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Science in Motion

Juniata College


Breaking = Bad
PA State Standards:

1.1.11 E
Establish a reading vocabulary by identifying and correctly using new words acquired through the study of their relationships to other words. Use a dictionary or related reference.

1.2.11 A
Read and understand the central content of informational texts and documents in all academic areas.

1.6.11 A
Listen to others.

1.6.11 D
Contribute to discussions.

1.6.11 E
Participate in small and large group discussions and presentations.

2.1.11 A
Use operations (e.g., opposite, reciprocal, absolute value, raising to a power, finding roots, finding logarithms).

3.1.10 B
Describe concepts of models as a way to predict and understand science 



And technology.

3.2.10 A
Apply knowledge and understanding about the nature of scientific understanding and technological knowledge.

3.2.10 D
Identify and apply the technological design process to solve problems.

3.4.10 C
Distinguish among the principles of force and motion.

3.6.10 C
Apply physical technologies of structural design, analysis and engineering, personnel relations, financial affairs, structural production, marketing, research and design to real world problems.

Introduction:
Since the beginning of time, bridges have in some fashion helped to unite different areas that geographically are divided in some way.  Whether they are separated by a small stream or gulley or a large river or canyon.  They provide the essential link for not only transportation but also needed resources.  In today’s day and age, who designs bridges?  Are all bridges the same?  The people who design bridges are known as civil engineers.  They must survey the landscape, test the soil composition, and understand the physics behind forces that will act upon the bridge.  They need to decide what type of bridge is needed for a particular location.  
There are three basic types of bridges:  beam/truss bridges, arch bridges, and suspension bridges.  Beam bridges are the simplest form of bridge consisting of a horizontal beam supported by columns or piers.  Larger beam bridges utilize trusses, which use connected beams that form triangular units, for greater support.  Arch bridges are formed by creating a large arch and building the roadway on top of it.  This allows the weight of the bridge and the weight of any cars on the bridge to be carried outward along the arch to supports at the end.  Suspension bridges use cables that are strung between towers and anchored at both ends.  The roadway, itself, is suspended by smaller cables that are attached to the larger initial cable.  
The need for different types of bridges comes from the two major types of forces that are exerted on them.  These would be compressive and tensile forces.  Compressive forces are forces that compress or shorten the material on which they are acting, whereas tensile forces expand or stretch  the material.
Equipment / Materials:
	Drawing Paper

Pencils

Rulers

Basswood Strips (3/32” x 3/32” x 24”)
Hot Glue Guns

Hobby Knives

Matchbox® Car

Breaker Bolt (see Teacher Notes)
Masses of various sizes

Digital Balance


	


Guiding Questions:

Please answer the following questions before beginning the lab.
1. What is the difference between compressive and tensile forces?
2. What is a truss bridge?
Safety:
· Always wear safety goggles in the lab.
· Pay close attention when cutting because the knife is very sharp.  Watch your fingers!
· No horseplay
Procedure:

Part A:  Designing Your Truss Bridge
1. You are to design a load bearing truss bridge that will span a 25 cm chasm (gap).  Masses of various amounts will be suspended from the bridge to check its strength.

2. As in any design project, there are usually requirements and specifications to be met by the structure to be built.  The exterior dimensions of the bridge must be within the measurements below:
a. Length: 28 - 38 cm

b. Height:   5- 15 cm

c. Width:
7 - 11 cm

3. Your building materials available will consist of 10 basswood sticks that measure 3/32-inch square by 24-inches long and hot glue.  Please return any extra sticks.
4. Decide how you want your bridge to look and how you are going to use the basswood to construct your bridge. 
5. Wood pieces may be bonded together using glue ONLY at joints, and may not be laminated together in parallel fashion.  Any two parallel pieces of wood must be separated by a minimum of 3/32 inch (the thickness of one piece of basswood).  Splitting or laminating are not allowed.  

6. Draw a design that both you and your partner agree on.  Work together to develop your ideas.

Part B:  Constructing Your Truss Bridge Using Your Blueprints
1. Using your plans, lay out your pieces of basswood and decide what measurments you will need.
2. Carefully cut the pieces of wood with your hobby knife and lay them out.  Start with the large pieces & then fill in with the little pieces.  

a. (Warning: HOT) Use the hot glue gun to assemble the individual pieces.  Hold the pieces in place for a few seconds until the glue hardens.

b. Do this twice to make two trusses.  When they are done, connect the trusses to complete the bridge.
3. You must leave a 1.0 cm gap in the middle of the roadbed for the breaker bolt to fit through.

4. There must be an opening for “traffic” (a Matchbox® car) to drive through/on the bridge, but there does not need to be a solid roadbed for this car to actually drive on.  

5. Remember the exterior dimensions of the bridge must be within the following measurements:

a. Length: 28 - 38 cm

b. Height:  3 - 15 cm

c. Width:
7 - 11 cm


Part C:  Test the Strength of Your Bridge
1. Each group will test their bridge by hanging an increasing amount of weight from the middle of the bridge until it breaks.  
2. The bridge will be measured to make sure it complies with the dimensions stated previously.
3. The “Matchbox® car test” will be performed.
4. The bridge will be massed.
5. A 10cm by 5 cm piece of plywood will be placed in the middle of the deck of the bridge and a bolt will be inserted through the plywood.  
6. The bridge will be placed over a 25 cm gap between two tables.
7. A bucket will be hung from the bolt.  
8. The teacher will add masses to the bucket to test the compression and tensile forces of your bridge.  The mass that your bridge held will be recorded.
9. The Efficiency of your bridge will be calculated using the formula below:
 Mass Held
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Mass of Bridge
Questions:

1. How by adding trusses to a beam bridge does it increase the strength of the overall structure?

2.  Do all bridges experience either compressive and tensile forces or both or neither?  Explain. 

3. How could you have increased the efficiency of your bridge?
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