Engineering Mechanics [Static]-Lecture Notes

Dr. A. Al-Mukhtar
Scope:

This course is provided to the engineering students with the basic skills in static and
strength of materials. It provides a clear and thorough demonstration of the theory
and application of engineering static and strength of materials.

Among the main concepts that are covered in this course are vectors, equilibrium of a
particle, equilibrium of a rigid body, trusses and frames, internal forces, centroids, and
moment of inertia, concept of stress, stress and strain-axial loading and pure bending

Purposes:

e To understand and use the general ideas of force vectors and equilibrium of
particle and rigid body. 4lall Claall 5 alua ) 315 o 8l Jilas 488
e To understand and use the general ideas of structural analysis and internal force
and friction.<SiaY 5 adslall 5 58l GJ\.».».:Y\ Julasl)
e To understand and use the general ideas of centre of gravity, centroids and
moments of inertia. &I ) sadll 2 e g JEI 38 ja g oudigh 38 jall Clua 448
Part One: Static
Contents: [General principals, Force vectors, Equilibrium of a particle, Force
system resultants, Equilibrium of a Rigid Body, Structural Analysis, Internal

Forces, Friction, Center of Gravity and Centroid, Moments of Inertia]

Ref: Engineering Mechanics -Statics, Twelfth Edition, R. C. Hibbeler, 2009.
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Chapter 1

General Principals
1.1. Introduction

Statics is the study of bodies that are at rest or move with constant velocity. We can

consider statics as a special case of dynamics, in which the acceleration is zero. ale
S o) A ala) Allay Sigy o sSadl ) \SlaY)

1.2. Fundamental Concepts
Before we begin our study, it is important to understand the meaning of certain

fundamental concepts and principles.

Length: Length is used to locate the position of a point in space and thereby describe
the size of a physical system. 4ai¥) aas Caagy gl i & Aadil) a8 g0 paadl aadiey Jghll 20aS
Al 5l

Time: Although the principles of statics are time independent. This quantity plays an

important role in the study of dynamics. LSweliall (8 age e 3l O8I e i) e aaiady ISalnY)

Mass: Mass is a measure of a quantity of matter. awall 4353l (el 5 ol DU 4000 3 Apald
sala (ya

Force: Force is considered as a "push" or "pull" exerted by one body on another. This
interaction can occur when there is direct contact between the bodies, such as a
person pushing on a wall. A force is completely characterized by its magnitude,
direction, and point of application. Juai¥! Aay® JAY ava (3o be aus Cans gl @dal 22405 3 )
Joluiill Adasi -lealadl-la jladay Coa 5 558l agin bl

Particle has a mass, but it size can be neglected. 4saa Juaa) (Saa (K1 ALS 4l ol

Rigid Body A rigid body can be considered as a combination of a large number of
Particles e 430 48 85 Glaall G ddluall lia anal GG Al o (sl o) Glall aval)
AL jatiee oy o8 ad) e ouladl avaldl piiag sale agle ddabial) a JIA) (g 68l e platll (ks (g )
Newton’s first law: A particle originally at rest or moving in a straight line with
constant velocity, tends to remain in this State provided the particle is not subjected
to an unbalanced force (Fig.1-1). b & by il o) Al o <l Lal) ASLal) adlls 3 analdl Jhay
fen sl el gana IS 13l Al ANAD o3 e i b adde i alle (A de sy aiica
sl Qs & jatie Lann (o) b il USLu psnl) 138 iy CGhgusd | jim Lo s o 55 L (o 58 (e
AiaV) s 8 Jladide Sigi o gl asas e Alla AA0Gde jun &S
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Equilibriun Fig. 1.1

Newton’s second law: A particle acted upon by an unbalanced force “F” experiences
an acceleration “a@” that has the same direction as the force and a magnitude that is
directly proportional to the force ( Fig. 1-2). If “F” is applied to a particle or mass “m”,
this law may be expressed mathematically as:

35isall (5 il Aliana ae iy Alae o) Lo Hlu 4 gl Lo aua o (5 58 A sana 51 358 < il 1)
H@ﬂmﬁ\ﬁ«._mm‘dnmj

F=m.a

F—

\oeoeleratad motion
Fig. 1.2
Newton’s third Law: The mutual forces of action between two particles are equal,
opposite, and collinear (Fig. 1-3).
oDl Led duSlaa 5 ey g gl 35 3 8 Jad 3 8 I

_ forceofAon B

S force of Bon A
Action — reaction

Fig. 1.3
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Newton's Law of Gravitational Attraction: Shortly after formulating his three laws of
motion. Newton postulated a law governing the gravitational attraction between any
two particles. Stated mathematically:
O8I (A Gpanas ) On @IS 58 2a i Al e ey bl Jhhd o5l g aledl il 5l
Login Adlusall g ye o LS 5 Lagili€ 1y Juala pa L pla i)

mpm;

F=6—

Where
F: Force of gravitational between the two particles.
G: Universal constant of gravitation, according to experimental evidence:

G=66.73 10"* m*/kg.s>

m4, M,: mass of each of the two particles.

r: distance between the two particles.

Weight: Weight refers to the gravitational attraction of the earth on a body or quantity
of mass. The weight of a particle having a mass is stated mathematically.

puall (V) a5 B 4 o))
W=mg
Measurements give g=9.8006 m/s?

Therefore, a body of mass 1 kg has a weight of 9.81 N, a 2 kg body weights 19.62 N,
and so on (Fig. 1-4).

Fig. 1.4

1.3. Units of Measurement:
Sl units: The International System of units. Abbreviated Sl is a modern version, which

has received worldwide recognition. As shown in Table 1.1. The Sl system defines the
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length in meters (m), time in seconds (s), and mass in kilograms (kg). In the SI system
the unit of force, the Newton is a derived unit. Thus, 1 Newton (N) is equal to a force
required to give 1 kilogram of mass and acceleration of 1 m/s>. s laa sl oallall AUl
US customary: In the U.S. Customary system of units (FPS) length is measured in feet
(ft), time in seconds (s), and force in Pounds (Ib). The unit of mass, called a slug, 1 slug
is equal to the amount of matter accelerated at 1 ft/s*> when acted upon by a force of
11b(1slug=1 |b52/ft)_ A W) Baatall LY o g Ly jy A3 S aadiiy Cilaa g ol g4
Table 1.1  Systems of Units

ame Length Time Mass Force

International Systems of Units meter seconds kilogram Newton*
kg.m
Sl m s kg N =3
US Customary foot second Slug* pound
2
FPS ft s o Ib
ft

*Derived unit

Conversion of Units:
Table 1.2 provides a set of direct conversion factors between FPS and Sl units for the
basic quantities. Also in the FPS system, recall that:

1ft=12 in (inches), 1 mile=5280 ft, 1 kp (kilo pound) =1000 Ib, 1 ton=2000 Ib

Table 1.2 Conversion factors

Quantities Unit of Measurement (FPS) | equals | Unit of Measurement (Sl)
Force b 4.448 N
Mass slug 14.59 kg
Length ft 0.3048 m

<l Prefixes: 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 Sl system are shown in Table 1.3. 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. For example, 4000000N=4000kN (kilo-Newton)=4MN (mega-
Newton), or 0.005m=5mm (milli-meter).

Multiple A=Y Cldeliadl)

Submultiple sUas¥) cilicladll
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DAY 8 s g caliai (o a l ?5-) ) &S Prefixes <ubaldl

Add (something) at the beginning as a prefix or introduction.

Table 1.3 Prefixes

Exponential Form Prefix SI Symbol
Multiple
1 000 000 000 10° giga G
1 000 000 10° mega M
1000 10° kilo K
Submultiple
0.001 10° milli m
0.000 001 10° micro
0.000 000 001 107 nano

Exercises 1.1: Convert 2 km/h to m/s. How many ft/s is this?

Exercises 1.2: Convert the quantities 300 |b.s and 52 slug/ft’ to appropriate Sl units.
Exercises 1.3: Evaluate each of the following and express with Sl units having an appropriate prefix: (a) (50

mN) (6 GN) (b) (400 mm) (0.6 MN) 2 (c) 45 MN3/900 Gg.

Exercise 1.4: Round off the following numbers to three significant figures: (a) 4.65735 m (b) 55.578 s (c)
4555 N (d) 2768 kg

Exercise 1.5: Represent each of the following combinations of units in the correct SI form using an
appropriate prefix: (a) UMN (b) N/um (c) MN/ks2 (d) kN/ms.

Exercise 1.6: Represent each of the following combinations of units in the correct SI form: (a) Mg/ms (b)
N/mm (c) mN/(kg. us).

Exercise 1.7: A rocket has a mass of 250 103 slugs on earth. Specify (a) its mass in Sl units and (b) its weight
in Sl units. If the rocket is on the moon, where the acceleration due to gravity is gm=5.30 ft/s2, determine to 3
significant figures (c) its weight in units, and (d) its mass in Sl units.

Exercise 1.8: If a car is traveling at 55 mi/h, determine its speed in kilometers per hour and meters per
second.

Exercise 1.9: The Pascal (Pa) is actually a very small units of pressure. To show this, convert 1 Pa=1 N/m2 to
Ib/ft2. Atmospheric pressure at sea level is 14.7 Ib/in2. How many Pascals is this?

Exercise 1.10: Two particles have a mass of 8 kg and 12 kg, respectively. If they are 800 mm apart,
determine the force of gravity acting between them. Compare this result with the weight of each particle.
Exercise 1.11: Determines the mass in kilograms of an object that has a weight of: (a) 20 mN (b) 150 kN (c)
60 MN
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Chapter Two

Force Vectors
2.1. Scalar and vectors

A scalar is any positive or negative physical quantity that can be completely specified by its
magnitude. el s 55 la Hlaie 48 jra et (S 5 Al 5l Ao 50 408 (g (o Al 48

A vector is any physical quantity that requires both a magnitude and direction for its complete
description. A vector is shown graphically by an arrow. The length of the arrow represents the
magnitude of the vector, and a fixed axis defines the direction of its line of action. The head of
the arrow indicates the sense of direction of the vector (Fig 2-1). by Gl o dgaidl Gl
lebae 5 snas s 55 A 5 Lgalasl y (sl Lo )l &8 yray L (S

ACNNC

,\I_I‘_,']'Illl-hll.'-' A

L4
Dhrection

¥

Fig. 2-1

For handwritten work, it is often convenient to denote a vector quantity by simply drawing an
arrow on top it A

In print, vector quantities are represented by bold face letters such as A, and its magnitude of the
vector is italicized, A.

2.2. Vector operations

Multiplication and division of vector by a scalar: “leidl @ pa
If a vector is multiplied by a positive scalar, its magnitude is increased by that amount. When
multiplied by a negative scalar it will also change the directional sense of the vector (Fig 2-2).

Vector A and its negative counterpart Scalar Multiplication and Division

Fig, 2-2 Fig. 2-3

2.3. Vector addition:

All vector quantities obey the parallelogram law of addition. Fig 2-3 and Fig 2-4 and Fig 2-5

illustrates the addition of vectors A and B. to obtain a resultant R. il au il 48yl cilgaial) gea
£ 3R (51 sie sacls
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Paralielogram Law Triangle construction Triungle construction

(a) (b) (c) {(d)

Vector Addition

Fig. 2-4

L

Y
LA

K =A+B
Addirion of collinear vectors
Fig, 2-5

2.4. Vector subtraction:

The resultant of the difference between two vectors A and B of the same type may be expressed as:
R'=A-B=A+(-B)

Fig 2-6 illustrates subtraction of vectors Aand B.

."’{; R' R’ A
. % N/

B -B

Parallelogram law Triangle construction
Vector Subtraction
Fig. 2-6

2.5. Vector addition of forces:

Experimental evidence has shown that a force is a vector quantity since it has a specified
magnitude, direction, and sense and it adds according to the parallelogram law.
cilgaia ¢ 5 ke 5 gl
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Fig. 2.7 cosd e s sill il

2.6. Finding a resultant force:

The two component forces Fiand F, acting on the pin in Fig 2-7 can be added together to form the
resultant force

—

Flt:_l}—l_F_z}

F‘ = F1 v F}
{a) (h) (c)

Fig. 2-7

2.7. Finding the components of a force:

Sometimes it is necessary to resolve a force into two components in order to study its pulling
and pushing effect in two specific directions.

Ot Gpalad) 8 8ol ol Canoall A )l (488 je ) (5 58l) Jilas allay Ul
For example, in Fig 2.8, F is to be resolved into two components along two members, defined by u
and v (Fig 2.8)
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(a) b (c)

2.8. Addition of several forces:

If more than, two forces are to be added successive applications of the parallelogram
law can be carried out in order to obtain the resultant force. For example, if the three forces ﬁ1 , ﬁz ,
fg , act at a point o, the resultant of any two of the forces is found (ﬁl + fz) and then this resultant
is added to the third force, yielding the resultant of all three forces (Fg = (fl + ﬁz) +F; )

(Fig 2-9).

e IS8 Sl ane 3 5k Jlenial
Fr <) alasdl Jo Jpasll Fy 5 Fp 2Kl dlas ) geni U

_Fg

i

Fig. 2-8

2.9. Trigonometry analysis:

Redraw a half portion of the parallelogram to illustrate the triangular head to tail addition of the
components. From this triangle, the magnitude of the resultant force can be determined using
the law of cosines, and its direction is determined from the law of sines. The magnitudes of
two force components are determined from the law

of Sines. The formulas are given in Fig 2-10

Cosine law:

Qm (-.\LA:\ g._\:\.;j‘} L.\..\.\“ 3ac @ ¢ A I] 2.3‘.:‘\1“ AA:.'.")H\
C =+ A% + B2 — 2ABCosc

Sine law
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A B C

sina sinb sinc

Exercises.

Ex. 2.1: The screw eye in Fig 2-11 is subjected to two forces, F, and F,. Determine the magnitude and
direction of the resultant force.

- I’: - IS‘JN

F, = 100N

Ex. 2.2: Resolve the horizontal 600lb force in fig 2.12 into components action along the u and v axes
and determine the magnitudes of these components.
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600 1b

Ex. 2.12. The device is used for surgical replacement of the knee joint. If the force acting along the leg is 360
N, determine its components along the x and y ™ axes.

F,. = 317N Ans

2-13. The device is used for surgical replacement of the knee joint. If the force acting along the leg is 360 N,
determine its components along the x " and y axes.
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60°

360N

-F, _ 360
sin30° sin80°

G a0 . pun Ans
sn70°  sin 80°

2.10. Addition of a system of coplanar forces

When a force in resolved into two components along the X and y axes the components are then
called rectangular components. The rectangular components of force F shown in Fig 2.23 are
found using the parallelogram law, so that:

ﬁ:ﬁx+ F\y
Fx=Fcos©O
Fy=Fsin©

A5 S sl e lia i S e ) el pads (550 U Jiial

Fig 2-23
Instead of using the angle 6, the direction of F can also be defined using a small "slope"

triangle, such as shown in fig 2.24
B 58l LS ja A8 yaal B 58h () yiaall sl Ealiall JDladul (Sa La
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E\ = |
I N
| SR
A
Bt R =F(%)rF and =2 F =-F(2)F

It is also possible to represent the x and y components of a force in terms of Cartesian unit
vectors i and j (Fig 2.25).

y

e

e __.-.-|

. = X
| F, | 1°
(a)

Fig. 2.25

We can express F as a Cartesian vector.
F:in+ij

In coplanar force resultant case, each force is resolved into its x and y components, and then
the respective components are added using scalar algebra since they are collinear. For example,
consider the three concurrent forces in Fig 2.26.

idasi_al Zalady) il ) Clisi s s x and y bilaa¥) GV Lebiad (Sae s 8 JS A sl 5 i) Alane Ala
JRA 4 WS Collinear a5 bad e LaY Ay

K, F
FI 2y F!\.
=S f I -
voF, ““"J ==t SFM
-~ FC'Lt
\'\
F3 Fh
Fig. 2.26
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Each force is represented as a Cartesian vector.

F 1= F 1x i)+ F1y 7

F2=-F2X ?+F2y j

F 3= F 3x i)— F3y j
The vector resultant is therefore.

Ep= B+ 15+

Fi i+ FI_\'j — By d + F!_\‘j + B, i_F.!_rj
(Fl.x . F:.r + F3 )i + (f'h + F‘E_v o FS})]
= (Fro)i + (Fgyj

We can represent the components of the resultant force of any number of coplanar forces symbolically
by the algebraic sum the x and y components of all the forces.

F_>Rx=2 Fx=F1x-Fox+F3x
FRX=Z Fx= F1y+F2y+F3y

Once these components are determined, they may be sketched along the x and y axes with their proper
sense of direction, and the resultant force can be determined from vector addition as shown in Fig 2-27.
The magnitude of Fris then found from the by Pythagorean Theorem: that is:

Al A i s el 05 Al B35 23S

Fr= \/F,%x + Fg,
@‘
F

@ = tan~ !

Fig. 2-27
Given: Three concurrent forces acting on a bracket.
Find: The magnitude and angle of the resultant force.
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Plan:

a) Resolve the forces in their x-y components.

b) Add the respective components to get the resultant vector.
c¢) Find magnitude and angle from the resultant components.
F;={155sin40°i+ 15 cos 40°j } kN

={9.642i+11.49j}kN

F,={-(12/13)26i+ (5/13)26j } kN

={-24i+10j} kN

F; ={36 cos 30°i—36sin 30°j} kN

={31.18i—18j } kN

Summing up all the i and j components respectively, we get,
Fr={(9.642-24 +31.18)i+(11.49+10-18)j } kN
={16.82i+3.49j} kN

Fr = ((16.82)* + (3.49)%)Y? = 17.2 kN

¢ =tan™(3.49/16.82) = 11.7°

M

Fr

X

Ex. The contact point between the femur and tibia bones of the leg is at A. If a vertical force of 175 1b is
applied at this point, determine the components along the x and y axes. Note that the y component
represents the normal force on the load-bearing region of the bones. Both the x and y components of this
force cause synovial fluid to be squeezed out of the bearing space.
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Fx=175(5/13)=67.3 1b
Fy=-175(12/13)=-1621b
2.5. Cartesian vectors

A vector A may have three rectangular components along the x, y, z coordinate axes and is represented
by the vector sum of its three rectangular components (Fig 2-38).

X,,2 sl o LS e Led N 3l 3 5 il 5 il

A-K A 4A,

‘A

-~
-
/ ki
-~
A, )/

//'

Fig. 2.38

In three dimensions, the set of Cartesian unit?, J, k is used to designate the directions of the x, y,
z axes, respectively. The positive Cartesian unit vectors are shown in Fig 2-39.

Y1 O s e el lgaiall | sl e xy 7 sbaall b clalad¥) il aadied |k staall cilaa
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i ]
" Fig. 2.39
We can write A in Cartesian vector form as:
A il Gy il 77 kA8 Sl sas sl Cilgaie padind
A=A T+A,J+Ak

The magnitude of Ais expressed in Cartesian vector from as:

A= /A,%+A§+A§

The direction of A is defined by the coordinate

X

A
Cosa =
A

With

cos’a +c

J

Cospf =

direction angles a, B, and y (Fig 2.40).

Ay

A
Cosy =2
A Y=

0s%p + cos?y=1

A

Ak

o/

/

Fig. 2.40

The addition (or subtraction) of two or more vectors is greatly simplified in terms of their Cartesian

components. For example, the resultant Rin Fig 2.41 is written as:

R= (4, +B)I+

(A, +B,)J + (A, + Bk
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Fig. 2.41

If this is generalized and applied to a system of several concurrent forces, then the force resultant is
the vector sum of all the forces in the system and can be written as:

F_R’=Zﬁ= ZFx?+Fy*+FZE

Ex. Express the force F in Fig as a Cartesian Vector

ra

L
Since two coordinates direction angle are specified, a third angle must be determined
Cos” o+ Cos’B+ Cos’y=1

Cos’ o+ Cos’60%+ Cos’45°=1

Cos’ a=y/1 — (0.5)2 — (0.707)2 =+0.5
Hence, two positions exist, namely:

a = cos~1(0.5) = 60°
Or

a = cos~1(—=0.5) = 120°
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By inspection it is necessary that a=60°, since F, must be in the +x direction. Using eq 2-9 with F=200 N, we
have:

F=Fcosai+FcospBj+Fcosyk

=(200 cos60° N)i+(200 cos 60° N)j+(200 cos 45° N)k
={100.0i+100.0j+141.4k}N

Show that indeed the magnitude of F=200 N.

2.6. Position Vectors

In the more general case, the position vector may be directed from point A to point B in space, Fig. 2-48.
This vector is also designated by the symbol r. As a smaller convention 48, we will sometimes refer to
this vector with two subscripts to indicate from and to the point where it is directed. Thus, r can also be
designated as r.. Also, note that r,and r, in Fig. 2-48, are referenced with only one subscript since they
extend from the origin of coordinates.

From Fig. 2-48, by the head-to-tail vector addition, using the triangle We require:

Bilxy vy zp)

d P or
3 B
. | )
| ‘ r il e |.-=.,r :,.1 ]L
. A |
sg=u ) / |
S - ¥ e
e :
;ff {}.H Ya )i T”|
e a-.L
Fig. 2-48

Solving for 7 and expressing 7, and 75 in Cartesian vector form yields:

7 =15 —74 = (xg —x2)T+ (Vg — Ya)j + (2 — za)k

Ex.

2.7. Dot Product (scalar product)
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(Scalar) 4xe das dic miy (peaial ulidll G )

the dot Product of vectors A and B written A. B and read A dot B is defined as the product of the
magnitudes of A and B and the cosine of the angle 6 between their tails (Fig 2.50).

A.B = ABcos6 (2.1)
Where
0° <60 <180°
A
6
) - B
Fig. 2.50

Equation 2.1 must be used to find the dot product for any two Cartesian unit vectors.

For example:
7.7 = (1)(1)cos0° ji=1 kk=1
2.7 = (1)(1)cos90° jk=0 jk=0

If we want to find the dot product of two general vectors A and B that are expressed in Cartesian vector

form, then we have:
A.B = (4,0 + Ay] + Ak) (Bl + B,J + Byk)

AB=A,B,@11D) + AB,(1]) + AB,(i.k) + A,B.(.D) + A,B,(.]) + A,B, (7. k) + A,B,(k.7)
+4,B,(k.J) + A,B,(k.k) +

AB=A4,B,+A4,B,+A,B, (2.2)

We deduce that the angle forces between two vectors can be written as:

g _,AB
= cos (AB)
Where

0°< 6 <180°

We note that if:
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AB=0= 6 =cos™10=90
So that A will be perpendicular to B.

In the case of line @ as shown in figure 2-51, and if the direction of the line is specified by the unit u, a
then since u, = 1, we can determine the magnitude of Aadirectly from the dot product

A, = Acosf

A,u; = A.1.cos® = Acosd = A, = Au,

Notice that if this result is positive, then A_a) has a directional sense which is the same as , whereas if
Aais a negative scalar, then u, has the opposite sense of direction u, . The component A_a)
represented as a vector is therefore:

A—>a = Aau—a)

The component of A that is perpendicular to line a (K 1) can also be
obtained from Figure 2-51. Therefore

Aig

A L= Asind with 0 = cos™I( -
1€
A A
a
a W i > - u
Ay=Acosén
Fig. 2.51

Alternatively as if Aais known then by Pythagorean’s theorem we can also write:

A, =/AZ - A2

Ex.
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Chapter Three

Equilibrium of a Particle
3.1. Condition for the equilibrium of a particle

A particle is said to be in equilibrium if it remains at rest if originally at rest, or has a constant velocity if
originally in motion. To maintain equilibrium, it is necessary to satisfy Newton's first law of motion which
requires the resultant force acting on a particle to be equal to zero. This condition may be stated
mathematically as:

YF=0 (3.1)
s (g 3t e 55l A A (5 il Al 055 0 5 sl (3155 s

Where ) F is the vector sum of all the forces acting on the particle.

3.2. The free body diagram

A drawing that shows the particle with all the forces that act on it is called a free body diagram (FBD).
Al panl e 5 gl 5 il a0y (5 e i 58 al) sl Lalade

We will consider a springs connections often encountered in particle equilibrium problems.

Springs: If a linearly elastic spring of undeformed length lois used to support a particle, the length of the
spring will change in direct proportion to the force F acting on it, Fig 3.1. A characteristic that defines
the elasticity of a spring is the spring constant or stiffness k. The magnitude of force exerted on a linearly
elastic spring is stated as:

633\34‘9‘).«”&‘5% uymcmaighjcu‘)yo\;ﬂ_\w\&cu\ngﬂ\ejm:u‘)a‘)ﬁa\_\cGﬁ‘FIJ‘)XAJ\ alal \k"_\\.lua.ﬂ).\n
AN e gt B 5D o e

F=KxS
Where:

= [E= [,
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k =500 N/m
_ - (=1}

+5
Fig. 3.1
Ay pall Gl s KLV dad sa s poall ausall aiia e (0 3 AN 2 S
Ex. P 84

The following example shows a drawing of the free body diagram of a sphere; The sphere in Figure below
has a mass of 6 kg and is supported as shown. Draw a free-body diagram of the sphere, the cord CE, and the
knot at c.

(a)

Solution

Sphere By inspection, there are only two forces acting on the sphere. Namely, its weight and the force of cord
CE. The sphere has a weight d 6 kg (9.81 m/s?) = 58.9 N. The force-body diagram is shown in Fig. 3-36.

F . (Force of cord CE acting on sphere)

58.9N (Weight or gravity acting on sphere})
(b)
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Cord CE. When the cord CE is isolated from its surroundings, its free body diagram shows only two forces
acting on it. Namely, the force of the sphere and the force of the knot, Fig. 3-3. Notice that FCE shown here is
equal but opposite to that shown in b, and a, a consequence of Newton’s third law. In addition, FCE and FEC
pull on the cord and keep it in tension so that it collapse. For equilibrium, FCE = FEC.

Knot. The knot at C is subjected to three forces, Fig. 3.3d. They are caused by the cords CBA and CE and the
spring CD. As required, the free-body diagram shows all these forces labeled with their magnitudes and
directions. It is important to recognize that the weight of the sphere does not directly act on the knot. Instead,
the cord subjects the knot to this force.

F i (Force of knot acting on cord CE)

A

F 4 (Force of cord CBA acting on knot)

F ., (Force of spring acting on knot)

4

F ;. (Force of sphere acting on cord CE)

F . (Force of cord CE acting on knot)

(c) (d)
Fig. 3.3

3.3. Coplanar force systems

If a particle is subjected to a system of coplanar forces as in Fig 3-4, then each force can be resolved
into it is T an j components. For equilibrium, these forces must sum to produce a zero free
resultant.

5ae IS olal 8 amal) Y1 Y alan A (e 433 porll 5 YT LIS e I (5 sl Jilad g
Hence,
Y. E=0
0 sl x sl oladl & 5 sill & sana
2 E=0

0 gsbady snall olail 8 5l & gana
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Fig. 3-4
Ex. 3.2
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EXAMPLE | 3.2

Dietermine the tensicon in cables 84 and SO necessIry o supgort 1
l!‘dl-l-cl: i:g,r!im:ln_'r mn I"l.g. B,

Taey = WIS N

o {9LEL ) N

b

13}

SOLUTION

Free-Body Diagram. Due 1o eqmbibrum, the weight of the cylinder
calses the tension in cable B 10 be T, = GINWRT ) N, Mg 3160 The

forces in cables BA and BC can be determined by inveshigatimg
the equilibrium of nng &, Iis free-body disgram = shown in Fig 3-6c. The
miagnitudes of T, and T are unknown, but their directions are known,

Equations of Equillbrium. Agpplving the equations of equilibrium

alonug the x and ¥ axes, we have ¥
LHxE =0 Teemds — (3T, =0 (1)
FTEF, =0 Toainds® + (1T, — S9RI)N = 0 {2}

i:".qunli-:m {1} can be writben as T 5 = WAR3OT ., !iul:rs.iilulmt: This imics
Eu. (2) vields

Tesindd® + (3)0B839F) — GHIB1 N = 0

Ty = B0 (RA1) N

S0 thad o]

T = 47566 H = 416 N A, Fig, 34
Substiluting this resall into cither Eq. (1} or Eq. (2}, we get

a = 4 N Ans

MOTE: The accuracy of these results, of course, depends oa Lhe
accuracy of the data, Le, measurements of geometry and loads. For
mosl cngincering work involving a problem such as ths the data as
mcaswred 1o three significant Ggures would be sufficsen.

3.4. Three dimensional force systems

In the case of three dimensional force system, as in fig 3.10, we can resolve the forces into their
respective, I, J, k components For equilibrium, so that:

YEi+YFj+XYFk=0
s IS oladl b anad) Gl Y1 Y alee US (S 2l W) 4SS jo () (5 Al Jalat ey
To satisfy this equation we require:
YE=0 XFE=0 JYE=0

0 ssbud X olad) & 58l & sana
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0 sl y ol 3 55l & gana
0 ssbudi Z olad) A 5 68l & sana

P

S

Ex. 3.5

EXAMPLE

A b load 15 suspended from the hook shown in Fig. 3= 10w If the
load = :upi'mrh:d I'l_\.' lwor cables and & sprmg 'ha'.-ing i siillness
k= 500 I/ 11, deétermine the farce in the cables and the stretch of the
spring for equilibrium. Cable AL Hes in the -y plane and cable AC
lies im the x—z plane.

SOLUTIOM

The stretch of the spring can be determined once the ferce in Lhe spring
1% determined.

Free-Body Diagram. The connection al A is chosen for the
equilibriuvm analysis since the cable forces are concurreni al this
point. The free-body diagram is shown in Fig, 3- 106

Eguations of Equilibrium. By inspection. cach force can casily be
resolved iBto s &, 3 2 components, and therefore the three scalar
cquations of equlibnum can be uwsed. Considering componenis
direeted along each positive aris as “positive.” we have

EF, = Fosin30® — ()F =0 i
EF, =0 -Froos 30° + Fy = 0 2
EF =0 (i)Fe —90M =0 (3

Solving Eq. (3] for Fe. then Eq. {1} for Fj,, and finally Eqg. (2] for Fp,
yields

| ik Fe = 15 b Anx
| Fp = 2401b Ans,
) Fp= 2078 b Ans
Fig. 310
The stretch of the spring = therelore
.Fn- = k.ﬁ__..r.-
2TE T = (500 by 500

Tan ™ b416 0 Anx

MOTE: Since the results for all the cable foroes are positive, cach
cable 1% in ension: that is, it |:||.1||:- o puin.l A as expected, Fig 3-106.
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Example: This is an example of a 2-D or coplanar force system. If the whole assembly is in
equilibrium, then particle A is also in equilibrium.

To determine the tensions in the cables for a given weight of the engine, we need to learn how to
draw a free body diagram and apply equations of equilibrium.

How?

1. Imagine the particle to be isolated or cut free from its surroundings.

2. Show all the forces that act on the particle.

Active forces: They want to move the particle.

Reactive forces: They tend to resist the motion.

3. Identify each force and show all known magnitudes and directions. Show all unknown
magnitudes and/or directions as variables.

2452 kN
Note : Engine mass = 250 Kg FBD at A

EQUATIONS OF 2-D EQUILIBRIUM

Since particle A is in equilibrium, the net force at A is zero.
SOFps + Fac+ Fap=0

or2F=0
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In general, for a particle in equilibrium, 2F =0 or
XF,i + ZF, j = 0 = 0i + Oj (A vector equation)

Or, written in a scalar form,

ZFyk=0andzF,=0

These are two scalar equations of equilibrium (EofE). They can be used to solve for up to two
unknowns.

Write the scalar EofE:
+>2F,=Tgc0s302-Tp=0

+ MNIF, =Tgsin 302 -2.452 kN =0

Solving the second equation gives: Tg = 4.90 kN
From the first equation, we get: Tp = 4.25 kN

Example: Given: Sack A weighs 20 G 4
Ib. and geometry is as shown.
Find: Forces in the cables and weight y
of sack B. [ D /. :.-' 0
Plan: i o
1. Draw a FBD for Point E. T~ ;
2. Apply EofE at Point E to solve for the unknowns . .-."‘--. ..

(TEG & TEC). Al TR & L @ \
3. Repeat this process at C. :

Example: Given: The car is towed at constant speed by the 600

Ib force and the angle 6 is 25°.

Find: The forces in the ropes AB and AC.
Plan:

1. Draw a FBD for point A.

2. Apply the E-of-E to solve for the
forces in ropes AB and AC.
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600 1b

FBD at point A

Bis Fac

Applying the scalar E-of-E at A, we get:
+-3¥F_ = B cos 307 —F,.. cos 25° =0

+—> 2 F, =-F,¢ sin 30° — F, 5 510 25° + 600 =0
Solving the above equations, we get;
Fin—6341b

Foc =664 1b
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Chapter 4 Engineering Mechanics

1. Moment of a force scalar formulation

When a force is applied to a body, it will produce tendency for the body to rotate. Called sometime

Torque, but most often it is called ﬁothe moment of a force or simply the moment. The handle of the
wrench it will tend to turn the bolt about point 0. The magnitude of the moment proportional to the force
F, and the perpendicular distance or moment arm d.

Moment axis

The ﬁomoment about point O, or about an axis passing through O and A
perpendicular to the plane, is a vector quantity since it has a specified magnitude @ ‘
and direction (fig 4-1). -

_'_J'-'

M
-

The magnitude of ﬁo is:
Mo=F.d

/

.
I.f

0 )

-
-

(a) Sense of rotation
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Where d is the moment arm or perpendicular distance from the axis at point O to the line of action of the

force. Units of moment are N.m or |b.ft.

The direction of ﬁo is defined by its moment axis which is perpendicular to the plane that contains the

force F and its moment arm d. The right-hand rule is used establish the sense of the direction of ﬁo :
For two-dimensional problems, where all the forces lie within the x-y plane, fig 4-2, the resultant moment

(MR)O about point O (the z-axis) can be determined by finding the algebraic sum of the moments caused

by all the forces in the system. As a convention, we will generally

consider positive moments as a counterclockwise since they are ¥

directed along the positive z-axis (out of page).

Clockwise moments will be negative. / Fy

Using the sign convention, the resultant moment in fig 4-3 is A M | M, \

therefore: - Y | W

(MR)():ZFd ‘,” i
dy /M.
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(Mg)o=F1d1-Fody+F3d3

Examples

For each case illustrated in Fig. 4-4. Determine the moment of the
force about point O.

4m

40 b

- 41t - . |
2eos 307 Nt

Q)
2. Cross product

The cross product of two vectors Aand B yields the vector C that is written:

-

C = AxB
and read € equals A cross B
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The magnitude of C is defined as the product of the magnitude ff, and §, and the sine of angle e between their tails
(0<e<180), thus:

C=AB Sine e
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C has a direction that is perpendicular to the plane containing A and B

such that C is specified by the right-hand rule.

Knowing both the magnitude and direction of 6, we can write
6=EX§=(ABSHIB)IT£

Where the scalar (A B sin 8) defines the magnitude of C

and the unit vector U, defines the direction of € (fig 4-4).

Laws of operation:

Ax {
Ax

ol Sl
H
ool

-

X
= —BxA (Commutative law is not valid)
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3. Moment of a force — vector formulation
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The moment of a force F about a point O (fig 4-8) can be expressed using the
vector cross product namely:

Maoment axis

M,=7#XF
M,
Here 7 represents a position vector direct from O to any point on the line of I
action of F. The magnitude of the cross product is defined from Eq. 4-3 as: / T'
) - O
M, =7rFsinf

4. Resultant Moment of a system of forces

If a body is acted upon by a system of forces (fig 4-11), the resultant
moment of the forces about point O can be determined by vector
addition of the moment of each force. This resultant can be written
symbolically as:

Moo = ) (Fx )

5. Moment of a Couple
A torgue or moment of 12 N - m is required to rotate the wheel.
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Which one of the two grips of the wheel above will require less force to rotate the wheel?

e — ——

600 mm
o
200 mm
Y

—50mm-—_—__

The crossbar lug wrench is being used to loosen a lug net. What is

the effect of changing dimensions a, b, or c on the force that must
be applied?

A couple is defined as two parallel forces with the same magnitude but
opposite in direction separated by a perpendicular distance d. The
moment of a couple is defined as:

Mo = F x d (using a scalar analysis) or as

Mo = r xF (using a vector analysis).
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Here r is any position vector from the line of action of —F to the line of action of F.

M Ly |
— T i

=0

|

-_I.;.- i-'.--

- =
ol ?\7 =

Lottt S o

- ——

M
] > E;"Fr
-F
-
The net external effect of a couple is that the net force equals zero and the >
magnitude of the net moment equals F d.
Moments due to couples can be added using the same rules as adding any 1
vectors. s
Since the moment of a couple depends only on the distance between the \\
forces, the moment of a couple is a free vector. It can be moved anywhere . T O
on the body and have the same external effect on the body. L
Moments due to couples can be added using the same rules as adding any
vectors. I
™
r H\_Lf
6. Example - Scalar Approach - O M,
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Given: Two couples act on the beam and d equals 8 ft.

Find: The resultant couple

Plan:

1) Resolve the forces in x and y directions so they can be treated as
couples.

2) Determine the net moment due to the two couples.
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7. Example - Scalar Approach ;
30 mm

Given: A 40 N force is applied to the wrench.

Find: The moment of the force at O.

Plan: 1) Resolve the force along x and y-axes.

2) Determine Mg using scalar analysis.

8. Example - Scalar Approach

Given: Two couples act on the beam. The resultant couple is zero.
Find: The magnitudes of the forces P and F and the

200 mm

distance d. 0 JON
PLAN: 74
1) Use definition of a couple to find P and F. | f
2) Resolve the 300 N force in x and y directions. L Gl H‘fg
3) Determine the net moment. o = ‘_‘_ b 5(]() N
4) Equate the net moment to zero to find d. o ;s‘-' A ; N
: I m
/ 2m
'I."
Pe——=g | —
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Chapter 5 Engineering Mechanics

Equilibrium of a Rigid Body

Dr. A. Al-Mukhtar

Conditions for Rigid Body Equilibrium

F / I;I
\ o,
M,
. o
/ \ l"_'
M, (a)

FR=2F=0
(Mg)o=ZM=0

1 |Dr. Almukhtar, Engineering Mechanics, @almukhtar

Ll



The conditions of Equilibrium for Rigid Body

1‘!1 r X I'"H L ':."Ih'j“ 0

Support Reactions In 2-D

A few examples are shown above. Other support reactions are given in your textbook
(see Table 5-1).
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F
\ :
F, ¢
M M

Generally, if a support prevents translation of a body 1n a given direction,
then a force 1s developed on the body 1n the opposite direction. Similarly,
if rotation 1s prevented, a couple moments are exerted on the body.
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Free-Body Diagrams-Example:

Given: An operator applies 20 1b to the
foot pedal. A spring with
k = 20 1b/1n 1s stretched 1.5 1n.

Draw: A free-body diagram of the foot

pedal.
20 1b 20 1b
i 15 in
= B
X LN S = .
5in.
The idealized model The free-body diagram
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Ex:
100 Kg beam

1200 N

5 | Dr.

= H
Effect of fixed

support acting
on beam My

¥ 1200 N
I ——2Zm

Mg Effect of applied
%( force acting on beam

3m

L}BIN

Effect of gravity (weight)
acting on beam

Free-body diagram

8001b - ft

A &=
-} e L,

8 ft ——4 ft—8ll 3t

30¢ N |




Draw a FBD of the bar,

which has smooth points of
contact at A, B, and C.
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Draw a FBD of the 5000 Ib
dumpster (D). It 1s supported
by a pin at A and the hydraulic

cylinder BC (treat as a short
link).



Equation of Equilibrium

A body 1s subjected to a system of forces that lie in the x-y plane. When
in equilibrium, the net force and net moment acting on the body are zero
(as discussed earlier in Section 5.1). This 2-D condition can be
represented by the three scalar equations:

Where point O is any arbitrary point.
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Example:

Given: Weight of the boom
= 125 Ib, the center

of mass is at G, and / '
the load = 600 1b. '
Find: Support reactions T
at A and B.

Plan:

1. Put the x and y axes in the horizontal and
vertical directions, respectively.

2. Determine if there are any two-force members.

3. Draw a complete FBD of the boom.

4. Apply the E-of-E to solve for the unknowns.
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Ex:
Given: The load on the bent rod o
is supported by a smooth :
inclined surface at B and

a collar at A. The collar

is free to slide over the

fixed inclined rod.

Find: Support reactions at A and B.

Plan:

1. Establish the x — y-axes.
2.Draw a complete FBD of the bent rod.
3. Apply the E-of-E to solve for the unknowns.
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Ch. 6

Structural Analysis
What is the structure?

Trusses are used for roof. The analysis is how we can determine the forces in truss member, hence select
their size !

How we can design the truss geometry to minimize the cost?

Applications

Simple trusses

A truss is a structure composed of slender members joined together at their end points. If a truss, along
with the imposed load, lies in a single plane (as shown at the top right), then it is called a planar truss.

A simple truss is a planar truss that begins with a triangular element and can be expanded by adding two
members and a joint. For these trusses, the number of members (M) and the number of joints (J) are
related by the equation M =2 ) -3.
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Roof truss

Simple truss subjected to point load

Analysis & Design Assumptions

When designing both the member and the joints of a truss, first it is necessary to determine the forces in
each truss member. This is called the force analysis of a truss. When doing this, two assumptions are made:
1. All loads are applied at the joints. The weight of the truss members is often neglected, as the weight is
usually small as compared to the forces supported by the members.

2. The members are joined together by smooth pins. This assumption is satisfied in most practical cases
where the joints are formed by bolting or welding.

With these two assumptions, the members act as two-force members. They are loaded in either tension or
compression. Often compressive members are made thicker to prevent buckling?

1 ] B =
-y [ . Tension -
Vot -

i ——
X 1

T - - P
™ . OMFPRESSION |7
) — [

The methods of joints

In this method of solving for the forces in truss members, the equilibrium of a joint (pin) is considered.
All forces acting at the joint are shown in a FBD. This includes all external forces (including support
reactions) as well as the forces acting in the members. Equations of equilibrium (ZFX= 0 and XFY = 0)
are used to solve for the unknown forces acting at the joints.

STEPS FOR ANALYSIS

1. If the support reactions are not given, draw a FBD of the entire truss and determine all the
support reactions using the equations of equilibrium.
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2. Draw the free-body diagram of a joint with one or two unknowns. Assume that all unknown
member forces act in tension (pulling the pin) unless you can determine by inspection that the
forces are compression loads.

3. Apply the scalar equations of equilibrium, XFx = 0 and XFy = 0, to determine the
unknown(s). If the answer is positive, then the assumed direction (tension) is correct,
otherwise it is in the opposite direction (compression).

4. Repeat steps 2 and 3 at each joint in succession until all the required forces are determined.
Examples

P EXAMPLE
' 21;% i Given: P, =200 Ib, P, =500 Ib
//.—"'/f %-‘“‘\\.Q E i - i .
;// \ Find: The forces in each member of
4 Q‘% the truss.
= - i

Plan: First analyze pin B and then pin C
lm}lb\ + = EFy = 500 + Fareos 45" —(3/5)Fgy = 0
B500b + T EFy=—200 — Fpesin45°— (4/5)Fgy = 0

sﬂﬁ“ Fpa = 214 1b(T) and Fge = —5253 1b(C)
Faa?  Fac 5253
FBD of pin B N
Fea | \ c
+ = ZFy = —Fop + 5253 cos43° =10 | Cy
Frao = 371(T FBD of pin C

ZERO-FORCE MEMBERS

If a joint has only two non-collinear members and there is no external load or support reaction at that
joint, then those two members are zero force members. In this example members DE, CD, AF, and AB
are zero force members. You can easily prove these results by applying the equations of equilibrium to
joints D and A. Zero-force members can be removed (as shown in the figure) when analyzing the truss.

UD
~g_ || F E
F E % P
k=)
,.; \\ : C
_%I— i
B B
Y
P P

If three members form a truss joint for which two of the members are collinear and there is no
external load or reaction at that joint, then the third non-collinear member is a zero force member.
Again, this can easily be proven. One can also remove the zero-force member, as shown, on the left,
for analyzing the truss further. Please note that zero-force members are used to increase stability
and rigidity of the truss, and to provide support for various different loading

3 | Dr. Almukhtar, Engineering Mechanics, @almukhtar



conditions.

GROUP PROBLEM SOLVING

Given: P1 =240 1b and

P2 =100 Ib

Find: Determine the force in

all the truss members

(do not forget to

mention whether they

arein T or C).

Plan:

a) Check if there are any zero-force members.

b) Draw FBDs of pins D and B, and then apply EE at those pins to solve for the unknowns.

& 12 ft -

Solution:
Members AB and AC are zero-force members.
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[RELENER TR Wy

FED of pinD

Analyzing pin D: v
i E;F - = =100 — (5 f 13)F = )
* ( ) Foa Frc |D 24016
Fppg = —260 1b (C) i
i 13,3 X
Fop 1001
—+ + T F, =240-F,. — (12/13)(-260)=0
Fn-= 480 Ib (T) )
g L FeetY 2601
Analvzing pin B: %;f#
—+ XFy =Fpc - (5/13)260 = 0 B, |/B -y
Fge = 100 1b(T)
o FBD of pin B

The methods of section

Using for long truss that used for construct the bridges. The method of joints requires that many joints be
analyzed before we can determine the forces in the middle part of the truss. Is there another method to
determine these forces directly?

= ?C

Fd g p— /
Internal _ T Internal
tensile 1 compressive c
| | forces forces .
2m- 2m | 2m 1‘ ,_
\ !
1000 N U
T C
Tension l Compression T
2 c

In the method of sections, a truss is divided into two parts by taking an imaginary “cut” (shown here as a-a)
through the truss. Since truss members are subjected to only tensile or compressive

forces along their length, the internal forces at the cut member will also be either tensile or compressive
with the same magnitude. This result is based on the equilibrium principle and Newton’s third law.

A L8 l %
G a F E_‘u |G
F—1lm——1m 1m—~! 2 m—

rlﬂ(I}N 1000 N

1. Decide how you need to “cut” the truss. This is based on:
a) where you need to determine forces, and, b) where the total
number of unknowns does not exceed three (in general).

5 | Dr. Almukhtar, Engineering Mechanics, @almukhtar



2. Decide which side of the cut truss will be easier to work with (minimize the number of reactions you
have to find).

3. If required, determine the necessary support reactions by drawing the FBD of the entire truss and
applying the E-of-E.

4. Draw the FBD of the selected part of the cut truss. We need to indicate the unknown forces at the cut
members. Initially we may assume all the members are in tension, as we did when using the method of
joints. Upon solving, if the answer is positive, the member is in tension as per our assumption. If the answer
is negative, the member must be in compression. (Please note that you can also assume forces to be either
tension or compression by inspection as was done in the figures above.)

5. Apply the equations of equilibrium (E-of-E) to the selected cut section of the truss to solve for the
unknown member forces. Please note that in most cases it is possible to write one equation to solve for

one unknown directly.
EXAMPLE

Given: Loads as shown on the

N i roof truss.
P Y == Find: The force in members
Al DE, DL, and ML.
N
. e

-4 m-—!— 4m —L-—l m -—L-l t11+!--4 m-.-!. 4 m--|
Plan:

a) Take a cut through the members DE, DL, and ML.

b) Work with the left part of the cut section. Why?

c) Determine the support reaction at A. What are they?
d) Apply the EofE to find the forces in DE, DL, and ML.

12 bk
Ni7

36 &N
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Analyzing the entire truss, we get ZFy = Ay = 0. By
symmetry, the vertical support reactions are
Ay=1y=36 kN
(ccw)+Mp=—-36(8)+6(8)+12(4)+ F\yu. (5)=0
Fumo=38.4kN (T)

+X M, =-36(12)+6(12) + 12 (8) + 12 (4) — Fpe ( 4/V17)(6) =0
Foe =—37.11 kN or 37.1 kN (C)

> +XFy=38.4+(4/V17) (-37.11) + (4/v41) Fp =0

FoL =—3.84 kN or 3.84 kN (C)

Examples
—_—
P skN
4 m
| C
e
10 kN
4 m

— Ak EﬁG

— 4 m —

Given: Loading on the truss as shown.

Find: The force in members BC, BE, and EF.

Plan:

a) Take a cut through the members BC, BE, and EF.

b) Analyze the top section (no support reactions!).

c) Draw the FBD of the top section.

d) Apply the equations of equilibrium such that every equation yields answer to one unknown.
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+ > 2Fx=5+10—-Fgecos452=0

FBE = 21.2 kN (T)

(ccw)+ 2 ME=-5(4) + FCB (4) =0

FCB =5 kN (T)
(ccw)+2Mg=-5(8)—-10(4)-5(4)-FEF (4)=0
FEF =—25 kN or 25 kN (C)

8 | Dr. Almukhtar, Engineering Mechanics, @almukhtar




Engineering Mechanics

Chapter 7

Internal Forces

Dr. A. Al-Mukhtar
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1.1. Internal Forces

To design a structural or mechanical member it is necessary to know the loading acting within the member in
order to be sure the material can resist this loading. Internal loadings can be determined by using the method
of sections. To illustrate this method, consider the cantilever beam in Fig. 7- 1a. If the internal loadings acting
on the cross section at point B are to be determined, we must pass an imaginary section a-a perpendicular to
the axis of the beam through point B and then separate the beam into two segments. The internal loadings
acting at B will then be exposed and become external on the free-body diagram of each segment, fig. 7- 1b.

P
A, M, TP

u ib)
(i)

Normal forge

G -\

/M

Bending moment

Shear loice v

2 | Dr. Almukhtar, Engineering Mechanics, @almukhtar



Vi o T‘Y"“

1.2. Sign Convention
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Ex: Determine the normal force; shear force, and bending moment acting just to the
left point B, and just to the right, point C, of the 6-kN force on the beam in Fig. 7-4.

-~ 3m- e G -

1.3. Shear and Moment Equations and
Diagrams
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Ch. 8 Engineering Mechanics

Chapter 8

Friction

Dr.-Ing. A. Al-Mukhtar
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e Friction is the resistant force against movement between the two
surfaces.

e The force always acts tangent to the surface and opposite direction

<)
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e Theory of Dry friction

e No lubrication, and with the presence of projections.
e As shown on the FBD: Normal force: AN, and frictional force AF,

along the contacting surface, and the weight of the body w.

e For equilibrium, the normal force must act upward to balance the
weight, and the frictional force acts to the left to prevent the applied
force P from moving the block to the right.

e Between the two surfaces many microscopic irregularities between

two surfaces, as a results AR,, are developed at each point of
contact, which contribute between the frictional and normal

components, respectively AFn\, ANn\
e Impending Motion

e The frictional force F may not greater than the applied force P.
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e P is slowly increased; F correspondingly increases until it attains a
certain maximum value. The max. Value F, called the limiting static
frictional force. If this value is reached, the block will move (unstable
equilibrium). Any increasing in P will cause the block to move.

e The limiting static frictional Force F is directly proportional to the
resultant normal force N.

o [ = u,N where pis the coefficient of static friction.

UsN
N

e 1. Depends on the variable conditions of roughness and cleanliness

e The angle of static friction 8 = tan_l(%) =tan"1(=>) =tan" 1y,

of contacting surfaces. F, can be determined directly by an
experiment that involves the two materials to be used.
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Table B-1
Typical Values for ju,
Contact Materials coefficient of static Friction g,

Metal on ice 0.03 - 0.05
Wood on wood 0.30 - 0.70
Leather on wood 0.20 - 0.50
Leather on metal 0.30 - 0.60
Aluminum on aluminum 1.10 - 1.7

- (L& m -

Ex: The uniform crate shown in Fig below has a
mass 20 Kg. if a force P=80 N is applied to the crate,

P = 80N

determine if its remains in equilibrium. The

coefficient of static friction is p, =0.3.

5 | Dr. Almukhtar, Engineering Mechanics, @almukhtar



