


Cable-Stayed Bridge (

A long time ago—actually only about
sixty years ago—engineers didn’t
think cable-stayed bridges could stand
up to heavy loads. But they do.

Build a cable-stayed bridge, with a
span of at least 2 feet, that is at least 6
inches off the floor, has three or more
cables on each side of the tower,and is
strong enough to hold a couple of
small toy cars.

Building Materials

« cardboard box

* ribbon

« shipping or duct tape

* scissors

+a chair or table leg

+ a few small toy cars (1-3 inches in size)

(Make sure to ask an adult if it's okay to use the
furniture to build your bridge.You can remove
the bridge when you're done.)

Build Your Deck

Cut 2-3 pieces of cardboard for the bridge deck. Make the pieces
wide enough to accommodate the chair leg and to let your cars
go by on both sides. (The flaps on the box might work well for
this.) Try not to bend the cardboard as you cut. Also cut several
smaller pieces of cardboard. They should be about the same
width as your deck pieces and 2-3 inches long.

Many cable-stayed bridges have two towers, but
your model will have only one.The chair leg will
be your bridge’s tower, the cardboard will be your
deck, and the ribbon will be your cable. Before
you start building the different parts of your
bridge, look at the pictures on this page and read
all the directions carefully. Re-read the directions
for each part of the bridge
as you work. How does a bridge-tunnel system

keep a highway from blocking |

a channel where ships sail? /

Ships pass over the tur

The highway starts across the water on a bridge.

The road dips down to an artificial island and enters a tunnel.

."".-\'.:_\ Here’s a real-world challenge engineers faced: Build a highway across the
Chesapeake Bay near Virginia Beach, Virginia. But wait—the bay is over 17 miles
wide and 100 feet deep in places. And huge commercial cargo ships need to

: o -~ travel in and out of the bay. You could build one big tunnel, but that would be
- ﬂ: way too expensive. A bridge would cost less, but it would block those ships.
What to do? A group of engineers came up with a brilliant solution by "thinking
outside the box."




Build Your Cables

How far apart will you place the cables? How many
do you need to hold your deck level?

How will you attach them in order to hold the
deck? In what pattern (fan or harp-style, see
illustration)?

Zakim Bunker Hill Bridge, Boston, MA (Fan-style cable-stayed)
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Test Your Bridge!

Is your bridge stable and level? If not, how can you
adjust it? Now test your bridge by placing toy cars
on it. Does it hold the cars?

Explore bridge building, including designing your
own!
www.newbaybridge.org/classroom/index.html

Bridges are one of many structures civil engineers
design. Check out thrilling rollercoasters and
waterslides.They're built by civil engineers, too.
www. discoveringengineering.org/coolstuff.asp

Caissons

anchors

What can you do to the cardboard so it goes around the chair
leg? Hint:What's in the middle of a donut?How can you place the
cardboard deck so it's angled away from the chair’s other legs?
How can you stabilize and strengthen the deck joints (the place
where the deck pieces meet)?

Look around the room.What can you use to keep your deck off
the floor while you build your bridge?

Crossing Chesapeake Bay

The highway rises back up from the tunnel and crosses another bridge.
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Build bridges and tunnels! The Chesapeake Bay Bridge-Tunnel combines
two mile-long tunnels, four artificial islands, two bridges,, and miles of
trestles (roadways) built over the water.

art to come

Check out the Bridge-Tunnel at www.cbbt.com and
www.pbs.org/wgbh/buildingbig/wonder/structure/chesapeake_bay
_brdg.html
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With a simple battery—D, C, or 9-volt
size—you can see why some soils are
much more unstable than others.

Start with a paper cup full of dry sand.

Do not shake the sand in the cup. Stand

a battery up on top of the sand. Now, try to
knock the battery over by drumming
gently with a spoon about halfway up the
side of the cup. Not easy, right?

Get a new cup of sand.This time add water
to the cup in small amounts, pausing to let
the sand absorb it. You may see bubbles on
the sides of the cup.This means the sand is
still absorbing water. When the sand no
longer absorbs the water, it means nearly all
the spaces between the grains are full of
water. But the sand still looks solid, right?
Now, try to knock the battery over the same
way as before.What's the difference?

Earthquake-Proof!

What happened?

In the dry sand, air trapped in the
spaces between the grains
absorbed the drumming vibra-
tions. In the water-sand mixture,
the drumming vibrations caused
grains of sand at the bottom of the
cup to compact (fit more closely
together).This forced the water
upward toward the surface, caus-
ing the grains near the surface to
become supersaturated with water,
or to liquefy. When an earthquake
shakes the ground, the soil can
liquefy, just like in the cup, leaving
buildings without firm ground
beneath them.In earthquake-
prone areas, civil engineers make
sure structures can withstand this
“liquefaction” process.
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Since the early 17th century, Lake Texcoco has been drained and filled in.
Today, that landfill is Mexico City. Built mainly on soft lake sediments and near
geological fault zones, Mexico City experiences frequent earthquakes.
Structural engineer Sergio Brena helps strengthen Mexico City’s
buildings and tunnels so they can withstand earthquakes.
He helped develop techniques for using a substance made
of carbon-fibers and epoxy. This substance can easily
be “glued,” like wallpaper, to buildings and bridges
to strengthen them. His work helps people feel safer
when Mother Nature shakes the ground.

MEXICO

Mexico City
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www.engineeringsights.org
Find some impressive engineering projects near your home.

Check out these resource:
| Want to Be... An Engineer

by Stephanie Maze and Catherine O'Neill Grace
Describes different engineering fields,

the history of engineering, great engineering
feats, some simple and easy ways to explore
engineering careers,and more

asce.org/kids/
Provides fun activities and information on civil engineering.

www.EngineerYourLife.org
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