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Q1: find the magnitude and direction of resultant for the forces shown? N I .

80 KN
3m
o 60"
L e

Q2: Find the moment of the force F about the point (0) as shown in the following figure?
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Q1: Reduce the given loading system to a force-couple system at point A, then determine the distance d to the right of point A at which the
resultant of the three forces act?

800 N
. _2_°°_T"‘__+______E‘°ETT ________
Q2: A body of weight 100 N is hanging by two cables as shown in figure. Calculate the tension in each cable if A ]
forces is in equilibrium? e ;[
450 mm
1200 N
; 60

45°

AN

100 N
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Q1: If the force 100 Newtons acts as shown on the 300 N body. Make a conclusion if the body is in equilibrium or not and find the
friction force?

Q2: compute the resultant Rxyz of the three forces shown?

75N
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Q1: Determine the distance from the base of a triangle of altitude h to the centroid of its area?

Q2: Locate the centroid of the figure shown?(determine the height
above the base of the centroid of the cross-sectional area of the beam. Neglect the fillets ?







1. Mechanies: is the physical science which deals

with the effects of forces on objects.

1.1 Statics : It is the science which study the effect
and distribution of forces on rigid bodies which are

remain of rest.

O s Al js e o dnlSudl Je alal aad g o g ale
Lede bl gl 5l i Lyl

1.2 Fundamental Concepts:

1.2.1 Foree : is the action of one body on another.

s ol @lpai e sl Jaxiy o a1 3 aues i o 7 3 g0
e Lan il LS ola) el 4uaS 5 gall 5« Llae olai] 3

1.2.2 Sealars: scalar quantities are those with which

only a magnitude is associated. Examples of scalar

quantities are time, volume, density and mass.

Jaid s puslie e Al Al Slaagl) A g ; dgada sad) Sluagll

Fe ... ABUall ABUCH ¢ aaadle sl Jia
1.2.3 Vectors: vector quantities have magnitude and

direction. Example of vector quantities are velocity ,

acceleration, force and moment.

ol s oladly hama Ll il Sl s Agadiall ciluagl
cacsudl Caaly Qi (Y e LS ) gyl gl

S poedl c sl ¢ Ll
1.2.4 Units : we use Sl units (System International
Units) which use four fundamental quantities

(length, mass, time and force ) as below :

Length  meter (m) J skl
Mass Kilogram (Kg) el
Time second (s) il
Force Newton (N) 5 sil

g2




1.2 Force Polygon

1.2.1 Addition of Vectors Quantities

B —
—

(-) (+)
Figure (1}

1.2.2 Parallelogram Law (Theory):

—_—

R,—A+B

Figure (2)

1.2.3 Triangle Law (theory):

R; =A+B
/\
Ri il
Figure (3)

1.2.3 Force Polygon for multi forces

Figure (4)




2. Analysis of Forces s sall Julas

Analysis of forces into a pair of perpendicular components is very
important subject to be studied in order to have a full knowledge about
the effect and distribution of forces on rigid bodies which are remaining
of rest.

Analysis of forces into a pair of perpendicular components as shown in

figure (5):
F«: The component of F for the x- axis fx Ay as
Fy- The component of F for the y-axis fy s panl] A2 ]
Y
P,
sinf = ?"'
F,
cosf = F" "
Or
F, =F sin@
v
And
Fy=FcosB Figure [5)

3. Resultant of Concurrent Forces:

RI=ZFI
R,.:ZF}.

R= JRI, +R}




4. Moment of a Force

Moment is a rotational tendency when a force tend to rotate a body

about an axis.

Moment of force defined as the product of the magnitude of the force
by the perpendicular distance (arm) from the point to the action hne of the
force Figure (6).

M=F.d

Figure (6]

The moment is 2 vector M perpendicular to the plane of the body.
To identify the direction of the moment we use the right hind rule  #2c1)

{7l 20, The basic unit of moment in 51 units are Newton smeters (. .m).

We can use plus sign (+) for clockwise moment and minus sign (-)

for counterclockwise moment or vice versa.

LREE dadily @ el () B L g A L] oo e slacl o Gall (4 B IS atats o Ly

elally | wfall g Aot o lie

(+) ()
Figure (7)

Varignon's Theorem: Oy A Ay

The moment of a force 15 equal to the moment sum of 1t= components.

AR i g B AL LS pa g 30 foptod gplen Lidhii e il o e

Figure (&)

From figure (2} we can write:

Ma=F cos(B) . [y] +{- F sin (8] . [z} }




£.Couple: A couple 15 the moment produced by two equal, opposite and
non-collinear forces. It produce only a tendency of rotation. The combined
moment of the two forces about an ax15 normal to thewr plane and passing
through any point such as o (Figure (%)) m their plane in the couple M.
Thiz coupls has a magniude:-

M=Fla+d)—Fun

W ] F

M =Fa+Fd—Fa {/ .
M=Fd AN

d *s

The dorection m this case 1s clockwise

Figure (3]
Equivalent Couples: Changmg the value of F and d dose not change
a given couple az long as the product Fd remams the same. Likwise a couple

15 not affected if the forces act in a different but parallel plane. The figure
below shows four different configuration of the same couple M

i Y ppea i g3 a e ol g1 | S dasall sladly pliie plile #i a3 age e f
IJ-.F""'"' _||'g';._E|j_\::|';|||:._:,j:- H}'lﬂkﬂj_ﬁahﬂgﬁndﬂhﬁ“d_’ f :L_li__Lﬂ-l-l
At g ol sy fite f] SNy Lol g Feeall L g 230l g eal] oy g5 Latic | 5 o)
4ales i gea e 1 Y age o dus 1 Rl G e 08 By M £l p e el
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6. Force — Couple Syztem

The figure below (Figure (11)) illustrates the replacement of a force by
a force and a couple.

Fizure (11}

The transfer 15 seen m the muddle fizuwre, where the equal and opposite
forces F and -F are added at pomt B without infroducing any net external
effects on the body. NMow we can see a counterclockwize couple M=f d
as shown. We can combine a given couple and a force to reverse the
above process as mn the example below:

7. Rezultant of Non-Collinear Coplanar Forces

LN L 5 A5 dlaas da)

R,:ZF,
n,:EF,

n:\ln,i+nf,

f=tan 'L
R

Rd:ZM,




5. Equilibrinm

When a body 1= 1n Equlibrium, the resultant of all forces acting on 1t 15

zeras. Thus, the resultant force B and the resultant moment & are both

zero, and we have the Equmbbrmm equations:

R:ZF:E M:ZM:D
LE=0 QR QM

Al y geall adle & fpall o Al pead Alicans ¢ gt Ladis 30 Al o peaadl i
Al L glaa ol

Note:-

The free body diagram 15 the most important step in the solution of
equilibrum problems m mechames by 1solating the svstem by drawing a
diagram which represents its external boundary and identifiing all forces
which act on the system (1solated) as apphed by the removed contactng
bodies and represent them in thewr proper positions on the diagram of the
1solated system . Include body forces such as weights, where appreciable.
Each unknown force should be represented by a vector amow with the
unknown mazmfude or drection indicated by symbol. Finally we choose
the coordinate axes directly on the dizagram.

\._,'_il_’ ':....:_ull I:':.d dea sl ':l_.l:_n.'j' e -l-'._-_-I.." -\.."-.’I'I.’ |:.ﬂ.L'|:I.|L|I} ':....J.I'u l___'l:- ;_.ll...ul:u "H:I..ﬂl_":l

Sl s | iy Aadll S gl s F ey e Y 1 B2 58 Sl

The following table shows how to represent the act of many
types of contact upon the F.B.D:




Table (1): F.B.D for many tvpes of contacts

r
The name of the bady | The effect of the body | The free body diagram

Erath @

Flexible cablss "
and ropes ]; i

Caprlever beam 1 Fr

“mooth surface
F.ollers , balls .
cvlindears I | 4
P -
Fu
Smosoth ping




%, Friction

Frichion 15 the tangenmtal forces generated between confachngz

I i,
smfaces. e

Pl i
m—iae

Fmp M

[LTE LTy

/

Figure (11)
9.1 Static Friction:- the region in the fig. above up to point of slippage or
impendmg mofion 15 called the range of static fmecton, and in this range
the walue of stafic frichon force 1z determined by the eguateon of
equilibrium. This friction force may have any value from zero up fo and
including the maximom value which proportional to the normmal force 1.

thus we may write:-
B = iy N

where g, 1= the proportonality constant, called the coefficient of static
friction. { g, = 555l ST Jala)

Be aware that the last equation descrnibes only the hmifing or maximum
value of the static fncton force and not any lesser value, thus the equation
applies only to where motion is impending ( <33 ) with the frichion force
at its peak value. For a condition of statie equilibrium where motion 1= not
impendmg, the stafic fnction force 1s F < p. N

9.2 Kinetic Friction:- After slippage oceurs, a condinon of kinetic fnction
accompames the ensuing motion. EKinetic friction force 1= wusually
somewhat less than the maximnm stabe fricthion force. The kinefic fichion
force 15 also proportional to the normal foree, thus

Fe=up N
Where u, 1= the coefficient of kinetic fiction. Also we can wrife
My <
9.3 Friction on Horizental surface

F,=Rsin@®

tanﬁ-:% "2

—E_
p!_.'.—?—tan[ﬂ . a

[y Sy A Jdad)  (Fy = 5 gk 5 ) (N fpatGall b e do il 5 @)




10 Eesultant of Forces in 3-DHmention:

Ex: A high-voltage power line is
suspended as shown. If P=1.553 KN
calculate the tension T in link AD

and the compression C in links AB

and AC? .
= L
AC=AD+ Y2+ (15] ,
<25m o
_ 151y
k0! Tsing-155320 g e
155 = B 2 T
T = 2 e -
Teerr 12259 1 e S\ V!
! £ Ty
=0 2000s8-25958+0 p

259(2/25
l':’ Er'el.'éy}-'
f oty




11- Center of Mazs and Centroad
11.1 Determining the center of gravity

To determune mathematically the location of the center of gravity of any
body, we apply the prmciple of moments to the parallel system of
gravitational forces. The moment of the resultant gravitational forces W
about any axis equals the sum of the moments about the same axis of the
gravitational forces dw acting on all particles treated as infinitesimal
elements of the body.

W= J’dw

If we apply the moment principle about the v axiz for example the
moment about this axis of the elemental weight 1= X .dw and the sum of
these moment for all elements of the body 15 [ xdw . this sum of moments
must equal W, the momnt of the sum thus:

X W= f xdw

With sumilar expressions for the other two components, we may express
the coordinates of the center of grawvity G as:

_ Jxdw _ Jwdw
XK. = - Y=

With the subshtuhon of W=mg and dw=pgdm , the expressions for the
coordinates of the center of gravity become:

_ xdm

Rl':_

m m
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Figure 15

The density p of a body 15 1ts mass per umt volume. Thus, the mass of a
differential element of volume dv becomes dm = pdv

_ Jxpduv _ Iypdu

kr':__!'_pu:p' :!":_;'.Gdu

If p 1= constant throughout the body then

¥ = xdr ) ¥ = | v

[dw

Wken a body of density p has a small but constant thickness f, we can
model if a5 2 surface area 4 the mass of an element becomes dm =

ptdA.




Agamn, if p and t are constant over the enfire area, the coordinates of he
center of mass of the body also become the coordinates of the centroad ¢ of
the swrface area:-

da [ yda
X, = I J: : r, =12
For a slender rod or wire of length L. the body approximates a line
segment and dm = pAdL . If p and A are constant over the length of
the rod, the coordinates of the center of mass also become the coordinates

of the centroid of the lne segment:-

| 2edi [y
Xe=——, — I

Ye =73

11.2 Centroad of Compozite Area

When a body or figure can be convemently divided into several parts
whose mass centers are easily defermined, we use the principle of moments
and treat each part as a fimte element of the whole.

_ DAX,
ra ’

_ LAY

X, = o=




12- Moment of Inertia (Second moment of area of regular ssctions)
Aaloaall 3| jedl of dalisall SO gecil] 5 e
The second moment of area, also known a5 "moment of merha of plane area”,
“area moment of inerfiz”, or "second area moment”, 15 a geometrical property of
an area which reflects bow 1ts points are disnbuted with regards to an arbifrary
axs.
Py il e g Al ady Raloall B Sa j dpdi g dabeaall SI gl 2 G0
Apadaloa Bivdalodl palic ajal  dde
The procedure to determine the second moment of area of regular sechons
about a grven aoos 15 (1) to find the second moment of area of 3 typical element
appropriate hmats.
o s g sl e [6USAN | e gal) dA Fia daleaall adag pall Syl a0 ol
agall S e ) s e A 2l Haless s o sl il

8

dl, = x?dA

gl pae Eaana gy y s s dA daleall S Gpaill g S df, e
Aalosall SN jgesil] o 3 o s pus dalsall & gl
I, :f:ldﬁ!

x gyt g alaall, S0 peil] e i R AR ] | g

I, = jj‘ldd

Second moments of areas are uswally denoted by I and have units of mmed.
e, and so on

R gt B Sl ool s g Sl D L B g BB 3 J el o 5
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