Example4.1 : Determine the moment of the force about point O ?

_ - d : Moment arm or perpendicular
M{} — Ff]’ m YL 3 geaiall 13a _ . .

. distance from the axis at point O to the

.l!\; line of action of the force( 3 sall Jlaia)),

\ My, = (100N)2m) = 200N-m )
O 1wl
| / 2m al ds-“‘j\-‘ °'3.'3‘J;3 “ﬂ:‘lcj pee \h Sﬂ‘ &‘JS

: agle ALY e 5 e Caria g 2l 5 il
: Al 3 guatall 124

v s ASL) e e () (Al eyl i) Ladls

e Se Jab Juady (K] priava dlld CiM 9 G sall
O e AV Qe l sall S s 85 s 4c Ll
d=2 acludl @ )\ae - BYiY ejﬂ\ KV




30°

4 ft

1 1
2 cos 30° ft

A3iiY) oA ‘“,A 5 _gall EUS all il g adldl) Al

M, = (50 N)0.75m) = 37.5N-m)

40 1b

M, = (40 1b)(4 ft + 2 cos 30° ft) = 229 1b-ft D



ji
(-
=

N -

.

Alsall & guin ga oS gy o

d=0.75 ”-175 m

d=4+2co0s(30°)

40 1b

!— 4 1t !* =

2 cos 30° 1(



My,= (TkN)4m — 1m) = 21.0kN-m

d=4-1 4m




20 N

40 IN

G + (Mg), = XFd,
(Mg), = —50N(2m) + 60 N(0) + 20 N(3 sin 30° m)

—40 N4 m + 3 cos 30°m)
(Mg) = —334N'm = 334N-m)

(8

J Example4.2

dadill 4y aa g A sl e gadaii ) 3 il
Adlase 22 g3 Y A a2l () 5S) 4 slladl)

Al (s lgh Ll Bdiai 5 8 J<, 548548 Jad
Adlesl) 3 LAY = ATy sl aaadly o

S oy S 13) 55 sal) pa Lirglual aa
5oLy (sS4 gllaal) ddasill (g gliay
b Glld CGIMA 5 A se

Gagall 9 dsludl Qe (use (2 )



J Prop4.4: Determine the moment about point A of each of the three

forces acting on the beam ? )
5 gal) £1 )3 aSl mua guus adlll) Dl

F,=3751b F5=5001b
| J / C+ (Mp)a = —375(8)
alp A 3
B

E:‘: > ; D,fi ft = —3000 Ib- ft = 3.00 kip - ft (Clockwise)

| ol a . QSI\QLQQJS:\“,SJB\O\;S}%&HL@\F

_ qusty\ojszasﬂw\w@y

30°
F;=1601b
A OY Uls pde L Gl ddaiilly pad 1) AS )
= —5600 b - ft = 5.60 kip * ft (Clockwise) _ L;aj allu 3 Ju;,‘g\ s g Z\_p\_mj\

C+ (Mp) 4 = —160(cos 30°)(19) + 160 sin 30°(0.5) 1 o1 S ) Y S gl Jalasy A g2 Lin

— 25093 1b-ft = 2.59 kip - ft (Clockwise) Gl g all eBlA e sl



F,=3751b F5=5001b

F,=3751b
5414

IE

Bt 30
| d=8+6 F3=1601b

! | d=8+6+9 |
| F,=3751b FJ:S{IG Ib
d=8

F3=1601b




(JF4-4. Determine the moment of the force about point O. Neglect the

thickness of the member ?
SON
"—1 ()0 I]lﬂl“l f% 6()0

}'—l()() mm-—



s G .
o LS_ 50 cos60

450 200mm 09l Jad las | iS ya ) 200 JAad

O \ /
l——l()() mm—»‘

S0cos60 =25 N dp=100(107) + (200(10~) cos 5+ 100(10~)) = 3414 m
0sinfl = 433N dy, = (200(107%))sin 45 = 1414 m

ks

Fﬁ"
0.001 < Lo SUA cijas gl J”;Lu.é;m

Mp = F,d; + Fid,

Mgy = 43.5N.3414m) — 25N 1414m) = 112N - m



(JF4-6 Determine the moment of the force about point O ?

S00 N




S00 N

My, = 500-3 cosd5° = 1060 N - m

5 all alia) ae Jabai il o ol el i L § il




JProp4-16. If the man at B exerts a force of P = 30 Ib on his rope,
determine the magnitude of the force F the man at C must exert to
prevent the pole from rotating, i.e., so the resultant moment about A
of both forces is zero ?




Ahiilly ai Al g gAY

aje JS&I Y 4 glhall
R pjadl dlana g 4 glhaall
Jigead) (2 e Ay Jia

30 (cos 45°) <

C+  30(cos45°)(18) = F(%)(]z} ~0

F=3981b




dThe cross product( 2y < »all) of two vectors A and B yields the vector C
also it is written :

C=AXB

dThe magnitude(.'484l)) of C is defined as the product of the magnitudes of A
and B and the sine of the angle 6 between their tails .

C = AB sin#. (0° = 0 = 180°)



Direction(ea=Y¥) : Vector C has a direction that is perpendicular to the
plane .

oJJ‘A\@@a)A}QuSGLM\QQLS.J)ALGUJSJCA\J\U}&L_\J‘A\M¢\J;;\.L.c

C — A X< B




" agd" alall Gl (e Ja Lo jdlie e b O () A el Gl e das a5 ALY Gl gailad

¢ The commutative law is not valid:i.e., A X B # B X A. Rather, A

AXB=-BXA

Same magnitude but acts in the opposite direction

If the cross product is multiplied by a scalar a, it obeys the associa-
tive law;

aA X B)=(@A) XB =A X (aB) = (A X B

The vector cross product also obeys the distributive law of addition,

AXB+D=AXB)+ (AXD)



i X j= st U g 30 o)) Chlgaria (o yuzay Liad Ll Lidaa ]
iXk=i Crosaie (neader @ pat US g aclull o jlie (uSe
KX Q=] T g 5Lk 5 G 4aidl and

i X k= —j i USG s o)l Cileaia oy Lic Ll LilaaY
JxXi=—k G)slate (ngatier @ pai US gacludl o lie as (

‘P [N

(\ P 2
™ -~
S
' I
X
—

KX j= —i Al 5 ,LEL 5 Callil) Al dassd S
i

/

X

ixXi=0

ix =0 e Gl ) s sas 5 (gatie by puia ) ;
kX k=0 f#ﬁ\
J@k

i Y ST Y Lgia b ) el glaal) 5l (e Jadd 3a




AXB=(Ai+Aj+AKX®Bi+Bj+BK

AXB=

(o it (S8 () 3 S drpally (pgadie Lnal S )
oY °}A@Oiesﬁl°} las age s 5 Al @ pall
ALY el aadiiin Jall i

Glgaia (38 Dl LAY o
oy ¥y Gl sas



k aiad Lo JS Llald (sagale 5 88 ad O350 Al ) gaally (aladl 3aa gl ania oy )

. o Al o pall Aileny o i Jas yalic day jl oY) &l s
=i(A,B. — A.B)) ~~

AT aiad Lo JS Llld (g0 gale 5 88 Jad J 3l gaball ) gaally (alaldl 3aa o) ania oy )|
| T

B AN,

JH{ @Jhﬁ\uﬂ\@meﬁﬁﬁm@ju\]\&@ﬂ

- ~j(A,B. — A.B,)



i F j:’? aiad Lo JS Llald (sagale 5 880 lad O350 a3l ) saally alald) 3as o) aniia oy )
I

= k{f’l_l H}. - fl_h.H_,l.} L) ) dilery o st Ladh jualic day i (V) @l s

AXB =(4,8,-A.B)i- (4B, -AB)j+(A,B-ABK

Ay Gl 2 ez A e sy Liad ] Apilgdl) dauall



JThe moment of a force F about point O, or actually about the
moment axis passing through O and perpendicular to the plane
containing O and F, can be expressed using the vector cross product .

M(}ZI'XF

(JHere r represents a position vector directed from O to any point on
the line of action of F.

5 5ll el gaa o A o ) Ay glaall AN (e 4s i) a8 gall Ania Jicd

L0288 et () s s agay plaall udl (o sSau g

Moment axis




ik e 32 yild & alilaay) gl A g8 oS8 of eile
Loal g aule adinin 4 alady) o pall ddee (Y1 auad
Mo =rx=1n 5 T 0585 0l e I 558 S Rapeally 51 s e
E osaY) agd kil Slas o 82 il

re. Iy, I, represent the x, y, z components of the position
vector drawn from point O to any point on the
line of action of the force

F., F,, F, represent the x, y, z components of the force vector

MO - (”_vF:: - ,"'-F,,)i a (‘V.I‘F:: B ’F"Fx)j + (F_,;F_,,- B erx)k L;MA.SY‘ ‘T‘J‘a‘ :‘-‘L““.. "‘J%} —— L;ﬂ.@_d\ C'—‘L‘M

(Mp) = 3(r X F) 598 (ra S agag Jla (A
()



(JExample. Determine the moment produced by the force F about point O.
Express the result as a Cartesian vector ?

<




28 sall Axiia il all (a9 3 681 Lgw sl AN B8N cilfiaa) aad 2 Y 5 ghadl)

A(0,0,12) B(4,12,0)
r, = {12k} m and "rz = {4i + 12j} m

Qjﬁ)&\wgs‘gﬂ\&sMgﬂow\s‘gﬂg@ﬂgah‘ﬁ\@agw:@&\S}E&J\

{4i + 12j — 12Kk} m
\/(4 m)2 + (12 m)2 + (—12 m}2

= {0.4588i + 1.376j — 1.376k} kN

F = Fll‘,iﬂ = 2 kN




ﬁgyd,d\&&gi&ud\l\,oﬁiéﬁjﬁﬁawu&:mm\ﬁjﬁ\
a3 Al 08 &) a9 3 581 o a8 gal) daia i ¢

i j Kk
M, =1, X F = 0 0 12
0.4588 1.376 —1.376

= [0(—1.376) — 12(1.376)]i — [0(—1.376) — 12(0.4588)]j
+ [0(1.376) — 0(0.4588)]k

= {—16.5i + 5.51j} kKN-m

ry w\w@ﬂ\@ﬁjﬂ\ﬁ\éangﬂ\ @j.d\m
58l Jae aa alia) e ki (i 1) 4 slhadl

Fr Al 5 hall 8 aaalay) &3 630 5L alal) 26N ) glaall s



o Al adasil) Liaca g J oY) Adadill Jay Limca g o) Ll STl Ol o 7 dd2aDla
Glualdl A ggus i 5o (3 8 (<15 l gl (& S g ol (25 ey

i i k
M() — XD X F = 4 12 0
0.4588 1.376 —1.376

= [12(—1.376) — 0(1.376)]i — [4(—1.376) — 0(0.4588)];
+ [4(1.376) — 12(0.4588)]k

= {—16.51 + 5.51j} kN -m



(JExample4.4 : Two forces act on the rod shown. Determine the
resultant moment they create about the flange at O. Express the
result as a Cartesian vector ?

2

F, = {—60i + 40j + 20k} Ib

>, = [80i + 40§ — 30Kk) Ib



ry =

L g (i g8 Ll (W) g Baa) 9 368 Ll il gl Jlpaad) & | il g EDERY)
C O Y Arually sUara 5 gl

28 sall Aaia Clua A% (ha g 5 68 Lgy sl Al ol cilflaa) aad s Y 5 gladld)

A(0,5,0) B(4,5,-2)

{4i + 5j — 2k} ft

olara 3 6811 (Y Lglans )l g olamall 3 ghlly 4y jun g oda gl dadia cibua 1 ALY 3 gladl)
5 il lliy a ¢85 AU M g (4 35 S dipally




éﬂ\@agﬂldﬁjg@\&ﬂgimgm,aﬁiéﬁjﬁﬁowu&:mm\sﬂ\
598 (ra AS) 393 ol (i e Gy oHAY Gadaiea LA (S (35 SN Adaally (5 5S0 ) pADIS 9 B 4R

Mp), = 3 X F)

i j K i j kK

=10 5 O0[+|4 5 =2
~60 40 20| [80 40 —30
[5(20) — 0(40)]i — [0]j + [0(40) — (5)(—60)]k

+ [5(=30) — (=2)(40)]i — [4(—30) — (—=2)(80)]j + [4(40) — 5(80)]k
= {30i — 40j + 60k} Ib- ft




JProp4-28 Determine the moment of the force F about point P.

Express the result as a Cartesian vector ?

&l

F = {-6i + 4 j + 8k} kN

;1/

’r—'__:‘f

6Hm

~ 1 m Y

P 2m



g (M) aa g L Qﬂgéﬂ\@g@eﬁszﬂ\%ﬂéﬁ\bﬁﬁ\Qgﬁ\h)A@S:uigii\sjhﬂ\

. aaa ddali Jga ugllaa Lia (Sl o) ddali g ajall Al glha (LS b)) ol gl 5 KAl Ui
A (1, =2,6) P (0.4,3)

Ipy = (1 —0)i+ (-2 —-4)j + (6 —3)k

=i —6j + 3k} m

sUa 5 g1l Y Lglaad o g olanall 5 Al 4y ya g o2a gl Aaia cileaa 2 Al 5 ghadl)
5 ghal) ity o g ) G g ¢ i LS Aipeally




5581 o a gall Aaiia Gl ) gh g Maad) (LAl T () | 0341 a3 Mg anad olilad La JS 3 A 3 ghadl)
Gl Adally ¢ 5%y f NS

i § Kk
= | 1 —6 3
6 4 8

— (—60i — 26§ — 32k} KN - m



JProp4-33. The pipe assembly is subjected to the force of
F = {600i + 800j - 500k} N. Determine the moment of this
force about point B ?




By DA 2 gy Lia (K1 g 28 gal) Aaie Gilaia af (ha g B gl gy pad Al JalATY) cLflaa) aad s oY) 3 ghadl)

. a3aa ddali Jga ugllaa Lia (Sl Jual) ddali Jga o jadl A o glha OIS b)) ) B 5 KAl Uia g

C (05.0.7. —0.3)

p abflay) Adi$ mud o

0.7=0.4+0.3
Qelhaal) jgaal) ) Jsa sl sl aaad Joaal g lady &G Y

tpe = (0.5 — 0.5)i + (0.7 — 0)j + (—0.3 — 0)k

— (0.7j — 0.3k} m



olana 3 gil) (Y Lglaad o 5 olaral) 3 gilly 4y a5 2 gall Aiia ibuaa 1 AL § ghadl)
5 ghadl) clliy 2 i I3 CAMA g (4 35 S Adsally

ﬁggé,d\aﬁ'dghglud\l\,ol&iaﬁﬁjﬁﬁomuds:mlﬂ\ 3 gladlll
G daally (58 O aaMS 5 5 5RN o ad gall Aia i )

Mp = 1gc X F

i i k
= | 0 0.7 —0.3
600 800  —500

= [—110i — 180j — 420k} N-m




(JF4-10 Determine the moment of force F about point O. Express the
result as a Cartesian vector ?




ahﬂ\@a#&ggéﬂ\@g@é&agﬁﬂ\L@ﬂéﬂ\bﬁﬂ\ &1.)3\433493:“13‘\1\ 5 gladll

ow\sﬂgﬁﬂ3éﬂ\@acﬁm:@m\33&\

L O ially (598 O MRS 9 8 58 G ad gall A qupual ) 1 AGIED B ghadl)

F = Fuap = 500(% — 3j) = 400i — 300
‘-"[J!rﬁ = T4 X F = .ﬂjl‘-:-l[][].i' — 3[][]}
— [~ 12006 N m



(JExample. Force F acts at the end of the angle bracket. Determine the
moment of the force about point O ?

t T
F 0.2 m

) .

}~— 0.4 m
"
30°
F=400 N

(a)




Glaia¥) B daliag La 138 5 Lghe g Wgibabowy g gl ggn (A gY) ARy plal) Julad) i (o g Jall ARy jha (e JAS) 22 gy
ol gaal) 4B e g A galad) Adlesal) A8 ja JS5 Gyl g (S e () BRI Jlad 1 Jal

Ja by Sulil) Bl b g il 13 e Lilla i
T X @&\@ﬂ\&&u@#\u@dwj

400 sin 30° N

0.4 m

400 cos 30° N

C+ My, = 400 sin 30° N(0.2 m) — 400 cos 30° N(0.4 m)

= —98 6 N-m = 986 N-m , .
Liad & dad) 3 L&) s

S NAl I EIR YRR FVENg

M, = {—98.6k} N-m



O Sl Aaay 8 58N alag) g a8 gal) Aaie Gl afi (pag B gl gy e ) JalAS) clflaa) aad 0 oY) 3 ghadl)

r= {041 — 0.2j)} m
F = {400 sin 30°i — 400 cos 30°j} N
{200.0i — 346.4j} N

slara 3 6811 (Y Lgland ()l g olamall 3 ghlly 4y pun g oda gl) dadia cibua 1 Al 3 gladl)
B ghdl) elliy a g&3 AU CMA g (4 35 KD dially




S8 aad) (AN Tasiar oY) | o34 Al dB g anad oliled La JS 3 AGILY 3 gladl)
. s Adally (oS ) AR 9 3 58N i ad gall daia i )

i ik
rxF=|04 -02 0
2000 3464 0

Oi — 0j + [0.4(—346.4) — (—0.2)(200.0)]k

[—98.6k} N+m



(JExample4.5 Determine the moment of the force in about point O ?




el JSy clblial) 71 &) ¢ oS (S pa ) 5 g8 | gllad | o Bl (S ABlical) | gaaadi () 288 ) ST aual

.“’

~—d,=3cos30°m—
F. = (5kN) cos 45° ; . .

g B8 (A1 JallAg 5k (e J8) 2
JSLia ‘gieﬂﬁ'_m;:\‘ﬁélofm

d, = 3sin 30°m

X
G+ My = —Fd, — Fd, c AL Al 3 aea il

—(5 cos 45° kN)(3 sin 30° m) — (5 sin 45° kN)(3 cos 30° m)
—145kN'm = 145kN'm D \n1s.



JProp 4-20. The handle of the hammer is subjected to the force of F = 20 |b.
Determine the moment of this force about the point A ?




C+M, = =20 cos 30°(18) - 20sin 30°(5)

= =301.771b+in = 3621b+n (Clockwise)




*Sometimes, the moment produced by a force about a specified axis
must be determined

LY o Ua MY ) Al ) sV

Ug — Ug Uy ol Gl 2y 5 ddas Jga ajall sl
- - | | ) Lid daaa e Jea
Mﬂ o “ﬂ'(rx F) — | Ix Fy Iz

F. F, F

y <

represent the x, y, z components of the unit vector =—) olball )gaall J Bas gl daia
defining the direction of the a axis

u,, u

a,> “ay “a,
e, Iy, I, represent the x, y, z components of the position Ua Cadas) Y
vector extended from any point O on the a axis

to any point A on the line of action of the force

F., F,, F, represent the x, y, z components of the force vector.



JExample4.8 Determine the moment M, produced by the force F in
which tends to rotate the rod about the AB axis ?

N




A8 Jm\e.\u.aj b gall Ania M) a5 (rag isllaal) ) saall Lgd yay Al LA Cilbiaa) as L:JJY‘ 5 gladl)
saa ol) dadia

I'p {0.41 + 0.2j} m : :
ip=r—= 7 = = 0.8944i + 0.4472j
5 V(0.4m)? + (0.2m)

M@i&)%ﬂ&\)ﬂ‘&m}giwéﬂ\@w:@&\8@\
dhle cluald) Jeud S Alg ddali alading Jgla g 3 gll) alaia) Ao

(S Aadal) A e ?‘M‘

{(}.6i} T MJ.Q.«J\uUUAJJSU

d: OJA.“J\AA.A\UJQ LAJ‘MU‘-‘J-‘M‘JM‘UJ; ‘_,J\dm\!\w\uu‘\.‘nw\



Lgia aslid ) 50 Sl daally 368N (065 o)f quan 3 ASIEY 3 ghadl)

F = {—300k) N

S B 3 ga gall 0 gHAY (Gada  dad ) 3 ghadl)

0.8944 0.4472 0
MAB=UB'(I‘DXF)= 0.6 0 0
0 0 —300
= 0.8944[0(—300) — 0(0)] — 0.4472[0.6(—300) — 0(0)]
+ 0[0.6(0) — 0(0)]

= 80.50 N-*m



(F4-15 . Determine the magnitude of the moment of the 200-N force
about the x axis ?

0.3 m F=200N




O SN daay 3 il dagl g a8 gal) daia Gl Al (pa g 8681 gy yad Al Jalll) cilfilan) aad 1 dgY) 3 ghadl)

F=037+025%k m

"
.

F=Fvcosai+Fecos3j+ F cos~ Kk
o = 1207, 5 = 60°%. ~ = 45

F = 200N

F=_100i+1007+100,2 k N



M,

M,

1
()

—100 100 1002

0.3

100 100.,/2

()
0.3

.25

o |
.25

= 17.4 Nm



(P4-3. In each case, determine the resultant moment of the forces
acting about the x, y, and z axes ?

‘o |

100N

200N




o @uﬁeu;mst,“m i m)u\dma\w ¢S 9 Il 128 Jal iy sk aa g
B S Lgb Uadl) llaia) o0 &yl 40811 44y

S dla) 4 e @8sall At dla) o e ustlaal) gl Lgsh sy (2 TGS cildlan)an 2 ) 5 gl
dda i) dadia

u:l1li+0j+ 0k
u,:0i+1j+ Ok
u,:,i +0j+ 1k

L 3SA 19398 Laila | Jada

M@i&!@}lﬂ\)ﬂ\éﬁwgiwé}d\@w:@&\3‘9&\
dale Gluad) Jeud S Algw ddadi afading Jgla g 3 gll) Jlaia) o




GO Ay Laily (g8 1) A3 ga (5.6 pa Jalai L) Layg ¢y 5 ASY) ddpaally B g8l (85 (0 g 1 AGIAY) 3 gladl

) B asa sal) gAY (Gada : Aa ) B ghadl)

| 00N
\() N

’()() N

/ Lad ¥ slhaall ) saall adaly 38l Jae Jad ) ) gaall 45 31 gall 5 58l
// im 300N 100@‘&&?3‘;@@3‘ 3335\

’ 2m

Ja (99 A agiadii szux' (r*F)

u 1 (o ml

M, = -300

0 3
F 0 0



EA
p) 0
0 0
Ja e Jhua aghadll
( 0 cﬁ
2 0
0 -300

M, =u, . (F*F)
M, = -400

200 A hid aje Jad Al 5 gl

M.=u, . (r*F)
M. =-600

300 (2 Jadd aje Jaxi Al 3 gl
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dadlia A je 2 g gl 58l CilS g 1 ) ) gaall J adad) Ul 1)
poall Gl a5 )l ) saall J 45 ) gl ddlsall o 0 jual 3yl
@ball el J Ay ) sall Alusally oyl 2 50 A4S Hall 53 g 5a

i A€ je dsa gl 358l CailS 5 1 galall gaall J aad) Ga i 1)
5ol CilS 1)y a5l ) saall J 4 ) sall Adlisall o jucal 3 jdlae
id) ) saall J A ) sall Adlisally o jpaial 2 51 AS jall 880 g 5

Lala A€ je 2 ga gal) 358l il g 1 w3 gaall § aad) Ua ) 1)
baall CulS 135 Al ) sl J 4 )l gl dilisall o ayuial 3 il
gball [ saall J 40 sall d8lisally (o yuial dyipad) 4 yall 850 5 50




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

A gale Al agin s CluSlaie U ) sie Gl sbudie (508 68 Lipal 7 ddabiay 5 Jlalidly & i gall
ALY 8 Jaalil) JalS i g

F

-1—'__

d




(JExample4.10 Determine the resultant couple moment of the three
couples acting on the plate in ?

F, = 2001b

F5; = 300 1b

F> = 450 1b

F, = 200 1b Fy = 300 1b



Aalisall 0 Lo puiai g B 981 (gan) AL Wil (g o LA man (& Y 0 Al
Wl LdAT LeS 8L g Jad 5 Led Allaall 36811 (0 g Leins 403 salall

Q‘i‘MR — EM, MR = _Fldl + dez = F_;(l}

—(200 Ib)(4 ft) + (450 Ib)(3 ft) — (300 Ib)(5 ft)
—950Ib+ft = 950 Ib - ft ) Ans




JProp4-76 Determine the magnitude of F so that the resultant couple
moment is 12 kN # m, counterclockwise. Where on the beam does
the resultant couple moment act?

Aac| | dsial 93,8y Iaa Jaswy purd Lia

C+My=3IM  12=(Fcos30°)(0.3) + §(1.2)
F'=9238kN =924kN




J Prop4-78 Two couples act on the beam as shown. Determine the magnitude
of F so that the resultant couple moment is 300 |Ib.ft counterclockwise.
Where on the beam does the resultant couple act?

5 A4 3 :
| oo 6t (Mo = ;F(i) %F('l.i) = 200(1.5) = 300

20016 F=1671b




(JExample. Determine the couple moment acting on the pipe.
Segment AB is directed 30° below the x—y plane ?

N




a8 lieSlaie Gl sbdie (i gz 9a3al ajadl e J)padl 1

= 1, X (=25Kk) + rp X (25k)

= (8j) X (—25K) + (6 cos 30°i + 8j — 6 sin 30°k) X (25k)
= —200i — 129.9j + 200i

(—130j} Ib - in.

Jra Jeu) | aaall (A Jua¥) Aol LA Uia
Al saa) L paialads o8 aa el ddas

M = ryz X (25Kk)
= (6 cos 30°i — 6 sin 30°k) X (25k)
= (—130j} Ib*in.

s B (s3] Ly yat ABES (R g yal) Uik




JF4-13. Determine the resultant couple moment acting on the pipe
assembly ?

-
4
-~

(M), = 450 1b-ft”| T
O

-
(M.), = 250 1b-ft



san g dniay 4y pas @l g a dall Jsn @l oy 3 S Ay ally (pud il gall 2, Ui 1l

4 g Baa gl Aatia o (e g adgall Anie & ey SLSAAY) a5 7 Jad) @ ghad
G e agran ad e agadl (Bl J 1388 5 o jall Al oo

'y = [—Ei + 2]+ 3-51‘1] Z(M(.)l = 450 1b-ft”| |
B 5 ; — .- (M,); = 300 Ib-ft J 4 | 3.5 ft
Tl =(=2)2+(2)2+ (3.5)2 = 4.5 \ <]
< \\"E;‘)' %
=2, 2, 35 2t~ .
Wy = lEit gk
= [—0.44i + 0.44j + 0.78K] ¢7M‘.>3= o

M. = 450(—0.44i + 0.44j + 0.78k) = [~ 198i+ 198j+ 351K



u,n = [m +0j — 11{] alladl a3l gaal) Alaia) Ao Gulaia (M), = 450 Ib-ft"| |

X
Stt

-

M.z = 250(0i + 0j + 1k) = [0i + 0j + 250K

rg = [1.5i — 2j + 0K]

b ! ‘l' M.), = 250 Ib-ft
rla =152+ (=2)2 =25 (M),
. > o Mp =DM, + My +M;
1, = [E_:Evi + ;_5 + ﬂk] = [~ 1081 + 1985+ 351k] + [0i + 0j + 250k]| + 1801 — 240§ + 0k

— 10.6i — 0.8 + 0k] = [-20i - 40j + 100K

M.3 = 300(0.6i — 0.8j + 0k) = [180i — 240+ 0k]



(JF4-24. Determine the couple moment acting on the pipe assembly
and express the result as a Cartesian vector ?

z,



slad) 8 liaSlaie Gl sbudia (i gz 9a3al ajadl e J)padl 1

rq = |0i—4j+3k] el g el s
435 gall ajaia g Bas sl) Aaie aF (e g a8 sall 4nia ala)

|r|_‘”’f{ _1 —|—{3 Fy,=450N %

wy = 0i — 0.8j + 0.6k

ug = 0i + 0.8§ — 0.6k

F 4 = 450(0i — 0.8j + 0.6k) = [0i — 360§+ 270K
Fp = 450(0i + 0.8] — 0.6k) = [0i + 360j — 270k

'C



Claall Uile Jgun (SI5 680 Lgy pa ddats aay pal) ddal UdA] | 4y 4l J)gad) 4 Liled LaS

rpda = [-—ﬁ + 07+ 'Dl{]

\Y P

)

rga «x Fp=1|4 10
0 360

014+ 108j+ 144k N-m

k
1
—270

S Fz =450 N

N\
9



JSometimes it is convenient to reduce a system of forces and couple
moments acting on a body to a simpler form by replacing it with an

equivalent system, consisting of a single resultant force acting at a specific
point and a resultant couple moment.

0 558 16 3530 (0 Ju Fixy (sl 2sa sall AUl Jagadty o683 () 1 jualidly £ gua gall

= Lgdatinsi o g hall o JaBh Baa) 9 868 o (g sl it Gl Und ) JSUEs (] iy 85550
L& sl ga 1ia a8 aa) g a e

(FR).\' EF\
(FR).\' EF\
(Mg)o = 2My + 2M



(JExampled.11 Replace the force and couple system shown in by an
equivalent resultant force and couple moment acting at point O ?

4 kN



Gl Jlat & gum ga A il (5S35 &3*43-4‘ 138 o Y ) e
_ duﬂenm\d.dse.\um‘jddﬂ\ S 7 agd) o (Y

¢ sanay Jha (g sba ) Haall o 58l & sana i gl o8 IS alat e 1 Jal)
L i) Ay g1 305 Alanal 5 580 Sl o5 ey e (5 st (sobaall |y saall e (s 5l

SR =3F (R = GRN)eos 30+ (2)5KkN) = 5.398KkN -
(R, = 3F; (g, = (kN sin30° - (55 kN) - 4kN = 650 kN = 650 kN
&



Fr = V(Fp)2 + (Fp),> = V(5.598 kN)> + (6.50 kN)* = 8.58 kN

o FR)y [ 6.50kN
tan = tan = 49.3°
(P 5.598 kN

SR e gaaa A Gayg L Aaldd) 5 LAY J oL pa agall JalS slag) Lile qaag o



y O s Gl sall € slina Lab calbas ajad) Gl g oS 13
(3 kN)sin 30° lin p e @ maiall g WA G aal 8 el 5

¥ e O 1(3kN)cos3()°
O.l*m——to‘-.l:-: : ..".

4 kN

G+ Mp)o = ZMy;

(Mg)o = (3 kN) sin 30°(0.2 m) — (3 kN) cos 30°(0.1 m) + (2)(5 kN) (0.1 m)
— (2)(5KN) (0.5 m) — (4 kN)(0.2 m)

—246kN+m = 246 kN -m D Ans.



(JExample. Replace the force and couple system acting on the member in
by an equivalent resultant force and couple moment acting at point O ?

e):d\ L_L.u; ‘_; daay LKl o‘)\.u‘g\
200N
Il m o
0O * .
@ y l m
~—1.25m—+—1.25m—

200 N



5 (Fp)y = 3F,; (Fp), = (2)(500N) = 300N —
+1(Fr)y = SF,; (Fg), = (500N)(%) — 750N = —350N = 350N

FR — ‘\/(FR)‘z + (FR)\'Z

= V(300 N)> + (350 N)*> = 461 N

(Fp),
= tan"( = ") = tan"'(w> = 49.4°
(Fg), 300 N

C+ Mp)o=3IM, + M
(Mg)o = (500 N) (£)(2.5m) — (500 N) (3 )(1 m)
~ (750 N)(1.25 m) + 200 N+ m
= —375N'm = 375N m )



(AF4-20. Determine the resultant couple moment acting on the
triangular plate ?

300 1Ib 300 1b



| +Mc,
= 300(4) + 150(4) + 200(4)

— 26001, ft



(JProp4-100. Replace the force system acting on the beam by an
equivalent force and couple moment at point B ?

25kN 1.5kN

30°
4

- 2 M i 4 m el | §

o\ B




"J|| =Y

5 Fgr = SF,: Fg =15sin30° - 2.5(*)

= —1.25kN = 1.25kN «

—1.5 cos 30° — 2{%) — 3

-~

+
—
B

=

I
[
™
T

=~

I

— —5.799 kN = 5.799 kN |

Fr = VFk, + F% = V1252 + 5.799> = 503 kN

[ Fry [5.799
f# = tan F— = tan 05 = 77.8° >
R, e

&M@J

30 L 13 gl 3 g guady s 3
4 43l a5l e 55 5 il




3
C+ Mg, = ZMpg,: Mp = 1.5cos 30°(2) + 2.5(;)({1)

= 11.6 kN-m (Counterclockwise)

Y IS 2.5 J il 38 a5 Ay ollnall ARy 4a s e Jand ¥ (igsi 3 55
S olay) dile (ol 1.5 J Al A8l Liag) 5 o ) ol 8 (o aais




(JProp4-103. Replace the loading system acting on the post by an
equivalent resultant force and couple moment at point A ?

650 N ot 1
- 500 N AN a5 J i
30 300 N Lol 43,3 J 4
D A - Jakb 5 S 4 o

/¥4 .




T (Fr)y = XF:: (Fg)y = 650 sin 30° — 500 cos 60° = 75 N —

+1 (Fr)y = 2F: (Fg)y = —650 cos 30° — 300 — 500 sin 60°

= —1295.93 N = 1295.93 N & 2

Fr = V(Fr)? + (Fp)? = V75% + 1295932 = 1298.10N = 1.30 kN



(Fg) 1295.93 - B
Y| = tan™! ) = 86.69° = 86.7° <G

(FR)x 75

f = tan | [

CH+(Mg)q = SMy:  (Mg), = 650 cos 30° (3) + 1500 — 500 sin 60° (5)

1023.6Y N *m

1.02 kKN - m (counter clockwise) Ans.



JProp4-108 Replace the force system by an equivalent resultant
force and couple moment at point O. Take F3 = {-200i + 500j - 300k} N ?

F; =300 N

F>=200N



M) a g N Aaally (o 58l JS 0 65 ) any 1 A Y0 8 gladd)
EaY ) and S5 58l J A slaall Al (pa g pall 4nie

L]
LS

r, = {2)J} m r, = {1.51 + 3.5j] r, = {1.51 + 2j} m

F, = (-300k} N F, = [200j] N F; = [—200i + 500§ — 300k} N

0558 Oy 2l D o Sl daliall s sl (5 58l £ gana alag) 2 A5EN 5 gladl)
& sill (i e (S () pailadia panll

F, = XF; fr =F +F +F
= (—300k) + 2005 + (—200i + 500j — 300k)
= [=200i + 700j — 600k} N



O Badat 31 sk e gl £ gana dlag) ¢ ABIEY 3 gladl)

(Mg)o = ENIQ: Mplo=1 XF+nXF+rnr XK

i j Kk i j Kk i k
=0 2 0 |+[15 35 ol+|15 2 0
0 0 —300 0 200 0] [-200 500 =300

= (—600i) + (300k) + (—600i + 450j + 1150k)
= {—1200i + 4505 + 1450k} N -m Ans.



(JProp4-106 . The forces F1 = {-4i + 2j - 3k} kN and F2 = {3i - 4j -2k} kN
act on the end of the beam. Replace these forces by an equivalent
force and couple moment acting at point O ?




gridast 25 A ) 35S Lal i gall daia Lia J) gl 3 S

M) im0 WS ally (6 58l U 0688 O a1 A9V B ghadl)
sy a2l 2 S5 g8l J 4y gllaal) Adadill (e a8 gall 4nia

r,=(4i - 0.15j + 0.25 k) r,=(4i + 0.15 j +0.25 k)

0553 Ol 20 Jsaa Ao Gl Agabiall s ol (5 8l & sana dlag) 1 AN 5 gladl)
& sill (i e (S () pailadia paall

F, = F, +F, = {—1i — 2j — 5k} kN



O kit a5k o o 3al g sana sla) 3 KU gl

Mpo=1r XF +nrn xXF

i j k i k
=14 =015 025 + |4 015 025
—4 2 -3 3 -4 =2

— (—0.05i + 11j + 7.4k) + (0.7i + 8.75j — 16.45k)
— (0.65i + 19.75j — 9.05k)
Mo = [0.650i + 19.75j — 9.05k} kN - m



(JProp4-110 Replace the force of F = 80 N acting on the pipe assembly
by an equivalent resultant force and couple moment at point A.

N

— =
300 mm 2 4

% 400 mm
S



A (o) Aal g8 ol Balal) (ha (Salia S 1Y) ST el pa ) paadl A0 ASLU

5SAll o2 aaly AU jild o B S8 oda g ABY gl o ) o g8l Jad : d Y1 B gladl)

Fr = 80 cos 30° sin 4071 + 80 cos 30° cos 40 j — 80 sin 30° k

0555 Ols 2l ) gaa o Al g daabiall s diand) (6 68l £ gana alag) 3 ALY 5 gladl)
sas) 93 68 Jatd Lyal Lin (g o sill i (e irg (5] Gailaia paal

Fr = 2F:

Fr = 80 cos 307 sin 40°i + 80 cos 30° cos 40° j — 80 sin 30° k
= 44531+ 5307 — 40k
= {4451 + 53.1) — 40k} N



O Gl ik 0o el g e g AAAN § gl

|
—
|
L
—
:-'. = L
o

|
—
om—
[

Mpy = Z}“IA: Mp 4




JExample The structural member is subjected to a couple moment M
and forces F1 and F2. Replace this system by an equivalent resultant
force and couple moment acting at its base, point O ?

—
-~

M = 500N - m

F, = 800 N
O.1 m
<< F> = 300 N
—

-

0.15m

-~
.



M) im0 W ally o 58l JS (€5 O a1 A 9Y) B ghadl)
Y o el 2 LS55l J A sl AL (e g sal) i

F, = (—s00k} N bl ) g olaily R B3 )ma e 4
F, = (300 Nug 3 8l alaia) A e pnilady 6% saa gl daia

I“' .
= (300 N}( “”)
Fep

{—0.15i + 0.1j} m

= 300 N[ : } = (—249.6i + 166.4j) N
V(=0.15m)? + (0.1 m)>



0558 Ols 2l Jsaa e )5 daliall s Al (6 g8l ¢ sana alay) 3 A5 B gladl)
& sl i e (Fixg (5] (uilatia panll

=

|
M
e

F, = F, + F, = —800k — 249.6i + 166.4j

= {—250i + 166j — 800k} N

plally 8l Saukai 535k (o g Sall £ sane dlay ALY 3 gladl)
CLS e (A 558l e Jlag 45l (5 5 5all e Jalzy o 3l

3

M = —500 (5)j + 500(z)k = {—400j + 300k} N -m



Al Jao ) gaa o Akl ol ) 4 slaall Aaiill (e i gall 4nia

(MR)() - EM T 2M()

(MR)”=M+rC><F| +I'BXF2

i ik
(My), = (—400j + 300k) + (1K) X (—800k) + | —0.15 0.1 1
—-2496 1664 O

= (—400j + 300k) + (0) + (—166.4i — 249.6))
= {—1661 — 650j + 300k} N *m Ans.




CEAY 5 Ll ol ya Le JS udains il (5] | Jadd ddlia) & g Jagw lan o & g sall

(JProp4-118 Replace the loading acting on the beam by a single
resultant force. Specify where the force acts, measured from B ?

700 N
450N 300 N 30°
mv\‘ B 'l' B aall i Y
' o Yy N ’
A E
— ) 4 glhaal) ddadil) J Liay) 4uii)

1500 N-
‘_ 2m-—- 4m | 3m ‘ m




daalal) g ddbaad) il jal) ) o8l Ja oY) 3 ghdl)

B Fp.=SF,:  Fp,=450c0s60° — 700sin30° = —125N = 125N <

i

+1Fgy = SF,:  Fgp, = —450sin60° — 700 cos 30° — 300 = —1296 N = 1296 N |

Lo daldl) 4 9) 3 g dlanall 5 g81) alay) = AU 5 gladl)

F = V(—=125)2 + (—1296)> = 1302 N N
CLJU @J

1296 _
f = tan | = 84.5° &
(_125) ,




700 N

450 N 300 N 30°
N\ l
C BY

A TP 5
| |
‘*—Zm | 4m | 3m | 1500 N'm

1SS Al A8 el Y Agiiad) A8 yal) AU Al g A geadd) Ailuadl o LAl jua g doaliall 4yl LdA
oo L ol AN Aalll) e

A adde Calaiall (K15 uSall Jand 5 san s G ga 4l dclill jlie e (52l o jadl Lida 8 Lia
i sall g acbidl e e Jaad

C+Mpp=SMy:  1296(x) = —450sin 60°(4) + 700 cos 30°(3) + 1500

x = 1.36



(JExample. Replace the force and couple moment system acting on the
beam by an equivalent resultant force, and find where its line of
action intersects the beam, measured from point O ?

V

4 kN




daalal) g ddbaad) il jal) ) o8l Ja oY) 3 ghdl)

X (Fp), = SF;  (Fp), = 8kN(2) = 4.80kN —

+1(Fg)y = SF,;;  (Fp)y = —4kN + 8kN(%) = 2.40 kN1

Lo daldl) 4 9) 3 g dlanall 5 g81) alay) = AU 5 gladl)

Fo = V(4.80kN)? + (240 kN)> = 5.37 kN

0 = tan~!( XN ) _ 266
— LdIl — :
4.80 kN



(Fg)y = 2.40 kN A m— (Fg), = 480 kN

238 g (puad AN AL e Al A8 yall

G+ Mp)p = SMy; 240 kN(d) = —(4kN)(1.5m) — 15kN - m
—[8kN(2) [(0.5m) + [8kN(%) |@4.5m)

d=225m Ans.



JProp4-116 Replace the three forces acting on the shaft by a single
resultant force. Specify where the force acts, measured from end B ?

500 1b

200 1b



daalal) g ddbaad) il jal) ) o8l Ja oY) 3 ghdl)

_ (4 (5
H3F =3F;  Fy = —:r(}(}(§> + zm}(l) = —3001b = 3001b —

13

[2
=

_ (3
+1 Fr, = SF: [y = —:-auu(;) — 200 — zﬁﬂ( ) = —7401b = 740 1b |

13

L dualdl) 4 gl 311 9 Alasall 5 g8l slay) = Auill) 3 gladl)

F = \V(=300)2 + (—=740)2 = 798 b

O = tan ! 740 = £67.0°
‘ 300) ~ P&




3 12
C+Mgpp = SMg: T40(x) = 500(;) 0) + 200(6) + ’J(](}( ){4}
x = 6.57 ft

S Al A8 pall Y dniid) A8 pall AU Al g A geandd) ddlisall o Ly pia s Apaliall A€ jall LA
ae Ll Gl Gl Aalll) @ pali




(JExample. The jib crane is subjected to three coplanar forces. Replace
this loading by an equivalent resultant force and specify where the
resultant’s line of action intersects the column AB and boom BC ?

—

6 f

175 1b -

|
.
d




Al S el J Adlise | CpiBlasa anin Wil Javny CoBER) 2 g9 S0 Ll 3 )Sal) i
) o i 18 Ja ol Ll | s daliall 48l

e

L (R, = SF; (Fp), = —250 1b(

) —1751b = —3251b = 3251b«

1 (Fp) = 2F,: (Fp) = —250 Ib(

s

) —601b = —2601b = 260 Ib|

Fr = V(325 1b)% + (260 Ib)> = 416 Ib

9 =itan™* i = 38.7°F
325 1b




A jall olad) alad (pas | (pil&a die Adliall Lia bl

BWC Eﬁ\}w\o)ﬂ\oﬁl#jbdbal\jW\
Y260 1b LGB LS & gaca gall (s ()5S0 5 Ladad o LSy
R
"3 gl Jae Jas alaia)" Ll

Ac_ gl Al jlid) sbiii o) g LS a5 a0l J Ll 22 0 o

C + Mg), = SM,;  3251b(11ft) — 260 1b (x)
= 1751b(5ft) — 60 1b (3 ft) + 250 1b(2)(11 ft) — 250 Ib(2)(8 fo) BC

x = 10.9 ft



e o el Glua g 4 slaall dadadll J agann Liod

B -
WWC by Caad oy i Lo UlE ) A1) s
— 260 1b

,/Fp la e oAl Akl i) adaid (6] Lle

C + (Mg), = ZM,; 3251b (y) + 260 1b (0)

= 1751b(5ft) — 60 1b (3 ft) + 250 1b(2)(11 ft) — 250 1b( 3 )(8 ft) AB

y = 2.20 ft



(JExample. The slab in is subjected to four parallel forces. Determine
the magnitude and direction of a resultant force equivalent to the
given force system, and locate its point of application on the slab ?

2N

400 N
500 N
100 N
600 N ~ Sm—=>*5m >
/ : 3 &
/ al
O £ A 7 Cl ?L/Uqr .
2m R
P i
+ /"

(a)



LYY J oty pe Aleasall 8 8l aad ¢y 58 SN Arsay oo () yglaall J 451 ga Lemaen 5680 ) Lay

—600N + 100N — 400 N — 500 N
= —1400N = 1400 N|
Apola A8 jo 29 sall sl CilS 5 1 Aaad) jgaall Jaadl Bagl 1)

+1Fp = 3F: Fp

J 4))sessd ol o udiVy

c 5ol e ‘ 5aall il 13y a5l gaadl J A ) sall Adlosadl o yial B yiilue
5 S i Y sl .7 .
i“gﬁj\ L 5l Lsdb.aj\ JM\JMJ\ﬂ\QM\Ju)@;\ LJ\MS)AMLQOJPJA

it A€ je 3 sa gl 358l CilS 5 1 galall gaall J adad) Ga i 1)
poall CuilS 135 a3l saall J 4 ) sl Adlisall o a yuia) 3 il
il saall J Ay ) sall A8lisally o jaial 3 30 AS jall 88 g 5




(MR)X - ZMU

—(1400 N)y = 600 N(O) + 100 N(5 m) — 400 N(10 m) + 500 N(0)
—1400y = —3500 y = 2.50m
(MR)y = EM_\,;

(1400 N)x = 600 N(8 m) — 100 N(6 m) + 400 N(O) + 500 N(O)
1400x = 4200

X =3m Z

(b)



(F4-35. Replace the loading shown by an equivalent single resultant
force and specify the x and y coordinates of its line of action ?

2

400 N

100 N




L3 saa Al s Y (oY dday (5 g8 JS g Alanall 3 gAY 2

FLFr = SF.: Fgr =400 + 500 — 100

= 800 N Apaba A8 jo 29 sall B gl CilS 5 1 Aaad) gaall J aadl Ual 1)
Boall CilS 135 )l ) gaall J 4 ) gl ABlisall o o jua) B yilae
J A sassd sl o ol Vg gball ) saall J 4y ) sall Adlisally o jpuza) 2311 A jall 853 5 5
353}"5\ f\ LGA“N b JM\ 4\..1.1.1.».»4_15).4 Jj.;}d\ B)ﬁ\ LLL.i\Sj " ‘5.:&43\ JJAAS\ d@}d‘ L\'JJ; \3\
g B e L ol Sl S 135 330 pmall o) sl sl o sy 5 55
s Y S st il 025 el Al o peal 30 A5 6 53 5m 50

~
-

SM,; —800y = —400(4) — 500(4)
y = 4.50 m

Mg, = ZM,; 800x = 500(4) — 100(3)

x = 2.125 m



dProp4-132. If F, = 40 kN and F; = 35 kN, determine the magnitude of
the resultant force and specify the location of its point of application
(X, y) on the slab ?

0.75 m



+ 1 Fp

2 F;

L3 saa Al s Y (oY dday (5 g8 JS g Alanall 3 gAY 2
~Fp= =30 — 20 — 90 — 35 — 40

Fr = 215kN

Aodlia A e 2 sall 38l il 1 ) jgaad) J aadl Uay) )
poAll CuilS 135 a3l ) saall J 4 ) sl Adlisall 0 uial 3 5lae
@lall [ saall J 4 ) gall A8lusally 1 yua) 2 3l AS el 853 52 50

i A€ je dsa gl 358l CailS 5 1 galall | gaall J aad) Ga i 1)
poall CuilS 135 a3l saall J A ) sl Adlisall o 1 yuia) B il
inadl saall J Ay ) sall A8lisally o jaial 2 31 AS jall 88 g 9




L ¥ S Cglhaall ) gaall aday 3 gl Jae o olxia) 368 (5] 5l Leaund ¥ sadl J 43550368 5l O oudi Yo

—215(y) = —35(0.75) — 30(0.75) — 90(3.75) — 20(6.75) — 40(6.75)
Ans.

215(x) = 30(0.75) + 20(0.75) + 90(3.25) + 35(3.75) + 40(3.75)
Ans.



»Sometimes, a body may be subjected to a loading that is distributed
over its surface.

o) e g s des () el ety | (lal) (s

»The pressure exerted at each point on the surface indicates the
intensity of the loading.

(SAAJ\DMJ.\AJ‘\LSAJSLALU}S.\&J\M Al

» It is measured using (—) in Sl units .

e e JS (55 s 5 3] Gl Ll




Magnitude of Resultant Force. = / w(x) dx = / dA = A
L J A

Location of Resultant Force. /L xw(x) dx /A x dA

X = —
/ wi(x) dx / dA
L A



(F4-42. Determine the resultant force and specify where it acts on the
beam measured from A ?

w

1160 N/m
w=2.5x3 _ J
-
‘: A —-r'Y"'_-"‘-L—‘ ‘ l l l l Y Y'Y X
Wt 4m -l



) Al ) ) Aoy (e 5S35 JalSil) 3 gaa g dliasall 38l an ST alalSs o Lide 5 o)) y8Y) Cagiii 2 A oY) 3 ghadd)

b4

, 4 |
Frp= / d4 =] 2 5eddr = 25| = 160N
JA J0 4 1o

Gaki 3y ke e @l g sl il e (ol 48 jea Lle 3 AEY 3 ghadl)
LA AT e o585 eSSl JS6 sl Aala sa g Y 5 05

s |

. . : =
[,zdA  ['z.252%e 297|512

3.2 m

[i0A ~ [T25sdr  gaell 160

—




(JProp4-158 . Determine the magnitude of the equivalent resultant
force and its location, measured from point O ?

w

w= (4 +2Vx) Ib/ft

T T T [ 189%Iby
f"’"fﬁ
4 1b /ft
Y y Y Y Y Y Y Y Y Y v Y Y x




sl Ales A anll Dl (e 5S35 JalSil) 3 g g Aliasall 5 sal) 2 K1 alalSs of Wle o ol ;8Y) Casii 1 dgY) 3 gladd)

« 5
/ (4 + 2WVx) dx
]

4 51°
= [4,1’ + —,ﬁ}
3 o

Fr = 43.6 1b

JS lall Aals aagn W g sl Gudat 5 sk e 5 3 AN Bl (lsa Gl 48 jaa Lile ¢ &Y B ghadl)
CAaal A e oS8 el
. 6 X
/ XdFF = / (4x + 2x27) dx
0
y 6

4 s
= {23{2 + —x2
2 0

= 142.5 1b - 1t

™
A
I
~—
Q
D
I

X =-——— = 327 f




(JExample4-21 . Determine the magnitude and location of the
equivalent resultant force acting on the shaft ?

w y 240 N/m
w = (60 x°)N/m S

dA = w dx
M\
Y I




anll Aled ) ) Ay e 5SSl 3 gan g Alianall 5 58l ant LS ALISS o Lle 5 o) 58Y) Ca i 1 oY) 5 gladl

+|F, = SF
F / IA / 2mﬁo 2 4 60('\‘3) i 60(23 03)
R = dA = x“ dx = — = = =
A 0 3 0 3 3
— 160N

IS Gl Aala aagn Vg 8 Gudat 5 yh e 5 3 AN Bl (lSa Gl A8 jaa Lide ¢ &Y B ghadl)
Cdadall A e o) oS ekl

/\dA / v(60x) dx 60(4)

/( 60N 160N 160N
A

=15m




(F4-37. Determine the resultant force and specify where it acts on the
beam measured from A ?

n
3
I
3
:

A
n
3
|




s Lgasia g o g8l 5 Ao dglua cillany o 85 o Lile | JalSill o3 (und Aaliiial) JISEY) 8

9 kKN/m

—1.5m-—+f 3m se—15m-—



Jebaina A3Y (sl * J ghall

6 KN/ 3 kN/m
1 EEE! F,=3*1.5=4.5
Y l 1 l F,=6%1.5=9 Jukica A aadl * Jshlif e
— X1 from A:7 +3 =3.75
_ﬁ X, from A=2220.75 -
A° 2
—1.5 -
—1.5m-— n
9 KN/ ;
m d,)hﬂm AN U.AJ"“ * djh-“
[ l l l l l l F,=9%3=27 Fr=F;+F,+F;=9+27+4.5=40.5

3im



Mext, find the moment about point A and equate that to the resultant force
multiplied by a distance d.

-40.5d = 9*0.75-27*1.5-4.5(3+0.75)
d=1.25m

J F4-38. Determine the resultant force and specify where it acts on
the beam measured from A ?

150 Ib /ft

i
—
NP

A

8 ft |



gl i

150 1b /ft

Al """"""""":3[113

\
L—————ﬁft - L

8 ft -1
ual*&l.i’ij;’\*o&&\dﬁ:d&ﬂ\h@:ﬁgﬁ‘ saadl *Jshal) = il dalus = 5 68l
1
Fy = 450 1b Fo=12001b

) 3 ooy LS 13 - ially palal) g sall () il
B G Sl DAy B O ddliall G piat B sl .
T =

T

2
5(6) =4 1t

Adliiall ) ddL) JSil) Chuaiia 1 ad gall
4 gllaall Adalil) J Y gaa g ALalsl)

4 =101t

Fgp=1200+ 450 = 1650 Ib



-1650d = -450*%4 - 1200*10
d=8.36 m

J/F‘ =
AL - A8
<>
a5L
< >



(AF4-39 . Determine the resultant force and specify where it acts on
the beam measured from A ?

21 1 l l l Ve -

\ A |

3m 'I~ 6m



N

|
A\ B

B -

~ \ i
LBm—- | om |
1 F:-=1f3-ﬁ=13|~:h_

.3=0KkN T2
563 =0 kN
1

X2=l * 6
X1= * 3 3
3

Fy =

Fp=F, + F, =27 kN

gl 3 olaily US 1) culially alid) a8 gal) ) dausill
B o ell) CadA g B O Adlisal) o piat B sl



Moment about joint A is:

Mi=—Fi-14F-2
My =27kN.-m
M 4

T = — lm




(JExample. The granular material exerts the distributed loading on the
beam as shown . Determine the magnitude and location of the
equivalent resultant of this load ?

100 1b /6t [T

150 Ib
= B

9t :



) JSE Ay a g8 Cpida Cre 0 0Sh Lad) Uil (A ABBadU La ) JalSill o0 G daiiial) JICEY)
,agra Jalaill o o 508 <

100 1b /6t [~

psiis Jalaioa g Aaliia ) dapusdl o
S e 5a US e Al el

50 I /ft
B




100 Ib/ft [~

st 50 1
B F2

F, = 39 ft)(50 Ib/ft) = 2251 ——— il ali
F, = (9f)501b/ft)y = 4501 | e oes

— L ]_ L
X 3(9 1y = 3 1t Ay g 31 olatly LS 13) ¢ attally Galad) adgall () il
o O 5' *W\| . v ...é .

=1

-
)
|



+|F, = SF; Fp = 225 + 450 = 675 1b

C+ Mgy = My,  X(675) = 3(225) + 4.5(450)
x = 4ft



JProp4-143. Replace this loading by an equivalent resultant force and
specify its location, measured from point O ?




.
1 (Fp)y = F: —Fr = —4(2) — (6)(L.5)

Fr = 125 kN



G+ (Mgp)o = XMy —12.5(d) = —4(2)(1) — %{(ﬁ}(lﬁ}(lﬁ}

d =154 m
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2—67.

Determine the magnitude and coordinate direction angles
of F5 so that the resultant of the three forces acts along the
positive y axis and has a magnitude of 600 Ib.

SOLUTION
Fr,=2F ; 0=-180 + 300 cos 30° sin 40° + F5cos a

Fry=2XF,. 600 =300 cos 30° cos 40° + F5cos B

Fr.=2F,: 0 =-300sin30" + F5cosy

cos’a + cos’B + cos’y = |

Solving:
Fy;=4281b
a = 88.3°
B =20.6°

F,=3001b

y = 69.5°



[Q]: Determine the angle between F1 and F2




[Q]: Determine the component of the
force F along as cartesian vector




Prob2.93

Express each of the forces in Cartesian vector form and
determine the magnitude and coordinate direction angles
of the resultant force.




Sol -

A'C o, _o.3G, 2) B C2coesuc ,25in uo /o) C¢ 2 Jie))
—_—— Lo .

Uap = ®ag _ (2¢cesuo-odV + C 2Sinve —cmg) ] _ 10
\~e|

a
i (Z€esuo) 4 (2 Sinuoy -3y

GA\'} = O . gngﬁ =\~ O'Cﬁ‘72® —_— O 2g272 Kﬂ;
—_— ot
Uaec = Ya.

\Yac)

a
= aai ol e

— LG SERIN o B .
\rv\-\-o\-»(o.'zﬁ.)l . TiEa = ‘9

Cofce Vecﬂofg%—

T ) iy o) ~\
YA — ¥ABMA(} Z 2%0( -3 + 0.G12) —~0- 222

@?) 2 :\- n«m

S ——
YAac — Y¥ac Aae — HOO(.o-QS‘Z?— o-oé‘\/.)\ i = (R sz}

YAac I — 232\ V)
Re;al}.unJ Q—ﬂrfe Ay,

— S Se= Vaoy Fae = 2 7T et L3
| \ERN = e R RS o :
difeclion 95—
K= ces B Lw = aAa.\ B= fC:s\",_"Q?’_-fi = Lo
s il £2e.us .

Flo-ws
= c.-.-.:-;\‘ - 822.50 |z




2-58.

Three forces act on the bracket. Determine the magnitude
and direction # of F so that the resultant force is directed
along the positive x’ axis and has a magnitude of 8 kN.

SOLUTION

Scalar Notation. Equating the force components along the x and y axes algebraically
by referring to Fig. a,

5 (R)=3F;  Scos 3P =Fsinf + 6 - 4sin1

Fsinfl = 19635
+1(F)y = 2F;  8sin30° = Feosf + 4cos 15°

Feos § = 0.1363
Divide Eq (1) by (2)
tanf = 14406 6 = 86.03° = 86.0°
Substitute this result into Eq (1)
Fsin 86.03° = 1.9635
F=198kN = 1.97kN




2-79.

Determine the coordinate direction angles of the force F,
and indicate them on the figure.

SOLUTION

Unit Vector For Force F;:

ug, = —00s 30° cos 30°i + cos 30°sin 30°j - sin 30°k

= -0.55671 + 0.3214 ) - 0.7660 k

Coordinate Direction Angles: From the unit vector obtained above, we have

cosa = —(.5567 o= 124

wsf=0324  B=T1F

cosy=-0.7660  y=140°



[Q]: Determine the magnitude of the projection of the moment
caused by the force about the a-a axis .
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Co$é1‘(o$ \10 Cosgz\ —0O ColsKEorS =S X: uq
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e R oG
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i ((x;). Ula 20 55 %02 | SiCRRE ot © | = SN
=37 o o)
E -3 Y.2u |




[Prob.2-88]

Express force F as a cartesian vector then determine its coordinate direction angles

SOLUTION

rag = (5 + 10 cos 70° sin 30°F)i
+ (—7 — 10 cos 7(F cos 30°)j — 10 sin 70°%k

rap = |6.710i — 9.962j — 9.397k] ft

rag = V(6.710)2 + (—9.962)2 + (—9.397)2 = 15.25

uap = 2B _ (0.4400i — 0.6532j — 0.6162Kk)

TaAB
F = 135u,; = (59.40i — 88.18j] — 83.18k)

= {59.4i — 88.2j — 83.2k} Ib

a = cos"'( 1%5 ) = 63.9°

—&88.18
B = COS_I(T;) = 131°

- 128°

s

St
/
By

/

7fl/

X

F=1351b

/ Ja
/’ ~ 1N
o - ;
rd 7
/
/

'v



[Q]:Force F has one of its components lying in the x-y plane and magnitude of 50N .
Express F as a cartesian vector

S oan Jlead) Jas el J8 ; ddas S
MA&JS;SJJML;\GX:(:)SJSUJJ
Bjﬂ\) ZJ)MGSQF RRx9Y

X-y sl A Ja5 50 n 35l ke
(A3 )sna gl A agiil ) Lasd




[Q] :The cable AB has length of 8 m . If x=4m
and y=2 Determine the coordinate z .

SOL: *
82 = 72 422 + 42

7 =/44=6.63 m




[Q]: Determine the angle 6
if the resultant force to be directed vertically upward . What is the resultant force ?

:
|

|} FB=400N
"T'T._ w Je *'
‘u




[Q]: Three couple moments act on the pipe assembly shown the magnitude

of M3 and the angle for equilibrium .

=2 M1=900N.M

M2=500N.M




[Q]: Determine the magnitude and direction of the moment of
the force about point B.




[Q] : Determine the magnitude of F and its direction 0
Its location d on beam so that the loading system is equivalent to a rusultant force of
12kn acting vertically downward at point A and clockwise couple moment of 50 kn.m




[Q] : Determine the distance d if the force prouducees a moment of 5 kn.m
cownter clock wise about point P.

s P'
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[Q]: The stretched legth of spring AB is 4.5 m . If the block is held in the equilibrium position
shown , determine the mass of block at D .




Prob.3.19
Determine the unstretched length of DB to hold the 40 kg crate in the position shown
.take k=180n/m

SOLUTION | im |
Equations of Equilibrium. Referring to the FBD shown in Fig. a, ‘_Wr ‘W
:o}-l’} — [) Tno(ﬁ) re T(_-f E) = '2::_\.::‘.. ,w 4
2 m ..?fj:\ NM
\ &
AN — 2 | 4 C :'v,’.’v;.ﬂ
*T-’-l'y =k Tgp(ﬁ) + r(g(ﬁ) - 40(981) =

Solving Egs (1) and (2)
TM) = 28296N TCD = 33296N

The stretched length of the spring 1s

[=VR+ 2= Vi3m (1)
Then.x = [ = Iy = VI3 = I, Thus
Fp = kx; 28296 = 180( VI3 - 1,)

L=208m=203m




[Q]: Determine the tension in the cables in order to support the 100-kg box in the equilibrium
position shown N

SOLUTION

Force Vectors: We can cxpress cach of the forces on the free-body dingram shown
in Fig. {(a) in Carlesian vector form as

Fop=F,ui

Fac = —Fuci

) [ (—2—0)i+(2—0)j+(1-0)k ]
I‘AI) F = = =
\,;(—2—[))' - (2-[))' + (1 -

- S .
= ‘-l‘.u)"*—"..u).l"’3"-110k

FAD = 1 3

W = [-100(9.81 )k[N = [—-981 k|N
Equations of Equilibrium: Equilibrium requires
.\:cm: F'M+FAC+FAD+W=0

2 2

, : . : :
(F,m = _%F,w)i + (-F,‘c ‘-’%F,m j+ (%FA,, - 981)& =0

Equating the 1, ), and k components yields

2
FAB—%F.UJzo (1
2
‘F.AC*TFAD=“ 2)
|
?F,,,_, - 08l =0 3

Solving Egs (1) through (3) vields

Fap=2943N = 204 kN Ans.
Fop= Fo=19%62N = 196 kN Ans. W=i00(981) N



3-10.

The block has a weight of 20 Ib and is being hoisted at
uniform velocity. Determine the angle @ for equilibrium and

the force in cord AB.

SOLUTION

Equations of Equilibrium. Assume that for equilibrium, the tension along the
length of cord CAD is constant. Thus, F = 20 1b. Referring to the FBD shown in
Fig. a,

HIF =0; 20sin® — T,4gsin20° = 0
20 sin 8
Tiigme —— 1
AB T sin 20° 2
+12ZF, = 0 Typcos20° — 20cos§ — 20 =0 (2)

Substitute Eq (1) into (2),

20 sin 8
—_— 0° — 20 = 2
<in 20F cos 2 cos # ]
sin @ cos 20° — cos @ sin 20° = sin 20°
Realizing that sin (8 — 20°) = sin 8 cos 20° — cos # sin 20°, then

sin (8 — 20°) = sin 20°

6 — 20° = 20°
= 4 Ans.
Substitute this result into Eq (1)
20 sin 40°
Tap = ——o = 37.591b = 37.61b Ans.

sin 2(F°

20 Ib

F=20!b



4-11.

The towline exerts a force of P = 6 kN at the end of the
8-m-long crane boom. If 8 = 30°, determine the placement
x of the hook at B so that this force creates a maximum
moment about point O. What is this moment?

SOLUTION )

In order to produce the maximum moment about point 0, P must act perpendicular il

to the boom's axis OA as shown in Fig, o, Thus
(4 (Moo = 6(8) = S80KN:m (counterclockwise) ~~ Ans

Referring o the geometry of Fig.a,

b
r=r ' = —+ w3 =98M4m=98m  Ans
00 )




[Q] : The building slab is subjected to four parallel column loadings Determine the equivalent resultant force
and spccify its location (x,y) on the slah . Take f1=8kn , f2=9kn

SOLUTION

Equivalent Resultant Force, Sum the [orces along 1 uxs by reforring o
Fig, 0
(R, =Y -B=<4-6-12-9 FK=3kN Am

Location of the Resultant Force, Sum \he momeats aboul the x aad y axes by
refereing o Fig, g,

(M) = EM;: =35y = -12(8) - 620) - 9(20)
y=13Im=1l3m Ans,
(Mp), = IM; 352 = 12(6) + 8(22) + 6(26)

r=l1Mm=1l5m Ams,



[Q]: The building slap is subjected to four . Parallel column loadings . Determine the
equivalent resultant force and specify its location (x,y) on the slap take F2=50KN
F1=20KN




[Q]: Replace the loading by an equivalent single resultant force and specify
where its line of action intersect member AB




[Q]: Replace the loding system by an equivalent resultant force and where its line of action
intersects AB measured from B .

AB e audi Jlsadl 8 cinan il dlasall 5 g8l G Ailal) slay 2 dlana s 8 ) (s il Jasad J)gad) b o slladl)




[Q]:The frictional effects of the air on the blades creates a couple moment of Mo=6N.m . Determine the

magnitude of couple forces (f) at the base of the fan so the resultant couple moment on the fan is zero .

[ Couple moment

O

T o]

{

Tow equal forces , Non collinear, opositive forces
sas) 5 daliinl e g oladVl 8 piiaSlaie s kel L (i i (i 68

{

dall Jsgusll 2-forses om 4 salall ddludll 33U Couple moment 3 Wil

agin 33 galal) dBlusaly 45 yae forces JI (s 32 5 dadd (5 sli moment J) 4
M=d*F

(CCW/CCW) agestl) ol 2 (653 e gal) slail g
Caie gall Laie il ) Al Jigy Le COUPLE i &Sy o @ Adaadla

SOL:
Mo=F * (0.30) =6
F=20N



[Q]: Determine the magnitude of the moment of the force F=[300i+200j+150k] about OA-axis

-

O()x> pex) axis emoment J Ay dall &l sha®©
Find force as vector (1

g2 A axisd) Ao Aali i (e dblacal) (A 33ad (2
35l Jas Jad o Akl oY Ale cilagall 3a )
OS5 i il sle) e ae m=r * f G cross Jesis (3
< ) gxis JI e cﬁ}ud:muis Ciia gall Liells

i gall adde o lhaall axis A unit vector J) 23 (4

Jds axis Junit vector J! ¢ Dot product Jeziy(5
axis Je ) 4dasill ¢ moment

Ciia gall il aa )i moment as vector > 5 B 131 (6
axis J unit vector <« axis e




