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Engineering Mechanics

Module-I: Introduction to Engineering Mechanics

Force System Basic concepts, Particle equilibrium in 2-D & 3-D; Rigid Body Equilibrium; Sys-
tem of Force, Coplanar Concurrent Forces, Components in Space- Resultant- Moment of
Force and its Application; Couples and Resultant for Force System, Equilibrium of System of
Force, Free body diagrams, Equations of Equilibrium of Coplanar System and Spatial System;

Static Indeterminacy.
Module-I1: Friction and Basic Structural Analysis

Types of friction, Limiting friction, Laws of friction, Static and Dynamic friction; Motion of Bod-
ies, Wedge friction, Screw jack and differential screw jack. Equilibrium in three dimensions;
Method of Sections; Method of Joints; How to determine if a member is in tension (or) compres-

sion; Simple Trusses; Zero force members; Beams and types of beams; Frames and Machines.
Module-111: Centroid and Centre of Gravity and Virtual Work and Energy Method

Centroid of simple figures from basic principle, Centroids of Composite Sections; Centre of Grav-
ity and its Implications; Area moment of inertia-Definition, Moment of inertia plane sections from
first principles, Theorems of moment of inertia, Moment of inertia of standard sections and com-

posite sections; Mass moment of inertia of circular plate, Cylinder, Cone, Sphere, Hook.

Virtual displacements, principle of virtual work for particle and ideal system of rigid bodies,
degrees of freedom. Active force diagram, systems with friction, mechanical efficiency. Conser-
vative forces and potential energy (elastic and gravitational), energy equation for equilibrium.

Applications of energy method for equilibrium. Stability of equilibrium.
Module-1V: Particle Dynamics and Introduction to Kinetics

Particle dynamics-Rectilinear motion; Plane curvilinear motion (rectangular, path, and polar coor-
dinates). 3-D curvilinear motion; Relative and constrained motion; Newton’s 2nd law (rectangu-

lar, path, and polar coordinates). Work-kinetic energy, power, potential energy. Impulse-momen-



tum (linear, angular); Impact (Direct and oblique). Introduction to Kinetics of Rigid Bodies cover-
ing, Basic terms, general principles in dynamics; Types of motion, Instantaneous centre of rotation
in plane motion and simple problems. D’ Alembert’s principle and its applications in plane motion
and connected bodies; Work energy principle and its applications in plane motion of connected
bodies; Kinetics of rigid body rotation.

Module-V: Mechanical Vibrations

Basic terminology, free and forced vibrations, resonance and its effects; Degree of freedom;
Derivation for frequency and amplitude of free vibrations without damping and single degree of
freedom system, simple problems, types of pendulum, use of simple, compound and torsion pen-
dulums.



Engineering Mechanics

1.0
11
1.2
13
14
15
1.6

1.7
18
19
1.10

111

112

1.13
114
1.15

Chapter-I: Introduction to Engineering Mechanics

Objectives

Introduction

Engineering Mechanics

Classification of Engineering Mechanics
Applications of Engineering Mechanics
Fundamental Concepts

Equilibrium of A Particle

1.6.1 Particle Equilibrium in 2-Dimensions
1.6.2 Particle Equilibrium in 3-Dimensions
Rigid Body Equilibrium

Classification of System of Forces
Characteristics of Various System Forces
Components in Space

1.10.1 Rectangular Components of a Force in Space
1.10.2 Resultant

Moment of Forces

1.11.1 Varigons Theorem

1.11.2 Applications of Varigon's Theorem
Couple

1.12.1 Moment of a Couple

1.12.2 Properties of a Couple

Resultant of Force

Solved Problems

Equilibrium of System of Forces

1.15.1 Equations of Equilibrium

o N o1 o1 W NN NN

N R N N N T o o e e T T S e e S S =
m B, W O O © © O N o U M M W P P O



1.16

1.17
1.18

1.19
1.20
121
122
1.23
1.24

2.0
2.1
2.2

2.3
2.4
2.5
2.6
2.7
2.8
2.9

1.15.2 Support Conditions

1.15.3 Link Representation

Free Body Diagrams

1.16.1 Construction of Free Body Diagram
1.16.2 Examples of Free Body Diagram
Equations Of Equilibrium

Equilibrium Of Spatial System

1.18.1 Solved Problems

Static Indeterminacy

Additional Problems

Outcomes

Summary

Review Questions

Multiple Choice Questions

Chapter-11: Friction

Objectives

Introduction

Friction

2.2.1 Factors that Affect Friction
2.2.2 Causes of Friction
Examples of Friction

Properties of Frictional Forces
Types of Friction

Methods of Increasing Friction
Methods of reducing friction
Limiting Friction

Laws of Friction

2.9.1 Static Laws of Friction
2.9.2  Kinetic Laws of Friction

2.9.3 Rolling Laws of Friction

31
32
33
34
34
36
37
39
45
47
62
62
63
67

72
72
72
73
73
74
74
74
75
76
76
77
77
77
78



2.10

211

212

2.13

2.14

2.15
2.16
2.17
2.18

2.19
2.20

3.0
3.1
3.2
3.3

Co-efficient of Friction

2.10.1 Coefficient of Static Friction
2.10.2 Coefficient of Kinetic Friction
2.10.3 Co-efficient of Rolling Friction
2.10.4 Solved Problems

Friction Angles

2.11.1 Angle of Friction

2.11.2 Angle of Repose

Motion of Bodies

2.12.1 Solved Problems

Wedge Friction

2.13.1 Solved Problems

Screw Friction

2.14.1 Differential Screw Jack
2.14.2 Solved problems

Advantages and Disadvantages of Friction

Additional Problems
Outcomes
Summary

Review Questions
Multiple Choice Questions

Chapter-111: Basic Structural Analysis

Objectives
Introduction
Definitions

Equilibrium in Three Dimensions

3.3.1 Moment of a Force About a Point in Space
3.3.2 Moment of a Force About An Axis in Space
3.3.3 Equilibrium Conditions for Rigid Bodies in Space

78
79
79
80
80
84
84
86
88
90
93
94
97
99
100
102
104
115
115

115
118

122
122
122
123
123
123
125



3.4

3.5

3.6

3.7
3.8

3.9
3.10
311

3.12
3.13
3.14
3.15
3.16

4.0
4.1
4.2
4.3
44

3.3.4 Solved Problems
Frames
3.4.1 Types of Frames
3.4.2 Analysis of a Frame
Method of Joints
3.5.1 Special Conditions
Method of Sections
3.6.1 Solved Problems
Determination of a member is in tension (or) compression
Simple tursses
3.8.1 Assumptions in Simple Trusses
Zero-Force Members
Beams and Types of Beams
Machines
3.11.1 Terminology related to the Lifting Machines
3.11.2 Frictional Loss in Lifting Machine and Law of Machine
3.11.3 Solved Problems
Additional Problems
Outcomes
Summary
Review Questions
Multiple Choice Questions
Chapter-1V: Centroid and Centre of Gravity
Obijectives
Introduction
Fundamental Definitions
Centroid

Centroids of Areas And Lines

Wmid of Volume

125
128
128
129
129
130
131
132
141
143
144
144
145
146
146
147
148
151
157
157
157
159

164
164
164
165
165
167



4.6
4.7

4.8
4.9

4.10

411

412
413

4.14
4.15
4.16

4.17

4.18
4.19
4.20
421

Determination of Centroid from First Principle
Centroid of Simple Figures from Basic Principle
4.7.1 Centroid of a Triangle

4.7.2 Centroid of a Semicircle

4.7.3 Centroid of Sector of a Circle

4.7.4 Centroid of Parabolic Spandrel

4.7.5 Solved Problems

Composite Areas

Centroid of Composite Figures

49.1 SolvedProblems

Gravity

4.10.1 Centre of Gravity

4.10.2 Centre of Mass

Centre of Gravity From Basic Principles

4.11.1 Centre of Gravity of Simple Figures
Centre of Gravity of Composite Bodies

Method For Finding Centre of Gravity

4.13.1 Solved Problems

Differences Between Centre of Gravity and Centroid
Moment of Inertia

Concept of Moment of Inertia

4.16.1 Units of Moment of Inertia

Moment of Inertia of a Plane Area

4.17.1 Radius of Gyration

Moment of Inertia of Plane Sections from First Principles
Perpendicular Axis Theorem

Transfer Theorem (or) Parallel Axis Theorem

Moment of Inertia of Standard Sections

168
168
168
169
170
170
172
174
175
177
185
185
186
187
188
188
188
191
194
194
195
196
197
198
199
201
202
203



4.22

4.23
4.24

4.25
4.26
4.27
4.28
4.29

5.0
5.1
5.2
5.3
5.4

5.5
5.6
5.7
5.8

4.21.1 Solved Problems

Moment of Inertia of a Composite Figures

4.22.1 Solved Problems

Mass Moment of Inertia

Mass Moment of Inertia of Composite Bodies

4.24.1 Mass Moment of Inertia of a Circular Plate
4.24.2 Mass Moment of Inertia of a Circular Cylinder
4.24.3 Mass Moment of Inertia of a Homogeneous Sphere
4.24.4 Mass Moment of Inertia of a Right Circular Cone
4.24.5 Solved Problems

Additional Problems

Outcomes

Summary

Review Questions

Multiple Choice Questions

Chapter-V: Virtual Work and Energy Method

Objectives

Introduction

Definitions

Virtual displacements

Concept of virtual work

5.4.1 Principle of Virtual Work

5.4.2 Application on the Principle of Virtual Work
5.4.3 Solved Problems

Virtual Work for Particle and Ideal System of Rigid Bodies
Degrees of Freedom

Active Force Diagram

Systems with Friction

ﬂhanical Efficiency

208
211
213
219
220
220
221
222
223
225
230
242
242
243
246

250
250
250
251
253
253
253
244
258
258
259
260
261



5.10
5.11

5.12.

5.13
5.14
5.15
5.16
5.17
5.18

6.0
6.1
6.2
6.3

6.4

6.5
6.6
6.7

6.8
6.9

Conservative Forces and Potential Energy
Energy Equation for Equilibrium
Applications of Energy Method of Equilibrium
Stability of Equilibrium
Additional Problems
Summary
Outcomes
Reviw Questions
Multiple Choice Questions
Chapter-VI: Particle Dynamics and Introduction to Kinetics
Objectives
Introduction
Fundamental Definitions
Rectilinear Motion of a Particle
6.3.1 Motion Under Variable Acceleration
6.3.2 Solved Problems
6.3.3 Motion Under Constant Acceleration (Uniform Acceleration)
6.3.4 Distance Travelled in the T™ Second (in Constant Acceleration)
6.3.5 Motion under Force of Gravity
6.3.6 Solved Problems
Plane Curvilinear Motion
6.4.1 Rectangular co-ordinates
6.4.2 Polar co-ordinates
3-D curvilinear motion
Relative and Constrained Motion
Relationship Between Circular Motion and Linear Motion
6.7.1 Solved Problems
Newton’s 2nd Law
Work

262
264
265
265
270
276
277
277
278

282
282
282
285
287
288
292
293
293
294
296
298
299
303
303
304
305
307




6.9.1 Units of Work 311

6.9.2 Solved Problems 311
6.9.3 Work done by Torque 312
6.10 Power 312
6.10.1 Units of Power 313
6.10.2 Power Developed by a Torque 314
6.10.3 Solved Problems 314
6.11 Energy 315
6.11.1 Units of Energy 315
6.11.2 Mechanical Energy 316
6.11.3 Solved Problems 318
6.12 Impulse - Momentum 320
6.12.1 Principle of Impulse and Momentum 320
6.12.2 Law of conservation of Momentum 320
6.12.3 Linear Impulse-Momentum 321
6.12.4 Angular Momentum 322
6.12.5 Conservation of Angular Momentum 323
6.12.6 Solved Problems 323
6.13 Impact 325
6.13.1 Direct Central Impact 325
6.13.2 Oblique of Indirect Impact 326
6.13.3 Coefficient of Restitution (e) 327
6.13.4 Loss of Kinetic Energy 327
6.13.5 Solved Problems 327
6.14 Kinetics of Rigid Bodies 330
6.15 General Principles in Dynamics 331
6.16 Motion and Its types 332
6.16.1 Typesof Motion 332



6.17

6.18

6.19

6.20

6.21
6.22
6.23
6.24
6.25

7.0
7.1
7.2
7.3

Instantaneous Centre of Rotation in Plane Motion
6.17.1 Solved Problems

D’alembert’s Principle

6.18.1 Application of D’ Alembert’s Principle
6.18.2 Solved Problems

Principle of Work & Energy

6.19.1 Plane Motion of Connected Bodies
6.19.2 Solved Problems

Kinetics of Rotary Motion

6.20.1 Moment of Momentum (or) Angular Momentum (H)
6.20.2 Kinetic Energy of Rotating Bodies

6.20.3 Radius of Gyration

6.20.4 Newton’s Law for Rotary Motion

6.20.5 Equation of Motion

6.20.6 Solved Problems

Additional Problems

Outcomes
Summary
Review Questions
Multiple Choice Questions
Chapter-VII: Mechanical Vibrations
Objectives

Introduction

Basic Definitions

Free and Forced Vibrations

7.3.1 Types of Free Vibration
7.3.1.1 The Longitudinal Vibrations
7.3.1.2 The Transverse Vibration
7.3.1.3 The Torsional Vibrations

335
336
337
338
340
342
343
344
346
346
347
347
347
348
348
352
362
362
363
365

370
370
370
371
372
372
373



74
7.5
7.6

7.7

7.8

7.9

7.10
7.11
7.12
7.13

7.3.2  Solved Problems

7.3.3  Free Vibrations Without Damping

7 3.4 Solved Problems

7.3.5 Forced Vibrations of Single Degree of Freedom System to
Harmonic Excitation Force

Resonance and its Effects

Degree of Freedom

Single Degree Of Freedom System

7.6.1 Rigid Body Oscillations
7.6.1.1 Solved Problems

7.6.2  Spring-Mass-Damper Systems
7.6.2.1 Solved Problems

Free Vibrations without Damping and Single Degree of Freedom System

7.7.1 Solved Problems

Pendulum and Types of Pendulum

7.8.1 Types of Pendulums

7.8.2  Solved Problems

7.8.3 Applications of Pendulums

Additional Problems

Outcomes

Summary

Review Questions

Multiple Choice Questions

374
376
379

383
384
385
387
387
388
390
392
394
398
400
401
404
408
409
413
414
414
415



