


ENCOUNTER
THE PHENOMENON

How were these land
features formed?

& GO ONLINE
Check out Twelve Agosties
ta ses tha phanomenon it
actlon,

T Talk About It

Look at the photo and watch the wdeo of
the reck pillars in tha water, What do vou observe?
Talk about your guestions with a partnes,

Did You Enow?

Only & ef the 12 pillars of the famous
Twele Apostles are still standing loday.
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Don't Get Carried Away

Howe do wind, waker, and ice affect the land?

Lasson 1 How can you siow the rate al which rock and 500

Ane Esrthve are carried away? You are being hired as a geologist

£ L Yo gaal is to design two models 1o salve the problem
created whan rocks and ecll are carried downhill, Teet
and compare multple selutions o reducea the impact of
crosian on humans. Far each medel, include a map to
identify areas that are ‘oo hezardous for buliding
structures, Determing the criters, constraints, and

yasE0N 4 materials that will ba used 1o complets your project

i S
- —

from Fock

" Find multiple selutions ™
e stop sall Fram maving
e downaohill

!

.

Lesson 3
NArG e in
LATCSTafH0S

Geiogists siudy whal makes wp Eallh and
the procosses that change It Thay study
nnd msp arsas thet might be dt risk of
lanaslides and cEher hazmrds.

LS
Gaclogist
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‘. ETEM Moedule Project
Plan and Complete the Engineering

Challenge Wou will use whal you leam o
design and compare selutions for soil erosion,
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’ PAGE KEELEY
SCIENCE
di PFROBES

Land and Water Features

Fowr frends were talking about land and water features such as
mountain ranges, volcanoes, ocean trenches, and formations on
the ocean floor. They wondered which features accur in patterns.
This i what they said:

Waajin: | think the features on land are the ones that ocour in potterna

Mosh | thik tte fectures foumd n oceons are the ones that
oocur i pattams.

Ahtwy: [ think both the land and acean festures acour in patterns

Elena: | thirk land and ocean fecturas occur anywhere. They dont
follew ory patters,

Wham do you agree with mast? Abby

Explain why you agree.

Sample answer: Land and water features
both follow patterns based on where they
are found on Earth.

You will ravisit the Page Keeley Science Probe later inthe lesecn,

COENCE FROEE Leagan 1 Mae Eartlve Eoaluren. &
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ENCOUNTER
THE PHENOMENON

What patterns can you find in
the locations of Earth's features?

@ GO ONLINE

Check oul Lond Fealures
1o see the phenomenon in action,

Look at the phoio and watch the video of different lanCscapes across
the continental Linited States. What do you observe® What do vou wonder
about the map? Wiite your absarvations below,

Sample answer: Why is the map shaded in
multiple colors? Do other countries have
similar patterns? Where are most of the

mountains located in the United States?

Did You Know?

Denall, Alaske is the highest elevation in the

United States at 5190 meters (20,310 feed)

above sea leval. Termperatunes can dip as low __?,f j'p
a5 -50°C (-75°F). :

duggrghi® LhGre=| il Tdicedics
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Map California’'s Features

Think about the Tand in your town. Now Hink about the land
in other parts of California. You will design and corstruct
a three-dimenzsional map of Calfornia,

Make a Prediction 'Wha landscape features will be important
1o show in the 3-D mode! of a Califormia map?

Sample answer: | think
the location and height

of different features will
be important to shaw in
my model.

Carry Out an Investigation

BE CAREFUL oonof eat any of thie matesials used for
this investigation.

1. Glue the outling of California to the sheet of cardboard.

2. Use the spoon and your hands te mix the flour, salt, and
water in the bawl The mixture shauld make a dougn that
i easily shaped, If it is still runny after misdng, ask your
teacher for more salt and flour.

3, Place the dough on the cardboard and flatten it out to
the edges of your gutilne of Calformia.

Materials

sheet of
cardboard
(20 x 30 em)
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4. Use e dough o rmake andforms in the

correct locations. See the map below & 6O ONUNE Use the Personal Tutor

Reai-orid Exomple: Lise Proportions I

for rafarence. to Soive Froblems (o practice Now 1o
I ! i |
B. Letthe dough dry overnight. ;:T:f;;’gm il A D
6. Label major features on your 3-D map, including cities. E
mountains, valleys, and bodies of water. Use the teacher-approved ‘

wensites for help with identifying these features,

hma
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Communicate Information

7. Where are the low areas on your map? How can you tell?

Sample answer: The central part of California,
between the Sierra Nevada and the Coast

as the Great Valley. Death Valley and the
Colorado Desert near the southernend of
California also have very low elevations.

These areas were the lowest an my map.

8. Where are the high areas on your map? How can you tell?

: ierra Nevadas and the
Coast Range are mountains. They are the
highest areas on my map.

9. How did you use the dough and markers Lo represent difterent
features? Was your prediction suppored by your observations?

. swer: | made the dough talleror
flatter to represent different features. | also
used the markers to label things and to help
show where oceans and lakes are. | used blue
for the ocean and green for the land. My
prediction was supported.

S Connection | A group of hikiers set up camp at ar elsvation of
2 km above sea level How mary meters are they above sea level? Show vourwork.

Since 1 kilometer = 1000 m, then
2x1,000=2,000m
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MAKE YOUR CLAIM

Think of the model you created. ¥,
What patterns did you notice in
the locations of mountains?

Mako your claim, Use your
Investigation.

CLATM
Maost of the mountains in the confinental Linites States are iocated

Sample answer: in the West and Southwest

regions.
|
The investigation showsad that

Sample answer: most of the mountains
occurred in bands along the west coast of
the continental U.S. where two plates meet.

LDIScuUss YOLIr raagoning as a class,
Tell about your discusslan,

REASCHNING

Tha eyidence supports the cl2gim because

Sample answer: Earth's forces caused plates
to push or pass each other in areas known as
plate boundaries resulting in mountain
ranges.

. You will revisit your claim to add more avidence [ater in this lesson.

EVIDENCE

EXPLORE Lessani Map Earth's Péatures W




VOCABULARY

1Lank for these
Words as yioul read,

continent
earthquake
landform

latitude
longitude

plate
topographic map

volcano

re
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Landforms

In the Inguiry Actvity, Mop Colifornia’s Feotures, you represented
different landforms on a three-dimansional map. 4 fandform is A
physical feature on Earth's surface, Landforms vary greatiy in
shape and size. They indude fealures such as fevel plains,
rounded hills, and jegged mountains. Each landform has specific
characteristics and is formed in a8 specific way.

Label a Diagram: Earth's Land and Water Features

Use the [abaks on the image balow ard descriptions an the next
page to leam more about commionh landforms. [l in the missing
fabels using the cescriptions.

L GO ONLINE Watch the vides
L ondforms to see various landforms
araund the warld,



Meountain A landform thot rises high above the Earth's surface.
Hill A natural elevation of the Earth's surface, smaller than a mountain.
Valley A wvallay is the low land betwsaen hills or mauntzine.
Canyan A canyon is a deep valley with high, steep sides

Plain A plainis a wide, fat area.

Plateau A ploteau is flat land that is higher than the land around it
Desert A desert is an area with very little precipitation.

Beach A beachis the land along the edge of & body of watar.
Dune A dune isa mound of sand.

Dcean An ocean is a large body of salt water

Coast A coast s whete & body of water meets land.

River & river i5 0 natural body of moving water.

Lake A lake s a body of water surmounded by land

Dedta & delta is the mass of land that forms at the mouth of & river,
Inbet An infet is o narraw body of water off a leeger body of water.

1. What landforms are near you?

Sample answer: Some landforms that are
near me are mountains, valleys, and plains.

i
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Earth’s Ocean Features

Oceans ara large bodes of salt water. They make up more than 70 percent
of Earth's surfaca, if you could bravel deep below the ocean'’s surface, you
wollel find featires on the ocean foor thst ook He the mountairs, plans,
and valleys on Earth's surface.

A-I:nnﬁhiq'i: is a large landmass. Along the coast of a continent, the ocaan
fizor ks called the conlimental shell Here, the ocean floor is covered by
shallaw water and gradually slopes down, The continental shelf ends

&t the pairt where a sirars downward siope beging, This Is called

the continentol slope, This land & the sieeper part of the continent that
skopes down Wward the acean floor, Underwster canyans can fom on
{he continental slape.

At the base of the continental slope is the continental nsc. The comtinental
rise connects tha continert with the ocean floor,

1. What Is the fiattest part of the ocean floar?
The abyssal plain is the flattest part of the
ocean,

Oeean Features

semmount

i




Maost of the acean floor s tiat and without
featurss. An abwssal plain ie a very flat arga
of the deep ocean floor, These plalns cowver
about 60 percent of the Earth’s surface.

G0 ONLINE Watch the vider Goeon
Floor 1o learn more about these ieaiures,

Lomg mountaln ranges siretch through the

mictd|e of some oceans. These maountain ranges are
called min-oceon noges. The vallsy down the center of
a mid-ocean ridge is called a fift vallew

Sther acean floor features inchids trenches and seamounts, Trenches ore
he deepest parts of the ocsan floor They are usually lomg and narraw

& secrmol! B oan undenwater mountain that rises from the scedan fleor bt
stops belfore it reaches the surface of the ooean.

Sciantists can 1wl the depth of e acean Moot by sending counds and
waiting for the echo to come back. They also use underwater vehicles to
study the ocean flogr.

2. Which ocean floor features are undenwater mountans?

Sample answer: Mid-ocean ridges and
seamounts are both examples of acean floor
features.

Pillens v mang "
alarge fissure on
the Galgapagos Rift ore
located Z,6LK] matars
(L& miles) holew the
ocean surlace,

e
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Map Earth's Features o |
G0 OMLINE Exniore Wap

As you have learned, Earth's surface is uneven. Celifornia to analyze the pattarns and
Hills rise in one location, and valleys.dip in anather et B TRt R HOx s
The map that you made Inthe Inguiry Activity, Adop

California’s Fealures, was not flat, but most maps of Earth's surface are,

How can a flat map show an uneven surface?

Thers are many different kinds of miaps. Physical maps sbow the leateres
of Earth’s land and water, Mountains, deserts. and plains are often shown
on physical maps. Some physical maps use shading or lines to represent
changes in elevation. Elevation is the height of the land above sea level,
A map that uses shading to show alevations s called arelfelf mop. Reliaf
s can also reveal patlerns in an arca,

Read a Map: Nunivak Island, Alaska
Using the key, circle the highest part of Nunivak Isiand on the reliefl map below.

16 ExXPLAIN Module: Earth and lis Changing Features
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pographic map shows the elevation of an area using lines. Each line
a Inhelcd wﬂh a nun'tb-er Contour lines thot are cese tegether represent
a rapid change in elevation, Contaur lines that are far apart represent a
gradual change in elevalion,

Scientists can use maps toe identify pattems in the |ccations of landfarms
and other features. The locations of certain features can be described
wsing & coordinate system such as latitude and longitude. Latitude

s used 1o describe haw far norh or sowih a place is from the equater.
Longitude is L=ed ta describe how far @ast or west a place is from the
Prime Meridian. Latiiude and longitude lines form a grid across the globe.

Pepgrighe O Boigs 1§ [demiea:

f.w ‘ :
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Our Puzzle Planet

Earth has an outer lavar of solid rock callad the crust.
The crusl s broken inlo very large pleces called .ﬂﬁ

The plates fit together like the pieces of a jigsaw puzzie,
They mave aver a layer of hot, almast-mekted rock that
carn flow. Earth's plates mowve like big, floating rafts on

alake Thay move together, spart, and past each othar.
The place where twio plales meet s calied a plote bovndary,

Earths continents and cCeans cover thiese plates. The plates creep
along very slowly, Usually, you cannot 1ell they are mowving.

Read a Map
1. Circle the area where two plates are moving past each othar.

Bctive Volcanoes, Plates, and the *Ring of Fire”

COLLECT EVIDENCE
ise the map 1o add evidence 1o your claim on page 1.

|
5
;

REVISIT Revisit the Page Keeley Science Probe on page 5.
FM'!?ELE‘I‘

‘muass
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Tension, or forces that pull things apart, moves Earth's plates. Plates can
also b moved by pushing forces, Mouniaing form when plates push
fegether or past cach ather along plate boundaries, Many carthgquakes
and volcanoes also happen at plate boundanes.

A woltano is an opening on Earth's surface where melted rock or gases

are forced out. Volcanoes can form on land or on the ocean floor, but they
are located only in certain places on Earth's surface. Most volcanoes form
at plate boundaries. For example, a ring of volcarces called the Ring of Fire
syrraunds the Pacific Ocean. The Ring of Fire follows the boundaries of the
plates thal meet around the Paciflc Ocean.

An earthquake |5 a sudden movement of Earth's crust. Like volcanoes,
mast earthiuakas occur because of moving plates, Also, llke voicanoes,
sarthguakes are most lkely to cocur neer plate boundares You will learm
mare aboul earthquakes in the next module,

2. Describe the global patterns of volcanoes and carthguakeos that ane
shown on the world mag.

Both are likely to occur near plate boundaries.

Think abrou the acean loor features from page 14, Some of these features,
ke ocean trenches, oscur where two plates push tagether, Mid-ooean
ridges occur where two plates spresd apart. As the bwo plates move apart,
s CF st Todire. The mid-ocean fidges are all connacted and fomm the
most extensive andenwater mouritain sytem on Easta.

3, Use the graphic organizer to classify the lncation of the falkowing
features; abyssal plains, carthquakes, mountains, volcanoes.

Mear Plate Boundaries Mot Mear Plate Boundaries

earthquakes, abyssal plains
mountains,
volcanoes

L Talk About It

Explain to A classmate where you would mest likely find
mauntain ranges on the ocean floorn

duggrghi® LhGre=| il Tdicedics
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STEM Connection

What Does a Fhysical Geographer Do?

Physical geographers us=
physical maps to leck for patierns in climate
data, scll type, or water distributior, They
iighl atso ook Tor patteis i the lacations
of certair types of landforms or natural
hazards, such as earthouakes or

valeanic eruptions.

Lang ago, phyzical geogrophers used poper
maps to plat data, and make

measuraments. Today, they us= several ,5':
different technoiogies ta make thelr work : :
more efficient. Global postionng systems £
{GFS), remate sensing, and anking mapping It’s Your Turn :*
foake are a fow of these technologies, GRS EE
uses satellites to generate accurate location Mews o wall make: your cwn map 3
information. Remaote sensing uses sotellites Like a physlcal geagrapher, you will gi
or aircraft 1o get information about Earth use it to describe the location and :i
from a distance. shape of a model landformm. =i

20 ELABDRATE Meoduke Earth and Iis Changing Fealurgs




Hands O

Map the Ocean Floor

Have yau ever been an a boat and wonderad how desn the
water was? We cannot see most parts of the ocean floor,
bt we kpow that scigntists use different tools 1o measure
Lnderwater landforms and create 1opographic maps.

State the Claim How can dapth measurements be used

o make a map of something that c2nnot be seen?
Sample answer: | canplot
the depth measurementson
a grid and use lines to
connect similar depths.

Carry Qut an Investigation

1. Use the ruler to make harizontal Ines across the box every
2 centimeters and vertical lines every 2 centimeters.

2 !.Jse a shammenad pencl 1o poke & foke hrough the box 8t every
inbe section of the horizontal and vertical lines. The hole should be
large encugh for the straw to Fit threugh,

Draw a grid on the next page to match the grid on the shoebaox.
Labal each of the wertical lines on both grids with letters. Label each

of the horizontal lines on Doth grids with numbers.

Record Deta Gently drop the messuring straw in
peint Alon your grid. Record the cepth measuremant
of the ttraw, to the nearost centimater, on your grid.

Move to point A2 on your grid, and repeat step. 5.
Continue this process until you have measured
the depth ot each hole.




7. Use your probe measurements to figure out the height of the clay
in each hole, Record the height on the grid below.

8. Take a look at the data, How can you use the data to create a
map of the landiorm? Discuss your ideas with a partnar.




Dy gl & by 11 [psckie

8. Remowe the lid and compare your drawing to the landform in the box.

Sample answer: My map was similarto
the landform in the box, but it was missing
some of the details.

Communicate Information

10, How did you use your depth measurements to calculate the helgi
ol the landfionm?

: ed the depthof
the box and then subtracted my straw
measurement to determine the landform
height.

11. How did you use dopth measurements o make a map? Use evidence
to support your claim,

Sample answer: | plotted the depth
measurements on a labeled grid. Then

| connected e dgruth_mﬂasummeuﬁ_
using contour lines. This created

a topographic map of the landform.

analyzre and interpret data 1o describe how the shape of the clay
landform comparas to your model. What patterns do yoirsaa?

Sﬂlﬁﬂsmﬂhmerﬂlhhapmasm
y takenevery 2cm.




EXPLEIN What patterns can you

THE PHENOMENON | o 4 3
find in the locations of

Earth's features?

Summarize It
Describe the pattems in the locaticns of Earth's features, such as

mountaing, ccean fluar structures, volcanogs, and earthgquakss.,

Sample answer: Mountains tend to be found
along the EdEIES of continents at plate
boundaries. Underwater mountain ranges
occur where two plates move apart.
Volcanoes and earthquakes are most likely to
occur near two plates that are pushing
together, along the boundaries between
continents and oceans.

REVISIT Revisitthe Page Keeley Science Probe on
'.m: KEELEY page 5. Has yvour thinking changed? If 5o,
Z

EEEEEFE axplain how it has changed

24 EVA_UATE Module: Earth and lis Changing Features
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@ Three-Dimensianal Thinking

1. Which Feature is mos! likely 1o occur near the edge of a continent?

A, plain

IZI-IJ ntoin

C. lake
L. abyssal plain

2. Where would you mast likely find volsanoes?

Sample answer: Volcanoes are usually found
near two plates that are pushing together.

PRI Do

3. Obszerve the photo above. What ocean features can be mostly found
away from plate boundaries?

£, wenches
B. sesmounls

C. mid-ocean ridges

nhyﬁaal plains

EVALLATE Lesson1 Map Earth's Features 2%




Extend It

Tou learmed thal physical geographers use different types of technology
Tor mappirg, Incuding global positioning sysiems (GPS} and remote
sensing. Chaose a technalogy and make a television news report
explaining how itis used to find pattems, Oulline wour news report below.

Sample answer: Good evening viewers.
Welcome to our special science news edition.
Engineers at the National Oceanic and
Atmospheric Administration (NOAA) have
designed a new technology that will change
how we map landforms. The new technology
uses remote sensing to detect energy
emitted from Earth. The sensors interpret the
data and then provide an image. Sensors can
be placed on planes or satellites.

CPEH INCHARY
Winat questions do you sl hawve about how Earths features are mappedT

Sample answer: What other types
of technologies can be used to map
the ocean floor?

Plan and carry out an invastigation or research to find the answer
g your queasticn,

KEEP PLANNING .
ETEM Module Froject

Enginesring Challange

Maw thet you have [samed about Earth's features and how they are
mapped, 9o to your Medule Project to explain how the information
vill affect vour maded,

26 EVALUATE Module; Earth and |is Chanaging Features
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Information from Layers of Rock

Fouwr friends were looking at the lavers of rock in a canyon, They each
had differant ideas about what sciantists lgarn by examinig the mck
layers. This is what they said:

Anita: | think scientists examing rock [myers to legrn cbout organisms that
lived in the post

Masan: | think sclentists examine rock loyers to learn chout how the surface
of the Earth changes over bme.

Aaron: | think sclentists examine rock logers to learn about arganlsms that
fived In the past and how the surfoce of the Earth has changed.

Cwien: [ don't tark rock layers bl scientists learn aoout orgonisms chot
fvied In the past or how the surfoce of the Earth has chonged,
They examineg rock [ojers to identify rocks and minerals.

Whom do you agres with mosi? A.a.ru M
Explain winy you agree,

Sample answer: Scientists can learn about
Earth's history from fossils and from the
type of rock found in a formation.

You wiil revisii the Page Keeley Science Probe later in the lesson,




Evidence
from Rm:ks




ENCOUNTER
THE PHENOMENON

What information can
we get from rocks?

2 GO OMLINE

Check ol Focky Pank I see
the phenomencn in acthon.

Look at the photo and watch the video of different rock formatians.
What question: do you have sbout these rocks? Write your observations below.

Sample answer: How were these rocks
formed? What can these rocks tell
scientists? What clues might these rocks
have that help scientists understand how

landforms change? Whatjpatterns can be
found in rock formations:

Did You Xnow?

Marry of the rock formations in parts of the
Unitzd States Segan forming approximately |
100 million years aga.

Freipmt B Mof s SR Fricsdbn
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Simulation
Fossil Dig

Have yvou ever stacked newspapers in a oile by plecing the latest ones on
1op? After a week, where would you find the oldest news in the stack?
Just ijke your stack of newspapers, rock layere are stacked with the sldest
layer found deed in the ground. Suppose you found a fossil. What might
that fossil iell you about that layer of rock?

3 GO ONLINE

Lisz the simuilation Fossi Dig to meestigsta
Iawears af rocks and interpret the fossd
evidence founc al the cég site.

Make a Prediction What happens 1o the age of 1ossis as you dig deeper
o rock layers?

Sample answer: | think that the deeper | dig,

the older the fossils will be.

Carry Out an Investigation

1. Starting with Area 1, use the shovel tool te dig up cach fayer of recke
Click on each fossil found and tell where it lived
and If it is afder than the fossil found in the
lever before.

. Record your absarvations in
the table. Use a separaie piece
of paper f neaded.

3. Digup Arce 2, and repest step |,
4. Dig up Area 3, and repest sten 1

5. Dig up Arza 4, and repest step 1,

7\
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Communicate Infarmation

6. What can you tell about the fossits found near each cther in
the same [ayer of rock?

Sample answer: Fossils that are found near
each other in the same layer of rock have the
same age and shared the same enviranment.

Construct an explanation by using the pattern in the fossil dig
as evidencs to suppart & claim about the environmert aver time,

Sample answer: The pattern shows that the
deeper layers contain older fossils and that
the environment chan ime. For
exam ossilover a shell fossil

showed change from water to land. .

& Talk About it

Did your phservations match vour prediction?
Explain yvaur findings toa pariner.




VOCABULARY

Laook for these
words 4% you read:

fossil
sadiment

sedimentary
rock

.....

VWhat Fossils Tell Us

Sedimentary rock forms fron sediments thal are pressed
tagethar in layers. Sediments are tiny bits of sail or rock that
hawve boon broken down and deposited. Wind and water depocsit
most of the sediments, Cher time, layers of sediment are formed
with newr sediments, which are deposited on top of gder layers.
Sedimentary rocks are formed by the weight of the top layers, or
af water covering the secimant; pressing the sediment together.,
It can take milinns of years for sediment 1o bacome rock,

Fossils, remains or imprirts of lIving things from the past, are
preserved |n zedimentary rocks. Fossils give scientists
information abow environments of the pasl. Ammonites once
Ived in Earth's cceans. Ammanite fossils ore found in rock that is
naw on dry land, This indicates that the land was once covered
by water

- Ammonibes llved

&

L}

L
"

-
il M

™ waber: The=e fassil .
ATIMONItES Weds
% laung onland:

Scientisis can also determine the relatve age of fossils based
on the laver of rock in which they are found, Some fossils olso
provide clues to a rock layer's relative age. How deep an
arganisim is buried also. gives clues as w whean the ongansm
Ihvied. Fossils found In layers closest 1 the surface are usually
vounger than fossis that are faund in deeper [ayers of rock.

& Talk About It

D GO ONLINE Wit ihe videu What are the differences and similarities

Faossils to learm mom about how

thiesy farm

botwoon sedimant and sadimantary rock?
Discuss with a partner,

32 ExPLalM Module: Earth and its Changing Features
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1. How can scentlsis use evidence from fossils
1z determine changes in landscape over tmet
Gzhve an example

Sample answer: Fossils
of ocean animals, like
shells, found in rock
layers under a forest area, would show that
the area was once covered with water.

Choose one of the areas in which you dug up fossils and write a fime
sequance story of what was happening at that site in the geologic
past, Include ot least three chomcters and diologue in your story.

Students’ stories should include events such

as droughts, floods, or natural disasters
causing the changes in the different layers.

n GO ONLINE Watch Fassil Dig: and
learn fowy paleantalogists fisd ana
recowver fossis.

ExPLAIN Lesson 2 Evidenos from Rocks and FossiTs




ﬂhef READING

II
"h‘ I'll.“ﬂ.‘

Inspect

Read the passage Eqrth’s
Forces. Underline e baxl
thiat tells the forces that
can change Earth.

Find Evidence

Rerend the text. Are all
Earth's forces the same?

Highlight text that helps
you understand,
-
"y
MNotes

Earth's Forces

Earth forces can affect the formation and pattems found
i reck layers. Some of these forces include wolcana

eruptions garthouakas, and the flow of rivers.,

When avolcana erupts, it releases racks, cases, and

hot fiquid reck called lava, Lava flows ontlo the surfaces,

I coolks; and harcens Nt new ook, & new laver of iock
forms an top of the old layer each time a volcano enupts,
like & stack of pancakes. This happens on continents
and under oceans. An island TSN o0
encugh underwater rock bullds up to reach above the
ccean surfoce, The lslord of Haveodi farmed this woy.

Fadal Swperd o=e

Like valcanoes, earihguakes can change Earin’s surface:
Buring en earthguake, IR 12 plates can
cause cracks or can cause nuge rocks to siide up over
another layar. These changes can sometimes ook [l
s-chaped folds in the rock layer.

dmirm i i Nl 5 Caocabcr
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Make Connections
"oy Talk About It
Explain a cause and
effoct relationship from

the text. Discuss with a
par e

Motes

Skow movements of Earth's plates can be very powearfu

oo, When plates push together, they push up land. SRR
I e forces can form mountaing, Tha
Rocky Mountains, in Calorado, formed this way.

Water can interrupt rock loyers b’}"_
S S eIV <~ 7 /oy

cuf and remove a plece of cake, Eventually a camon formes.
it ook millions of years for the Colorada River 1o form the
Grand Carmyon

Use evidence frem cach pholo to suoport an explanation
abrout how landacapes changs over times

Sample answer: A river
would interrupt the rock
layers, while an earthquake
would most likely bend or
shift the layers.

REVISIT rovisht the Page Kealey Science Probe

'. SCIENCE 0N Page 27
il FROBES
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STEM Connectian

What Ilge,s &Pa]aentﬂlﬂ o
et S

o e

Co you woender whal Earth was like when
dinosaurs roamed the planet? Some
scentists do too. Paleontologists

are seientiste who study lving things,

or grgenisms, that lived long ago.
Paleontolagizis take detailed notes

when researching in the field, Most of their
werk Is facused on observing and callacting
data feom loessilized remains of ancient
arganisms, These arganisms could be
plants, anirmale, or microbes. They eauld
range in size from a microscopic single

call to the fossilized remains of a dinosaur,

It's Your Turn

ﬁ Talk About it Think liks a paleantaiogis: Comploto

How do paleontologisis help ws learn about the activity an the next page to explora

? . sl
Earth's surface? Discuss with a partner the: selebmnetip between fitslls In
rock lavers and changes in landscape

ovar time.

i W WAl o PR g i 0 U D

P B BT T L RS BORER R N T L TAD b S ikl R
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Malerials

Hands On ﬁ multicolored

. modeling
Fossil Model oo
Suppase you had a stack of nawspapsr on  tebie. What & - C i
woild happen o the stack if you shook the tabie? You wil -
create a model of fossils and rock laye:s o explone
how scientists kearn about the efiect of Earth forces on

rock layers

Make a Prediction Haow would your fassil model shange if Il experienced
an earthauake’

Sample answer: | predict that an earthquake
m&nﬁumﬂ flfgtehrd ackhlidyers in
tie maxdkalkyers in my model,

Carry Out an Investigation

1. Flatten each color of madeding clay until it
i3 about 112 inch thick,

2. Place one or twa small objects on top of
each layer of madeling clay.

Place the layers of modeling clay with

the chjects on them on top of one another
to create a stack of modeling clay of
different colors. Prass the layers. down,

Exchange models with & partner.
Tell your partner which side of your
madel is the top layer,

Take note af which color 15
on the bottom.




6. Record Data Draw and label the modal before ane after simulating
an earthguake. Simulate an earthquake by applying a force on your modsl

Before earthquake: After earthguake:

Students' drawinE should show that the
layers shifted or bept after the
earthquake simulatjon. Labels should

identify the oldest layer, youngest layer,
and thgr color of eacm ygr. ’ ’

7. Carafully pull the layvers apart and remove the objects Record which
ohjects you found in which layer in the space below,

Sample answer: | found the eraser in the

bottom layer, the paper clip in the middle
layer, and a crayon in the top layer.

Communicate Information

8. What patterns do you naotice in the moded before and after the earthquake?

e answer: Before the earthquake, the
f;ampl;uata were aligned with the oldest fossils on
the bo 1e earthquake, some of
the layers bent or shifted upwards.




™

SN0 RN 200,
N | m W= N Y
9. What causes clder fossils to 2o found on the bottom lawver of & fossil dig? )

Sample answer: Over time, wind and water }
move small particles of soil known as

sediment. This sediment covers the remains
of living things and continually forms a new

layer on top of an older layer. &
-

10. How could the flaw of a rver affect your modal? What would happen
if the river dried up?

Sample answer: A river would cut through the
rock layers over time. If the river was to stop
flowing, then t.he%ﬁp would be filled with

newer sediment. This would cause an 2
irregular pattern in the rock layers. C

% Talk About it

Share your model with a classmate and
discuss ideas for improsving waur

madel to show the effect of
Earth forces on rock layers,

Fra et B Meines-WE Friodion D e WG Tieond ey




Review

EXPLAIN | What information can
THE FHRENDMENDON

we get from rocks?
Summarize It
Explain how we can learn aboul the pest from rocks and fossis
Sample answer: Fossils can reveal changes in
an environment over time. For example, the
rock layers beneath a forest can contain
fossils of animals that lived in a watery
environment. Also, the aﬁe of the rock layers

and fossils increase the deeper we dig into
the ground.

BEVISIT Revistthe Page Keeley Stience Probe on
'. PAGE KEELEY page 27, Haz ywour thinking changed? H cp,
s

EEEEEE explain How it has changed.
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Q Three-Dimensional Thinking

% farm from sediments that are cemented or
pressed together,

A, Sedimenis

B Fessis

C. Sands

@ Sedlmentary rocks

2. sz an analogy to explain how Earth forces affect the patterns found
I rack layvers.

Sample answer: The flow of ariver through a
rock layer is like cutting a piece of a layer
cake. Neither side of the layer cake is
disturbed, but a gap is created.

2, What ovidoaco can bo usod to explain the patterns found in
rock lavers?

Sample answer: The age of fossils increases,
the deeper they are found in the ground.
Fossils can also reveal that a watery
environment changed to dry land over time.

Freipmt B Meims SEFrimminn B! s UGivsohinTeil) hrmpss
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Extend It

.-l-",__:
You are a paleontologist. Research the araa where you ware '.",‘-‘}?“" L

barn, Frd out what typas of living things (ved in your place i+ x ok i
of birth thousands of years ago. - I

Write a speach, craw a paster, create 2 fiyer, orusamecia o Y 3
communicate your rasults 1o your class &€ a paleontalogist, -

Sample answer: As a paleontologist, | look
for fossils to explain my environment. Each
fassil | find gives me more information. My
investigation reveals that my area was once
under water. The sedimentary rocks in my
dig site contained shells, and other remains
from animals that could swim. It is exciting

to know how much my area has changed
over time.

KEEP PLANNING
ETEM Module Projec)
Engineering Challenge

Maow that you hava lsarnad about the evidence found in rocke and
fossils in rock lavers, go 1o your Module Project to explain how this
evidence will affect your plan for your erosion salution design.

42 EvaLualt Moduke: Earth and lis Changing Features
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| LESSON 3 LAUNCH|
Changing Landforms

& - 8
Three fiencs ware talking atbout processes that change landicnis,
They each agread that wind, water, and Ice could wesr away and change
landiorms. They disagreed on how long (T 1akes for these processes 1o
change landforms, This is whiat thay said;

Bianeca: | think 't takes o long time for these processes to change landforms,
Rose: | think it tokes o short time for these processes to chonge Imndforms.

Wyatt: | think these processes sometimes change landforms cuickly, but ey
can olso toke a long time.

Whom do you agree with most? W}fatt

Explain why you agree,

Sample answer: The processes that change
landforms can occur over long periods o
time, such as the wearing away of mountains,
or happen very quickly, such as a beach being
washed away after a storm.

You will revisk the Page Keeley Prabe later m the lessan,
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ENCOUNTER
THE FHEN OMENON

How can moving water change
the shape of land over time?

& GO ONLINE

Check aul Sar Jucn fiver 1o see
the phenomenan in action,

Look at the photo and watch the video of the river, What guestions
oo you have about the phenomenon? What do you observe?
Record or ilustrate your theughts below.

Sample answer: Has the land always looked
the same? Is something causing the
wearing of the rock? Do natural forces or
human activity shape the land? Does human
activity affect how fast land changes over
time? How does the wearing of the land
affect people’

| |
A%

-:_' LA IF_" 1’ %
ba

—r T _

-
ey
=
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Did You Know?

The San Juan River flows through a gorge or canyon o=~ :-_-____i
that measures 300 meters (1,000 feet) deep. =~ ; 1
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Hands On

Shake, Rattle, and Roll

Haowe you ever seen a “river rock™ They are usunly usedin graduated
landscaping. How would you describe the shape of river cylindar
racks? In this mvestigatian, yau will model what happens o

racks in fast-maving river water, “ 3 plastic
Jats with lids

Make a Prediction Whal will happen o rocks f you shake ‘ and water
them In a contaliner with water?

mgﬂunﬂ

Sample answer: | think that LA
the rocks will bump into each
other and start to break as |

shake the containers.

Carry Out an Investigation

BE CAREFUL Wear safety goggles.

1. Label thres jars No Shoke, 2-Minute Shoke. and
S-Minute Shoke. Place the same emount of similer-sized
racks in each jar

. Using the graduated cvlinder, fill each jar with 50 mL of water.
Firmly attach a lic on each jor.

Let the No Shoke Jar sit. Do not shake It

Sheke the 2-Minute Shoke jar hard for bwo mirutes while your partner
times the shaking with the stapwetch, Then let the jar siL

-er-:l.hn-llll [eummhiory 1 B i Swenrw g A e BET Frioomrza.
jerurslime e Dhevel Uelsn= T8 Cosmiie

. Switch roles and use the stopwatch white your partner shakes
the S-Minuvte Shoke jar for five minutes. Then let the Jar sit.

. Use a hand lens o observe the rocks in each |ar. Record your
ohservation in the data fahle,




Observations
A few tiny bits of rock came off as
the water poured over them.

The rocks banged against each
other and broke off bits of rocks.

The rocks banged against each other
and broke off a lot of rock pieces.

Mo Shake

2-Minute Shake

5-Minute Shake

7. What da you think would happen if you shook the jar for an hour?

Sample answer: Pieces would keep breakin
off until only smaller pieces of rock were left.

B. Do the resulis support your prediction? Expiain

Sample answer: Yes. The rocks broke into
smaller pieces only in the jars that had
moving water.

O Whal causes the rocks in {his Investigation to change? Use your
observations to support your claim,

Sample answer: The water moves rocks
around, and when they bang into each other,
they break apart.

& Talk About It

Compare your results with those of a classmate. How could
you improve the design ot this investigation?




VOCABULARY

Look for these
WOrds A% vl read;

deposition
erosion
vegetation

weathering

Bocks crashing
fagether in e rockside
CiLgss Earasion, o hyps
At physical weatharing,

Weathering

Recall the changes thal you observed inthe Inguiry Activity,
Shake, Rotie, ond Rol. You modelad weatharing when you
shicok e |ars. WEH'II"IE‘m I5 1he siowy process That breaks cown
maberials into smaller pieces. This proces: explains how rocks
can change size and shape without changing their chemical
oroperties.

Physical Weathering

Water can soed inta cracks ina rock during warm weathac When
the water freezes during cofd weathe:, the waler expands and
makes the crack bigger. This process can alse cause potholes
and cracks in a road or sidewalk,

Abrasion is the action of rocks and sediments grinding againsi
sach other and wearing away surfaces. Abrasion can happen n
many ways, such as whan rocks and pebbles roll along

the battom of a river. Abrasion elso sccurs when rocks fall and
wumble aganst one another, The force of the rocks hitting each
ather knocks ofl pigces of the ock. Wind causes abw asion, Sand
Slenern By wind agalnst axposed rack wears awiay the surface of
the rock




Many animals, like gophers, worms, and ants, can

loosen and move soll and break apart rocks as ) 60 ONLINE Watch the video
they burrow In the ground, PNt roats can grow Londscapes Chonge Over Time to
inside cracks ina rock and, over time, split the |saen move sboul these processes.
rock inko pieces,

The aclicns of
fiving things, sk
a5 Bamrowing
anirnals ar growing
plart roots. can
calse weaher g

Whiat type of force can cause abragion?

Sample answer: The force of gravity can
cause rocks to fall and cause abrasion.

Chemical Weathering
Chemical weathering changes the minerals that make up rocks.
Water llving things, and oxygen can cause chemical weathering. . Uehens produce

_ +  midsthathelp =
Acids from natural sources, such as volcanoes, O AT Fi (i 8

can make water mone acidic. These acids can speed IS Sroakdown of rock.
the breakdown and weathering of rocks. '

Irn combines with oxygen in the presence
of water o form nast, Rocks that contain imon can rust.
Rust makes rock soft and crumbly.

Ouggrgre & WeGre=18i Tdicriics  |isledesns Maandde
wmak i S v i pce i m L e L) i

Plant roats give off & weak acid as they grow,
Lichens, plant-like organsms that grow on rocks,
also produce weak acids, Lichens arg impaoriant
e sgll formation in cold climates,
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Erosion and Deposition

Erosion is the movement of weathered material from one place to another,
The process of ejoded soil and Lits of rock being dropped oll i anothe
place Is deposition. Erosion and deposition are two processes that change
the shape of land.

Erosion and Deposition by Gravity

ravity causes material to move. The sudden movement of large amounts
of material down a slope can take the form of mudshdes, landslides, and
rockslides. Strategies such as building away from steep slopes, redirecting
surface water away from landslide-prore arcas, and planting ground cover
o reduce water filtering into the ground can reduce hazardous events such
a5 landstices,

Erosion and Depasition by Running Watar

as water runs downhill, it can wash away sall and erode rock, The steeper
Ihe land, the faster the waler moves. Fast-moving water has more energy.
It can wash away larger emaourts of heavier sediment, Rivers eventually
fiow into & larger hady of wates, such as a lake or an ncean. The sedimant
carrled by the river is depasited on the bottom of the larger body of water,
Chear time, this sediment bullds up inte 8 landform called a delta,

Erosion and Depaosition by Wind
Wind can move sand from ane place to ancther. The strangar the wind ey

biows, the larger the particles & can pick up, Dopesition ooours whan - 'a

< Plort raots con help -
*  heep a doen=frem 2
g

a clump of grass or rock traps the sediment. A sand dune 15 a deposit
of wind-tlown sand. Dunes move over [ime.




Erosion and Deposition in Shorelines

Wawas relensae a kot of energy whan they &3 60 ONLINE watch the video

hit the beach, A large wewe can break solid MR o TR IDOERNENIG T
rack of throw rocks back against the shore, o

The rushing water in breaking waves can casily

wash irto cracks in the rocks, helping to break large boulders. The loose

sand picked up by the waves polishas and waars down cosstal rocks

Wiaves can also move sand and ocks and deposit them in ofher locations,

forming beaches, & Deach is any area of shoreline mace of material

deposited by wawves. Some beach material is deposited by rivers.

& headland is an arca that hes wat2r on three sides, Waves curve
around a headland and erode the sides, Eveniually, the waves change
the headiand into ar arch,

1. Why does fast-moving water have a greater effzct on land?

Sample answer: Fast-moving water has more
energy so (t can carry larger amounts of
heavier sediment.

2. What are the cause and effect of the changes abserved in the
rphate below?

Sample answer: Waves cause the erosion of
the rock and affect the formation of arches.

Evertually,

5 e fomz oof thee arch

- N will cofapse 1o form
: atall column

._.-_,,-.-._;L_,‘__:._-' In Landscapes CRQaURE T
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Erosion and Deposition by Glaciers
=laciars form whers spow cllacts ouickhy

and melts slowly, As the snow builds higher,

the welght of the ice increasas, and the glacier
storts to move, As it moves, | tears rock from the
ground. Glacial il ends up mostly at the end, or
erminus, of the glacier.

Erasion and Living Things

Factors such as heavy rainfalls, sparse wegetation,

and steep Inclines can cavse land 10 erode at a

faster rate. Heavy rainfalls can areate new flooded

habitats for migratory birds and otber watar

dwellers. Fish lay eggs, and crayfish burrow in : :

the fresh mud, Too much @in can lsc have - - _: S b s
negetive effects on some wildlife, Heawvy rains can = il = These QIoOves were

destroy nests, burrows, and reduce food sources, [ L ey formed as o glacer
e & miaver armes K 1
d the lamd. :

3. EVEENTEN TS Connection L

How would the rate of erasion of a plain compare te the erosion of feernanct
the side ol a mauntain if slopswas the only facior ta consider?

Sample answer: The mountain would erode
faster since it has a higher slope.

A Glacker Deposits Land

Y v P (RS i, S G Ve

lﬂll IT Revisit the Poge Eeeley Science Probe on page 43,
PAGE WEELE'Y

! |5EIEHCE
PROBES
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D GO ONLINE Use the Personal

FoLDABLES
) Tulor Weathedng, Eresart, Deposiion
Cul oul the Nolebook Foldables tabs given 1o you to learn about how these processes

oy your teacher, Glue the anchor 1ab as shown change the shape of land.
Delow. Lise what you have lsarmed 1o describe
hiow the terms relate to the image of the sea arch.
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Hands On
Effects of Vegetation

Think ebout where you have seen dirt and mud after a storm,
Rain flows over the soil's surface when the land cannot
ahznrh more water or it tha water = moving tao quickly o be
‘absorbed. Does vegetation, plants thet cover a particular
area, have an effect on sol erosion? Recall what you heve
lwarned about plants and eoson

Make a Prediction How does plant cover affect soil ernsion
coused by rurning wokar?

Sample answer: | think that
the roots of plants help to
keep soil in place so it does
not erode as quickly.

Carry Out an Investigation

BE CAREFUL Use caution when handling the aluminum pan
o avaid injury with the sharp ecges,

1 Add soil 10 a8 small alursinum pan. The scil should measune
7 eentimeters deep. Break up amy clumps of soll that are
present and pat the soll genily to make it level,

Materials
2 small
n_lumlnurn

pans

1large
aluminum

pan

measuring

Balance

. Place the wood block under ene side of the pan o the pan -/ruﬁnr’

5 propped up 6 centimetars

Pasiticn the small aluminum pan inside the larger pan, with
the short side opening pointing down,

. Fill your watering can with 500 mL of water,
Tilt the can to simulate a steady, heavy rain over
the =acil. Let the water drain complstaly from the small pan.

« Place afilter paper inside the funnel. Have your partner
hold it in place.

'_-,- : wood
block

i B Wi H oty 2 4 B Bam v gh Ve o B,
1 1B Bt e =8 | Easrian, mirar s Semups Sow b Wl e &) Elisgas

{0 B b e Erborrticn, G-+l [haition,




Pepgrighe O Boigs 1§ [demiea:

2 60 ONLINE Explore Foctars o
B. Refrowe D simall gan, Showly filter the junof? ‘Weathering 10 match envirenmental
water from the large pan over the sink until the Fctors 1y the INndinem fal Shaped.
water no langer drips fram the funnal.

7. Weigh the amount of soil that was collectad. Record this in the
Ciota toble.

B. Mow repeal steps 1—4 using the other small pan. This thime you will
“plant” forks to represent plants. Be sure to plant the 14 forks with
the tines pointing down. The soil should reach the neck of the tork,

Communicate Information
| Vegetation  soilMsg)
No plants 18 grams

With plants 6 grams

9, Compare and contrast your Investigation to a real-werd situation.

Sample answer: In the real world, we do get
heavy downpours that wash away soil. Places
that have exposed dirt with little vegetation

can have a lot of erosion. But you don’t usually

have erosion in places covered with plants,
like a yard.

10. Describe the type of erosion to which the soil was exposed in
this Investigation.

Sample answer: The soil was exposedto
weathering and erosion caused by water.

& Talk About It
How could you Improve this Investigation?® Tell a partner.




STEM Connection

VWhat Does a Soil S

Jonn Tatarko ie a SOIl scientist a
he Wind Erncion Rasearch Line (WERLL
and works on the Wind Erosion Prediction
System (WEPS| simulator. He hopes WEFS
will help formers develop betier woys to
prevent erosion,

When asked "Can a Cust Bowl haposn
agarn'e'" ne repsed, " we had weathar
conditions of the 1830s today for only a fow
vaers, wind erosion wauld not be as severs
because of improved farming practices
The extent of drought and winds are up fo
Motl&er Mature™

Planning for tha rest of the bwenby-first
century and beyond involves comtinuing
mwsearch, practicing good land
management, and being prepered.

Siplropng, cover crops, wWindbreaks,
and terraces ame some land-managerment
strategles that halp reduce soll erosion,

The Wind Ercsion Frediction Systamic a
campitar Smulation pregram dagignad (o
predich sl lass by wind.

B8 ExPLAIN Module Earthand is Changing Featuras
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It's Your Turn

Think like a soil scientist. You will research

Bpc prepana a plan that includes three &3 GO ONLINE Lsa the simulaticn Effects
land-management strotegies, Describe oFf Erasion on Londforms 1o practice
how each contributes to the conservation of ehanging factars that affect landscapes.

Earth’s nalural resources. Lisl your Sounces on
d separale pisce of paper,

Sample answer: Contour farming, windbreaks,
and cover crops are three strategies that can
reduce soil erosion. Contour farming controls
runoff. Windbreaks protect soil from wind
erosion. Cover crops protect the land from
wind and water erosion.

& Talk About It

Haowy can tachnolegy help reduce Soil erosion? act o

Discuss with a partner, ;. Shipiwming,  Te
. wirdbeeaks, »

oreakwalers.

VSgELEL,
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EXPLEIN How can moving

THE FAENUOMENGN

water change the shape
of land over time?

Summanza i

Explain whiat causes the shape of land o changs over fime,

Sample answer; Land is constantly changing
due to weathering. Some factors, such as the
slope of the land, can increase how fast land
changes. The steeper the land, the faster
water moves. The faster water moves, the
more energy it has to carry away a greater
amount of material. The material that is
carried away can then form other landforms,
such as a delta at the end of the river.

REVISIT Revisitthe Page Keeley Science Probe on

'. PAGE KEELEY page 43. Has your thinking changed? If so,

EEICE;EEE axplain how it has changed

58 EVALUATE Module: Earth and s Changing Features
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@ Three-Dimensional Thinking

1. Changes in the landscape can be caused by

A. physical weathering

B. chemical weathering

C. livirng things
(04l ot the abowe

2. Weath Efing is tho procoss that braaks down material,

3. Explain bow heavy rainfall can alfect the land and livieg Uingsin an area,

Sample answer: Heavy rains can erode land at
a fasterrate. |t can also provide new flooded
areas for migratory birds and a place for
water dwellers to lay their eggs. Too much
rain can have negative effects on some
wildlife. For example, it can destroy animals'
homes and food sources.

4. 'What can affed) how fast land erogdes?

Sample answer: The slope of the land, natural
disasters, and the amount of rainfall can
affect how fast land erodes.

EVALUATE Laston 3 Changes in Landscapes Over Time 59




Extend It

You are a soil scientist, Recall what you learnad about
land-management strategies. How might

wou commianicole the best strategies that farmers could use
la reduce crosian on their lanc? Write & spoech, crcatc a
poster, or use madia

Students should explain how each
land-management strategy contributes to the
reduction of erosion on farmlands. They
should address the benefits, disadvantages,
and constraints for each strategy.

What questions de you still have about how landscapes charge over time?

Sample answer: What other strategies can
home owners use to reduce the erosion of
their land?

Plan and cary out an Invastgation or research to find the answer

10 vour guestion,
Pt -
) S
B
5 = Dy
o 11' _b"l E
KEEP PLANNING \ -
ETEM Moduie Froject M\ U
Enginsering Chalisnge am /B
L) I
Now that you have leamed about what contributes to the changes - 3™~ |

i_:

in landscape, go to your Module Project to consider this information
as you cesign your soli arosion project.

il
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“ STEM Module Project

o T qInearing. hallenoge
Don't Get
Carried Away

Yeu have been hired as a geologist. Using

what yau have learmed throughout this modole,

you will work in a small group to design twao

soluliors for soil erosion, You will build and

cormpare the results of two models and

selact the dasign that best minimaes the

affacts of 2oil erogion. Include an explanation

about how your design would affect nedghboring property, reduce
aroalon gamage on the lond, and pratact the envicenment. On & map,
ideniify hazardous areas where vou would nol recommend buliding
structures. Before you begin, discuss as a class the oriteria and
constraints of your projeck.

Planning after Lesson 1

Apply what you have lenrmed about mapping N ———
Earth's features to your projact planning. ~"  Record information

i 1
How can we use maps o describe the shape | to help uou qun uour model ;
of land? " ofter each lesson. _J_,‘

-

Sample answer: N e
Relief maps show the
elevations on land. Physical

maps can show the location of

Earth's land and water. The contour

lines on a topographic map can help

us describe the slope of the land.




- STEM Medule Project
Planning after Lesson 2

Apply what ywou have learned about ewdence trom rocks and 1osslls
o your project planming,

How can wie use our underslandmg of Earth forces 1o exgalain
the changes |n a landscape over time?

Sample answer: Earth forces such as
earthquakes can shift or bend layers of rock.
An earthquake can change a landscape by
triggering landslides, rockslides, or
mudslides. -

Planning after Lesson 3

Apply what you have leamed about changes in landscape to
your project planning.

What factors should be considered when trying to design a solution
i erasian?

Sample answer: Factors such as the slope of
the land, the amount of rain, and the amount
of wind should be considered when designing
a solution for erosion.




Research the Problem

Research the factors that help shiape the land by reading
Investigator arficls, Movers ond Shopers, Then, go onlineg 1o
teacher-approved websites, ar find bocks on erosion sclutions
at your local library.

Students should use teacher-approved
websites. They should find information on
designs for wind fences, embankments, and
other land management strategies to help
them develop their own design.

Sketch Your Model

Draw and label vour ideas in the space below, Select two models to
bulld and test.

Students’ drawing should show two different
designs that help retain soil but still allow
water to flow.




s1TENM Meodule Preject

Don’t Get Carried Away

Look back at ihe planning you did alter sach lesson. Use that
information to complete your soil erosion project. As part of the
dasign criteria, your modals should be able 1o hold back soii,
and allew watsr throwgh. The canstraints ara that pour modals
should be easy to install and should not cause harm to
neighboring propertses or the envirgnment,

The Engineering Design Process

dentily - Explore - pesign -

Build Your Model Materials

1. ldentity & problem caused by erosion and come
up with at least twe saiutions on how 1o prevent nDn"’VIn l
it. You may wan: to ressarch sodl-erosion <]
solutions that engineers have designed tUb in ¥ 5 Eﬂd.

. Determine the criteria tor your models, and fist mode lﬂg CIEI‘_'{,
the materials you will use to build your madels, graVE'l. Ema“

Refer to your project planning notes &8s you plantE. thCkE.

bunkd your models.

cotton balls,
. Record the sieps of your procedures to carmy

out fai tests of your models, ldentily varlables 2 DHEE,

in each test aluminum pan,

Use the test resuits to compare your two WatErI ng Can
modets, Then sekact the design that best mests

the:criteria and constralnts of the project.




Procedure:

Students should list the steps of their
Erucedure here. Solutions might include:
uilding a wind fence to reduce soil or beach/
dune erosion; building an embankment to
keep water from running off roads and
eroding surrounding land; or plantinﬁ a hill

with fast-growing plants to hold soil in place.

S e
o

Test Your Model - T —

TR s - “ Youare usig N,
vild and test your models, Recard vour abservations . 2 ;

- & Enginearin h
and resulls, Use a dala table or separals piece of 5\ b E E‘: zﬂcﬂ_ﬂj
paper. il neaden. Select the design thal bast meats H‘uﬁ

the criteria, and present it to another group. Share your " Y
research, and provide feedback on each other's selutions.

on . Calculate the amount of soil that erodes for each
model. Show your werk on a separate piece of paper.




Communicate Your Results

Snare the plan for vour models and your results with another group,
Compare how wall each of your modek was able to meet the criteria of
withatanding the process of erosion. Discuss how wel vour models met
the croteria and constraints, and ways you cen Imprave your madels,
Communicate yvour findings balow.

Sample answer: | was able to slow down
the flow of water by routing the water to

a water canal in my model. However, it was
challenging not to affect the surrounding
areas. Anather group's design used
underground tubing to protect the
surrounding properties and route the
water to a nearby river, while still
protecting the environment.




MODULE WRAP-UP

REVISIT [ Usrovhatyouisared.
¢ | n this moduls, expisin

THE PHENOMENON how Earih's land features.

wers formed i

Sample answer: -

Land features such as sea arches
were slowly weathered by the forces
of water and wind. Moving water has
energr that carries away material to
other locations. Gravity can also

cause rocks to crash into
one another and knock off (/gﬂr;m

. | T
pleces of rock. Finally, ~ \ ""770ai™/

wind can blow sand and ——
wear away the rock's surface.

Heww have your deas changad? Exp¥ain your answar,

Sample answer: Yes, land
management strategies can help reduce soil
erosion caused by wind, and water.

Anpirghl ¥ bhiGree-| M [didntcs  Prolzdigime Al Grvieatich

Madule: Wran-Up Changes fn Landscanes Dver Time 67
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1

ENCOUNTER
a THE PHENOMENON

Why do you think

this bulilding collapsed,
but the others did not?

& GO ONLINE
Check out Caliiornig
Egrifiguakes o saethe
phanomanan in action,

¥ey Talk About It

Look at the photo and watch the video of

an earthouske Causing a oulleling to callapse.

What questions dao po have? Hiow might an
earthgquake ceuse g building to- collapse? Talk abowt

it witha partnar.

ou Know? -

Abaut 50 earthuakes Rappen Somawnara in
the werld ench a8y, Each year, there are aboll
200000 earthguakes worldwide.

Module: Earthquakes B9
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Engineerng Challenge

Design an
Earthquake-Resistant
Building

How diosame buikdings stay standing during

an earthguake while pthers do nol? At the end of this
rmodube, you will work with a small group o develop
two designs for a school. You Wil design, Build, and tast
two models of a school Duilding 1o detarmine their
atlity Lo resisl the forces of an esithgua ke, You will
compare the test resulis of your two madeis and select

the model that best minimizes
earthouake damaga. e
" You will be a structural
| engineer and design two |
LY earthquake-resistant bui[dingfr;

A A .'.

U

Jeie Horvath ls & struciural engliness, She
2= her knowl=dge of matoral s, forces,
aned Earth sclenos o desifn safe strociures.
S et TS AR WA T KB
ter dfeslgn struchures thal e sals,

Citvadriacttan
'. STEM Module Project o

Plan and Complete the Engineering
Challenge You will use what you
leam to build and test your buildings!

TH STEM MODULE PROJEST Module: Earthguakes

Lopyrigit € MloGrms HE Dacwirr i0TeendS Ea Gl reg e,
ER ron Suod i b e b [anied e




Locations of Earthquakes
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Twa frends were talking about earthquakes. They wondered if
earthgquake locaticns fallow/2d a patlermn,

Jerome: | think earthquaoke locations folow a pattarn They usually ccour near
cartain land and ccaan features.

Anjali; 1 think there s no patten to earthguake locations. They can happen
anywhere In the worid,

Who da you think has the best idea? Jerome

Explain wour thinking

Sample answer: Earthquakes occur along
continental boundaries and certain
landforms, such as mountain ranges and
volcanoes.

You will revisit the Page Keeley Science Prabe lator in the lesson,

ssson T o MNap EBrthouakos

' FAGE HEEEE‘I!'
SCIENCE
ValPROBES

|







ENCOUNTER
THE FHENOMENON

Why are earthquakes more
likely to occur in some places
rather than others?

@ GO ONLINE

= e
carthg® kK Check out Eorthguoke Occumrences
Oeccullt nocta Io s thee phenomernon in agiion,

Look atthe map showing occurrences of earthouakes in
the contingntal United Siates,

& Talk About It

Clscle the areas on the map that have the highest rsk for earthguakes.
Lse the map's key to help you, What go you observe? Talk about yvour
icleas with & partner. Record vour thoughts balow,

Sample answer: Do Earth's features affect
the occurrence of earthquakes? Are there
any areas on Earth that never experience
an earthquake?

Did You Know?

Southern Califarnia expenences aboul

10000 earthquakes a year This is quite different
from Ghlo, where onky abou 200 sarthouakes
have bean recordad sinse 1776

Cepppid edig= il (o=l
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Thermal Conductivity

Thermal energy travels at different spaeds. Tharmal energy is camied by
iacliation through emply space at the speed of light. Convedtion curmeiils

fravel stower, Conduction s usually slawer than both raciation and
canvection. In conductian, tharmal energy must travel thraugh all of
the particles of matter,

The ability of o material to transfer heat is called thermal conductivity.
Waterials that conduct heat easily are good thermal
conciucioes, Most melals are thermal conducikss.
Thermal conductivity usually Increases with density,
Density (s the amount of matter in an object. When
particles in a matenal arg closar togather, eat can move
misre quickly through them, Solids are batter conductarng
than liguids, ard liguids ars better conduckors than gases.

Materials that conduct heat pooily are called thermal inrsuloios. i_ _: _ =
Pl Deci hey ke prkhens el i pmet i on; R OIS
mvwing away from your hody
Thermal Conductivity

Material How Many Times Better Than Air It Conducts Heat

Oak wood =1

Water 23

Brick 25

Glass a2

Stainless ateel a4

Aluminum 8,300

Copper | 15,300

Silver 16,300

Lise avidence 1o explain which material from the table above is the
bast tharmal conductor

Silver is asolid, a metal, and is 16,300 times

better than air in transferring heat, which
makes it the best thermal conductor.

T4 ELARORATE Module: Engrgy Transfer
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3. Look aithe locations that you plotted on the map. Does your
evidence support the prediction that you made about where
earthquakes ocour?

Sample answer: Yes, most earthquakes
mmdjhmgIMHﬁﬂﬁﬂﬂiaud_

water,

4, How could you find oub more about where earthquakes oocur?

Sample answers: | could use books to learn
more or go online to teacher-approved

websites. | could talk to a scientistwho

studies earthquake activity in my area.

5. EEYERConnection| Think about how you could teach a youmnger

sludent to do this acthvity. Explein how you plotted the polnts on
the map using longlude and latitude.

SEmEIE answer: | used the table to plot the
oints on the map. Lines of latitude run right

o left and lines of longitude run up and down
on the map.




Eopyripht @ MoGas 1 [d.cmo

MAKE YOUR CLAIM

Where do you think future
earthguakes in the continental

United States are most likely to
occur?

Make your claim. Use your
investigation.

CLAIM

Future earthquakes ars most likely to ooour

Sample answer: along plate houndaries.

Cite evidence
Trom the activity,

EVIDENCE
The investigation showed 1hat

Sample answer: all of the plotted points
were located along the west coast of the
North America continent.

Discuss your reasoning asa
clazgs. Tell about your discussion.

REASONING
The evidence supports the claim because

Sample answer: energy builds up as plates
rind against each other at plate boundaries,
arthquakes occur when the built up energy is
released and reaches Earth's surface.

. You will revisit your claim to add more evidence later in this lesson.

ExXPLORE Lesson | Map Barthmquakes  J7




VOCABULARY

Look for these
WIS a5 youl read,

fault

2 60 ONLINE wateh
the video Eortholake
Iapging to learn mare
about patterns In
EArTHOUakES Coumences,

Thie San Gndress Faull =
all sled Wl ELLIE S
carthquakies accur. This

Earthquakes

Earth's crust 1s made up of huge slabs of solid rock, callag
plates, hal aie abvays i naliod:, There aie Doeaks of Cracks
whera these glales come wogethern, Thesa cracks are Calked
faults. In some placeas, Earth's plates can shde slowly past each
other aiong a faulk, In other places, plates can push together,
move under or over each other, ar even move apart from

2ach other. This type of plate movement causes sarthguakes o
Ul

You have learmed that earthguakes are movements in Earth’s
crust that are-caused by a sudden shift of Earth’s platas,

The constant movement of Earth’s plates puts stress on rack
thet is on both sides of a fault. As plates grind against each ather,
anergy builds up in these rocks. When this energy

ie izloasod, the crust shakes, vibratons reach Eath’s suiface,
and an sarthguake Goours.

130l bree sits between a continental

AR CCRANIC BOUTGRTY. =

P —

e —
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T ENOL Ae T {AERS LTI
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Cezgapel® Hedp= i§E Campras

Patterns of Earth's Features

Below = a tepographic map of the warkd, This

miapy o different landfoms, such as D G0 ONLINE Use the simulalion Wk
mountain ranges and deep ocean trenches, Eorthquakes ond Volcanaes to axplore
which usually farm alang the boundary of twe ﬁ;’:;m iacatian of senihayume And
oeeanic plates or an oceanic and continental

plate. The mag also outlines 1he continental

boundaries and boundaries between continents and oceans. Many faults

are located aleng these boundaries, In the Inguiry Activity, Plot

Earifrguckes, mast of the points you piotted on the map were along the

plate boundary between North America and the Pacific Ocean. Think

abaut the refationship between the earthgueke locations you plotted and

the locations af landtarms and plate boundaries shown on the map

Bl

& Talk About It

Discuss with a gartner any patiermns you observe in the locations of
Earth’s features and the locations of earthquakes.

| Pt et LIE Al

2 60 ONLINE Exglo-e Potierss an
Eovith's Sucfoce 1o learn mare abxtat
mourtain ranges, earthowahes, and
WOICANOES

EXPLAIN Lesson | Map Eathguakes 9




s

Inspect

Read the passage Whers
Earthquaokes Cocur.
Lindarling text avidonce
hat telis whore
earthquakes sccur.

Find Evidence

Reread How do you krow
there = a patbern to whee
earthquakes oceur?

Highlight the fext
evidence that supports
YOU BNSWET,

Motes

READING

showe the locations
of earihoakes,

wilcanoes, and plaie

l.t g Boundnries

L i,

By -

Where Earthquakes Occur

Looking at the mep abeve. you consee that most
earthguakes happen along the edges of ecean ancd

the Pacific Ocean where a number of Earth™s plates meel
This area is known a5 the “Ring of Fire” because many
varthquakes and valcanic eruptions occur hare. if you
coripars thie map to the tepographic map from aarlier in
the lesson,

This patten of earihouakes
iccators helps selsmaoloagists, sclentlsts who stuchy
eanhouakes, o undersiand where earthouakes e lkely
o oocur. Howewsr it is difficult for selsmaolagisis to predict
whien an earthgquake will eccur,

Leogrght el Bctnw ibl Lrmabes
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The San Andreds Faull in Caifornia runs along the
boundary between the Morth American and the Pecific
Dicean plates, whore a nambar of oartbgquakos accur. Othor
arens, like California, experience many earthguakeas. In
these areas, selsmologists monitor changes in the ground
with the use of instruments that measure bulges ar
changes in the angle of the ground,

Label the San Andress Fault on the map.
Hinw can you anaklyze and interpret data 1o
explain a pattermn in its locationT

Sample answer: Earthquakes
occur along plate boundaries.

REVISIT rovisit the Page Kesley Science Prabe from

PAGE EEELEY o oliegr |y thie fesaon,
’. SCIENCE
il PROBES

Cezgapel® Hedp= i§E Campras

Make Connections

Fam Talk About It

How might an ergineer
work together with a
seismolagist to design &
rizw lool for carthouake
investigabiors?

Motes

EXFLAIN Lessoni MHFI- Ear:nqualms -3 ]




What Does a Cartographer Do?

Cartographers swdy landforms
and create maps. Thay use severol sources
of deta to create different types of maps.
Carlographers usually gather dala from

the field. This means they will go 1o the
piace they are mapping rather than pust
use photns, Cafographars may see
changeas in the land as construction or
natural hazards coour,

Long ago, cartographers weould drew
maos by hand. While some may still
use this mathod, now they can uze
computers and satellite images to
draw Interactive maps.

It's Your Turn

Think fike a cartographer. Com plata
the Inquiry Activity, Eorth’s Feaiures.
Explore the relationship between
landicims and earthguakes,

B2 ELABORATE Module! Earthquakes

¥ Talk About It

Howe woud a siructural enginaar
benafil from the Infarmstion a

cartographer can provide?

T il & oo B8 Dhadbon (17 el 8 Sl il g in e, i s min uky il iy
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Materiala
% Research

Earth’s Features S scissors

You will investinate a pattern in the: lpcation
of Earii's feailuras and sarthguakes,

Make a Prediction Is there o poattern bebween the
location of landfomns and where earthquakes occw? Explain.

Sample answer: Yes, | think there is a pattern.
Mountai 1 ari Pestad |
where earthquakes occur.

Carry Out an Investigation

1. Use the topographic world map provided by your teacher. Cut along
the bouncary lines. There should be 16 pisces total.

2. Compare your completed puzzie 1o the the weorld maps in the lessan,
Look al where the plales come logether in your puzzle How does
this relate 1o where sarthquakes occur? What causes earthguakes?

Sample answer: Earthquakes happenalong
the boundaries of oceans and continents,

Plate movement causes earthquakes to occur.

Communicate Information

3. VIR IS Conneclion | How would a higher chance of earthguakes in an
area affect life for the peﬂ:]e whe live there?

Sample answer: le in these areas might
be concerned about how earthquakes can
ir homes.

COLLECT EVIDENCE

Add gvidence Lo your Claim from eariern in the lesson aboul whers fulure
earthquaxkes will occur,




LoallN

E#E;_ﬁlﬁﬂ__ - Why are earthquakes more

likely to occur in some
places rather than others?

Summarnize It

Explain wiy earihguakes are more [kely 0 ocour in some places
than athers,

Sample answer: Earthquakes occurina
pattern along boundaries between
continents and oceans. They also occur near
landfarmes, such as mountains. Califarnia is
an area that is located near a continental
boundary and mountains.

Zopgrom @ Morse i uheabee

r
/' REVISIT Rewrntathe Page Keeley Sdence Probe,

{ PAGE KEELEY  Has your thinking changed? If so, explain
. BE’C IEMCE
b PROBES

B4 EVALUATE Module: Earthouakes
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O Three-Dimensional Thinking

1. The map below shows Earth’s crust braken In1a 12 major pkates,
Thesa plates are in constant motion, and Earth experierces
earthquakes every day.

Think abcit patterns of earthquakes, Which number on the map shows
wiherg garthguakes are most Bkely oot

&
B. 2
.3
D, 4

2. Looking at the map above, exalain what you know about the patters
ol where earthquakas ocour,

Sample answer: Although earthquakes occur
all over the world, there is a definite pattern.
Most earthquakes occur in the same areas as_
volcanoes and along the boundaries of oceans
and continents. Seee— =

EVALUATE Lesson | Map Earthquakes BB




Extend It

Use svidence from the lesson 1o support your opinion about whether or
nat bomes in ynor ared shiould have earthquake-resistant structenes

Sample answer: | think that homes in my
area should have earthquake-resistant
structures so that we are more prepared.
California has a large fault line where many
earthquakes occur. Having a house that is
earthquake-resistant would help people to
be more safe when an earthquake occurs.

Wihat gquestions do you still nave about es-thguakes?

Sample answer: Have researchers designed
new ways for making structures earthquake
resistant?

Plan and carry out an invastigation or research to find the answer
1o your guestion

KEEP PLANNING
ETEM Muodide Progeo
Engjineet ing Cliallsncs

You have learned where earthguakes ocour, Go to your Module
Project and explain how the information will affect your plan for
your builging.

B6 EVALUATE Module: Earthguakes
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| LESSON 2 LAUNCH |
Ground-Shaking Event

brs. Morales' students shared different ideas they had about how esrthguakes moved.
Mrs. Morales then invited a seismologist from the Southern California Earthqualke Center 1o
talk to the clazs about earthquakes. She talked about how earthquakes moved, Aftar the
students Istened 10 the seismologist's @k, Ms. Morales asked the students 1o revisil their
ideas. Which Idea do you think s now the best idea?

Tania Earthquakes hove the same stremgtk and shoes at the same snead,

Blanca: Ecrthguakes have the sare strergth and shake at different speeds.

Maeve: Eorthquokes have different strengths and shake ot the scme speed.

Romaytha: Eerthqumes bove different sirengths ond shake at different speeds

Whao do you think has the best idea? H-D maYth a

Explain vour thinking.

Sample answer: Earthquakes have different
strengths and move at different speeds.
Some can shake the ground with great
intensity and cause a great amount of
damage to structures and even cause death.
You will revisit the Page Kealey Sclence Prabe later in the lesson,

SCIERCE PROBE Lisszon 2 Maddl Exirttigeak: Modmingnt BT




®

Model &
- Earthquake
- Movement °




ENCOUNTER
THE PHENGMENON

How do water ripples
model earthquake movement?

D GO ONLINE

Chedk oul Wader Drog Lo see
the phenomenan in actian.

Ve Talk About |t

Look &t the photo and watch the video of a water diop. What do
you obServeT Have you ewer exparienced this phenamenon befae?

Talk about your guastions with a partner. Record veur thoughts in the
space belaw.

- Sample answer: What makes the ripples?

Why are some ripples bigger than others?
Hmz fast do thEEﬁ]plES :%ugnve?

Did You Know?

Eartnguakes ravel in waves across e w:;,_;;?‘r"-:);
Eartn and through the 1ayers of Earth. == T

|

EMGAGE Lesson 2 Model Earthgueks Movemant B9




Matarials
Hands On aluminum

Make Waves &2 reoven

Think back fo the phato you saw &t the beginning of _—
the lesson. The drop of water preduced small, gentle woves,
A larger cisturtsance. like a speeding boat, would produce

arger waves What happers when waves reach objects m cark
floating in the water? In this activity, you will cbserve the

pHects that Gifferont typos and sizos of wawos have on objocts IVE

Make a Prediction Wil waves move the objects to spring toy
a different position® Explaln yaur answer,

Sample answer: No. The ﬁ el
objects will move up and down _

and back and forth, but they e i
will not change their overall

position.
Carry Qut an Investigatian

. Fill the pan with water 10 a depth of 2.5 cm. Flace the cock in
the middle of the pen and wait untif e cork stops moving.

Gently mowve the pan back and forth once or twice.

Record Data Record observation: of the motion and final pesiticn of
the cor in the data table.

Mave tha pan aack and farth a little harger this tme 1o create larger
waves, Observe and record the motion and final position of the cork,

Clear your workspace. Using the soring toy, Ettach a small plece of
madeling clay near the center of . Mark the oosition of the clay on
vour waorkspace with & plece of tape.

Hawe a pariner hoid one end of the spring toy while you hold the
other. Stratch tha spring slightly 5o thers is some tension. On your
warkspace surface, usa twin pieces of tape 0 mark the ends of The
stretched spring L,

i g 8 Vot o AW Silialion 1V B MATAERGs L ERe i,
3K Searmai BasZre 118 D, b s g n Comrsdl) MiSonrs 41 Bsimanmimn




7. Create several small pulses by regaatadily stretching the spring and
refumning the spring to 15 original positlon. Record observatlions

of the motion and position of the clay once the waves stop.

B. Creata larger pulses by repeatedly stretching the spring and returming
the spring to ts orlginal pasition. Record your ohservations

up and down

i

up anddowna
greater distance

no change

no change

back and forth

no change

back and forth a
greater distance

no change




Communicate Information

9. How did the different waves move the objects? What pattemns of
motion did you notice?

Sample answer: The water waves moved the
I T
nge, h. The spri

back and forth, but its overall position dic

not change either.

100 Do your results support your prediciion? How did the waves alfacl
the movement of the cork and modeling clay?

Sample answer: Yes, the results supparted
EDI;LpLEd'LCﬂﬂﬂ.:LhE_EUﬂiﬂﬂd_m&dEllﬂgﬁday_
tct

moved, but their positions were no

2 anged

& Talk About It

Discuss with your partner what causes wave movement, ond how it is
similar to earthguake movement,
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MAKE YOUR CLAIM

How do the waves in the
investigation compare to the

seismic waves produced by an
earthquake?

Make your claim. Use your

Iimvestigation,

CLAIM
The waves in the waler, the spring toy, and real-world earthguakes sffect an pbjeci’s
meion Dy

Sample answer: prﬁducing the same type of wave

patterns.
Cite evidence
fram this iesson.
EVIDENCE

The investigation showed that the waves produced i
Sample answer: by the spring toy moved an object
back and forth while the water waves moved the
object Iép and down. Seismic waves produce
longitudinal and transverse waves.

Discuss your reasoning a5 a class.
Tell about your discussion.

REASONING

The evidence supports the clam hecauses_a_m_p_l_E_aﬂSﬂ.er: the ENErgy
released during an earthquake causes particles to
vibratein reguﬁar patterns of motion, The object’s
particles transfer the energy but do not travel in the
direction of the wave.

. You will revisit your claim 1o add more ¢viderce later in this lesson,

EXPLORE Losson 2 Modil Earthguake Movement 93



VOCABULARY

Look for these
words as you read:

amplitude
magnitude
Seismic wave
seismograph
transverse wave

wavelength

Theway these
Stud@nts e this

"o ligriswesse wawe

LA o
l.-l_..l'

spnrg by craatesa

Lt
L ]
i
=
L]

Waves

What do the waves that you Just modeied have to do with
=arthguekss? Earthquakes praduce waves. Think beck to

the leszon phenomenon, The drop disturbed the sarface when
it hit the still water. The disturbance produced a series of crcles
that grew [arger &5 they moved away from the center. Theses
circles are waves Recall that a wave is a disturbance that
fransfers energy fram one point to another. Just like the drop

of water, garthguakes produce waves that ripple cutward from
the place where the disturbance begins, The suddan movement
of an earthguake causes rocks o vibrate, & vibration that travels
throwgh Earth and s produced by an earthquake is called

& seizmic wave, Seismic waves spread ot in sl directions from
the focus, the point whera an garthguske begins,

The movement of particles by weves s called vibration. Waves
are classified by the type of vibration they cause in materials
Longiiudinal waves, such as sound waves, move materiale back
and forth as the wave tavels thicugh it. You used the spring toy
o produce ‘ongitudinal waves. A transverse wave is a wave that
vibrates perpendicular to the direction that the energy moves.
Transverse waves move materal up and down as they travel.
Earthguakes produce both longitudinal and transverses wesves,

Qi ExPoAN Modul@ EsrhOuakes
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Copgricinl

1. Inwhatways could you use a spring o model a transversse wana?

A longituding| wava?
Sample answer: | could model a transverse
wave by moving the spring up and down or
side to side. | could compress sections to
model a longitudinal wave.

Features of Waves

The crest of a transverse wave is its highest point. in a longtudinal wawve,
it is the point whare the particles are closest together. Waves alco have
troughs. The trough of a transverse wave 5 its lowest point. In a
longiudinal wave, It 5 the point where the partictes are farthest apart
For example, the highest point of an ocean wave = the crest, and the
lowest point is the trough. Consider a boat on the waten As a wave goes
by, the Dost fises 'With the crest amnd Tals eath the wough. The Boat mowves
up and down with the waes mobon but it doesn™ really mows in any
direction, except when it is close 1o the shoreling. Wavelength is the
distance between wave crests or troughs. Freguency is the measure

of how many cres:s or froughs move through a given pont in ane unit

of time. High-fragquency waves have shorter wavalengths and transfer
mare energy. The frequency and speed of 3 wave are not the same

The speed of a wave depends an the material through which it travels,

Amplitude is the height of @ wave from its crest or trough to its midpoint
It s & measure of the wave's strength

Sriantists working on the
Slunkesile L EoaUnguake Emily
Wirring Systom. This system
will help keap peaple safe

FRIMARY.SQURCE

Y

gicuis o Lhe Wesl Cossl
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All waves transfer energy without permanently moving the material
through which they travel. This means that after a wave has pagsed,
particies ohd up In abaut the same poestion they startad in

2. Draw waves with the charactenstics indicated bBalow.

Long wawelzngth, low frequency;

Drawing should show same height
peaks and narrower waves.

Short wevelength, high frequency:

Drawing should show same height
peaks and wider waves.

Label a Diagram: Parts of Waves 50 ONLINE Watch the video

Usa what vou lgarned to label the wavelength, Earthouoke Mowermen! 1o see how
amplitude, crest. and trough of @ach wave. earthguake wavas meve,

The;ﬂ-um.?n ITEWES LI At Bown. )
Particles o the medium move up
ard down

Thiz waves are moving in ihis desction

P The wibration mowes lelt and
Longitudnat Weve W 3V @ | @NG TN Tof Bd e redin
i i e o e P 1 e - LRI ardd T

rarefaction :praa&lan
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Record and Measure
Earthquakes

Scientists measure seismic waves with a seismegraph

A seismagraph is an instrument used to detect and
record earthouakes. The device shows the waves as o o0

curvy lines. The stronger the guake, the steaper tha lines. I&F—

The amouni of enercy released by an earthquake 5 its mmﬂuﬂ&
The Richier scale measures magnitide, the [argest graund movemant,
when an earthquake accurs. [k rates earthquakes from weakest 1o
strangest starting a1 1. Each larger whole number indicates that an
earthguake has released 32 Tmes more enNergy.

The Mercalll scale measures what people felt and what happened
during an earthosake. it uses Roman numerals from | o XL

(]

il
ife

!’Eﬂﬂerli : TIME i[Latall

3. What do you think happens to'the amplitude of an earthguake wave
when Its magnitude increases?

Sample answer: The amplitude ofan
earthquake wave increases as the magnitude
Increases.
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FaSimulalion

Earthquake Waves

An eartiquake’s energy is determined by the wave's freaquency and
amaliiude. We label the amount of energy an earibgunke’s wave has
as magnituce,
= .| © 60 ONLINE
L By

LI=e the simulation

ECrifniare Woves to
complete the activity

Mow you will observe earthquakes of different magnitudes and sea
how they move the graund and Buildings.

Make a Prediction Wha! will happen e earthysake waves when
the magniiude of the earthouake = ncreased?

Sample answer: The ground will shake more
and buildings will show more damage as the
magnitude of the earthquake is increased.

1. Observe the longitudmnal and tfransverse waves as you use the slider
to change thair arplitude and frequency. Record your cbservations.

Sample answer: | noticed that when the
amplitude was increased, the waves that were
close moved even closer, while the parts where
they were spread out became farther apart.

2. Investigate how earthouakes of different magnitudes affect bulldings
on Solid Rock. Use the slider bar to select an earthauake magnitude.
Prezs the play button to set off the earthouake.

3. Record Data Tesl mdgniludes 2, 4,6, and 5. Use e camera bullon
10 take & plicture of the effects far each of these magnitudes.
Recerd your data in the table,

4. Repsat steps 2-3 1o Investigate the effects of earthquakes on buildings on Soll




Capg® 181 B = FAl [ gastim

building seismograph

ts should observe|that the damage
idingsfincreases as magnitud

4 Increases. The seismograph records
*"‘=iii'i=i-- ACes

s at each magnitude. The building on soil

s LER ] Br=il=i8 [ ]

Communicate Information

Lising the notebook in the simulation, explain how you can develop
and use a model to describe patterns of 8 wave's amplitude and
wavelength. Use a drawing to SUDPOrT your response.

Sample answer: Drawings of waves can be
used to describe earthquakes. The
magnitude is shown as the amplitude of the
wave. The pattern changes as the magnitude
changes. An increase in magnitude results in
an increase in amplitude.

7 Talk About It

Did your resuits support yvour prediction? Discuss with a parnet

COLLECT EVIDENCE

Use vaur abservations as evidencs 1o add o your clalm
froan earlierin the lesson.




How Could You Become a Seismc}lmgist?
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Do you wander low you can reduce

e effects of an earthowake? If s, then
selsmology might be the field far you.
Selsmographs record the waves produced
oy earthquzakes. EEiSMﬂlﬂg ists
study these waves to Iook for patierns.

Semmologists sludy seismic wawes and
their effects an Earth in the past and the
oresont. The black and white photos show
the effect of an earthquaksa that cccurred in
£arn Courty, California in 1952,

Surdag

et O Merm e VUSES. Eluseil Hisork e The linnaiodlk

Seimologists use this data to help 1552 Kam County. Callfaria earthquake
enginecrs design buildings thot con bettar

withstand the shaking caused by e Yaur Turn

sarthguakes,

: i Likz a selsmelogist, you will now
SREMOICCASTS wiork with comptiters
= i analyze data from past earthguakes.

BEGROTIN m'ul‘“‘ ot c.”"':"" rEandlyae Completa the activity on the nexi
data. Seismologists often flind work page te find out mare abaut

i the pl:*tlrl::-.mm industry, in gewernment sarthguakes of differant strangths,
arganizations, and &t universities.

Ceogi il B BicG e HE Erkafdfos (152 Hedl 115 eisges
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Historical Earthquakes
in California

California has experiznced o great number of earthgquakes throughout its
history. ©On a separate shest of graph paper, plot the points in the table,
Analyze and imterpret your data to answer the guestions below.

([T
Morthiridyga,
Colifamia
earthijiaks

| California Earthquake Data

Year Location - Magnitude | Year Location | Magnitude

| 1906 = SanFrancisco | 7.8 1980 Eureka 7.2

18t Calaveras Faul 65 |1984  Morgan Hill 6.2

| 1920 Los Angeles | 49 1989 Loma Prieta | €.9

1523 Cape Mendocine T2 1992 Landers | 1.3

| 1833 LongBeach = 64 1904 Morthridge | &3

(1940 imperialValley | 71 2004  Parkfield | 60

1954 Arcata | GG 2010 Baja | 1.2
1. According to the data, which decade experenced the most
earthouakes?
The 1980s experienced the most
earthquakes.

2. What patters con you identify in the imtensity of past eorthaguakes?

About every 20 years, we have a major
earthquake.
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EXPLAEIN How do water

THE FHENOMENON

ripples model
earthquake movement?

Summarize It

Use whal you have [eamed 1o 2xplain bow the mavemen | of waler
rippies 5 like the movement of earthquake waves,

Sample answer: The water ripples move in
waves, just like earthquakes. They are a
repeated motion that begins with a
disturbance. The water ripples have
wavelength and amplitude, just like
earthquake waves. They move outward from
the center in a repeating motion, just like
earthquakes.

REVISIT Rewrntothe PFage Keeley Scierce Probe on
’. PAGE KEELEY page 87 Has your thinking changed? If so,
P s

SCIENCE ,
PROBES explam how it has changed

102 EVALLATE Module: Earthquakas
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D Three-Dimensional Thinking

1. What factors affect the spaed of a wave?

Sample answer: The speed of a wave depends
on the material through which it travels.

mave material back and forth.

A Transverse Waves

Lung'rtuninul WEVES

C. Wavelengths
D. MNone of the above

3. Why iz it Iimportant to knaw the magnitude of an carthquake?

Sample answer: The magnitude helps

seismolo %[5.1:5. measure the amount of energy
released by the grinding of plates.

ATH If & soismomater recorde an sarthqualke of 7.0
magnitude, how much energy € released compared tooa 6.0 sarthguake?

Sample answer: It would release 32 times
more energy since each whole number on a
Richter Scale is equal to 32 times more
energy.
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Extend It

You are g builder in your community, How might you communicats with
the citizens Anout the pifects of sekmic wases on Their homes?

Wrilc o speech, draw o poater, oroate a fiyer, of use media, Use the space r| u J I|
below to wirite a draft. J

Sample answer: First, | will present

the history of earthquakes in the region.
Second, | will explain to the citizens

the types of waves present in earthquakes.
Using a model, | will demonstrate which
types of waves produce the most damage
to their homes.

What questions do you sl nave about selsmic waves?

SEI'I'IP[E answer: Have researchers _fnund
new information about how seismic waves

affect structures?

Plan and carry out an investigation or research to find the answer
10 your guastion.

KEEP PLANNING .
ETEM Mediie Project

Engineering Challenge

Maw that you have [samed about sarthgueke moverment, o 1o your
Module Project Lo explamn how the information will alfect your plan
for your bullding.

104 EVALUATE Module Earthguakes

Eoper @ Moo i oot




' PA.ET KEELEY
SCIENCE
il PFROBES

 LESSON 3 LAUNCH |
Shake, But Don't Fall

Earthguakes can cause human-made struciures o collapse.
Circle the boxes that are examples of things that can be done
fo reduce earthouake damage.

il ; . ! Reduring 1he height of
Designing buidings that Buildi nareas
aning hukdings tn IicHng iy o buidings in areas whers

can resist forces from where there has bean
he side. no record of earthguakes.

earthquakes are most
likely to ooour.

Makingg the frame of ] [
Connecting beams {
a building less heavy b!.f< s Training pecple to seek

d col th |
reducing the number ;TB mﬂ;m ! | shelter under doorways,
of baams, s :

Adding fiuids deap nto Preparing for earthguakes izing the floor of houses
the ground 1o prevant by paying close attantion above ground when
earthquakes from occurring. | 1o the weather. Douilding near coastlines,

Explain your choices.

Sample answer: Designing buildings that can
resist forces from the side and connecting
beams and columns will help reinforce man-
made structures. Also, raising the floor of
houses above ground when building near
coastlines wilﬁelp reduce the effects of
water damage caused by tsunamis.

You will revisit the Page Keeley Science Probe later In the lessan,

SCIERCE PROSE  Livsstin 3 Roducs Eaitndubke Dembas 1905




Reduce
Earthquake
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ENCOUNTER
THE FHENOMENON

What features make structures
resistant to earthquakes?

Q) GO ONLINE

Check out Arichges o See
the phenomenan in actian,

Loak at the phote and watch the video of the. old and new gastern
sparn of the Oakland Bay Bricge. What questions do you have about
the phenomenon? Share vour thewughts with a pasner. Record or
drone your theughts below,

Sample answer: Vgh){.iﬁ the bridge being
idt

replaced? Why d ey change Its
design? What features are similar to the
old bridge? How would an earthquake
affect its structure?

Did You Know? =

The new eastern span of the Dakland Bay

Bricge is suspendz=d by one main cabla

made of 17,2533 compressed wires, it's one f,.'ﬂ-r_, )|

of the largest spans of its kind in the world | (] i1 L]

Eepyrigien @ HoCeps |0l Cdapbes
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F~Hands On

Earthquake Effects

¥ou have Icarned about how carthgquaie weves move.

Make a Prediction What =ffect doss the mation from an
sarthquake have on roads and buildings?

Sample answer: The motion
from an earthquake has the
ability to knock buildings
down and break roads apart.

Carry Qut an Investigation

1. Tape a plece of construction paper to the cover of each
e 00K,

2. Place the books next to each other on a desk, spine 1o
‘spine, Place two smoath, round pencils under each ook,
spaced so the books roll easily. Draw a “road" that crosses
from one plece of construction paper to thae other.,

3, Use the blocks fo construct a small “house” where the books meet,
4. Slowly and gently shake the cesk to model an earthouake.

5, Record vour chsorvations by drawing a sketch and labeling
thie cetails of what you observed,

Students should indicate that the books
and blocks moved 5!Ightl¥. The road may
a

break. A few blocks may tall over.

6. Line up the road and rebulld your house to mateh its appearance in
ctep 3.

7. Shake the desk rapidhly and with more force, Observe what happens
1o the road and the house.

Gz Op1 6 VDD Pl B G2 BdoiiaTe e fouaan,
15 By b e 00 b s | W = i 5 s o oy | 5 i




B. Recorg your observations by drawing a sketch and labeling the details
of what happenad,

Sample answer: The books will separate
even more. The blocks will likely topple
over and the road will break.

Communicate Information

9. What effect did the motien have on the roads and building? Use
cvidenco to axplain whether the resulls support your prediction,

Sample answer: The motion | observed broke
the roads and building. This supports my

prediction.

| What causes earthguakes? How would you desian a solution
that preverts vour house from breaking? Draw vour design below,

SamElE answer: | could use different

flexible materials to allow parts
to move without breaking.

Ty Talk About It

What can be done to prevent earthquake damage? How could
earthquakes damags a bridge? Share your ideas with & smal group,




Predict Earthquakes

Most earthguakes are too weak to be noticed, Others cause
grtreme damage. During & major earthguake, bukdings and roads
might break apart. Bridges might colapse

VOCABULARY

Look for these

WIS 85 youl read;

bracing _ _ _ _
Selsmologiste use seismomatars 10 antify and map the epicentan

lateral force of eartbqguakes. Then they compare the epicanter lasation o kroawn
foult locations. They use this information to describe how rock along

shear wall the faulis has moved over lime, They walch faulls fo

et people know sbout the threat of possible earthquakes.

A e Er G ake
damaged thiz highway.

1. Why do seismologists walch fauks?

Sample answer: [ hey watch faults in order to
detect possible earthquakes.

LOPTEFT ™ WoLrpe 18
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Earthquake Signs

& pulge or change in the angbe of the greund Is a sign that
an earthquake 15 llkely o occur, But even with these signs,
L5 difficult to predict Row soon an earthquake will ocour,
It eaulkd be hours, days, weaks or months before enough
energy builds up for the ground to shift.

e

Mew technology can wam people that an earthgquake is coming, * -'-'.'-":_1 s
The waaming gves peaple seconds, or minutes, nolice of

an earthquake's arrlval. This technology works by first detecting
iongitudinal waves from a break ot a fault, The sensors then analyze the
data to determing the lncation and size of the earthogueke, The system
sends & message stating the Intensity and arrival time of

tha earthauake,

Label a Diagram: Earthguake Warning

Recall the information from Lesson 2 about how seismographs record
selsnic waves. Label the longltudinal wave and transverse wawve
Ir this dlagram.

Earthquake Early Werning Baales

i ar awshniiake, Dl 2 SErvnis deract RS langimiid Fal A, b SR i Sl T e
WrdEE DA e fanbent oo pnd ranrrd dpks b the phociromis dowico, which cok: olabey
Franoamne e arise [aer serrpiske wimd cenlecto T mepecied inbsrewby wc ariheal
Bl CaisR i e dBmeallE. LT [P K aid side B O TTe BTG ke &L Ao Kalkon,
afthe oua o,

Eepyrigien @ HoCeps |0l Cdapbes
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Earthquake Satety

Yau can stay sate during an earthdquake by followang & few simpla mibes
IN ol aie indoors, duck uncder a Labile o doorway, Keep awiay rom walls
and windows, IFyou arg ouldoors, stay avay feom treas, power lines,
and any structures that might fall dawn.

People cannot stop an earthquake from coowring, but they can take
steps to reduce the damage & causes. Secure objects invour house
that might fall if you ve in an earthquake-orone area. You can afso S Marmy o the anjects °,

1 in this hause wars
I:.‘r!i.'-llll"'y’ Sale jll,_-| cEs 0 use as sheiter g |-IIE'| 2 2l '|‘;L|IJ.'-1-IH-' -

maved of broken
during the
sartihjues

1. Why should you get under a sturdy table 1o stay Safein an earthouake?

Sample answer: The door frame or table will
block objects from falling on you.

M2 ExPLAIN Module Earthguakes
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Safe Structures

Certain building materlals can belp a structure stand up to earthguakes.
Matenals such as bricks and concrete blocks crumble easlly when shaken.
Reinforced concrete, metal, and wood wiork better because they can ba
tied Lo other parts of the struciure and do nol crumble.

Shiorter buildings might be less likely to bo damaged ir an earthguake,
but tall bulldings can alse remain stable durng an sarthguake_ Very tall
buildings are more flexible than shorter buidings. Buildings that are mare
flexible are iess likely to collapse.

Placing layers of rubber and steel, or motion dampeners, at the base of
oridges can reduce damage from earthqualkes. Some of these motian
damponers act kg the shock absorbers in a car, Sectlons of bridocs
can be joined by rubber [oints that allow the bridge 1o sway during

an earthquake. The rubber jcints make bridges more flexibie.

anotheer safay feallre can e seen n 2 east span of The Oakland Bay Bridge,
It suspends by & single cable from a main tower. The main tower

is made up of four concrete towers designed to fiex and remain intact

through the strongest earthquakes.

Fainforied fonciehe haxt metal piaces insde This newy Cakland Bay Bridge |5 mone e
At ta it tepette and kaap it Tnom brsaking B Ewirig- 1% singée cabla (oaps unded tha rdad
with movemant 3N -DWET IT5 Maln toweer,

2. How can a structure be mode more earthaguake-resistont? Morms two woys,

Sample answer: Use reinforced concrete,
metal, and wood instead of bricks or blocks.
Use layers of rubber and steel beneath the
structure to absaorb movement from
earthquakes.
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Inspect

Read this passage from
the Investigator article
Designing Strong
Bultdings, Underline text
evidence thal tells how
bracirg supoorts an
earthquake-resistant
buiitring

Find Evidence

Reread Hghilight taxt
evidence thal wells how
huildings can resist lateral
forces.

Notes

Designing Strong
Buildings

Architects and scientists study earthguakes 1o design safe
buitdings. A building needs to resist lateral forces during
ah =arthguake. Lateral forces are forces that come from
the side, Bulldings have steel, wood, or concrete frames.
Horzomnal beams suoport the welght of jools and 1leors.

Beams transter forces 1o vartical columns, Columns
transfer farces ta the foundation. The faundation transfers

lorces to the ground The frame of a building can resist
bateral forces with bracing. Bracing s made of diagornal
peces connecting beams and Columns. Bracing comes |n
sgveral shapes Some bracing locks like the etter X
Oither bracing looks fike the letter K.

X-BRACING

This tedlding’s frame bas X bracing, Bracing can aiso look lika the
lettar K

Thia skivacraper i Tanwan was designed 10 withatend earhquakes,

T ExXpPLAIN Module: Earthouakes
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Buildings car alsa resist latera! forces [N
& shear wall (s a stff wall mede of braced panels. Some Make Connections
tall bulldings have a shear core. A shear core |s usually ‘ﬂ'ﬁ'rﬂ”.,; About It
a stairwell or elevator chaft with 2 shear wall on each side.

Haw cauld & structiral

Architaects and engineers detarmine the size of & snear

wall based on thelr caloulations of pofential |ateral forces. ifﬂ;n;j;::f:::framer
another way for very tall buildings to resist lateral forces is building earthquake
I = camper is 3 mass that can welgh over resistant bulidings?

a millon pounds. It is attached to the bulding on the inside

ot ther tap floors, but it moves indepandently trom the Notes

budliding, The camper makas the building mowva less from
iateral forcas,

How do bracing 2nd shear walls help a building?

Sample answer: Bracing and

shear walls help a building to
stand up to the lateral forces
of an earthquake.

This huiilding .__
185 @ 728-10n damoers.
that helps it resst |
movarienl. The dampar
hangs between  «
= theETthand ¢
“s_ Sindfioors, -

-I-'

K GO ONLINE Watch the video
Emrthguiks Damoge bo see e
earthnuake-resiztant building features.

IE ?lll’ Revisit the Page Keeley Science Probe
PialaF KEFFIFY (=
'. sciEMcE O Page 105,
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STEM Cannection

owe you ever been in an emergency?
Whao helped you? Where did you go o slay
safa? You might have been halpad by
4 police officer or a medical doctor—there
are many types of people who helpin
an emergency. But what if this emergency
rvalad a ratural disaster, like an
sarthquake? That is whese you would
receve help from me! | am an
emergency management
specialist. and | help oeople during
amergencies, such &5 earthquakes,
1sunaniis, and floods,

1% 90 rewarding to help peopls in nead!
Today | helped coordinate the delivery of
food, waber, and rredicine to e viclims of
an earthquake in southerr California, | also
Ralpad ta sel up sheltars tar those wing
had wost their homeas. The viclims were so
grateful for helz
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This efrercanty maragemeny specialis]
Is “lping peoghe that wers Imposied oy
an e thguahe
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Mot avary day s as avanitul As foday, oot we are constanthy prepanng
for days ke this. Sometimes | review emergency avacuation routes _ /)l"-.
te make sure they are the most efficlent, | help organize emergency 7 MH‘T
response teams to respend quickly when natural disasters occur [ateo - /__ J "::'.‘
felp communilies that have been hit by & natural dizasier apply for i f_'-:._,.

smergency funds.

Ermargansy managoemon: apacialicts ik

me help peoale throughayt an emergency,
Most of the time we are inthe preparing
stage, It takes |ots of planning to presane for
emergencies, Immed ately attar a natural
cisaster, we respend, In the doys and manths
Firlonnaing, we help L peopbs recover and
e rebuild,

It"s Your Turn

Think like &an emergency management specialist. Compleie
the activity an the next page to research additional ways 1o
reducs earthquake damage I your community,

T Talk About It

Haow wiould an emargency management specialist halp prepare
fer future earthguakes?
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Earthquake-Resistant Structures 7 71 ‘E N
| One way that people can prepare for 2arthquakes s by building J"f’i-;lj;:l_"'“ s

earthquake-rasistant structores that will Esep peopla safe How are |:.'|
- buiidings near you designad to resist aarthguake movement? |

I.
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In this activity, you will research two different earthquake-resistant structures
found in cities near you, You will report your resulls In 2 elevsion news
story about how the deslgns keep peaple safe

Ask a Question What guestion will You answer With your research?

Sample answer: What features make man-
made structures resistant to earthquakes?

 Carry Out an Investigation

1. Salect two sarthquake-resistant structures found in cities
nEar you,

2. Reseaich the two different structures. Identily the design
features that help them stand up to the motion of
an earthguake,

Sructural ergineers design
3, Skatch the two structuras balow, Label the features that e

help ecach struclure recist earthaushe mavement i this treated wales storage tank:

Students
should sketch
each structure
and label the
support and
motion
dampening in
each drawing.
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g, How does each of the design features keep pecple safe?

Sample answer: The bracing holds beams and
columns together and makes the building
stronger. The motion damper absorbs motion
so that bridges can flex and remain standing.

5. How dothe twao structures comparne?
: Both structures use a motion
damper beneath their foundation.

B. Use your research to prepare a news slory to prasernt to the class.
Be sure to uss visuals ta help explain your results. Use the space
below to plan your presentaticn.

Students should outline their presentationin.
a Eﬁ‘tﬂ@ﬂg&ﬁiﬂgﬂﬁﬂﬂ[&d&&@ﬂﬂﬂL

loNns.

What dothe structure and function of your design features have
ir common with earthquake-resistant buildings near you? Use
evidence from your research to construct your explanation,

Sample answer: Bracing, shear walls, and
motion dampers are common in both because
they absorb the motion of an earthquake.

Cezgapel® Hedp= i§E Campras

3 Talk About It

What other features would you invent to improva the chances of
a structure resksting an earthgquake? Share your thoughts with a partrer.




EXPLAIN What features make

THE PHENOMENON .
structures resistant to

earthquakes?

Summarize It
Explain how structuras can be designed (o reduce earthquake damage,

Sample answer: Structures can be
constructed of strong but flexible materials
that allow them to sway but not break during
an earthquake. Structures can use different
types of motion-dampening devices to resist
movement. Buildings can include bracing,
shear walls, and shear cores which can help
them resist lateral forces.

REVISIT Returntothe Page Keeley Science Probe on
'. PAGE KEELEY DPage 105, Has your thinking changed? f 5o,
el

SCIENCE cyxplain how it has chanoged,
PROBES ; =
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Eepyrigien @ HoCeps |0l Cdapbes

@ Three-Dimensional Thinking

1. What patterns did you notlce Inearthguake-resictant structures?

Sample answer: Longer bridges and taller
buildings are more fﬁzx[hle because they
include more rubber joints and more bracing
in their design.

2. How does knowing aboul earthquake waves heip engireers design
=afer structures in a fiab?

Sample answers: Engineers can test different
materials and designs by simulating seismic
waves in a lab to predict if the design will
withstand earthquake waves.

3 is made of diagonal pleces connacting beams and
columns. Ik comes in sevaral shapes.

A A lateral wall
B. Adamper

. Acshizar weall

Ernmng
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Extend It

You afe sn emergenty management spacialist in your community.
How mignt you communicate with your citizens about proper precautions
1o reduce earthquaks damage?

Write a speoch, draw a poster, create a fiyer, o use media,

Sample answer: | would use media to show
citizens different ways of staying safe
during an earthquake and ways to protect
their home from earthquake damage.

KEEP PLANNING
ETEM ModiEe Frigec!

Engineering Challenge

Haw that you have [samed about recucing earthguake damage,
Go b your Modube Project o exglain how te informabion will affect
wour plan for your bulkding.

122 =vALUATE Module: Earthguakes




' STEM Module Project

Engineering Challenge

Design an
Earthquake-Resistant
Building

You've been hired as a structural enginear,

Lging what yeu have kearned throughout this
module, vou wil develop twa designs for a school.
Your goal will be to work with a small group to
design, build, and test your maodels of a school building

10 =ee if they are able to resist the forces of an earthouake. You will
compare the resuits of the test and select the design that best minimlzes
earthguake damages.
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Planning after Lesson 1

Apply what you have learmed about earthquakes and where
they ooour b2 your project planning.

/7 Record information ™,

to help wou plan your model
your prejact planning? . after each lesson, '

How does knowing where earthquakes occur affect |

Sample answer: | could work
with a cartographer who has
mapped where earthquakes
occur inthe area where | plan to
build so | can determine the best
location and prepare my design.

- i




Planning after Lesson 2

Apply what you learned about how earthquakes move to your
projecl planning.

Wihat factors should he considared when hulidng your models?

Sample answer: | will need to design

the buildings to withstand both horizontal
and vertical motion. | also need them to
withstand earthquakes of varying
magnitudes.

Planning after Lesson 3

Apply what vou learned about preparing for garthguakes to cantinue
vourpreject planning.

Wihal design features will you use [n your models Lo help I withstand
earthqualke forces?

Sample answer: | will use bracing and
shear walls to help my model bmldinES
withstand the forces of an earthquake.




Research the Problem
m Read the Investigater articlks Desfgming Strong Bulkings.

Research bllding designs amd the strengihs of vanous geasmeiric
shapes by going enline o eacher-approved websites, or find bocks ¢n
strong buikding designs ol your local lbrary.

Source | Information to Use in My Project

Sample answer: ' Using horizontal beams,
Investigator different types of
article, various @ bracing, and shear walls
online sources @ tosupport the structure.

Triangles are the
strongest shape.

Sketch Your Model

A} Connection| Draw your ideas in the space balow. Use different
colared pendcils o identily paraliel lines, perpandicular fines, and angles

[right, acuie, obtuse) Select two models 1o buldd and test.

Students’ drawings will vary. Drawings
should show two models with different
features that allow buildings to resist
earthquakes or reduce damage.




Design an
Earthquake-Resistant
Building

Look back at the planning you did after each lesson, Use that information
to-complete your final module project. As part of the design criternia, your
madels must remain standing after being placed on a 1able and shaken
far 15 seconds. The constraint is that your model must measure between
5= cm (612 Inchesy

The Engineering Design Process

) GO ONLINE 10 learn more about each
step of the Oesign Process.

Build Your Model Materials
1. Cetermine the prablem you are trylng to sclve
with your madels Students will

Cetermine the criterie for your moadels, and list d.E tE‘ rm [_nE thei r
the materials you will use to bulld vour medels, .
materials.

Use wour project planning o bulkd your models,

o Record the steps of vour procedune to canry out
a fair test of vour models.

v U=e the results of your test to compane your two
mocels. Then select the design thal best meels
the criteria and consirgints of the project.




Procedure: ] Make eight equally sized balls of clay; 2. Cut
eight straws into 15 cm (6-inch) lengths; 3. Cut four of the
straws in half; 4. Insert each longer straw into a ball of clay
and stand it upright; 5. Connect the sharter straws to the
clay to form the bottom of the model; 6. Place a ball of clay
on top of each straw, then repeat step 5; 7. Cut cardboard to
fit the sides and top of the frame; 8. Tie the cardbeoard
pieces to the side and top of the frame with string; 9. Place
model in the center of a desk. Test by shaking desk for X
minutes, Observe what happens to the model; 10. Use what
was observed to improve the design. Test the improved
model and observe, —

77 Youareusng
Test Your Model | the Engineering Design )

Record ynur ohsarvations and results, Lise a data “‘-Rajm:gss_'
table or soparate shoot of paper If neades. Salact tha —
design that best meets the criterla and present & to your dass.

Model one test: | shook my model and observed that
three of the straws on tap of the model had come out
of the clay. The building was leaning to one side, too.

Model two test: | used more straws to brace the sides
of the building. | also used more clay where the straws
met. | shook the model for the same amount of time
and with the same amount of force as the first test.

| checked the model after shaking. It was not leaning.
When | looked at the straw frame inside, | saw that all
of the straws had stayed in place.




Y GMTTRE RN A Ta Dendast
\ STEM Medule Project

L hallen
Communicate Your Results

Share the plan for vour modeds and your resulis with another group,
Compare how well each of vour models was able to meet the criterla
of withstanding the force of an earthquake. Discuss how well your
maodels met the criteria and constraints. and idemtify ways you can
improve voaur modals, Communicate vaur Tindings below.

Sample answer: Some classmates used
stronger materials, like craftsticks and glue.
Their models worked better than mine; they
both met the criteria. Another group used
paper and tape. Their model was not as
strong as my models. They had to brace their
models with cardboard to help it withstand
the shaking. | think if | used straws and

craftsticks, then | could make a really strong
model that would withstand an earthquake.




MODULE WRAFP-UF

REVISIT s g g
: e learned in this module;
THE FHENOMENON exploin why this buildirg
‘collapsed, but the others
dic not.

Sample answer:
My module project showed me

that | had to think of the stability

of the base of my building so that

it could withstand the effects of

an earthquake. This building

—

collapsed because it was I,-’frjlﬁe'-fisi:gw"pr‘ajs:g“u\t
not designed to be \ IFyou need to gather )
. % : .
earthquake-resistant. “~~a._f””ff”f‘f_“,”“‘ -
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Howe has wour thinking changed? Explain

g
b ¥

— A1 ~Lnow know that engineers can design
— L\ ([zearthquake-resistant structures that can
—— . Feduce the damage of seismic waves.

:
;
:
B
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