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Strength to Mass Ratio Lab
Introduction:
When you look at a large, strong structure, like a bridge, you may notice that the structure has more empty space than you might expect it to have.  If they want it to be strong, why not make it solid?  Why are structures designed with so much empty space?  

One answer is economy.  Materials and construction are expensive, so it is cost effective to design structures to use as little material as possible.  A second answer is weight.  If a structure is too heavy, it can collapse under its own weight.  A third answer is beauty.  Engineers and architects want their structures to be attractive and monumental.  

One strategy that engineers use to design lightweight, less expensive structures is to use high strength or lightweight building materials.  Another strategy that engineers use to design lightweight, less expensive structures is to use strong, stable designs and safety features.

The purpose of this lab is to let you experiment with some different shapes to determine how to get the most strength from the least building material.

Materials:
Paperclip 

Beam balance

Tape


3 Cups
Weights 

Paper 


Hole puncher

Procedures:  
1. Hole punch both long sides of an 8.5x11 printer paper with three holes, as if it were going to be clipped into a binder. 
2. Measure mass of the punched paper in grams and record it in the data table. 
3. Hold the paper the long way (landscape) and attach it to the board with two thumbtacks or pieces of tape.

4. Unfold a paperclip into a hook and tape it to the cup. Add 100 grams of weight to the cup and hook the cup onto the bottom, middle hole.
5. Using a scissors, cut away as much of the paper as you can without causing the paper to tear and the weight(s) to drop.

6. Measure the mass of the remaining paper in grams and record it in the data table .

7. Repeat for several trials until you are satisfied that you have cut away as much paper as you can without the paper tearing at the stress points.

8. Repeat 1-7 with a hook cup and 50 grams tied to each of the bottom, outside holes instead of the middle holes.

9. Repeat 1-7 with a hook cup and 33 grams tied to each of the three bottom holes.
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Data sheet:

Formula for % cut-away paper:

Original mass of paper – final mass of paper      X    100
original mass of paper

1.  100gram trial with weight in center hole

	Trial
	Original paper 

mass(g)
	Final paper mass(g)
	% of paper cut-away

	
	
	
	

	
	
	
	

	
	
	
	


2.   50 gram trial with weight on each of outside holes

	Trial
	Original paper 

mass(g)
	Final paper mass(g)
	% of paper cut-away

	
	
	
	

	
	
	
	

	
	
	
	


3.  33 gram trial with weight on three bottom holes

	Trial
	Original paper 

mass(g)
	Final paper mass(g)
	% of paper cut-away

	
	
	
	

	
	
	
	

	
	
	
	


Conclusion Questions

1. What forces are acting on the paper with the weights attached?  

2. What are some observations that you made during the lab?

3. Compare and contrast the shapes of the three different papers (1,2,and 3 weights).

4. Why were you able to cut away so much of the paper?
