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Learning objectives:
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Learning objectives Key words:
 How do forces interact with 

structures?

 What are static and dynamic forces?

 What are stress, strain and elasticity?

 Which calculations are used in 

structural engineering?

Tension, 
compression, 

torsion, 
bending, stress, 
strain, elasticity, 

mass, weight, 
Young’s 
modulus



 Which terms are used in circuit design and construction?
 What are the types of electronic component?

Learning objectives:

Explanation Which forces act on materials?

Compression Tension Bending Torsion Shearing



 Which terms are used in circuit design and construction?
 What are the types of electronic component?

Learning objectives:

Explanation What is the difference between a strut and a tie?

Which of these beams would be in tension? 
Which would be in compression?

LOAD
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 Which terms are used in circuit design and construction?
 What are the types of electronic component?

Learning objectives:

Explanation What is the difference between a strut and a tie?

A strut resists compression A tie resists tension



 Which terms are used in circuit design and construction?
 What are the types of electronic component?

Learning objectives:

Explanation How do forces interact with structures?

Which of these beams are struts? 
Which are ties?

LOADLOAD

strut

tie

strut
tie



 Which terms are used in circuit design and construction?
 What are the types of electronic component?

Learning objectives:

Explanation What is the difference between a static and dynamic force?

Static force is always present Dynamic forces may move

Can you identify the static and dynamic forces on these two situations?

Static: The weight of the chair Static: The weight of flag pole

Dynamic: force 
of the wind

Dynamic: force 
of the user 
leaning back 
on the chair



 Which terms are used in circuit design and construction?
 What are the types of electronic component?

Learning objectives:

Explanation How can we increase rigidity in a structure?

Using cross sections, struts and ties 
effectively to save weight



 Which terms are used in circuit design and construction?
 What are the types of electronic component?

Learning objectives:

Explanation

What is the definition of the mass of an object?

The amount of material an object contains (Kg)

What is the definition of the weight of an object?
The force of gravity pulling down on an object (N)

What do we mean by force, mass and weight?



 Which terms are used in circuit design and construction?
 What are the types of electronic component?

Learning objectives:

Explanation

Weight (N) = mass (Kg) x gravitational field strength

How do we 
calculate weight?

The force of gravity on earth = 9.8 Nkg-1

If an object has a 
mass of 60Kg what 
would its weight be 

on earth?

What do we mean by force, mass and weight?

60

9.8 NKg-1

gravity

Weight = 60 x 9.8

Weight = 588 N

Mass 60Kg



 Which terms are used in circuit design and construction?
 What are the types of electronic component?

Learning objectives:

Explanation How can we calculate a components ability to carry load?

What do we mean by the terms stress and strain

Stress is the force 
per unit of area

Strain is the amount a material 
deforms through stress

How can we calculate stress and strain?

Strain is a ratio 
and has no units!

s𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙s𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡(𝑃𝑃𝑃𝑃) = 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 (𝑁𝑁)

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑚𝑚2

1 Pascal (Pa) = 1Nm-2



 Which terms are used in circuit design and construction?
 What are the types of electronic component?

Learning objectives:

Explanation How are stress and strain linked?

The resistance of a material to 
elastic deformation under load

Young’s modulus (Pa) = 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

Young’s modulus

How do we calculate Young’s modulus



 Which terms are used in circuit design and construction?
 What are the types of electronic component?

Learning objectives:

Explanation What is the Young’s modulus 
of different materials?

e.g. Young’s modulus of steel is 200 Gpa (Giga Pascals)

200 GPa = 200 x 109 Pa = 200,000,000,000 Pa



 Which terms are used in circuit design and construction?
 What are the types of electronic component?

Learning objectives:

Explanation
Polypropylene has a Young’s modulus of 2 GPa
A polypropylene bar of 0.01 m radius and 
1000mm length has a force of 500N applied how 
much would it extend?

How can we use the Young’s modulus to calculate the 
extension of a material

500 N

1000m
m

 
R= 0.01 m

Young’s modulus = 2GPa = 2,000,000,000 Pa = 2 x 109 Pa 
Radius = 0.01m
Force = 500N
Original length = 1000mm

Stress (Pa)  =            force (N)
cross sectional area (m2)

Strain  =           extension

original length

Youngs modulus (Pa) =    stress

strain



 Which terms are used in circuit design and construction?
 What are the types of electronic component?

Learning objectives:

Explanation How can we use the Young’s modulus to calculate the 
extension of a material

500 N

1000m
m

 
R= 0.01 m

Young’s modulus = 2GPa = 2,000,000,000 Pa = 2 x 109 Pa
Radius = 0.01m
Force = 500N
Original length = 1000mm

Area= π r2

Area= π 0.012

Stress = 500
3.14x10-4

Stress  =        force
cross sectional area

Area= 3.14x10-4m2

Stress = 1591549.43 Pa



 Which terms are used in circuit design and construction?
 What are the types of electronic component?

Learning objectives:

Explanation How can we use the Young’s modulus to calculate the 
extension of a material

500 N

1000m
m

 
R= 0.01 m

Strain = stress
Young’s modulus

= 1591549.43
2 x 109 

= 0.00079

Youngs modulus (Pa) = stress
strain

Young’s modulus = 2GPa = 2,000,000,000 Pa = 2 x 109 Pa
Radius = 0.01m
Force = 500N
Original length = 1000mm

Stress = 1591549.43 Pa

= 7.95x10-4



 Which terms are used in circuit design and construction?
 What are the types of electronic component?

Learning objectives:

Explanation How can we use the Young’s modulus to calculate the 
extension of a material

500 N

1000m
m

 
R= 0.01 m

Strain = 7.95x10-4
Strain  =  extension

original length

Extension = strain x original length

= 7.95x10-4 x 1000 

= 0.795 mm

Young’s modulus = 2GPa = 2,000,000,000 Pa = 2 x 109 Pa
Radius = 0.01m
Force = 500N
Original length = 1000mm

Change in length from 1000mm to 1000.8mm

Stress = 1591549.43 Pa



 Which terms are used in circuit design and construction?
 What are the types of electronic component?

Learning objectives:

Explanation How can we use the Young’s modulus to calculate the 
extension of a material

500 N

1000m
m

 
R= 0.01 m

Young’s modulus = 2GPa = 2,000,000,000 Pa = 2 x 109 Pa
Radius = 0.01m
Force = 500N
Original length = 1000mm

Area= π r2

Area= π 0.012

Area= 0.0003m2 Stress = 500
0.0003

Stress = 1666666.66 Pa

Stress  =        force
cross sectional area



 Which terms are used in circuit design and construction?
 What are the types of electronic component?

Learning objectives:

Explanation How can we use the Young’s modulus to calculate the 
extension of a material

500 N

1000m
m

 
R= 0.01 m

Strain = stress
Young’s modulus

= 1666666.66
2 x 109 

= 0.0008

Youngs modulus (Pa) = stress
strain

Young’s modulus = 2GPa = 2,000,000,000 Pa = 2 x 109 Pa
Radius = 0.01m
Force = 500N
Original length = 1000mm

Stress = 1666666.66 Pa



 Which terms are used in circuit design and construction?
 What are the types of electronic component?

Learning objectives:

Explanation How can we use the Young’s modulus to calculate the 
extension of a material

500 N

1000m
m

 
R= 0.01 m

Strain = 0.0008
Strain  =  extension

original length

Extension = strain x original length

= 0.0008 x 1000 

= 0.8 mm

Young’s modulus = 2GPa = 2,000,000,000 Pa = 2 x 109 Pa
Radius = 0.01m
Force = 500N
Original length = 1000mm

Stress = 1666666.66 Pa

Change in length from 1000mm to 1000.8mm
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