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Main objectives:

Mechanics of Materials 
answers tow questions:

Is the material strong enough?

Is the material stiff enough? 
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Main objectives:

If the material is not strong enough, your 

design will break.

If the material isn’t stiff enough, your design 

probably won’t function the way it’s 

intended to.
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Main objectives:
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Main objectives:
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Main objectives:

Provide the future engineer with the means of analyzing 
and designing various machines and load bearing 
structures.

Both the analysis and design of a given structure involve the 
determination of stresses and deformations. This 
chapter is devoted to the concept of stress.
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Design Considerations:
Safety.

Economy.

Design of Engineering systems is 
usually trade off between maximizing 

safety and minimizing cost.
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Typical approach to Engineering solutions:

Identify the problem.

State the objective.

Develop alternative solutions.

Evaluate alternatives.

Use the best alternative.
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Steps of Analysis

Equations of equilibrium are used for external forces.

Analysis of the effect of the external forces on the 

structures (machine) or any component of the structure 

(machine).

Behavior of the materials under the action of forces.
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Equations of Equilibrium

• Rigid Body
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Equations of Equilibrium

For a rigid body to be in equilibrium, both the 
resultant force R and a resultant moments (couples) 
C must vanish.
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Equations of Equilibrium

The two conditions can also be expressed in scalar form as:
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Equilibrium in Two Dimensions

The term “two dimensional” is used to describe 
problems in which the forces under consideration 
are contained in a plane (say the xy-plane)
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Equilibrium in Two Dimensions

For two-dimensional problems, since a force in the 
xy-plane has no z-component and produces no 
moments about the x or y axes, hence
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Equilibrium in Two Dimensions

In scalar form, these conditions can be 
expressed as
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Internal Forces for Axially Loaded Members
Analysis of Internal Forces

Introduction –Concept of Stress

Assume that: F1 = 2 k, F3 = 5 k, and F4 = 8 k
F2=?

Example 1
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Internal Forces for Axially Loaded Members
Analysis of Internal Forces
-What is the internal force developed on plane a-a and b-b?
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Example 2
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Internal Forces for Axially Loaded Members
Analysis of Internal Forces
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Example 2
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Internal Forces for Axially Loaded Members
Introduction –Concept of Stress

Perform a static analysis to determine:

I. The internal force in each structural
member

II. The reaction forces at the supports.

Example 3
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Internal Forces for Axially Loaded Members
Introduction –Concept of Stress

Example 3
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Internal Forces for Axially Loaded Members
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Example 3
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Internal Forces for Axially Loaded Members
Introduction –Concept of Stress

Example 3
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Axial Loading: Normal Stress
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Stress
• Stress is the intensity of internal force.
• It can also be defined as force per unit area, or intensity 

of the forces distributed over a given section.
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Axial Loading: Normal Stress
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• The resultant of the internal forces for an axially 
loaded member is normal to a section cut 
perpendicular to the member axis.
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Axial Loading: Normal Stress
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• The force intensity on that section is defined as 
the normal stress.
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Axial Loading: Normal Stress
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• The normal stress at a particular point may 
not be equal to the average stress but the 
resultant of the stress distribution must 
satisfy
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Centric loading
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• A uniform distribution of stress is only 
possible if the concentrated loads on the end 
sections of two-force members are applied at 
the section centroids.  This is referred to as 
centric loading.
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Eccentrically loaded
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• If a two-force member is eccentrically 
loaded, then the resultant of the stress 
distribution in a section must yield an axial 
force and a moment.
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Stress Analysis & Design Example
Introduction –Concept of Stress

Can the structure safely support the 30 kN
load? Assume that, the element CB has 
enough capacity. MPa 165all =ABσ

Example 4

• From a statics analysis
FAB = 40 kN (compression)   
FBC = 50 kN (tension)
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Stress Analysis & Design Example
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• From a statics analysis
FAB = 40 kN (compression)   
FBC = 50 kN (tension)

• For reasons based on cost, weight, availability,
etc., the choice is made to construct the rod from
aluminum ( ). What is an
appropriate choice for the rod diameter?

MPa 100all =ABσ

Example 4
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Shearing Stress
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The internal forces discussed previously 
and the corresponding stresses were 
normal to the section considered.

A different type of stress can occur in a 
transverse cross section of a member as 
shown in the next slide.
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Shearing Stress
Introduction –Concept of Stress

Illustration of Shearing Stress
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Shearing Stress
Introduction –Concept of Stress

Shear
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• Shear stress distribution varies from zero at the member 
surfaces to maximum values that may be much larger than the 
average value.  

• The shear stress distribution cannot be assumed to be uniform.
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Shearing Stress
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Shearing Stress in Connection
Shearing stresses are commonly found in bolts, 
pins, and rivets used to connect various structural 
members and machine components.

Three Types of Shearing Stress
a) Single Shear
b) Double Shear
c) Punching Shear
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Shearing Stress Examples
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Single Shear

The bolt is said to in single shear P
ss A
F
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Shearing Stress Examples
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Double Shear

The bolt is said to in 
double shear P sss A
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Shearing Stress Examples
Introduction –Concept of Stress

Punching Shear

Examples of this type are:

• Action of punch in forming rivet hole in metal

• Tendency of building columns to punch trough footings

• Heavy thin-slab ceiling cause building columns to punch

through slabs.
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Shearing Stress Examples
Introduction –Concept of Stress

Punching Shear
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Shearing Stress Examples
Introduction –Concept of Stress

Bearing Stress in Connections

• Bolts, rivets, and pins create 
stresses on the points of contact 
or bearing surfaces of the 
members they connect.
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• Corresponding average force 
intensity is called the bearing 
stress,
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Stress Analysis & 
Design Example
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• From a statics analysis
FAB = 40 kN (compression)   
FBC = 50 kN (tension)

• Determine the stresses in the
members and connections of
the structure shown.

Example 5
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Rod & Boom Normal Stresses
Introduction –Concept of Stress

FBC = 50 kN (tension)

• At the rod center, the average
normal stress in the circular cross-
section.

• At the flattened rod ends, the smallest
cross-sectional area occurs at the pin
centerline.

Example 5
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Rod & Boom Normal Stresses
Introduction –Concept of Stress

FAB = 40 kN (compression) 

• The average normal stress in 
the center boom.

• The minimum area sections at the 
boom ends are unstressed since the 
boom is in compression.

Example 5
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Pin Shearing Stresses
Introduction –Concept of Stress

• The cross-sectional area for pins at A, 
B, and C,

• The force on the pin at C is equal to 
the force exerted by the rod BC,

Example 5
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Pin Shearing Stresses
Introduction –Concept of Stress

• The pin at A is in double shear with a 
total force equal to the force exerted by 
the boom AB,

Example 5
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Pin Shearing Stresses
Introduction –Concept of Stress

Example 5

kNFBC 50=
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Pin Shearing Stresses
Introduction –Concept of Stress

• To determine the bearing stress at A
in the boom AB, we have t = 30 mm 
and d = 25 mm,

• To determine the bearing stress at A in the 
bracket, we have t = 2(25 mm) = 50 mm 
and d = 25 mm,

Example 5
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Stresses on an Inclined Plane in an Axially Loaded Member
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Illustration
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Stresses on an Inclined Plane in an Axially Loaded Member
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Illustration
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Stresses on an Inclined Plane in an Axially Loaded Member

Introduction –Concept of Stress

Maximum Normal and Shear Stresses
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Stress Under General Loadings

Introduction –Concept of Stress

A
F x

A
x Δ

Δ=
→Δ

lim
0

σ
A
V x
y

A
xy Δ

Δ
=

→Δ
lim

0
τ

A
V x
z

A
xz Δ

Δ=
→Δ

lim
0

τ



Transformations of Stress and Strain
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State of Stress
Stress at a point in a material body has been defined as a force per unit 
area. But this definition is somewhat ambiguous since it depends upon 
what area we consider at the point.

Transformations of Stress and Strain

52

State of Stress

let us pass a cutting plane through point O perpendicular to 
the x axis.
If dA is the area, then by definition
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State of Stress

let us pass a cutting plane through point O perpendicular to 
the y axis.
If dA is the area, then by definition
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State of Stress

let us pass a cutting plane through point O perpendicular to 
the z axis.
If dA is the area, then by definition
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General or Triaxial State of stress
• Normal Stresses

• Shear Stress
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Stress Under General Loadings
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• Consider the moments about the z axis:

• It follows that only 6 components of stress are 
required to define the complete state of stress
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Stress Under General Loadings
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• The combination of forces generated 
by the stresses must satisfy the 
conditions for equilibrium:
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• Stress components are defined for 
the planes cut parallel to the x, y
and z axes.  For equilibrium, equal 
and opposite stresses are exerted on 
the hidden planes.

• 9 stress components are unknown.
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Factor of Safety
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stress allowable
stress ultimate

safety ofFactor 

all
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=

σ
σFS

FS

Structural members or machines 
must be designed such that the 
working stresses are less than the 
ultimate strength of the material.

Factor of safety considerations:
• uncertainty in material properties 
• uncertainty of loadings
• uncertainty of analyses
• number of loading cycles
• types of failure
• maintenance requirements and 

deterioration effects
• importance of member to structures 

integrity
• risk to life and property
• influence on machine function
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Design Loads, Working Stresses, and Factor of Safety (FS)
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Design Approaches:
Deterministic, e.g., working stress or allowable stress design 

(ASD)

Probability-Based, e.g., load and resistance factor design 

(LRFD)
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Stress Analysis & Design Example
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3.3&600 == FSMPaUσ
a) Determine ?=ABd

3.3&350 == FSMPaUτ
b) Determine ?=Cd

MPaall 300=σ
c) Determine ?=t

Example 6
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Stress Analysis & Design Example
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Example 6
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Stress Analysis & Design Example
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a)

Example 6
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Stress Analysis & Design Example
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b)

Example 6
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Stress Analysis & Design Example
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C)

Example 6
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Stress Analysis & Design Example
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Example 7
Determine axial forces and 
normal stresses in the shown bar. 
Also draw the variations of axial 
forces and normal stresses.
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Stress Analysis & Design Example
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Example 7

11−
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Stress Analysis & Design Example
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Example 7

22 −

33−
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Stress Analysis & Design Example
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Example 7
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Stress Analysis & Design Example
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Example 8
Three lumped masses rotate around 
a beam. These masses are connected 
to each other using a wire with 
diameter d. determine axial stresses 
in parts of wire and draw the results 
based on r using a diagram. There is 
no friction between the surface and 
masses.

mmdHzkgm 1045.0 === υ
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Stress Analysis & Design Example
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Example 8
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Stress Analysis & Design Example
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Example 8

72

Stress Analysis & Design Example
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Example 8
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Stress Analysis & Design Example
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Example 9

Two pieces of the wood beam are 
connected with glue connection. 
Determine the maximum safe axial 
load.

Mpaall 10=τ
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Stress Analysis & Design Example
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Example 9
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