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Prep Adventure 1 Message from the Duo
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engineeringadventures@mos.org
You

Engineering a Tower =g = 11:11 AM

Hi everyone,

We’re so excited to meet you! Our names are India and Jacob. We do

a lot of traveling all over the world. We meet interesting people and see
some amazing countries. Each place is unique, but we’ve found one thing
in common. Everywhere we go in the world, we find problems that can be
solved by engineers.

Engineers are problem solvers. They're people who design things that
make our lives better, easier, and more fun! We heard you might be able
to help us engineer solutions to some of the problems we find. That means
you'll be engineers, too!

Today, we came across an engineering challenge we think you can help us
solve. There are some animals living in a swamp along with lots of hungry
alligators. The animals need to be at least 10 inches above the alligators to
be out of their reach. India and | thought we could build a tall tower that the
animals could stand on. Do you think you can engineer a tower to help?

We sent you one tool that we usually find really helpful when we’re trying

to engineer a solution to a problem. It’s
called the Engineering Design Process. @

Take a look at it and see if it can help you! @

Good luck! The Goal @
India and Jacob
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Prep Adventure 1
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Here are three ways to build with index cards. @

The Goal @

Roll it!

Cut it!

Create

Fold it!

Will any of these ideas help
your group build a tower?
What other ideas do you

have?

Talk with your group to figure
it out!
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Prep Adventure 1
Fearless

8 inches and up

Confident

6-8 inches

Calm

4-6 inches

Nervous

2-4 inches

Terrified

0-2 inches
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Prep Adventure 1 Recording Page
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Draw Your Tower @
Use the space below to draw a picture of your
tower. @

The Goal @

Which parts of your tower design would you For the Record
change if you could do it again?

| think engineering is:

O Fun

O  Exciting
O  Difficult
O
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Prep Adventure 2 Message from the Duo

engineeringadventures@mos.org El"i'i;ﬂEl
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What is Technology? [=] 10:36 AM

Hi engineers,

You did a great job engineering a tower to protect the animals in the
swamp! Now, you can help us engineer more technologies.

Do you know that the things engineers create to solve problems

are called technologies? Most people think technologies have to
be electronic, but this isn’t true. A technology is actually any thing
engineered by a person that solves a problem.

Think about an airplane as an example. An airplane is a technology
because people engineered it, and it solves the problem of traveling
long distances quickly. But something as simple as a paper cup is
also a technology. A person engineered it, and it helps people hold
drinks without spilling them everywhere.

We have a detective challenge for you today. We sent you some
objects and we want you to figure out if they are technologies. Lots of
times engineers think about ways to improve technologies. Can you
use the Engineering Design Process to @
imagine ways to make some of these

technologies even better? @

The Goal @
Talk to you soon,

India and Jacob
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Prep Adventure 2 Engineer It

( What is your group’s object? A
- J
e ] A
Is it a technology?
Did a person engineer it? A
: Bonus: What problem does your
[ ]Yes [ INo . object solve?
Does it help you solve a problem?
[]Yes I
L If you answered YES to both questions, it is a technology! )
e A
You are an engineer. Write or draw how you would make this
technology better.
- J

If you could engineer a brand new technology, what would it
be? What would it do?
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Adventure 1 Message from the Duo

engineeringadventures@mos.org

You

Welcome to Haiti!

Bonjou, engineers! (That’s how you say “hi” in Haitian Creole!)

Have you ever seen pictures of earthquakes on the news? When the
ground starts shaking, a lot of buildings can be destroyed.

We want to learn how to engineer earthquake-resistant buildings—
buildings that won'’t be destroyed by an earthquake. So we got in touch
with our friend, Bernard, who is an earthquake engineer. Bernard works in
Haiti where many buildings were damaged by a huge earthquake in 2010.
A lot of the buildings in Haiti fell down because they were not engineered
to be earthquake resistant.

Haiti didn’t have rules about how to build earthquake-resistant buildings.
These rules are called “building codes.”

Bernard wants to help us engineer earthquake-resistant buildings and
write our own building codes based on what we find out. Will you join our
engineering team?

First, we need a way to model an earthquake.
Bernard uses something called a shake @

table. We sent you instructions so you can
build your own shake table and try it out. Let @
The Goal @

us know what you discover!

India and Jacob
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Adventure 1 Earthquake in Haiti Article
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Earthquake in Ha|t|

On January 12, 2010, Haiti
was hit by a 7.0 magnitude
earthquake.

People measure how strong
an earthquake is using
numbers on the Richter scale.
A 7.0 magnitude earthquake is
a very strong earthquake—so
strong that the shaking can
destroy buildings.

The earthquake in Haiti
destroyed small buildings,
like houses, and also large
buildings, like the president of
Haiti's home. The earthquake
even destroyed hospitals,
which made it hard to help
people who were hurt. Many
thousands of people died.

This was the worst earthquake
to hit this part of the world in
200 years.

- J
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Adventure 1 Measuring Earthquakes
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Scientists use the Richter scale to measure the size of an earthquake.

The Richter Scale

T o« B

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0

people lamps windows buildings most
cannot feel swing break heavily buildings
shaking damaged destroyed

Why do you think scientists use a scale to measure earthquakes? How
else could you measure the size of an earthquake?

Did you know?

i‘a@ﬂ% The Rlchter Scale was created in 1934

by Charles Richter.
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Adventure 1 Construc

ting a Shake Table
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You will need:
01 Magnitude Meter O 2 rubber bands O 2 plastic tubes
O 2 foam core boards O 4 blocks of foam O 16 hex nuts

O masking tape

Here is what your shake table will look like:

Step 1

» Stretch both rubber bands around both of
the foam core boards.

» Make sure the rubber bands are close to
the edges, like in the picture.

Step 2

* Put 8 hex nuts in a line on each side of
the top foam core board.

« Tape the hex nuts down with a long piece
of tape.

The hex nuts are heavy and help the shake
table shake at a good speed.

Shake Things Up 10
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Adventure 1
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Step 3

Make a pull tab by folding a piece of
masking tape and taping it onto the
center of the top board.

Make sure you can pull on the tab
without ripping it off. Draw an arrow on
the tab or write “pull.”

Step 4

Peel the paper off the back of the foam
blocks. Stick them to the board like in the
picture.

Make sure you do not cover the rubber
bands!

Step 5

Lift up one of the boards and push one of
the plastic tubes into the gap.

Put the other tube in between the board
facing the same direction as the other
tube!

Step 6

The shake table should look like the
picture at the right.

Pull the tab and the top board should
shake back and forth on the tubes.

Shake Things Up 11
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Adventure 1 Constructing a Shake Table (cont.)
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Step 7

» Line up the 0.0 line of the Magnitude
Meter with the edge of the bottom board.

» Tape the Magnitude Meter to the bottom
board underneath the pull tab.

Step 8

« Have one or two group members hold the
bottom board down on the table.

* Pull the pull tab until the edge of the
top board is over the magnitude of
earthquake you want to create.

Step 9
» Let go of the tab! Watch as your shake
table shakes back and forth!
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Adventure 2 Message from the Duo

engineeringadventures@maos.org

You

What'’s Inside Building Walls?

Hi engineers!

Fantastic job constructing your shake tables! We can use the shake
tables to test the model buildings we engineer.

Bernard says we should start by making a building skeleton for our
model buildings. He says lots of buildings have metal or wooden
skeletons inside the walls where we can’t see them. The building
skeletons do the same job our own skeletons do. They hold
everything up.

A building skeleton is made of lots of little pieces. We're calling them
‘building units.” Jacob and | sent you directions on how to make one. If
everyone makes a unit, we can stack them up and then use the shake
table to figure out what shape and size skeleton is the strongest
during an earthquake.

Let’s use the ask step of the Engineering Design Process to ask
questions about what shape and size skeleton is the strongest. When
we’re done, we will write a building code

about it so people know what shapes and @

sizes are good choices. @
The Goal @

Let me know how it goes!
India ‘w @
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Adventure 2 Building X-Rays
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Check out the X-rays of these buildings! See the skeletons behind the walls?

This house has a
wooden building
skeleton.

This building has a SeARp
skeleton made out of
metal beams!

Your Turn to Ask

How do you think you could make building
skeletons stay strong during an earthquake?

Shake Things Up 14 © Museum of Science




Adventure 2 Constructing a Building Unit
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You will need:

O masking tape
O 2 index cards
O 4 coffee stirrers
O 4 pipe cleaners

Step 1
Push one pipe cleaner into each
coffee stirrer.

Step 2
Fold over the ends of the pipe
cleaner.

Step 3
Tape the pipe cleaner to the corner
of an index card. Tape as close to
the corner as you can.

Step 4
Tape the other pipe cleaners to the
other corners of the index card.

To the right is a close-up image of what
it should look like.
Step 5

Tape the other index card to the top.

You should ask someone to help you
with this!

Shake Things Up 15
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Adventure 2 Buildings Big and Small
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Stack your units up to make building skeletons.

Test them at different magnitudes to find out what
sizes and shapes are strongest.

Circle the size you
think was strongest
. during an earthquake.

Wide-base Narrow-base

Circle the base
shape you think was
strongest during an
earthquake.

What other shapes and sizes do you want to test? Try them out with your
group!
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Adventure 3 Message from the Duo

engineeringadventures@mos.org

You

Building from the Bottom Up

Hey engineers,

Did you notice that the building units slide right off the shake tables
when you shake them? We have to figure out a way to attach them
so they don’t slide around during an earthquake. Bernard tells us that
earthquake engineers have to think about this problem all of the time.

You can use the ask and imagine steps of the Engineering Design
Process to help you. Ask about how buildings you’ve seen in real life

are attached to the ground and imagine ways to attach your building
unit to the shake table using some materials we sent along. Create
and test some different ideas. For an extra challenge, try to use as
few materials as possible and see if you can still stop the slide.

Once you figure out an idea that works well, write a building code
about it and send it to us, so we can see what you’re working on!

E The Goal @
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Adventure 3 Testing Building Bottoms
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How did you stop your building unit from sliding?
Draw your design here:

Imagine

What materials did you

use?

Test your building unit on the shake table at a 7.0 magnitude.

Watch your building unit carefully. Circle what happens when you test it.

- ‘ ﬁ
J))

slides tips or falls shears nothing

Would you feel safe inside this building? Yes No
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Adventure 3 Building Bottom X-Rays
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Check out the
underground poles
that support this
skyscraper!

This house is built on
a big block of concrete
called a slab.

This tent uses strings
and spikes in the ground
to hold it down.

Think About It

Circle the step of the Engineering Design
Process that you used most today. Do you like
using this step? Why or why not?

Shake Things Up 19
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Adventure 4 Message from the Duo

engineeringadventures@mos.org

You

Let’s Make Our Building Stronger! ’ 10:15 AM

Greetings engineers!

We have another problem with our building units. They flop over
and change shape when we test them on the shake table. Has this
happened to you, too?

Bernard told us that the building units are floppy because the bottom
moves fast and the top can’t keep up. That makes the unit flop over
and change shape. This is called ‘shear.” We need to engineer a way

to make sure our building units don’t shear during an earthquake!

How can we engineer a way to stop the shear during an earthquake?
Jacob and | are going to use the Engineering Design Process to help
us imagine, plan, create, and test some technologies that we think will
stop the shear. Then, we’ll write a building code about what we find
out.

Bernard said that earthquake engineers usually choose their materials
based on a budget. Do you think you can

engineer a technology to stop the shear

using a budget of 10 materials or less?

It's a challenge, but | think you’re up to it.

Good luck!

India
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Adventure 4
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How did you stop your building unit from
shearing? Draw your design here:

Testing Braces
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The Goal @

What materials did you

use”?

Test your building unit on the shake table at a 7.0 magnitude.

Watch your building unit carefully. Circle what happens when you test it.

—

——
—

slides

Would you feel safe inside this building?

Shake Things Up
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Adventure 4 Brace X-Rays
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This skyscraper has
criss-crossing braces.

This house has t4—4- =
braces made out of 1t
wood. gk ’*’

Think About It

Would you like to be an earthquake
engineer? Explain your answer.

Create

Shake Things Up P © Museum of Science



Adventure 5 Message from the Duo

engineeringadventures@mos.org

You

Ready, Set, Engineer! : 12:12 PM

Hey engineers!

Now that we've practiced making our building units earthquake
resistant, Bernard has challenged us to engineer a model of an entire
earthquake-resistant building! Our model buildings need to survive at
least a 7.0 magnitude earthquake, like the one that hit Haiti in 2010.

India and | walked around the city to choose what type of building we
want to engineer. India saw a large apartment building that was four

stories high. That is what she wants to try! | am going to engineer an
earthquake-resistant hospital.

We wanted to start creating right away, but Bernard reminded us that
we need to make sure we’re following our building codes. We will use
the plan step of the Engineering Design Process to help us design our
technology according to our building codes. Then, we will be ready to
create and test!

Let us know how it goes! @
Jacob @
The Goal @
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Adventure 5 Choose Your Building
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Choose your building! Pay attention to the budget. The budget tells you how
many items you can buy from the Materials Store. If you make your own,
decide on the budget and materials, and have it approved before beginning!

Note: For string and tape, 1 foot counts as one item.

Houses
2 houses on the shake table

/\ /\ « both houses need a sloped roof

N N

Budget for Materials
« 15 items or less

Library
« 2 units on the bottom, 1 on top
* needs a domed roof

Budget for Materials
« 30 items or less

Hospital
= « 2 units high, 3 units wide
* needs a helicopter landing pad

Budget for Materials
* 40 items or less

Apartment Building
* 4 units high, 2 units wide

Budget for Materials
« 50 items or less
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Adventure 5 Plan and Test
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What building are you engineering?

What is your budget? materials.

Draw a plan for your model building here:

How many of -
- each material will -
you use?

Test your building on the shake table at a 7.0 magnitude.

Watch your model building carefully. Circle what happens when you test it.

- ‘ ﬁ
))

slides tips or falls shears nothing
Would you feel safe inside this building? Yes No
Shake Things Up 25 © Museum of Science



Adventure 6 Message from the Duo

engineeringadventures@mos.org

You

Tried and Tested

It is almost time for us to leave Haiti, and we want to make sure we
have time to show Bernard our earthquake-resistant designs. First,
let’'s use the improve step of the Engineering Design Process to make
sure our buildings are really earthquake resistant.

We also have one more surprise for Bernard. We want to give him the
building codes we’ve been working on! Our building codes will help
people know the types of things to think about when engineering a
full-size earthquake-resistant building.

Take a look at your building codes today and improve them if you
want to, then send them along to us. Jacob and | are looking forward
to seeing your ideas!

Let us know how it goes,

India @
H The Goal @
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Adventure 6 Improve Page
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Look back at your first design on Plan and Test, p.
25. What do you want to improve?

Draw your plan for improving your model building
here:

EWhat materials wiIIE

you use?

Test your building on the shake table at a 7.0 magnitude.

Watch your model building carefully. Circle what happens when you test it.

- ‘ ﬁ
))

slides tips or falls shears nothing

Would you feel safe inside this building? Yes No
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Adventure 6 Letter to the Duo

India and Jacob, the Duo
c/o Museum of Science, EIiE
1 Science Park

Boston, MA 02114

Dear India and Jacob:

We finished engineering our earthquake-resistant buildings. We also
created lots of building codes. The building code | think is the most

important is

because

Here is a picture of my group’s final design:

Sincerely,
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Adventure 7 Message from the Duo

engineeringadventures@mos.org

You

On Solid Ground

Hey engineers!

We have had such a great time in Haiti. We've learned so much from
Bernard and from each other about how to engineer an earthquake-
resistant building. We are ready to show Bernard how earthquake
resistant our model buildings are during a 7.0 magnitude earthquake.
We’re also going to show him the building codes that we all came up
with. As a final surprise, we're going to combine our shake tables and
buildings into a model city, and see if the city is earthquake resistant!

Who else do you want to share your work with? We think you should
share with lots of people. Make sure to tell everyone how you used
the Engineering Design Process to engineer your earthquake-
resistant building and building codes. We can’t wait to hear how it
goes!

Orevwal! (That's how you say goodbye in Haitian Creole!)

Until next time, @
India and Jacob @
The Goal @
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Adventure 7 My Next Engineering Adventure
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What do you want to engineer next? @ @
The Goal @

Draw your technology here:

- What materials do you Wantf
to use?
My engineering checklist:
O  Find friends to work with.
O  Ask questions about how to start. Use the next page to
O Imagine lots of ideas. keep track of your
O  Make a Plan. work!
O  Create and test the plan.
O  Improve until you think it is ready.
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Adventure 7 My Next Engineering Adventure (cont.)
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How is your engineering project going? Keep @
track of what you do on this page. @

The Goal @
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