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L esson #12
Retaining Walls
Grade Level: 3-4 Teachers, thisis abasic
Can be extended to 5-6 lesson plan that you may

maodify at your discretion.

M odificationstovideo: Therehavebeen several changesto thelesson plan sincethe video was made.
Thislesson plan reflectsthelatest changesmade asaresult of suggestionsfrom teacherswho have pre-
sented thelesson during the daytime program. Because of time constraints, the activity of measuring pilesof
sand was changed to ademonstration format. Please continueto send usyour ideas!

Overall educational objectives. Studentswill be ableto namethe propertiesof sand asrelated to the
propertiesand the building of retaining walls. They will build aretaining wall and state how retaining
wallsare used.

Associated Standard CORE obj ectives:
3040-05 Studentswill exploreand classfy soils.
3030-0202  Investigatetheimpact of technology on resources.

Materialslist:
6- Picturesof retainingwalls 1 - Section of rebar
6 - Tubsof sand 6 - Retainingwall boxes
6 - Dowel piecesfor boxes 6- 7" x 10" Compacting boards
6 - Plastic scoops 3 - Dust pansand brooms
- String, tape, paper - Tarps (Floor cover)
Teacher provides.
1- Adult helper
- SCISSOrs
- poster board (optional)
L esson activities:
1 Beginwith thesethought questions: How issand formed? Where doessand fit in therock cycle?
How would retainingwallshelp prevent eroson? How do retaining wa I saffect the environment?
2. To explorethe properties of sand, demonstrate measuring the height of sand piles. All of thepiles

will beabout thesameheight. Thereisonly acertain height you can attain with agiven quantity of
sand because thereisnothing thereto keepit fromdiding.



Pilethe sand against aboard and see what happens. You should see about the sameresult because
thereisonly oneside holding up thesand. Theangleformed at thedopeand thehorizontal iscalled
theangleof repose.

Usetheretainingwall picturesto demonstrate how retaining walls support roadsand bridges. Have
the students point out the critical features.

Dividetheclassinto 6 teams. Eachteamwill now be challengedto buildawall (usingthe provided
boxes, paper, and string) that will hold 16 inches of sandwithout failing. A wall isconsderedfailed
if it collapsesor if thereisadeflection of 5 degreesor more (marked on the box) whentheend
board isremoved.

Start by having each team construct aretaining wall fromal1” x 177 sheet of paper, masking tape,

and string. Demonstrate how thisisdone:

a.) Fold right-angleflaps (about 1 1/2") on the sidesand bottom of the paper by laying it over the
end board from abox and forming flaps around the board edges.

b.) Using pre-cut piecesof 12”-14" string, tapetheends of 2-4 piecesaong ahorizontal line
approximately 2" abovethe bottom flap of the paper. Thisisthefirstlineof “rebar.” Repeat this
arrangement upward 4 or 5 timesalong the paper. Students should be allowed to decidethe
number and spacing of both the* rebar” stringsand thelinesof “rebar.”

The paper flapswill be put against the end board that isheld in placeby adowel. Besurethat the

bottom and sideflaps of the paper areflat against thewallsand that the sand coversthem. Add

sand up to thefirst reinforcements, then compact the sand. Extend the stringsto the back of the
box. Take careto compact each layer beforelaying down the next row of string. Compactionisa
critical factor in building retaining walls. Thebetter the sand iscompacted themoreweight thewall
will hold. Continuethisprocessup tothetop line, making surethat thetop of the paper isfolded
over and covered with sand.

Carefully pull back on the end board and remove the dowel. Then carefully wiggletheboard from
sideto side until you are ableto removeit. Check the end of the box to seeif thereisany deflec-
tion. Deflectionisadeviation fromthedesired angle. Thewall isasuccessif thereislessthan5
degreesof deflection or if it doesnot collapse when weight isput onit. Have astudent carefully
stand on top of the sand. If thewall doesn’t fail, have another student stand on the sand. If the wall
still holds, have one of the students carefully jump up and down until thewall fails.

Havethe studentswrite aparagraph summary about retaining wallsand why their wall was success-
ful orwhy itfailed.

Background infor mation:

Retaining wallsare an important part of erosion control, dam construction, and road construction.
They areeffectivetoolsin providing support for avariety of needs.

Sand isoften used becauseitisarelatively inexpensiveresource.

Sandisaloose, incoherent massof mineral materialsinafindly granular condition, usually consisting
of quartz, withasmall proportion of mica, feldspar and other resistant materials. Itisthe product of
chemical (rain) and mechanical (wind) disintegration of rocksunder theinfluencesof weeathering and
abrasion.



. Erosion, oneof principle mechanismsfor sand formation, isconsidered to bethenaturd, physical,
and chemical processes by which the soil and therocks of the earth’s crust are continuously
abraded and corroded. Most erosion resultsfrom the combined activity of several factors, such as
heat, cold, gases, water, wind, gravity, and plant life. 1nsomeregionsone cause may be
predominant, aswindinarid countries.

. Kindsof erosion may be grouped into two major divisons. geological erosion, which affectsrocks
aswell assoil; and soil erosion.

Classorganization: Becausethisisagroup activity, it may require morethan one supervisor whilethe
studentsare creating aretaining wall (especialy with the studentsin theyounger grades). Be surethat all
members of each group are allowed to participate and learn fromthe activity. 1t might beagoodideato
have cleaning suppliesavailable, such asavacuum cleaner, broom, and dustpan.

Teacher tips:

. Thechildrenwill need at least 25 minutesto build an effectivewall.

. String can bewound around your arm from elbow to thumb and cut at both endsto providethe
appropriatelengths. Thiscan bedonebeforeclass.

. If thesand isdusty, moisten dightly.

Extensions:

Discussthedifferent kindsof soil (especially soilsinyour region) and theimportance each kind of soil plays
directly inour lives. Dividethe studentsinto small groups, giving each group aset of magazinesto look for
picturesinwhich soil and sand play animportant role. Create acollage on poster paper from the pictures.

Have studentsbring in closed jarswith samples of soil from their neighborhood.

After adiscussion of erosion, createamodel inatray of ahillside using sand and soil. Pour water on
themodel and | et the students describe what happens. Severa activitiesare outlined in The Compre-
hensive Water Education Book, lesson 31.

Safety precautions. If achildjumpsonthe sandinthebox to causetheretainingwall tofail (asshownin
thevideo), have someoneready to steady himor her. Takecareinlifting heavy sand containers.

References:
Country Journal v24, Jan/Feb’ 97, p.37-46 “ Retaining Wallsfor Function and Beauty”
A guideto building retaining wallsand contai nsinformation on preparing aretaining wal stedealing
with drainage and building stoneand timber retainingwalls.

Sunset v184, Mar’ 90, p.180-1 “Retaining Wallsto the Rescue”
Describes how alandscape architect designed aseries of retaining wallsto redefineasopeinto
twolevelsfor planting.



Please makeyour studentsawarethat thislesson relatesto thefollowing:
Career Fields: Science, TECHNICAL, SCIENCE-HUMANITARIAN
Occupations. * Architectural and Building Construction Technicians. Help architectsand engineers

A T

planand design structures. They test materials, build and transport, store, inspect, and use
all typesof construction materias.

Education: Severa yearsexperience asmanager, supervisor, or craft worker. May haveto
passacivil service examination.

Civil Engineer: Plan, design, and overseethe construction and maintenance of roads,
railroads, airports, bridges, harbors, channels, dams, irrigation projects, pipelines, power
plants, and water supply and sewage systems. They may work in areas of design, research,
construction, or teaching.

Education: Bachelor’'sDegree

* Contractor: Coordinateand manage an entire construction project and assumefull re-
sponsibility for itscompletion at atimeframeand cost specified agreement in the contract.
Therearefour maintypesof contractors: building contractors, heavy industria construction
contractors, municipal utilitiescontractors, and highway contractors.

Education: Bachelor’'sDegree

Geologist: Study the physical aspectsand history of theearth. They identify and examine
rocks, study information collected by remote sensing instrumentsin satellites, conduct
geological surveys, construct maps, and useinstrumentsto measurethe earth’sgravity and
magneticfield. They andyzeinformation collected through seismic studies. They also
searchfor oil, natural gas, minerals, and ground water.

Education: Bachelor’'sDegree

* LandscapeAr chitect: Designresidentid areas, public parksand playgrounds, shopping
centers, golf courses, parkways, and industria parks. They planthelocation of buildings,
roads, and walkwaysand arrangement of flowers, shrubs, and trees. They create detailed
plansindicating new topography, vegetation, walkways, and other such landscaping details
asfountainsand decorativefeatures.

Education: Bachelor’'sDegree

* Taken from Occupational Outlook Handbook 1998-1999.



Review Questions:

1.

2.

What issand? How isit formed?

Why do you need rebar to construct aretainingwall?
What are someimportant usesof retaining walls?
Didyour retainingwall fail? If so, why?

What arethe benefitsof retaining wallsthat justify their cost and work?
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Picture captions

Find the men in the pictureand comparetheir height to the size of thewall. How high do you think
thiswall is? (40-50feet high.) How high can retaining wallsbe built? (35 feetiscommon, and
many wallshave been built higher thanthat — 75 feet isvery highfor aretainingwall)

Thiswall ismadefrom concrete, sand, and reinforced steel materias. Looking at theattractive
concreteface, itishard torealizethat on the other sideis compacted sand, gravel, and stedl strips.

A retainingwall isattractive. Also, adoping grade doesn’'t need to beused, soit savesspace. Itis
strong; thelateral supporting structure of the bridge can be placed at the edge of thewall.

Retaining walls save on space and save on materials. Thispicture showsthe backside of the panels
and how thefill materialsare compacted to strengthen theretaining wall during the construction
process. Stedl strapsareused inthisparticular wall for reinforcement. Other retainingwallsmay
usemeta gridsor plastic materials. Notethe connectiontothewall panel. Largeequipment isused
to compact thegranular fill. Nolarge compacting equipment isallowed within 3 feet of thewall.
Why? (Thetop panelsmay beforced over by the pressure, so lightwel ght equipment isused next to
thepanels)

Thewall isbuilt from the bottom up asmetal reinforcing stripsare connected to the concretefacing,
then alayer of sand and gravel iscompacted by the heavy equipment. The processisrepeated
many times.

The concrete, interlocking, pre-fabricated panelsareready to attach to thereinforcing metal strips.

L ook closely and you can seethetemporary wooden shimsthat were placed in between the panels
to provide proper aignment. What would happen if thesewere not removed? (A holewould beleft
whenthey deteriorateor rot away. It would weakenthewall.)

What do you think would cost more: along bridge or ashort bridge? Thisbridge can bemuch
shorter and the structure take lessroom because theretaining wall can bebuilt vertically. Large
loads can be applied closeto thewall face.

Thisisthefinished bridge. Notethefinished corner sections. Theretainingwall isstrongand
attractive. Engineerscall thisaM SE or mechanically stabilized earth wall.

All six of these pictures are of the Reinforced Earth Company’swall system. Thefinal surfacecan
be smooth or raised and have different texturesor colors. Thereare many other versionsof retain
ingwals.

Besidesthelargeretaining wallsthat you might see on afreeway or supporting abridge, you may
have seen asmall retaining wall supporting agarden plot or theyard of ahome. Haveyou ever
seenaretainingwall inyour neighborhood?



