Bridges, L1: Bridging the Gaps
Subject Areas physical science, scien&etechnology
Associated Unit  Bridges
Lesson Title Bridging the Gaps
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Figure 1

ADA Description: Fanshaped cables connect to dramatic fork
shaped towers of a sleek bridge.

Caption: Figure 1. Tsurimi Tsubasa Bridge iapan.
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Grade Level 7 (6-8)
Lesson # l1of6
Lesson Dependency None
Time Required 20 minutes
Time Required Note: May take longeif Horatiusstoryis included inthelesson

Summary

Students are presented with a brief history of bridgetheylearn abouthe three maitridge
types: beam, arch and suspemsibhey are introduced to twaatural force® tension and
compressio® common taall bridges and structureShroughout history, and today, bridges are
important for connecting people to resources, places and other finjplents become more
aware of lhe variety and value of bridges around us in our everyday lives.

Engineering Connection

Bridges are fascinating feats of engineering. Thhowghistory, humans have creatively

designed everything from ropad plankoridges to the Golden Gate Briddeaday, primarily

civil and structural engineers are responsible fod#sgn of bridgesf whichwe havemore

than 500,000 in the U.$at ardonger than 100 feet (30 meterS)nce bidges must be safe

under all anticipated load anceather conditionsindesigningg oday 6s modern bridg
engineers take into consideratii@msion and compression forca$ey alsareatively strive to

meetp e o p heedévithin budgetand material constraints

Keywords
arch, arch bridge, beam, beam bridge, bridge, bridgestycompression, compressive force,
force, suspension, suspension bridgasion, tensile, tensile force

Educational Standards
e Colorado sience(2005) 2.7, 5.2, 5.3, 5.5



e Colorado nath:None

Pre-Requisite Knowledge None

Learning Objectives

After this leson, students should be able to:

o Discuss several differebridgedesigns.

e Describe some of the social, economic and cultural impacts of bridges.
e List various considerations of engineers when designing bridges.

Introduction / Motivation
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Figure 2

ADA Description: Dusk photo shows lighted twiower bridge
with cables.
Caption: Figure 2.The Tower Bridge iLondon is three types
of bridges in one. Thehoreto-towerspans are suspension
bridges, the pedestrian walkways are truss (beam) bridges,
the center span is movable to allow tall ships to pass.
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Have you ever placed a board or log over a strgam
you canget acrossvithout gettlngwet’PHave you ever noticed when traveling in a vehicle how
many bridges you cross to get to where you are gditaye you ndatedthe different types of
bridges? What do they look like? Bridges are part of our everyday theysusuallygo

unnoticed and araken for grantedMost bridges do not receive any kind of recognitioften,
they are only thought of as being partloé roadway, when in fact they contribute heavily to
commerce, urban development and social Biédges also impact cultural and environmental
developmentSome bridges even serve as national landmarks, symbols of their respective cities.
Just as the B¢l Tower in Paris, draws worldwide interest and testifies to engineering
excellence, many bridges leave a similar impression and maintain a magnificent pfésence.
examplethe Golden Gate Bridge in San Francigbe Tower Bridge in Londo(see Figure),

or the Brooklyn Bridge ifNew York City. These bridges, when built, caught the attention of the

entire nation and the worltllot only do theymakepossible e i iz 7
transport between places for commercial and social purposes, # &% 2§ '

butthey bring people together, sérg assignificantattractions, . a2 - "
generating tour i s Buchhridgespeco iy 2 “one city.

symbols of their cities and are certainly unique.
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Figure 3

ADA Description: A person in a yellow slicker walks on long narrow
bridge over a stream.

Caption: Figure 3. A swinging cable and wooden plank bridge ina N
Zealand rain forest.

Image file: cub_brid_lesson01_figure3web.jpg
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However, when you think about it, all bridges arequelAll bridges pass over a different
roadway, river, bay, valley, canyon or railroad traédsof these obstacleare differentand
therefore the bridgethat crosshem must be designed fibroseparticular obstack In addition,

a variety ofgeologt and environmental factomsustbe considered during the design process.
Thisincludesanchoringhe foundation, minimizing weathering from local climate conditions
and minimizing environmental impacts during and after construction, which includes sedimen
and airborne particle control.

It is also important to consider whridges have been constructedised in the pasEome of
the earliest bridges were no more tfafen (or cut)trees or logsThey werepositionedto cross
over small rivers and ravs,so people couldccess other communities or resourfoes
commercetradeor socialvisits. We call theseatural bridgeswhile naturalbridgesare
inexpensive and effective for human travel, taegalmostimpossiblefor moving heavy loads.

Later brdgeswere madef rope with wooden boards. These bridges magessiblefor more
people to crosgndtransport materials, cartsdwagons However, heavy loads were restricted
from these bridges due to the relative weakness of earlyopewould wind or rainaffect

these rope bridgedfigh windsmight cause the bridge to sway and heavy rains could wash out
the soil supporting the bridge, or even the bridge itSétfne arch bridges, primarily built during
the Roman Empire, are some of the strongedtmost durable bridgdsven today, rany are

still standingand beingused in many parts ofutope, Asia and the Middle East.

In addition, other alternative bridgesigns have been constructed, such as wire bridges
crossing ravines, canyons and ges(see Figure 3)in Nepal for example, some communities
constructed suspended wire bridges that span canyons anéxdteerdand featuresin some
cases,ltese bridges resemble gondolas, imnother cases they are simglgp lines used for
passengeand material transporf.oday, the use of steel, concrete aatlles lends greater
materialstrength and enables the construction of even larger bridges capable of suppanyng
automobiles, passengers as well as the weight of the bridge@seknty the state of Colorado
hasmorethan8,000 bridges anthe U.S. hasnorethan500,000 bridgethataremore tharil0O0
feet(30m) long! Civil and structural engineers are responsible for the design of britiyeg.
work in teams to determine the bridgeaydesign and materialanalyze site conditions,
geologic and environmental factpesd establish detailed designmdaand budget/funding
schedules

Indeed bridges are morthan mateals, designs and budgetirtgngineersmust not forget the
customer® the people and the community that use the bridgfeo might benefit from using a
bridge and why?Rossible answershEmselvestheir families businessed for commerce,
socialgatheringsyisiting family andfriends, transportation to other areas, ¢étaetc.)Some
peoplewanta bridgefor theaccesst providesto resources, for expansion, for trade or industry,
for the purpose of being connected to another community, city or réggerigure 4)
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Figure 4
ADA Description: Evening aerial photo shows twinkling skyscraper and bridge lights.
Caption: Figure 4. The many bridges in New York City make transportation possible for a huge popul
Image file: cub_brid_lesson01_figure4web.jpg
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What would it be | i ke Wodldwe be aldle tagetur favoatesvedleoa n y

games or shop at our favorite stooewisit our friend® Do you think we could effectively
function as a society without bridgeB@ople living duringhe 1858 were faced with this same
situation when heading westéaplore the U.S. frontielhey walked andraveledwith covered
wagons pulled by horses oxen Often they would either have twossstreams or rivers or
travel manykilometersout of the way to find an adequate place to crifss.river was
particularly high or flooding, thewere forced to wait days or weel&r them, cossing rivers
without bridges was dangerous and often disast@ogntlessexamples throughout histoaye
evidene thatbridgesserveas links for survival, an essential connection forgresperity and
well being of a city or community.

Another example includebé Roman Empire, whichelied heavily on the construction of
roadways and bridges to expand the linitgs domain and, in one well documented cdlse,
removal ofone such bridge spared the lives of many by eliminating access by their warring
neighbors, the Etruscans.

(Optional:Read aloud thattached twepagelioraliiSiantheIBHageisny as an introdetion to

the Bridges unit, providing a sociaandhistorical example athe impact obne bridge on a
community of people. The story tells@Roman who defended a bridge to protect his city from
attack. Orprint the storyfor overhead projectiofor studentsto readaloud by paragraph.)

Lesson Background & Concepts for Teachers

Threemaintypes of bridge arebeam(or trus3, arch and suspension brigggsually, the

obstacle to be overconde another roadway, a river, a valley, a canymiilroad track® is the

main factorin determining which bridge type is best to .UBee obstacles that require bridges

are many and varied. One unusual bridge might be a catwalk high above and across a theater

b



