ENGINEERING MECHANICS

STATICS
2018 - 2019

TR
fasigl £

A sbranSll danigl) 5 4SSl digl) oo

Sl - g Slilall

J ¥ Jiadll

2020-2021




ENGINEERING MECHANICS
STATICS
2018 - 2019

University of Tikrit
Engineering College
Mechanical &Chemical Engineering Department

Engineering Mechanics
Statics Lectures

Lecturer
Sabah Mahdi salih

2020-2021




ENGINEERING MECHANICS
STATICS

2018 - 2019

Chapter One

I-Introduction
Engineering Mechanics : may be defined as a science which describes and
predicts the condition of rest or motion of bodies under the action of forces. It is

divided into three parts.
DSl il b s il S Cand a1 s sy o) alall 4 i a5 (s 1 i) LSl
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| Engineering Mechanics |
r
| Mechanics of Solids | | Mechanics of Fluids |
|
Mechanics of Mechanics of Y
Rigid Bodies Deformable Bodies 1. 1deal Fluid
l 2. Viscous Fluid
3. Incompressible Fluid
3 v v
| Statics | | Dynamics | Theory of Theory of
Elasticity Plasticity
A
| Kinematics | | Kinetics |

Statics: GsSadl ale

The science which study the bodies under the effect of forces at rest.

Dynamics: S al ple

The science which study the bodies under the effect of forces at motion

1-1 Basic concepts: space, time, mass, force




ENGINEERING MECHANICS
STATICS

2018 - 2019

1. space - The geometric region occupied by bodies whose positions are described

by linear and angular measurements relative to a coordinate system.

1.cllaay) allas Y G (50 30 5 Adaall L@l OSA (he Lol sa Cimgi il 5 plua) 38 i dyuaigl) dilaiall - cloadll |

2) Time - The measure of the succession of events

3) Mass - The measure of the inertia of a body, which is its resistance to a change
of motion.

4) Force - The external or internal action on the bodies or between bodies.
Newton developed the fundamentals of mechanics. The concepts above, space,
time, and mass are absolute, independent of each other in Newtonian

Mechanics.

1-2 Newton's 3 Fundamental Laws
I Law - A particle remains at rest or continues to move in a straight line with a
constant speed if there is no unbalanced force acting on it (resultant

force = 0).

F, F,

v
—_—

F;
Equilibrium
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34 Law

on it and 1s 1n the direction of this force.

F=ma

F—() 4.

Accelerated motion

the forces of action and reaction between interacting bodies are equal in
magnitude, opposite in direction, and act along the same line of action

(Collinear).

force of A on B
F— o
A B K

force of Bon A

Action — reaction

1-3 System of Units
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Base units are units of length, mass and time.

Length Mass
SI Units Meter (m) Kilogram (kg)
English Units Foot (ft) Slug (slug)

Force: Newton (N)

Weight is a force. The weight of 1 kg Mass is:

W=mg
W=(1kg)9.81 m/s?)
W=9.81N

Get to know SI prefixes.

Units of Area and Volume:
Area has units (Length)?
Volume has units (Length)

W =mg
m= Wig

Conversion of Units:
1 ft =12 in. (inches).
5280 ft = 1 mi (mile).
1000 Ib = 1 kip (kilo-pound).
2000 Ib =1 ton.

Prefixes:

Time
Second (s)
Second (s)
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When a numerical quantity is either very large or very small, the units used to define its

size may be modified by using a prefix. Some of the prefixes used in the SI system are shown in
Table (1). Each represents a multiple or submultiples of a unit which, if applied successively,
moves the decimal point of a numerical quantity to every third place. (The kilogram is the only
base unit that is defined with a prefix)

For example:

4000 000 N =4 000 kN (kilo-newton) =4 MN (mega-newton).
0.005 m = 5 mm (milli-meter).
Notice that the SI system does not include the multiple deca (10) or the submultiple centi
(0.01), which form part of the metric system. Except for some volume and area
measurements, the use of these prefixes is to be avoided in science and engineering.

Table (1)

SI Unit Prefixes

Multiplication Factor @ Prefix Symbol
1 000 000 000 000 = 102 tera
1 000 000 000 = 10” giga

1000 000 = 10°  mega
1000 = 10° kilo

100 = 10>  hecto

10 =10 deka
0.1 =101 deci

0.01 =102 centi

0.001 = 10~? milli

0.000 001 = 10°°  micro

0.000 000 001 = 10"?  nano
0.000 000 000 001 = 107! pico

TEEECAEIAFEONS

1-4 Scalars and Vectors

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

e Scalar quantities : are the quantities which have only magnitude , such as
:Time , size , density , volume .

Representation of vector
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Bold R — Word Processors <— Book uses this.
Arrow R— Long Hand, Word Processors
Underline R — Long Hand, Typewriter, Word Processors

Magnitude of a Vector IR Book uses italics for all scalars

1-5 Types of Vectors:- There are three types of a vector

1-Free Vector - is vector which may be freely moved creating couples
in space.

2-Sliding Vector - forces action on a rigid body are represented by

vectors which may move or slid along their line of
action.

3-Bound Vector or Fixed Vector - can not be moved without
modifying the conditions of the problem
For 2 vectors to be equal they must have the same:
1). Magnitude

P P
2). Direction / /

They do not need to have the same point of application.
A negative vector of a given vector has same magnitude but opposite direction.

S

P and —P are equal and opposite P + (-P) =0

Resolution of vector into components A single vector can be represented by 2 or
more vectors. These vectors are called components of the original vector. Finding
these is called resolving the vector into its components.

There is an infinite number of ways to resolve one vector.

v, |

2
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A%
@»{' //7 //"
V,

1-Vsimple example.

What are the x and y components of P if P = 1000 N, and 6 = 30° ?
P.,=Pcos30°=866 N P,=Psin30°=500N

Note: Given P, and P,, what is P?

P>=P2+ P;=866+ 500°=1000 N ....... From where???

1.7 -Types of Force systems

1 - Concurrent Force Systems 33alsalas 3 4kl 5 58l dalail

A concurrent force system contains forces whose lines-of action are
meeting or intersect at one point. Forces may be tensile (pulling)

Concurrent
point A

101b 10 Ib

=

Two wires supporting a load Forces acting on ring

Forces may be compressive (pushing )
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Concurrent
'/point B
N
B Y
— _ES_ Jf — —
t i
Gusset I
plate

Truss joint Forces acting on joint

Force exerted on a body has two effects:
» The external effect, which is effect to change the state of that body from
rest to motion or vise versa.
» The internal effect, which is effect between the particles or against the
external effect.

If the forces system acting on a body produces no external effect(motion or

rotation), the forces are said to be in balance and the body states no change in

motion is said to be in equilibrium.

2- Collinear forces : )ik 8 Lelladl Lo glas 55 (5 & ) Baal 5 ddais & &l (o 48
If several forces are intersecting at same point, they are said to be collinear.
(i.e their lines of actions intersecting in one point)

3- Coplanar forces : )5 s s A s &

When all forces acting on a body are in the same plane, the forces are coplanar.

1.8 - Principle of Transmissibility( on line of action)

ledzd o e 358l Jéi leane
The principle of transmissibility states that the condition of equilibrium or of
motion of a rigid body will remain unchanged if a force F action at a given point

of the rigid body is replace by a force F’ of the same magnitude and the same

10
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direction, but acting at a different point, provided that the two forces have the same

line of action.

1.8- Resultant Forces il dlasa
R=R+ R, where Rresultant, R,: X-axie resultant component
R,: Y-axie resultant component
And R, (all forces & components in X-direction)
R, (all forces & components in Y-direction)

***Coordinates types***

There are two types of coordinates

A -two dim. coordinates (perpendicular & non perpen....).
B - three dim. coordinates.

If two forces F; and F ,acting on a particle A may be replaced by a single
force R, which has the same effect on the particle This force is called the Resultant
of the forces F, and F, and may be obtained by constructing

1- A parallelogram, using F, and F, as two sides of the parallelogram. The
diagonal that pass through A represents the resultant. This is known as the

parallelogram law for the addition of two forces.

11
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2- Redraw a half portion of the parallelogram to illustrate the triangular

head - to - tail addition of the components.

3- From this triangle. the magnitude of the

resultant force Fe=F,+F, can be determined using the

law of cosines. and its direction is determined from the law of sins.

The magnitudes of two forces components are determined from the

law of sines.

Law of sine and law of cosines (two forces) can see in figure below

Cosine law:

C=vVA*+ B~ — 2AB cos¢
sine law;

A

singa sindh sine

12
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Example /:-

The screw eye in Fig. 1 is subjected to two forces F, and F ,* Determine the

magnitude and direction of the resultant force.

10

.Ir': = 150N

Fy = 100N

s

¢
. -

Rpilly (5580 ola3l e e Wl 48 () staie Gpalin (5l S5 (30 Y1 (6 ) sl ane
Dl
Parallelogram Law. The parallelogram is formed by drawing a line from the

head of F, that is parallel to F, and another line from the head of F, That is
parallel to F, The resultant force Fr extends to where these lines intersect at
point A. Fig. 1- 1. The two unknowns are the magnitude of F; and the angle 0
(theta).

180-65 = 115
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Trigonometry. From the parallelogram. the vector triangle is constructed. Figure
above . Using the law of Cosines.

Fr = V(100 N)> + (150 N)* — 2(100 N)(150 N) cos 115°
= V10000 + 22 500 — 30 000(—0.4226) = 212.6 N
= 213N

Applying the law of sines to determine 6,

150 N - 2126 N S 150 N
sin @ sin 1157 2126 N

# = 39.8°

(sin 115°)

Thus, the direction ¢ (phi) of Fg, measured from the horizontal, is

¢ = 39.8° + 15.0° = 54.8°

Lagiy Jsemma eladly 3805 LIE ja e e € Al cadll jlie 50 - ABadla

14
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2- Two Dimensional force system Resultants

The vector components are written as

—_ JR—

F=Fi+F,j

where,
1 - the unit vector in the x direction

In fwoulimsRSieBfRifOlsE valikedsacribed using a magnitude |F| and single angle,
0. The components of the vector are F, and F,

F=

0 = tan-! F, F =FcosO
- FX = F,=Fsin6

e Addition of Several Forces.

15
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If more than two forces are to be added. each force is first resolved into its x and y

are added using scalar

components and then the respective components

algebraic since they arc collinear. The resultant force is then formed by adding

the resultant components as shown below

F) vector notation each force

Using Cartesian
is first represented as a Cartesian vector, i.e,.

The vector resultant is

Fi=(Fr )it (Fr)j F,, P

Fro=YF\ Sa ! =

Fo= FoF. +F, - N | P Fi

Fry=3F, F; | . "

Fo =F,+F, —F, .

Fr=(F.—F, +F;)I + (F,,+F, -F)j
The magnitude of Fy is then found from the Pythagorean theorem: that is.

Fr=\Fi, + Fh,

Also. the angle 0 . which specifics the direction of the resultant force. is
determined from trigonometry.

16
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Fg, F, Fi
f = tan"'|— ol
'J'fh
i
¥ - .
Fy.
Example 2.

Determine the x and y components of F'I and F2 acting on the boom

shown in Fig. below . Express each force as a Cartesian vector.

Fy=200N

- X

F,=260N
Solutions:- g
F,,F, are resolved into x and y components. picdade
C TR AF, =200c0s30°N
F,,= - 200 Sin 30° N = - 100N =100N «—— B

F,,= 200 Cos 30 N= 173N
F,.=260 N(12/13) =240 N

e
Fi, =2005in 30" N

L5 ]

g

Fy, =260 ( E

Similarly ( )N |
F,, =260 N(5/13) = 100 N

5, = 3{1“( Iij)‘\' F,=260N

Cartesian Vector Notation. Having determined the magnitude

17
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and directions of the components of each force. we can express each

force as a Cartesian vector.

F, = {-100i + 173j} N
F,={240i—100j} N

Important points

e The resultant of several coplanar forces can easily be determined
if an x , y coordinate system is established and the forces arc
resolved along the axes.

e The direction of each force is specified by the angle its line of
action makes with one of the axes, or by a sloped triangle.

e The orientation of the x and y axes is arbitrary and their positive
direction can be specified by the Cartesian unit vectors i and j .

e The x and y components of the resultant forces 'arc simply the
algebraic addition of the components of all the coplanar forces.

e The magnitude of the resultant force is determined from the
Pythagorean theorem, and when the components arc sketched
on the x and y axes, the direction can be determined from

trigonometry.

18
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B
Example 1-1 :- The fixed structure shown below. P
P=500N T
T=200N $
Find: Combine P and T into a single force R A o 750
D

Solution :-
BD 5sin75
tano = =
AD  3+5cos75
a=484

Law of cosines:

¢’ =a’ +b*> —2abcos(c)

R* =200% + 500 —2(200)(500) cos(48.4 )
R=3965N

Law of sines:

200  396.5 0=222

sin  sin48.4

R=3965N ~ g 22.2

19
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Example 1-2 : A barge is pulled by two tugboats. If the resultant of the forces
exerted by the tugboats is 5000 Ibf directed along the axis of the barge, determine
a) the tension in each of the ropes for a = 45°,
b) the value of a for which the tension in rope 2 is a minimum.

Solution :-
* Find a trigonometric solution by applying the Triangle Rule for vector
addition. With the magnitude and direction of the resultant known and the
directions of the other two sides parallel to the ropes given, apply the Law of
Sines to find the rope tensions.

» Trigonometric solution - Triangle Rule with Law of Sines

- 45°
30° 5000 Ib f R

B >
45° 30°4 -7
-
g -~

5000 Ib

20
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* The angle for minimum tension in rope 2 is determined by applying the
Triangle Rule and observing the effect of variations in a.

* The minimum tensioninrope 2 occurs when

2 2 /) 1, and I, are perpendicular.
\\\\, 5000 Ib N T )
= o 75> — (50001bf)sin 30° 7> — 25001bf
[\ \\ //
"“r‘ \\\ \\\ ////
' PN T; = (5000 Ibf )cos 30° [7; = 4330 Ibf|
P | -
& = 90°-30°

5000 Ib

30°

Example 1- 3 :- The vertical force F of 350 lbs acts downward at A
on the two - member frame.

Find: The magnitudes of the two components of F directed along AB and AC.

45

75
60

\ 4 3501bs

21
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Fup  Fyc 350
sin 60 sin 45 sin 75

F,p =314 1bs

F e =2561bs
Example 1-4 )
Determine the magnitude and ' F,
direction measured #00 N [
counterclockwise ~ from  the : 400 N
positive x axis of the resultant o . 30
force of the three forces acting i,
on the ring A. Take F, = 500 N A
and 0= 20. o

Fy, = > F, =600 N(%j +500 N(sin(20°))+ 400 N(cos(30°))
=3742N
3 o (a0
E, = > E, =600 thj +500 N(cos(20°)) +400 N(sin(30°))
=1029.85 N

The resultant is

[E,| = (3742 NY’ +(1029.85 N)’ =1030.5 N

1029.85 NJ:87‘920

F
tand = = = 0 = tan""
3742 N

Rx

22
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Example 1-5 Determine the x
and y components of each force
acting on the gusset plate of the

r
/r—‘lzzrm I

Fy=400 Ib
bridge truss. Show that the .
resultant force is zero.

A F=30010 3 )

' 41 F=3001b
The problem has fours forces look at the sum of the forces in the x and y direction

F,=)F

FRx = ZFX = F1x+F2x+F3x +F4x
=-2001b +400 lb[ﬁj +300 lb(gJ —300 b

=01b
E,, = ZFY =F, +F, +F, +F,

=01b +400 1b(—§}+300 lb(§j—0 lb

=01b

23
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Example 1-6 Express each of the y
three forces acting on the column
in Cartesian vector form and

compute the magnitude of the F\=150 Ib B

resultant force. Ns
3 ‘/ 60°
it 1 X

Fy=275 Ib

Solution :- The problem has three forces look at the sum of the forces in the x and
y direction

F =150 lb@jf -150 11{%]} =901bi—1201b;

F,=-2751bj

A A

F,=-75 lb(cos(60°))l ~75 1b(sin(60°)) 5=-3751b7-64.951b]
F,=>F
F = ZFX =F, TF, tE,
=901b +01b-37.51b
=52.51b
FRy = sz = Fly+F2y +F3y
=—1201b —2751b—64.95Ib
=-459.95 Ib

The magnitude of the resultant force is

[F,| = /(525 Ib)” +(~459.95 1b)’ = 462.94 Ib

—459.95 1b

F
tanf = =X = @ = tan™"
52.51b

Rx

j = -83.49"

24
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Example 1-7 Determine the
magnitude force F so that the
resultant Fy of the three forces is
as small as possible. What is the
minimum magnitude of F.

4 kN

Solution :- The problem has three forces look at the sum of the forces in the x and
y direction

F,=>F

Fp = O F =F +F, +F,
=0 kN —F(sin(30°))+5 kN
=5kN—-0.5F

F,, =Y F, =F_+F, +F,
=—4 kN +F(cos(30°))+0 kN
=0.866F —4 kN

The magnitude squared is equal to
E|" = (5 kKN~ 0.5F)" +(0.866F — 4 kN)’

To find the minimum, we need to take the derivative of the magnitude and set it
equal to zero. Take the derivative with respect to F so

2F, % =2(5 kN —0.5F)(-0.5) + 2(0.866F — 4 kN)(0.866) = 0

=2(-2.5kN+0.25F+0.75F —=3.46 kN) =0
= F=5.96 kN

The magnitude of the resultant force is

25
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IFe| = /(5 kN =0.5(5.96 kN) )’ +(0.866(5.96 kKN) — 4 kN’

= J(2.02 kN’ + (116 kN’
=233kN

Problems .(H.W)

Q.1- Four forces act on bolt 4 as shown.

Determine the resultant of the force on \20° F, =150 N
the bolt. /w'
SOLUTION: - L F, =100 N )

Resolve each force into rectangular

Wlf; 110 N
components.
Determine the components of the resultant by adding the corresponding
force components.
Calculate the magnitude and direction of the resultant.

1-
fOl"C€ mag X —comp y—comp Fa cos 20°) j
F | 150 +129.9 +75.0
F, | 80 ~-27.4 +75.2
F3 | 110 0 ~110.0
Fy | 100 +96.6 ~25.9

26
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* Determine the components of the resultant by adding the corresponding
force components.

» Calculate the magnitude and direction.

» Calculate the magnitude and direction.

R=1199.1> +1432 R=199.6N
143N @ =4.1°

o =———-
199.1N

R 14.3 N)j /’Ji 199.1 N)i

Q.2- If ¢ =30°and F2 =3 kN ,determine the magnitude of the resultant force
acting on the plate and its direction measured clockwise from the positive x axis.

27
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Q.3-If=30°If and F1 = 250 Ib, determine the magnitude of the resultant force
acting on the bracket and its direction measured clockwise from the positive x axis.

I Fy = 3001b

F:=2601b

Q.4 - The plate is subjected to the two forces at A and B as shown. If 6 = 60°.
determine the magnitude of the resultant of these two forces and its direction

measured clockwise from the horizontal.

Fq=8kN

Fp=6kN

Q.5- Three cables pull on the pipe such that they create a resultant force having a
magnitude of 900 Ib. if two of the cables are subjected to known forces, as shown
in the figure. Determine the angle 0 of the third cable so that the magnitude of
force in the cable is a minimum. All forces lie in the x-y plane. What is the

magnitude of F?

28
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Q.6 -If 0 =30° and T = 6 kN, determine the magnitude of the resultant force
acting on the eyebolt and its direction measured clockwise from the positive x axis.

8 kN

Q.7-Determine the magnitude of the resultant force acting on the bracket and its
direction measured counterclockwise from the positive u axis.

Fr=1501b

I

F, = 2001b

29




