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Grades 15-30
3-5, 6-8 minutes

LE-STAYED BRIDGE

DESIGN CHALLENGE

Make a large-scale model of a cable-stayed bridge
that is put together like a real one, with bridge
segments hanging from two towers.

MATERIALS

Supplies and Equipment:

2 PVC poles, each at least 4" wide and 5' 6" tall

2 Christmas tree stands

100 feet of cotton clothesline (avoid nylon and plastic clothesline)
24 cabinet knobs with screws (available at hardware stores)

24 feet of 1/8" shock cord or elastic cord, cut into 1' lengths

24 dual-hole cord locks/toggles (available at craft stores or online)
12 open-ended hook screws

A utility knife or box cutter

Awl

Tape measure
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Consumables:

o 12 large UPS boxes (18" x 13" x 3") or 12 large FedEx boxes (12.5" x 18" x 3")
o Duct tape

o Optional: black spray paint

The Millau Viaduct in France is a cable-stayed bridge that crosses a wide B ‘
valley. Credit: Richard Leeming/flickr.
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GETTING READY

Prepare the towers:

1. Mark PVC pipes with two diametrically opposite
awl marks at the following heights from the
base: 3!, 4, and 5' (see Figure 1).

2. Screw hooks into awl marks with open end of
hooks facing up.

Prepare the roadway segments:

1. Assemble all 12 boxes BUT do not seal one end
of each—you will need to reach into the boxes
later. You may choose to paint the boxes black
to resemble a roadway.

Figure 1 - Tower
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2. Reinforce the middle of each box with a layer of duct tape.

3. Cut 4 boxes as illustrated in Figure 2. These
boxes will be the road segments closest to the
towers. WARNING: It may be difficult to start the
cut on the side of the box. Be careful to avoid
cutting yourself.

4. In the center of each of these 4 boxes, poke
holes large enough to pass the clothesline
through (again, see Figure 2). Poke a smaller
hole in each corner. Affix two cabinet knobs on
opposite corners by feeding the screw through
a hole and reaching into the box (see photo
next page).

5. Prepare the remaining 8 boxes as illustrated in
Figure 3. These boxes will make up the rest of
the road segments. Be sure to affix the cabinet
knobs to the same corners on every box.

6. Tie a knot in the end of each length of shock
cord. Feed the free end of each cord through
the holes in opposite corners of each box. Test
that the knot prevents the cord from being
pulled through the hole. Use the cord locks to
make an adjustable loop on the end of each
cord (see photo next page).
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Figure 2 - Roadway segments x4

. O
2" x 4” cut through
one end of box to fit
around PVC pale.
Pair of awl holes
approximately 1" apart
in center of box.

.Cabinet knob Small hole.

Figure 3 - Roadway segments x8

Pair of awl holes
approximately 1” apart
in center of box.

.Cabinet knob Small hole
.




Prepare the cables:

1. There are 3 lengths of cable, labeled A, B, and
Cin Figure 4. Cut the clothesline to make 4
cables of each length listed below—12 cables
total. The lengths provided are longer than you
need, to allow plenty of extra length for tying

Figure 4 - Bridge Assembly

knots.

m A=36" L |
m B=60" 1 p”

m C=80"

2. Attach a short cable (A) to one of the 4 roadway
segments that were cut as in Figure 2. Push
one end of the cable down through a hole in the top of a box, reach
inside, and push the cable back up through the other hole. Tie a knot to
make this loop permanent, and then seal the box. Repeat with the
remaining short cables and cut roadway segments.

m Alternately, you can double the rope back on itself and use duct tape
or wire ties to secure the loop, rather than tying a knot.

3. Repeat this process with the longer cables and uncut roadway segments.

Assemble the bridge before your event to familiarize yourself with the
procedure. Adjust the knots as necessary and trim excess clothesline, if
desired. Make sure you know how to tie a slipknot, and be prepared to
demonstrate tying one to participants.
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Connect the roadway segments by securing the shock cord loop on one box to the knob on the adjacent
box. Credit: Reed Brockman/American Society of Civil Engineers.
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INTRODUCTION

There are several types of bridges, each with their own advantages and
disadvantages. In this activity, participants help assemble a model cable-
stayed bridge.

Ask questions to get participants thinking about bridges:

m Why do we build bridges? (To cross over rivers, ravines, etc.)

m What do we need to think of before building a bridge? (Size, use,
materials, etc.)

m How are large bridges different from small bridges? (Large bridges use
trusses, suspension systems, and arches to provide support; small
bridges can be a simple beam spanning a gap.)

m What makes bridges strong? (Trusses, cables, and other components
direct forces on the bridge to the ground.)

INSTRUCTIONS

Introduce the activity. Participants will work together to build a model
cable-stayed bridge. Show participants the parts needed to build the
bridge: towers, three lengths of cables, and roadway segments. Explain
that like a real cable-stayed bridge, this bridge will be built in phases.
Teams or individuals can help with parts of the assembly, but be prepared
to help, especially with younger audiences.

Provide instructions to the participants. Remind them that they will need
to work together to successfully build the bridge and that every job
is important.

1. Build the towers first.
m Place each PVC pole in a tree stand and secure it with the provided
screws.
m Space the PVC towers 9 feet apart, with the hooks aligned with the
span of the bridge.

2. Attach the roadway segments. Start close to the towers and build out
in opposing pairs (see Figure 4). Real-life cable-stayed bridges are
built this way.

m Position two of the cutout roadway segments around the PVC pole
of one tower. Hold each roadway segment 1 foot off the floor and
connect each cable to the bottom hook of the tower using a
slipknot. Repeat for the second tower. Make sure the boxes are level
and fit flush against each other.

m Connect the roadway segments using the shock cord loops and
knobs. Place the loop around the knob and pull the cord tight,
pulling the boxes together.

m Build out from the towers in pairs of roadway segments, using
longer cables as you go. Hold the roadway segments in place
during construction to prevent the cables tangling. Connect the
roadway segments with shock cord. Continue in this way until you
have 6 boxes on each tower, making two independent sections.
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ACTIVITY VARIATIONS

Build the bridge from scratch, with small teams working on roadway
segments, cables, and so forth.

Use the cables as a real-world application of the Pythagorean theorem.

Build the bridge as part of a larger lesson on bridge types. You can pair
this activity with Build a Straw Bridge or Strongest Shapes.

Try building the bridge with the boxes rotated 90 degrees. How does this
affect the roadway’s stability?

TROUBLESHOOTING

If you have trouble keeping the roadway segments in place without
tangling, consider having a volunteer hold each box until the connections
between boxes are made.

RELEVANT TERMINOLOGY

Compression: A force that squeezes an object from opposite directions,
| pushing two points towards each other. Smashing a can with your
foot puts it under compression.

Load: The weight that something must support. A bridge has to support the
weight of cars driving across it.

Pier: The base of a vertical support for a bridge. Usually it’s a big, concrete
pad on which the towers sit.

Roadbed: The part of the bridge on which cars, trains, or pedestrians travel.

Tension: A force produced from stretching or pulling something in opposite
directions. A tug-of-war rope is under tension.
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A child helps connect a cable to the PVC tower. Credit: A fully assembled cable-stayed bridge. Credit: American
American Society of Civil Engineers. Society of Civil Engineers.
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GUIDANCE FOR YOUNGER CHILDREN

QUESTIONS TO ASK AFTER THE ACTIVITY

m How is this bridge different than or similar to other types of bridges that
you've seen?

m What are some things that engineers need to think about when
designing a bridge?

m What do you think is the hardest part of building a real bridge like this?

m What are some reasons why we need bridges?

ENGINEERING CONNECTIONS

Think about all of the different types of bridges that you’ve seen. Bridges are an
important part of our communities, and they serve a variety of purposes. We need
bridges to help transport materials (and people) from one point to another, usually
over a river or other body of water. Engineers have a lot to think about when they
design bridges. They need to know how long the bridge needs to be, how much
weight it will need to hold, which types of materials would work best, as well as
other information about the needs and location required of the bridge. Cable-
stayed bridges, for example, are typically used to span medium to long distances.

The tallest cable-stayed bridge is the Millau Viaduct in France. It is 1125 feet tall
and more than 8,000 feet long! This beautiful bridge opened in 2004 and
connects a major highway across a wide valley. The Millau Viaduct is considered
by many to be a work of engineering art, both pleasing to look at and capable of
providing drivers with a breathtaking view of the valley below.

SCIENCE CONNECTIONS

A bridge must be able to stand up to the weight of whatever is being transported
across it, whether that’s cars, trucks, or trains, as well as any materials or people
that these vehicles are carrying. Anything that has weight that pushes down on a
bridge is called a load. The weight of a load comes from gravity.

The load on a bridge must be redirected from the roadway to the towers. Gently
push down on the bridge you just built. What happens to the cables? They get
pulled tight! The force of the load gets transferred to the cables and then to the
tower. It’s like a tug-of-war with kids on one side and adults on the other. In this
case, the kids are like the roadway and the adults are the big strong tower.
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GUIDANCE FOR OLDER YOUTH
AND ADULTS

QUESTIONS TO ASK AFTER THE ACTIVITY

m |dentify places on your bridge that are affected by tension, and those
affected by compression. Can you think of any additional forces that
could affect bridges?

m What are some different materials that you could have used to build this
bridge? Why would you pick them?

m How would you modify this bridge design, and to what purpose?

ENGINEERING CONNECTIONS

There are so many decisions to make about a bridge’s design. Structural
engineers must carefully consider the specific needs of each bridge project and
must also have an understanding of the forces at work on bridges. When they
draw up detailed plans for a bridge’s design, including measurements, shapes,
and materials, they consider the advantages and disadvantages of the different
types of bridges. Cable-stayed bridges like the one in this activity involve cables
attached to one or more towers that are separated by medium to large distances.
These bridges are often used to cross waterways or valleys.

The Sunshine Skyway in Tampa Bay, Florida, is a cable-stayed bridge that is over 4
miles long! This bridge replaced another, older bridge that was hit and partially
destroyed by a ship in 1980. When deciding what type of bridge should replace
the one that had been destroyed, engineers chose a cable-stayed bridge because
the large distance between the towers made it far less likely that one of the large
container ships passing underneath it would hit it. This is an example of how
engineers design bridges for specific purposes, always keeping safety in mind.

SCIENCE CONNECTIONS

Bridges are affected by several types of forces, but two in particular are tension
(“pulling”) and compression (“pushing”). By balancing between the pull of one and
the push of the other, bridges can withstand heavy usage year after year. In a
cable-stayed bridge, the greatest tension forces are experienced by the steel
cables that hold up the roadway, as the bridge’s roadbed is pulled down by the
weight of the vehicles and goods transported across it.

In contrast, the greatest compression forces in a cable-stayed bridge are
experienced by the primary bridge towers and the piers on which they sit. These
towers are only strong when the forces are balanced: if the force on one side of
the tower is much greater than the corresponding force on the other, then one
side of the tower will experience tension while the other is under compression.
This can compromise the strength of the bridge, since the concrete towers are
weak under tension. To avoid this, engineers carefully calculate the load on both
sides of the tower to ensure that they are as close to equal as possible.
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