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KCE/DEPT. OF CIVIL

ENGINEERING MECHANICS
COURSE OBJECTIVE

oo To Learn the use scalar and vector analytical techniques for analyzing forces in
Statically determinate structures.

X To learn the principles of friction, forces and to apply the concepts of various
engineering systems.

X To develop basic dynamics concepts - force, momentum, work and energy.

UNITI FUNDAMENTAL CONCEPTS OF UNITS 6

Fundamental Concepts and Principles - Systems of Units - Method of Problem Solutions -
Resultant of Forces - Unit Vectors- Newton's First Law of Motion .

UNIT II EQUILIBRIUM OF RIGID BODIES 6
Principle of Transmissibility - Equivalent Forces - Vector Product of Two Vectors -Varignon'’s
Theorem - Scalar Product of Two Vectors.

UNIT III DISTRIBUTED FORCES 6
Centroids of lines and areas - symmetrical and unsymmetrical shapes- Moment of [nertia -
Radius of Gyration of an Area - Parallel-Axis Theorem - Moments of Inertia of Composite Areas.

UNIT IV FRICTION 6
The Laws of Dry Friction- Coefficients of Friction - Angles of Friction- Wedge friction- Wheel
Friction- Rolling Resistance -Ladder friction.

UNIT V DYNAMICS OF PARTICLES 6
Kinematics - Newton's Second Law of Motion - Work of a Force - Principle of Work and Energy-

Principle of Impulse and Momentum- Impact of bodies.
TOTAL PERIODS: 30

COURSE OUTCOME
At the end of the course the students would be able to
e Illustrate the vectorial and scalar representation of forces and moments
e Analyse the rigid body in equilibrium
* Evaluate the properties of distributed forces
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ENGINEERING MECHANICS

FUNDAMENTALS OF ENGINEERING MECHANICS

ENGINEERING MECHANICS: The subject of Engineering Mechanics is that branch of
Applied Science, which deals with the laws and principles of Mechanics, along with their
applications to engineering problems.

The subject of Engineering Mechanics may be divided into the following two main
groups: 1. Statics, and 2. Dynamics

STATICS: It is that branch of Engineering Mechanics, which deals with the forces and
their effects, while acting upon the bodies at rest.

DYNAMICS: It is that branch of Engineering Mechanics, which deals with the forces and
their effects, while acting upon the bodies in motion. The subject of Dynamics may be
further sub-divided into the following two branches: 1. Kinetics, and 2. Kinematics
KINETICS: It is the branch of Dynamics, which deals with the bodies in motion due to
the application of forces.

KINEMATICS: It is that branch of Dynamics, which deals with the bodies in motion,
without any reference to the forces which are responsible for the motion.

RIGID BODY: A rigid body (also known as a rigid object) is a solid body in which
deformation is zero or so small it can be neglected. The distance between any two given
points on a rigid body remains constant in time regardless of external forces exerted on
it. A rigid body is usually considered as a continuous distribution of mass.

FORCE: It is defined as an agent which produces or tends to produce, destroys or tends
to destroy motion. e.g., a horse applies force to pull a cart and to set it in motion. Force is
also required to work on a bicycle pump. In this case, the force is supplied by the
muscular power of our arms and shoulders.

SYSTEM OF FORCES: When two or more forces act on a body, they are called to form a
system of forces. Following systems of forces are important from the subject point of
view; ;

1. Coplanar forces: The forces, whose lines of action lie on the same plane, are known
as coplanar forces.

2 Collinear forces: The forces, whose lines of action lie on the same line, are known as
collinear forces

3. Concurrent forces: The forces, which meet at one point, are known as concurrent
forces. The concurrent forces may or may not be collinear.

4. Coplanar concurrent forces: The forces, which meet at one point and their lines of
action also lie on the same plane, are known as coplanar concurrent forces.

5. Coplanar non-concurrent forces: The forces, which do not meet at one point, but
their lines of action lie on the same plane, are known as coplanar non-concurrent forces.

6. Non-coplanar concurrent forces: The forces, which meet at one point, but their
lines of action do not lie on the same plane, are known as non-coplanar concurrent

forces.
7. Non-coplanar non-concurrent forces: The forces, which do not meet at one point

and their lines of action do not lie on the same plane, are called non-coplanar non-
concurrent forces.



FRICTION
INTRODUCTION:
If a block of one substance is placed over the level surface of the same or different
material, a certain degree of interlocking of the minutely projecting particles takes
place. This does not involve any force, so long as the block does not move or tends to
move. But whenever one of the blocks moves or tends to move tangentially with respect
to the surface, on which it rests, the interlocking property of the projecting particles
opposes the motion. This opposing force, which acts in the opposite direction of the
movement of the block, is called force of friction or simply friction. It is of the following
two types:
1. Static friction. 2. Dynamic friction
STATIC FRICTION: It is the friction experienced by a body when it is at rest. Or in other
words, it is the friction when the body tends to move.
DYNAMIC FRICTION: It is the friction experienced by a body when it is in motion. It is
also called kinetic friction. The dynamic friction is of the following two types:
1. Sliding friction: It is the friction, experienced by a body when it slides over another
body. 2. Rolling friction: It is the friction, experienced by a body when it rolls over
another body.
LIMITING FRICTION: The maximum value of frictional force, which comes into play,
when a body just begins to slide over the surface of the other body, is known as limiting
friction. It may be noted that when the applied force is less than the limiting friction, the
body remains at rest, and the friction is called static friction, which may have any value
between zero and limiting friction.
COEFFICIENT OF FRICTION: It is the ratio of limiting friction to the normal reaction,
between the two bodies, and is generally denoted by p. Mathematically, coefficient of
friction,
F

=— =tan or F=UuR
p=—=tmg b

¢ = Angle of friction.
F =Limiting friction. and
R =DMNormal reaction between the two bodies.

UNITS OF WORK:

The units of work (or work done) are :

1. One N-m: It is the work done by a force of 1 N, when it displaces the body through 1
m. It is called joule (briefly written as |), Mathematically. 1 joule = 1 N-m Z. One kKN-m:
It is the work done by a force of 1 kN, when it displaces the body through 1 m. It is also
called kilojoule (briefly written as kJ). Mathematically. 1 kilo-joule = 1 kKN-m

POWER: The power may be defined as the rate of doing work. It is thus the measure of
performance of engines. e.g. an engine doing a certain amount of work, in one second,
will be twice as powerful as an engine doing the same amount of work in two seconds.
UNITS OF POWER: In S.I units, the unit of power is watt (briefly written as W) which is
equal to 1 N-m/s or 1 ]/s. Generally, a bigger unit of power (kW) is used, which is equal
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CLOCKWISE COUPLE:

A couple, whose tendency is to rotate the body, on which it acts, ina clockwise direction,
is known as a clockwise couple as shown in Fig. (a). Such a couple is also called positive
couple.

ANTICLOCKWISE COUPLE:

A couple, whose tendency is to rotate the body, on which it acts, in an anticlockwise
direction, is known as an anticlockwise couple as shown in Fig. (b). Such a couple is also
called a negative couple.

CHARACTERISTICS OF A COUPLE:

A couple (whether clockwise or anticlockwise) has the following characteristics:

1. The algebraic sum of the forces, constituting the couple, is zero. 2. The algebraic sum
of the moments of the forces, constituting the couple, about any point is the same, and
equal to the moment of the couple itself. 3. A couple cannot be balanced by a single
force. But it can be balanced only by a couple of opposite sense. 4. Any no. of co-planer

couples can be reduced to a single couple, whose magnitude will be equal to the
algebraic sum of the moments of all the couples

EQUILIBRIUM: If the resultant of a number of forces, acting on a particle is zero, the
particle will be in equilibrium. Such a set of forces, whose resultant is zero, are called
equilibrium forces. The force, which brings the set of forces in equilibrium is called an
equilibrant.

PRINCIPLES OF EQUILIBRIUM: Though there are many principles of equilibrium, yet
the following three are important from the subject point of view : 1. Two force
principle: As per this principle, if a body in equilibrium is acted upon by two forces,
then they must be equal, opposite and collinear. 2. Three force principle: As per this
principle, if a body in equilibrium is acted upon by three forces, then the resultant of any
two forces must be equal, opposite and collinear with the third force. 3. Four force
principle: As per this principle, if a body in equilibrium is acted upon by four forces,
then the resultant of any two forces must be equal, opposite and collinear with the
resultant of the other two forces.

METHODS FOR THE EQUILIBRIUM OF COPLANAR FORCES: Though there are many
methods of studying the equilibrium of forces, yet the following are important from the
subject point of view : 1. Analytical method. 2. Graphical method.

LAMI'S THEOREM: It states, “If three coplanar forces actingata point be in equilibrium,
then each force is proportional to the sine of the angle between the other two.”

Mathematically,




CENTROID AND MOMENT OF INERTIA
CENTRE OF GRAVITY: The point, through which the whole weight of the body acts,
irrespective of its position, is known as centre of gravity (briefly written as C.G.). [t may
be noted that everybody has one and only one centre of gravity.
CENTROID: The plane figures (like triangle, quadrilateral, circle etc.) have only areas,
but no mass. The centre of area of such figures is known as centroid. The method of
finding out the centroid of a figure is the same as that of finding out the centre of gravity
of a body.
KINETICS: It is the branch of Dynamics, which deals with the bodies in motion due to
the application of forces.
KINEMATICS: It is that branch of Dynamics, which deals with the bodies in motion,
without any reference to the forces which are responsible for the motion.
PRINCIPLE OF DYNAMICS:
1. A body can posses-acceleration only when some force is applied on it. Or in other
words, if no force is applied on the body, then there will be no acceleration, and the
body will continue to move with the existing uniform velocity. 2. The force applied on a
body is proportional to the product of the mass of the body and the acceleration
produced in it.
NEWTON’S LAWS OF MOTION: Following are the three laws of motion, which were
enunciated by Newton,
1. Newton’s First Law of Motion states, “Everybody continues in its state of rest or of
uniform motion, in a straight line, unless it is acted upon by some external force.”
2. Newton’s Second Law of Motion states, “The rate of change of momentum is directly
proportional to the impressed force, and takes place in the same direction, in which the
force acts.”

F = ma = Mass x Acceleration
3. Newton'’s Third Law of Motion states, “To every action, there is always an equal and
opposite reaction.” ’
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