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1.1 Basic fundamentals of Mechanics:

* Mechanics: is a physical science which concerned with the state of

bodies that are influenced by forces.

Mechanics

|
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1.1 Basic fundamentals of Mechanics:

« Deformable bodies mechanics can be considered when the shape of the body is
Important.

* Rigid bodies mechanics mean that the body keeps the same shape after applying force.

Rigid bodies

mechanics

Static Dynamic
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1.1 Basic fundamentals of Mechanics:

e Statics: investigates the equilibrium of bodies that are either at rest or

move with constant velocity.

* Dynamics: is other branch of mechanics. In contrast to the static, it
deals with accelerated motion of bodies under effect of external

forces.



1.1 Basic fundamentals of Mechanics:

e Vector quantity: is the quantity that has magnitude and direction, for

example: velocity, acceleration, displacement, distance, weight, force.

* Scalar quantity: is the quantity that has only magnitude, for instance:

time, size, density, volume.

* Force: is the action that changes or tends to change the state of

motion of the body.



1.2 Basic terms

* Mass: Is the quantity of the matter owned by body. It cannot be

changed unless the body damages and lost part of it.
 Length: is used to measure the linear distances.

 Time: Is the measurements of the succession of events.



1.2 Basic terms

 Displacement: s the distance moved by the body in a specified direction.

 Velocity: can be defined as the rate of change of displacement with respect

to time.

 Acceleration: Is the rate of change of velocity with respect to time.



1.3 Laws of Mechanics

I. Newton’s first law:

With no outside forces,
a stationary object will
not move

With no outside forces,
a moving object will
not stop

=)
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1.3 Laws of Mechanics

1. Newton’s second law: If an external force acts on a particle, the particle

will be accelerated in the direction of the force.

The magnitude of the acceleration will be directly proportional to the force

and inversely proportional to the mass of the particle.



1.3 Laws of Mechanics

According to Newton’s second law,

Force = rate of change of momentum.
momentum = mass x velocity, (mass do not change),

Force = mass x rate of change of velocity

l.e., Force = mass x acceleration
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1.3 Laws of Mechanics

iii. Newton’s third law: states that for every action there is an equal reaction with

opposite direction.

Every action has equal
and opposite reaction.

Action Force

¥

s

3 »
1 4

=
=
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1.4 Units and dimensions of quantities

 There are four systems of units used for the measurement of physical quantities:
1. FPS (Foot — Pound — Second) system

2. CGS (Centimeter — Gram — Second) system

3. MKS (Meter - Kilogram — Second) system

4. Sl (System International).



Table (1-1) shows the Sl units

Quantity Units in SI system
Length m
Mass kg
Area m?

Volume m3

Velocity m. sect

Acceleration m. sec
Momentum kg. m. sect

Stress kg. m. sec.?

Force N (kg. m. sec.”?)

Power kg. m2. sec.

Density kg. m3

Static - 1st level - 1st lecture - Dr. Afrah Turki

15



1.5 Units and their relations

Table (1-2) shows the Sl and U. S. units

Quantity Symbol S| unit U.S customary unit
Unit name | Symbol Unit name | Symbol
Mass M Kilogram kg Slug slug
Length L Meter m Foot ft
Time T Second S Second Sec
Force F Newton N pound Ib




Table (1-3) shows the units conversions

1m 100 cm
1in 2.54 cm
1m 1000 mm
1 ft 12 in
1 km 1000 m
1 mile 1609.1 m
1 yard 3 ft
1 kg 2.204 |Ib (pound)
1 ton 1000 kg
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1.6 Example:

Example 1
Determine the weight in newtons of a car whose mass Is 1400 kg. Convert the mass of

the car to slugs and then determine its weight in pounds. (Knows that 1 slug = 14.594 kg,
and g= 9.81 m. sec?, and in British unit g= 32.2 ft.sec™).
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1.6 Example:

Solution:

According to the Newton second law:
F=mg

F=1400 *9.81 = 13734 N

m= 1400 kg [1 slug/ 14.594 kg]

m=95.93 slugs



1.6 Example:

Solution:

F=mg
F=95.93* 32.2

F=3088.9 Ib



The vectors (2" lecture)

2.1 Vectors and force analysis: seme._
-
Avector is shown graphically by an arrow. The length %dﬁué-a‘““ “A
N\a
of the arrow represents the magnitude of the vector, 6 Direction

and the angle between the vector and a fixed axis
defines the direction of its line of action. The head or
tip of the arrow indicates the sense of direction of

the vector.
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2.2 The rectangular form of vector in 2-Dimensions:

The rectangular form of vector in 2-Dimensions can be written as
follows:

EZAXiJrA}’j

ia

The magnitude of the resultant vector can be found by:

A= JAx ¥ 4y?

The x and y components can be found by the following equations:
Ax=Acos 8

Ay=Asing

The direction of vector 1s found by:

A
tan 8= i
Ax

1A
f=tan! =¥
Ax

The unit vector 1s:

S
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2.3 Vector Operations (Vectors’ addition):

Parallelogram law Triangular law

As a special case, if the two vectors A and B are collinear (both have the

same line of action), the parallelogram law reduce to an algebraic or scalar
addition:

R= A-B= A+ (-B) R -
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2.4 Cosine Law and Sine law:
The cosine law and sine law are applicable to compute angles and

sides of a triangle.

. = = Af N\ B
e Law of cosines: C=+4°+B°-24Bcosc ...(1) / N\

4 B € Y
= = s5(2) €

e Law of sines: == —
sina sind sinc¢

2.3 Resolution of force

The analysis of force F to its x and y components are:

Fx=F cos 6 v 4
Fy=Fsin 6
= ,
F 1
Fy 0 i
F=\/Fx% + Fy? —— > X
tan 9= -2 o f=tant ()
Fx Fx
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Examples

Example (1): Determine the angle made by the vector V=-10 i+
24 | with the positive x-axis. Write the unit vector (n) in the
direction of V.

Solution:

V= \/sz + Ay?

V=102 + 242 = 26 1

tan 6 = Ay/ Ax
tan 6 = 24/ (-10) _ 6
i —

6 =112.6°

n=

S I<U

_—10 i+24j
T 26
n=-0.385 i + 0.923 |
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Example (2): Write the vector in a rectangular form if A=5N
and 6= 36.8°
y

4

Solution:

Ax=Acos 6
Ax=5 cos 36.8°
Ax=4 N

Ay=Asin 0
Ay= 5 sin 36.8°
Ay=3 N

The vector in a rectangular form:
A= Axi+ Ay |

A=4i+3]j
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Example (3):- Determine the X (Fx) and Y (Fy) components of
4 N as shown in figure below.

1Y,

Solution:-

Fx=F cos 30
JEFx=4c¢cos30=+-346 N T _,
Fy=F s 30
JFy=4sm 30=+2N T
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Example (4): Determine the X (Fx) and Y (Fy) components of 200 N
force as shown in the below figure, when 8= 220°,

+"_f’ F 9
e B
L 40°
Fy
200N
_y L 4
Solution:
FXx=Fcos @
Fx =200 cos 220°
Fx=-153.2 N
153.2

Fx = 153.2 N €= h
Fy = Fsin @ 128.551
Fy =200 sin 220°
Fy =-128.55N
Fy=128.55 Nl
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Other way for solution:
Angle= 220-180= 40°

Fx =F cos 6

Fx = 200 cos 40°
Fx=153.2 N

Fy =200sin 6
Fy = 200 sin 40°
Fy =128.55 N

The locations of the force components are in the 3™ quarter
(angle more than 180° and less than 270°)
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Example (5) find the magnitude and direction of V where v1= 65 and
v2=92 and @ is 140°.

Solution:

Apply the cosine law to find the magnitude

. -
Pl

V=,/(V1)?2 4+ (V2)2 —2V1V2cos 6

V=/(65)% + (92)%> — 2 * 65+ 92 * cos 140
V=148

Apply the sine law to find the direction:

sina sin 140

92 vV
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Example (6):- the direction of the force (F) is 30°, find the horizontal
component if the vertical component is 30 N?

Solution:

From the diagram shown:

Y

Fx +X

Fy=30 N
Fy=Fsin 6
30=Fsin 30
F=60 N

Fx=F cos 6

Fx= 60* cos 30
Fx=51.96 N
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Example (7): Determine the X and Y components of 200 N force with
angle= 330°, as shown in the figure.

Solution:-

Angle= 360-330 =30°
Fx=Fcos @

Fx =200 cos 30°

Fx=1732 —
Fy=Fsiné
Fy=100N |

Mechanics | — Level 1 — 2" |ecture - Dr. Afrah Turki
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Example (8): Determine the (magnitude and direction) of the
resultant (R) of two forces as shown in the below figure.

> +X
Solution:
— 2 2
R=,Fx2 + Fy s
R=6.4 KN
R=v52 + 42 =64 kN
6= tan’! (4/5) = 38.66° 38.662 .
»+X

14
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The vectors (3™ lecture)

3.1 Resultant forces in 2-Dimensions

The resultant forces applied when there are more

than one force affects in the x-y directions as
shown in figure below:

Fx=> Fxi, Fx=Fx1+Fx2

Fy=2 Fyj, Fy=Fyl+tFy2
R= .,/ Fx? + Fy?

The body is in equilibrium, when Y F=0

3.2 Vector in 3 dimension

The magnitude of the resultant vector can be

found by:

A=./(Ax)?2 + (Ay)% + (Az)?
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Examples

Example (9): Determine the (magnitude and direction) of the resultant (R) of two
forces as shown in Figure below.

+y A
F1 =800N
F2 =600N
230 7 ) 400 4y
0
Solution:
ty
AFly
‘Fzy
FZX F]_Xk :I'X
0
Force Components in the X direction Components in the Y direction
F1 Fix =800 cos40° = 612.83 N F1y =800 sin40 =514.23 N
F2 Fox =-600 c0s23° = -552.3 N Foy =600 sin23° = 234.43 N
g saaall Rx=Y Fx= Fx1+Fx2 Ry=> Fy=Fyl+Fy2
g saaall Rx= >Fx=6053N —> Ry=>Fy=74866N ¢t
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R=/Rx? + Ry?

R=/(60.53)2 + (748.66)2
R=751.1N

0= tan! (Ry/Rx)

0= tan' (748.66/60.53)
0= 85.37°
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Example (10):

Determine the (magnitude and direction) of the resultant of the force system.

Solution:
¥ kS
| 0
4 kKN |
: e
1
1 » <\
: Fax *\F‘r > X
: T
_________________ X 3
o]
Force Components in the X direction Components in the Y direction
F1 Fix = -6 cos15° Fiy = -6 sinl15
F, Fox = -4 c0s45° Foy = 4 sin45°
g saaall Rx=Y Fx= Fx1+Fx2 Ry=> Fy=Fyl+Fy2
g saaall Rx= YFx= -8.62kN «+— Ry=>Fy=1276kN 1%
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R=./Rx? + Ry?

R=./(—8.62)% + (1.276)2
R =8.72 kN

0= tan! (Ry/Rx)

6=tan (1.276/-8.62)
0=171.6°
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Example (11):

Determine the (magnitude and direction) of the resultant of the force system as
shown in Figure below.

Ii.+v

-X 1{?kN S5kN  30kN 4

-y
Solution:
R=F1+F,—F3
R=30+5-10
R =25kN S olaily Ladls 4
6=0
0= tan (0/25) =0
A +y
R=25kN
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Example (12):

Determine the (magnitude and direction) of the resultant (R) of the forces system
as shown in the figure.

+y
200N
150N 302 4x
60° 459
200N 400N

Solution:
Rx= > Fx
Ry= 2 Fy
Force Components in the X direction Components in the Y direction
X —axis Y - axis
F1 +200 cos 30°=+173.2 N 200 sin 30°=+100 N
F2 +400 cos 45° = +282.8 N 400 sin 45° =-282.8 N
F3 - 300 cos 60° = -150 N 300 sin 60° =-259.8 N
F4 =-150 N
¢ saxadll | Rx=YFx= Fx1+Fx2+Fx3+Fx4 Ry=Y Fy= Fyl+Fy2+Fy3
= 173.2+282.8+(-150)+(-150) =100+(-282.8)+(-259.8)
gl [RX= Fx=+156 N Ry =>Fy=-442.6 N
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‘F1y

Fsx FZJX Fz)f le‘
szy
VF3y
R :\/ (156)2 + (-442.6)2 = 469.3N Rx
) OR =70.6°
0= tan! (Ry/Rx) |
6= tan’t (-442.6/156) i
= -70.6° i
Ry Y o __ N
R=469.3
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Example (13):

If vectors A = 2i +4k and B = 5j +6k, determine: (a) what planes do these two vectors
exist, and (b) their respective magnitudes. (¢) The summation of these two vectors.
(d) The subtraction of these two vectors.

Solution:

(a) Vector A may be expressed as A = 2i +0j + 4Kk, so it is positioned in the x-z plane
in the schematic Figure. Vector B on the other hand may be expressed as B = 0i + 5j
+6k with no value along the x-coordinate. So, it is positioned in the y-z plane in a
rectangular coordinate system.

(b) The magnitude of vector A is:

A=/(4x)? + (Ay)? + (Az)?

A=./(2)2 + 0+ (4)2
A= 4.47

and the magnitude of vector B is:

B=/(Bx)? + (By)? + (Bz)?

B=,0 + (5)% + (6)2
B=7.81

(c) The addition of these two vectors is:
A+ B= (2+0) i+ (0+5) j + (4+6) k
= 2i +5j+10k

(d) The subtraction of these two vectors:
A-B= (2-0) i+ (0-5)j +(4-6)k
= 2i-5)-2k
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3.3 The DOT product
Dot product of two vectors A and B is expressed as:
A. B=|A| |B| cos 8 = a scalor

where 0 is the angle between these two vectors.

¢ We notice that the DOT product of two vectors results in a SCALAR.

The algebraic definition of dot product of vectors can be shown as:

A.B= AxBx + AyBy + AzBz

where Ax, Ay and Az = the magnitude of the components of vector A along the x-,
y- and z-coordinate respectively,

And Bx, By and Bz = the magnitude of the components of vector B along the same
rectangular coordinates.

The angle between the two vectors can be found by the equation below:

cos0 =(A.B)/(AB)

Example (14) Determine (a) the result of dot product of the two vectors: A = 2i +
7] + 15k and B = 21i + 31j + 41k, and (b) the angle between these two vectors

Solution:
(a) the result of the dot product of vectors:
AeB = (AxBXx) + (AyBYy) + (AzBz)
= (2*%21)+(7*31)+ (15*41)
=42+217+615

Mechanics | — Level 3 — 3™ lecture - Dr. Afrah Turki
10



=874
(b) In order to get the angle between these two vectors, we need to compute the
magnitudes of both vectors:
A=,/(22) + (72) + (152)
A= 16.67

B=,(212) + (312) + (41?)
=55.52
Which lead to the angle 0 between vectors A and B to be:

cos6 =(A.B)/(AB)

cos 8 =874/(16.67 * 55.52)

cos 6 =0.94433

6=19.21°

Mechanics | — Level 3 — 3™ lecture - Dr. Afrah Turki
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HOWMWORKS

Q1: Determine the X and Y components of (100) N force as in figure below.

A_I_V
100N |
Fv
i & o
X 60°dN]TN20% L
Fx
‘1V

Q2: Determine the (magnitude and direction) of the resultant (R) of two forces by
the use of (a) cosine and sine laws? (b) The resultant form?

600 N
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Q3: Determine the (magnitude and direction) of the resultant (R) of two forces.

% F1
(1N R 370N,
\ o
F2 | i
215N |

Q4: Determine the (magnitude and direction) of the resultant (R) of the forces
system as shown in Figure below:

+y 4

>

F1=2.5KN

602

4 KN
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Subject: Mechanics |
Level 1

4* |ecture

Moment

4.1 What is the moment?

By applying a force on the body, it will produce a tendency for the body to
rotate about a point is not on the line of action of the force.

e This tendency to rotate the body represents the moment (may also called the
moment of a force or sometimes a torque)

M=Fd
M is the moment of a force (N.m)
F the applied force (N)

d represents the perpendicular distance between the point of action of the
force and moment center (O).
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4.2 The direction of moment:

. D (-) clockwise delull @ jlie xa

. j) (+) counterclockwise delull @ jlie uSe

4.3 The resultant moment:

Mgo= ZMO
Mg=SF d
Fr d= (F1 d1)+ (F2 d2) + (F3 d3)

Where: Mg, represent the resultant moment about point O (N.m), Fr is the resultant
force (N), and d is the distance (m)

F1, F2, and F3 are the component forces (N).
d1, d2, and d3 are the perpendicular distances for F1, F2, and F3 with point O (m)

Mechanics | — Level 1 — 4™ |ecture - Dr. Afrah Turki



Examples

Example (15): determine the magnitude of the moment of the force about point O

for the figures shown below:

100N

0

SON
(b)

() (d)

4im

| N

0 e
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Solution:

@M=Fd
M=- 100*2
=-200 N.m

=200 N.m D

(b)M=F d
M= -50%0.75
=-37.5N.m

=375 N.m D

C©)M=Fd
M=- 40* (4+ 2 cos 30)
=-229 N.m

=229.28 N.m D

(dM=Fd
M= 60* 1 sin 45

=42.4 N.m >

(e)M=F d
M= 7* (4-1)
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Example (16): determine the moment of each of the three forces about point A

Fy=250N Fy=300N
“"7 w

A |

o] |

4 4'm

il
Solution: oo
F1ly= 250 cos 30, di=2m
F2y= 300 sin 60, d2=3+2=5m
F3y=500 cos 36.87, d3x=3+2=5m,,,, tan ¢=3/4, = 36.87°
F3x= 500 sin 36.87, d3y=4m

(MFl)A: F1d1l
(Mg1)a=- 250 cos 30 * 2 (clockwise)

(MFl)A: -433 N.m D

(Mpz)A: F2 d2
(Mg2)a=- 300 sin 60 * 5 (clockwise)
(Mr2)a= -1299 N.m D

(M|:3)A= F3 d3
(Mg3)a= (500 sin 36.87* 4) — (500 cos 36.87* 5) (clockwise)

(Mr)a= -800 N.m D
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Example (17): determine the moment of each of the force about point O

Solution:

The moment arm d in the above figure can be found from trigonometry

d 3
sin75  sin9o

d= 3 sin 75/ sin 90
d=2.898 m

Mo=Fd
=-5%2.898
=-14.5 kN.m D (clockwise)

Another way for solution

Mo=Fd ‘|
= -Fx dy —Fy dx 3 & e
=- (5 cos 45) (3 sin 30) — (5 sin 45) (3 cos 30) —| L e
=-145KkN. m D (clockwise) d, = 3 sin 30" m :

¢, = (5 kN) sin 4
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Example (18): the throttle-control sector pivots freely at O. If an internal torsional
spring exerts a return moment M= 2 N.m on the sector when in the position shown,
for design purposes determine the necessary throttle-cable tension T so that the net
moment about O is zero. Note that when T is zero, the sector rests against the idle-
control adjustment screw at R.

Solution:

d=50 mm *(1 m/1000 mm)
d=0.05m

F represented by T

YM=0

2 +(F*d)=0
2+(-T*0.05)=0
0.05 T=2
T=2/0.05

T=40 N
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Example (19): Determine the resultant moment of the forces shown about point O

JON
Solution:
F1=-50 N, dl=2m
F2=60 N, d2=0
F3=+ 20 N, d3=(3sin 30) m
F4=- 40 N, d4=2+2+ (3 cos 30) m
MRo: ZMO

Mgo = (F1 d1)+ (F2 d2) + (F3 d3) + (F4 d4)

= (-50*2)+ (60*0)+(20*3 sin 30)+(-40*(4+3 cos 30))
Mgo = -334 N.m

Mgo = 334 N.m D
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Example (20): Determine the height h above the base B at which the resultant of

the three forces acts.

Solution:

F1=-300 N,
F2=650 N,
F3=-250 N,

R=YF
= -300-250+650

=100 N

Mrg= > Mg

B 300 N
600 mm
650 N | ]
600 mm
2650 N
&00 mm
r I B

d1= 1800 mm* (1 m/2000 mm)=1.8 m
d2= 1200 mm* (1 m/2000 mm)=1.2 m
d3=600 mm* (1 m/1000 mm)= 0.6 m

R*h=F1*d1 + F2*d2 + F3*d3

100 h= (-300*1.8) + (650*1.2) +(-250*0.6)

h=0.9 m
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Example (21): Where does the resultant of the two forces act?

BEO N
EI:IIZI. ] _w
’ M mm 4
L v,
Ga0 N L —
Solution:
F1=-680 N, d1=800 mm *(1 m/1000 mm)= 0.8 m
F1=660 N, d1=500 mm *(1 m/1000 mm)= 0.5 m
R=>F
= 660-680
=-20N
d!_ :

Mgra= > Ma *

Rd=F1dl+F2d2

Mga = (-680*0.8)+ (660*0.5)
Mgra=-214 N.m

-20d=-214

d=10.7 m the location is to the left of A

Mechanics | — Level 1 — 4™ |ecture - Dr. Afrah Turki

10



Subject: Mechanics | radigd) lilaal) sBalal)

Level 1 do¥) (s gisal
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5.1 Couple: consists of two parallel, noncollinear forces that are equal in
magnitude and opposite in direction.
e A couple is a purely rotational effect, it has a moment but no resultant force

(resultant equlas to zero therefore, couple has no tendency to translate the

body in any direction).

The magnitude moment of the couple is:
Mo= F (a+d) —Fa
M=Fd

Where F represent the magnitude of one forces (N) and d is the perpendicular
distance or moment arm between the forces (m).
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5.2 Equivalent couples: If two couples produce a moment with the same

magnitude and direction, then these two couples are equivalent.

Figure below illustrates the four operations that may be performed on a couple
without changing its moment; all couples shown in the figure are equivalent.
The operations are

1. Changing the magnitude F of each force and the perpendicular distance d

while keeping the product Fd constant,

2. Rotating the couple in its plane,

3. Moving the couple to a parallel position in its plane

4. Moving the couple to a parallel plane

——
100 lbl 1200 It T I
B X » . K 2t
— ] |
- e 100 b
100 1 200 I !
(a) Onginal 200 1b - fi (b} Chasge F and d, but {cy Rotate ceiginal couple
conmterclockwise coaple beep Fd = 20000 1t in its plane
Y
¥ .
-
100 b : 100 b —
r-— 2
[ SR R A ———
=1n in
100 1 1040 I
(d) Move onginal couple 1o a () Move arigimal couple (o
parallel positioa in its plans o patalicd planc
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Examples

Example (22): determine the resultant couple moment of three couples acting on
the plate in the figure below:

F, = 2001b

F, 00 b
- 4,1 "“ -

Fy = 450 1b |

Fo=4501b( == /B

I3 200 b Fy= 300 1b

Solution:

'C+__1£Q = JIM
ﬂr_‘{q = -_F]cfl _.F3ﬂrg - F;-ff}
= (-200)(4) + (450)(3) - (300X5)

= 950 1b.ft=950 Ib.ft #
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Example (23): determine the magnitude and direction of the couple moment acting

on the gear in figure (a):

F= 60N
(a)

Solution:

The easiest solution by the resolving of
the forces into its component as shown
in figure (b).

F1=Fcos30, di1=0.2m
F2=Fsin30, d2=0.2m

MR =2M0

M= (600 cos 30)*0.2 — (600 sin 30)* 0.2
M=43.9 N.m delull o jlie e

Mechanics | - Level 1 — 5% lecture - Dr. Afrah Turki

F= 60N

600 sin 30° N
(b)

600N



Example (24): Reduce the given loading system to a force-couple system at point
A.

200N 180N

Solution:

F1=-200 N, dl=8m
F2=300 N, d2=18 m
F3=-180 N, d3=20+8=28m

R=YF
R= -200+300-180
R=-80 N
R=80N l

Mg = YMa

Mg = YF.d

Mg = (-200%8)+ (300*18)+(-180*28)
Mg =- 1240 N.m

Mg =1240 N. m )
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Example (25): Replace the 10-kN force acting on the steel column by an equivalent

force—couple system at point O. This replacement is frequently done in the design

of structures.
10 kN
1l m !
|
lo
) I
Solution:
F=10 kN

d=75 mm *( 1 m/1000 mm)

d=0.075m
IOKN
i’\i_ A= 0071

R=- 10 kN B
Mo= E d rs

’ T,
= 10%0.075 e
=0.75kN. m

= 0.75 kN.m >
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SAMPLE PROBLEM 2/1

The forces Fy, Fy, and Fy, all of which act on point A of the bracket, are

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

Solution. The scalar components of Fy, from Fig. a, are

Fy =600 cos 35° = 491 N Ans.

F, =600sin35" =344 N Ans.
x

The scalar components of Fy, from Fig. b, are

- _ 4 _
FE‘ = 500(3) = —400 N Ans.

Fy = 5003) = 300 N Ans.

Note that the angle which orients Fz to the x-axis is never caleulated. The cosine
and sine of the angle are available by inspection of the 3-4-5 triangle. Also note
that the x scalar component of F; is negative by inspection.

The scalar components of Fg can be obtained by first computing the angle «

of Fig. c.
a = tan~! [%] = 26.6°
€ Then, Fy = Fgsin e« = 800 sin 26.6° = 358 N Ans.

Fﬂy = —Fyeos e = —800 cos 26.6°= —TI6 N Ans.
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Sample Problem 2/2
Combine the two forces P and T, which act on the fixed structure at B, into
a gingle equivalent force R.

Algebraic solution. By using the x-y coordinate system on the given figure,

we may write
R, = IF, = 800 — 600 cos 40.9° = 346 N p
R, = IF, = —600 sin 40.9° = ~303 N |
lR =346 N
The magnitude and dipection of the resultant force R as shown in Fig. ¢ are then B 5_ ———
1
R=JR,’+R,’=./(346F+(—3937=524N Ans. | Ry =-393N,
IR,| 303 Y \
= ‘l—_’_= e e R
# = tan R, tan 346 48.6° Ans.
The resultant R may also be written in vector notation as
Ans.

R = R,i + R j = 346i - 393j N
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General information regarding couple

M=F(a-d)- Fa

(a)

- —>
— R
M=60 N.m + M=60 N.m -
Counterclockwise (+) With Clockwise (-)

Moment
'.a_jl.fffw Jait (1 h!cigl'ﬁ;nj&gjpj/&ifglmdiu sdage 482 5la
amIM!gjgéﬁ LaS (o gl Julai (2
SAMPLE PROBLEM 2/5 -y
Calewlate the magnitude of the moment about the base point O of the 600-N 'y_ NI
force in five different ways. )
im 600 I
Solufion. (I) The moment arm to the 600-N force is b

d =4 cos 40F + 2 sin 40° = 4.35m

© By M = Fd the moment is clockwise and has the magnitude

600 N
My = 600{4.35) = 2610 N-m Ans.
(Il Replace the force by its rectangular components at A,
FL-WM-W’

F; = 600 cos 40F = 460 N, F; = 600 sin 40° = 386 N S

e Y
By Varignon’s theorem, the moment becomes b "Fy = 600 sin 40°

IB My = 460(4) + 3B6(2) = 2610 N-m Ans. Lo
0
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Equilibrium

6.1 Equilibrium: When a system of forces acting on a body has no resultant,
the body is in equilibrium.
If system in equilibrium, both of the resultant force and resultant couple are
zero.
YFx=0
YFy=0
>Mo=0

6.2 Free Body Diagram: (F.B.D): is a sketch of a body or a portion of a
body completely issolated (or free) from its surrondings.
In this sketch, it is necessary to show all the forces and moments that the
surroundings exert on the body. By using this diagram, the effect of all
applied forces and moments acting on the body can be accounted by the
equations of equilibrium.
Forces that act on a body can be divided into two general categories:
1) Reactions are the forces which are exerted on a body by the supports to

which is attached.

2) Applied forces are the foces that act on a body which are not provided

by the supports.
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The general procedure for constructing a F.B.D is:

1) A skectch of the body is drawn assuming that all supports (surface of

contact, supporting cables, etc.) have been removed.

2) All applied forces are drawn and labeled on the sketch. The weight of

the body is considered to be applied force acting at the center of gravity.

3) The support reactions are drawn and labeled on the sketch.

4) All relevant angles and dimensions are shown on the skectch.

MODELING THE ACTION OF FORCES IN TWO-DIMENSIONAL ANALYSIS

Type of Contact and Force Origin

Action on Body to Be Izolated

1. Flexable cable, belt,
chain, or rope

Weight of cable
negligible |'

f
i R
(2

h

-

[e]

T

Force oxerted by
a flexible cable is
always a tension away

2. Bmooth surfaces

\K<

Contact foree 1s
compressive and is
normal to the surface.

3. Rough surfaces

N

Rough surfaces are
capable of supporting
a tangential
compo-nent F
(frictional force) as
well as a normal
component

N of the resultant
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4. Roller support

@/ E’E‘\ ;: E‘\\

Roller, rocker, or ball
support transmits a
compressive force
normal to the
supporting surface.

5. Freely sliding puide

= @)

N

N

Collar or slider free to
move along smooth
guides; can support
force normal to guide
only.

6. Pin connection

p

Pin free to turn

A freely hinged pin
connection is capable
of supporting a force
in any direction in the
plane normal to the
pin axis.

We may show two
components I, and
R, or a magnitude R
and direction &.

7. Built-in or fixed support
A A

b
ar

—Weld

A built-in or fixed
support is capable of
supporting an axial
force F, a transverse
force V (shear force),
and a couple M
(bending moment) to
prevent rotation.

8. Gravitational attraction

n

L

r

W=mg

The resultant of
gravitational
attraction on all
elements of a body of
mass m 18 the weight
W= myg and acts
toward the conter of
the earth throngh the
center mass (.
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Typical examples of actual supports are shown in the following sequence of photos. The numbers refer to the
connection types in Table 5-1.

This concrete girder
rests on the ledge that
is assumed to act as
a smooth contacting
surface. (6)

()

The cable exerts a force on the bracket
in the direction of the cable. (1)

The rocker support for this brdge
girder allows horizontal movement
so the bridge is free to expand and
contract duc to a change in
temperature, (5)

This utility building s The floor beams of this building
pin supported at the top are welded together and thus
of the column, (8) form fixed connections. (10)
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SAMPLE FREE-BODY DIAGRAMS

Mechanical System

Free-Body IHagram of Isolated Body

1. Plane truss

Wedght of truss

assumed neglipible
compared with P

L\

2_ Cantilever beam

B

|__:l Mass m
3. Beam
F::pi"-

Smionth surface M
contact at A.

Mass m

A

Pt

Ptz

4. Rigid system of interconnected bodies
analyzed as a single unit

Weight of mechanism
neglected

4
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Examples

Example (26): Draw the free-body diagram of the uniform beam shown below.
The beam has a mass of 100kg.

10N
o m
\
= om -
Solution:
The beam weight= mass* g
The beam weight = 100*9.81
The beam weight=981 N
\ 1200 N
i im .
s Effect of applicd
J torce acting on beam
iAo [E————————— —
Effect of fixed A
SUpport acting \
on beam ha im

USIEN

Effect of gravity (weight)
acting on beam
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Example (27): determine the tension in cables AB and BC necessary to support
the 60 kg cylinder in figure (a).

(&)

Solution

Tep= the weight of the cylinder= mass * g

Tgp= 60%9.81

Tep=588.6 N Tea

Tec

-] 450

tan =3, 6=36.87°

Equations of equilibrium:

Tep
Y Fx=0
Tsc COS 45- Tga €0s 36.87=0
0.707 Tgc — 0.8 Tga =0
Tea =0.884 Tgc Equation (1)
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> Fy=0
Tac Sin 45+ Tga 5in 36.87 - Tgp =0
0.707 Tac + 0.6 Tea—588.6 = 0

Substituting equation (1) into equation (2):
0.707 Tgc + 0.6 (0.884 Tgc) —588.6 =0
0.707 Tgc + 0.53 Tgc —588.6 =0

1.237 Tgc—588.6 =0

1.237 Tgc = 588.6

Tec =475.829 N

Substituting (Tec =475.829 N) into equation (1):

TBA=420.63 N

Mechanics | — Level 1 — 6" lecture - Dr. Afrah Turki
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Example (28): The mass center G of the 1400-kg rear-engine car is located as shown
in the figure. Determine the normal force under each tire when the car is in

equilibrium. State any assumptions.

Q_W. @/ @

|-‘—]:3?¥i-i mm —+=| 964 mm |-‘—

Solution:

The weight of the car= mass * g i‘i%tl (1.21)N
= 1400%9.81 -
u.__ll- F
= 13734 N g ¢
|_¢

Equations of equilibrium:

> Fy=0

2N¢+ 2N,- 13734=0

2N¢= 13734-2N;,

N¢i= 6867-N;, Equation (1)

Car weight = 13734 N, d=1386 mm * (1m/1000 mm) = 1.386 m
N, dN,=1386+964= 2350 mm * (1m/1000 mm)= 2.350 m

>Me=0
(-13734*1.386)+ (2N, * 2.350)= 0
Nr=4050 N
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Substituting (Nr= 4050 N) into equation (1):
N= 6867-4050
Nf=2816.93 N

Mechanics | — Level 1 — 6" lecture - Dr. Afrah Turki
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Example (29): Determine the reaction forces on each cables.

B

D

e ) kN
3m
3m e
Solution:
‘:.
! “— ) kN
______ - X
3m
3m im » C,
I i,
> Mc=0 > Fy= > Fx=0
-Ay* 6+2*3=0 Ay-Cy=0 Cx-2=0
6 Ay=6 1-Cy=0 Cx=2 kN
Ay=1 kN Cy=1 kN

Mechanics | — Level 1 — 6" lecture - Dr. Afrah Turki
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tan a=3/3, 0=45°
Fag -Fae c0S 45=0 Ay-FAE sin 45=0
Fag -1.414%* cos 45=0 1-Fag sin 45=0
Fas =1 kN Fae =1.414 kN
> Fx=0 SFy=0

Fae sin 45- Fpoe=0
1.414* sin 45- Fpe=0
FDE: 1 kKN

FAE Cos 45- FBE =0
1.414* cos 45- Fge =0
FBE =1kN

Fir=1.414 kKN

Y Fx=0 SYFy=0
Fec —2=0 Fco —1=0
FBC:2kN FCD:].kN
> Fx=0 S Fy=0

Fpe -2 -Fgp cos 45=0
Foe -2-1.414* cos 45=0
FBC=3 kN

Fco —Fep sin 45=0
1-Fgp * sin 45=0
Fep = 1.414 kN

Mechanics | — Level 1 — 6 lecture -

Dr. Afrah Turki

Fge

Fecp

2kN+——1—» kN

1kN

DE—-——)ODf-h" 2 kN
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Sample Problem 3/1

Determine the magnitudes of the forces C and T, which, along with the
other three forces shown, act on the bridge-truss joint.

Solution. The given sketch constitutes the free-body diagram of the isolated
(1) section of the joint in question and shows the five forces which are in equilibrium.

Solution I (scalar algebra). For the x-y axes as shown we have

[ZF, = 0] B+ Tcosdl"+Csm20° - 16=10

0.766T + 0.342C =8 (a)
|ZF, = 0] Tsin 40° - Ccos 20° — 3 = 0

0.643T — 0.940C =3 (b)

Simultaneous solution of Eqz. (a) and (b) produces
T=909kN C=303kN Ans.

Solution Il (scalar algebra). To avoid a simultaneous solution, we may use axes
(2) x'y' with the first summation in the y'-direction to eliminate reference to T. Thus,

[ZFy = 0] —C cos 20° — 3 cos 40° — B ain 40° + 16 sm 40° =
C=303kN Ans.
[EF. = 0] T + 8 cos 40° — 16 cos 40° — 3 sin 40° — 3.03 sin 20° =
T=9.09kN Ans.

Helpful Hints

(1) Since this is a problem of concur-
rent forces, no moment equation 1=
necessary.

(2) The selection of reference axes to fa-
cilitate computation is always an im-
portant consideration. Alternatively
in this example we could take a set
of axes along and normal to the di-
rection of C and employ a force sum-
mation normal to C to elimmate it.




=

Sample Problem 3/2

Calculate the tension T in the cable which supports the 500-kg mass with
the pulley arrangement shown. Each pulley is free to rotate about its bearing,
and the weightz of all parts are small compared with the load. Find the magm-
tude of the total force on the bearing of pulley C.

Solution. The free-body diagram of each pulley is drawn in its relative posi-
tion to the others. We begin with pulley A, which includes the only known force.
With the unspecified pulley radius designated by r, the equilibrium of moments
about its center O and the equilibrium of forces in the vertical direction require

[EMO=D] Tl'r"_ Tg\'v"= 0 Tl. =T2
[EFJ. = ﬂ] Tl + T2 - 50['{981} =0 2T1 = 5‘[}{]{981] Tl = Tg = 2450 N

From the example of pulley A we may write the equilibrium of forces on pulley B
by inspection as

T3= le= Tgﬂr.z: 1226:”

For pulley C the angle f§ = 30° in no way affects the moment of T about the cen-
ter of the pulley, so that moment equilibrium requires

=T, or T=1226N Ans.

Equilibrium of the pulley in the x- and y-directions requires

[ZF, = 0] 1226 cos 30° — F, = 0 F,=1062N
[ZF, = 0] F,+1226sin30° - 1226 =0 F,=613N
[F=JF7+ F}?] F= (10627 + (6137 = 1226 N Ans.

S009.81) N

Helpful Hint

(1) Clearly the radius r does not influence
the results. Once we have analyzed a
simple pulley, the results should be
perfectly clear by inspection.
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Sample Problem 3/4

Determine the magnitude T of the tension in the supporting cable and the
magnitude of the force on the pin at A for the jib crane shown. The beam AB is a
standard 0.5-m I-beam with a mass of 95 kg per meter of length.

Algebraic solution. The system is symmetrical about the vertical x-y plane
through the center of the beam, so the problem may be analyzed as the equilib-
rium of a coplanar force system. The free-body diagram of the beam is shown in
the figure with the pin reaction at A represented in terms of its two rectangular
components. The weight of the beam is 95(1077)(5)9.81 = 4.66 kN and acts
through its center. Note that there are three unknowns A, A, and T, which may
be found from the three equations of equilibrium. We hegin with a moment
equation about A, which eliminates two of the three unknowns from the equa-
tion. In applying the moment equation about A, it s simpler to consider the mo-
ments of the x- and y-components of T than it is to compute the perpendicular
distance from T to A. Hence, with the counterclockwise sense as positive we
write

[ZM, = 0] (T eos 25%0.25 + (T sin 25°)(5 — 0.12)

- 10(5 - 1.5 - 0.12) — 466(25 - 0.12) =0
from which T'=19.61kN Ans.
Equating the sums of forces in the x- and y-directions to zero gives
[ZF; = 0] A, —19.61 cos 25° =0 A, =17.77kN
[EF,=0] A, +1961sin25°—466-10=0 A, =637TkN
[A=JVAZ+AT A=/O7777 + (6377 = 1888 kN Ans.

0.25 m -
Ay | 254 B
— 05m &9 |
e 0.12m 15m
10 kN
- Hm
:T T
A, I 250
e
A, ¥
466 kN
10kN
Free-body diagram

Helpful Hints

(i‘ The justification for thizs step is
Varignon's theorem, explained in
Art. 2/4. Be prepared to take full ad-
vantage of this principle frequently.

(2) The calculation of moments in two-
dimensional problems iz generally
handled more simply by scalar alge-
bra than by the vector cross product
r x F. In three dimensions, as we will

S I‘\-'I‘Il'“‘ {]’h"l ey aTrge 'i"' ﬂniﬁﬂ +]'\i'| = 1721
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Friction

7.1 Friction: Friction may be defined as the contact resistance exerted by one

body upon a second body when the second body move or tends to move past
the first body.

From the definition, it should be observed that friction is a retarding force
always acting opposite to the motion or the tendency to move.

As we shall see friction exists primarily because of the roughness of contact

surface.

7.2 Solving the friction problems:

The solution of friction problem is following this procedure:

1. Draw the F.B.D.

W W ]
—
_F P

(a) (b) (c)
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Where:

W =weight of body a=ad) &3
N = Normal force 4z ganl 3 5l)
P = Pull force —ad) s

F = Friction force <siaY) s

R = Resultant of normal force (N) and friction force (F) 3
dlaaall

2. Apply the equilibrium equations.
Friction Force is directly proportional to the normal force.

A3 sandl 5 58 aa Loyl s AISia ) 5 5b b ST 3 el Ces

F = N
F=(4tdus) *N
F=f*N

I = coefficient of friction <55y Jalas
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3. Angle of friction (@)

tan @ = F/N
=p* N

tan @ = u *N/N

tan @ =

Table 6-1: Tvpical Values for s

Contact maternals

Coefficient of static friction ()

Metal on ice 0.03-0.05
Wood on wood 0.3-0.7
Leather on wood 0.2-0.5
Leather on metal 0.3-0.6
Alummum on aluminum 1.1-1.7
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Key Concepts:

(a) To determine the value of friction force (F) and the reaction force (N) we can
used the equilibrium conditions.

[ZFx=0] ;[XFy=0]

(b) F <(Fmax = s N): Here the friction force necessary for equilibrium can be
supported, and therefore the body is in static equilibrium as assumed. We confirm
that the actual friction force F is less than the limiting value Fmax, and that F is
determined solely by the equations of equilibrium.

(c) F = (Fmax = ps N): Since the friction force F is at its maximum value Fmax,
Impending motion, the assumption of static equilibrium is valid.

(d) F > (Fmax = us N): Clearly this condition is impossible, because the surfaces
cannot support more force than the maximum ps N. The assumption of equilibrium
Is therefore invalid, and motion occurs. The friction force F is equal to pk N.
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Examples

Example (30): The 100 N block in the figure below is at rest on a rough horizontal
plane before the force P is applied. Determine the magnitude of P that would cause
impending sliding to the right.

I”'-\. = (0.3

i

Solution:

> Fy=0 100
N-100=0
N= 100 N —

F=uN
= 0.5%100
F=50 N

> Fx=0
P-F=0

P-50=0
P=50 N
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Example (31): Determine the maximum force P that can be applied to block A in
the shown figure without causing either block to move. W= 100 N and Wg= 200

N.
Suface (1) [ p
M, = 0.2 “.l —_—
H LY
Wp
N\
.1"_ Surface Izj
= 1
Solution:
: F.B.D. J am i Jadl Ay B
IH.'_1I = | (M)
l.—\ l. P
|8 I
“H S .Hh]
Fy
.'"il
(1) 0 Ny = 100 %
I'H-_',‘ = |00 ", " Fy
A l _{: B I Wy = 200
.-'r <— F
."r .f-| . Il.--" IF
ff‘- Ny = 100 u;s' : I_'-,: = V)
S s
(2) (3)

From the F.B.D. in figure (1):
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> Fy=0
N2-Wa-Wg=0
N2-100-200=0
N2=300 N

From the F.B.D. in figure (2):

2. Fy=0

N1-Wa =0
N1-100=0
N1=100 N

From the F.B.D. in Figure (2), we can calculate the friction force (F1) as
following:

F1= (s)1*N1
= 0.2*100
=20N

> Fx=0
P-F1 =0
P-20=0
P=20 N
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From the F.B.D. in Figure (1), we can calculate the friction force (F2) as
following:

F2= (14s)2*N2
= 0.1*300
=30 N

> Fx=0

P-F2 =0
P-30=0
P=30 N

Therefore, the largest force that can be applied without
causing either block to move 1s,

P=20 N
with sliding impending at surface 1.

Be sure you understand that the largest force that can be applied is the smaller

of the two values determined in the preceding calculations. If sliding impends

when P=20 N. then the system would not be at rest when P=30 N
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Example (32): If coefficient of friction between all surfaces shown in Figure below

15 0.30. What is the horizontal force required to get 250 kg block moving to the right?

Solution:

250 Kg ) 53 peall @y ail 3 8 Ll aie Ul g &l jatia e 9 280 80 kg JI 53 ameal) o)) Jaa35
38 QU & oy 80 kg ALK 53 analls Gilall (ale Luedlil) o die 43 5ae (58 2 Y 4dld
st mnl) vie GISial (5 5 3n 55 Lty 80 Kg AL 53 anenll Lol abad) e L i3 GISinY!

kg 250 A 53 anall i

In this problem 80 kg block is completely restrained against motion and as we apply
force P on 250 Kg block as shown in Fig.3, there is no force acting vertically at the
contact surfaces between the obstacle and 80 kg block. Hence frictional force acts
only at bottom and top surfaces of 250 kg block while only at lower surface of 80 kg
block. M;

L (F‘] 2

P T (F:h X
Wy
- Fh T
I M,
M;
(a) Lower block (b) Upper block
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Note that ) Fy = 0 for upper block gives M2 = W2

Therefore,

For lower block,

Therefore,

Also

and

M2 =80 x9.81=784.8 N

> Fy =0 gives M1 =W1 + M2

M1 = (250 x 9.81) + 784.8 = 3237.3 N

(Fr)1 = p M1 = (0.3) (3237.3) = 971.19 N

(Fr)2 = u M2 = (0.3) (784.8) = 235.44 N

> Fx =0 for lower block gives P = (Fr)1 + (Fr)2

or

P =1206.63 N

Note - ¥ Fx = 0 is not necessary for upper block in this problem.
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SAMPLE PROBLEM 6/1

Determine the maximum angle # which the adjustable incline may have
with the horizontal before the block of mass m begins to slip. The coefficient of
static friction hetween the block and the inclined surface is p,.

Solution. The free-body diagram of the block shows its weight W = mg, the
normal force N, and the friction force F exerted by the incline on the block. The
friction force acts in the direction to oppose the slipping which would oceur if no
friction were present.

b Equilibrium in the x- and y-directions requires

[XF, = 0] mgsinf—F=10 F=mgsind
[EFJ,=0] -mgeosf+N=10 N =mg cos

Dividing the first equation by the second gives F/N = tan 6. Since the maximum
angle occurs when F = F., = N, for impending motion we have

(2] po=tanf,  or . =tan!p Ans.

Ig
i}
y
V\ W=mg
\
x’/
/g/Fr N
Helpful Hints

© We choose reference axes along and
normal to the direction of F to
avoid resolving both F and N into
components.

@ This problem describes a very simple
way to determine a static coefficient
of friction. The maximum value of 6
is known as the angle of repose.
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