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AN OUTLINE OF MECHANICS

Mechanics may be defined as that science which describes
;and predicts the conditions of rest or motion of bodies under
the action of forces, It is commonly divided into statics and
.dynamics, the former dealing with bodies at rest, the latter
with bodies in motion. For convenience, dynamics is subdivi-
«ded into two branches called kinematics and kinetics. In kine-
matics, we are concerned only with the purely geometric
features of motion and in kinetics, we study the relations

between the motions of bodies and the forces acting on them.

PART 1. STATICS

Chapter 1. Fundamental Concepts and

Principles of Statics
§ 1-1 Rigid Body
Statics deals with the conditions of equilibrium of bodies
“which are acted upon by forces.
Physical bodies, such as engineering structures and ma-
<hine parts, are never absolutely rigid and deform slightly
under tne action of the loads which they carry., Such defor-

mation, however, is usually very small and can be completely



ignored in the imvestigation of conditions of equilibrium.
Thus, in statics, we make the assumption that we are dealing
with rigid bodies, A rigid body is defined as one which does
not deform at all under the action of applied Joads. Problems.
in which the effect of small deformations in physical bodies.
must be taken into account are generally treated im books on
.Strength of Materials,

§ 1-2 Force

A force is the action of one body on another which changes..
or tends to change the state of motion of the body acted on.
The idea of force implies the mutual actions of two bodies. A
force, therefore never exists alone.

For the complete definition of a force, we must know:
(1) its magnitude, (2) its point of application, and (3) its
direction. These three quantities which completely define
the force are called its specifications, or characteristics.

The point of appii'cation of a force';, acting upon a body,.
is that point in the body at which the force can be assumed
to be concentrated. Physically it will be impossible to
concenirate a force at a single point, i. e., every force must
have some finite area or volume over which its actign is
distributed, . A

The direction of a force is defined by the line of action
and the sense of the force, The linc of action is the infinite
straight line along which the force acts and the sense of the
force may be indicated by an arrow-head. ,

Any quantity, such as force which possesses direction as

o 2



well as magnitude, is called a wvecfor quantity and can be
represented graphically by a vecfor. A vector is a portion of a
straight line having an arrew representing its direction and a
length representing its magnitude.

§ 1-3 Prisciples of Statics

The study of statics rests on five fundamental principles
based on experimental evidence. These principles may be
stated as follows; R

Eirst principle; If two forces, represented by vectors 4B
and AC, are applied to a rigid body at point 4, their action is
equivalent to the action of ome. force, represented by the
vector AD obtained as the diagonal of the parallelegram cons-
tructed on the vectors A-E and .Z&

I‘he force AD is called the resultant of the two forces AB
and AC The force AB and AC are called components of the
force AD. Thus a force is equivalent to its components and
vice versa,

This principle is called the principle of the parallelogram of
forces, and was first fermulated by Stevinus in 1586,

Second principle: If a rigid body is held in equilibrium by
two forces only, the two forces must have the same magnitude,
the same line of action, and opposite sense.

Third principle; The actien of a given system of forces
will in no way be changed if we add to, or subtract from, these
forces any other system of forces in equilibrium,

Using the above principle, it can be preved that the point
of application of a ferce F, acting upon a rigid body at point

« 3 .



A, may be transmitted to any other point B on its line of
action without changing the action of the force on the body.
Thus, in the case of forces acting on a rigid body, however,.
the point of application of the force does not matter, as long
as the line of action remains unchanged. In other words,.
forces acting on a rigid body are vectors which may be allo-
wed to slide along their line of action; such vectors are called
sliding vectors.

This statement is called the theorem of transmissibility of a
Fforce.

The use of this theorem is limited to those problems of
statics in which we are interested only in the conditions of
equilibrium of a rigid body and not in the internal forces to
which it is subjected.

Fourth principle;There are mutual actions between any two-
bodies such that the forces of action and reaction have the
same magnitude, the same line of action, and opposite senses,

Fifth principle; If a freely deformable body subjected to
the action of a force system is in equilibrium, the state of
equilibrium wili not be disturbed if the body solidifies.

This principle is called the principle of solidification.

§ 1-4 Free-Body Diagram

A free-body diagram is a diagram in which are shown an
isolated (free) body and all the forces exerted by other bodies
on the given body, ,

The word free in the name “free-body diagram” emphasi-

.zes the idea that all the bodies exerting forces on the given

oo 4



body are removed or withdrawn and are replaced by tlie forces
they exert,

In drawing a free-body diagram of a given body, certain
assumptions are frequently made as to the nature of the forces
exerted by the other bodies on the given body. The assumpti-
ons usually made are the following:

(a) If a surface of contact at which a force is applied by
one body to another body has omnly a small degree of rough-
ness, it may be assumed to be smooth (frictionless), and hence
the action (or reaction) of the one body on the other is dire-
cted normal to the surface of contact.

(b) A body that possesses only a small degree of bending
stiffness, such as a cord, a rope, a chain, etc., may be consi-
dered to be perfectly flexible, and hence the pull of such a
body on any other body is directed along the axis of the fle-
xible body,

§ 1-5 Types of Force Systems

Any number of forces treated as a group constitute a force

system. The force systems may be classified as follows;

coplanar (forces jconcurrent
in a plane) l parallel
general case
Force systems
/ concurrent
non-coplanar i parallel

(forces in space) { general case
A force system is said to be coplanar when all the forces

5



lie in the same plane. . .

A force system is said to be concurrent if the action lines
-of all the forces intersect in a common point,

A parallel force system is one in which the action lines of
the forces are parallel, the senses of the forces not necessarily
being the same,

If a force system applied to a body produces no external
effect on the body, the forces are said to be in equilibrium.

Two force systems are said to be equivalent if they will
produce the same external effect when applied in turn to a
given body. The resuliant of a force system is the simplest
equivalent system to which the system will reduce. The resu-
{tant of a force system is frequently a single force. For some
dorce systems, however, the simplest equivalent system is com-
posed of two equal, mon-collinear, parallel forces of opposite
sense, called a couple, And still other force systems reduce to
a force and a couple as the simplest equivalent system.

The process of reducing a force system to a simpler equi-
valent system is called cemposition. The process of expanding
.a force or a force system into a less simple equivalent system
is called resolution. A component pf a force is one of the {wo or

more forces into which the given force may be resolved.

Chapter 2. Concurrent Forces

§ 2-1 Composition of Concurrent Forces
A system of concurrent forces ean be reduced to a single

xesultant force, This resultant can be found by successive

- 6



application of the principle of the parallelogram of forces.
This resultant can also be obtained by succcssive geometric
addition of the free vectors representing the given forces.

The polygon, constructed by arranging the given forces in

tip-to-tail fashion, is called the force polygon. The resultant.

is given by the closing side of the force polygon. This is
known as the polygon rule for the addition of concurrent forces,
or vectors. It should be noted that the order in which the
forces, or vectors, are added is immaterial, ‘That is, vector
addition obeys the commutative law,

Thus, we may say that the resultant of any system of con-
current forces is obtained as the geometric sum of the given
forces. This statement may be expressed by the vector
equation;

R=2F,

If the force polygon closes, the resultant of the given
system is equal to zero, and the given system of forces is in
equilibrium,

Geometric or graphical methods are generally not practi-
cal in the case of forces in space.

§ 2-2 Method of Projections

The resultant of a system of concurrent forces can also-

be obtained by the method of projections.

We can prove that the projection on any axis of the resu-
1tant of a system of concurrent forces is equal to the algebraic
sum of the projections of the given forces on the same axis,
Thus, the projections of the resultant on the rectangular co-

« 7 ..
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ordinate axes x, ¥y and z are;
R$=2F1'y RTJ:EFV’ RZ=2FRO

where F,, F,, F, are the projections of the given forces om

"™

the coordinate axes x, y, z, respectively. The magnitude and
direction of the resultant can be computed from the following:

equations;

R=v (SF)*+(SF)*+ (XF)%;

ZF’I coS —_Z'F_‘_'_..
R VT

T

R

cosa= , cosf=

§ 2-3 Equilibrium of Concurrent Forces
If a system of concurrent forces is in equilibrium, their-
resultant must be zero. This condition can be formulated by

the vector equation;
SF=0.

That is, the vector sum of the given forces is zero.

This vector equation can be expressed by a closed force=
polygon. Thus, the condition of equilibrium of concurrent-
forces may be stated as follows; All the given forces form a.
closed polygon, It is called the geometric or graphical condi--
tion of equilibrium of concurrent forces.

‘ The vector equation SF=0 is also equivalent to three:

algebraic equations;
ZF_';:O, ZFy:O, 2F3=0.

That is, the algebraic sums of the projections of the given:

forces on the rectangular coordinate axes are all' equal tos

8 .



zero. These independent algebraic equations are called the
equations of equilibrium for a system of concurrent forces and
give the algebraic or analytical conditions of equilibriym of
concurrent forces,

By applying these equations to any system of concurrent
forces which are in equilibrium, three unknown quantities can
always be calculated.

For a coplanar, concurrent system of forces, there are

only two independent equations of equilibrium as follows;

3F,=0, 3F,=0,

They may be used to solve problems involving no more than
two unknowns.

If the number of unknown quantities in a force system is
greater than the number of equations of equilibrium for that
system, the system is said to be statically indeterminate,

§ 2-4 Equilibrium of Three Forces

If three non-parallel forces acting in one plane are in
equilibrium, their lines of action must intersect in one point.

In engineering problems of statics, especially in discussing
the equilibrium of constrained bodies, we very often encounter
the case of three forces in one plane which are In equilibrium.
Thus, knowing the lines of action of two of the forces and the
point of application of the third, the action line of the third
can always be determined, provided that the point of intersec-
tion of the known lines of action does not coincide with the
point of application of the third force.

.9 .



