Towers and Bridges: Civil Engineering

Objective

This lesson introduces students to Civil Engineering, specifically Structural Engineering. They
will create a structure (a bridge or a tower) and test it to learn how they can apply a greater
normal force to counteract the weight and gravitational forces that act on their structure.

If you would like the activity to be related to real-world events, provide examples of the
following: Golden Gate Bridge, Eiffel Tower, Sydney Opera House, Great Wall of China.
Ask the students “What do all of these examples have in common?” Answers can vary but the
overall common theme is that they are structurally sound designs and infrastructure that is
reliable and safe for everyday uses.

Examples of Structural Design in Civil Engineering

e Buildings: analyze and design different styles of buildings, when doing so you must
consider walls, columns, beams and foundations. Along with other factors such as
gravity, wind, earthquakes, snow fall, etc. These can be homes, schools, factories,
business buildings, etc.

e Bridges: involves analyzing and designing the structural components by considering the
following: girders, piers, foundations. The design should ensure that the bridge cna
withstand forces from heavy truck loads, weight of vehicles plus the passengers, wind,
storms, water and other seismic activity.

e Dams: Analyze and design structural components for a sturdy dam wall, spillway and
foundation. The design must ensure the dam can withstand water pressure, seismic
activity, and frosts.

e Offshore structures: Analyze and design structures for offshore uses that have durable
platforms, platform jackets, piles, subsea pipelines. The design must ensure the structure
can withstand forces of waves, wind, storms and other seismic activity.

Learning Outcomes

Students will learn:

1. About normal and gravitational forces

2. About math and science principles that govern the way structures are created

3. About math and science principles that govern the way structures are created That structural
engineering is based on math and science rather than trial and error

4. That engineers have to test their structures to ensure they are designed based on sound theories
5. How to create a project design with computer software

6. What types of forces are considered when creating a structure




Essential Questions

1) What kind of math would a Civil Engineer utilize?

2) How do you use Google Sketch or the software you are using to create the mock-up of
your structure?

3) How do you account for the forces that act on buildings?

4) Consider your state, hometown, neighborhood. How would the environment of those
locations impact the design and type of building materials used for your structure?

5) How did you make a structurally sound building or tower? Explain your process for the
design, why you chose certain shapes, how to make it continue to stand on its own under
so much weight?

Time Required (Iltemized)

1. Introduction to forces and structures (15 minutes)
2. Introduction to the activity (15 minutes)

3. Time to work on the project (60 minutes)

4. Time to test the project (40 minutes)

Assessments

The students will be graded on how well their structure holds 93 pounds. They will not receive
extra credit for over-engineering their structure because the challenge is to create an economical
structure that holds at least the minimum weight (see attached worksheet for guidance).

Materials
1. Balsa wood, popsicle sticks, or toothpicks
Glue
Computers with Google Sketchup or another site for students to sketch
Notebook paper
Testing device (sling with 2.5 pound weights or other apparatus)
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Lesson Description

Please see “Tower Project” worksheet for instructions for building the towers.

Decide whether your students will be building towers, bridges, or either. Determine the
minimum and maximum dimensions that will be used for your class.

Review the forces that are acting on your students as they sit in their desks: what is holding us
onto the earth’s surface? (Gravity.) What is keeping us from falling to the center of the earth?
(The floor.) The floor is applying the normal force.

Ask the students if they have ever seen a building fall into a sink hole? Why does that happen?
(Voids on the surface.) How do we get rid of voids? (Have they ever seen heavy machines that
compact the soil? That’s what gets rid of them.)



Towers: Structural engineers have to consider the weight of buildings as well as the weight that
will be applied to the interior structure (thousands of people on the inside that add additional
forces). Bridges: Structural engineers have to consider the traffic that will cross the bridges they
design—trains, buses, hundreds of cars at once, etc.

Ask the students what structural components have they seen that make structures stronger
(trusses, joints, etc.) Explain that these are all based on science, math, and testing.

Have students create groups of 2 or 3 as they work to create either a tower or a bridge. Provide
class time as necessary for construction.

Testing: to create an inexpensive bridge or tower crusher, use a block of wood that will sit on the
structure, hooks that are distributed across the length of the block, and a sling that will be used to
add weight to the structure (see picture).

Add 2.5 pounds to the sling (up to 93 pounds), until either the structure passes the test, or fails.

Have students make observations about structural components that caused success or failure in
the design. Discuss these with the class.



Tower and Bridge Breaker Visual Example

The bridge is placed to span two tables. A block with hooks is used to evenly distribute the load.
Weights (2.5 pounds each) are added to the sling one at a time until the structure is
compromised.



Name:

Directions: Read the following information and complete packet by finishing each section
assignment. You will need to get signatures from the instructor to confirm you finished each
section assignment. NO SIGNATURE = NO CREDIT

Project Description:

You are a project engineer trying to win the Spencen-A Contract. In order to do so, you
must design a prototype tower for testing. The prototype tower must fit the following size
and shape requirements: - - - -

Height:

Length:

Width:

Additional requirements:

Your prototype tower must be able to hold 93 pounds.

Cost: This can be used for high school students largely since as the teacher you can increase the
rigor by including cost of materials. By including this option you are having the students step
into the real world of being a Civil Engineer since the materials they use do cost money and the
budget will depend heavily on the success of the project by staying in budget and completing the
task.

Optional: You will keep track of the cost of your project on the attached cost analysis worksheet
(in back of packet).

COST: You will be accountable for the cost of the project. Every balsa wood stick and

tube of glue you use will increase the overall cost of your project. Typically, clients will

choose the least expensive project that can hold the requested load.

The cost of balsa wood: - - -

24 inch new balsa wood stick = $500

One bottle of glue = $1,000

Scrap pieces of balsa wood = $100

ASSIGNMENT #1
Draw in your notebook a sketch of your tower.
DEADLINE:

COST PENALTY: $500

Instructor signature

ASSIGNMENT #2



Complete Google Sketchup challenges. One class period will be spent in the computer
lab, so you can complete this assignment.

DEADLINE:

COST PENALTY: $1,000

Instructor signature for Challenge #1
Instructor signature for Challenge #2
Instructor signature for Challenge #3

ASSIGNMENT #3
Use Google Sketchup to draw your tower. Print your drawings, so you can use them for
reference during the construction phase.

DEADLINE:

COST PENALTY: $500

Instructor signature

ASSIGNMENT #4
Build your tower.
DEADLINE:
COST PENALTY: $1,000

DAY AHEAD COST CREDIT: $1,000

If you are finished with your tower by the deadline, then you will receive a $1,000
credit.

Instructor signature

COST ANALYSIS WORKSHEET

Item Cost Quantity Total Cost

24 inch Balsa Wood | $500
Stick

Bottle of wood glue | $1,000

Scrap pieces of $100
Balsa Wood

Assignment #1 — $500 N/A
failure to meet
deadline

Assignment #2 — $1,000 N/A
failure to meet
deadline

Assignment #3 — $500 N/A
failure to meet
deadline

Assignment #4 — $1,000 N/A
failure to meet
deadline

CREDIT - tower -51.000 N/A
linished a day ahead

CREDIT - largest -$1.000 N/A
weight held to
weight of tower
raticy






