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1.1 MECHANICS

❑ Mechanics is the physical science which deals with the effects of forces on objects

❑ The principles of mechanics are central to research and development in many

fields…

❑ The subject of mechanics is logically divided into two parts:

❖ Statics, which concerns the equilibrium of bodies under action of forces

❖Dynamics, which concerns the motion of bodies
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1.2 BASIC CONCEPTS

❑ Space is the geometric region occupied by bodies whose positions are described by

linear and angular measurements relative to a coordinate system.

❑ Time is the measure of the succession of events and is a basic quantity in dynamics.

❖ Time is not directly involved in the analysis of statics problems.
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1.2 BASIC CONCEPTS

❑ Mass is a measure of the inertia of a body, which is its resistance to a change of

velocity.

❑ Force is the action of one body on another.

❖A force tends to move a body in the direction of its action.

❖ The action of a force is characterized by its magnitude, by the direction of

its action, and by its point of application.

❖ Thus force is a vector quantity.
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1.2 BASIC CONCEPTS

❑ A particle is a body of negligible dimensions. In the mathematical sense, a particle is

a body whose dimensions are considered to be near zero.

❑ Rigid body. A body is considered rigid when the change in distance between any two

of its points is negligible for the purpose at hand.
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1.3 SCALARS AND VECTORS

❑ Scalar quantities: only a magnitude is associated.

❖ Examples: time, volume, density, speed, energy, and mass.

❑ Vector quantities: possess direction as well as magnitude

❖ Obey the parallelogram law of addition.

❖ Examples: displacement, velocity, acceleration, force, moment, momentum

❖ Vectors representing physical quantities can be classified as:

✓ Free

✓ Sliding

✓ Fixed
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1.3 SCALARS AND VECTORS

❑ Conventions for Equations and Diagrams

❑ A vector quantity V is represented by a line segment

❖Direction of the vector

❖Magnitude of the vector |V| 
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1.3 SCALARS AND VECTORS

❑ Vector Summation:
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1.3 SCALARS AND VECTORS

❑ Components of vector

❑ Unit vector n:
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1.3 SCALARS AND VECTORS

❑ Three-dimensional vectors:

❖ Unit vectors i, j, and k , which are 

vectors in the x-, y-, and z-directions
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1.4 NEWTON’S LAWS

❑ Law I. A particle remains at rest or continues to move with uniform velocity

(in a straight line with a constant speed) if there is no unbalanced force

acting on it.

❖Newton’s first law contains the principle of the equilibrium of

forces, which is the main topic of concern in statics
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1.4 NEWTON’S LAWS

❑ Law II. The acceleration of a particle is proportional to the vector sum of

forces acting on it and is in the direction of this vector sum.

❑ Law III. The forces of action and reaction between interacting bodies are

equal in magnitude, opposite in direction, and collinear (they lie on the same

line)
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1.5 UNITS

❑ In mechanics we use four fundamental quantities called dimensions.

❖ These are length, mass, force, and time.

❖ The units used to measure these quantities cannot all be chosen independently
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1.6 LAW OF GRAVITATION

❑ To compute the weight of a body: the gravitational force acting on it

❑ Law of gravitation:

❑ Gravitational Attraction of the Earth:
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APPENDIX C - TRIGONOMETRY
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2.2 FORCE

❑ Properties of a single force:

❖Action of one body on another

❖Action which tends to cause acceleration 

❖Vector quantity (Magnitude and Direction)

❖ Forces may be combined by vector addition
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2.2 FORCE

❑ Complete specification of the action of this force must include:

❖Magnitude

❖Direction

❖ Point of application

✓We must treat it as a fixed vector

❑ External and Internal Effects

❖ External Forces: 

✓Applied forces

✓ Reactive forces

❖ External forces lead to creation of internal forces 
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2.2 FORCE

❑ Principle of Transmissibility

❖ When dealing with the mechanics of a rigid body, we ignore deformations in the 

body

❖ The external effects of the exerted force should be same

❖ So it is not necessary to restrict the action of an applied force to a given point

❖ For example:

✓ Force P may be applied at A or at B or at any other point on its line of action

✓ External effects: bearing support at O and roller support at C
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2.2 FORCE

❑ Principle of Transmissibility:

❖ A force may be applied at any point on its given line of action without altering the 

resultant effects of the force external to the rigid body on which it acts.

❖ The force may be treated as a sliding vector:

✓ Magnitude

✓ Direction

✓ Line of action

23



2.2 FORCE

❑ Force Classification

❖ Contact or Body forces:

✓ A contact force is produced by direct physical contact

✓ A body force is generated by virtue of the position of a body within a force field (such as a 

gravitational)
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2.2 FORCE

❑ Force Classification

❖ Concentrated or Distributed forces

✓ Actually, almost all forces are distributed forces.

✓ When the dimensions of the area are very small 

compared with the other dimensions of the body, 

we may consider the force to be concentrated
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2.2 FORCE

❑ Action and Reaction

❖ According to Newton’s third law, the action of a force is always accompanied by an 

equal and opposite reaction
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2.2 FORCE

❑ Concurrent Forces

❖ Their lines of action intersect at that point

❖ They can be added using the parallelogram law in their common plane
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2.3 RECTANGULAR COMPONENTS

❑ The most common two-dimensional resolution of a force vector: 

Rectangular Components
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2.3 RECTANGULAR COMPONENTS

❑ Finding the sum or resultant R of two forces (which are concurrent)

❖ Summing each component separately 
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2.4 MOMENTS

❑ A force can also tend to rotate a body about an axis

❑ Moment is also referred to as torque

❑ The magnitude of this tendency depends on:

❖ Magnitude F of the force

❖ Effective length d  of the wrench handle
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2.5 MOMENTS

❑ Moment about a Point

❖ Plus sign for counterclockwise moments

❖ Minus sign for clockwise moments

❖ Sign consistency within a given problem is essential.
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2.5 MOMENTS

❑ The Cross Product

❖ The moment of F about point A

❖ r is a position vector which runs from the

moment reference point A to any point on the

line of action of F

❖ We must maintain the sequence r x F, because

the sequence F x r would produce a vector with a

sense opposite to that of the correct moment.
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2.5 COUPLE

❑ The moment produced by two equal, opposite, and noncollinear forces is 

called a couple.

❑ The forces only effect is to produce a tendency of rotation

36



2.5 COUPLE

❑ Force–Couple Systems

❖ The effect of a force acting on a body:

✓ Push or pull the body in the direction of the force 

✓ Rotate the body about any fixed axis which does not intersect the line of the 

force

❖By reversing this process, we can combine a given couple and a force 

which lies in the plane of the couple (normal to the couple vector) to 

produce a single, equivalent force.
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2.6 RESULTANT

❑ The resultant of a system of forces:

❖ The simplest force combination which can replace the original forces without 

altering the external effect on the rigid body to which the forces are applied

❑ Equilibrium of a body:

❖ The condition in which the resultant of all forces acting on the body is zero.
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2.6 RESULTANT

❑ The resultant of a system of forces
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2.6 RESULTANT

❑ Algebraic Method

41



2.6 RESULTANT

❑ Principle of Moments

❖ The three forces have a zero resultant force

but have a resultant clockwise couple (M = F3d)
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3.1 INTRODUCTION

❑ Statics: 

❖ Description of the force conditions necessary and sufficient to maintain the 

equilibrium

❑ Procedures developed here form the basis for solving problems in both statics and 

dynamics

❑ When a body is in equilibrium, the resultant of all forces acting on it is zero.
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3.2 SYSTEM ISOLATION AND THE FREE-BODY DIAGRAM

❑ First, Define the system to be analyzed and represent all forces acting on

the body

❖ A mechanical system is defined as a body or group of bodies which can be

conceptually isolated from all other bodies

❑ Free-Body Diagram (FBD):

❖ A diagrammatic representation of the isolated system treated as a single body which

shows all forces applied to the system containing
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3.2 SYSTEM ISOLATION AND THE FREE-BODY DIAGRAM

❑ Modeling the Action of Forces

Type of Contact and Force Origin Action on Body to Be 

Isolated
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3.2 SYSTEM ISOLATION AND THE FREE-BODY DIAGRAM

❑ Modeling the Action of Forces

Type of Contact and Force Origin Action on Body to Be 

Isolated
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3.2 SYSTEM ISOLATION AND THE FREE-BODY DIAGRAM

❑ Construction of Free-Body Diagrams

❖ Step1. Decide which system to isolate. (involve one or more of the desired unknown quantities)

❖ Step2. Isolate the system by drawing a diagram which represents its complete external

boundary

❖ Step 3. Identify all forces acting as applied by the removed contacting and attracting bodies

❖ Step 4. Show the choice of coordinate axes directly on the diagram
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3.2 SYSTEM ISOLATION AND THE FREE-BODY DIAGRAM

❑ Examples of Free-Body Diagrams
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3.2 SYSTEM ISOLATION AND THE FREE-BODY DIAGRAM
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3.2 SYSTEM ISOLATION AND THE FREE-BODY DIAGRAM

❑ Examples of Free-Body Diagrams
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3.3 EQUILIBRIUM CONDITIONS

❑ Equilibrium:

❖ The condition in which the resultant of all forces and moments acting on a body is 

zero.

❖ A body is in equilibrium if all forces and moments applied to it are in balance.

❖ Vector Equation:

❖ Components Equation:

✓ about any point O on or off the body
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3.3 EQUILIBRIUM CONDITIONS

❑ Categories of Equilibrium
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3.3 EQUILIBRIUM CONDITIONS

❑ Categories of Equilibrium
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3.3 EQUILIBRIUM CONDITIONS

❑ Two-Force Members in equilibrium:

❖ The forces must be:

✓Equal

✓Opposite

✓Collinear

✓ The shape of the member does not affect, the weights of the member is negligible
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3.3 EQUILIBRIUM CONDITIONS

❑ Three-Force Members in equilibrium:

❖ Lines of action of the three forces to be concurrent

(Except for 3 parallel forces)

✓ Three forces make closed polygon.
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3.3 EQUILIBRIUM CONDITIONS

❑ Alternative Equilibrium Equations

✓ The two points A and B must not lie on a line perpendicular to the x-direction.

✓ A, B, and C are any three points not on the same straight line.
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3.3 EQUILIBRIUM CONDITIONS

❑ Approach to Solving Problems

1) Identify clearly the quantities which are known and unknown.

2) Choose body (or system of connected bodies) to be isolated.

3) Choose a convenient set of reference axes.

4) Identify and state the applicable force and moment principles or equations.

5) Match the number of independent equations with the number of unknowns.

6) Carry out the solution and check the results.
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4.1 INTRODUCTION

❑ An engineering structure:

❖ Any connected system of members built to support or transfer forces and to safely

withstand the loads applied to it.

❑ To determine the forces internal to an engineering structure;

❖ dismember the structure and analyze separate free body diagrams of individual

members or combinations of members.
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4.2 PLANE TRUSSES

❑ A framework composed of members joined at their ends to form a rigid

structure is called a truss.

❖ Bridges, roof supports, and other such structures are common examples of trusses.
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4.2 PLANE TRUSSES

❑ To design a truss:

❖ Determine the forces in the various members

❖ Select appropriate sizes and structural shapes to withstand the forces.

❑ Several assumptions are made in the force analysis of simple trusses: 

❖ All members to be two-force members.

✓ A two-force member is one in equilibrium under the action of two forces only

❖ Each member is normally a straight link joining the two points of application of force.

❖ The two forces are applied at the ends and are necessarily equal, opposite, and collinear.

❖ The weight of the member is small compared with the force it supports.
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4.2 PLANE TRUSSES

❖ The member may be in tension or compression:

❖ Truss Connections and Supports:

✓ When welded or riveted connections are used to join

structural members, we may usually assume that the

connection is a pin joint if the centerlines of the

members are concurrent at the joint
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4.2 PLANE TRUSSES

❑ Two methods for the force analysis of simple trusses will be given:

✓Method of Joints

✓Method of Sections

❖ The external reactions are usually determined first, by applying the equilibrium 

equations to the truss as a whole. Then the force analysis of the remainder of the 

truss is performed.
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4.3 METHOD OF JOINTS

❑ Satisfying the conditions of equilibrium for the forces acting on the

connecting pin of each joint.

❖ The method therefore deals with the equilibrium of concurrent forces, and only

two independent equilibrium equations are involved.
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4.3 METHOD OF JOINTS

❑ Analyzing the Truss
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4.3 METHOD OF JOINTS

❑ Analyzing the Truss

86



4.4 METHOD OF SECTIONS

❑ We can take advantage of the third or moment equation of equilibrium by

selecting an entire section of the truss for the free body in equilibrium.

❑ The force in almost any desired member may be found directly from an

analysis of a section which has cut that member.

❑ In choosing a section of the truss, in general, not more than three members

whose forces are unknown should be cut.
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4.4 METHOD OF SECTIONS

❑ Illustration of the Method of Sections
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4.6 FRAMES AND MACHINES

❑ Frame or Machine:

❖A structure which at least one of its individual members is a multiforce

member.

✓ A multiforce member is defined as one with three or more forces acting on it, or one with

two or more forces and one or more couples acting on it.

✓ Frames are structures which are designed to support applied loads and are usually fixed in

position.

✓ Machines are structures which contain moving parts and are designed to transmit input

forces or couples to output forces or couples.

✓ Because frames and machines contain multiforce members, the forces in these members in

general will not be in the directions of the members.

✓ Therefore, we cannot analyze these structures by the methods developed.
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4.6 FRAMES AND MACHINES

❑ Interconnected Rigid Bodies with Multiforce Members

❖ The forces acting on each member of a connected system are found by

isolating the member with a free-body diagram and applying the equations

of equilibrium.

❖ The principle of action and reaction must be carefully observed.
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4.6 FRAMES AND MACHINES

❑ Force Representation and Free-Body Diagrams
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❖ Member BF:

❖ Member AD:
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5.1 INTRODUCTION

❑ Actually, “concentrated” forces do not exist in the exact sense, since

every external force applied mechanically to a body is distributed

over a finite contact area, however small.
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5.1 INTRODUCTION

❑ When forces are applied over a region whose dimensions are not

negligible compared with other pertinent dimensions, then we must

account for the actual manner in which the force is distributed.

❑ We do this by summing the effects of the distributed force over the

entire region using mathematical integration.

❑ This requires that we know the intensity of the force at any location.
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5.1 INTRODUCTION

❑ There are three categories:

❖ (1) Line Distribution

❖ (2) Area Distribution

❖ (3) Volume Distribution
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5.2 CENTER OF MASS

❖ If we suspend the body from any point the body will be in equilibrium

under the action of the cord tension and the resultant W of the gravitational

forces acting on all particles of the body.

❖ If we repeat for other points, the center of gravity (CG) will be determined

by intersection of these lines.
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5.2 CENTER OF MASS

❑ Determining the Center of Gravity

❖ The moment of the resultant gravitational force W about any axis equals

the sum of the moments about the same axis of the gravitational forces dW

acting on all particles.
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5.2 CENTER OF MASS

❑ Using symmetry in CG determination
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5.3 CENTROIDS OF LINES, AREAS, AND VOLUMES

❑ (1) Lines
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5.3 CENTROIDS OF LINES, AREAS, AND VOLUMES

❑ (2) Areas
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5.3 CENTROIDS OF LINES, AREAS, AND VOLUMES

❑ (3) Volumes
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5.5 COMPOSITE BODIES AND FIGURES; APPROXIMATIONS

❑ When a body or figure can be conveniently divided into several parts

whose mass centers are easily determined, we use the principle of

moments and treat each part as a finite element of the whole.
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5.6 BEAMS - EXTERNAL EFFECTS

❑ Beams are structural members which offer resistance to bending due to
applied loads.

❑ Beams are undoubtedly the most important of all structural members, so it is
important to understand the basic theory underlying their design.

❑ We must:

❖ First, establish the equilibrium requirements of the beam as a whole and any
portion of it considered separately.

❖ Second, we must establish the relations between the resulting forces and the
accompanying internal resistance of the beam to support these forces.
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5.6 BEAMS - EXTERNAL EFFECTS

❑ Types of Beams:

❖ Statically determinate beams

✓External support reactions can be calculated by the

methods of statics alone are called.

❖ Statically indeterminate beams

✓Has more supports than needed to provide

equilibrium

✓Load-deformation properties should be considered

to calculate external support reactions
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5.6 BEAMS - EXTERNAL EFFECTS

❑ Distributed Loads

❖ Broking to simple cases

✓ Constant

✓ Rectangular

✓ Triangular
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5.6 BEAMS - EXTERNAL EFFECTS

❑ Distributed Loads

❖ General distribution

113



114



5.7 BEAMS - INTERNAL EFFECTS

❑ In addition to supporting tension or 

compression, a beam can resist:

❖ Shear

❖Bending

❖ Torsion

✓ These effects represent the vector components

of the resultant of the forces acting on a

transverse section of the beam.

115



5.7 BEAMS - INTERNAL EFFECTS

❖ The conventions for positive values of shear V and bending moment M :

❖ Physical interpretation of the bending couple M :
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6.1 INTRODUCTION

❑ We have usually assumed that the forces of action and reaction between

contacting surfaces act normal to the surfaces. This assumption characterizes

the interaction between smooth surfaces.

❑ Although this ideal assumption often involves only a relatively small error,

there are many problems in which we must consider the ability of contacting

surfaces to support tangential as well as normal forces.

❑ Tangential forces generated between contacting surfaces are called friction

forces and occur to some degree in the interaction between all real surfaces.

❑ Whenever a tendency exists for one contacting surface to slide along another

surface, the friction forces developed are always in a direction to oppose this

tendency
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6.1 INTRODUCTION

❑ Friction forces are present throughout nature and exist in all machines no

matter how accurately constructed or carefully lubricated.

❑ A machine or process in which friction is small enough to be neglected is

said to be ideal. When friction must be taken into account, the machine or

process is termed real.

❑ In all cases where there is sliding motion between parts, the friction forces

result in a loss of energy which is dissipated in the form of heat.

❑ Wear is another effect of friction.
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6.2 TYPES OF FRICTION

❑ (a) Dry Friction:

❖Dry friction occurs when the unlubricated surfaces of two solids are
in contact under a condition of sliding or a tendency to slide. This
type of friction is also called Coulomb friction.

❑ (b) Fluid Friction:

❖Fluid friction occurs when adjacent layers in a fluid (liquid or gas)
are moving at different velocities.

❑ (c) Internal Friction:

❖ Internal friction occurs in all solid materials which are subjected to
cyclical loading.
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6.3 DRY FRICTION

❑ Mechanism of Dry Friction

✓ μs : the coefficient of static friction
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6.3 DRY FRICTION

❑ Kinetic Friction

❖After slippage occurs, a condition of kinetic friction accompanies the

ensuing motion.

❖Kinetic friction force is usually somewhat less than the maximum static

friction force.

❖ The kinetic friction force Fk is also proportional to the normal force.

✓ μk : the coefficient of kinetic friction
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6.3 DRY FRICTION

❑ Some typical values of coefficients
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6.3 DRY FRICTION

❑ Types of Friction Problems

❖ 1) The condition of impending motion is known to exist.

✓ Body is in equilibrium and on the verge of slipping

✓ Friction force equals the limiting static friction: Fmax = μs N

❖ 2) Neither the condition of impending motion nor the condition of motion is known to exist.

✓ First assume static equilibrium and then solve for the friction force F

▪ (a) F < (Fmax=μs N): The body is in static equilibrium as assumed.

▪ (b) F = (Fmax=μs N): Motion impends, the assumption of static

equilibrium is valid.

▪ (c) F > (Fmax=μs N): The assumption of equilibrium is therefore invalid,

and motion occurs.

❖ 3) Relative motion is known to exist between the contacting surfaces

✓Kinetic coefficient of friction clearly applies F = μk N
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