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1. FUNDAMENTALS OF ENGINEERING MECHANICS

1.1 Fundamentals.
Definitions of Mechanics, Statics, Dynamics, Rigid Bodies,

1.2 Force
Force System.
Definition, Classification of force system according to plane & line of action.
Characteristics of Force & effect of Force. Principles of Transmissibility &
Principles of Superposition. Action & Reaction Forces & concept of Free Body
Diagram.

1.3 Resolution of a Force.
Definition, Method of Resolution, Types of Component forces, Perpendicular
components & non-perpendicular components.

1.4 Composition of Forces.
Definition, Resultant Force, Method of composition of forces, such as
1.4.1 Analytical Method such as Law of Parallelogram of forces & method of
resolution.

1.4.2. Graphical Method.
Introduction, Space diagram, Vector diagram, Polygon law of forces.

1.4.3 Resultant of concurrent, non-concurrent & parallel force system by Analytical
& Graphical Method.

1.5 Moment of Force.
Definition, Geometrical meaning of moment of a force, measurement of
moment of aforce & its S.| units. Classification of moments according to

direction of rotation, sign convention, Law of moments, Varignon's Theorem,
Couple — Definition, S.I. units, measurement of couple, properties of couple. h
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Mechanics

» Engineering mechanics is the branch of science
which deals with the study of forces and its effect
on the body.

» So it is basically study of state of rigid body under
the action of external for Dekoerkion =0
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Force

» Force is an agent, which produce or tends to produce, destroys or
tends to destroy the state of body, which is either at rest or in motion.

» Force is an external agent capable of changing a body’s state of rest or
motion. fosce = Masg ’\wam
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Characteristics of Force

a) The magnitude of force (€15 1N SN o, Goond ¢ )

b) The direction of the force

(prinjed ox vewhicaq 0% Douines )

c) The nature of force
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Effects of Force

1. Force can make a body that is at rest to move.
2. It can stop a moving body or slow it down.
3. It can accelerate the speed of a moving body.

4. It can also change the direction of a moving body.
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Collinear Force System
When the lines of action of all the forces of a system act along the same
line, this force system is called collinear force system.

Non-Collinear Force System
When the lines of action of all the forces of a system do not act along
the same line, this force system is called collinear force system.

Coplanar Force System
When the lines of action of a set of forces lie in a single plane is called

coplanar force system.

Non-Coplanar Force System
When the line of action of all the forces do not lie in one plane, is called
Non-coplanar force system
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Concurrent Force System

» The forces when extended pass through a single point and the point is
called point of concurrency.

» The lines of actions of all forces meet at the point of concurrency.

» Concurrent forces may or may not be coplanar.

Non-concurrent Force System

» When the forces of a system do not meet at a common point of
concurrency, this type of force system is called non-concurrent force
system.

» Parallel forces are the example of this type of force system.

» Non-concurrent forces may be coplanar or non-coplanar.
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Principle Of Transmissibility:

» It says the point of application of the force can be moved
anywhere along the line of action of force without changing
the external effects (magnitude) of the force on the body

» The force can be represented anywhere along the line of action
without changing the effect of the forces on any rigid body

e
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Principle Of Superposition:

» The action of a given system of forces on a rigid body
will never changed if we add or subtract another
system of forces in equilibrium

)

Naresh Pradhan




06-10-2024

Resultant Of Forces

» A single force which produces the same effect as a number of forces acting
together is called the resultant of forces.

» And the process of finding out the resultant force of a number of given

forces is called composition of forces. G Carmeriian
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Resolution Of Forces

The process of splitting up the given forces into a number of components
without changing its effect on a body is called resolution of force.
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Parallelogram Law Of Forces

» If two forces are acting at a point and are represented in both magnitude and direction
by the adjacent sides of the parallelogram, then the diagonal passing through their
point of intersection, represents the resultant in both magnitude and direction.
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Triangle Law Of Forces

» If two forces are acting as the adjacent sides of a triangle taken in order, then the
closing sides of the triangle represents the resultant in opposite direction.
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Polygon Law Of Forces

» If any number of coplanar concurrent forces can be represented in magnitude and
direction by the sides of a polygon taken in order; then their resultant will be
represented by the closing side of the polygon taken in opposite order.
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Q1:7wo forces 5N and 3N act an angle 60° with each other. Find the resultant of the forces
and angle at which the resultant act.
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Two forces of 100 N and 150 N are acting simultaneously at a point. What is the resultant of
these two forces, if the angle between them is 45°
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The resultant of two forces i.e. P+Q and P-Q is 4/3P?% + Q2. Find the angle between the two
forces.
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Two forces act an angle of 120°. The bigger force is of 40N and the resultant is perpendicular
to the smaller one. Find the smaller force.
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Find the magnitude of the two forces, such that if they act at right angles, their resultant is
(10 N . But if they Act at 60°, their resultant is\{1_3'N
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The forces 20 N, 30 N, 40 N, 50 N and 60 N are acting at one of the angular points of a regular

ﬁg@g@_ﬂ, towards the other five angular points, taken in order. Find the magnitude and
direction of the resu

ltant force. - -
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Forces 10N, 20 N, 30 N, 40 N, 50 N and 60 N are acting along the side of a regular hexagon.
Find out the resultant force.

Naresh Pradhan

13



06-10-2024

%following forces act at a point : o i ol
(i) 20 N inclined at 30° towards North of East, \\%/
(ii) 25 N towards North, e o N
P8 — =

(iii) 30 N towards North West, and
(iv) 35 N inclined at 40° towards South of West.

Find the magnitude and direction of the resultant force.
e 3
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The following forces act at a point : 2 NN ok
(i) 20 N inclined at 30° towards North of East, -
(ii) 25 N towards North, W i e
(iii) 30 N towards North West, and W< o =

(iv) 35 N inclined at 40° towards South of West.
Find the magnitude and direction of the resultant force.
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L4
y.ﬂuh: and explain the Lami's Theorem.

A orce 30N, SON and 60N are acting along the three sides of an equilareral iriangle ABC of sides S0cm
as shown in the Figure 1. Find the magnitude, direction and position of resultant force. SO
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The resultant of two forces P and Qis R. if Qi
sR. if . ]
to P. then proof that Q =R. Q is doubled then the new resultant is perpendicular
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Moment

The moment of a force is equal to the product of
the force and the perpendicular distance of the
point, about which the moment is required and the %
line of action of the force. /
7

M=Px| é

* P =Force acting on the body, and 9
* /= Perpendicular distance between the point, \\J\ = X
about which the moment is required and theti

of action of the force.
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TYPES OF MOMENTS
* 1. Clockwise moments. ( ) \/

* 2. Anticlockwise moments. (Countes ok eors woment) (e )

(a) Clockwise moments (b) Anticlockwise moments
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My = 16 X2 4 lox)

M&,:- IS¢t X0 R '\'lg o xD = 039 Nh
My, = 16Cat 60 KO FGewXo = O

Naresh Pradhan

4]
',)MT//;})DN Mp\» - LN X~ + 20080 X 0
Lo’
— AOC3LL = 2Y.¢4 N
AFZ’ am B ¢ o i

My=-100sine X30 + 10C260 KD

/

Naresh Pradhan

18



06-10-2024

Calculate the moment about B for this force system.

Mg = 10X3 —20x2 -20X3 +320 X
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Find the value of force P so that moment ab
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VARIGNON’S PRINCIPLE OF MOMENTS
(OR LAW OF MOMENTS)

* |t states, “If a number of coplanar forces are
acting simultaneously on a particle, the
algebraic sum of the moments of all the forces
about any point is equal to the moment of
their resultant force about the same point.”

Naresh Pradhan
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Two like parallel forces of 50 N and 100 N act at the ends of a rod 360 mm long. Find the
magnitude of the resultant force and the point where it acts.
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Two unlike parallel forces of magnitude 400 N and 100 N are acting in such a way that their
lines of action are 150 mm apart. Determine the magnitude of the resultant force and the

point at which it acts.
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COUPLE

» A pair of two equal and unlike parallel forces (i.e. forces equal in
magnitude, with lines of action parallel to each other and acting in opposite
directions) is known as a couple.

»As a matter of fact, a couple is unable to
produce any translatory motion (i.e., motion in a
straight line). But it produces a motion of
rotation in the body, on which it acts.

»The simplest example of a couple is the forces
applied to the key of a lock, while locking or
unlocking it.
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ARM OF A COUPLE
The perpendicular distance (a), between the lines of action of the two
equal and opposite parallel forces, is known as arm of the couple.

MOMENT OF A COUPLE
The moment of a couple is the product of the force (i.e., one of the forces
of the two equal and opposite parallel forces) and the arm of the couple.

Mathematically:
Moment of a couple=P x a

where P = Magnitude of the force, and |<
a = Arm of the couple.

Naresh Pradhan
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4.11. CLASSIFICATION OF COUPLES

The couples may be. broadly. classified into the following two categories., depending upon
their direction, in which the couple tends to rotate the body, on which it acts :
1. Clockwise couple, and 2. Anticlockwise couple.

4.12. CLOCKWISE COUPLE

A couple. whose tendency is to rotate the body, on which it acts, in a clockwise direction, is
g e o L S . . o . o
known as a clockwise couple as shown in Fig. 4.12 (a). Such a couple is also called positive couple.

Y.P
(a) Clockwise couple (b) Anticlockwise couple

Fig. 4.12.

4.13. 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. 4.12 (). Such a couple is also called a negative
couple.

INaresh Pradhan

CHARACTERISTICS OF A COUPLE

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

=

The algebraic sum of the forces, constituting the couple, is zero.

A couple cannot be balanced by a single force. But it can be balanced only by

a couple of opposite sense.

Any no. of coplanar couples can be reduced to a single couple, whose
magnitude will be equal to the algebraic sum of the moments of all the

couples.

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.

Naresh Pradhan
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