
LONDON BRIDGE IS FALLING DOWN

Identification of Curriculum Objectives:


The objectives of the demonstration entitled “London Bridge is Falling Down” meet the objectives outlined within Grade 7, Cluster 3, which is the study of “Forces and Structures”.  The specific learning outcomes that are addressed within the demonstration include:

•
7-3-08: Describe, using diagrams, how common structural shapes and components can increase the strength and stability of a structure.

•
7-3-09: Describe and demonstrate methods to increase the strength of materials.

•
7-3-11: Evaluate a structure to determine the appropriateness of its design, using the design process.


Additionally, the demonstration addresses the overall skills and attitudes in Grade 7, Cluster 0, which are as follows:

•
7-0-1a: Formulate specific questions that lead to investigations.

•
7-0-1b: Select and justify a method to be used in finding the answer to a specific question.

•
7-0-3b: Identify with guidance the independent and dependent variables in an experiment.

•
7-0-3c: Create a written plan to answer a specific question.

•
7-0-4a: Carry out procedures that comprise a fair test.

•
7-0-5f: Record, compile, and display observations and data, using an appropriate format.

•
7-0-7a: Draw a conclusion that explains investigation results.

 
Previous to the demonstration, the grade seven students will have a background knowledge of the internal forces of a structure, including the concepts of compression, tension, shear and torsion, as well as a background knowledge of the external forces of a structure.  Students have been taught that the internal and external forces apply stress to the structure, which may lead to structural fatigue or structural failure.  Furthermore, the grade seven students know that the strength and stability of the structure is affected by its structural shapes and components, as well as the strength of the materials utilized.  In the investigation following the demonstration, students will have the opportunity to manipulate the materials, components and structural shape.  Specific to the structure of bridges, students may recall the various bridge designs, including the arch bridge, beam bridge, truss bridge and suspension bridge, which will assist in their design of strengthening the structure.
Materials Required:
•
two blocks of wood

•
weights

•
popsicle sticks; string, straws

•
(cereal box) cardboard; manila tag paper, corrugated cardboard

•
wood glue; white glue, masking tape, duct tape

Instructional Sequence:

Prior to Class:
•
Construct a beam bridge whereby the two beams are constructed of popsicle sticks glued together by wood glue, with either end of each beam placed on one block of wood.  The blocks of wood should be located with a distance of approximately 30 centimeters in between the two blocks.  Place the cereal box cardboard on top of the two popsicle stick beams resting on the blocks of wood.

•
Gather the additional materials required for the demonstration, which include the weights.

During Class:
•
Propose to the students you, the teacher, are a master bridge builder that lived in the thirteenth century and were assigned the task of building the London Bridge.

•
As a bridge builder, you surveyed the size and availability of the land, ensured that the type of bridge would look good in its surroundings and designed the bridge so that it would be safe and aesthetically pleasing.

•
Tell the students that you constructed the London Bridge over the Thames River in London, and that it was a beam bridge built from the materials of wood and clay.  However, as legend as it, the London Bridge was destroyed during the time period that the English and Norweigian armies battled the Danish Vikings.  It has been said that  “when the English couldn’t cross the bridge or row their boats under it to attack the Danish fort on the other side, they tied ropes around the bridge’s wooden supports and rowed their boats as hard as they could downstream ... and the bridge came tumbling down!” (Johmann & Rieth, 1999, p. 39).

•
Explain to the students that this is the story behind the rhyme, “London Bridge is Falling Down”, which they have most likely heard of previously.

•
Sing the rhyme to the students, inviting them to join if they know the words, which are as follows:

London Bridge is falling down, falling down, falling down,

London Bridge is falling down, my fair lady.

Build it up with wood and clay, wood and clay, wood and clay,

Build it up with wood and clay, my fair lady.

Wood and clay will wash away, wash away, wash away,

Wood and clay will wash away, my fair lady.

Build it up with bricks and mortar, bricks and mortar, bricks and mortar,

Build it up with bricks and mortar, my fair lady.

Bricks and mortar will not stay, will not stay, will not stay,

Bricks and mortar will not stay, my fair lady.

Build it up with iron and steel, iron and steel, iron and steel,

Build it up with iron and steel, my fair lady.

Iron and steel will bend and bow, bend and bow, bend and bow,

Iron and steel will bend and bow, my fair lady.

Build it up with silver and gold, silver and gold, silver and gold,

Build it up with silver and gold, my fair lady.

Silver and gold will be stolen away, stolen away, stolen away,

Silver and gold will be stolen away, my fair lady.

Set a man to watch all night, watch all night, watch all night,

Set a man to watch all night, my fair lady.

(http://www.rhymes.org.uk/london-bridge-is-falling-down.htm)

•
Inform the students that today, you are going to demonstrate the strength of a beam bridge, similar to the design of the London Bridge, but made of different materials.

•
Ask the students to identify the materials that were used to construct the bridge that appears as the object for the classroom demonstration.  The students will respond by stating that the bridge is made of two blocks of wood, two beams made with popsicle sticks, and a piece of cereal box cardboard.

•
Explain to the students that you have a collection of weights that will act as the live load on the top of the bridge.

•
Ask the students to predict how much weight can be placed on the bridge before the bridge collapses as a result of the external force exerted by the live load.  Allow students to respond, and record their name and their prediction (the weight in grams) on the chalkboard or whiteboard at the front of the classroom.
•
Carry out the demonstration by continuing to place weights on the beam bridge.  Ask the students to observe what is occurring.  All of a sudden, the bridge will collapse and the live load will fall.  

•
Ask the students why the bridge could not withstand the weight of the live load and its external forces exerted on the bridge.  The students should conclude that the structural failure was a result of the chosen materials, components and structural shape of the bridge.

· Explain to the students that the characteristics of the materials and adhesives must be taken into consideration when designing the bridge and must coincide with the purpose of the structure.  Ask the students to name some advantages and disadvantages with the materials and adhesives that we used to construct the bridge for the classroom demonstration.  Students may suggest that a stronger cardboard, such as corrugated cardboard that has additional strength, should be used so that the cardboard does not bend out of shape as easily.

· Explain to the students that the components and structural shape of the bridge must also be taken into consideration when designing the bridge.  Allude to some of the problems associated with the chosen components and structural shape of the bridge used in the classroom demonstration.  The first problem was that rectangular frames can easily be pushed and pulled out of shape.  Therefore, triangular components could have been used to turn the rectangular corners into rigid triangles.  The second problem was that frames made of vertical columns and horizontal beams are weak in the middle, and pressing down on the middle of a beam causes it to bend and push sideways.  Therefore, the middle of the beam could have been braced or the live load could have been supported with an arch.  Ask the students if they can identify any additional problems with the design of the structure.

•
Record the amount of weight in grams that the bridge was able to withstand on the chalkboard or whiteboard at the front of the classroom, and challenge the students to construct a bridge that will withstand a greater weight.

•
Ask the students what alternative materials could have been used to strengthen the structure.  The students will present various answers, hopefully including some of the materials that will be provided for them to carry out the inquiry.

•
Instruct the students that they will collaboratively work within groups of four to design a structure, modifying only one of the variables (popsicle sticks, cardboard, or adhesive) in order to create a stronger bridge.

•
Highlight the materials that are available to them (see list above under “Materials Reguired”).  For example, if a group of students were to choose to change the adhesive, they may wish to use white glue, masking tape or duct tape as their alternative.

•
The students are now ready to complete the inquiry portion of the assignment, whereby they are required to construct their own bridge that will serve the functions of supporting its own weight as well as the weight of a maximum live load.  An overview of the expectations of developing their own experiment may be advantageous to the success of the inquiry.
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LONDON BRIDGE IS FALLING DOWN

Develop Your Own Investigation

Summary of Classroom Demonstration:

During class you witnessed a demonstration involving the “London Bridge falling down”.  The structure constructed with the two blocks of wood, popsicle sticks and cereal box cardboard, replicating the London Bridge, was not able to withstand the live load consisting of the weights.  The bridge collapsed because of the chosen materials, components and structural shape.  One of the identified problems was that the frame of the bridge could be pushed and pulled out of shape, therefore indicating that there were not enough supports.

You have the opportunity, within this investigation, to plan and carry out your own experiment, using the knowledge that you learned within the classroom demonstration, to create a bridge that will withstand the largest live load.  This worksheet is the guide to completing your investigation.

Questions for Inquiry:
List at least five questions that you could test using the theory behind why the “London Bridge fell down”.  Below are three examples of questions. 

1. What would happen to the amount of weight the bridge could withstand if you used corrugated cardboard rather than cereal box cardboard using the same frame for the structure?

2. What structural shape is able to hold up the most amount of weight within the live load?

3. Does the type of adhesive used affect the strength of the structure?

In the space below state the five questions for inquiry.  Place a checkmark beside the question that you are going to answer by performing the investigation.  

Determining the Variables

1. Determine all the materials that were used in the classroom demonstration and place them in the mind-map below, creating more links if necessary.





2. In your investigation, you may wish to keep some of the materials the same as the classroom demonstration and you may wish to change some of the materials.  List all the materials that will be included in your experiment.

3. In order for your investigation to be a fair test, all of the materials must remain the same expect for one.  The materials, or variables, that remain constant in all trails are called the dependent variables, and the material, or variable, that changes is called the independent variable.  Name all of the dependent variables and the independent variable, also indicating how the independent variable will change throughout the investigation.

Dependent Variables:

Independent Variable:

Change:

4. How are you going to measure the variables so that you can gather your data?  For example, you may want to measure how much the bridge is able to withstand by adding the amount of weight in the live load.  State how you are going to measure the variables below.

5. How are you going to make sure your results are consistent? 

Prediction:  Predict the answer to your question and provide justification.

Procedure: Outline below the procedure you are going to use to discover the answer to your question.

Observations of the Inquiry:  Record your observations in the space below.  You may wish to use the table included to do this.

	Independent Variable
	Weight (in grams)

	
	

	
	

	
	


Results of the Inquiry:  Summarize the results of the investigation and answer the proposed question for the inquiry.




London Bridge
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