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	Spaghetti Structures


	
	
	

	Making the tallest structure 

	Subject(s): Design & Technology
Approx. time: 60-90 minutes
	
	Key words / Topics: 

· Structures
· Triangles
· Health and safety
· Glue

	
	
	

	Suggested Learning Outcomes 
	
	

	· To understand that triangles can be used to reinforce structures
· To be able to safely use a glue gun
· To be able to design and make a simple structure


	Introduction
	
	

	A structure is a building or other object that has been constructed from a collection of parts. The shape of a structure has a significant affect upon its strength and its stiffness. A structure made from squares can be made significantly more rigid and less likely to collapse by adding reinforcement to form triangles. This principle is widely used in civil engineering when designing new bridges and buildings.
This activity could be used in Key Stage 2 as a stand-alone activity, as a focused task to develop skills in the use of the glue gun, or as an introduction to a design and make project, such as the spaghetti bridges.
Note: if the view of the teacher is that their pupils do not have sufficient maturity to use the glue guns, this activity could be carried out using spaghetti and marshmallows – an example of this is included in the additional websites.

	Purpose of this activity

In this activity pupils develop both their skills in using a glue gun and demonstrate their understanding of how structures can be reinforced, by making a structure from spaghetti.

	
	
	

	Activity
	
	Teacher notes

	1. Introduction and demonstration (20-25 mins)
Demonstrate the assembly of the simple square structure. Pupils then carry out this task. Ask how this would affect the properties of a building and for any suggestions as to how it could be made stronger.

Demonstrate how the cross member, forming a triangle, increases the strength. Pupils then carry out this task. Explain that this understanding allows the design of strong structures using less material than a solid structure.
2. Demonstration of using a glue gun (15-20 mins)
Outline the rules for using glue guns:

1. Always treat a glue gun as if it is hot

2. When not being used, always stand the glue gun up

3. Always use a board underneath what you are gluing

4. Only one person can use a glue gun at a time

5. Never touch anything with the hot end except for what is being glued

6. Never touch the glue – it could still be hot
Demonstrate the safe use of the glue gun to make a simple pyramid out of spaghetti. If a base design or reinforcement triangles are being used for demonstration, these should also be demonstrated.
3. Making a spaghetti structure (15-30 mins)
Working in teams, pupils have 15 minutes to build a structure from spaghetti. This is a competition – the tallest structure wins.
The structure must be free standing – that means nothing else can support it. Each team can only use 12 pieces of spaghetti – they can break some of it into smaller lengths if needed or to reinforce the structure.

3. Evaluation (10-15 mins)
Peer review of completed structures, comparing which is the tallest and identifying how each structure could have been made stronger or taller.
	
	The spaghetti structures are manufactured using glue guns as a team activity. Team sizes of 3-6 have been effective to complete the task in the given time. Depending upon the strengths and capabilities of the pupils, it may assist effective solutions to allow additional ‘design time’ of 5 minutes to produce an effective design before starting the manufacture of the structure.
One glue gun is required for each team. If the pupils do not have sufficient maturity to use the glue guns, this activity could be carried out using spaghetti and marshmallows – an example of this is included in the additional websites. The glue gun should be of the cool/low melt type to minimise risks. As for all practical activities, the school must have a risk assessment in place for the use of this process. This can be developed from BS4135:2014, the Code of Practice for delivering Design & Technology in educational establishments, or commercial bodies such as CLEAPSS or the Design & Technology Association. If using a risk assessment obtained from a third party, it must be customised to take account of the specific environment of the school.
It is not normally effective to stick multiple pieces of spaghetti side-by-side – although this can make for a stronger member that is not a requirement of the competition, and it consumes material needed to achieve height. However, this can be used to ‘splint’ material if the original is broken.

The amount of spaghetti can be increased during the competition if needed – i.e. at the half way stage teams can be issued with 3 or 5 more pieces. This can be an effective tool to see how they adapt their designs or apply their knowledge of reinforcement.

The winning structure should be the one that reaches highest – this could be checked visually or pupils could measure this using a tape measure.
In the evaluation, identify where triangles are used to reinforce the structure. It can also be pointed out that triangular bases use less material to achieve stability than squares, giving more material that can be used elsewhere in the structure.

	Differentiation
	
	

	Basic
	
	Extension

	· The example spaghetti structure in the presentation could be copied by pupils.
· A base shape could be drawn out and photocopied on paper, from which the pupils could build up their designs

· Small card triangles could be provided that pupils could use to reinforce the points where the spaghetti is joined

· Allow additional ‘design time’ of 5 minutes to produce an effective design before starting the manufacture of the structure.
	
	· Pupils could cut their own components for the square structures (possibly linking with numeracy)

· The amount of spaghetti provided could be reduced or a further competitive element added, where the weight of the structure is also considered in the competition


	
	
	

	Resources
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	5 pieces of card per pupil, ideally with holes punch at each end, plus spares. Note: four pieces form a square and the fifth piece should be slightly longer to create a cross-member.
4 metal fasteners per pupil, plus spares
1-2 packets of spaghetti

Glue guns (one per team)
Optional:
Scissors

Hole punches (ideally single hole type – see presentation)

Baseboards or A3/A4 pieces of cardboard for use as baseboards when using glue guns
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	Additional websites
	
	

	· A wide range of resources to support teaching and learning about structures, including several examples of bridges and a structures project using art straws http://www.technologystudent.com/struct1/struindex.htm 

· Animated gif showing the strength of triangular versus square structures http://www.dynamicscience.com.au/tester/solutions1/flight/strucuturesandforces/triangles.htm
· Film clip showing several structures that use triangles for reinforcement and sweets/cocktail sticks to make structures https://www.youtube.com/watch?v=mBHJtWbsiaA 
· Film clip from the Royal Institution showing structures made from spaghetti and marshmallows https://www.youtube.com/watch?v=7DHs02PbWFs 
· Primary area of the Design & Technology Association website https://www.data.org.uk/for-education/primary/
· Primary area of the CLEAPSS website http://primary.cleapss.org.uk/ 


	
	
	

	Related activities (to build a full lesson)
	
	

	Starters (Options) 

· Building a square from card (see presentation)
· Presenting images of various structures on the whiteboard and asking pupils to identify the triangles with them
	Extension (Options)

· Spaghetti bridges activity
Plenary

· Peer review of how the structures could have been improved

	
	
	


	The Engineering Context    [image: image5.png]




	· Triangles are widely used to reinforce many engineering structures – from bridges, the sloped roofs of houses. An understanding of how triangles are used to reinforce structures is fundamental to being able to design strong structures.


	
	
	


	Curriculum links 

	England: National Curriculum

Design & Technology Key Stage 2

Make

· select from and use a wider range of tools and equipment to perform practical tasks [for example, cutting, shaping, joining and finishing], accurately 
Technical knowledge

· apply their understanding of how to strengthen, stiffen and reinforce more complex structures


	Northern Ireland Curriculum

The Arts / Art and Design Key Stage 1

Use a range of media, materials, tools and processes such as: drawing, painting, printmaking, malleable materials, textiles and three-dimensional construction, selecting which is appropriate in order to realise personal ideas and intentions, for example: 

· use modelling and construction techniques to make three-dimensional work.


	Scotland: Curriculum for Excellence

Craft, Design, Engineering and Graphics

Design and construct models/products

· TCH2-09a I can extend and enhance my design skills to solve problems and can construct models

Application of Engineering
· TCH 2-12a I can extend my knowledge and understanding of engineering disciplines to create solutions
	Wales: National Curriculum 

Design and Technology Key Stage 2

Designing

· 6. consider the safety, reliability and sustainability of their activities/products
· 7. evaluate their design ideas as they develop, considering the needs of the user
Making

· 3. measure, mark out, cut, shape, join, weigh and mix a range of materials and ingredients, using appropriate tools/utensils, equipment and techniques
· 4. find alternative ways of making if the first attempt fails
Rigid and flexible materials

· 11. learn about the efficient use of materials

· 12. use techniques for reinforcing and strengthening structures in their products
Range

· tasks in which they develop and practise particular skills and techniques that can be applied in their designing and making

· tasks in which they design and make products, focusing on different contexts and materials
· they should be given opportunities to: be creative, be innovative, work independently and in groups.

	
	

	
	


	Assessment opportunities

	· Questioning on the card structures, peer review of the finished models.

	
	
	


Cut out the outline of the net


Fold the net along the dotted lines (so the dotted lines are on the inside of the fold)


Put glue on the tabs and assemble the car body
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