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Chapter 1 <
Introduction S4dd
1.1 Question: What is mechanics?
Mechanics: It is a branch of the physical sciences which
deals with the action of the forces on bodies at state of
rest or motion. In general <mechanics can be subdivided
into three branches: rigid body mechanics «deformable
body mechanics and fluid mechanics. Rigid body
mechanics is divided into two branches: Statics and
dynamics.
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1.2 What is statics?

Statics is the study of rigid bodies that are stationary or
moved with a constant velocity <the rigid body must be
in equilibrium. In the language of statics <a stationary

rigid body has no unbalanced forces acting on it.
fdaa A Hlwo g
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1.3 What is Dynamics?
Dynamics is the study of rigid bodies that are moving
with the accelerated motion.
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1.4 Fundamental concepts
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1.5 Scalar and vector quantities . QlSs il JU oaiid
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1.6 Scalar quantity: It is one which has only magnitude

but has no direction such as (Volume <area ¢length «

density and times).

At (il Y AVl AAn (5 ps Lei AS dgeaiia gl ;S U o0y oA
(DS s i s e ld) o



1.7 Vector quantity: has both of magnitude and
direction like velocity <acceleration «force.
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1.8 What is Particle?

A Particle is very small; it has mass but no size.
Al (5ol oV e i L S 3 48] 5

1.9 What is rigid body?
A rigid body has both a mass and a size.
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1.10 What is Equilibrium?
When the resultant force and moment are both equal
to zero «the body is said to be in equilibrium.
fdaa uﬁ.’\é\.«.agu
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1.11 Units of measurement

G ST gk lsAsdy

The four basic quantities (length <time <mass and force)

are not all independent from one another. In fact <they
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are related by Newton's second law of motion ¢
force=mass* acceleration. Because of this <the units
which used to mesure these quantities can not all be
selected arbitrarily. The equality force=mass*
acceleration is maintained only if three of the four
units «called base units <are defined and the fourth unit
is then derived from the equation.
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1.12 The International System of units (SI units)

The International System of units abbreviated S| after
the French "Systéme International d'Unités" is a
modern version of the metric system which has
received worldwide recognition. As shown in table 1.1 ¢
the Sl system defines length in meters (m) <time in
seconds (s) <and mass in kilograms (kg). the unit of
force «called a newton (N) ¢is derived from Force =
mass™* acceleration. Thus ¢1 newton is equal to a force
required to give one kilogram of mass an acceleration of
1m/sec” (N=kg. m/sec?)
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( N=kg. m/sec’)(1m/sec’) Sila sl

Quantities Unit Olsdsdy | GlSsadia
Length(L) Meter (m) BLORNTRPY
Mass(M) Kilogram (Kg) o) RIS | sl b
Time(T) Second (s) S ja Qs
Force(F) Newton(N) CRos | e

Velocity(V) (m/s) s

Acceleration(a) | (m/s?) Gl
Area(A) (m?) A5
Density Kg/m3 BT

Work N.m or Joul Js> | Ui

Moment of force | N.m )

Power Watt Gy | Ll
Pressure N/m? or pascal JEaly | iy

Table 1.1 4iia

1.13 U.S. Customry units




The U.S. customary <or Britsh system of units <also
called the foot-pound-second (FPS) system <has been
the common system in business and industry in English
speaking counties. The FPS system defines length in feet
(ft) <and force in pounds (Ib). The unit of mass ¢called a
slug ¢is derived from Force = mass™ acceleration. Thus ¢
1 slug is equal to the amount of matter accelerated at
1ft/sec® when acted upon by a force of 1lb (slug=
Ib.sec?/ft)

U.S (Al jad dsdy
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4 38 09 (5) AS a4 AlS (DlSexnlihy (ft) oo 4 s 350 Sl
aS ((slug) Salu i 5igen b cslin )b 54543 (Ib) e sk

Sy Sl 1 e 51l ad o s 5 sl = 33) 4l o 5l bl
43 (5 s AilSea IS S 1ft/sec” 4 A sl (Sawale 5 p 4
(slug= 1b.s°/ft) o s 1 Siia

Quantity S FPS units Sl units
Force Ib 4.44N
Mass 2 b slug 14.5kg
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Length S ft 0.3m

Table 1.2 s4iia

1.14 Mathematical Natation and Formula Sy
IS AlSAaint
C
A
)
B
Figure 1.1
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. el 4o A
sinf =—— = —
) C
.~:~w~- B
cosf =——=-—
55 C
sul A
tan 6 ===

Sin ©=2Sin © Cos ©
Cos 26 =Cos?BO _Sin?©®=1-2Sin6=2Cos*’6-1

Sin (-6) =- Sin®
Cos (-6) =CosO
o iR A aSab K1 5o AiaBias K Ay plaiaSisn
A S 1aki8al (sadadle o ) s So s

Sin%0 + Cos? 6=1
Sin%6 = 11 Cos 206
in“0 = 575 0s

Cos20== +% Cos26
2 2

Sin (6+a) =Sin © Cosa + Cos O Sina
Sin (©-a) =Sin © Cosa - Cos © Sina

Cos (©+a) =Cos©Cosa + SinBSina

Cos (©-a) =CosBCosa - SinBSina
12



Sec=
Cosa

——— =1 + tan® «
Cos? «
Sec? « - tan? « =1

285 Ul AS Adalin fala gAd clald g3 Ad (S (G A 539
rCuben o 13 3 L3S Al g o gALIIAGY 13 gAda S8 Al ¢y o8
LRSS A ) g
(ol 2 JguL)
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Chapter 2 <4
Statics of particles (lsasd i ) jilie

2.1 Question: What is mechanics?
Answer: Mechanics: It is science which deals with the

action of the forces on bodies at state of rest or motion.
P ilSua ;b
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2.2 Question: what is force?

Answer: A Force may be defined as the action on body
on another body which changer or tend to changer the
motion of the body acted on. Force is a push or a pull
that one body exerts on another body <including
gravitational «electrostatic magnetic and constant
influences. Force is a vector quantity <having a
magnitude «<direction <and point of application.

P 3 b

A8 A% ST ] Sl (g a8 IS Sl g i Son 4nlily 55 caVos
SIS 4 (gasaiai (el ga ) R 5 Olawal s G < Koo (saSal sa
s 1S3 )\S Gl 4S ASHLES ) b ASEUDL Jia | A 53 S
ASH S o5 slinn (o IS (5 LS 5o ¢ SEE (5 3in aSyy Si
J\A) 4.3&4\.3)‘2.1 caJ\M\Juéﬁﬁ.\:\A Bt uLSangm

A (Sa ST S

15



2.3 What is difference between external forces and
internal forces ?
Actions of other bodies on a rigid body are known as
external forces. If unbalanced <an external force will
cause motion of the body. Internal forces are the forces
that hold together parts of a rigid body. Although
internal forces can cause deformation of a body but
motion is never caused by internal forces .
famy OlSAuSo gl 0 38 9 (lSAxSe joa 0 338 () g (5 5) g
(S0 0 (533 4 o5l yuls (SATRAL 43S ] 5 ST 5 S
o5 ASA sal s (5 3a Ao (So e (S ¢ Sy aSal
i) o ASAAY Ciddas SIS IS 48 (e S (AS4ss s
oV i 5 s g1 (53 4l () siod (JlSAnSo 5l 0 3iA slia s
At Al s 0SS ol ia (5 3840 38 Ma

2.4 How to represent forces?
Forces are frequently

represented in terms of unit
vectors and force
components. A unit vector is
a vector of unit length
directed along a coordinate
axis. Unit vectors are used in

vector equations to indicate
16




direction without affecting magnitude. In the
rectangular coordinate system <there are three unit
vectors ¢i ¢j c<and k .
Figure
2.1
TOA e Gldiy (S 338 (3
5484 (Sl il ) (50 ) sAtued 4o (i yen Gldiy OlSe b (53
A 3100 A8y (S il YU a8y (S i YU e (S Sy
Al a8y (S o Ho Gl g3 (50 A3 (5 50 4 5] SAl Ui
i U 335Kk G0 (i yiinea IS4y 1ailSs paiual )5 ISAEIS s
(6 1) Y5 s ALY 55 s Al 6 280 S o
Ckoej i A asa

2.5 Methods of finding of Resultant o4 j§3 A,

R ealais Ay
{ 1 D
1. Resolution 2.Parallelogram law 3.Triangle law (lames equ:
;::ﬁcv'-'-fi'- L) Y- W (oY J‘*‘*ﬁ*(:a#] cv:_'ji;“

2.6 Resolution

.1Resolution: every inclined forces are resolved into
their components one on X-axis and the other on Y-axis
after that total summation of forces on X-axis (>Fx) and
total summation on forces on Y-axis YFx are taken.

17



Finally <the resultant is found due to this formula.

R=  (TFx)2 + (ZFy)Z

The formula of (tan|3— ) can be used to find the

direction of the resultant force.

OLSe ASE 5 (1 )Sed JHiE 1S )Y 0 i 5 seda 10 S JATud
o583 5150 Y (o sAd Al Jioo s 5 X (5 e S ] LSSy
5 ((IFx 45 X s e st Al (lSe Hia (5o 5) S3S (et pins
2R3 o g Y )5 (s el (S i (50 5) SIS et
o AL ) ) 3303 0 sy a4l (5 3840 Sl Ay ¢yl 5S4l

R= (ZFX)2 + (TFy)?.

il YU (g A 30 5, (it IS4y (tanB— ) I ERG R Y

plade Ay (5 yia

Original Vector

2.7 How to resolve a single

'|_ . |:|I.||_
force? Cee F
Fcost *
B

18 : >
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A single force F at an angle 6 to the horizontal can be
split into perpendicular forces: FcosB in the horizontal
direction and FsinB in the vertical direction.

Figure 2.2

0 %o JAd U LI (i3

o 5% Sy L < il o 1 gy JaZal (B) as Kay (F) s S5
4 Fsin® 5 2 30b (480 )b 43 FcosB (LS4 sl 0 Hin 5

L e g4l 1

a3l 5 (X) o sAi raetd GLSISAy 1 ASSH 550 3 ) Sk o Y (F)
Y-axis 435 (Y) ese_estd awal (luda 55 (50 A3 X-axis

L 34 N
—3 N Is equivalent

&N —2 N 6 N—

Is equivalent

Figure 2.3
The resultant of two forces at right angles to one
another is represented by the diagonal of the rectangle

whose sides represent the two forces.
19



o Ao gl Hauldn iS4y g glue AS S (6 318 590 el
(30 Ly 4Se A g 9a (ASY 4S aSa LY

2 M

2 MY '
‘ Iz equivalent to ! i

T

Figure 2.4

F = /(72 +22) =53 =7.28N

Tanf = 2y _2
YFx 7

6=15.95"

AS Al i A5 590 Ul (4 )) Al s 1 Al
(O ) 3 i)y Al (g4l Jlidg
mcdd‘\:\u\‘)}_}‘u‘\sd‘\ﬂ)& A0 g 5l Li\}(— «— Z) 4:\4_\\.&:1.164_\

s
o e /S ve o,
. - - U.: 53

il s 48 s jia g0 5 et Ul (47 ))) apailiind o
(A ) 33 (o o s
sl U 4g A4S (gl Jia S g sean Ul (—] ) 4pdli o
(ABEE (o)) A
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The resultant of these two forces is a force of 7.28 N at
an angle of 15.95° to the 7N force.
5 (15.95%) i K 43 (7.28 N) SI5i 0358 553 add alanio yho
ASs(7N) o _yia

Example 2.1: Find the resultant of the two forces which
shown in the Figure 2.5.

13(2.5) (sS4t 5 A1 4S 5 g0 o ) J0 4Se 3 993 alaie Ay 14d gal
RUEJPEtIvET

4+

42N
Solution

Figure 2.5

21



F =422+ 1.72 = 4531N

Tan§ =~
an —4.2
6=22.04°

Hence the resultant of the two forces is a force of 4.532

N at an angle of 22.04° below the 4.2N force.
45 R 43 (4.532 N) S50 038 590 pdd (oalaio sty o gyt
AS5(4.2N) o 33 i (22.047)

Note: any two forces can be combined to produce a
resultant <then any force can be resolved into two
perpendicular forces called the components of the
force.
ligeta po 510 AT S 3S il siea Gliia 590 AR 1l
3B 559 3 i Jad g i sen i s il it 2

Example 2.2: Demonstrate that the system of forces on
the left is equivalent to the single force on the right.

SR 34305 a6 (ASe jia AMa 5SS 55 )0 Al s
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8N |

10N

16 N

Figure 2.6
Solution Ol

To find the resultant «first resolve all forces horizontally
and vertically
Al g 5 A 3uls OlSe i geda U s cASdalade ro (50 Ay )30 52
ELER

Force Horizontal Vertical component
component

10 N 10 0

16 N 0 -16

8N 8cos60=4 8sin60=6.928

12N -12c0s30=-10.392 12sin30=6

Total 3.608 N -3.072 N

The resultant is; ASdalaidl py

23
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Figure 2.7

F =/3.6082 + 3.0722
=+/13.02 + 9.44

=V22.46
=4.74 N

o 3072
MY = 3608

©0=40.4"

Example 2.3: The system of 3 forces on the left is
equivalent to the single resultant F at an angle 6 to the
horizontal. Find F and 6.

Elialade y 4SU 51 45 5ila G (Y ASAHI (o A 140 50l
o030 (0) 5(F) .38 5 (B) iS4 F

24




Figure 2.8

Solution
Force | Horizontal component | Vertical component
1.8 N 0 -1.8
3N -3cos17 3sinl7
4 N 4cos4? 4sin4?2
Total 0.1037 N 1.754 N

1.754 N

14' F

. 0.1037 N
Figure 2.9

F =/1.7542 + 0.10372
= 1.757 N

25




1.754

0.1037
6=86.61"

Tanf =

Example 2.4: An object of mass 4 kg is attached to the
lower end of a light inextensible string. The upper end is
fixed to a wall. A horizontal force of P Newtons is
applied to the free end of the string so that the string
makes an angle of 6 with the downward vertical and

26




with a tension of 200 N. If the 4 kg mass rests in
equilibrium «find P and ©.

Ay o o)) A (U8 Aa o) i (5(4 kg) ABu b (SB[ sa
S o AT ) o A o5l iy (50 g0 A (LSS o AS s (5 LSS
ey ASA34y (5 55 (ASTo e s ] | il (3550 (P) (s mild
405050 55 (559 s Ja8ad 3 S5 50 (5(B) (s R aSaday
finss 53 St o 4 4Se(4 kg) 4l 484 (200 N) 58
200 35% (0) 5 (P)

Solution
Figure 2.10
Resolving Vertically Resolving
horizontally
200cosb=4g
200sinB=P

cosB6=4 x 9.8 + 200
200sin78.58=P

27




cos6=39.6 + 200 200 x
0.98=P
c0s6=0.198
P=196.04 N
0=78.58"

Example 2.5: An object of mass m kg is attached to the
lower end of a light inextensible string <the upper end
of which is fixed to a wall. A horizontal force of 40 N is
applied to the free end of the string so that the string
makes an angle of 8 with the downward vertical and
experiences a tension of 90 N. If the particle rests in
equilibrium find 8 and m.

S 5o o)) 52 (US4 o) sy 5(m kg) Adu by ((SEAS 14D e
SR 0 AST ) 520 4 o5l iy (50 90 _Aus (LSS Lo AS g (5 LIS
ety 48454y (5 ) (548Yo s s sl |51l (40 N) (s mild
4305050 ) 55 (555 (s JA8Al 3 S5 50 (5(B) s R 4SS
(M) .Cofie 52 S sla 43 4S(4 kg) el 2845 (90 N) 3.8
o500 035% (0)

Solution

28




Figure 2.11

Resolving horizontally
vertically
90sinB=40
90cosB=mg

sinB=40 + 90
90c0s26.39=mg

sin6=0.444
0.896=9.8m

0=26.39°

80.623=9.8m

m=8.23 kg

29

Resolving

90 x

80.623 +9.8=m



Example 2.6: An object of mass 5 kg is supported by
two inextensible strings <the other ends of which are
attached to 2 fixed points P and Q on a ceiling. The 5 kg
mass rests in equilibrium with one string with a tension
T Newtons and inclined at 30° to the horizontal and the
other with a force of S Newtons and inclined at 45° to
the horizontal. Find T and S.

LSS (5 95 4r o5l S HR) ) (5(5 kg) Al (SEAT 4 sad

o ASIEAL 43 Q 5P oseoSin (AR 593 40 0 5) iy JSa

(T) 538 40 g g 4 o gl 5 (S sla 43 4S6(5 kg) 4iul
o (S) S 4 Ol ooy 3l 5 (307) Y4 oy (A
2300 33% (T) 5 (S) .3=b 32 (457) ¥ 4 e

Solution

Figure 2.12
Resolving horizontally o2 Skis gl 4

Scos45=Tcos30

30




0.7075=0.866T
S=(0.866 X T) = 0.707
S=1.225T covveerrecerrreenn(1)

Resolving verticallyoa Skind s 4
Ssind5 + Tsin30=5g
0.707S +0.5T=5x9.8
0.707S + 0.5T=49 ............(2)
Substituting equation (1) into equation (2)
(2) caiiSgla 5l (1) S gl (go palila
0.707 x 1.225T + 0.5T =49
0.866T + 0.5T=49
1.366T=49
T=49 + 1.366
T=35.87 N

$=1.225x 35.87
S=43.93 N

2.8 Parallelogram Law
A sl

i AT (648 4o sl g (S8 ISl S fSua
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OASed Caw g 5 i J45 W o 94Ss Jlis 30 (545 308 550 530 40 1
1A g ada
(hidden line) o sl L Silia 4y a0 5 53 (5 33 40 AT pAS4y (5 i
A (oA Sy (5 308 A3 AT e 550 (5 30 09 co sAirSed 3 )0
ORen iy aSIA Al o ) S 3550 0 i 590 add A A3 4Si s
(origin) (i) < s (it (P) (A o5 «(P)csstion 551
R Ciiod (555 5 (it
“OP=R

((8)) A 4xiy n S 55048 o (R) ey (st R sl

O sl Parallelogram <u a3y sl 2

(ASed HlS% 4%l 3
/ \
,' :
B
B

Figure 2.13

R =+/(F12 + F22) — (2F1F2 cos )

©6=180-a
32



4nSe (R) 4wl o (4 S 4dnedn :CosO

Ok () Ok (1B) b iz (B) 551 4Ss(R) el s (s 8 485, 4S
A Sh A b i (X)

Example 2.7: At what angle © A00M
must the 400N Force be
applied in order that the
resultant (R) of the two

forces will have magnitude of 700N

1000N? For this condition what will be the angle 3
between R and the horizontal. Figure
2.14

oA 52 i sula (NAOD) (s i Al 53 (B) Ml 8 )l s 40 14 5
Ah R A pe add 53 «uin (N1000) 50 A4S0 338 590 (calaio sy 4S
¢ 3uli g alais Ao (5 3 O i Al s s i (13)

33



Figure 2.15

R =+/(F12 + F22) — (2F1F2 cos )

1000 = +/(400)2 + (7002) — (2 * 400 * 700 cos «)

(iiteds 4848 ) (oAb 3 (paSen La 550 ASAIS gla Y 590 pAa
1000000 = (400% + 700%) — (2% 400 * 700

* Cosa)
1000000 = [160000 + 490000] — [560000
* Cosa]
1000000 - 65000 = — 560000 Cosa
350000
Cos &= — - Cosa = — 0.625
56000

x= Cos~ ! (—0.625) » a =128.6°
a+ ©6=180 - ©6 =180 - 128.6 =51.2°

2.9 Trangle law or Lame's equation Ok 4<& 58 o sluly
Py TLOALYIF
34



() SulusS (parallelogram) cu A &5 HlSs s8a (leand
A8 R o TS A8 R a9 49 4S (ASed S5 53 iy a3y
L do s R o Al Sy 100 4S 60 90 ) g (aSas R oo 0 g0 A

F1 F1
- R -
,)
E2
E2
Paraliclogram law
(a) b) (¢)
F1
a R
B a
F2 F1
Triangle Tnangle
d, e

Ciaed Sy 5 sluly add 5 n Ko e s
F1 F2 R
SinB  Sina  Sin®

35



Figure 2.16

(5500 53 L o g0 ) (pitinoa LS 4 3 i 1S s g ) slos

2.10 Tree dimensions

Another commonod convenient method. For deter
mining the component of a free Force purticulary in
three dimensions. [For free force][ .

oAk 3 5 8 S8 el S S
A (Al A Gy A S )i @15")‘\'.‘5;‘3
A )5

40 3id 45 :(Free Force) Cowdy s (5 3
A s 3005480 )90 (A ) (Sl g aas

Al 5 ) 95 gp2 4Se 55 (5480 ) o el
()5 e Tl 5 4 Lgad

A.JLA‘\A \Jﬂj.l.t.u: j‘d‘d /. 90 bj.éh e‘\:\

Figure 2.17
(Z ¢y ¢X) AdeSh oo 5 i Sed (il SIS 5 504 Free force

Example 2.8: Determine three
components of the 350N forces.

,0.90 )5 ) g 4S:350N 5 )i 450)4.'\55\3 (o 1Ad gad

36




long of F = \/(Fx)2 + (Fy)? + (Fz)?

Figure 2.18

= V42 4+ 52 4+ 32 =+/49=7cm

Scale — Force
cae = length
350N
Scale = P =(50 N)/(cm)

Fx=4cm *(50 N)/(cm)=200N >
Fy=5cm *(50 N)/(cm)=2501
Fz=3 cm *(50 N)/(cm)=150 ¢

Check :
R result = /(200)2 + (250)2 4 (150)2 = 350 N

(50 520333 (5 51 o so )l 93 (Y (5o s add o 5 ol (HlailSad K

e Fx cFy (F2 4l as4y sa

AL )3 Fx Fy (Fz Aluly ow ot (s 3840 0
Fx=F Cos ©x
Fy=FCos By
Fz=FCos ©z

37



Example 2.9: A:
Find the two
rectangular

125 (mr

‘I | component of the
| 200mm | 350N force. B:
Resolve the 350N force into two component one along

AB and the other perpendicular on it.
Figure 2.19

:B.o 3o s )52 4So (350N) o )ia (s4SAuMdLiSY o AISh 993 1A 4] gl
o5 AB (5 53 4 OLSiSAy iShy 590 5 aSkiad 456 (350N) o b

Sl () siudd L i (g0 s
A
Fx=F Cos 40 ¥
=350 Cos 40
=268.11N >

Or Fx=FCos50

Figure
2.20
Fy=FCos50 or Fy=F Sin 40
Fy=350Cos50 or Fy=350Sin 40
Fy=224.9N { Fy=224.9N |
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125 .
tan©= 200 - 6=32

B:
350 P T

Sin90 _ Sinl8  Sin72
T=350 * Sin 72= 332.869
P=350 * Sin18=108.15

Example 2.10: Determine the
rectangular components of the
20KN force F.

o 53 (ASALALICY o A, 1 s
230033 45 (KN20)

long of F =+/(30)2 + (20)2 + (25)2
=+/900 + 400 + 625
= 43.8cm

Figure 2.21

39



Force

Scale = Torg of F

Fx=30cm * 20KN/43.8cm =13.6KN &

= =43.8cm/20KN

Fy=20cm * 20KN/43.8cm =0.9KN

Fz=25cm * (20K N)/43.8cm =11.4KN ¢

(Omod At aaglid oty el Ll 4l

(OASAS adp) aulSasls o S Al L) S

co it S0 (il 5l ASy (S ks 4Sisn
oSl gy (3 S 5 il

Example 2.11: Determine a
set of three rectangular
component of the 170Ib
force in figure 2.22.

o AISE o ) A 4l el
o 3555 (1170) sASALEEY
13(2.22) 48455 4]

40

179

Ib

e

ol

2

2

7




J-."’jt:}:'b

Figure 2.22

long of F = \/(FX)Z + (Fy)? + (Fz)?

=/(12)2 + (8)2 + (9)?

=17 ft

Scale = % =10 Ib/ ft

Fx =12 ft * 10lb/ ft =120 1b >
Fy =8 ft * 10lb/ ft =80 Ib T
Fz=9ft * 10lb/ft=901b v

Example 2.12: determine a set of

three rectangular components of
the 170Ib force in figure 2.23. 7

41




5300 )3% (Ib 170) 58 (sASAmrliSY o AL o (5) )SH /40 50

122,23 4yl
long of F = /(Fx)2 + (Fy)2 + (Fz)2
= (12)2 + (8)2 + (9)?
Figure 2.23
=17 ft
force 170
Scale = longth — 17 =10N / ft

Fx=10 * 9=90 N
Fy =8 * 10=80 NT"
Fz=12 * 10=120 Nv
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2.11 Resultant of force system b Adda < (salao Aa

2.12 Concurrent coplanar Forces OSo g AR SAMA o 30
.4 J A
A concurrent force system
,/F 1 is a category of force
systems wherein all of the

= forces act at the same

\‘F3 :

58S S ia ala S
sed 1l 48 1S i ala3S (S 5a Al Ay il ) ol
A leds 434S0 S S Hin

Figure 2.24

2.13 Resultant of a non-concurrent coplanar force
system.

(AT g0l gidARAISAA, LSS a AdAa 38 alae Ay

43



Figure 2.25

SosFl Al Jla saSy
Ca gy ASY F2

Ole plade o 0 5 (14Sed
oLl Ry ASed Caed
590 A F1 ¢F2 4 51l ot
Jin g gao) )R o g i
Uhio )i ?d‘j 550 R4S

3 em AR F3 Ja&a
.Q:\“\Sod Cun g )

993 4 (LEL
iy 45y 4S4alae

ed\_i Q:HSaJ &L.MJJJ
o055 (ot i

2.14 Resultant of a concurrent non_ coplanar force

system:

g Cilddligg ) o sidARSAAy S Adda 38 alads Ay :C

s5edh 4l o5 1aSAA gad 5 eda Ad 1 i
OWSe yia s 2dSay e (1283 5l )
2Fx=F2x + F1x
44




SFy=F1ly - F3y
SFz=F1z + F3z
(RT) 2= (Fx)? + (Fy)? + (Fz)?
Figure
2.26

2.15 Resultant of a parallel non coplanar force system.
D)oy Gl gy AT LS Adda S alais iy
RTy=F1-F2+F3-F4+F5

RTz=-P1-P2+P3 T J,F4 ‘Py
F5 T
Q2
F
&uﬂdmu\jqﬁ&ﬁ\j@ﬁ & le 1| ———=
L L 4 -
bl a5 4a (X ¢y ¢Z) s e A0 Pz/ F3T
¢Cpalied u ,{
a8 4g (o gl Ak 4r 4S gadl s S 1
e bl
Figure 2.27
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D \4 |
Example 2.13: Resolve the /js/
130Ib force into two & A ‘2\
component one along AB and ’
the other parallet to CD.

1301

Figure 2.28

S5 4a PSSy « A 550 5 4SkLE 4S6 (1301b) o8 4 ga
(CD) 42 <8 Ul s s 545 05 (AB)

12
tan ©6=—
5

©=tan"! (1—52)
©6=67.8°

3
tana=—
4

a =tan~ ! (32) = 36.8
Figure 2.29

X=180-(36.8 +67.8) =75.75°
130 FAc FCo

Sin36.8  Sin® _ sinX
46




Sine 12036

Sin36.8  0.59

_130SinX _ 126

= = =213.551b
Sin 36.8 0.59

=204 1b

FAc=130 *

FCo

Example 2.14: Resolve 170N force into
two component one along AB and the

other parallet CD. . : o
ASE 550 34 J4d (170N) o8 sl iror
4 w8 Ly ge s 0 9 (AB) 6 30 4 OlSiS4y o P1-10
.(CD) ‘
Figure 2.30

Solution:

Oledd 43 AB (53303 42 0553 S Olaldind 4S (50 ASHy S 1 il
b CD 43 cu Al (s A8l sy e AB (s (slope)

1To




5 03 saSalia ainl ) s slope Y Jleas | i 4y (Saliaai)
5 Al (g () sidd (g a8 a4 0550 S (el aS g Sy
Sabed (b slope (Se | gl

dna¥ 18 il (558 o 4S 5 by 5 WSS (il 1 s
(4 548 K o)
X L&
a ;e
0 ;s
Figure 2.31

0Sed (bl Lindy 6 318 o

FLJ”““‘" 1 FsSinss.s

Tan[3=z

Figure 2.32
B=36.8

N170 A 2
tan a=—

a=28°

1708128
45



Figure 2.33

P i3
TanX= Z
12
X=30°
Figure 2.34

>Fx=170 Cos28 =F C0s36.8 + P Sin30
>Fy=-170 Sin28 =F Sin36.8 - P Cos30

150=F*0.8 + P*0.5 --------------- (1)
-79.81=F*0.59 - P*0.86--------- (2)
Adding equation (1) and (2)
229.81=0.21+P*1.36

P=168Ib

150=F*0.8 + P*0.5

150=F*0.8 + 168*0.5

F=82lb

49

P*51ns0




Example 2.15: Determine the /%
| )

resultant of the five paralled force _ I
shown in the figure 2.35 and locate
its position on sketch of the 2l 2o
coordinate.

)il G A8 (5 53 iy (calade A 14l gad = 50"

Z
sASAd s 0 5 050 g0 )30 12 2,35 sadis Al .
ASailig g o y\Shia anal il
Figure 2.35

Solution:
Z-axis 42 (s AS OlSe )i 5 e
R2=+220-50-40-80+ 20

70= Ib
(50 302 4 0 sASAAs 40 38 il b (5 0 J=y o ed W R )
Jay
My =F *$

*70S=-80*1-40*4-50*4+20 * 2
* 70S=-80-160-200 + 40
* 70S=- 400
S =5.7ft
5.7-=0.5 y so_p A3 Al (s484y ) 92
OSe2 (5 )3 5.7 0 9(X) (& lia sl
MX=70*L=+40*2+80*2-20*5
70 * L=80 + 160 -100

50



L=0.2

Example 2.16: Combine the two
forces P and T which acts on the fixed
structure at B into a single equivalent
force R1. By Geometric and algebric

solution.

Figure 2.36

o Sy i aiSed IS 4S5 90 4SS (T) 5 (P) v 552 140 9l
R1 By Uisls Sijia 4SU 53 (B) 4 s g jlaidd 4 48 Kia

It's solution by first method:

tana = BD — _65in30_ _ (5.196) — (0.805)
AD 3+ 6C0s60 6
0=40.856°

R=,/8002 + 6002 — (2 * 800 * 600 cos a)

R=\/64000O + 360000 — (960000 cos 40.856)
R=5241b

It's solution by second method Jans o8
> Fx=800-600C0s40.856
SFx=346lb B 800 1b
B L
N '\\
51 . N

b



>Fy=-600Sin40.856=4921b

B 800 |b
«
\6
R\\
R_r N e
(h)
()
R=5231b
392
tan©=—
346
392
O=tan-'—
346
©=48.56°

Figure 2.37

Example 2.17: The force P is applied to a small wheel
which roll’s on the cable ACB knowing that the tension
in both parts of

AN \/ B thecableis 750N

determine the

750N
magnitude and

direction of P by




using Lame’s equation

] o AT 200 AS gy SANSEIA s o o) JA (P) sie 1Al sl
o (N750) 1:4SLiS (saSaiiny 53 4a 41 (55 8 4S o) 5l 5 (ACB) LS
SRS (Al Sy 4a 0 90 g ) 30 (P) saiu )b 5 p

Figure 2.38

0=45+a
Angles of tringle =180°
180 =30+ 45+ B+ B

180 =75 +0 +B
105=0 +f
105-6=B .......... 1

p _ 750 750

Sin75  Sinf  Sin®
Lamise’s equation

Figure 2.39
750 750
Sind  Sin(105 — )
750 750

($in6 = Sin105Cos8 — SinfCos105’

Because Sin(A — B) = SinACosB — SinBCosA

Sinf = Sin105CosO — SinfCos105 953 Y 504
J.'\aj\_'a

53



Sinf = 0.9Cos0 — Sinf = (— 0.2)
Sinf = 0.9Cosf + 0.2S5inf
Sinf — 0.2Sinf = 0.9Cos6

0.85in8 = 0.9Cos6
0.8Sinf

Cos®
0.9
0.8 tan@ =09 - tanf =— — 0 = 49°

0.8
B =105 — 49 = 56°
O=0+45—> a =0 —49° =49 - 45 =4
p 750 p 750
Sin75 _ SinB  Sin75 _ Sin56

p
= 914. P = AN
7S 914.63 - 883

Example 2.18: Determine x ¢y ¢z
component of the 26lb force and
the moment of the 261b force
with respect to the a-axis <and
find the result of the 26lb with
201b.

S (2)5(y) 5 (X) HSo_aiSsy 14 sai
o )i (5 ) 0545 5 )L (261b) oo ria
25 (a) o e A3 o i sS4 456 (261b)

54



25 2334 45 (20lb) A4 (261b) (alaie 2+

Figure 2.40

Long of 20Ib =\/Fx2 + Fy? + Fz2
=V122 + 42 + 32
=13 Ft

Scal=22 =21b.ft
13
Fx=12 * 2=24lb >
Fy=4 * 2=8lb
Fz=3 * 2=6lb v
Maa=8 * 5 -6 *(4*3)
=40 - 42 =-21b.ft

Resultant of all forces:
SFx =24

> Fy=-8+20Sin52
>Fz=6+20C0s52

R=

Force F as vector * F=20
F= + 24i - 8j + 6k

55



Example 2.19: Two forces are
applied to an eye braket as
F1 show in figure the resultant R
of the two forces has a
38 magnitude of 1000Ib its line
of action is directed along the
X axes if the force F1 has a
magnitude of 250Ib «
determine .1.The magnitude of the force F2. .2The
angle(a) between the X axes and the line of action of
the force F2.

F2

Figure 2.41

st A4S (oo a5 Al 5) (sl (Sl A4S 5100 Hia 550 il sa
10001b 5y 4Se 338 553 (oalanio y o Jlud aSads g 4l &lo g (Cuinen
S AR X (500 543 (5 5 ) 43 05l S Al Jls (54%e IS i cana
i R.2.00 0355 (F2) o >0 . 1.Cima (2501b) ¢z (F1)

o3 F2 o S i 5 (X) e s 0l s x(0)

Ot 1y o S (sl 5 o R o5 4S4E Kb

Figure 2.42

R F2 F1
Sin® _ Sin38 _ Sin x
1000  F2 250
Sin® _ Sin38 _ Sina
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Angle of triangle=180°
x - © + 38=180 - 6=180-38+ a
a) - ©=(142
1000 250
Sin(142 — «) _ Sina

((ASed dio g3 953 5 Y 55

250 Sin (142 — «) = 1000Sin « (= 250)
Sin(142 — a) = 4Sin x

Sin142 Cosa — Cos 142 Sina = 4Sina
0.61Cosa — (— 0.87 * Sina) = 4Sina (= Sina)

Cosa
0.61Cotx + 0.87 = 4 note: —— = cota
Sina
0.61Cot x= 4 — 0.87
1
0.61Cot x = 3.21 Cot x= 5.25 =
° -0 ~ Cotx 525
tana = 0.18 — « = tan-1(0.18)
x= 10.°75
1
note: = tana
Cota
F2 250 250Sin38
, = = - F2=—F—F-
Sin38  Sin « Sin10.75
= 825.11b —
Example 2.20: Two forces are A N,
applied to angle bolt as shown in f
*l— 30KN /
57 T -

—



figure 2.43 Determine. A: The x <y and z Scaler
components of force F1. B: Express force F1in
Cartesian vector from. C: The angle a between forces F1
and Fz.

Figure 2.43

132.43 iy A g s sla (S s 50 A A3l Hia 593 40 sad
S 1B e 3u X1 6 Z ¢y X S jla o AiShig el
O 5 (@) A5 R 1e.o_ymyed (e IS (5 y Al )l g0 518 43 F1

o5 0 )5% (F2) 5(F1) SlSo yia

A: Force F1
F1 =30KN
Fx =5m
Fz=1m

Fy =-3m

Long of F1 = /52 + 12 4+ 32 =591m

KN

501 >0

Scalar component of force F1

Scal =

Fx=5 * 5.07=25.35KN ¢
Fy=3 * 5.07=15.21KN &
Fz=1* 5.07 =5.07KN P

58




Cartesian vector form to F1:
B:
F1=25.35i —15.21j + 5.07k

C: Force F2:
Fx=2m
Fy=3m
Fz=2m

Long of F2 = /22 +32 + 22 = 4.12m
KN

scal == _ 1213
‘=112

Fx =12.13 % 2 = 24.26KN ¢
Fy =12.13 * 3 = 36.39KN «
Fz =12.13 * 2 = 2426KN 1

YFx = 2535 + 24.26 = 49.61KN
YFy =15.21 + 36.39 = 51.6KN
YFz =507 + 24.26 = 29.33KN

R =/ (TFx)? + (XFy)? + (3Fz)?

R =77.35KN

R =/ (F1)2 + (F2)2 4+ (2F1F2cos )
59




77.35 = /(50)2 + (30)2 + (2 * 50 * 30 * cos )
a = 30.5°

Example 2.21: The riveted bracket
support two forces as shown in figure
2.44. Determine the angle © so that

the resultant force is directed along

the positive x-axis. What is the
magnitude of the resultant force?

Figure 2.44

122,44 (saiiy 4l o s Roa) ) 3ib 59 4Ss 5] Sa g 43) A4S 1 gai
< Sy Al L 4Saalnio sy 0 38 (50 540 32030 )30 O s4i R oo
oM dalade yy (5 A a4l (5 p S 5a (5 X (50_p A0 (5 3 )0 4

45 A4S 4858 X (sl Jl5 40 R4S a5 g 40 sl y]
SFy=0 «3Fx=R v

/\()OSin 30

>Fy =60Sin30 - 70Sin© | / 601b
70-30= 5in8 jgé&{i/ W 60Cos 30
S
B, :%\53 t 70Cos ©
60 \TOIb




> *Fy=0 > 30 =70Sin©
] 30 o

SinB= - - ©6=25.37

2Fx=R

60Co0s30 + 70C0s25.37=R

R =115.2lb

Figure 2.45

Example 2.22: Determine
the resultant of the
concurrent, coplanar force
system of figure (2.46)

o )i ‘du}s b (galade Ay
AS )L (2.46) sy sASAIAAT 55 5l o silnSSan,

Figure 2.46
+— >Fx =Rx
= 200C0536.86 - 390C0s22.61
=200=160 - 360Ib=-1991b=199 b ¢ tan@=—
TRy=3Fy ©=22.61

61



=100 + 390 Sin22.61 + 200Sin36.86 tana=%
=370lb Xx=36.86

R = \/Rx% + Ry?
R = /1992 + 3702

=420.6lb

100'®

Example 2.23: Determine
250"

» theresultant of the concurrent,
coplanar force system of figure (2.47)

AS )b (2.47) S5 sASEA 9 ) gl

200"

62



Figure 2.47
+—>Rx= Y Fx
=200 - 250 Cos45
108.51b—>

T+Ry=3Fy
=200 - 100Sin45
=41.42 - |b
=41.421b4,

R = \/Rx? + Ry?

R = /106.52 + 41.422
R=116.3Ib

125'®

Example 2.24: The 125 Ib force
is the resultant of the two
forces P and two Q Shown in

the figure2.48. Determine the
magnitudes of P and Q.

coalaio s 4l 4y 1 45(125 [b) o5t
(08 alin 13 2,48 asay shia 4145(Q) 5 (P) s 550
S o) (Q) 5 (P) S

Figure 2.48
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tan©= 39 ©=53.1°
5 o
tanfB= o - B=22.6

+—>Rx=3Fy

125C0s53.1=PCo0s22.6 >

P=125COSS3'1=81.29|b

Cos22.6
+TRy=3Fy
125Sin53.1=Q-PSin22.6
Q=131.191b M

Figure 2.49

O g8 A A ) gAd (AS A g gididy
A 3 e A AT 5 ) A co 8 oS e gididg o g

(s2)

AS ¢ ok 0 910 Cu] 4 ) g4 (g ClinAS Ay G A | Sdaiigd ASAS
Sy Ciod 0 S gy a5 ) Al
(L)
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Chapter 3 <42
Rigid bodies {lsdiddu 4d4d

3.1 Moment Or Torque )

The moment of a force with respect to a line
perpendicular is the product of the force and the
perpendicular distance from the force to the linear
moment axis. Moments have primary dimensions of

length xforce. Typical units of moment are foot-pounds ¢
inch-pounds <and Newton-meters.

5450 30 (55l oSl Al Andiy o () sidd Silia (g0 i S Arclipia s )

(50 e 545) ASe s ) (LA (50 o AT 53 0 ASe jia Al A4Sl giudd 4y ) 50
o5 ¢p st cOp s A O o) (SlSe b AS4y (053N 55

S \\/ (s
N
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Figure 3.1
M=F * S=N.m
o520 i FS L (gaind s 43 4SS Antl

Ol 13y 5 Al e, (i g oV = 1S Al e, (i g 1Sl
Jssx 44y

M=F*S
oA 5200 Hia S i (gad) Aady 4y ST 4l
Al aSalla (5500 % Jia adlSen 5 Syl (Silla Al ey s
0 5ASe Hia
Jsada s s o AV 63 (g0 o AT 40 0 ATl A g 1
bl 6 moment 43 s GlSU gy

|

Fsin©
Figure 3.2
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The force is inclined according to the rotating axis; it is
resolved into two components. FCos© has no moment
because it is parallel to linear moment axis.

550 3018 JAied 4Se A3V SR (50 o AT (oo 3K 43 5 g0 Y 4Ss 3ia
ASiga A (g e ) 4d) 5 GlSU G g 5 0 A3V 2 FCOSO . Ak
ASo A3 53 (5o o 54T Ay A S

Example 3.1: Determine the moment
of F1 <F2 <and F3 about line AB.

Qo pysu F1F2 F3 (s 140 gal

)3 (AB) a5 502

Figure 3.3

M of F1 about line AB=F1 SinB%*a
And FlcosB has no moment because it paralle to linear
moment axis.
SR (50 AT 33 A AT 4S5 43 (5 0 ) (F1C0SO) 11 (s
ASe e )
134SA8 i SSAY ] ASS s ()Y F2.FL LS 338 12 (s
(s 5 1488 g2 (VA s an JY ASF3 oy (sl g po
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AN w5y p 1S o 3 4l Hia A 13 A
F2Cosx has no moment because it passes through AB.
295 5313 (AB) 4 4S5 g 4 5y ) (F2C0SA)/ (il
M of F2 about line AB=F2 Sina * a
and F3 has no moment about line AB.
13 (AB) (o138 (503 40 4 (5 ) (F3)/ el
443 (line) ssea 4 0k (point) 4l (s )40 b )
L 2o ) sl ¢ 559 1SR (5 5 g0 4 450 338 A8al 100 553 (5
Sl 5 30an Al )5 axi (g ) 1A g0 i IaSAllA 4y e84
AR (5 e ) 13

Moment of F1 about point A=F1 Sin© * 3
=F1 Cos© * 3
Moment of F2 about point A =F2 Sina * 3
And (F2 Cosa ¢<F3) has no moment about point A.
33 (A) A& s 40 4 Yl ) (F3) o5 (F2C0S0L) 1sinald

3.2 Principle of IR g gleddy
Moment of Force

The principle moment of a force as applied to a force
system states that moment of the resultant of the force
system with respect to any axis or any point is equal to

68



the algebraic Sum of the moment of the forces of the
system with respect to the sum axis or same point.
48 a5y el jin Al 3 50 ) yiiaus 4S i i (5w ) sledy
A8 g o 43 A (g0 i 4y 48 3in Al IS alade i g )
et (50 i R 43 ASaivn S i (50 S 40 adluSay lilla
JA et Gl oo i

Example 3.2: Determine the moment of the 260N force
with respect to point A and line AB when: The force is
resolved into it's

components at point
D .The force is

resolved inti it's
components at point

SITSUSRIE
(AB) i o5 R 40 (A) A 5088 40 0353 4% (260N)
2 (D) i Al S Ay gl S il 45 jia ] celuls

J3(C) a8 sy 3o il S Jaid 45 i

Figure 3.4
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I - S - 2
|

] :
5"
260Cas0
- =3 — -

8 E'f[w:l_.‘_x

2605in0 Figure 3.5
1.m of point A =- (260 Co0s22.6 * 2)- (260 Sin22.6 * 15)

I

260M

y
M Line AB=Zero ) 2" e
' 260cos6  ©
3D s 41 4Ss i plasa 5 260N
o Rea Jaa o S olalaiyy 260056 2605in©
el o 53l (ledads >\ 8 2" y
5O gla C).2) A ZEOM

-C):ASM KA",“,,", 260Sin©

Figure 3.6
M=of point A=-(260 Sin22.6 * 3) — (260 Cos22.6 * 7)
M of line AB=Zero

Example 3.3: determine the moment
of the force system with respect to
the point O and A?

S (53 8 4o in 4l 5 (5 ) 14l pa
s 0355 (A) 55(0)  P130
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Figure 3.7
Solution for point: A
+OMof O=F *S

Y

=5*10+5*20+5*10

—-30°

=50+ 100 + 50
=200 Ib.inch

Figure 3.8

S Jaied 1S Jia iy s Sy
oj‘L'\\So (p0|nt) u\Sﬂ\A Al Q\So)';&) Lg‘\.\SéJ (5990 Cuded J\; @09 99

050 )0 ) §1

From triangle (OMN):

MN
Sin30 = = — MN = 5Sin30 = 2.5

ON
Cos30 = = — ON = 5Co0s30 =4.33

From triangle (OPQ):

PQ
Sin30 = — - PQ =5S5in30 =25

OP
Cos30 = = — OP=5Co0s 30 =4.33
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From triangle (OKL):

KL
Sin50 = = — KL =5Sin 50 = 3.83

OL
Cos50 = = — OL = 5Cos50 = 3.21

Moment about point A:

+0U pA = 5Cos60 * (5 —MN) — 5Sin60 * ON
+ 20Sin40 (AO + OL) + 20Cos40 * KL
+ 10Sin60 (OP) + 10Cos60 (AO + PQ)

+U pA = 50Co0s60 * (5 — 2.5) — 5Sin60 * 4.33
+ 20Sin40 (5 + 3.21) + 20Cos40
* 3.83 + 10Sin60 (4.33)
+ 10Cos60 (5 + 2.5)

+0U pA = ( )Ib.inch

Example 3.4: Two forces P and Q
are perpendicular to the corners A
and B of a squar plate <as shown in
the figure (3.9). Determine their
magnitude (P and Q) and the angle

B <knowing that their resultant R
has amagnitude 120N and the line
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of action passing through point D and forming an angle
©=30° with horizontal axis.
Figure 3.9

S(B) 5 (A) PS4 s 50 Hisindd (Q) 5 (P) v 50 140 5ad
o 30 13(3.9) iy Al o) pailiiy oy Aa ad R ) s Suily
(R) OlrSaalaio 2y 4S o5l il 5 4S5 sl (B) w228 5(Q) 5 (P)
05 Dl g5 313 (D) b 4r 5480 IS (i o5 4n 5(120N) 5 5
Sl (oo e sas (484l CilSen a5 3 (B=30°) i K

+—>3 Fx=Ry Y
120 * Cos30 = QCosp + g

+/I\2Fy =Ry % 30

120 *Sin30= QSinf

ol o« , » /ﬂ . va* d
5_53_,}\).1\)4_1&».»‘)454_1;@_\:%4

L4248 o o(moment) 4o i sda o A0 5 ss (ledlliS gla
Figure 3.10
Taking moment about point (A) ¥ e 55K »

PAEN

+O M A=O
(120sin30*d) + (P * d)=0
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(Sed (d) (Sl Y 590 As

P=120sin30

P =60N

From Equation (1) o sASAy (54l gla 4]
120 * Cos30 = QCosP + P........... 1
120*0.86=QCosPB+60.................... 2

43.9= QCoSP.......... 1

Equation (2) divided by equation (1) Uila 559 (s4diS sla
My aiiS gla

60  QSinp
43.9  QCosf

60 SinB 60
439  Cosp 439
B=tan~! 1.36 =53.8
43 g

3.3 Couples

=tanf

A couple consists of two forces which have equal
magnitudes and paralled non collinear lines of action
but which are opposite in the characteristics. A couple
can be moved to any location without affecting the
equilibrium requirements.
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DS 43 G AT o5 4s (g (ledd 4S 55 5TleSH i g0 Al i
Gl g o iy (s3] sty DLilSaiinl HU 5 din Sy s 45 S Y4y
s 43S IS (g0 AlAASHY (SH 0 5 i il gan il e

.1The magnitude of moment of the couple s ) s »

P 5 9* Ha= e )

Mm=Force * pendicular distance

Oletads iy(couple) 45l s GaSai s o Lao 5 A8 o5 4 (5 0 ) i
Axa s (moment) 435 4xs (5 0 ) o 5id

2. We can change the magnitude of the couple but the
moment must be constant.

4S5 30 ) 4_1.»»:\).\3?‘24_1 uzujfu (couple) 45 g Slas g S Ol sied
o A (5 ) K45 43 45 (moment) 4l

iy Al a4 3 S (5 couple by 19S5 jlus yy 4l e84 ;s
(23 (545 moment 1S4l g 4l ) A5 5545 couple 194Ss sy
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3. The moment of acouple does not depend on the
position or orientation of the moment axis such as it
means the moment is the same for all axis
perpendicular to the plane.

4S8 480 i (50 e A3 (s YU 5 (s ] A iy Gl o (5 0 )
5Ol (S0 g AT 5 sedd 33 405 ledd o ) 49l 5 Uil

01543';43}}4
d d
haa =+ F1 *E + FZ*E
Maa=F1d1l Because F1=F2
Ma'a’=-SF2 + F1 (S + d)
mMa'a’ =- SF2 + SF1 + F1d Because F1=F2

mMa'a’=F1ldl

4. The unit of the moment of the couple is the same of
the unit of the moment force.

S sk (sASA Gledd A S s (5 iy ) (S ) sy s4S4y
L3 (5 )
28K S ATy ] (SASAT g (5 e ) (il 5803 5
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Example 3.5: Calculate the moment of the 250N force
on the handle about the center bolt.

S5 4 AS4Sued il 4Sy L S48 (N250) s 88 (s o) 4 sad

\J‘\So_}(:} é@
250 N
15°\
< 200 mm ~
T 5_2{;_,‘_;_4__‘.;[_' Al ) —
30 mm | RS GATET
L- o | ,. .
Figure 3.11
Solution:

Fx=250N * Sin15=62.5N
Fy=250 Cos15=240N
Ol siu (5 550 * S 3ia=1a (0) (A (550 43w ) 638
SM about point O=Force * prependocular distance
=-F* 30+ Fy * 200
=-62.5* 30+ 240 * 200
77




=-1875 + 48000
=46125 N.m

3.4 Transformation of a couple
clisdl ga (g0 gAdinal o
Resolution of a force into a force and couple

Selinin 5oy Ban clod o Al (38 590 5 gn JleSis a8l
(LiSAT
:QL\J:)“\ScJ_)cJ \M{L\_yu eﬂ ‘_"_\._3455 “,4.3:5%

Example 3.6: Replace the 600N force by a

B @Sm_) C
force through A and acouple whose act
vertically through B and C. A
1 (A) 4l 450 ) Ko 450 (BOON) 530 145 e I
J3(C) 5(B) sb 4 SIS gli 4y aS liSiga o l s o
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MDM\J‘Quﬁé@Mﬁy@ad@ﬁcJﬁ ;C_\;ch\S
Figure 3.12

55013 B-C 434S (g (s AiSaign gl jin 2oy 350 0 i pal
RSTBE NTPY L PRUPLINPLPIR RISk

43050 p Gty o |5 A A Al sin 50y 350 4% Jin o der 48

Ol g g o A a4l ain) U cleas

64 Aady o 5 el allA (ledn Al 5 53 et 4y 338 ledd o

5 el 4 1Sl Al jla pdSAy (646 33 (sl U

Solution:

Figure 3.13 A

600N < - > 600N
e
\'\-\_\\ 25 Saa 585348 o i 4 p&
/ u-&f, ﬁﬁf
- .y s N,
o gy 4y Ay y4S 5 Hia g 93 adl > 600N

o 5.4a (LA yi leda
o9 (S g g () Sy (4] fAaty
Ada oL moment

S5 G * He= e )
M=F *S
=8 * 600
=4800 - N.cm
couple 3 (R cileds lass 550 (54355 41 4S (5o moment s
N (g4 g 4l
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M=F *S
4800=F * 5

F= @ —960N

~ Example 3.7: Replace the
501b force shown into:
.1force at point Band a

couple .2 .a couple at point
A.

4So 51 )ailiy o (501b) 53 4 sad
5513 (B) Ja Al elizia 1z ey
J3(A) GIs Al liSaiga D ik sa

Figure 3.14
A3l gl yiald T ga (g0 gbd Au | g | yila JallA g g0 Al el yia a&as *
NZNEETPIRPRE
4 gid oda (L
9
&
13 03 (oo s 4 e | ila Il oy 4l el jia ks Ve

w v o ove
--..)...
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Fe=501b

(2) )

Figure 3.15
M =50 * 20 =- 1000 Ib.in
(,‘JA_., (Cpiinly ey e A Gy Al i ga s g 12 B A A b
oA 5 OS850 0 B A oy IallA g n Al ali gy 84l
Loy ledlindl Hb A Aadie g

fab}}l 6)\5\}\.3 2

LSS g (5 ) &4
Sl g 48 0 g4 ) 30

550t o5 5ileShy KA 950 4l
DY a8l s Jats sl

E
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U4 3 o5 1SHIA (5 ) g0 ¢ st 533 (e it g (5 e 5 S ¥y
$4Se yo ) Ll ASD 550 5 ASy Al Al s 950 Y
0500 ) 3

Figure 3.16

Sin30 = (P)/ (20) = P=20 Sin30

Cos30=(L)/ (20) > L =20 Cos30

+MA=F *S

+MA =50Sin30*P - 50Cos30*L
=50 Sin30 * 20 Sin30 — 50Co0s30 * 20 Cos30
=250-750

+M =-500ib.in

4 100
Example 3.8: Replace the three couple 1
bye one couple which the force acting |3cm
horizontally A and B. 20-9-';-“ foos

2cm
4So 5in 4S s My jro ) B Miga o il = \f
J3(B) 5 (A) A QS IS (55l 4 3

4cm

A
solb

Figure 3.17

M1=-100 * 3 =- 300 N.cm
M2 =+ 200 * 2=400 N.cm

82 \3 850N
-1-1—-

solb

2cm

i,

A

-

50 N



M3 =- 500 * 4=400 N.cm
A% ) 5 moment ke 5S Al (saind Hl 4y Catieala 51
Total=- 300 - 200 + 400=-1900 N.cm M
M=F * S=- - 1900=F * 2
F=950 N

Figure 3.18

Example 3.9: The 75Ib force is 2
the resultant of the coplanar
force system and two additional

force <a vertical force through B

and a force through A.
Determine the unknown forces.

Figure 3.19

550 JA8Ad iaai s e S s Al S oalaiad 40 75b S il sad
A g (S350 OLSESAn OlSe jlaalio a4 Hlan 45 1ady 51 (5 5ia
ldh B 0 A 4 S e s 65 13 B A vertical

> Fx=Rx

130 Cos67.3 + Px=75 Sin36.8

50 + Px=45

- 5=Px

Px=5 Ib«
.%&od}gﬁﬁwmngﬁjmm&ﬁ
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2Fy =Ry
-75 Co0s36.8 =130Sin67.3 + F-80 + Py ............. 1

Moment of the Resultant force about point A =
Moment of all forces about point A

75 COS36*8 =80 * 4 — F*8 — 130Sin67.3 +130Co0s67.3 *
3+850

Al oSy 48 (K o5 oY Al ) o e Glagl il Al 550
A (Ao o) il 3
480=+ 320-8F -1559 +150 + 850
719=- 8F - F=90lb |,

B (A (5455 3ia
(5 0 =S4 g 43 (5 ) 500 43 1SHA (5 03 43 Resultant )
s 4S (o4aSapa s JASA (5 sen ()Ss i
>Fy =Ry

-75 C0s36.8=130Sin67.3 + F-80 + Py ............. 1

-75 Cos36.8=130Sin67.3 + F-80 + Py
-74.27=119.929 - 90 -80 +Py
170-74.27=119.929+ Py
95.8-119.929 =+ Py
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Py=-24.129 Ib
Py=-24.1291b |

S g st (o s ARGART Oy A ) 5 ASaal Y5 0l U [l
AR Sen (5 S () ) et A8 (e (sla e ) 5 4o
LOAS) a8 4y Ay oy (48 IShin | g4 g 0 (S
P2= (-24.129)? + (-5)?
P2=582 + 25=607
P=24.6 tanP=
24.129
B=11.72

Example 3.10: The 1501b

force of the resultant of 2. a4 |3 2 | ¥

the two force and the A ‘~ iB

A A

¥

couple shown with two

vertical force one acting 50" 150® 60"
through A and the other through B. Determine the two
unknown forces. Figure 3.20

A4S (GASASAT g ASe KA 593 (galade s (5456 (1501b) o i 14 sa
(A) AB A 4lSea IS LSy i o 3 550 Ja&ad o) ja ol
030 30 3 3% 4Se ) il JA3 0 308 59313 (B) sl Oy e sAd 0

85
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Solution:
MA=150 * 6=-50 *2-60 * 9 - P *11+ 200
11- 540 - 100 -=900P + 200

11 - 440 -=900P
1340
P= - 121 b,

Mg 4 G A0 Gl g seds 4S5 5 & Rl sedd (oda p
150-=F + 50 + 60 -121
139 -=F
F=139 bl
Or
MB=-150 *5=60 * 2 +50 * 9+ F * 11 + 200
+ B e 4 USe 3ia 55048 (5 0 =B U2 R )
48484t 5a
11+ 450 + 120=750- F + 200
F=-139=1391lb,

| oon

Example 3.11: The coplanar
40N +m

400 mm
“““““““ g 1 )

1 300 mm
1]

force system in figure consists
of three forces and one couple.

o 600 mm

Replace them with equivalent ' 800 mm
force couple system acting at (a) ON/3
point O (b) point A.

Figure 3.21
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O o 4l 05 51K (oAl gl (LSATAAT 5 5y 5l 0 33 e 5S4 sa
48 it sa a5 U5l S8 40 R Gl e g day
(A) S5 (0) (b) A= (a) 4 sy s

SFx=90 + 38.3 - 60
=68.3N
SFy=+32.13 - 80
=- 47.87N
R =+/(F1)2 + (F2)2? + (2F1F2cos ) = 83.40N
4

tana =<
3

a =53.2°

47.87
tanG=——
68.3

© =35°

+M0=90*0.6 + 38.3 * 0.5-32.13*0.8+40
+Mo= 87.44N.m

MA=-80*0.8+90*0.6+38.3 * 0.5+ 40
MA =49.15N.m

Example 3.12: Three
forces and a couple

are applied to a




bracket as shown in figure Determine: 1.The magnitude
and direction of the R. .2The perpendicular distance
from point O to the line of action of the resultant. .3The
distance from point O to the intercept of the line of
action of the resultant with the x-axis.

Figure 3.22

b gl al @ g by gl ad 5 () Hiin lSAs LSS g 5 58 (s 14 50
(0) & A S5 s (50 sbe 4S5 (552 alavie o (i )l 5 ok
(AL AT aSay )53 13X (5o e st JaSad aSaalao ps IS i oo

ASadlaio i S a5 g 54y 510 (O)

1.
> Fx=300+500Cos60
550= N -

SFy=200+500Sin60 [ T T — -

633= NT

R = /(550)2 + (633)2
=839N

Wl

= = )

)]

633

Tan=§% 6=49 5501

Figure 3.23

2.
R * d=200 * 0.45 + 300 * 0.4+ 500Cos60 * 0.7- 600
d=254m

FOSo 33 55048 (50 ) S0 5130 A (5500 43 plade r 5w )
RLSLPER
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-839*Sin49*5=200*0.45-300*0.4+500C0s60*0.7-600
S=339m

Example 3.13: Determine the moment of
the couple in the figure (3.24) with
respect to (1) point A; (2) point B; (3)
point C.

o0 0 3% 13(3.24) saiiy Al Misa 5y

(C) S5 (3) ¢(B) A5 (2) ¢(A) & (1) woisfa |

Figure 3.24
1: +U MA=150 * 4=600in.lb U
2:+0 mMB=150 * 2 +150 * 2= 600in.lb L
3:+0 MC=+150 * 6 -150 * 2= 600in.IbVL
4 g9 detd o) Aady ol A e oo gLl GleaSatin )b lega
(Oied (513 a8

100'®

Example 3.14: By using the 5
transformations of a couple, replace the 200° 100"
three couples of the figure (3.25) by one s

. . . 200"
couple with the forces acting horizontally at 8
”
A and B. A

S o S g (g0 il K iliia lSay 4,
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gy 3l )il 33 Ja8a) St 43 0, K5 (3.25) a5
1B A 4l O‘\Sb.ﬁ)ls ‘

Figure 3.25

JaB ‘A & A horizontal i 550 4 4Su ed
C1=100 * 3=300in.lb O
C2=200 * 2=400in.lb L
C3=50 * 4 =200in.lb O

613 a8 4y oyl FIS (o0 gdady (gaSailing (go A0

o

ﬁu\&a}o‘)mﬂ‘\éﬂm&j}&ﬁuﬂbﬂ

o ALASe
+0) CT=-300 + 400 -200=-100=100in.lb e
M=F * s = 100=F * 2 > F=50lb e N
Figure 3.26
Example 3.15: By means of the -
transformation of a couple, replece i 2.
the couple shown in the figure (800" | &
(3.27) by an equivalent couple a,L,,, oy
consisting of horizontal forces which . /
act along AB and CD. Show each s = e

step by means of a seprate sketch.
Do not change the external effect on the body at any
time. Figure 3.27
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(3.27) sy 4l (saSaSalisa «cliSalisa (g0 il K S50 0

A4S €l S 3l o a4l 4S Uil iS4 g 43 0 350 0 ) il
A5 (5483 4 Sl J8a a0 IS CD 5 AB (ol Sive

Al aSaiti il o) Rea 4SaySo o 49 280 IS o2y Ly 05 Skin
JESCT

M=800 * 10=8000Ib.ft

m=F * 8 - 8000=F * 8 > F=1000lb

Example 3.16: replace the 200Ib
force of figure (3.28) by a force
which passes through A and a

couple whose forces are
horizontal and pass through the
points B and C.

o5 (3.28) w45 5(2001b) s i

aj&l\\}j‘)vo.ﬁ \J(A)G.hA 4..145&3‘):&‘&.1
3 1 C s B Sl 4y 6 s sl S ia 4S SliSas g

Figure 3.28

M=-200 * 6=-1200in.lb =1200in.1b
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1200=F * 2 -
F=6001b

T o'

(1)

Figure 3.29

Example 3.17: Replace

the force and couple

shown in figure (3.30)

ANRRRRNNNAANNK
e
De

with a vertical force at A

92
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and a couple whose forces act vertically at B and C.

Figure 3.30

SSip 4050 (3.30) iy 4l ol yailiy (s4SaSaisn ASs i
Al Ao K il s 1S jia aS Wliaism o g I A Al 5 gis

1€ 5B sddls
lvl (Couple C) =—100 * 2+ 800
600= Ib.in
4 0 st (5] pAady 4o 4l g AS FF Al oty y0 ) (50 A0 Al
L el a8
|ootb 4" lOo'b 150" 150"
’ 7 [ A 2_.__._1 T
; s ¢ _|>800" w45 °7 T—')SOOH L
7 .too.., ] .
S AN
(1) 3 i

Figure 3.31

93



Example 3.18: Replace the 90Ib force of 8,
figure (3.32) by a force which passes through
A and a couple whose forces are horizontal

and pass through the points B and C.

——————————— &}

4 4S ¢l jia 430 85(3.32) i s 5(901b) i
Ol (S 35 4S GliSA g 5 il 55 02 1N(A) s
e \JCJB@\SASBJ\_.\@J 90"

c

{

Figure 3.32
Mc=90 * 4= 360Ib.in
360=F * 6 - F=601lb

B
»T 1‘4 > 5‘\5"—'_ A gD At
X 60| b—s54 ceaues
| s 4 o |
e ‘ 50" |
| = :
| R —
Y .
s B0 ez
90'0
(1) (2)

Figure 3.33
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Example 3.19: By means of the
transformation of a couple, Replace
the 1000Ib force of figure (3.34) by
a force which passes through A and
a couple whose forces act vertically
at Band C.

i oliSa g (go il & S8 s
40,5 ¢(3.34) w45 5(10001b)
o5 il yea 13(A) A 4 as &l
J3C 5B SSalla Al aSen )\ asl sls JlSs i 4545&;543ﬁ‘

N |
e

I

(

|

|

|
——
N

-
<€

sy L
B/ Z Cc%

Figure 3.34
tan6=E
4

©=36.86°

Mc=800 * 6 - 600 * 3=30001b.in
3000=F * 6 - F=5001b
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3" 3 3
e |
| |
| "
| g | 1000®
6 ] 1000"™ s ““—EM:{
Y __L._E1 3 2 4
o 4 . |
2_ 1000" | g e
g € 5001b 5001b
(1) (2)
Figure 3.35

Example 3.20: Replace the two
100Ib forces of figure (3.36) by a

_— force which passes through G and a
couple whose forces act vertically
at A and B.

43055 (3.36) 45 5(1001b) s i
55 il g 00 13(G) B 434S Gl jia
J3C 5B SSadla A Sea < il gl 186 s 4S A< oli€as ga

Figure 3.36
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R =./(100)2 + (100)2 = 141.421b

M=141.42*3=424.21b.in

Moment=force*distance
424.2=force*2
Force=212.131lb

Figure 3.37
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gﬂlb

18

=

Example 3.21: By means
of the transformation of
a couple, Replace the two
forces of figure (3.38) by
a single force.

430y 59(3.38) sAiis (5480 i g5 (liSAl sa (g0 il S 585y

i jiaasls

Figure 3.38

Mcople= 50 * 8= 400lb.ft
mMB=40 * d - 400=40d
d=10ft rightB
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- i };Olb ?Jjelb
PR e M Mgt 'Dmoﬂa.m

40Ib I d | 10
B{ 40Ib 81 401Ib
:—j—__- e 7 f :Hﬁ“' ——— s (
3 4
S ()
Figure 3.39

MA=90 * 8=720 Ib.ft
MA=40 * d - d= (720)/(40) =18ft right A

251t 1o Example 3.22: By means of
L ,‘ the transformation of a
couple, Replace the four
ezl 4 'ﬁ*‘-i‘: forces of figure (3.40) by a
20" g5k

99



single force.

0 59(3.40) sAiis s4Ss in l s liSaisa (5 il 8 S a0
2l yinasl 4y

Figure 3.40

Moment of Couples=25 * 8 - 10 * 7=130Ib.ft

Mo=10 *d=130 - d=13' right point O
* 2=11- 13right body
25" io"®

L 130Ib.&
4 , \ , 1\ l ]
To Ll r‘_ G Yo 2 4 o A_J > L 3

Figure 3.41

100



20" 50" ' Example 3.23: determine the
1 !} resultant of the parallel

iA coplanar force system of
A | 1 figure (3.42), and locate it

with respect to point A

80lb 60|b _
| o i ala S alaio
B (501 S 05 6o 30y 33 (3.42) A5 (SASAy AT ATRAT 5 ) gl
AS) )l saSAiiph A

Figure 3.42

+R=3Fy
70 =80 + 60 -20 -50=70Ib T

Moment of the all forces about point O=Moment of the

Resultant force about point O +
A
70*g =60*12 - 50*10- 20*4 .
_ 140 o o
70 |
701b
Figure 3.43
o 3P 40 Example 3.24:
j l l 1 determine the
/ ) resultant of the force
a + + | *%Z00"-" )
2 system of figure (3.44)
120" » - -
S o A 434..«}5 U.A\;.\o)‘\..\
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o 0 0 )3 (3.44) 44 5 ‘

Figure 3.44
+TRy=3Fy
=120-40-30-70=-20=20lb

Moment of the all forces about point O=Moment of the
Resultant force about point O

R * q =(200)+( 40* 10)-( 120 * 8)+( 30 * 4)+( 70 * 2)

20*g=200+400-960+120+140

q= — %:5 - g=5ft left of point O

5 3 4" Example 3.25: The cable

- P
<

~

; /gu AB of figure (3.45)
K supports three vertical

=g loads. Determine the
Y + resultant of these three
a0'"® b 20" L
=) forces, and locate it with

respect to point A.

o oo gy %o LRI ol 6l o (3.45) s LS
AS 5k (548 58 A A (50 3 K o Ay Hla 456 T
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Figure 3.45

+R=3Fy
=40 + 30 +20
=90Ib ¢,

Moment of the all forces about point A=Moment of the
Resultant force about point A

4 o 3 4'
90 * q =(40 * 4)+ (30*9) +(20 A l B
*12)

670 7.45
Q= 50 =7.54

Figure 3.46

Example 3.26: Replace the 2601b force and the 800ft-1b
couple of figure (3.47) with two vertical forces, one at A
and the other at B, without changing the external
effects on the body. Do not use the transformations of

a couple.
43052 (3.47)4 5 5455(800ft-Ib) 4543 x5 4S(2601b) o i
SR 957
| P
4 5eé e ) (st
< T = fr—1b A LS
& 7 | 800




\ o3 5SS SR ot d3(B) A (LS (5ot 05 13(A) ‘
‘ _@ujﬁqdﬂﬁga)m\;_dmw‘

Figure 3.47

2MAL =3 MA2
800+10 * 260 =FB * 6 -> FB=567Ib\,

MB1=>MB2
4 * 260 + 800=FA * 6
FA=3071b

Example 3.27: The 150Ib force of figure (3.48) is the

2L 4 |3 |22 resultant of the

>
P~

two forces

) A Y-

A s
! s06ft-b  couple and two
; i

50" 150 60'® other vertical

forces, one acting through point A and the other

shown and the

through B. Determine these two unknown forces.
Figure 3.48
o 553 alade yo aladly 5 (3.48) iy s455(1501b) o i
DA A 4 LS ¢ 5 (Jold (5508 505 ASASAT s 5 4Se ) yailiy
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(50 4o 51 il A3 338 53 12 Bl 43 i se 585 05 lSen JS
A

Moment of the all forces about point A=Moment of the
Resultant force about point A
150*6=(200)-(60*9)-(50*2)+(FB*11)

FB=121.82lb {,

Moment of the all forces about point B=Moment of the
Resultant force about point B

150*5=-(50*9)-(60*2)-(200)+(Fa*11)
750=-450-120-200+11* Fp

FA=138.2Ib {,
Cami_yi0d e‘d BB il g ;@od
(20 )
Cai g 1 S el oy 1aSlle )
(Sl Gy 539)
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English TEPT
Units of measurement GRS sk (ASAS4y
Quantities OSeaiia
Length SHM
Mass bl
Time s
Force B
Velocity S
Acceleration Gl
Area A8
Density SR
Work BT
Moment of force BN
Power Ll
Pressure Ol
Unit AS4y
Scalar quantities OSi Hl e oiia
vector quantities OlSe i) YU oaiin
Magnitude 2
action B
Direction il Hl
state Calla
Resultant pladad 4
Inclined oY
Component DASH
Summation 5 433 S 3S
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Axis BT
Condition T
Condition Calla
In order that o5 5
Determine S ol
Resultant of force system i A S alaid g
Moment ®)
Torque ®)
With respect to oIS 4
Product 5l sl
Force B
perpendicular SR
act S A AdlSen S
Couple g
rigid body Cdd (43
Consist of o 5 SilgShy
Parallel Al
Opposite ) sy
Angle 458
unknown forces OlSo )laali o i
through S
Equilibrium O 388 sl
Equations (ASAGS sla
ignored BIBENP A
free body diagram (FBD) Cads pus G (5 lSLia
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problems RPN
Reactions OlSe sadla IS
Centroid S
center of Gravity DL PPt
specific weight o > 458
Simi arc > sledadaay
Ellipse s4Sliy
Moment of inertia or S ) R4l 5w )
Second moment (poss?

Polar moment of inertia

S reda 5 ) R b 5 e )

Parallel axis theorem

O A5 5 yo 943 (5 )33 )m

Radius of Gyration

o g4 ¢A (g0 yii b g

strip Jle s
element Slalalys
element a0
Parabola b slaas p
Product moment of inertia R4l s ) ST (5 )
Analysis of Structures Gy (g0 A3 S
truss Cidy
Member 4
joints BISCOP
planar truss CAAS Syl
section ‘\g)ve
hinge Aalaidl
Friction Ouliasy
static friction OVLEASH 5 gl
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kinetic friction

Ouliasilo oY g ga

Coefficient of Friction OuLEASH (54ST 58 oo
angle of the incline surface 4o 3l 5y (s ¥ 4d R
angle of repose s gai R
Angle of friction OuLIASH (gas R
Beam aaly
Cable Jus
SIMPLY SUPPORT BEAM SR (el 54l
Over hanging Beam Sl sla Y saal
CANTILEVER BEAM aal ali g3
indeterminate beams OlSe jlali4aal )
PROPPED BEAM 4a) ) 4s4l S
FIXED or RESTRAINED S ads b s el
BEAM o<
CONTINUOUS BEAM AESPEYCIENS
AXIAL FORCE 00 A5 (5 e
SHEAR FORCE DR SR
BENDING MOMENT o sAdledn (5 30 )
bending in Beam laaal) )4l o fAlieds
bending stress o sAilada (5 Lid
Assumptions OlSailay S
involved Gl
theory SIS
design (5 Jludsiads
loading OGS b
point load BEQPRE
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distributed load

6 sxdalay

Beam deflection

aly e stis A

Beam span 4l o
shear force diagrams Dpp 5 AlSay lslia
bending moment diagrams o stiledn (5 ) Sy lSlia
bolt S5
collinear Jia sla
compression (A sl
Concentrated force Sy (5 Y
concurrent 35S Sam,
connection SEREE.S
coplanar Gl g ) sla
Cross-section 4 il
curve o sleda
deformation O 5aSe sl
degree 4L
disk AS v
Distributed load S oSSala 5 )l
load B
loading OISk
fixed FIEREEN
homogeneous Mg ga
horizontal S 3ul
Integration 6 )\S gl g3
Line Jia
Line of action BN
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maximum and minimum

CRAS 5 R )30

object CAS
body Uil
Parallelogram o ASY
particle NN
pin g
polar S At
radius of gyration 5 Y 92 (5o i g
resolution oS
rivet zoN
roller aS Al A
roof b A
rotation o A5 gA
smooth ol
static gl g
statics ) i g
Strength o Ral
Stress lid
Structure Sl
Summation pAS
Support Sl
symmetry sl
Tension s 5]
Transformation > il &
Uniform <l )
Vertical o g
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volume o )ld
Weight S
Welding Qlsl
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