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Earthquake Safety

Objectives

Reading Preview

After this lesson, students will be able to
F.2.4.1 explain how geologists determine
earthquake risk
F.2.4.2 identify the kinds of damage an
earthquake can cause
F.2.4.3 provide suggestions to increase
earthquake safety and reduce earthquake
damage

Key Concepts
• How do geologists determine
earthquake risk?

• What kinds of damage does an
earthquake cause?

• What can be done to increase
earthquake safety and reduce
earthquake damage?

Key Terms

Target Reading Skill
Asking Questions Explain that when
students ask questions about the headings,
they are preparing themselves to better
understand what they are about to read.
Answers
Possible questions are these:
How do earthquakes cause damage? How can
you stay safe during an earthquake? What
makes a building safe from earthquakes?
Teaching Resources

• Transparency F21

Preteach
Build Background
Knowledge

• liquefaction
• aftershock • tsunami
• base-isolated building

Target Reading Skill
Asking Questions Before you
read, preview the red headings and
ask a what, how, or where question
for each. As you read, write
answers to your questions.
Earthquake Safety
Question

Answer

Where is quake
risk highest?

Earthquake risk
is highest . . .

Can Bracing Prevent
Building Collapse?
1. Tape four straws together to make
a square frame. Hold the frame
upright on a ﬂat surface.
2. Hold the bottom straw down with
one hand while you push the top
straw to the left with the other.
Push it as far as it will go without breaking the frame.
3. Tape a ﬁfth straw horizontally across the middle of the frame.
Repeat Step 2.
Think It Over
Predicting What effect did the ﬁfth straw have? What effect
would a piece of cardboard taped to the frame have? Based on
your observations, how would an earthquake affect the frame
of a house?

Imagine being sound asleep in your bed in the middle of the
night. Suddenly, you are jolted wide awake as your home
begins to rattle and shake. As objects fall off shelves and walls
crack, you crouch under a desk for protection. Around the city,
large buildings collapse and fires break out. The quake lasts less
than a minute, but leaves behind great devastation. That’s what
happened in September 1999 when a magnitude 7.6 earthquake hit Taipei, Taiwan. The quake killed more than 2,000
people, and injured thousands more.

L2

FIGURE 17
Earthquake Rescue
After an earthquake in Taipei, emergency
crews worked to put out ﬁres and rescue
victims in collapsed buildings.

Protection Against Earthquakes
Ask: What kinds of structures have you seen
used to make buildings, bridges, and highway
overpasses stronger? (Students may mention
heavy wooden or steel beams, supporting
buttresses, diagonal beams, and the like.) Do you
think that these structures would help in an
earthquake? Why or why not? (Accept all
reasonable responses. Encourage students to rely on
their own direct observations or on what they have
seen in news reports and documentary films.)

Skills Focus predicting
L1
Materials 5 straws, tape
Time 10 minutes
Tips In Step 3, make sure that students tape
the fifth straw about halfway up the square.
Expected Outcome In Step 2, the frame
will collapse sideways. In Step 3, it will

remain standing for a time but will fall over
if more pressure is exerted.
Think It Over The fifth straw provided
additional support to the frame. Cardboard
would provide even stronger support.
Without additional supporting structures, a
house’s frame would probably collapse in
an earthquake.

Instruct
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Earthquake Risk
Geologists know that earthquakes are likely wherever plate
movement stores energy in the rock along faults. Geologists
can determine earthquake risk by locating where faults are
active and where past earthquakes have occurred.
Look at Figure 18. In the United States, the risk is highest
along the Pacific coast in California, Washington, and Alaska.
Plates meet along the Pacific coast, causing many active faults.
In California, the Pacific plate and North American plate meet
along the San Andreas fault. In Washington, earthquakes result
from the subduction of the Juan de Fuca plate beneath the
North American plate. In Alaska, subduction of the Pacific
plate causes many earthquakes.
The eastern United States generally has a low risk of earthquakes because this region lies far from plate boundaries. But,
the East has experienced some of the most powerful quakes in
the nation’s history. Scientists hypothesize that the continental
plate forming most of North America is under stress. This
stress could disturb faults that lie hidden beneath thick layers
of soil and rock.

FIGURE 18
The map shows areas where
serious earthquakes are likely to
occur, based on the locations of
previous earthquakes.
Interpreting Maps Where are
damaging earthquakes least likely
to occur? Most likely to occur?

Teach Key Concepts

L2

Where Earthquakes Occur
Focus Review with students that
earthquakes often occur along active fault
lines.
Teach Ask: What happens when plates are
pushed together at converging boundaries?
(A fault forms.) Have students refer to the
illustration of Earth’s plates. Ask:
Which plate is close to the United States?
(The Pacific plate) Describe the location of
plates relative to the East Coast. (They are
farther away.) Where would you expect
earthquake risk to be highest? (Along the
Pacific Coast) Have students note the highrisk areas on the map. on page 69 in relation
to the illustration on page 33.
Apply Ask: Which type of landform
characterizes an area in which earthquakes
are more likely, and why? (Mountains,
because there is likely to be more fault activity
there) learning modality: visual

Independent Practice

L2

Teaching Resources

• Guided Reading and Study Worksheet:
Earthquake Safety
Student Edition on Audio CD

What area of the United States has the highest
earthquake risk?

Monitor Progress
Differentiated Instruction
L3
Gifted and Talented
Locating Earthquakes Encourage
students to research the locations and dates
(and magnitudes, if known) of notable
earthquakes that have occurred in the
continental United States, Alaska, and
Hawaii during the past 200 years. Suggest
that students compile the data

chronologically in a class master chart.
Let them label a large U.S. map with tags
identifying the earthquake locations, dates,
and magnitudes. Students could also
compare the locations of the earthquakes
that occurred in the continental United
States with the risk areas shown in Figure
18. learning modality: visual

L2

Skills Check Have students locate your
state on the map and assess the risk of an
earthquake and the reasons for the level
of risk.
Answers
Figure 18 Least likely: In the Plains states
and most areas of the South and Midwest;
most likely: Along the Pacific Coast, around
the Rocky Mountains, and in portions of
the Midwest
The Pacific Coast

How Earthquakes
Cause Damage
Teach Key Concepts

How Earthquakes Cause Damage
Stable or Unstable?
L2

Earthquake Damage
Focus Remind students that earthquake
damage is caused by shaking, liquefaction,
aftershocks, and tsunamis.
Teach Ask: Why does the ground shake
during an earthquake? (Seismic waves move
through the ground.) How does this shaking
damage buildings and bridges? (The
structures sway and twist.) How does
liquefaction damage structures? (Support
for the structures’ foundations is removed.)
Why are structures even more vulnerable
to aftershocks? (They might have been
weakened by the primary earthquake.) How
do tsunamis cause damage? (A high wave
crashes onto shore. This wave can damage
areas that are normally well above high tide.)
Apply Show students photos of areas
affected by earthquakes, and ask them to
identify what caused the damage. Ask: What
could have been done to help the structures
stand up to an earthquake? (Accept all
reasonable answers. Students might mention
construction materials that absorb vibration,
reinforcement in concrete, or not building close
to ravines or oceans.) learning modality:

1. Make a model of a fault by
placing two small, folded
towels side by side on a
flat surface.
2. Pile a stack of books on
the fault by placing the
light books on the bottom
and the heaviest ones on
top.
3. Gently pull the towels in
opposite directions until
the pile topples.
4. Repeat the process, but
this time with the heavier
books on the bottom.
Relating Cause and Effect
Which one of your structures
was more stable than the
other? Why?

When a major earthquake strikes, it can cause great damage.
Causes of earthquake damage include shaking, liquefaction,
aftershocks, and tsunamis.
Shaking The shaking produced by seismic waves can trigger
landslides or avalanches. Shaking can also damage or destroy
buildings and bridges, topple utility poles, and fracture gas and
water mains. S waves and surface waves, with their side-to-side
and up-and-down movement, can cause severe damage near
the epicenter. As the seismic waves sweep through the ground,
they can put enough stress on buildings to tear them apart.
The types of rock and soil determine where and how much
the ground shakes. The most violent shaking may occur kilometers away from the epicenter. Loose soil shakes more violently than solid rock. This means a house built on sandy soil
will shake more than a house built on solid rock.
Liquefaction In 1964, when a powerful earthquake roared
through Anchorage, Alaska, cracks opened in the ground.
Some of the cracks were 9 meters wide. The cracks were created by liquefaction. Liquefaction (lik wih FAK shun) occurs
when an earthquake’s violent shaking suddenly turns loose,
soft soil into liquid mud. Liquefaction is likely where the soil is
full of moisture. As the ground gives way, buildings sink and
pull apart.
Aftershocks Sometimes, buildings weakened by an earthquake collapse during an aftershock. An aftershock is an
earthquake that occurs after a larger earthquake in the same
area. Aftershocks may strike hours, days, or even months later.

FIGURE 19
Liquefaction Damage
An earthquake caused the soil
beneath this building to
liquefy. Liquefaction can
change soil to liquid mud.
Posing Questions What are
some questions people might
ask before building in a
quake-prone area?

logical/mathematical

Address Misconceptions
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Tsunamis
Focus Ask: What is a tide? (An alternate rise
and fall in sea level) What causes tides? (The
gravity of the moon and sun)
Teach Tsunamis often are incorrectly called
tidal waves. Ask: What causes tsunamis?
(Ground movement associated with
earthquakes, volcanic eruptions, or undersea
landslides) Should tsunamis be called tidal
waves? (No) Why not? (They do not form or
behave like tides.)
Apply Ask students to classify the following
examples as tide or tsunami: ocean water
gradually rises and falls twice each day
(Tide); a ten-meter-high wave suddenly
crashes onto shore (Tsunami) learning
modality: logical/mathematical

Skills Focus relating cause and effect L2
Materials 10 books, ranging from light to
heavy; 2 dishtowels
Time 10 minutes
Tips Tell students to use paperbacks for
the light books and encyclopedias or
dictionaries for the heavier ones.

Expected Outcome With the heavier
books on top, the stack will topple. With
the heavier books at the bottom, the stack
will remain intact.
Extend Have students experiment with
different types of materials to construct a
stable model.

Wave height increases
greatly near shore.

Wave height is low
over open ocean.

Steps to Earthquake
Safety
Teach Key Concepts

Sea level
Ocean floor
Earthquake

Tsunamis When an earthquake jolts the ocean floor, plate

movement causes the ocean floor to rise slightly and push
water out of its way. The water displaced by the earthquake
may form a large wave called a tsunami (tsoo NAH mee), shown
in Figure 20. A tsunami spreads out from an earthquake’s epicenter and speeds across the ocean. In the open ocean, the
height of the wave is low. As a tsunami approaches shallow
water, the wave grows into a mountain of water.

FIGURE 20
How a Tsunami Forms
A tsunami begins as a low wave,
but turns into a huge wave as it
nears the shore.
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Earthquake Hazards
Focus Review the hazards that result from
earthquakes.
Teach Provide students with disaster
scenarios: You’re at school or riding your
bike down a street and an earthquake occurs.
Have students respond to each scenario with
a safety plan.
Apply Ask: What other supplies would you
keep in an earthquake emergency kit?
(Accept all reasonable suggestions, such as a
can opener, candles and matches, flashlights
and batteries, and blankets.) For what other
natural disaster would an emergency kit be
useful? (Tornadoes, hurricanes, blizzards)
learning modality: logical/mathematical

Steps to Earthquake Safety
What should you do if an earthquake strikes? The main danger
is from falling objects and flying glass. The best way to protect
yourself is to drop, cover, and hold.
If you are indoors when a quake strikes, crouch beneath a
sturdy table or desk and hold on to it. If no desk or table is
available, crouch against an inner wall, away from the outside
of a building, and cover your head and neck with your arms.
Avoid windows, mirrors, wall hangings, and furniture that
might topple.
If you are outdoors, move to an open area such as a playground. Avoid vehicles, power lines, trees, and buildings. Sit
down to avoid being thrown down.
After a quake, water and power supplies may fail, food
stores may be closed, and travel may be difficult. People may
have to wait days for these services to be restored. To prepare,
an earthquake kit containing canned food, water, and first aid
supplies should be stored where it is easy to reach.
How can furniture be dangerous during a quake?
How can it protect you?

Differentiated Instruction
L1
Special Needs
Modeling Waves Set up a learning station
so that students can observe how wave height
increases as wavelength decreases. Place a
clear plastic box on a flat surface. Use clay to
create a sloping “beach” at one end of the
box. Fill the “ocean” end of the box about
one-third of the way with water. Let students

take turns making waves in the “ocean” by
repeatedly pushing a ruler or flat object
toward “the beach.” As some students make
the waves, others watch from the side and
write down their observations.
learning modality: kinesthetic

Help Students Read

L1

Using Prior Knowledge Before reading
How Earthquakes Cause Damage, have
students work in groups to brainstorm lists
of what they know about how earthquakes
cause damage. After reading the selection,
ask students to review their lists and
determine how accurate their prior
knowledge was.

Monitor Progress

L2

Writing Have students describe in their own
words the different ways in which
earthquakes cause damage.
Answers
Figure 19 Students might suggest the
following questions: Will the house be built
on dense rock or loose soil? What is the slope
of the land? Have other houses in the area
been damaged by earthquakes? What
building techniques helped protect the
houses that were not damaged?
Dangerous: It can topple over
on you; protect you: Heavy,
sturdy furniture may shield you from injury.

Designing Safer
Buildings
Teach Key Concepts

Designing Safer Buildings
Most earthquake-related deaths and injuries result from damage to buildings or other structures. To reduce earthquake
damage, new buildings must be made stronger and more
flexible. Older buildings may be modified to withstand
stronger quakes. People can protect their homes from the
dangers of earthquakes. Figure 21 shows some of the steps that
can make houses earthquake-safe. Some steps strengthen the
house itself. Others may help to keep objects from tipping or
falling and causing injury.

L2

Constructing Earthquake-Safe
Structures
Focus Tell students that most earthquake
damage and injuries result from collapsing
buildings and aboveground structures.
Teach Brainstorm with students about
construction methods that might help
buildings and other structures withstand
earthquakes. (Some suggestions might include
reinforcement, more solid foundations, and
shock-absorbing structures.)
Apply Ask: How can you make your home
more resistant to earthquake damage?
(Secure gas water heaters or other potential fire
hazards, secure large objects that might fall
during an earthquake, and place heavy or
fragile objects on lower shelves.) learning

FIGURE 21

An Earthquake-Safe House
People can take a variety of steps to make
their homes safer in an earthquake.
Predicting During a quake, what might
happen to a house that was not bolted to its
foundation?

Secure brick chimneys
with metal brackets
and nail plywood
around the chimney.

Remove heavy items
from the walls above
beds. Position beds
away from windows.

Fasten bookshelves,
cabinets, and tall dressers
to wall studs.

modality: logical/mathematical

Teaching Resources

• Transparency F22

L2
Use plywood
panels to
strengthen
the walls.

Making Models of Homes
Materials toothpicks, glue or paste
Time 1 class period; 20 minutes the next day
Focus Review with students about the ground
motions that occur during earthquakes.
Teach Challenge students to build an
earthquake-safe home with toothpicks and
glue or paste. Encourage them to experiment
with various designs.

Bolt the house to its
concrete foundation.
Strap the water
heater to the wall.

Apply After students’ homes are complete,
test them for strength and ability to
withstand shaking. Ask students to identify
designs that are earthquake-safe. learning
modality: kinesthetic

PHSchool.com

Use metal
connectors to
strengthen the
house's frame.

Differentiated Instruction

For: More on
earthquake risk
Visit: PHSchool.com
Web Code: cfd-1024

Students can review earthquake risks in an
online activity.

L1
Special Needs
Analyzing Building Safety Refer
students to the map of the San Andreas
fault in Figure 15. Tell them to compare
that map with a political map of California.
Ask: You’ve just read that people should
avoid building near earthquake faults.
Have the people in California followed
that safety guideline? (No; many cities,
towns, bridges, highways, and smaller roads

are close to the fault.) Now that people have
already built structures near the San
Andreas fault, what could be done to
protect those structures from an
earthquake? (Accept all reasonable
responses, such as adding support beams to
buildings and rebuilding destroyed highway
overpasses so that they are more earthquakeresistant.) learning modality: visual

Protecting Structures The way in which a building is constructed determines whether it can withstand an earthquake.
During an earthquake, brick buildings and some wood-frame
buildings may collapse if their walls have not been reinforced,
or strengthened. To combat damage caused by liquefaction,
new homes built on soft ground should be anchored to solid
rock below the soil. Bridges and highway overpasses can be
built on supports that go through soft soil to firmer ground. To
find out more about how buildings can withstand earthquakes,
look at Seismic-Safe Buildings.
A base-isolated building is designed to reduce the amount
of energy that reaches the building during an earthquake. A
base-isolated building rests on shock-absorbing rubber pads or
springs. Like the suspension of a car, the pads and springs
smooth out a bumpy ride. During a quake, the building moves
gently back and forth without any violent shaking.
Making Utilities Safer Earthquakes can cause fire and

Monitor Progress
Answers
Figure 21 It could slip sideways off its
foundation and collapse.

Flexible joints and shut-off
valves.

Assess
For: More on earthquake risk
Visit: PHSchool.com
Web Code: cfd-1024

flooding when gas pipes and water mains break. Flexible joints
can be installed in gas and water lines to keep them from
breaking. Automatic shut-off valves also can be installed on
these lines to cut off gas and water flow.
How can utilities be protected from earthquake
damage?

4
Target Reading Skill Asking Questions Work
with a partner to check the answers in your
graphic organizer.
Reviewing Key Concepts
1. a. Identifying What factors help geologists
determine earthquake risk for a region?
b. Comparing and Contrasting Why does the
risk of quakes vary across the United States ?
2. a. Listing What are four ways that earthquakes
cause damage?
b. Relating Cause and Effect How does
liquefaction cause damage during an
earthquake?
c. Developing Hypotheses How might heavy
rain before an earthquake affect the danger
of liquefaction?

3. a. Reviewing How can you protect yourself

during an earthquake?
b. Describing What will happen to a base-

isolated building when seismic waves strike
the building during an earthquake?

Reviewing Key Concepts
1. a. Location of tectonic plate boundaries,
active faults, and the locations of past
earthquakes b. The location of continental
plates and faults varies.
2. a. Shaking, liquefaction, aftershocks, and
tsunamis b. An earthquake’s shaking turns
loose, soft, moist soil into liquid mud that
gives way, causing buildings to sink and pull
apart. c. If the soil is very moist, liquefaction
can make the ground give way.
3. a. Drop, cover, and hold; students may
also cite other precautions described on
page 71. b. The rubber pads or springs will
absorb the shock, and the building will move
gently back and forth without any violent
shaking.

Reteach
Quake Safety Plan Work with an adult family
member to develop an earthquake safety plan.
The plan should tell family members what to
do during an earthquake. It should list items
your family would need if a quake cut electrical power and water lines. It should also
explain where to shut off the gas if your home
has a natural gas line. Share your earthquake
safety plan with the rest of your family.

L1

Have students list the ways that earthquakes
cause damage and then list or draw ways to
make their own homes safer in the event of
an earthquake.

Performance Assessment

Quake Safety Plan L2 Have each student
make a sketch of the floor plan of his or her
home. Students could list steps that can be
taken to make each home safer in an
earthquake. Ask students to walk through
their homes with their parents or guardians
and learn where to shut off gas, water, and
power lines in case of an emergency.

L2

Writing Ask students to suppose that they
are planning a housing development in an
area where earthquakes are likely to occur.
Ask students to describe what types of land
they would avoid for development and identify places where it would be safe to build.
Teaching Resources

Keep Students on Track Have each
student draw and label a sketch showing
three ways to make the model building for
the chapter project more earthquakeresistant.

L2

• Section Summary: Earthquake Safety
• Review and Reinforcement: Earthquake
Safety

• Enrich: Earthquake Safety

Technology and Society
Seismic-Safe Buildings
Key Concept
Technology can make buildings more
resistant to earthquake damage.

Build Background
Knowledge
Recalling Effects of Seismic Waves
Help students recall that earthquake energy
travels through Earth as seismic waves. Ask:
How does the energy from an earthquake
move through rock and soil? (It moves as
seismic waves.) What are the three types of
seismic waves? (P waves, S waves, and surface
waves) Tell students that most earthquake
damage is caused by S waves and surface
waves. Ask: What ground motions occur
with S waves and surface waves?
(S waves produce side-to-side vibrations.
Surface waves cause side-to-side vibrations and
cause rolling motions in the ground.) How do
seismic waves damage buildings? (The waves
cause the buildings to sway and shake.)
Introduce the Debate
Ask: How can cities control the way
buildings are constructed? (Many students
will be aware of building codes and
inspections.) How do cities establish
building codes and decide how much
money can be spent on seismic-safe
construction? (Accept all answers at this time.
Possible answers: Assess the risk of earthquakes
in those cities and the cost of rebuilding
particular structures.)
Facilitate the Debate
• Have students participate in a mock
town-hall meeting to discuss how building
codes should address seismic-safe construction in a city. Students can role-play
city officials, real-estate developers, and
emergency planners. Students should consider risk assessment, costs, and priorities.
• After the debate, ask student groups to
write building codes for the city. Students
also should plan how building codes will be
enforced and any new funding that might
be required.

Seismic-Safe Buildings
Breaking one thin twig doesn’t require much force.
Breaking a bundle of thin twigs does. Like one thin
twig, the walls, beams, and other supporting parts of a
building can snap as seismic energy travels through the
structure. Reinforcing a building’s parts makes them
more like the bundle of twigs—stronger and less likely
to snap when a quake occurs.
What Are Seismic-Safe Buildings?

Seismic-safe buildings have features that
reduce earthquake damage. Some of these
features strengthen a building. Others
allow the building to move, or shield the
building from the energy of seismic waves.
In earthquake-prone areas, most tall, steelframe buildings may have one or more of
the seismic-safe features shown here.

Shear Walls A shear
wall transfers some of
a quake’s energy from
roofs and floors to the
building’s foundation.

Tension tie

Tension Ties These devices
firmly “tie” the floors and
ceilings of a building to the
walls. Tension ties absorb and
scatter earthquake energy
and thus reduce damage.
Steel
frame
Column

Base Isolators These pads
separate, or isolate, a
building from its foundation
and prevent some of an
earthquake’s energy from
entering the building.

Rubber and
steel layers

Foundation

Background
History of Science The large earthquake
that struck San Francisco in 1906 encouraged
research about earthquakes and about
building construction. Study of ground
movements associated with this earthquake
led to an understanding of how energy is

stored in rock and then suddenly released as
seismic waves during an earthquake. Research
also led to the development of construction
techniques designed to minimize the hazards
associated with earthquakes.

Seismic-Safe, But at What Cost?

Weigh the Impact

Seismic-safe buildings save lives and
reduce damage. Despite these benefits,
the technologies have drawbacks.
Seismic-safe features, such as cross
braces, may reduce the amount of usable
space in a building. It is also expensive to
add seismic-safe features to an existing
building. Communities must make
trade-offs between the benefits and the
costs of seismic-safe buildings.

1. Students might suggest high-rise buildings,

schools, hospitals, and fire and police
stations, among others.
2. Notes might address reinforcement,
energy absorption, or fire prevention.
3. Encourage students to consider the variety
of hazards associated with earthquakes and to
include in their reports how they have
addressed these hazards in their designs.
Even steel-frame buildings need seismic-safe
design features.

Cross Braces Steel cross braces are
placed between stories to stiffen a
building’s frame and absorb energy
during an earthquake.

Piston

Damper

Dampers
Dampers work like
the shock absorbers
in a car to absorb
some of the energy
of seismic waves.

Brace

Flexible Pipes Water and gas pipes
have flexible joints. Flexible pipes
bend as energy passes through them,
greatly reducing damage.

For: More on seismicPHSchool.com safe buildings

Visit: PHSchool.com
Web Code: cfh-1020

1. Identify the Need
Your city has hired you to
decide which buildings or
other structures most need
to be able to withstand an
earthquake. List three types of
structures that you think need
to be seismic-safe.
2. Research
Research how the structures
on your list can be made safe.
Choose one structure from
your list and make notes on
how it can be made safe.
3. Write
Using your notes, write a
report that explains how your
structure can be designed or
modified to withstand
earthquakes.

PHSchool.com

For: More on seismic-safe buildings
Visit: PHSchool.com
Web Code: cfh-1020

Students can research this issue online.

Extend
Encourage students to contact city or county
building inspectors to find out whether
seismic-safe construction techniques are used
in your region. Students also might want to
include in their reports ask about local
building codes.

