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	Stronger structures


	
	
	

	Corrugating structures and testing them to failure

	Subject(s): D&T, Maths
Approx time: 60 – 100 minutes
	
	Key words / Topics: 

· Cuboid

· Cylinder

· Corrugated card

· Failure

· Destructive testing

· Load testing

· Prism

· Reinforcement

· Structure

	
	
	

	Suggested Learning Outcomes 
	
	

	· To be able to make a model of a cuboid, a triangular prism and a cylinder.
· To understand how different shaped structures perform under load.
· To understand how structures can be strengthened and reinforced.


	Introduction
	
	

	This is one of a set of resources developed to support the teaching of the primary national curriculum. They are designed to support the delivery of key topics within science, maths and design and technology. This resource focusses on testing how well different shaped structures perform under load.
Structures are all around us. They enable buildings, bridges and vehicles to withstand the stresses placed on them every day. Can you find out what shapes are the strongest, and how they can be made even stronger?

	Purpose of this activity
In this activity learners will construct card models of a cuboid, a triangular prism and a cylinder. They will then place loads on each to see which is the strongest and record their results. They will learn about ways that structures can be strengthened and apply these to their models.

This could be used as a one-off activity or as part of a wider unit of work focussing on structures and structural systems. It could also be used as a maths activity focussing on 3D shapes and the presentation of data.

	
	
	

	Activity
	
	Teacher notes

	1. Introduction to the activity (5 - 10 minutes)
Teacher to explain that learners are going to construct different shaped structures, test how strong they are and then reinforce them to make them stronger. Teacher to introduce the equipment and materials to be used.

2. Making a cuboid (5 – 10 minutes)
Learners to make four equally spaced fold lines on a square piece of card and fold inwards along each line to form a hollow cuboid. They should then stick a piece of masking tape along the full length of the point where the end card pieces meet, to join them. 
3. Making a triangular prism (5 - 10 minutes)
Learners to make three equally spaced fold lines on a square piece of card and fold inwards along each line to form a hollow triangular prism. They should then stick a piece of masking tape along the full length of the point where the end card pieces meet, to join them.
4. Making a cylinder (5 - 10 minutes)
Learners to fold a square piece of card inwards to form a hollow cylinder. They should then stick a piece of masking tape along the full length of the point where the end card pieces meet, to join them.
5. Load testing each structure (20 - 30 minutes)
Learners place books on top of the structure, one at a time. They should then write down how many books can sit on top of the structure before it fails, identifying which is the strongest and which is the weakest structure.

The table shown on the learner handout can be used to record the results.

6. Reinforcing each structure (20 - 30 minutes)
Learners to cut 210 mm long strips of card that would fit exactly through the centre of each (untested) shape. They should then place the strips of card through the centre of each shape and tape in place.
Learners to repeat the load testing, recording what difference this reinforcing makes to the results. If time allows they could then add further reinforcement and test its effect.
	
	This activity could be completed as individuals or in small groups. 
Making each shape

The teacher should pre-prepare square pieces of thin card 210 mm x 210 mm. Do not use corrugated card as learners will be corrugating themselves later in the activity when they reinforce their structures. Learners could place a ruler along each fold line to make it easier to fold accurately.
Note: Learners should make two of each shape: One for testing without reinforcement, and the other for testing with reinforcement.

Load testing each structure 

It is best if the structures are stood on the floor for testing, as the books will fall off when failure occurs.

This type of testing is called ‘destructive testing’ – testing the structure to failure. To ensure fair testing, learners should use the same books and place them on top in the same order for each structure (as some may have more mass than others). Instead of books, lab weights could be used. 

A table similar to that shown in slide 6 of the presentation can be used to record results. 
Reinforcing each structure

The reinforcing of each structure is effectively ‘corrugating’ the card to strengthen it. It is not advisable to retest the failed shapes, as the damage from testing will reduce their performance.

The teacher could also discuss the effects of triangulation with learners. As an extension, learners could plot their results on an appropriate graph, such as a bar chart. They could also try making reinforced structures using the same area of card as non-reinforced structures.


	
	
	

	Differentiation
	
	

	Basic
	
	Extension

	Provide templates for folding of the shapes or pre-make the card shapes, so learners can focus on the testing. 

Provide templates for the tables and/or graphs used to present the results.
	
	Produce a bar chart showing the results of load testing. 

Learners could also make reinforced structures using the same area of card as non-reinforced structures.
Discuss what is meant by the term ‘triangulation’ and find examples of its use in structures (e.g. bridges, etc).

	
	
	

	Resources
	
	Required files                              [image: image1.png]


[image: image2.png]


[image: image3.png]




	Materials and resources:

· 210 mm x 210 mm thin card
Tools and equipment:

· Scissors
· Masking tape
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 Teacher presentation – Stronger Structures


	
	
	

	Additional websites
	
	

	· YouTube – Paper book tower experiment: Video showing the load testing of a paper cylinder. https://www.youtube.com/watch?v=UeB5XhQ2FL4 
· How To – Paper bridge experiment. Experiment that can be used to determine how well different methods of reinforcement affect the structural strength of bridges made from card. https://science.wonderhowto.com/how-to/build-simple-paper-bridge-as-science-experiment-424754 
· STEM Centre – Bridges and structures: Teaching resources for an activity based upon building and testing the strength of different structures. https://www.stem.org.uk/resources/elibrary/resource/25329/bridges-and-structures
· Technology Student – Triangulation: Examples of the use of triangulation in different structures.  http://www.technologystudent.com/struct1/triag1.htm 

	
	
	

	Related activities (to build a full lesson)
	
	

	Starters (Options) 

· Identify basic 2D and 3D shapes from their pictures.
· Make predictions as to how each shape will perform under load.
	Extension (Options)

· Produce a bar chart of load test results.
· Research examples of the use of ‘triangulation’ in structural systems.
Plenary

· Discuss the results of testing – which structures were strongest and why?

· Discuss the impact of reinforcing and strengthening the different shapes.

	
	
	


	The Engineering Context    [image: image5.png]




	Engineers need to be able to understand how structural systems work, how they are tested and how they can be strengthened. This helps them when constructing and testing their own structural systems. For example, when building bridges, buildings or boat/aircraft hulls.


	
	
	


	Curriculum links 

	England: National Curriculum

Design and Technology

· KS2: 1b, 4a
Maths 
· KS2 Geometry - properties of shapes: draw 2-D shapes and make 3-D shapes using modelling materials; recognise 3-D shapes in different orientations and describe them.
· KS2 Statistics: interpret and present data using bar charts, pictograms and tables
	Northern Ireland Curriculum

Science and Technology

· KS2 Movement and energy: The causes and effect of energy, forces and movement.

Mathematics and Numeracy

· KS2 Communicating mathematically: Interpret situations mathematically using appropriate symbols or diagrams, present information and results clearly.

· KS2 Shape and space: Construct 3D shapes.



	Scotland: Curriculum for Excellence

Technologies

· TCH 2-09a, TCH 2-10a, TCH 2-12a
	Wales: National Curriculum 

Design and Technology

· KS2 Designing: 5
· KS2 Rigid and flexible materials: 10, 11, 12

	Maths
· MTH 2-16a, MTH 2-16b, MTH 2-16c, MNU 1-20b, MTH 1-21a
	Maths
· KS2 Shape: recognise 3D shapes, including prisms.

· KS2 Using data: represent data using: tables and bar charts, extract and interpret information from charts, timetables, diagrams and graphs.

	
	


	Assessment opportunities

	· Formal teacher assessment of structures constructed.
· Peer and/or self-assessment of structures constructed.
· Formal teacher assessment of test results and analysis of them.




