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Chapter 1

1.1 Introduction 

Physics

Mechanics Thermodynamics Electricity

Statics

Dynamics

Mechanics of deformable bodies (Strength/Mechanics of Materials)

▪ Stress: is associated with the strength of materials from which the 
body is made

▪ Strain: is a measure of the deformation of the body

Mechanics of Materials: Studies the internal effects of Stress and 
Strain in a solid body that is subjected to an external loading
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1.2 Equilibrium of a Deformable Body 

External Loads:

▪ Surface Load: It caused by the 
direct contact of one body with 
the surface of another

▪ Body Forces: It is developed 
when one body exerts a force 
on another body without direct 
physical contact between bodies

Chapter 1 – Stress - Hibbeler
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1.2 Equilibrium of a Deformable Body 
Chapter 1 – Stress - Hibbeler

Surface Force

Distributed area Line concentrated
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1.2 Equilibrium of a Deformable Body 

Support Reactions: A force that develop at the supports or points at 
contact between bodies are called reaction

Chapter 1 – Stress - Hibbeler
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1.2 Equilibrium of a Deformable Body 

Support Reactions: Example 1

Chapter 1 – Stress - Hibbeler
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1.2 Equilibrium of a Deformable Body 

Support Reactions: Example 2

Chapter 1 – Stress - Hibbeler
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1.2 Equilibrium of a Deformable Body 

Support Reactions: Example 3

Chapter 1 – Stress - Hibbeler
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1.2 Equilibrium of a Deformable Body 

Support Reactions: Example 4

Chapter 1 – Stress - Hibbeler
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1.2 Equilibrium of a Deformable Body 

Support Reactions: Example 5

Chapter 1 – Stress - Hibbeler
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1.2 Equilibrium of a Deformable Body 

Support Reactions: Example 6

Chapter 1 – Stress - Hibbeler
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1.2 Equilibrium of a Deformable Body 

Equation of Equilibrium

Chapter 1 – Stress - Hibbeler
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1.2 Equilibrium of a Deformable Body 

Equation of Equilibrium

Chapter 1 – Stress - Hibbeler
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1.2 Equilibrium of a Deformable Body 
Chapter 1 – Stress - Hibbeler

▪ Normal Force (N ): Acts 
perpendicular to the area

▪ Shear Force (V ): Lies on the 
plane of the area

▪ Torsional moment or torque 
(T ): When external load tend 
to twist one segment of the 
body with respect to other 
about an axis perpendicular 
to the area

▪ Bending Moment (M ): It 
caused by the external loads 
that tend to bend the body 
about an axis lying within the 
plane after area

3D- Dimensional
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1.2 Equilibrium of a Deformable Body 
Chapter 1 – Stress - Hibbeler

MO

V

N

2D- Dimensional
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Chapter 1 – Stress - Hibbeler

Problem 1-6
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Chapter 1 – Stress - Hibbeler

Problem 1-6
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Chapter 1 – Stress - Hibbeler

Problem 1-22

Uploaded By: anonymousSTUDENTS-HUB.com



2/19/2021 20

Chapter 1 – Stress - Hibbeler

Problem 1-22

AX

AY

FBC
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Chapter 1 - Stress

1.3 Stress
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Chapter 1 - Stress

1.3 Stress

General State of Stress
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Chapter 1 - Stress

1.3 Average Normal Stress in an Axially Loaded Bar
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Chapter 1 - Stress

1.5 Average Shear Stress
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Chapter 1 - Stress

1.5 Average Shear Stress

Bolt C: If plates A and B are

connected by bolt C, shear will take

place in bolt C in plane DD'.

Bolt C: If splice plates H and J are used

to connect plates E and G, shear will

take place in bolts K and L in each of the

two planes MM' and NN'.
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Chapter 1 – Stress - Hibbeler

Problem 1-33
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Chapter 1 – Stress - Hibbeler

Problem 1-60
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Chapter 1 – Stress - Hibbeler

1.6 Allowable Stress Design

The factor of safety (F.S.) is a ratio of the failure load Ffail to the
allowable load Fallow. Here Ffail is found from experimental testing of
the material, and the factor of safety is selected based on experience
so that all the above mentioned uncertainties are accounted for when
the member is used under similar conditions of loading and geometry
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Chapter 1 – Stress - Hibbeler

Problem 1-94
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Chapter 2 – Strain - Hibbeler

2.1 Deformation
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Chapter 2 – Strain - Hibbeler

2.2  Strain – Normal Strain
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Chapter 2 – Strain - Hibbeler

2.2  Strain – Shear Strain
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Chapter 2 – Strain - Hibbeler

Problem 2-30
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Chapter 3 – Mechanical Properties - Hibbeler

Stress-Strain Diagram
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Chapter 3 – Mechanical Properties - Hibbeler

Stress-Strain Diagram
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Chapter 3 – Mechanical Properties - Hibbeler

Stress-Strain Diagram

NeckingStrain HardeningYielding

Uploaded By: anonymousSTUDENTS-HUB.com



2/19/2021 37

Chapter 3 – Mechanical Properties - Hibbeler

3.5 Strain Energy
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Chapter 3 – Mechanical Properties - Hibbeler

Problem 3-22
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Chapter 3 – Mechanical Properties- Hibbeler

Problem 3-36
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Average Mechanical Properties of Typical Engineering Materials- Hibbeler

SI Units
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Average Mechanical Properties of Typical Engineering Materials- Hibbeler

US Customary Units
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Chapter 4 – Axial Load- Hibbeler

4.2 Elastic Deformation of an Axially Loaded Member
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Chapter 4 – Axial Load- Hibbeler

4.2 Elastic Deformation of an Axially Loaded Member
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Chapter 4 – Axial Load- Hibbeler

Problem 4-1

Uploaded By: anonymousSTUDENTS-HUB.com



2/19/2021 45

Chapter 4 – Axial Load- Hibbeler

4.6 Thermal Stress
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Chapter 4 – Axial Load- Hibbeler

4.6 Thermal Stress
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Chapter 4 – Axial Load- Hibbeler

4.6 Thermal Stress
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Chapter 4 – Axial Load- Hibbeler

Problem 4-85
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Chapter 5 – Torsion - Hibbeler

Torsion

Torsio
n
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Chapter 5 – Torsion - Hibbeler

Torsion

Uploaded By: anonymousSTUDENTS-HUB.com



2/19/2021 51

Chapter 5 – Torsion - Hibbeler

5.1 Torsional Deformation of a Circular Shaft
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Chapter 5 – Torsion - Hibbeler

5.1 Torsional Deformation of a Circular Shaft
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Chapter 5 – Torsion - Hibbeler

5.1 Torsional Deformation of a Circular Shaft

Fig. 5-3
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Chapter 5 – Torsion - Hibbeler

5.2 The Torsional Formula

Fig. 5-7

Eq. 5-6

Eq. 5-8

Eq. 5-9

Eq. 5-7
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Chapter 5 – Torsion - Hibbeler

5.2 Angle of Twist

Constant torque 
and Cross-Sectional 
Area
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Chapter 5 – Torsion

Failure when high Torsion occurs
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Chapter 5 – Torsion - Hibbeler

Problem 5-20
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Chapter 5 – Torsion - Hibbeler

Problem 5-20
Given:

Required:

Determine the required minimum
diameter of the rod and maximum inner
diameter of the tube

T = 10 kN.m

T = 10 kN.m

T = 10 kN.m
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Chapter 5 – Torsion - Hibbeler

Problem 5-20

T = 10 kN.m

T = 10 kN.m

T = 10 kN.m
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Chapter 5 – Torsion - Hibbeler

Problem 5-20

T = 10 kN.m
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Chapter 5 – Torsion - Hibbeler

Problem 5-54
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Chapter 6 – Bending - Hibbeler

Bending

Bending
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Failure when high Torsion occurs
Chapter 6 – Bending - Hibbeler
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Beam Sign Convention
Chapter 6 – Bending - Hibbeler
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Chapter 6 – Bending - Hibbeler

Shear and Moment Diagrams Example 6-8
Example: Draw the shear and moment diagrams for the beam shown in figure below
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Chapter 6 – Bending - Hibbeler

Graphical method for constructing shear and moment diagrams

Figure 6-8
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Chapter 6 – Bending - Hibbeler

Graphical method for constructing shear and moment diagrams

Figure 6-9
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Chapter 6 – Bending - Hibbeler

Problem 6-8
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Chapter 6 – Bending - Hibbeler

Problem 6-8
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Chapter 6 – Bending - Hibbeler

Problem 6-8
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Chapter 6 – Bending - Hibbeler

Problem 6-8
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Chapter 6 – Bending - Hibbeler

Problem 6-8

V (lb)

1900

M (lb.ft)

964.75

964.75

x(ft)

x(ft)

-500
-1400
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Chapter 6 – Bending - Hibbeler

Bending Deformation of a Straigh Member

Main Condition:

▪ Straight Prismatic beam, 
homogeneous

▪ Symmetrical cross-sectional 
area with respect to axis of 
symmetry

▪ Bending moment is applied 
about an axis perpendicular 
to the axis of symmetry

Figure 6-18
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Chapter 6 – Bending - Hibbeler

Bending Deformation of a Straigh Member

▪ The bending moment causes the material within the bottom 
portion of the bar to stretch and the material within the top 
portion to compress

▪ The longitudinal fibers in the neutral surface will not undergo a 
change in length

Figure 6 -19
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Chapter 6 – Bending - Hibbeler

Bending Deformation of a Straigh Member
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Chapter 6 – Bending - Hibbeler

The Flexure Formula

Figure 6 -24
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Chapter 6 – Bending - Hibbeler

Problem 6-74
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Chapter 6 – Bending - Hibbeler

Problem 6-74

Step 1:

Step 2:
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Transverse 

Shear

Chapter 7 – Transverse Shear - Hibbeler

Transverse Shear
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Shear in Straigh Members
Chapter 7 – Transverse Shear - Hibbeler
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The Shear Formula

Main Condition:

▪ Straight Prismatic beam, homogeneous
▪ Internal resultant shear force must be 

directed along an axis of symmetry for 
the cross section area

Chapter 7 – Transverse Shear - Hibbeler
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The Shear Formula

Main Condition:

▪ Straight Prismatic beam, homogeneous
▪ Internal resultant shear force must be 

directed along an axis of symmetry for 
the cross section area

Chapter 7 – Transverse Shear - Hibbeler
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Problem 7-7
Chapter 7 – Transverse Shear - Hibbeler
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Problem 7-7

V
 (

kN
)

-20

20

Chapter 7 – Transverse Shear - Hibbeler
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Problem 7-7
Chapter 7 – Transverse Shear - Hibbeler
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Combined

Loading

Chapter 8 – Combined Loading - Hibbeler

Combined Loading
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State of Stress Caused by Combined Loadings
Chapter 8 – Combined Loading - Hibbeler
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Problem 8-65 and 66
Chapter 8 – Combined Loading - Hibbeler
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Problem 8-65 and 66

x z

y

Chapter 8 – Combined Loading - Hibbeler
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Problem 8-65 and 66

x z

y

Chapter 8 – Combined Loading - Hibbeler
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Problem 8-65 and 66

x z

y

Chapter 8 – Combined Loading - Hibbeler

Vy

Vz

P

My

MzT
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Stress Transformation

Chapter 9 – Stress Transformation - Hibbeler

Stress Transformation
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Introduction
Chapter 9 – Stress Transformation - Hibbeler
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Introduction
Chapter 9 – Stress Transformation - Hibbeler
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Introduction
Chapter 9 – Stress Transformation - Hibbeler
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9.3 Principal Stresses and Max. In-Plane Shear Stress
Chapter 9 – Stress Transformation - Hibbeler
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9.3 Principal Stresses and Max. In-Plane Shear Stress
Chapter 9 – Stress Transformation
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Problem 9-17
Chapter 9 – Stress Transformation - Hibbeler

Uploaded By: anonymousSTUDENTS-HUB.com



2/19/2021 99

9.4 Mohr’s Circle  - Plane Stress
Chapter 9 – Stress Transformation - Hibbeler
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9.5 Absolute Maximum Shear Stress
Chapter 9 – Stress Transformation
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9.5 Absolute Maximum Shear Stress
Chapter 9 – Stress Transformation - Hibbeler
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Problem 9-32
Chapter 9 – Stress Transformation - Hibbeler
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Problem 9-32
Chapter 9 – Stress Transformation - Hibbeler

By

Bx

FCD
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Problem 9-32
Chapter 9 – Stress Transformation - Hibbeler

By

Bx

V

N
M

External Forces

Internal Forces
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Problem 9-32
Chapter 9 – Stress Transformation - Hibbeler
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Problem 9-32
Chapter 9 – Stress Transformation - Hibbeler

Neutral Axis
‘
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Problem 9-32
Chapter 9 – Stress Transformation - Hibbeler

- = -
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Energy Methods

Chapter 14 – Energy Methods - Hibbeler
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Energy Methods

Chapter 14 – Energy Methods - Hibbeler
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14.1 External Work and Strain Energy

Work of a force

Chapter 14 – Energy Methods - Hibbeler
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14.1 External Work and Strain Energy

Work of a force

Chapter 14 – Energy Methods - Hibbeler
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14.1 External Work and Strain Energy

Work of a forceWork of a Couple of Moment

Chapter 14 – Energy Methods - Hibbeler
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14.1 External Work and Strain Energy

Normal Stress &  Strain Energy

Chapter 14 – Energy Methods - Hibbeler

Question
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14.1 External Work and Strain Energy

Chapter 14 – Energy Methods - Hibbeler
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14.1 External Work and Strain Energy

Chapter 14 – Energy Methods - Hibbeler
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14.1 External Work and Strain Energy

Chapter 14 – Energy Methods - Hibbeler
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14.1 External Work and Strain Energy

Chapter 14 – Energy Methods - Hibbeler
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14.1 External Work and Strain Energy

Chapter 14 – Energy Methods - Hibbeler
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14.1 External Work and Strain Energy

Chapter 14 – Energy Methods - Hibbeler
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14.2 Elastic Strain Energy for Various Loading

Axial Load

Chapter 14 – Energy Methods - Hibbeler
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14.2 Elastic Strain Energy for Various Loading

Bending Moment

Chapter 14 – Energy Methods - Hibbeler
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14.2 Elastic Strain Energy for Various Loading

Transverse Shear

Torsional Moment

Chapter 14 – Energy Methods - Hibbeler
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4.8 Castigliano’s Theorem

Chapter 14 – Energy Methods - Shigly
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4.8 Castigliano’s Theorem

Chapter 14 – Energy Methods - Shigly
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Problem 14-22
Chapter 14 – Energy Methods - Hibbeler
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Problem 14-22
Chapter 14 – Energy Methods - Hibbeler

Bending Strain Energy in the beam Axial Strain Energy of the two post
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Problem 14-22
Chapter 14 – Energy Methods - Hibbeler

Axial Strain Energy of the two post

12 kN 12 kN
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Problem 14-22
Chapter 14 – Energy Methods - Hibbeler

Bending Strain Energy in the beam

x

V

M
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Hibbeler: Chapter 1 – Chapter 14

Problems

Chapter 1:  4, 5, 6, 21, 22, 25, 27, 28, 60, 80, 84

Chapter 2: 29

Chapter 3: 21, 36

Chapter 4: 1, 10, 85

Chapter 5: 11, 16, 20, 23, 39, 54, 65, 83

Chapter 6: 3, 8, 18, 24, 52, 74, 75

Chapter 7: 8, 11, 18

Chapter 8: 35, 36, 40, 57

Chapter 9: 17, 29, 67, 80

Chapter 14: 141, 190
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