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	DIY 3D geodesic dome project

	
	
	

	Making a geodesic dome

	Subject(s): D&T, Maths
Approx time: 75 – 120 minutes
	
	Key words / Topics: 

· Connector

· Geodesic dome

· Pentagon

· Straw

· Structure

· Strut
· Tie

· Triangle

	Stay safe  
Whether you are a scientist researching a new medicine or an engineer solving climate change, safety always comes first. An adult must always be around and supervising when doing this activity. You are responsible for:

•        ensuring that any equipment used for this activity is in good working condition

•        behaving sensibly and following any safety instructions so as not to hurt or injure yourself or others 

Please note that in the absence of any negligence or other breach of duty by us, this activity is carried out at your own risk. It is important to take extra care at the stages marked with this symbol: ⚠ 


	Suggested Learning Outcomes

	· To know that triangles can be used to reinforce or give strength to a structure

· To be able to assemble a geodesic dome

· To be able to co-operate with others to carry out an activity.



	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 design and technology, maths and science (in this case mainly design and technology). This resource focusses on developing understanding of structures by making a geodesic dome.
Structures are all around us. They enable buildings, bridges and vehicles to withstand the stresses placed on them every day. Can you identify the shapes used when building and reinforcing structures?

	Purpose of this activity
In this activity learners will make a geodesic dome from drinking straws and chenille strips (pipe cleaners). This is a challenging activity requiring teamwork and good manual dexterity.
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, for example, be linked with the IET primary activity ‘stronger structures’, which involves testing the structural strength of different shapes.

	Activity
	
	Teacher notes

	1. Introduction (5 – 10 mins)

Teacher to introduce geodesic domes, explaining that they are made from triangles. Teacher to overview how to carry out the activity.
2. Collecting the resources and making the connectors (5 - 10 minutes)

Learners to collect the resources needed:

· 35 x Long straws (6.0 cm)

· 30 x short straws (5.3 cm)

· 68 pieces of chenille strip (7-8 cm)

Learners use the chenille strips to make the connectors:
· 10 x 4-way connector, by twisting two strips together so that they are attached in the centre
· 6 x 5-way connector, by twisting three strips together so that they are attached in the centre, then twisting two adjacent ends together
· 10 x 6-way connector, by twisting three strips together so that they are attached in the centre

3. Making the geodesic dome (60 – 90 minutes)

Learners to make the geodesic dome. This is explained in detail, with supporting photographs, in the associated presentation:

1. Make stars by pushing 5 short straws onto the ends of a 5-way connector.

2. Repeat step 1 five more times, making 6 stars in total.
3. Take one star and insert 6-way connectors into the outside end of each straw.

4. Add long straws between the two legs of each connector nearest the star, making the shape of a pentagon.

5. Extend the pentagon by adding long straws to the two outer legs of each connector.

6. Add five 6-way connectors to the outer long straws.

7. Add the five other stars made at step 1. Three straws from each star should attach to connectors.

8. Add 4-way connectors to the ends of all the outer straws (working round the dome).

9. Complete the dome by adding long straws between each connector.

4. Plenary review (5 – 10 minutes)

Learners compare their geodesic domes with those made by other teams. What went well during the process of making? How could the process of making be improved?
	
	This activity should be carried out in small teams. The later stages of the assembly typically require multiple hands to support the structure effectively.
Introduction

This could be supported by showing images of geodesic domes from the additional websites listed on the lesson plan.

The triangles and pentagons on the geodesic shape should be clearly indicated to learners.

Collecting the resources and making the connectors
The length of the straws is critical to success. The short straws should be 0.885 x the length of the long straws. The straws could be cut individually by learners using scissors. If prepared in advance, the most accurate method of cutting is typically to use a guillotine with a guide/fence set to the required length. It can make it easier to distinguish the different lengths if different colours of straws are used.

Technically the straws are called members, as they are parts of a structure – however, experience shows some learners find this term confusing. Further, members that are in compression are referred to as struts and members that are in tension are referred to as ties. 
Chenille strips are pipe cleaners. These pieces should each by 70-80 mm in length (e.g. cutting a standard 30 cm length into half, then half again, to make four equal parts).

Making the geodesic dome

The chenille strips should fit snugly into the straws. A square of sticky tape over the connector and straws can assist in holding the parts together if the fit is loose.
As the shape is assembled it should be slightly higher in the centre. It is important that this is not pushed flat, otherwise the connectors will be forced out of the straws. Particularly in the later stages of manufacture, it may assist if one or two team members support the structure as another adds parts. Alternatively, if a suitable sized bowl is available, this could be inverted and used to support the structure during assembly.


	Differentiation
	
	

	Basic
	
	Extension

	Pre-cut the straws to the required length (using a guillotine).

	
	Calculate the number of triangles and pentagons that are included in the dome built.

Make a larger scale geodesic dome using rolled up sheets of paper, such as A4 sheets or magazine pages rolled around a dowel (to act as a former) and held in shape using a piece of sticky tape. These could either be connected using punched holes and nuts and bolts (see the additional websites for an example) or using sticky tape. Once the structure is complete, plastic sheets (such as unused, opened-out bin bags or carrier bags) could be used to make a rain-proof covering. Test whether this could be used as an emergency shelter to protect against the weather.

	
	
	

	Resources
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	Parts and components:

· Drinking straws (or artstraws)
· Chenille strips
· Sticky tape (optional)

Tools and resources
· Scissors (if straws are not pre-cut)
· Rulers
· Bowl (for support, optional)
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	Additional websites
	
	

	· Examples of geodesic domes: https://en.wikipedia.org/wiki/Geodesic_dome and https://www.architecturaldigest.com/gallery/buckminster-fuller-architecture/all. 

· Alternative methods of building geodesic domes with straws: http://www.domerama.com/fabricating/making-geodesic-models/make-a-geodesic-model-dome-from-straws/, https://www.instructables.com/id/Geodesic-dome-with-straws/, https://babbledabbledo.com/stem-kids-straw-geodesic-dome/, and https://www.icaboston.org/articles/home-activity-making-geodesic-dome. 
· An alternative method to make a geodesic dome: https://www.thoughtco.com/build-a-geodesic-dome-model-177809. 
· 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.
· Research examples of the use of ‘triangulation’ in structural systems.
· IET Education Primary activity: stronger structures
	Extension (Options)

· Calculate the number of triangles and pentagons that are included in the dome.

· Make a larger scale geodesic dome using rolled up sheets of paper, alternative methods of connecting the structural parts together, and an external covering. Test whether this could be used as an emergency shelter to protect against the weather.
Plenary

· Review of the completed structures – what went well when making them? How could they be improved?

	
	
	


	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

Mathematics
KS2 Year 6 Geometry – properties of shapes
· recognise, describe and build simple 3-D shapes, including making nets

· compare and classify geometric shapes based on their properties and sizes and find unknown angles in any triangles, quadrilaterals, and regular polygons

Design & Technology
KS2 Make
· select from and use a wider range of tools and equipment to perform practical tasks [for example, cutting, shaping, joining and finishing], accurately
KS2 Evaluate

· evaluate their ideas and products against their own design criteria and consider the views of others to improve their work

KS2 Technical knowledge

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


	Northern Ireland Curriculum

Mathematics and numeracy

KS2 Shape and space

· construct a range of regular and irregular 2-D shapes, …, name and describe common 2-D shapes, etc.
· construct 3-D shapes, investigate the number of faces, edges and vertices on these shapes, name and describe common 3-D shapes, explore the relationship between 2-D and 3-D shapes

The World Around Us

KS2 Science and Technology

·  (Design and) make models



	Scotland: Curriculum for Excellence

Mathematics
· MTH 2-16a, MTH 2-16b, MTH 2-16c
Technologies
Craft, Design, Engineering and Graphics
· TCH 2-09a
	Wales: National Curriculum 

Mathematics

KS2 Using geometry skills:

· Y3 recognise and classify triangles, squares, rectangles, pentagons and hexagons, including irregular cases

· Y4 recognise, classify and sketch polygons with up to eight sides, including irregular shapes

· Y4 recognise and classify 3D shapes, using their own criteria
Design and technology

· KS2 Making: 2,3, 6, 10, 12

	
	


	Assessment opportunities

	· Formal teacher assessment of the completed structures.

	
	
	




