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Units of Measurement
The four quantities (length ,time ,mass and force) are not independent
from one another ;in fact ,they are related Newton 's second law of
motion ,(F=m.a).Hence ,the units used to defined force .mass ,length
,and time cannot all be selected arbitrarily .The equality F=m.a is
maintained only if three of the four units ,called base units, are
arbitrarily defined and the fourth unit is derived from the equation.

Conversion of units

Quantity? Unit of measurement | Equals | Unit of measurement
(F.P.S) (S.)

Force Ib 4.4482 N
Mass Slug 14.5938 Kg

Length ft 0.3048 m

1ft =12 in (inches)
1 mi (mile) = 5280 ft, 1 kip ( kilo-pound) =1000 Ib




Q1/ Convert 0.556 m/s to ft/s
Solution :

(0.556 m/s )(1t/0.3048m)
=1.82 ft/s

Q2/ convert the quantities 300 Ib.s and 52 slug / ft* to

appropriate SI unit.

Solution :

300 Ib.s =300 Ib.s (4.448 N/1 Ib)
=1334.5N.s

52 slug / ft = 52(slug /ft®) (14.5438 kg / 1slug)(1££3/0.3048)°
= 26.8(10*)N/m®

SI allall alaill ilas sl ilde Line yian,

e Lad) Jelae Y
10
102
10°
10°
107
10
10°
102
107
10
10°

3
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Ex: Evaluate each of the following and express with SI units
having an appropriate prefix :

(a) (50mN)(6GN)

(b) (400 mm )(0.6 MN)?

Sol
(50 mN)(6 GN) =[ 50(10-*) N] [ 6(10°) N]

300(10°) N2
300 MN?2

(400mm)(0.6MN)? =
[400(10-3)m] [0.6(109)N]?
[400(10-3)m] [0.36(10'2)N2]
144(10°)m.N? = 144Gm.N>

Slathiad) g 5 ga ) @43“53.\;

(ST) alai o Gpuigh clangll| dadal) das
selialy (M) il (Length ) Jshll

(S) dxstl (Time) )l

gm or kg ale oSl (mass) 4k

(KN) or (N) ¢signll (Force) sl

2(Jshl) sang) «m? (Area) daledll

3(Jshll sasg) om? (Volume) asall

da) o) (Lkd Cal) Radius (Angle) a5l
m/s (Velocity) e yull

Rad/s Lol Aoyl

(Angular Velocity)
m/sec? (Acceleration) Jussall

O 0 I | | B W] N

—_
()




sl Jaail

(Angular Acceleration)

(moment) s¢all a3

J or N.m

(Work) Jasl

N.m/s or (w) watt

(power) 3yall

Kg/m?

(mass density) .Sl 80T

KN/m3

(weight density) 4.l 4aL<])

0 -
(OB)2 = (OA)2 + (AB)2
(OB) =[(04)* +(4B)’

O

AB i

Sinf = =
OB Al

A B/}
Cosf = & .

OB _id

AB  Lldad
Tan@ = =

slaall

Clfial) il g8

OAB gl &8 Cubie

e ld 4ylas

or

Tano — Sin@
Cos@

& il e Jpanl
QzamﬂméngMAég
OB OB

0 = arcCos% = Cos™ %
OB OB




CARTESIAN COMPONENTS OF VECTER

TWO —dimensional Coordinate frames

A

Any point p in the plane of figure can be defined interim of its x

and y coordinates .

Scalar and vector quantities 4aiall ;& bty dgatial) ciliasl)

y

A

A

&
<

&

|
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Scalar quantities : are the quantities which have only magnitude ,
such as Time , size , sound , density , light , volume

Vector quantities : are the quantities which have magnitude and direction .such as:
Force , weight , distance , speed , displacement , acceleration ,velocity..

B g B ¢ 4y A Jic AB asidl
A

el Gl L) el (Al

Type of Force :- 4l glsil




Force: A force may be defined as the action of one body on another body
which changes or tends to change the motion of body acted on.
The characteristics of a force :1- magnitude 2-Point of action
3- Direction ( sense, slope)
s A pos aiage i O Jsbas sl s 63 isall Lk ayas ¢ (Foree) 8ol
o) ddadig slat¥)y duoaal) Al 48 yeas 8sall 2aaty (ysSd) g AS)al)

Y.

0 0 (Direction) = X

odbie (63 Jodasg aamall olatWl Ut ey ¢ Ll a3 G gaia 40aSS 80dl) Jia3 2ie
Bell late Jiar aaa
5l e L aal ) 3 Adiada
1. magnitude (o22all Lasall)
2. Point of action (i) dka)

3. Direction (sLaxY) i.(a)sﬂlse Sl das ol

(b)Slope & <A daghy ) Jual)
Resolution & Composition of a force : Jaa jgaa
Let the force ( F) shown in fig.(1) with the direction (0 )
We can resolve this force into two components :
1- horizontal component ( Fx ) which lies on x- axis.
2- vertical component ( Fy ) which lies on y- axis.
as shown in fig.(1)

Wertical Component (Fy)

0

Bl -
' *

Horizontal Component (F x)




ot Aghill e Lajall (goall Ape A (8 Augil) uang Lal [ Adasdle

Cos © =Fx/F
Fx=F cos ©

F=Fx/cos ©
Sin © =Fy/ F
Fy=F sin ©

F=Fy/sin ©
Cos©=Fy/F

Fy=F cos ©

F=Fy/cos ©
Sin©=Fx/F
Fx=F sin ©

F=Fx/sin ©




Examples

Example (1) :- Determine the X and Y components of 4 kN force
as shown in fig (1) .
Solution :- +y

(F) 52l 4.a8Y) 4:S5al) 2

4

Fx=F cos 30
. Fx=4cos30=+3.56 kKN —» Fy

(F) 85all dapanll 2l 20

A

Fy=F sin 30
.. Fy=4sin 30 =+ 2kN
Example (2):- Determine the X and Y components of (100) N force
as in fig (2) . Ty
Sol.
Fx=Fcose
.. Fx=-100 cos 60
=100 = (0.5) =50N <
Fy=Fsine
" F, = 100 sin 60=86.6N 1
@1200 ‘Uy.pj/y J;A.AC-AS’OU ‘U}/-DJLL&//QBUS&J Flg (2)
X g
Example (3) :- Determine the X and Y components of
200N force as shown in fig. (3) when 0 =220" . +y
Sol.
Fx=Fcos @
Fx=200 cos 220’
SFx=-1532N=1532N «
Fy=Fsin @ |
Fy= 200 sin 220° 200N
S Fy=-128.55 N =128.55N l
0=400 bl a8 8eal Aol A (AT diylay Ja)
Fx=F cos @ =200 cos 40° 153‘,2N =
Fx=1532 N «
Fy=-200 sin &
F,=128.55N |

%ig. 3)

128.551N




Example (4):- ):- When e =330°
Fx=Fcos @

Fx =200 cos 30°

Fx=1732N —

Fy=Fsin @

F,=100N |

(Resolution of force) 3l Julac

from fig.(1) : ]
The ho.rlzontal component may be [ F. —Feosé F
determined as : ’:
Fx=F .cos0
The vertical component may be L
determined as :

Fy=F .sin@

Alady Juand) @lghd usa (Components) SlaSya oo A gl cigd ) Bapda BB Julad )

.(Resolution of force) 8sal) Juad LibSyas 368 Jlaiin) dodas anidy cdlasall

F},=F$inﬁr

Fx=F cos O 4
Fy=F sin O«

F=\F+F;

F F
tanf =—L =6, =tan™ [—Y
F

X FX




: ( Resultant ) dlasall
elly e la il i o) (50 Alal) A shaiall Jae Ja o)) (S (5 58 A shaie ol (o
(R) W& Dans auenll

Resultant of concurrent coplanar force system
To find the resultant of coplanar ,concurrent force system ,we
have the following method
1- Components method .
2- Parallelogram method.
3- Graphical method .
1-Component method.
To find the resultant by using this method ,we can follow the
following steps .
1- Resolve all the forces into their components (Fx,Fy).
2- Find the algebraic sum of all the vertical and horizontal
components.

+

+
Rx=)Fx ,r Ry=>Fy

3- The resultant force can be found by the

R=4JR. +R

4- Find the direction of resultant (the angle between
resultant and horizontal axis using

relation

R R
tan g, = R_y = 6, =tan (R—y)

X X

: ( Resultant ) ilasall
L R dlaaaal) o) € WS .
aaly i e gall i 0sS Laie (1

R:Fl +F2
Oigal) sladl etly Lgaladl ()5S
SN geall ol aaig R =F; — F»




Ex1/ Determine the magnitude and direction of the resultant (R) of force

system shown in figure below ?
— Flx=2 c0s45°=1.41KN
" 4 Fly=2sin45°=1.41KN
T F2x=-6 C0860°=-3KN
+ } F2y =-65in60°=-5.19KN

Rx=) Fx=F1x+F2x
=1.41-3=-1.59KN
Ry=) Fy=Fly+F2y
-1.41-5.19=-6.6 KN

R=R.+R

J-1.59% + —6.6°
= =6.7KN

Rx
OR = tan ' — ., —66
Ry ©R =tan 159

~76.4°




Ex2/ Determine the resultant of the force system as
shown in fig?
+ Solution
" Flx=fcose
=15==12KN
N
N T Fly=-152=-9KN
" F2x=0
F2y=20KN

+

—

F3x=15==12KN

* T F3y=152=9KN

— Rx=Y Fx=F 1x+F2x+F3x
=12+0+12=24KN

. TRy=ZFy=F1y+F2y+F3y
=9+20-9=20KN

R=4R. +R

| P ———
= 31.24KN V 247 + 20°

O R=tan—* 7024 =39.8°

H.W/ Convert the following quantity to appropriate SI Unit.
1- 41bto N.

2- 6 Slugto N




H.W/ The horizontal component of the force (F) in Fig is (90N)

Determine the magnitude of force (F) ,And vertical component?

A

H.W/ Determine the resultant of force system as shown in fig below?

Q/ The Resultant of the concurrent forces shown m the fig . 15
(300N) pomting up along the Y- axis Compwte the value of F )

and (7).




2-Paralleiogram method ( &) Silsia (5ild)

e alitn dliasdl) O e sl 13 (au (Parallelogram) g lgia & g3l

- Ol e slabin iy G g OLAY (glsia Lyl

LS Lgie <) (g3lgiall i golai Lgiliana (48 ALaiil) (puii (o pwen o olisE il 13
D sl Plaxis(A) dhill Qs 3 aal) e Oli5 (F1,F2) il G olial JSa 3
sl laie lualy J<aaD (g)lyiall yhi Lgiliana ()9S5 (g)lgial) ALeSt aiad 12 Ly Lasd

(cosine low ) alai cualdl (j5ild aadins dliasl)
Glsiall Caai o gl Gl e © LBl lay
D=D01+32
©=(180°-( 91+32)

O Lf‘

©-180-0
g (glsie (e © Ausf3ll a2
360°=2 ©+2 @ 360= g0 5150 L5 g sane

L

©=360°-2 0 | 2




R=./P*+Q* ~2POCOSH

sin ) cuad) 058 aladials osdll (e () pe Al Lgaia A Al slag) oS
. (law

R B P B Q
sin® sin®l sin @2

28 Joatid dald AaS (B=90%) Jukiise £ 3L=Y) (sil5ie oS Alla 3/ ddaadla

conpse b Ak ) ol




Ex/Determine the magnitude and direction of the resultant of two force as
shown in fig by using parallelogram ?

R=./P*+0*~2PQCOSO
360°=2 ©6+2 I
g =90°+30°=120°
© =360°-2(120°) / 2
=60°

w'léﬂﬂj + 800% — 2 =« 600 * 800cos60

R=
R=72IN
R P Q

sinB - sin®1 - sin (2

R 800

sin60  sin®d?2

721 B 800
sinb0  sin@?2

800sin60
sin@2= 721

on—sin~10.96

@2=74°
OR=74-30=44°




Determine the magnitude of the component force F in Fig. 2134 and
the magnitude of the resultant force Fg if Ky 18 directed along the
positive y axis.

200 Ib

200 1

solution/

200 1b
sin 45°

245 1b

200 1b
sin 45°

273 1b




3-Resultant of coplanar concurrent forces
Graphical method (2-D)

Y

X

a : Parallelogram method X

Force F and P may be combined to give a resultant R; as shown in
fig.(a). Since R; is equivalent to replaces F and P the original system of
three forces now consists of only two: R; and Q .

These may also combined by the parallelogram method to give the final
resistance R . If the original system consists of more than these forces,
this same technique can be extended to include the additional forces.

b-Triangle method:

The same resultant can be more readily obtained by the use of free
vectors and application triangle law.
The total resistance of the system being obtained by joing the tail of the
first VectQ)r{F with the tip of the last vector Q as shown in fig. (b).

c-Polygon method:




Example (1):- Determine the (magnitude and direction) of
the resultant (R) of two forces as shown
in Fig. () by graphical method

Sol.
1KN

: 1CM
Assume scaling factor=

CMI=KNT D (pna asy ubiia a3

4kN=4cm,S5kN=5cm

X Jsna e Sem = Fy (Jg¥) 86l ansys

JSi Sy Hena Ao dem = Fy 4slil) 56al) sy

ol e G Jualgll Jadl) o Aliasalls Jabiieadl)

cpel) ebie (8 iy Blaal) ddaclsy Alanall (ulii aoi o5 (5580 (D ddalig

Problems
H.W//Two forces are applied to an eye bolt fastened to a beam.
Determine
graphically the magnitude and direction of their resultant using (a) the
parallelogram method, (b) the triangle method.

|




H.W//: Determine the (magnitude and direction) of the resultant (R) of
the forces system as shown in Fig. ()
by graphical method (Polygon method )

200N
159N 30° g
60% 45°

300N 400N

H.W//Convert the quantity to appropriate SI Unit.

I- 3km/h
2- 10 Ib.ft to N.m .
3- 20 slugs to kg.

H.W// Determine the magnitude and
direction of the resultant of forces system
as shown in Fig (1).

H.W// The horizontal component of the force (F)in 100N
the fig is 100N

Determine the magnitude of force and the vertical component. 'F

\

H.W//Determine the resultant force of the fig below by parallelogram
method




H.W// Determine the magnitude of the component( F) in the fig if

( R) is directed along the positive( Y ) axis?

H.W// Determine the magnitude and direction of the resultant force and

its direction mesured clockwise from the x axis (parallelogram method)?

H.W// Determine the X and Y component as shown in the fig




H.W// Determine the magnitude and direction of the resultant force and
its direction mesured clockwise from the x axis (parallelogram method)?

H.W//Determine the magnitude and direction of the resultant force shown
in fig ?

F,= WON

‘L




Engineering Mechanic (Statics)
First Part
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Addition of a System of Coplanar Forces Ay glsa 5 98 aAS aan

When a force is resolved into two components along the x and v axes, the

components are then called rectangular componenits. For analytical work

we can represent these components in one of two ways, using either scalar

or Cartesian vector notation.

Al g Jalaiacall LS ja pand Lgdia Gl pall Gy g X glaal) sladly (S e ) B 8 Jalad aie
6 58S 5l aSl) Aiall il Lab (i s (ganly (RS sall S (S Jlatl

Scalar Notation. The rectangular components of force F shown in
Fig. 2—15a are found using the parallelogram law, so that F = F, + F,.
Because these components form a right triangle, they can be

determined from

F. = Fcos#f and F, = Fsin#

H_.l

(a15-2) Jsdi) gﬁ&“ﬂ‘ F 568l (Judatucal) LS ja 1 (el il
s Ol UM cdLdatiiall (5 30 gia ¢y gild aladiuly Walag) Al

¥
F=F,+F, I'y
s O Lagboa a9 ey Eulial) JSES il sl 0da oY -
F,=Fcos 0 , Fy=Fsin0 : 8




Instead of using the angle #, however, the direction of F can also be
defined using a small “slope™ triangle, as in the example shown in
Fig. 2—15b. Since this triangle and the larger shaded triangle are similar,
the proportional length of the sides gives

(b) JS& b LS puall Juall Calia alafidy F 5 58l oladl ayaad oSy 43d @ Ay gl 3l aladiad ca Yo g
¢ 008s OV sl il b lgabiiia LSY) JUaal) Culfiall g catiad) 138 () Lagg

¥

Fy _4 Foy
ok - X F € - TS
F ¢

F, AR ol of
F ] b
= - F - 'F -
(b) fi=F c i

Here the y component is a negative scalar since F 1s directed along the
negative y axis. il y Jsaa oladly Fy olad) OF Al A3aS y 408 yall L




Cartesian Vector Notation. It is also possible to represent the
x and v components of a force in terms of Cartesian unit vectors i and j.
Thev 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 v

axes, respectively, Fig. 2—-16.%
Since the magnirude of each component of F is alwayvs a positive guanfrity,
which is represented by the (positive) scalars F, and F,_. then we can

express F as a Cartesian vector,
F = Fii + Fyj

Coan B g j g Al Bas o) cilgata sty Bl y g x LS jal) Jiad (Say LaS 2 g 308l Aadall Gy
F=F,i+F,j 1 S AalaS F (oS ¢ cilaag (gt 1 dad Lgd (¥ &l

—
—»

o 7 ——f




» Coplanar Force Resultants. 4 fia (5 52 Alana <

y
l;‘l S— Fl = e = F n j
Fo — —¥F>5. .3 + F- > -
F1 . By = . 8 — Ko -5
1
. FR = F| + F3 : 3 F3
- Fhi + th C F) b=t Fw\j + F}ti —F3}.j
Fs (Flt - Fu T Fl;)' (Fh T F"\ F3v)j
a) :
{ (FRt)l (FR\)J
¥ ,
(FR).r = Fl.r o Flt 3 F3.r
Fz, Fi, (FR )\ = F Iy + F 2y F 3y
Fay H"‘"u '1‘;#"’” Fis + ‘
“ Fay ) &) (Fr)x = X F,
Fs, *u (+ T) (FR)_V — EF;




Fr

']-
R

] {FR)}.
f = tan

{F R ).T




Examples

Example (1):

Determine the X and y components
of F1 and F2 acting on the boom
shown. Express each force as

Cartesian vector.

:(1)JGe
G OAS G (F2, F1) Ofsdl s jo )
IS AxiaS 38 JS e e ¢ gl A




Scalar Notation.
Fi{, = —200sin30°N = —100N = 100 N« | F=20N

Fi, =200c0s30° N = 173N = 173 N1

F2x - 12 = 12 .
60N 13 B, 260N(l3) = 240N — x
B S ‘
Similarly, Fy, = 260 N(E) = 100N} F, = 260N

Cartesian Vector Notation. (a)

F, = {—100i + 173j} N

F, = {2401 — 1005} N

F, = 200 cos 30° N

Fs, —w)(

)N

,.lu
L —
.
= =
i
;
h
s,
L
:
;
F
F__ X
H

1| Fay = 260 (i

-
Fi, = 200 sin 30° N 13

~ S
F:,"_ Zd) (ﬁ)Nl ,‘.: - 2“)N {C}




Example (2):

The shown screw eye in Figure is
subjected to two Forces, F1 and F2.
Determine the magnitude and direction

of the resultant Force.

:(2)Jba
QA Bl (F2,F1) Clisdl dlase qual

L JSAy Gl Jlawal) (il Ao

Fi =600N




SOLUTION |

Scalar Notation.

F; =600 N

+
_>FRx = EFx
Fr. = 600 cos 30°N — 400 sin 45°N = 236.8 N —

+TFRy — EFy

Fry = 600 sin 30° N + 400 cos 45° N = 582.8 N1

10




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

s (582.8N
= dn

) = 67.9°
236.8 N

p—

11




SOLUTION I
Cartesian Vector Notation.
F, = {600 cos 30°i + 600 sin 30°j} N
F, = {—400 sin 45°1 + 400 cos 45°j} N

Fr = F, + F, = (600 cos 30° N — 400 sin 45° N)i
+ (600 sin 30° N + 400 cos 45° N)j
= {236.8i + 582.8j} N

F. = V(236.8 N)Z + (582.8 N)2 = 629 N
582.8 N

6 = tan™"' ( ) =61.9"

236.8 N

12




Home Work

() @l gl

The end of the shown boom O is
subjected to three concurrent and
coplanar forces. Determine the
magnitude and direction of the

resultant force.

(0) Jsally cpaall Jashaill 1,3 dlgs Adals
Guaal | dggiaay 48N (g g8 COB (ja yma

. alaal) 0143\33\.4,35

F, =200 N




Cartesian Vectors 40 30 ) cilgatiall

o s . .
Right-Handed Coordinate System clgiay) alall dad) udl 5ac2 <

Rectangular components of a Vector dadel! Abiwall S ol
® . . “ o - -
Cartesian Unit Vectors. ¢ wilsl) Baa gl) Aadia <
Magnitude of a Cartesian Vector. 6 Sl Aaial) dagd
Direction of a Cartesian Vector. ¢ ) datial) slad)
o . .
Unit Vector. baa gl daia o
o

Addition and subtraction of Cartesian Vectors
A 3l cilgadall 7 kg e <€

14



» Right-Handed Coordinate System cldlaay) alall ) o) sl <

Right-Handed Coordinate System. We will use a right-
handed coordinate system to develop the theory of vector algebra that
follows. A rectangular coordinate system is said to be righr-handed if the
thumb of the right hand points in the direction of the positive z axis when
the right-hand fingers are curled about this axis and directed from the
positive x towards the positive v axis, Fig. 2—21.

13) ey ad) Jdatedd) cldlaa) aUas e JUE 1 AN Gilgatidl jaa 4 plai LY el ) Bacld aadis
Ay Jea ddile Gl ) plial (5S35 Ladie 7 s (e G sall cailad) () iy Gl ) ale) S
i gall prooladl Can gall x (e il g ) sl

Right-handed coordinate system

15



» Rectangular Components of a Vector

Axiall Alhiuall il sall <

A=A"+ A,
A
A=A, +A,
S A=A,+A,+A,
I&I/ """’u




» Cartesian Unit Vectors. ¢ ) Baa gl) Aala <«

8]

Ak

e A

1 >J |
A=Aji+A,j+Ak |




» Magnitude of a Cartesian Vector. ¢ S Axial) dad <

—— N\

- '2 2 AK ¥ 2
A=VA?+ A

A
A, — \/A% =B A%, b, .

’ . A
Aj
A, 2 AZ_
— 2 2 2

A =VA2+ A2+ A i




» Coordinate Direction Angles

sty Ll g5 cilidfaal

Z b4

Ak

Z

90°

19



» Unit Vector.

da ol Aada «

u,y, = cosai + cos Bj + cos yk

cos’a + cos’ B + cos’y = 1

A=AuA
= Acosal + Acos Bj + Acosyk

= A+ A)j+ Ak |

20



» Addition and subtraction of Cartesian Vectors 4 5,0l cilgatiall 7 sk g e <€

-
4

A (A.+ Bk
A=Ai+Aj+ AKk.

i R B - B, + B,j + Bk
B

(Apt B‘\. )j
A ‘ y
R=A+B=(A, +B)i+ (A, +B)j + (4, + B)k

R'=A~-B= (4~ B)i+ (A~ B)j+ (A ~ Bk

(A, + B)i

. —

X ‘

For several concurrent forces mmmmp | Fp = ZF = ZFi + ZF,j + ZFk

21



Examples ALl

Example (4): :(4)JGa
Express the force F shown in the JSAIL Al F 380 oo e
Figure as a Cartesian vector. 5 LS Aaiag

22



cos® @ + cos® B + cos? y = |

cos?® & + cos2 60° + cos245° = |

cos @ = V1 — (0.707)% — (0.5)% = =0.5
a = cos™! (0.5) = 60°
or a = cos” ' (—0.5) = 120°

F = Fcos ai + Fcos Bj + F cos vk

v

= 200 cos 60° Ni + 200 cos 60° Nj + 200 cos 45° Nk
= {100.0i + 100.0j + 141.4k} N
F=VF}+Fl +F? b

= V(100.0)> + (100.0)* + (141.4)2 = 200 N

23




Example (5): :(5)Jbie

Determine the magnitude and the il o0t 981 dlasa slad) g dad o)
coordinate direction angles of the . JSay Aipsall dalal) le o) jisi

resultant force acting on the ring In

the Figure

F, = [50i — 100j + 100k} N | F, = {60j + 80k} N

v

/

/

24



Fp = SF = F, + F, = {60j + 80k} Ib + {50i — 100j + 100k} N

— {50i — 40j + 180k} N

F. = V(50) + (—40)2 + (180)2

= 191.0 N

F, = {50i — 100j + 100k} N

F, = [60j + 80k} N

/

i

.

25



Fr = 50i — 40j +180k

Fr 50 40 . 180

i
o Fg 191.0

19107 © 191.0

= 0.2617i — 0.2094j + 0.9422k

cos a = (0.2617 a = 748°
cos B = —0.2094 B=102°
cos y = (0.9422 y=19,6°

26



Example (6):

Two forces act on the hook shown in
the Figure. Specify the magnitude of
F2 and Its coordinate direction
angles of F2 that the resultant force
FR acts along the positive y axis and

has a magnitude of 800 N.

JSAll Cppall dilladd) o o) 5s5 ligd a4
Jad AN (F2) il oladly dad uual
cagall (V) Usae sladl A A5 dlasall

. (s 800 Lgiagd g

27



F= Fl“F,= Fi cos ayi + Fjcos 1] + Fj cos yik
= 300 cos 45°i + 300 cos 60° j + 300 cos 120° k
= {212.1i + 150j — 150k} N

F, = Foup, = Fa,d + Fo,J + F5.k

~ F
20/
7 y
60°/
Y
= 300N

i
45°~
/7 ;

Fr = (800 N)(+j) = {800j} N

X

FR — FI T Fg
800j = 212.1i + 150j — 150K + Fy.i + F>,j + F>.k

28



Fr=F +F,
800§ = 212.1i + 150j — 150k + F>,i + F>,j + F>.k
800j = (212.1 + F5)i + (150 + F>,)j + (=150 + F5.)k

0=2121+F, Fy, = =212.I N 2
800 = bi()+F:‘ Fg\ = 650N
0=—150 + F>, Fr. = 150 N

=212.1 =700 cos @, @ = cos” (

650 = 700 cos B, B, = cos™ (m

150 = 700 cos Y>. Y2 = COS l (ﬂ) =776

29



Home work a) gl

Express the force F shown in
the Figure as a Cartesian L§ IS Aadial JAIL Adall 348l 0 e

vector.

F= 125N

30



(Strength of the materials ) 2 sa!l 4a glia
Cladly) g clalga) Glua Ml g aluad) o Aalaal) Jlaa¥) il w98 ) gall daglia ale ¢
(Johal (il pany g god S &igan (99 dpuutigl) adalial) pracal (S lll g Lo Alualal) cila gidll g

( Types of load ): Jeadl £l

( Concentrated Load ) :S ) Jaall-1

( Distributed Load) : £l Jaall-2

Distributed Load

1 ' l

Not uniformly distributed load uniformly distributed load




Jua¥l i) Ja 3k
- dikis Jaall JSE S 1 -1
10 (kN/m)

JEN Aabise Clos P e Jaall Glas Al - Adaa Mo
10*3=30KN
SIS Jaal spaal JS ¢ 5

P=30KN

Caliie JSAI S 13 2D

20 (KN/m)

Jal dalie clis YA e Jeall Gils ah - Adaa Dk
1/2*¥6*20= 60 KN
P pILE N | FPLNLITEN

60 KN

I 4m | 2m |
1/3 * deall ol sl i sy el A (3 L 35 o )il Lo
2/3% 4y i aid AY) 22l Wl




Free body diagrams _a) awadl hhia -
Free body diagram : is a sketch to show all the Eorces and reactions athing on the body

For example :
—
Z R
“

Free — body diagram and the meF

Lﬁ
N

W
ﬁ,

ree Body Diagram

chanical effects

Méﬁ‘ﬁu@ﬂ&y

Al Pu.ﬂ\hhi.a

Earth o2

RN

Flexible cord rope , cord
Cosh) ddaga Jlal) ¢ A5 yal) DY)

o L) DA B 085

L)

—

C

¢ sbliSmooth surface
(ASiaY) dagae) das il

N
asl b, o dudges 548 Q

Roller support

ZoAadia da

=

R
Lflﬁ\ Gkul\ i z.edyc 535

Smooth pin or hinge

MA’JJMJ‘L}JAAM

e

aalaal) ade dam

A

Fixed support

cantilever




Ex 1: body A in fig ( ) weighs 200N and the bar (B) weights 40 N draw a free
body diagram ( F.B.D.) for each of two bodies .

Ex 2: Draw (F.B.D) of the rod (240N) as shown in fig ( )

,/ ///‘ =

B

Ex3: Draw the ( F.B.D) of each object in fig ( ) below the bar (AD) weights
500N and the bar (BE) weighs 400N and neglect the weight of cylinder.




Ex4: Draw (F.B.D) of each object in fig( )below the weight of the object are
neglect except where indicated .

By

/\?un

. l
Short link

Problemes

(1) : Draw Free — body diagram for
the 50 N sphere shown in fig(1)

Fig.(1)




(2) : Draw Free — body diagram for
the 50 N sphere shown in fig.(2)

(3) : Draw Free — body diagram for
the ropes system shown in fig.(3)

( Equilibrium): & =¥
S all ) ol o 0 33 Ala (8 098 Jhia (s gbadi anin Ao B Ji5al) (5 gl Aluaaa ciilS 1)
. Aa gl g) B Y O e aeall
F3

I

E:FZ OR ZFX=O & F,=F, or

Y F=0

Fs

ﬁ‘u‘@i\ OGM%JWM&J‘.&&M (5333\;\&4“&315 1) :L&Qa:\gdjg\gﬁ#w@
Al Ay Ay 9) LS

) g 5 giewa (B dad) gl) g A8l (g g Als B o) )

(Equilibrium of concurrent coplanar force system)

In this case must be :




E;FXZZO & EEF}ZZO [ —— R=0
Ex 1: prove that the force in fig( ) in Equilibrium.

A
Fiy
A sz

y I:3Y

y

Fay

Sol :
— > Fx= Fix -Fox-F3x-Fax
=90Co0s30 - 55C0s60 -49Co0s45-60Cos75
LY Fx=0

1 SFy =F1y+Fay-F3y-Fay= 90sin30 + 55Sin60 - 49Sin45 - 60Sin75
. YF,=0

VY Fx=0 &Y Fy=0 .. The force system in Equilibrium state

EX 2: Determine the magnitude and direction of force (p) which make the force
system shown in fig. in Equilibrium state .
Sol:

=" Y F, =0

P, —410c0s(30)=0= P, =355N —>"
™Y F =0
410s8in(30) —300+ P =0=>......... P, =+957T"

p=+p2+p2 =/(355 +(95) =367.5N

P 95
6 =tan"'(——)=tan ' (=—)=15"
(P ) (355)

X

300N

Ex 3: Determine the tension and the weighs of sphere A required to keep the system

shown in fig. (') in equilibrium if the body (B) weighs 200N and C is a smooth
drum ?
19




Sol

‘\ ( F.B.D) for joining point)

For connect point

—5 3 Fx=0

200cosf, —T'cosd, =0

4 12 12 200*3/5
200 -T(—)=0 =T7(—)=160
0(5) (13) (13)

T*5/13

»

T :160><(£) =173.34N < l .

+ T YFy=0
200SinO+ TSinO,— W, =0 Wa

3 5
200(>)+173.34(=)-W, =0
) (=

1120 4 66.67- Wa=0 == WA=186.67N o) dla b iashial Jiiay 3 ¢ sl 132

H.W//Find the force p1 and p2 to make this system in equilibrium ?




Determine the tension in cables BA and BC necessary to support the
60-kg cyvlinder in Fig. 3-6a.

F3-1. The crate has a weight of 550 Ib, Determine the
force in each supporting cable.

( H.W) :Determine the tension forces ( T1)
and ( T2 ) in the equilibrium system
shown in fig.




259 (5 giesa (B Anbl g9 ABia & (58 Ala B I Ll

(Equilibrium of non concurrent coplanar force system )
IS ) )5S Yl g

1-YFx=0 ,YFy=0 ,YMx=0

2-SF=0 ,YMa=0, YMp=0
Nl 5 AY) dauall

3 5MA=0 ,>Mp=0 ,>Mc=0

Aafglid o adi¥ (A« B, C)bAl o dua

Ex1// Determine the horizontal and vertical components of reaction for beam loaded
as shown in fig. neglect the weight of the beam in the calculations .
And draw ( F.B.D) for the system. The system force is in equilibrium.

F1-600 N

4&
A

C

0
[ ]
I
|
ﬂZm

A
F2-100 1
Sol.

—Ep ZFX=0
L. 600Cos 45 -Bx=0
o Bx=424.3 N «—

- Ay* 7 +600 Sind5 = (5)+ 100 * 2= 0
2 Ay =331.6N1

+1yFy=0

Ay- 600Sind5 -100 + By =0

331.6 - 424.3 — 100 + By=0

-192.7 + By =0

). By=192.7N ?

600S
600Cos45




Ex 2: In the Fig () as shown below :
1- Compute the tension T in the cable . Smooth drum
2- Find the horizontal and the vertical
components of the reaction at (A).
The system force is in equilibrium.

Sol.
1- GZMA =0
3

—200><2+T><§><4—100><6=0

—400+T><%—600:O Avjzm

. F.B.DOfAB |
=1000+Tx = =0 200 N

S. T=416.67 N
2- _‘|‘> ZFX =0

4

A4, = 416.67><% =333.34N

™> F,=0

Ay—200+T><%—IOO:O

4, =300-250=0 . A, =50N




H.W// Determine the reaction at A for the cantilever beam in the fig?

10 (kN/m)

H.W// Determine the horizontal and vertical component of reaction for beam loaded
as shown in fig neglect the weight of the beam in the calculation , the system in
equilibrium state?

20 (kN/m)

H.W/: Draw ( F.B.D) for the system and determine the reactions at point A

as shown in figure The body is in equilibrium state.
6 kN

Fixed support




(Moment of Force) 35 o s

The moment of a force : is the ability of
the force to produce turning or twisting about an

/F
axis or point or line. . - ,-//4
oL V' - W, 2
Mathematically: AAS
|

d

The moment of a force = the applied force X
perpendicular distance

M=F*d (m

M = the moment of a force (N.m)

F = applied force ( N)

d = perpendicular distance between the point of action of the force and moment center.

Lasand) Blusall 8 553l Cpuim Jeals sl jna o) Adaki () Jon 85l pie Ciya
csnall ol Adaml) Gl g Lyl s ol Baall

oy eall 1
Qo= D= M

q

B £
o J<G (S !

0 adai J<& Ao yeday (2ls Y Lsadd) Jsa Fossdll aye o) 1 J<aN 8 Jasdls
Boall (sginy (A} (sgicaall pa 48D Nie

Boall gl (cantis Ohsall ysaag BoRll (u dpdganll diludll 4 :d Cua
Ome ysae o) Al Joa auend) sl 55al) A8 Aaii Jea 56l e Jias: M




el alanl Gislladly ayall Hsaa Ao (s35ae (s (B ai Y SRl 0 IS (8 Ll
Ol Bai Fsine |, Fcose e i€y () 56all Jalas b Ala) oda & (AB) ds>
(Fsin @ ) 35l aje Lin AB )lss &Y Lia (g5 Feos@ 5l aie

. ( Fssine+d; ) (gl

CZMAB =F« (SiIl 9) «dy

Aoy M Agaie 1S il pje ¢ Aiada
delul) e e iy sie Tinge st ()
(Nim ) apadl langs Aol Cijie pe 40 sie Wl 580 C
iadl ) 5ac s

: ( Principle of moment) ag3all sacld

Bodll allh LSia agie poana (Sl ona ol Ak Jon L 58 aie sa (pgad) o)
casnall gl Akl ads Jon
58 a5l (Graall gsanall (golow oma (5 Usn (ol (10 desane Aliana pie i
ypad) ai Jsa e ganall
: Bodll ale Joa cilliadMa
oo aganll 2adl (Y Lia (gslaw Lajdli e adi ddais Jya 85l aje . ]

. joua

Ma=0 , Mp=0

el ) Leblas i dugliy Juas 358 clS 13 .2

Ma=Fx .0+ Fy.L




Al e Jos S agie gsane (sl dhaii gl Joa 368 g a3 .3

L FY“/'F

»
>

7/

F.d=Fy.L+Fx.o0 e Fx

7/
7/
/

F.d=Fy.L=Fsin6.L oy
ot s gl A3sSall (55l agie g sana (slow Adaii o Jsa (558 Bae Aliana pie .4
Lidazil)

qu

R.d=F,.Li+F.L, A

olad) g (Sodl) ol a9 Foada Sobew ) 9aa o) ddadi Jea (g4d Bas ax .5
8g8 St ) gal)

Ma=M; + M, L>

>
V2

Ma=-Fi«Li—F2+Lo L,

Examples
Ex1 // Determine the sum of the moments of the two forces

as shown in Fig . with respect to point (A) . _ F,—90KN
( MA == F]*L] — F2*L2 FI_SOKN
2

=-50(20) — 90(30) A° 20m
=-3700 KN.m
"2 M= 3700 KN.m}

S|
1

30m




Ex2 // Determine the moments of the force with respect to
point (A) as shown in Fig 1000N

nFy
37°
> Fx N
1 N L
T

A yr

A

3m
ail b LS LS5 ) 35l Jlas
( T Ma = 1000sin(37°) +3 — 1000 cos(37°) « 1
— 1805.4 — 798.635
> Ma = 1006.76 N.m‘)

Ex3 // Determine the sum of the moments of the force with
respect to point (A) as shown in Fig

120N 60N

F1y
45°7 A } 60°

|
Fix ‘ IOCm‘ 15cm
|\ /l\ 7

cDagenl) 5 4V W@l ) cnsdll Jas @
S L,,SSL“‘:’ L@-‘JQ Ol‘é (A) adaiy c._.sﬁ 5‘9‘53\ AL _)ABFZX ple Ul‘}‘;\)"’ °
[MAzey(lo)—Fly(ls)
Ma = 120 sin(45°) = 10 — 60sin (60°) « 15
Ma = 84.85 (10) —51.96 (15)
Ma = 69.08 N.Cm')




Ex4 \\ Determine the moments of force system as shown in Fig.
with respect to point A .

70N 30N 40N

A% l l'- 200N.m

2m 2‘

<>

120N

Q+ S Ma =-70 (2) — 30 (4) + 120 (8) — 40 (10) — 200
=100 N.m +‘)

Examples

H.W//Determine the moment of figures with respect to the point shown in
figures ?

|




)
0.75m

1 2eos30° ft

L lsindS'
'
60 1b

45




H.W//The magnitude of the vertical
component of the force (F) is 100 N
as shown in figure(4-b).
(1); Determine the force ( F ).
(2) Determine the moment of the force ( F)

with respect to point (A). V//

Figure (4-b)
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(Moment of Couples)( i ) :z)s25¥) a3

Couples :
A special case of moments is a couple. A couple consists of two parallel forces that
are equal in magnitude, opposite in sense and do not share a line of action.
It does not produce any translation, only rotation. The resultant force of a couple is
zero. BUT, the resultant of a couple is not zero; it is a pure moment.

M M M

”t" Qi)
< ,_/l\ /_,I\
; Z d d

‘p
alyld e el Y stV (pilaias il b s doie (358 431 e )53 5Y) Ciym
Lt 4 panl) Baloadl) x (55 ) dnl i doalas = ()50 a3 g )3 3Y) -
Mc=F+*d Ll o e ailiad (a0 93 Lail 5 amsall ¢l jad o LN Al Gl -
F 415

O Al el e adiag = 93 dall slail s ¢ a5 g (1 8l Alana -1
e Led s 30 Al Al e sty V5 WG LBy ) 90 Y a e -2
D zlsY) e o e Al
+) Ma = F*d
+) Mg= F( d+a)- F*a
=F * d + Fxa —F*a=F*d
) Ll gl pal) Al e I (i U Ay gl ¥ ads O ot Vg

EX 1: Determine the moment of the couple in fig. ( ) with respect to

1- Point (A), 2- Point(B) ,3- Point(C). 150 N 4

Solu:

1- @w\ = -150(4) = -600 N.m = 600N.m )




ZGZMB =-150(2) -150(2) =- 600 N.m = 600 N.m)
3- GMC = +150(2) -150(6)= -600 N.m = 600 N.m)
ALl adga o i Y9l LBu 7)) ae Badl

Ex (2 ) Compute the magnitude and direction

of the resultant couples action on the body shown
Solution :
Mc=60%*4-40*4

=240-160=80 N.m

EX2: Determine the moment of the couple as shown in fig .( ) with respect
a

to point O. KN

MC=F*d

;10 m |
=3*20=60KN.mD {
3KN

(Transformation of Couple) :ssuwa i 7 a3l J&

¢ AUl el b oo dall dad B Y 5 aal s e gl ) Al ey ) 50 ) 8 )
o ol B Augly b menall g e -1
o) e (8 a8 g (5Y 5 el (BY 3l Nie )
. o\ﬁmé}\ﬁgwé\cjaﬂ\dﬁjm-3
oo WS ol A ol da i 4 8l ot yuis ) 53 3V (38 (e A seadl ALl <y 1) 4




Ex 1: Replace the couple as shown in fig by a couple whose forces acts horizontally through
point C and D .

/QKN
2mZ_A

4m

(d)
:dall

A(b) Al (4m) Gslew gL oY At ABE, D kil L geajall JAL -1

LS ajall dad 208 (4m) Lgis and Al D B s W st i Guns AT g (N gaasall Ji -2
e

Ao L5 ) ciag 13 (3m) kAN Gy Adlusal) of Ly D & € b Ll (lsdl i of el b coglhaal-3
el gaviall dad o Bilad s igdl

Mc=F.d =9 +4 =36 KN. m 36KN.m =F«3 ..F=36/3 =12 kN

(Resolution of a force into a force and a couple) :Ejbla M 8eal) (Jad

dadde W il A it Glas) (9 aend) BlES (e o AT Al g} ) L3l ste TS B 6 B3 ¢jSay
L)l ) ARl Jga AL ghial) 3 68N ae (5 gl Aae 9350 AdL) 2a
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(Strength of the materials ) 2 sa!l 4a glia
Cladly) g clalga) Glua Ml g aluad) o Aalaal) Jlaa¥) il w98 ) gall daglia ale ¢
(Johal (il pany g god S &igan (99 dpuutigl) adalial) pracal (S lll g Lo Alualal) cila gidll g

( Types of load ): Jeadl £l

( Concentrated Load ) :S ) Jaall-1

( Distributed Load) : £l Jaall-2

Distributed Load

1 ' l

Not uniformly distributed load uniformly distributed load




Jua¥l i) Ja 3k
- dikis Jaall JSE S 1 -1
10 (kN/m)

JEN Aabise Clos P e Jaall Glas Al - Adaa Mo
10*3=30KN
SIS Jaal spaal JS ¢ 5

P=30KN

Caliie JSAI S 13 2D

20 (KN/m)

Jal dalie clis YA e Jeall Gils ah - Adaa Dk
1/2*¥6*20= 60 KN
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60 KN

I 4m | 2m |
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Free body diagrams _a) awadl hhia -
Free body diagram : is a sketch to show all the Eorces and reactions athing on the body

For example :
—
Z R
“

Free — body diagram and the meF

Lﬁ
N

W
ﬁ,

ree Body Diagram

chanical effects

Méﬁ‘ﬁu@ﬂ&y

Al Pu.ﬂ\hhi.a

Earth o2

RN

Flexible cord rope , cord
Gl ddaga Jlal) ¢ A5 yal) DY)

Lo L) DA B 085

L)

—

C

¢ sbliSmooth surface
(ASiaY) dagae) das il

N
asl b, o dudges 548 Q

Roller support

ZoAdia da

=

R
Lfl\]\ Gkul\ e z.edyc 535

Smooth pin or hinge

MA’JJMJ‘L}JAAM

e

aalaal) ade &

A

Fixed support
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Ex 1: body A in fig ( ) weighs 200N and the bar (B) weights 40 N draw a free
body diagram ( F.B.D.) for each of two bodies .

Ex 2: Draw (F.B.D) of the rod (240N) as shown in fig ( )

,/ ///‘ =

B

Ex3: Draw the ( F.B.D) of each object in fig ( ) below the bar (AD) weights
500N and the bar (BE) weighs 400N and neglect the weight of cylinder.




Ex4: Draw (F.B.D) of each object in fig( )below the weight of the object are
neglect except where indicated .

By

/\?un

. l
Short link

Problemes

(1) : Draw Free — body diagram for
the 50 N sphere shown in fig(1)

Fig.(1)




(Friction ) &iay)
Mﬂggj)mu\is)ﬂ\wmgﬂuwyﬁ\@.«...@L.nw\Sﬂ\uuk.;d&;‘zf\qﬂ

Coefficient of friction : d<iay) Jalaa
¥l cpataad) da) o8 Lasie ) Sad aliad) Al Cp Al 58 35Sl ALSINY) Jalas
. Omadadd) o %J}Aﬂ\ﬁjﬁ‘)\&j( :\SJAJ\MJ&

(Impending motion)

P
ﬁ

oslEd We JSiaVIsg Fyo dnseall sl N oo oSl S dalae gy Sam

JMiag (RS adl acall £ g die ) (S ad) iaY) 58 G duudll 2 1S Ad) ESEAY) Jalaa
. Omeeadlial) cpadacdl s dua gand) § 681

(oSl ASiaY) B g8 (e JBI Laila A S Al ASiaY) B g o)) ¢ Adaadla
s = flg
;\.Lmu)(R) ilasal) g (N)%JM\SJ&S‘Q&SJJM\K,U\}‘@ (4): LAy aﬂj‘j
£ 9ol e () aliall Lgiad I Jualiy (ALSiaY) 3989 N A gand) 3 68l
as ally

w

F
R v
tan ¢ Y; MU ca




impending motiona<: gl 4S Al
FS

tan gy =~ = g

F GV 5l Aadl) 45 ali( sliding )
tan ¢, = N M

At impending motion
angle of friction @ equal angle of incline(e)

ods ) Allal) e FRPN{IRTY :\JJ&Q

N

F
tanf = -5 =
N

‘9:¢S

0 Jilad mhaaall ) SN Ay gl ) o gbea (S sSud) palinl) SLSEAY) Ay 915 O (o)
6 = Angle of repose &) Ayl
Gigand) iy o A all Laie gual Al 4y g) 31 A
: iy B Jo o giad LAl Jilaal) £ g

S aead) ) oda A g Alall B Lnle (o gaia impending motion 4Ssdigh 4S al) -1
ﬂ&y‘ﬁﬂwzﬂﬁmaigMﬁ&aY\Sﬁoﬂj (éYﬁY\MJ);\SJAJ\Mj
. OV QYJW&HOSA:U(FSW =, xN)
481S AiaY) 3 g ()9Sl Jlpead) (9% 88 Jilasall (e £ 5l 038 B g Aaid gl AS ) Ui o iy ¥ -2
ol bl Al Ja aid €Y g1 ) jSia) A A sl o ddidlaall
ALY 5 g8y dabl) 038 ¢y W3l (rag 1Y) C¥Maa (e F ol Adal g oLy s
. Alws gl AS Allagag¥ F < Fuay <iS13) -
e A LS a iAo 98 il g AaiB AS ol (ygSE F > Frpay <l 1Y) -
ASiaY) Jalra G3S g Baainall & A al) AlSEaY) 5 g (¢S dgle g Alluall B 33850 AS o) 095 -3
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Ex1: A block of weight (200N) placed on rough surface as shown in fig.(1) ,
determine the magnitude of force (p) which makes the block to start slip
(impending motion). 1, =0.2

Sol:

| W=200N

—H2Fx=0 H c.Gf

P—Fs:()

C.G

Fo=F,max = flg X Nuoooeoeer et e e (H~
Fs

(F.B.D)

+fyFy=0 == N-W=0
N=W =200 N ¢

Fmax=0.2%* 200 =40N e deant (1) Uabaall & a gt
P=Fs 1 b dslaa (s
L P=40N

Ex2: A block weighs (300 N) is placed on inclined surface as shown in
fig (2) determine the horizontal force (P) required to cause motion to
impend up the plane , if x4, =02

Sol :

+
YFy=0
N-300c0s60 — P+sin 60 =0
N-150 - 0. 866 P=0
N= 150+ 0.866 P




Fomax = uy, x N

P+c0s60-300s1n60-F=0
0.5 P —0.866:300-Fs=0

(F.B.D)
0.5P- 0.866 * 300 -0.2 *150 -0.2 * 0.866P = 0 Fy ad e (3) dolas b (2) Aalan i gos
0.5P-259.8 —30-0.1732 P =0

0.3268 P =289.8
L. P=886.8 N

Ex3 : Find the value of the force (P) required to have the block as shown in
fig.(3) impending motion up to the plane , x; =04

Sol :

:\sz =0

N- 100cos30 =0
. N=100cos 30 = 86.6 N

+
_SFx=0
P —100 sin 30 - Fs=0
but F=Fmax = u;xN
! Fe= 0.4 (86.6) =34.64 N
1 P-50-34.64=0

GA.A;Md&&\zﬁ;@}\&&ﬂ\d;‘z[\&}ﬂ\&ouﬂaﬁﬁmu&




P-84.64=0 =—=> P=84.64 Q&4 Y ) avall @l aisd i o

Ex4) A block weighs 200 N is placed on inclined surfaces in fig. (4).

Determine the friction force. % = 0-2

Sol.

a-Draw F.B.D of the body.

b-Assume the body is in equilibrium state.
Wx=200sin30= 100N , WY=200co0s30=173.2N

Y F =0
70-100 ~-F=0 — F= 30N

. "
S =30N. (the body downward the plane).
To check this result.

\ > F, =0
F, =u xN=02x1732=34.64N

LF<F

30N <34.64N (the body is in equilibrium state)

Problems
H.W//A block of weight (200N) placed on rough surface as shown in fig, determine

the magnitude of force (p) which makes the block to start slip ( impending motion).
Mg =02




H.W//A block of weight (250N) placed on rough surface as shown in fig. , determine
the friction force between the surface and the block( impending motion). x, = 0.2

0.8 m

H.W//A block of weight (150N) placed on rough surface as shown in fig , determine
the magnitude of force (p) which makes the block to start slip

( impending motion). z; = 0.3

(Centroids & center of gravity) . m‘ jS‘JAJ JSJ'd‘
Aliana Lgy pad (Al Akl & (V) Qiadl 3S e ) J&) 38 (Center Gravity ) : C. G
i anal) (13 Jlad ¢Sy (AN ARl A g camad) o B Sgall (i ¥ udad) o 6B

5 3 Al (V) i) (5 B Aluana Ly el Al AL (and (8 B (A 1R S e G
290 ApuluY) Bac ) gaaty Alasall a8 ga G Ay Llidal g sl




Al ) gaall LTS ja 0938 £ e = g oY Alaaall e
WX =w.x +w,x, +wy.x; +

WY =w.y +w,p, +w.y; +

Wz =w.z,+w,z, + Wy.z; +

R S RETIR e
Z15 V15X

e.m_aﬂ :\_IJS.AM J.AAL}:J‘ Q_II:U\JA‘\ Zyy Yy X,

Z35V3,X3

pnll S 0550 =W
el 3 &l paliall (o yeaie S ) 350 W3, W2 , Wi
s (1)

o (Oxelie ) Gooble (pand I (Aaluall ) pead) andy 3 )l g Sl s
e o JEl S b B 5 ) e el IS )5 ¢ QB ) e o ady vl JB S e 0509 4l
138 5 ) gnall (pda adalds lad
S0 gl ) emigl L 3la Slluall o S5 Laxie (Centroid) S el pllaas Gllay 1(2)3kaadl

il pady ged JE S e lan (L, oAl 5 5l g CalillS ALl dapae Clalual) S8
<lalwall 3S) 1 ( Centroids of areas)

_ n
AX = Za[ *X;
i=1




s Jad) dalua(a )9 Al daluall (A) Cua

AX =a.x +a,x,+a,.x;+

AY =a.y +a,.y,+a,.y;,+

B ili *X; _ ’2111‘ *Y;
X — i=1 , Y — i=1
L L

LX = Lx, +1Lx, +1.x +

LY = Ly +1L.y,+L.y, +
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Shape

Area or length

X

y A

Rectangle

d

»
»

yAny triangle

| X
>
»

k—H——>

Yy

Right angle
triangle

Circle

Quarter
ircle




Area or length

Circler
sector

Q)

20

X

S

2rSino
30

Segment of




Exi= a Homogenous wire of uniform cross section is bent into the form shown in
fig. (1) below, Determine the location of the centroid of the wire with respect

to the given axis’s, centroid of curved shape is 21/ m.
Sol:
L*X_:Zli*xizl1*x1+lz*x2 60cm
i=1
(L +L2)*)f ~L1sx 1+ L2+x 2 Fig(1)
=(60 +40 m)* x =60*(-40) + 40 ©*0)
(185.66 )+ X =-2400 —— X =-12.927cm

L*Y_zzli*yi =L*y +L*y,

i=l

(L1 +L2)+Y =Li.y1+L.y2

(60 +40 7). ¥~ =60 30 +40 1 « S0

T

(185.66) =Y = 5000 =——=> Yy = % ~26.93 cm C (- 12.927, 26.93 ) cm

(Centroids of Composite Figures) %S yall JW&Y) 3SI 0

n
.4, %X,
— @ X A X a,*x, 5
A A
n
Zai*yi

a, ¥y +a, *y, ... a,*y, ‘5

Yy = -
A A
A= Total Area ,x;,Yy Coordinate of elements Area

X LY ,essCoordinate of total Area




Exz : Locate the centroid of the T section as shown
in fig.(2) below :

Y a ¥y ta,*y, (1%6)*0.5+(1*8)*5 —3.07em Fig.( 2)
A (1%6)+(1%8)

\: lcm
X__al*xl+a2*x2_(1*6)*0+(1*8)*0_0 b\\\ ¢ X\
A (1*6) + (1*8) Gem

o X=0 (a2 1385 y ) small o gl JB S 5 5 Jall gan Jans 9
SC(X LY )=C(0,3.07)cm

I EEFF] = A

Exsz : Locate the centroid of the shaded area as shown in fig.(3):

Shape or

area cm’ x (cm) | a.x(cm?) y(cm) a.y (cm)®
segment

Rectangle
1
Triangle
2

Total

36 cm’ 2 72 4.5 162

27 cm? 6 3 81

> a=63cm?

= =3.71em
63

v Dla*x, 234
4

— . * .
Y = 24" _ 243 _ 3 085em
4 63

~C(X ,Y )=C(3.71,3.85)cm




Ex4: locate the centroid of shaded area as shown in fig.(4):

€

10
Fig.(4)

Segment a(cm)? . a.y( cm)?

(5+5)/2=12.5 . . . 83.375

5+10=50 . 125

()2=9.827 | -4ri3zr =-1.06 ) 24.55

Y a=72.32 Y a.x =333.33 S a.y=232.925

— a. *x.
o2 x 33333

= 4.6cm
A 72.32

s Doa*y, 243232925
A 72.32

=3.22cm

L C(X Y )=C(4.63.22)cm
Ex s: Locate the centroid of shaded area as shown in fig.(5):

\#
\\
\\\cm TR

Fig.(5)




Segment a(cm)’ a. X (cm®) y (cm)

1+12=12 72 0.5 6

6 +6 =36 216 3+1=4 144

% (3)*=14.13 84.78 [4.3) / 37 |+7=8.27 146.855

> a=62.13=A > a.x =372.78 > a.y =296.8

- D4 *x, 37278

X = = = 6cm
A 62.13

— __* e
o 24 285 2 a998em
4 6B233

L C(X .Y )=C(6,4295)cm

Exs: Locate the centroid of the shaded area for the fig(6) below:

A

y

6cm

12.cm Fig.(6)

Segment a(cm)? a.x(cm)? y(cm)

Rectangle 18*12=216 1944 6

Semi circle 7rt/2=-251 -100.4 12- 4r/3 7=10.3

38




Quarter circle 7 1%/4=-28.27 -435.7 12- 4r/3 7=9.45

Triangle 6 %6 /2 =-18 -288 2

Y a=144.63 Y ax=1119.9 Y a.y =734.98

_ a. *x.
X:Z Gx_ 11199
A 144.63

5 2.4y 73498
A 144.63

=5.08cm
~C(X ,Y )=C(7.7,5.08)cm

Problems

H.W//Locate the centroid of the plane area shown.

Yy

Locate the centroid of the plane area shown.




— S

a=>5in.

Locate the centroid of the plate arca shown in Fig. 9-17a.

A3




F9-7
F9-8. Locate the centroid v of the beam’s cross-sectional

arca.

150 mm

50 mm; (

300 mm

—de

25 mm 25 mm

Locate the centroid (x. v) of the composite area.




*9-52. Locate the centroid v of the cross-sectional area of
the concrete beam.

9-59. Locate the centroid (x. v) of the composite area.




(Moment of Inertia : (513 gl aje

B il (98 S jald) Adllay Bl avad) Apald 2 g Aalwall AN ol Ul e 52 g
. dle 3 fgall daa AN (5 g8l alaad) Alls

da

/, N

m* s cm’ simm‘: A S JJ*}‘S\ pJad daxdiicial) cilas gl )
pir Ml o0 daluall 5 gla o sa9e gaa dsa (A jpalll aje GeS Al A Aasdle
Polar moment of Inertia (k! il
Jo=[rtda =/ xX2+y?)da= | x3da+]y?da

Parallel — axis theorem for an area( S sadll 2 je Ji Aalas ) 4 5l giall ) sladll 4 yas
Ix = Ixc + A«d?y
Iy = Iye + A-d’x
Jz = Jzc + A+d?

Ix: X ossadl dss S gadll ae
Ixc ¢ Aabuall 35 Jld) Y] ) sndll Jon ) aill o e
Iy:y ool dsa S ) i) o 50
Tye: Aabadl S e il 53 50a) sl dsm I sucill e |
Jz: daludl e ga5ae san dsa (ol ) suaill o e
Jze: Claludl Som Hmgases Hsaedss (bl ) saill o5
dx: y ossall s Aaludl 38 jay Jlall ye sl (s aad) 2
dy: x Dsaall Gs daluall S e Jlall X sl Gn 22l
d: z sl Gnsdaludl 3S e Jlall 7o ) saall Gn 22l 58

(0]

z

Jalsil) acd) g1 Al dabowal (SN ) guall] aje o)

Moments of Inertia for an area by integration

43




x1 : Determine the Moments of Inertia for the rectangular area shown in fig.()
with respect to (a) the Xc axis.

(b) the X axis passing through the base of rectangular.

| [ e |

dy

0 3
n e, =2b[2 (v *dy) = 21{%}
0

3
Ix, :%
12

b\ Ix=Ik, +A*d’ c S el e 5 Aales aladiuly s J 5V g sl e salELY) ¢Sy

bh3
Ix = +bh
) ( )
bh’ sl
S =——
3
H.w
3 H - o
= hll; ( Tye , Ty)dasy oM ) isaad) dipas i 2
=k, +A*xd’
hb*
yi +bh
=17 ( )?
hb?

Sy =—
7 3




Lpaaigh) JISEY) (and SN puall) o 5o
Ixc ch

bh3/12

bh?

L= 30




(Moment of inertia for composite area) A4S all cilaluwall S guall) 23

Al g A g dalecall ()8 Aiadla pa gl o2 et ol (a9 gllaall ) gaal)

Exi: Determine the moment of inertia (Ix) of the shaded area as shown in fig.
(1)below:

il:lcm

segment Ixc
b 2(1)°

12 12

=1/6

1(4)¥/12 =533

2(1)*/12=1/6

5 Ixc=5.663

n n
Ix= leci + Zai *d,
i=1 i=1

Ix = Ixc, + e, + e, +a, *d} +a, *d; +a, *d;
=5.663 +25 = 30.663 cm*




Exz: Determine the moment of the inertia of the shaded area with respect to the Xc

axis passing through centroid of area

I = Ixcl'Ich
o BBl
12 12
60(60)°  30(30)°
2 12
Ixc = 1080000 — 67500

Ixc =1012500 cm*

Ixc =

15ch

Xc

60cm

»
»

N\

15ch

=

!

-

‘ 15cm

15cm

Ex3 : Determine the moment of Inertia of the shaded area as shown in fig with

respect to the B-B axis.

4mm

\\
\

»
»

Ixc

bh3/12 =4(8)*/12 =170.66

4(8)*/12 = 170.66

8(2)%/12=5.33

16

> Ixc=346.65

5 2.d2=1040

Ipp= Y Iy +>axd?
=346.65 +1040 = 1386.65 mm*




Ex4: Compute the moment of the Inertia for the shaded area with respect to the X-axis :

segment Ixc d d? a a-d’
bh¥/12 =1(3)/12 =2.25

1.5 2.25 1:3=3 6.75

e = bh/2
bh¥/36=2.5(3)/36 = 1.875 | |+ 33 3.75

=2.5+3/2=3.75

4/4=-
T0r4/4=-0.0075 L5 _ =03 -0.675

YIxc=4.1175 Y 2.d%=9.825

% _d=0.625
L= Ty +Y axd? “ r=0.31255
I, =4.1175 +9.825 = 13.9425 cm*

Exs: Compute the moment of the Inertia for the composite shaded area as shown in fig. ( )with
respect to the X and Y axis ie (Ix and ly).

segment Ixc d d* a &
1 0.11r* =0.11

18.362

3 _
2 bh°/12 =4.5 13.5

3 bh%/36 =4.5 9

4_
0.055r*= -0.055 -0.141

> Ixc=9.055 ¥ a.d2=40.721

L= Lxe +Za*d2
=9.05 +40.721
=49.776 cm*




Problems

Determine the moment of inertia of the area shown in Fig, 10-8
about the x axis.

- OO0 mm -

Flo-7. Determine the moment of inertia of the cross-
sectional area of the channel with respect o the y axis

v

A L 7 )
. — - s
50 mm | l 5>

S0 mm |

300 mm

} /
50 mm | l !

= 200 mm =




«10-33. Determmme the moment of mertia of the
composite area about the y axis.

150 mun_ 150 mm_

100 mm
L
.

100 mm

75 mm

300 mm
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