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12Understanding forces in structures

Student’s Book:

The arch bears up page 106

Aloft on the aerial ropeway  
page 107

Wringing out the washing  
page 108

Shearing page 108

Time available:

160 minutes

You will learn:

About the forces of tension, 
compression, torsion and 
shear and how they affect 
materials and structures.

You will need:

Your workbook

Pencil

A4 plain paper 

Sugar paper

Ruler

Scissors

Adhesive tape

String

2 stands and clamps

10 g and 100 g slotted 
masses

Mass hanger

Access to a vice

Tip snips

Samples of mahogany, 
veneer, polystyrene and 
aluminium
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In this task, you will investigate the effect of forces on paper 
structures and different materials. You will be able to complete it 
in less time if you organise yourself so that different groups carry 
out different investigations and share their results.

Part 1 – Investigating tension

What to do

1  Your task is to investigate the effect of tension forces on paper 
strips. After the investigation, you should be able to answer 
the following questions. 

	 ◆ Does the length of a paper strip affect how strong it is in  
 tension? 

	 ◆ Does the width of a paper strip affect how strong it is in  
 tension? 

	 ◆ Is sugar paper stronger in tension than plain paper?

2  You can use an experimental set up like the one shown here 
for your investigation.

What to write

◆	 Use annotated sketches to describe your investigations.

◆	 Record your results in a table

◆	 Use the results to answer the questions.
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Understanding forces in structures

Part 2 – Investigating compression

What to do

1 Your task is to investigate the effect of compression forces on 
circular paper towers. After the investigation, you should be 
able to answer the following questions. 

	 ◆	 Does the height of a circular paper tower affect how strong  
 it is in compression? 

	 ◆	 Does the diameter of a circular paper tower affect how  
 strong it is in compression? 

	 ◆	 Is sugar paper stronger in compression than plain paper?

2  You can use an experimental set up like the one shown here 
for your investigation.

What to write

◆	 Use annotated sketches to describe your investigations.

◆	 Record your results in a table.

◆	 Use the results to answer the questions.

Part 3 – Investigating torsion

What to do

1 Your task is to investigate the effect of torsion forces on square paper towers. After the 
investigation you should be able to answer the following questions. 

	 ◆	 Does the height of a square paper tower affect how strong it is in torsion? 

	 ◆	 Does the length of the sides of a square paper tower affect how strong it is in torsion? 

	 ◆	 Is sugar paper stronger in torsion than plain paper? 

	 ◆	 Can you improve the strength in torsion of a square paper tower by adding inserts to the   
 structure?

2 You can use an experimental set up like the one shown here for your investigation. 

What to write

◆	 Use annotated sketches to 
describe your investigations.

◆	 Record your results in a 
table.

◆	 Use the results to answer 
the question.
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Understanding forces in structures

Part 4 – Investigating shear

What to do

1  Your task is to investigate the effects of shear forces on three different materials. After the 
investigation, you should be able to answer the following question. 

◆	 What is the order of shear strength for the following materials?

 Wood – shear forces perpendicular to the grain. (You will use 1 mm thick veneer.)

 Wood – shear forces parallel to the grain.

 Plastic. (You will use 1 mm thick polystyrene sheet.)

 Metal. (You will use 1 mm thick aluminium.)

2 You can use an experimental set-up like the one shown here for your investigation.

What to write

◆	 Use annotated sketches to describe your investigations.

◆	 Record your results in a table

◆	 Use the results to answer the question.

Homework suggestion

◆	 Estimate the thickness of a single sheer of A4 plain paper.

 Clue – Measure the thickness of a ream (500 sheets). Once you know this, it’s easy. 

◆	 Use this information with your results to work out the tensile strength of a strip of plain paper 
with a cross-section of 1 mm2.

◆	 Estimate the thickness of a single sheet of sugar paper. 

◆		Use this information with your results to work out the tensile strength of a strip of sugar paper 
with a cross-section of 1 mm2. 

◆	 Which paper has the greater tensile strength?




