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Stress and strain Stress and strain 

If a body is subjected to external loads, internal loads represented as

distributed load will be generated due to the interrelation between the

material crystals (or particles). This type of force is resistance to the

effect of the external loading.

The internal resistance for external loads is called the strength of the

material and the distribute load is called stress.

The effects of external loads are not the stress but there is the strain

effect. When the material is subjected to external loads, it will be

deformed (i.e. change in its shape and/or size). The percentage of

deformation is called strain
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Stress  Stress  

To understand the concept of stress, we can start with a random body

subjected to system of external loads as shown in fig.a.
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Stress  Stress  

Make a section as shown in the fig.b.

as you can see, we can assume that the

stress is a distributed load. However,

the direction of the stress is in every

way. This assumption is because the

infinite number of crystals in the

material and the its random

distribution.
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Stress  Stress  

If we take an infinitesimal area

element as shown with ∆F force acting

on it. The force element ∆F can be

resolved to its rectangular components:

∆Fx, ∆Fy and ∆Fz.

Later on we will discuss the

equilibrium condition.
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Stress  Stress  

Apply other section as shown in the

figure. At this stage, we can divide the

internal forces into normal forces

(tensile) and tangential forces (shear).

In engineering, we give the normal

stress the symbol (σ) and the tangential

stress the symbol (τ). Further on, we

will call the normal stress as tensile or

compression stress according to the

direction and the tangential stress the

shear stress. 6
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Stress  Stress  

A final section can be performed as

shown in the figure. A three

dimensional section is the best way to

examine the stress concept.

The normal stresses can be in the

three dimensions (x, y and z) and the

tangential (or shear) stresses are

distributed on the surface of the cubic

element shown in the figure (two

components for each surface)
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Stress  Stress  

In general, if the loads are in the three dimensions, the internal loads

will be: 3 normal components (σ) and 6 tangential (τ).

To obtain an average numerical value for these stresses, the limits of

the load over the area is taken. Mathematically:

A

Fx
A

x





 0
lim

A

Fy
A

y





 0
lim

A

Fz
A

z





 0
lim

A

F

A

F y

A
zy

x

A
zx











 00
lim    lim 

A

F

A

F z

A
yz

x

A
yx











 00
lim    lim 

A

F

A

F
z

A
xz

y

A
xy











 00
lim    lim 

8

Mechanical properties of materials Mechanical properties of materials 

Stress  Stress  

The stress analysis can be reduced to single force – single moment

system (as you learn in Static course) at the centroid of the section as

shown in the figure.
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Stress  Stress  

Resolve FR and MR,o to its rectangular components:

As you can see there are two force components : normal and shear

Also you can see there are two moment components : torsion and

bending
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Stress  Stress  

In general, the internal loads (or stresses) generated inside a under

external load body are:

Normal stresses: tensile or compression

Shear stresses

Torsion stresses

Bending stresses

In the next chapters, we will discuses each one alone (i.e. pure

stress).
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Stress  Stress  

If the external loads are coplaner , the internal stresses generated

will be: normal, shear and bending as shown in the figure
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Stress  Stress  

If we desire to find average stress (normal or shear), we reduce the

limits presented previously as shown below

In general: average stress = force / area: σ=P/A and τ = V/A
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Stress  Stress  

Factor of safety is a ratio between the failure load over the allowable

stress.

The allowable stress is the stress theta you can not exceed through

the design process.

Because stress depends on load and area and the load is something

enforced on us the area is the variable that we can use to design a

member can handle the applied load. Mathematically:
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Strain Strain 

Strain is the ratio between the change in the dimension (normal or

shear) and the original dimension.

Is the body is subjected to pure normal load, the strain (ε) is

calculated as

Where L is the instantaneous length and Lo is the initial length

if the body was under pure shear,

the shear strain (γ) is the found as
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Strain Strain 

In most of engineering examples, the strain is in two dimensional

(coplanar forces system) and so ε is found using the previous equation

and γ is calculated using the geometry of the problem.

ε is unit less however in many references it is given mm/mm or m/m

or it is represented as percentage (%)

In the next chapter we are going to study the relation between

stress – strain and the classification of materials according to

something called stress – strain diagram. For this moment, the stress is

P/A or V/A and the strain is ε =(L-Lo)/Lo and γ is found from the

geometry of the problem

See the next examples 51 52
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