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An earthquake is a shaking of the ground. Earthquakes happen 
when large masses of rock move suddenly. When the earth shakes, 
so do the buildings on top. That causes big problems when the 
buildings aren’t strong enough to withstand the shaking.

WHAT’S AN EARTHQUAKE?WHAT’S AN EARTHQUAKE?

I’m Eppie, and  
I’m a geophysicist  
(GEE-oh-FIZZ-ih-sist). 
That’s a type of earth 
scientist. My dog, Loki, 
and I will be looking for 
evidence of earthquakes. 
We want to know why 
they occur and what 
happens when they do. 
I’ll report what I see to 
Rocky back at the lab.

DID YOU FEEL  
THAT EARTHQUAKE? 
Luckily no one was 
hurt. But just look at 
those buildings! One 
came through without 
a scratch while the 
other, uh, not so much. 

Hi! I’m Rocky. In the 
Geology lab, we’ll look at 
the science of earthquakes. 
We’ll also look at the 
engineering that helps 
buildings stand up to them. 
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Something missing or broken?  
Call SmartLab Customer Service at 1-866-319-5900. 
We will happily resolve your concerns.

SHAKE LAB EQUIPMENT
My newest invention is a 
compact shake table. It’s 
based on the large-scale 
version that engineers 
use. A shake table lets us 
test building models for 
earthquake resistance.

7-story shake table

PRECONSTRUCTIONPRECONSTRUCTION
• Operate your shake table on a 

solid, sturdy work surface. 

• Clear an area around the  

shake table for falling girders  

and panels!

• If you combine spines for long 

quakes, you’ll need 3 feet (1 m)  

on either side of the shake table.

3 interlocking power spines

Sticker Sheet Application
Hole

Knob

Waves

Teeth

6 quake keys 8 mix-and-match wall panels1.

2.

3.

4.

5.

6.

To build walls, 
fold along the 
crease lines. 
Insert the tab 
into the slot.

9 floor panelsBase panel

Tab

Socket

Center the 
butterfly-shaped 
stickers over the 
corner shields. 
Fold down on 
both sides.

MOTORIZED DUAL-ACTION SHAKE MACHINE

Table

4 clips
32 variable-lock girders

Hole

Cross-strut

Insert the clips  
into the holes on  
the table and rotate.

Press the 9 points 

on the table bottom 

into the holes on 
the cross-struts.

Insert 3 AA 
(LR6) batteries. 
See back cover 

for battery 
installation 

instructions.
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BUILDING BUILDINGS
Strong beams for support. 

Floors and roofs to carry the side-to-side 
forces across the whole frame. 

Diagonal braces to resist side-to-side and up-
and-down forces. 

Stiff walls to transfer side-to-side force to the 
frame. The frame transfers the force to the 
foundation and then into the ground.

Girders in the locked position.

Floor panels

Cross-brace wall panels

Wall panels 

REAL BUILDINGS HAVE: YOUR BUILDING HAS:
Gravity is always 
trying to pull a 
building down.  
In an earthquake, 
strong forces are 
also pushing it from 
side to side. Here’s 
how different parts 
of a building resist 
these forces:

You can build and test all kinds of structures on your 

shake table. Here are the basic building blocks:

To add floors, set a floor panel over the tops 

of the girders until it rests on the ledges.Build directly on the shake table or anchor 

the first-story girders in the base panel. To 

anchor girders, push the top of the girder 

through a hole in the panel.

When you’ve anchored the first-story 

girders, set the panel on the table and 

rotate the 4 clips to hold it in place.

FOUNDATIONS

Girders connect two ways: unlocked and locked. 

Try different combinations on your buildings.

To add a wall, place it around the four 

girders before you add an additional 

story. A wall will rest on the floor below it. 

Be patient, this can be tricky.

When the tongues and grooves 

line up, the girders are unlocked. 

This makes a weak building. 

When the tongues and grooves 

don’t line up, the girders are locked. 

This makes a strong building.

Groove

Tongue

Groove

Tongue

Unlocked for weak building Locked for strong building

BUILDING UP

Mix and match the building materials to 
make all kinds of structures. Connect some 
girders on your buildings loosely (unlocked) 
and see what happens.

DESIGN YOUR OWN 
BUILDING CHALLENGES! 
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Earthquake energy travels in waves. The 
waves move at different speeds through 
different kinds of rock. Your quake keys 
will act like earthquake waves.

Hold the spine with the knob on your left 

and the teeth pointing toward you.

ADD KEYS TO SPINES

Slot Top

Knob
Socket

Teeth

Hole

Tab BackTeeth

With the hole on the key pointing toward 

the knob on the spine, press the three 

tabs on a key into the three slots on the 

top of the spine. Press the tabs all the way 

in. Make sure the knob and the hole are 

pointing left.

With the hole on the key pointing toward 

the knob on the spine, press the three tabs 

on the key into the three slots on the back 

of the spine. Press the tabs all the way 

in. Make sure the knob and the hole are 

pointing left and the teeth are in front.

Put keys on the back and the top.
Key on Top Key on Back Combo Keys

HMMM. I wonder 
where Eppie and 
Loki are . . .

JOIN SPINES FOR LONGER QUAKES
1. Slide the knob of a spine into the socket 

on another spine. Make sure the teeth on 
both spines are pointing toward you.

Spine 1

Spine 2Socket

Knob

2. Assemble keys 
onto the spines. 

MAKING SHAKES

Slide the frequency 

modulator to the right.  

Push the button to start  

and stop the shake table. 

Use the frequency modulator 

to adjust the speed.

You may need to push 

the key in until the gears 

connect and the building 

starts to shake. 

2.
RUN WAVES THROUGH THE TABLE

Frequency modulator

(OFF position)

Button

Teeth in front

When the key reaches the end 

and the table stops shaking, 

gently pull the key through 

and out the left side.

3.

With the knob pointing toward the 

shake table, slide the spine into the 

groove. Make sure the teeth are 

pointing toward the front of the 

shake table! Gently push the spine 

into the table until it stops.

1.

To stop the motor, press the button or slide 

the frequency modulator to the left. When 

you’re done for the day, slide the frequency 

modulator to the OFF position.

4.
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FINDING FAULTS

A fault is where the masses of rock that make up earth’s crust 
slide against each other. As forces push against the blocks of 
rock, they can get stuck. The force builds and builds until the 
fault gives way, and the rock slips all at once. BOOM! That’s an 
earthquake. The energy released is huge!

We’re here! Flying over the 
desert in Baja California, 
Mexico! In 2010, a 
magnitude 7.2 earthquake 
struck here. That cliff 
below me wasn’t here 
before the earthquake. 
The quake caused the rock 
to slip 9 feet (3 m)! Why? 
It’s the fault’s fault!

Wow! That gash Eppie is flying over 
really shows the fault line. Faults are 
classified by the way the rocks move, 
so this section appears to be a dip slip.

The focus is the 
underground spot where 

the earthquake starts.

The epicenter is 
the spot on the 
surface directly 
above the focus.

DIP-SLIP FAULT
Rock slides up or down.

P and S waves travel 
through the earth
P-waves are the first waves sent 
out by an earthquake. They 
squash and then stretch rock as 
they pass through, but they don’t 
do much damage.

S-waves follow P-waves. They  
are slower but more destructive.  
S waves move the ground up  
and down or side to side.

Surface waves  
travel on the ground
Surface waves travel  
slowly through earth’s 
crust. They can roll along 
the ground like ocean 
waves, or move the surface 
forward and backward and 
side to side at the same 
time. These waves cause 
the most damage.

WORLDWIDE WAVES
When faults fracture, the energy travels in seismic (SIZE-mick) waves.

Mantle

Core

P-wave

S-wave

Surface wave

TEST IT!TEST IT!TEST IT!TEST IT!

Ride the  
Seismic Waves!
Join three spines together to 
see different types of seismic 
waves in action! Watch how your 
building moves as the waves roll 
through the table.

To the front spine, add key 5 to the 
back. This will be your P-wave. To the middle spine, add key 4 to the 

top. This will simulate an S-wave.
To the end spine, add key 6 to the 
top and key 3 to the back. This large, 
combo wave simulates surface waves.
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PALEO PUZZLE PIECES

This place must 
have looked VERY 
different back 
when Lystrosaurus 
was alive.

I’m near the South Pole in Antarctica. But I’m 
not looking for earthquakes. This time, I’m 
looking for fossils! 

These bones are from Lystrosaurus—a dog-sized 
reptile that lived around 250 million years ago, 
before the dinosaurs.

Paleontologists have dug up 
Lystrosaurus fossils in Africa, 
Madagascar, and India. Lystrosaurus 
wasn’t a big swimmer, so that means 
those places were all connected 
back then. And that means the 
continents have moved! That’s a big 
part of the earthquake story.

Sorry, Loki!  
Antarctica doesn’t 

allow dogs. This  
law protects the  

native plants  
and animals.

The lithosphere—earth’s crust and the 
topmost part of the mantle—is broken 
into chunks called tectonic (teck-TAHN-
ick) plates. The plates float on the 
asthenosphere, the mantle’s semi-solid 
upper layer.

Over millions of years, these slowly moving 
plates have drifted across the planet. At 
the edges where the plates meet—called 
boundaries—they grind over, under, or 
past one another. This grinding creates 
mountains, earthquakes, and volcanoes. 

FLOATING PLATES

When Lystrosaurus lived, 

all earth’s continents 

were joined together  

in a supercontinent 

called Pangaea.

152 million years ago, 

when dinosaurs lived, 

Africa and the Americas 

had begun to drift apart. 

Today we have widely 

spaced continents—but 

they are still moving!

This is another one of my inventions. I call it my Shake-Sphere. It’s a 

4-D globe that lets you view earth through time. Let’s see how the 

tectonic plates have moved.

SHAKE-SPHERE

250 MA 152 MA TODAY

Think you’re walking 
on solid ground? 
Think again! Planet 
Earth is actually 
a layered ball of 
active, moving rock. 
And some of it  
isn’t solid at all!

Lithosphere

The mantle is hot, 
dense rock. In some 
parts, it can squash 
and move like hot 
asphalt. In some 
spots, the rock melts 
to form magma.

Earth’s outer core is 
liquid iron and sulfur.

The core is solid 
iron and nickel.

Mantle

Asthenosphere
Lithosphere

Earth’s crust is a thin 
(well, compared to 
the rest of the planet 
anyway!) layer of rock.

Antarctica
Madagascar

Africa
India
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LOSING LAND

SUBDUCTION ZONE
Plate Motion: Sinking

Plate Boundary Type: Convergent (coming together)

What’s Movin’: A continental plate and an oceanic plate move toward each other. 

What’s Shakin’: The heavier and denser oceanic plate sinks beneath the continental 
plate and melts into magma. 

Effect on Earth: Destructive—oceanic crust descends back into the mantle.

You can find ghost forests all along the coast of the 
Pacific Northwest. That’s because this is the Cascadia 
Subduction Zone—a zone where a dense ocean-floor 
plate is pushing into the continental North American 
plate and then sinking beneath it. This process is 
called subduction (sub-DUCK-shun).

The Cascadia 
Subduction Zone 

is a 700-mile-long  
(1,127 km) boundary 

where two plates 
are pushing into  

each other.

Look! It’s a ghost forest! 
These spooky “stumps” are the 
tops of ancient trees. They are 
all that’s left of a dense forest 
that once stood here. One day 
the shoreline dropped in a huge 
earthquake. Salty seawater 
flooded the forest. After that, 
tsunamis rolled in and buried 
the trees in sand. In 1997, 
tides swept away the sand, 
revealing these ghosts of the 
long-forgotten forest.

THE BIG ZIPPER: 
SUBDUCTION ZONE EARTHQUAKES

As the plates keep pushing into each other, 

strain builds and builds. This causes the 

edge of the continental plate to bulge.

When the strain gets too great, the locked 

area ruptures. The continental plate springs 

back, releasing energy in an earthquake. 

Additional ruptures can travel along the 

fault like a giant zipper unzipping. Each new 

rupture adds energy to the earthquake.

Pulled 
down

Drops
suddenlyRising

Rebounds
Sinking

One plate bends and slides 
underneath another.

SUBDUCTION-ZONE 
BOUNDARY

The Ring of Fire is a band of 
subduction-zone volcanoes that 
circles the Pacific Ocean. It’s also one 
of the planet’s major earthquake belts.

MAGNITUDE
The magnitude of an earthquake 

is the amount of energy released. 

It is measured on the Richter 

scale. The scale goes from 1 to 

10. Each number represents an 

increase of 30 times more energy 

than the number before it. 

Ask permission before you try  

this experiment.

Pasta Quake Experiment

Hold a piece of dry spaghetti in 

your hands and snap it into two 

pieces. Call that Magnitude 1.
1.

Next, make a bundle of 30 

pieces of spaghetti and bend 

the bundle until it breaks. Pay 

attention to how much more 

work it takes. Notice all the 

fractures? Call that Magnitude 2. 

2.

Now, imagine breaking a bundle 

of 900 pieces of spaghetti. That 

would be Magnitude 3!
3.

The biggest quakes on earth 
happen in subduction zones 
where the edges are locked 
together and can’t move.
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As far as 
mountain ranges  
go, the Himalayas  

are just growing kids.  
They weren’t even  

here when dinosaurs 
roamed the earth. 

A network of seismic sensors is dotted across the 
country of Nepal. The network allows scientists to 
measure how these mountains move as the two 
plates smash slowly into each other.

COLLISION ZONE 
Plate Motion: Colliding
Plate Boundary Type: Convergent (coming together)
What’s Movin’: Two continental plates move toward each other. 
What’s Shakin’: The crust buckles and both plates are pushed up to form mountains. 
Effect on Earth: Mountain building.

I’m on top of the world—for 
real! These are the Himalayas, 
the world’s highest mountain 
range. Over tens of millions of 
years, the edges of colliding 
plates have wrinkled and 
folded. This pushed the rock 
upward to form mountains. 
And they’re still growing! That 
means lots of earthquakes.

When the continental crusts on two 
plates meet, everything jams up. 
They keep shoving together, buckling 
and pushing up mountains in a very 
big, very slow collision.

When a slab of dense crust 

sinks down under a continental 

plate, gravity pulls it downward. 

The slab pulls the plate along 

behind it. This is called slab 

pull. This continuous pushing 

and pulling helps drive tectonic 

plate movement.

TECTONIC ENGINES
Earth’s super-hot core is the engine that drives tectonic plate 

movement. The deeper you go, the hotter it gets. Some of the 

heat comes from the decay of radioactive materials, and some 

is left over from when the planet formed 4.6 billion years ago.

Partially melted rock rises slowly 

from the lower mantle. When 

it reaches the upper mantle, it 

spreads out, cools, and sinks 

back down. There, it heats up and 

starts the cycle again. This flow, 

called convection, creates slow, 

circular currents in the mantle.

Plates push 
together to 
form mountains.

COLLISION-ZONE 
BOUNDARY

Mountain ranges 
don’t grow smoothly. 

The moving masses 

of rock stick, strain, 

and fracture as the 

mountains are pushed 

upward. Every fracture 

creates an earthquake.

Many buildings in the Himalayas are built of 
adobe, brick, or unreinforced concrete. These 
materials don’t hold up well in earthquakes 
because they can’t flex without breaking 
when the building shakes. 

TEST IT!TEST IT!TEST IT!TEST IT!

On the left side of the table 
anchor 4 girders in the base 
and build a 3-story building 
with floors and locked girders. 

1.

On the right, build a 3-story 
building using only wall 
panels and floors.

2.
Run key 6 through the table 
and watch what happens to 
the buildings.

3.
Experiment with other 
configurations and keys.4.

MAKING MOUNTAINS
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A rift valley is where two tectonic plates are moving 
apart. Hot rock rises from the mantle into the gap. 
This makes new crust.

DIVERGENT ZONE 
Plate Motion: Spreading

Plate Boundary Type: Divergent (moving apart)

What’s Movin’: Plates move apart. 

What’s Shakin’: Volcanoes and islands are formed as magma oozes up and creates 
new crust.  

Effect on Earth: Constructive. New crust is created in the gaps between plates.

Can you climb a mountain by going down? 
I’m scuba diving in the Mid-Atlantic 
Ridge. This is part of the world’s longest 
mountain range! It runs 25,000 miles 
(about 40,000 km) down the middle of 
the Atlantic Ocean. The peaks rise more 
than a mile (1.6 km) from the ocean floor.

Often, it’s not the 

building that causes 

injuries in an earthquake. 

Instead, it’s all the stuff 

inside sliding and falling 

when the building shakes.

Place small action figures, 

construction bricks, or 

other objects on the floors 

in your building. Try 

different quakes to 

see what happens. 

Can you come 
up with ways to 

keep your tiny 
people safe?

TEST IT!TEST IT!TEST IT!TEST IT!

If an underwater volcano gets big enough, it becomes an island. Ice land, New Zealand, and Hawaii were 
formed this way.

Magma or  
lava? If molten  

rock is inside the 
earth, it’s magma.  

If it erupts into 
the air or water, 
it’s called lava.

The place where tectonic plates are 
moving apart is called a constructive 
plate boundary. That’s because the 
edges of the plates create new crust as 
they separate. Some plates are rushing 
apart as fast as 6 inches (15 cm) a year!

Nearly 80 percent of 
the volcanic activity on 
earth occurs in the deep 
sea. As rock rises from 
the mantle to fill the gap 
between plates, some of 
it melts to form magma. 
The magma causes 
underwater volcanoes. 

SEA-FLOOR 
VOLCANOES

Plates are pushing apart and 

new crust is created.

DIVERGENT-ZONE  
BOUNDARY

CREATING CRUST
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SEISMIC SLIP & SLIDE

The San Andreas Fault is where the edges of two 
gigantic tectonic plates meet. Sections of the rock 
stick, then they slip. That means earthquakes, and 
plenty of them!

TRANSFORM BOUNDARY 
Plate Motion: Sliding 

Plate Boundary Type: Transform

What’s Movin’: Two plates slowly slide past each other, causing friction. If they get 
stuck, pressure builds because they are both being pushed in opposite directions.

What’s Shakin’: At some point, one of the stuck plates will suddenly slide, releasing 
a tremendous amount of built-up energy.

Effect on Earth: Crust is not made or lost, it just moves.

I’m flying over part of 
the San Andreas fault in 
California. Most of the 
earthquakes on the shaky 
coast of California are 
this fault’s fault. See the 
dry streambed below me? 
It makes a big sideways 
jog right where it crosses 
the fault. That’s because 
the plates on either 
side of it are moving in 
opposite directions. The Pacific Plate  

is grinding northwest 
at 3 inches (7.6 cm) 
per year. The North 
American Plate is 
creeping south at  

1 inch (2.5) cm  
per year.

San Francisco, 
California

STRIKE-SLIP 
FAULT
Sideways-slipping faults 
like San Andreas are 
called strike-slip faults.

The San Andreas Fault runs 
through areas where tens of 
millions of people live. California 
has strict building codes to help 
lessen the damage that happens 
to buildings, bridges, and 
highways in a great earthquake.

Resonance
Oscillation (ah-suh-LAY-shun) is the up-and-down or back-and-forth motion 
caused by a seismic wave. During an earthquake, buildings oscillate, too. If the number of earthquake waves per minute matches the building’s, the sway will be stronger—and the damage will be greater. This is called resonance.

Riding the Waves—Or Not
A building’s resonance is linked to its height. The taller a building is, the  
more slowly it oscillates. In an earthquake, a tall building is more affected 
by long-duration, slow earthquake waves. Shorter buildings resonate to 
faster waves.  

The San Andreas Fault splits California 
from north of San Francisco to the 
Mexican border.

TEST IT!TEST IT!TEST IT!TEST IT!
Discover the resonant frequencies 

for buildings of different heights. The 

shorter building will move more with 

the short, fast waves. When the longer 

waves come through, the tall building 

will start to sway. Experiment with 

different waves and building heights!

On the right edge of the base, 

build a 5-story building with 

locked girders and floors. Wall 

panels are optional.

1.

2. On the left edge of the base, 

build a matching 3-story 

building. Make sure the 

buildings aren’t touching.

Join two spines together and 

add key 4 (long, slow waves) 

to the top of the front spine 

and key 5 (short, fast waves) 

to the top of the back spine.

4.

Now, run the waves  

through the table and  

watch how each building 

responds. Try different 

building configurations.

5.

Do not lock down the 

base panel.3.
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BETTER BUILDINGS

Look at me! Loki and I are rappelling 
down the Landmark Tower in 
Yokohama, Japan. Japan sits at the 
deadliest section—or should I say 
intersection—of the Ring of Fire. 
Below this island are at least four 
constantly moving tectonic plates. 
Good thing this tower was built to 
stand up to earthquakes!

The towering Taipei 101 in Taiwan features a 730-ton steel ball inside . The swaying ball counteracts the swaying from seismic tremors.

This enormous 
building is made  

from flexible 
materials, has a  
mass damper  

system, and sits  
on rollers!

You’ve already figured out how to 
make buildings more earthquake-
resistant. Here are some advanced 
techniques to try: base isolators 
and mass dampers.

91st Floor

One way to help buildings resist 

earthquakes is to separate the 

motion of the building from the 

motion of the ground.

BASE ISOLATORS

Remove the four clips 

from the shake table 

and set them aside.
1.

Cover the table with 

“rollers“ like plastic 

drinking straws. Arrange 

the rollers as shown.

2.

Can you come up 

with other ways to 

isolate the base?

3. Build on top of the 

rollers and insert the 

quake key on the 

back of the spine.

TEST IT!TEST IT!TEST IT!TEST IT!

Base isolation:

A seismic damper absorbs the motion energy from an 
earthquake. One type of damper is a heavy pendulum. 
When the building sways one way, the pendulum swings 
in the opposite direction,  
canceling out the sway.

MASS DAMPERS

Hang a weight on a string inside 
the building (metal nuts or 
washers work well). 

1.
Try adjusting the length of the 
string to see how it affects the 
building’s sway.

2.
Try buildings of different heights, 
and adjust the pendulum length 
as needed.

3.

TEST IT!TEST IT!TEST IT!TEST IT!

Pendulum damper:
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1. Use a Phillips screwdriver to unscrew the battery compartment door. 
2. Insert three new 1.5V AA (LR6) batteries in the battery  

compartment. Make sure the polarities match the diagram inside  
the battery compartment. 

3. Replace the battery compartment door 
and screw it on.

BATTERY INSTALLATION
• To ensure proper safety and operation, an adult must carry out the  

battery replacement.
• Never let a child use this product unless the battery door is secure.
• Keep all batteries away from small children, and immediately  

dispose of any used batteries safely.
• Batteries are small objects and could be ingested.
• Do not recharge non-rechargeable batteries.
• Remove rechargeable batteries from the toy before charging them.
• Rechargeable batteries are only to be charged under adult supervision.
• Different types of batteries or new and used batteries are not to be mixed.
• Do not mix old and new batteries.
• Only use batteries of the same or equivalent types as recommended.
• Do not mix alkaline, standard (carbon-zinc), or rechargeable batteries.
• Insert batteries with the correct polarity.
• Remove exhausted batteries from the toy.
• Do not short-circuit the supply terminals.
• Dispose of used batteries in accordance with all local, state, and federal laws.

BATTERY CAUTIONS

There’s still a 
lot to learn, so 
keep building 
and shaking!

Arf!

GREAT JOB! Thanks 
for all your help!

Got access to a smartphone or tablet? 

Film video of your favorite structures 

swaying and falling in slow motion. 

Add music or sound effects! Post your 

favorites to our Facebook page!

MAKE YOUR OWN MAKE YOUR OWN 
DISASTER MOVIES!DISASTER MOVIES!

#AFTERSHOCKEARTHQUAKELAB


