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ConceptFigure 24. You will create a sturdy cube by folding squares of paper.

In this activity, you will discover how paper can be folded to create solid structures. You will use multicolored sheets of paper to create a cube that can be quickly built and dismantled. A cube is a symmetrical three-dimensional shape, either solid or hollow, contained by six equal squares. 
Materials
3–6 different-colored paper squares
Ruler
Procedure
1. Gather materials. 
1. Fold a square of paper in half, then unfold it.
1. Rotate the paper 90 degrees. Fold it in half, then unfold it. 
At this point, you should have a square of paper with two folds that create a + sign in the middle of the paper.
Fold the nearest edge of paper to one of the center folds you created.
Rotate the paper 180 degrees and fold that edge of the paper to the same center fold.
Rotate the paper 90 degrees and fold that edge to the other center fold.
Rotate the paper 180 degrees and fold that edge of the paper to the same center fold.
Partly unfold the final two folds so the ends of the paper are pointing upright.
At this point, you should have a folded piece of paper in the shape of the letter U (Fig. 25).
Repeat steps 2 through 8 five more times. This will provide you with all six sides of the cube. 
[image: https://cdn.instructables.com/F6P/U8QB/GJ7MH7G6/F6PU8QBGJ7MH7G6.MEDIUM.jpg]
Figure 25. Students will create the six walls of
the cube one side at a time.
Start building the cube by placing three of the folded walls together, as shown in Figure 26: 
Figure 26. Place the first 
three walls together.

Add the next two sides, as shown here in green (Fig. 27):
Figure 27. Add the next two 
sides of the cube.

Slot in the final section, ensuring that it locks in between the two side walls (Fig. 28). The cube is now complete.
Figure 28. Slot in the final section.


You can modify your cube, trying different sizes of paper.
Complete the questions on the Data Collection Sheet.

Data Collection Sheet
Using a ruler, measure the height, width, and length of your cube. From there, use the formula below to calculate the volume of your cube. 

Length x Height x Width = Volume

	Length,
cm
	Height,
cm
	Width,
cm
	Volume,
cm3
	Observations

	
	
	
	
	




1. Describe any difficulties building the cube. 
Click or tap here to enter text.

How would you modify the cube’s design if you were building a rectangular prism?
Click or tap here to enter text.




Discussion Questions
The Jackson Cubes activity showed us that it is possible to make objects with a large volume using materials that by themselves contain very little volume.

1. Imagine you had to construct a large building using this method. Do you think it can be done? Why or why not?
Click or tap here to enter text.

Imagine you had to construct a building on Mars using this method. Would it have to be built differently?
Click or tap here to enter text.

How will you apply what you learned in this investigation to your design?
Click or tap here to enter text.



[bookmark: _Toc6389082]Supporting Science Investigation 2: Stability
ConceptFigure 29. Inside the Kennedy Space Center’s Space Station Processing Facility, the International Space Station’s P3/P4 integrated truss segment is lowered into the cargo hold for transport and installation in the orbiter Atlantis. (NASA/Troy Cryder)

NASA began construction of the International Space Station (ISS) in November 1998 and completed it in 2011. The ISS is larger than a six-bedroom house and has a mass of almost a million pounds. The station’s integrated truss structure is 357 ft long and is the longest man-made object to fly in space. 

The ISS was constructed from many pieces that had to be packed onto a spacecraft, launched from Earth, taken into space, and assembled as the station orbited Earth. More than 115 space flights were conducted on five different types of launch vehicles over the course of the station’s construction. The structural pieces fit inside the launch vehicle and was then able to be assembled and used on the ISS. 

In this activity, you will discover how different shapes can be used to enhance the stability of a structure. You will work in teams to create a truss-like model that can support itself and additional weight. 
Materials
For each group of 4 students: 

Box of drinking straws (approx. 100)
Roll of masking tape
Heavy objects of a known weight (e.g., a classroom set of paperback books, each one weighing the same, or a gram weight set)
Scissors
Meter stick
Scale
Procedure
1. Discuss the ISS photos. Look at the photo of the truss segment being placed into the cargo hold for transport (Fig. 29) and observe what truss segments look like during and after assembly on the ISS (Figs. 30 and 31). 
1. Divide into teams.
[image: ]
Figure 30. Astronauts Michael Lopez-Alegria and John Herrington work on the newly installed
International Space Station’s P1 truss during shuttle mission STS–113 in 2002. (NASA)
[image: In addition to delivering the P-5 truss segment (visible at the far-right side of the P-4 arrays), the STS-116 crew retracted the port-side array of the P-6 segment. This produced an asymmetric configuration when Discovery departed the space station. Image Credit: NASA]
Figure 31. During Space Shuttle Discovery’s 2009 mission to the International Space Station, the STS–119 crew delivered and installed the S6 integrated truss segment. This image was taken from Discovery as STS–119 performed a fly-around after undocking. (NASA)
1. Your team will build a model truss using only straws and masking tape. Half of the teams will build their model truss using a square shape for the structure, and half of the teams will use a triangle shape for the structure. Your three-dimensional model must have four flat sides. Your team can decide on the size of the squares or triangles during the design process.
1. Each team will build a model truss that spans two chairs at a distance of 50 cm.
1. Test the strength of your team’s designs by adding a weight to the flat surface on top of the structure. Continue adding weight until the structure fails. Observe what is happening to the structure as it is being weighed down.
1. Record your design, number of straws used, and weight supported on the Data Collection Sheet. 
1. Once your designs have been tested, think about and discuss how you might transport your team’s truss off Earth. 

Data Collection Sheet
Complete the table below using the results from your experiments.

	Iteration (attempt) number
	Shape of truss design structure
	Number 
of straws used
	Weight 
of truss,
kg
	Weight
supported
before failure,
kg
	Observation

	1
	
	
	
	
	

	2
	
	
	
	
	

	3
	
	
	
	
	

	4
	
	
	
	
	



1. Explain the results above. At what weight did the truss fail?
Click or tap here to enter text.

 How was the shape relevant to the failure of the truss? Why do you think this? (Document your findings.)
Click or tap here to enter text.


Discussion Questions
The Stability investigation demonstrated how the shape of a material can affect the strength of the design when used in a system.

1. Can you think of other shapes that could be used to build a truss system?
Click or tap here to enter text.

We saw how trusses are used in the structure of the International Space Station. How else might a truss be used by astronauts in space or on another planet?
Click or tap here to enter text.

How will you apply what you learned in this investigation to your design?
Click or tap here to enter text.
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