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Building Frames and Structures

	Grade Level
	4

	Sessions
	1 – 50 minutes each

	Seasonality
	N/A

	Instructional Mode(s)
	Whole Class and Small Groups

	Team Size
	4 – 6 Students

	WPS Benchmarks
	04.SC.IS.03

04.SC.IS.06

04.SC.TE.01

04.SC.TE.04

04.SC.TE.06

04.SC.TE.08

	MA Frameworks
	3-5.IS.3

3-5.IS.6
3-5.TE.1.1

3-5.TE.2.1

3-5.TE.2.3

	Key Words
	Small structures, civil engineering, frame, brace truss


Summary 













The students will be review what they have learned about building strong, lightweight structures and civil engineering. The students will also have the opportunity to build the frame of their chosen design. The amount of time and materials the students have are limited. The available materials are limited to those referred to in their assignment letter (Lesson 4.B.1). The students will only have one class period to complete the frame of their structure.  
Learning Objectives











2002 Worcester Public Schools (WPS) Benchmarks for Grade 4

04.SC.IS.03
Keep accurate records while conducting simple investigations or experiments. 
04.SC.IS.06 Record data and communicate findings to others using graphs, charts, maps, models and oral and written reports.

04.SC.TE.01 Identify materials used to accomplish a design task based on specific property (e.g., weight, strength, hardness, and flexibility).

04.SC.TE.04 Identify a problem that reflects the need for shelter, storage, or convenience.
04.SC.TE.06
Identify relevant design features (e.g., size, shape, weight) for building a prototype of a solution to a given problem.
04.SC.TE.08
Apply metric system in design projects and experiments.
Additional Learning Objectives









1. 3-5.IS.3 Keep accurate records while conducting simple investigations or experiments. 
2. 3-5.IS.6 Record data and communicate findings to others using graphs, charts, maps, models and oral and written reports.

3. 3-5.TE.1.1 Identify materials used to accomplish a design task based on specific property (e.g., weight, strength, hardness, and flexibility).
4. 3-5.TE.2.1 Identify a problem that reflects the need for shelter, storage, or convenience.
5. 3-5.TE.2.3 Identify relevant design features (e.g., size, shape, weight) for building a prototype of a solution to a given problem.
6. Understand and be able to apply the five keys to building a strong, lightweight structure.
Required Background Knowledge 








1. Information from Introduction to Building Structures (Lesson 4.B.1)

Essential Questions 










1. How do the shapes of frames make structures strong?

Introduction / Motivation











Discuss the 5 keys to building a strong, lightweight structure. Ask the students if they have any questions. Remind the students that the models of their designs will be tested in severe weather conditions. Ask the class what that could mean. (If you’ve already studied the difference between climate and weather, now may be a good time to remind the students of the difference between those two concepts.) Create a list of different types of severe weather. Here are some ideas:




Rain 

- Flash flood





- Sever Rain / Downpour





- Mudslides




Frozen Rain 

- Sleet

- Hail

- Snow

- Avalanches




Wind





- Strong Winds

Not all of these occur in New England. The class can narrow them down. It is up to the teacher’s discretion as to which conditions that students’ models will be tested against at random.

Procedure












* Be sure to show the students examples of each type of material to that they know how large the pieces of cardboard, construction paper, plastic, etc. are.
The instructor will: 

1. In order for each group to build a model, one design must be agreed upon. Each group must discuss what each person has come up with and select a design. It is okay to take different ideas from different designs and put them together. In order for each group to get materials, the final design must be drawn out and each type of material must be labeled on the design.
2. Remind the students what materials they have to choose (from Letter to Engineering Students from Lesson 4.B.1):

25 craft sticks or 30 pipe cleaners or 35 straws


2 square pieces of plastic or 4 straws 

4 square pieces of cardboard or 6 pieces of construction paper


6 square pieces of construction paper


4 square pieces of copier paper


60 centimeters of tape

3. Ask the students to get into their design groups  to discuss and decide on a final design. (They will have approximately 20 minutes).

4. When a final design is chosen, the group should raise their hands to get materials. The group will have the rest of the class period to build their structure frame.

5. If the groups complete the assignment early, distribute the 5 Keys to Building a Strong, Lightweight Structure Handout to be completed in class. Assign the handout for homework otherwise.
Materials List 











	Materials per class
	Amount
	Location

	Craft sticks
	25 * # of groups
	Craft store (A.C.Moore) or Department Store (Wal-Mart)

	Pipe Cleaners
	30 * # of groups
	Craft store (A.C.Moore) or Department Store (Wal-Mart)

	Plastic Sheet Protectors
	2 * # of groups
	Office Supply Store (Staples)

	Straws
	39 * # of groups
	Grocery Store or Department Store (Wal-Mart)

	Cardboard
	4 * # of groups
	Free at Many Grocery Stores

	Construction Paper
	12 * # of groups
	Craft store (A.C.Moore) or Department Store (Wal-Mart)

	Copier Paper
	4 * # of groups
	Office Supply Store (Staples) or Depart. Store (Wal-Mart)

	Masking Tape
	60 cm * # of groups
	Office Supply Store (Staples) or Depart. Store (Wal-Mart)


* The number of pieces of plastic from one sheet protector is approximately 4 – 8 depending on how large you want the pieces to be.

* The number of pieces of paper from one sheet of paper is approximately 2 – 4 depending on how large you want the pieces to be.

* This is the maximum amount of material that one class would need – every group will not have all of the materials.

	Materials per group
	Amount
	Location

	Craft Sticks
	25
	Craft store (A.C.Moore) or Department Store (Wal-Mart)

	Pipe Cleaners
	30
	Craft store (A.C.Moore) or Department Store (Wal-Mart)

	Straws
	39
	Grocery Store or Department Store (Wal-Mart)

	Plastic (square pieces)
	2
	Office Supply Store (Staples)

	Cardboard (square pieces)
	4
	Free at Many Grocery Stores

	Construction Paper (square pieces)
	12
	Craft store (A.C.Moore) or Department Store (Wal-Mart)

	Copier Paper (Square pieces)
	4
	Office Supply Store (Staples) or Depart. Store (Wal-Mart)

	Masking Tape
	60 cm
	Office Supply Store (Staples) or Depart. Store (Wal-Mart)


* This is the maximum amount of material that one group would need – every group will not have all of the materials.
Vocabulary with Definitions (in alphabetical order)






1. Beam – a long, horizontal part, designed to support weight, which has the same shape its whole length.

2. Braces – additions to the frame that increase its strength at weak points.

3. Civil Engineering – Design roads, bridges, dams, and other structures using dirt, rock, and concrete.

4. Column – a tall, vertical part designed to support weight. A column is like the trunk of a tree.

5. Foundation –  the base that the structure is built on.

6. Frame – the skeleton of the structure that gives it support and strength.

7. Stability – characteristic of an object that is difficult to make fall down.

8. Truss – strong, lightweight structure used in place of beams. A truss has long pieces that run the entire length of the truss which are connected by shorter pieces in a repeating framework.
Assessment / Evaluation of Students









The instructor may assess the students in any/all of the following manners:

1. Check the 5 Keys to Building a Strong, Lightweight Structure Handout
2. Observe group participation
Lesson Extensions











This lesson is intended to be used in series with Introduction to Building Structures (Lesson 4.B.1) prior to this lesson and Small Structure Testing and Redesigning (Lesson 4.B.3).
Attachments












1. 5 Keys to Building a Strong, Lightweight Structure Handout
Troubleshooting Tips











None
Safety Issues












None
Additional Resources











None
Key Words













Small structures, civil engineering, frame, brace, truss

Name: ______________




Date: ________
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5 Keys to Building 

a Strong, 

Lightweight Structure

Handout

Directions: Complete each sentence by filling in the blank. Choose from the list of words at the bottom of the page. Use each word only once.

Start with a wide _____________.

Use ____________ instead of squares.

Build with _____________ for long, straight pieces.

Add _____________ to make weak corners stronger.

Make weak pieces ____________.

 
thicker

triangles

base

trusses

    braces
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