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Engineering Mechanics
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Syllabus

1.Basic Concepts, Analysis of Forces

2.Concepts of Moments and Couples

3.Resultant of Force System

4.Equilibrium ®
5.Analysis of Structures: Analysis of Truss

6.The Centroid and Center of Gravity

7.Moment of Inertia.

Text book

1. ENGINEERING MECHANICS
Third Edition 2002, A. HIGDON and W. STILS

1.1 Introduction

Mechanics: is a branch of the physics deals with the study of the effect of force

system acting on a particle or a rigi ich may be at rest or in motion.
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Classification of Mechanics

Mechanics of Mechanics of Mechanics of
Deformable Bodies Rigid Bodies Fluid

i ‘

Static Dynamics
Kinematics Kinetics

g on a particle or rigid body which is at rest.

Static Mechanics:

It is the study of the effect of force syste

Dynamic Mechanics:

It is the study of thegffect system acting on a particle or rigid body which is in

motion.

1.2 Basic Concepts:
Particle: it is defined as an entity having considerable mass but negligible dimension.

Rigid Body:
Vector

soliddbody having considerable mass as well as dimension.

. are the quantities which have magnitude and direction, such as

ce, welght, distance, speed, displacement, acceleration and velocity.

Sense -

Magnitude

¥ Direction
L
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Scalar Quantities: are the quantities which have only magnitude, such as: time, size,

sound, density, light and volume.

Force: is an action that changes, or tends to change, the state of motion of the body upon

which it acts. In general, force is considered as a "push” or "pull "™ exerted by _one\body on

another.
)

A complete description of a force must include its:
1. Magnitude
2. Direction and sense.

3. Point of action. \

Vit o4 Magnitude

-~
‘i:‘-"-‘,,"“\\ Line of action
¢ =" ~__Sensc (arrow head) |Direction

X () 0,. mu_ — > ¥ (1)
- Point of application

/////////{4’//?/////// Yoy

i)Y
N

Principle of {ra r%issibility of Force: It states that the condition of equilibrium or uniform

otion ofi\ri ody will remain unchanged if the point of application of a force acting on a

rigid body is transmitted to act at any other point along its line of action.

f_ 4!— —————————— —ﬂB ‘-1 e e = —-B_-r f'
PUSH PULL
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1.3 Force System

Is a number of forces acting in a given situation and can be classified according to the

N

arrangement of the line of action of the forces on the system.

Force i‘i}fstem

Coplanar Non-coplanar
' i V v i {
Concurrent Parallel Non-concurrent Concurrent Parallel Non-concurrent
and and
Non-parallel Non-parallel

AV.A\

JIRNE<

-
\ 1,02 03 Fy Fj
. Copl Non C d
Coplanar Concurrent Force System oplanar Parallel Force System oplanar Non Concurrent an

Non Parallel Force System

a
F |t . \ p
~ F_‘_-h .Fl',' \"‘ - £
.ﬂ" .F;
e E N
2 F;
Non Co Concurrent Force Non Coplanar Parallel Force Non Coplanar Non Concurrent
System and Non Parallel Force System

System

* Concurrent: all forces pass through a point.
** Coplanar: in the same plane.
***Parallel: parallel line of action.

****Collinear; common line of action.
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1.4 Units and their Relations:

DIMENSIONAL SI UNITS U.S. CUSTOMARY UNITS
QUANTITY SYMBOL UNIT SYMBOL UNIT SYMBOL
Mass M B kilogram kg slug —
Length L & N meter m foot ft
Time T UM second ] Base |second sec
Force F newton N units | poyund lb
\ |V
TABLE 1-2 Conversion Factors
Unit of Unit of
Quantity Measurement (FPS) Equals Measurement (SI)
Force b 4448 N
Mass slug 14.59 kg
Length ft 0.304 § m
1.5 Trigonometric Relations \
A. Right Angle's Triangles
a
sinff =—
p=- C
B ’ ’
cosf =— o
; b 9
tanf = —
B.Obligue Triangle
1.Sine Low
a? = b? + c? — 2bccos P
b? = a? + c? — 2accosa
c? = a%? +b? — 2abcosy
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1.6. Composition and Resolution of Force.
There are two common problems in statics involve either finding the resultant force,

knowing its components, or resolving a known force into two components.

1.6.1 Finding the Components of a Force (Resolution of Borce

the process of breaking the force into a number of components, which afg equivalent to

the given forces is called resolution of force.

A. Resolving a force into rectangular comNen

.
F
0
(@) 0
P e e () » X ]
-

Two Dimensional F Sys
Let the force (F) n belo ith the direction (0); we can resolve this force into

two components:
1-Horizontal Congponent (Fx) which lies on X-axis.
2-Vertical Cqmp &ht (Fy) which lies on Y-axis.
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Fxy = F cos0

Fy =F sin®

F= /FXZ + Fy?

In vector expression:-

F=F;i+Fyj =FcosBi+ Fsin0j

defifed using a small slope

e'arger shaded triangle are

Or in another way;
Q
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FX=OA=FCOSG=(§)F= Y

0.8 F to the right through O

FY=OB=Fsine=(§)F=
B C
0.6 F upward through O 1 4
Fela| S
L4 ._
Y Fy A > X
A" 4
Note (1)
Vvit)
[
F, = —ve F,. = +ve
F,. = +ve F, = +ve
v (—) = = X ()
F, = —ve F,. = +ve
F. = —ve F.,= —ve
W
V=)
Q
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Note(2)

(i) AFsin0 (ii) F Feos a
oL
0 0 F C:,h. 0 @] 0 Fsi;u
(iii) ) Fsin 0 (iv) P Fcosa
oL
0 0 Feos O @] 0 Fsin o
(v) Fsin 0 (vi) Fcosa
P 1 F A
oL
8]
0 FcosB 0 0 Fsin o o
(vii) Fsin 0 (viii) Fcosa
F F
oL
0 y ¥
0 Fcos 0 0 0 Fsina 0
(ix) (x)
0 :}L cos O 0 0 F _\':i.n o O
8]
oL
F y . Y
Fsin B F Fcosa
(xi) (xii)
0 Fcos@ . lo 0 Fsina ‘:j()
8]
oL
F
Fsin B F Fcosa
(xiii) ‘ (xiv)
o O Fcos B 0 0 Fsin «
oL
¥ .
Fsin 0 F Fcosa
(xiii) (xiv)
0 0| Fceost 0 0| Fsin o
A A
o :
F )
Fsinf F Fcosa
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Note(3): Dimensions are not always given in horizontal and vertical directions, angles need
not be measured counterclockwise from the X-axis, and the origin of coordinates need not be
on the line of action of a force. Therefore, it is essential that we be able to determine the
correct components of a force no matter how the axes are oriented or how the angles are
measured. The figure below suggests a few typical examples of force resolution in two

dimensions. [ )

F =Fsin
Fy:Fcnsﬁ

F,=-Fcosf Ty F_ =F cos(f—a)
F},:—Fsinﬁ F =Fsin(z—f) F;:Fsin{ﬁ—a}
F =—Fcos(r-fg)
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B. Resolving a force into nonrectangular components

oA F y
sinf  sin(180 — o — B)

B C
F =.,/04% + 0B2 — 2(0A)(OB) cos(180 —a—pB) | A~ ~~~~~Z ’ >
F rd
_%
B a AQNQ'U'\:I
> i x
o A

Exam

Example (1)

The direction of the force (P) is nd the horizontal components if the vertical

components is (30N).

Solution:-
From the diagram sho
Fy = Fsin ! A
Y Q :
30=P s Fy=30N :
30 '
>!
Fx
Fx = FcosB® = 60 cos30
V3
Fy = 60X— = 303N -
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Example(2)

Determine the magnitude and direction of force (P), if the horizontal and vertical

components are (20N),(40N) respectively.

Solution:
)
F =/(Fx)2 + (Fy)?
F =/(20)2 + (40)2 = /400 + 1600 = v/2000 = 44.72N
F 40 .
9= tan_l(F—i) = tan™! (5) = 6343
Example(3)
Find the two components of the force (1 ) if:
6=30°,120°,270°
Solution:
6 =30
Fx =F.cos0O = A
100 xcos 30 =,100x - =
F=100 N
8=30"
>
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0 =120°
Fx =F.cosB =
)
100 xcos 120 = F=100 N

100x(—0.5) = =50 N «

Fy = F.sin@ =

100 xsin 120 = 100 x ¥ =
503N 1

0 =270

Fx =F.cos 6 =

100x cos 270 = 100x 0 =
0

Fy = F.sin0 =

100 xsin 270 =

100x (—1) = —-100N
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Example(4)

Resolve the horizontal 600 Ib force shown in figure into components acting along the u and

v axes and determine the magnitudes of these components.

Solution:-
F,_ 600 E, =10391b
sin120  sin 30 u
E, 600 \
E,=6001b

sin 30 - sin 30

600 b
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Example(5)

The force F=450 Ib acts on the frame. Resolve this force into components acting along

members AB and AC,and determine the magnitude of each components.

Solution:- S
Fag 450 |
Sn105  sm30 |4 =8691b
450 1b
Fpe 450 \
¢ F,c = 6361b

sin 45 - sin 30
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Example (6)

The forces F1, F2, and F3, all of which act on point A of the bracket, are specified in three

different ways. Determine the x and y components of each of the three forces.

Solution:-
The components of F1 are

F1, = 600cos35 =491 N —
F1, = 600sin35" = 344 N 1

The components of F2 are

4
F2, = =500 (5) = —400 N «

3
F2, = 500 (g) =300N 1

The components of F3 are
= tan"1(22) = 266
a = tan (0'4) = 26.

F3y = F3sina =

F3y = —F3cosa =

e

16 eﬁu U_).e
Jall 5 3kl and
i paiiual daalall, Al IS



First Class Highway and Transport. Engineering Department
Engineering Mechanics College of Engineering
2020-2021 Mustansiriyah University

Lec.Rana Hashim

Example(7)

Determine the x and y components of F1 and F2 acting on the boom shown in figure.
Solution:- y

By the parallelogram law.F1 is resolved into x and y ¢, - 200N

components, Fig (b), since F1x acts in the -x

direction, and F1y acts in the +y direction, we have.

F,, =—200sin30 = —100 N «

F;,, =200c0os30=173N T

F.= 260N
b _ 12 60 (12) 240 N (a)
= —_— e J— — N .
260 13 2x 13 -
similarly Fy = 200N
% AF,, =200 cos 30° N
5 LS
F,, = 260 (—) =100N ! N30
2% 13 k4l
PR x
Fi, = 200sin 3" N
(b)
|5
Q
! 260 (12N
(B~
13
: v 12
. ZW(,-})T F, = 260 N
(c)
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Example(8)

The 500 N force F is applied to the vertical pole as shown in figure.

1. Determine the components of the force F along the X and y axis.

2. Determine the components of the force F along the x and y axis. N
_ e -WN
Solution:- y
I
1. From Fig (b) J

2. The components of F in the x and y
directions are nonrectangular and are obtaine

by completing the parallelogram as shown in fig

(c). The magnitudes of the components g

calculated by the law of sines.

Fyl 500
sin90  sin 30

Fgl 500
sin60  sin 30

=866 NUFy & 1408 N - Fy (@) ® =

18 atm-% U_).e
Jall 5 3kl and
i paiiual daalall, Al IS



First Class Highway and Transport. Engineering Department
Engineering Mechanics College of Engineering
2020-2021 Mustansiriyah University

Lec.Rana Hashim

Three Dimensional Force System

Resolving a force into rectangular components

Z

The force F acting at point O in figure
has the rectangular components Fx, Fy, Fz, where

F;
F, = Fcos 6, cos b, ==
F
E
F, = F cosb,, cos 8, = 7
F,
FE, = F cosf, cosl, = 2

F= \/FXZ +F,° +F,°
In vector expression:-

F = F,i + F,j + F,k

F =F(icosbx +jcosOy, +
Note:-

The cosine of 6y, 0, are irection cosine.
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Example(9)

A force F with a magnitude of 100 N is applied at the origin O of the axes x-y-z as shown.
The line of action of F passes through a point A whose coordinates are 3 m, , and 5 m.

Determine the X, y, and z scalar components of F.

Solution:-

Length of OA=V32 + 42 + 52 = 7.07

3
cos O, = ——

~
N

0
0, = i \
cos y—7£
cos @, = 707~ 0.707

~

~
N

3
Fy, =Fcos0, = 100m =424

4
Fy=Fc059y=100m= 6.6
F,=Fcosf,=1 i
To express the force as&Vvector
F = 100(—z T ——] + &

= 100G ¢ 307 T 707 )
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Home Work(1)

1. Resolve each force acting on the post into its x and y components.

2. Express F as a vector in terms of the unit vec

F and the y-axis.

F4
.
\ I
F=EDN|
|
110 |
i N l ~
~ 40 E“‘*ﬂh_ﬁ_
L. ffﬂ hﬂ“"-—H
50 y
-
-
Q x 7

Dimensions in millimeters

21 wila U0
Jaill 5 3kl ad
oy peaiiad) Fnalal_ gl A



First Class Highway and Transport. Engineering Department
Engineering Mechanics College of Engineering
2020-2021 Mustansiriyah University

Lec.Rana Hashim

22 wila U0
Jaill 5 3kl ol
oy peaiiad) Fnalal_ gl A



