SWE

Overview:

- Structural Engineering Design Challenge:

Title: Bridging the Gap

The SWE - Structural Engineering Challenge will introduce you to engineering through an authentic, hands-on design
experience. You will experience the engineering design process in simplified form. You will design a bridge in much
the same way that practicing civil engineers design real highway bridges.

You will be presented with a requirement to design and fabricate a balsawood bridge to carry extreme weight.
You may choose from a wide variety of different configurations for your bridge. Each will cause your bridge to
perform in varying ways, and each has positive and/or negative effects.

You will develop a design for your bridge by Sketching.

Once your design is complete and your fabrication is done, you will test your bridge, to see if it is strong enough
to carry a specified highway load. This test includes adding weight from a bucket suspended from the top of
your bridge. If your design is strong enough, the vehicle will be able to cross it successfully; if not, the structure
will collapse.

Each bridge will be tested to maximum failure and when your bridge collapses, you will determine its
engineering efficiency.

Objective:

To design and build a competitive balsa bridge that meets the rules and criteria below to span Gap Canyon and hold
as much weight as possible.

Rules:

SWE students will work on a team basis sketching their initial side profile that must meet the bulleted items and design
criteria below.

Bridge length: Must be 10.0 inches long (+/- 1/16 error allowed )

Bridge height: 3.5” minimum to 5.0” max

Bridge width: 2.5” min - 3.5” max

Must allow a roadbed pass thru rectangle of 2 3/16” wide by 1 }4” tall. ( from one end to the other)

A Sintra block will be passed thru your bridge. See Example Pass Thru Block

Must allow a 1 % “x 1 % “ clearance hole thru the center of the bridge for the pull device ( thru the top and
bottom )

Maximum weight of total bridge = 3.00 oz.

Maximum material use: (20) sticks of 1/8 x 1/8 x 36 inches (provided) and approximately 1 oz of Super Glue
No other items or materials allowed i.e.: pins, nails, wire etc.

No linear laminating of balsa allowed

No splitting of balsa, all members must be 1/8” x 1/8” x designed length

No waffle designs or criss-cross base flat roads. We are not testing flat chunks of wood & glue.

Bridge must be a truss style structure with sides, top and a designed flat / rectangle pass thru.

Bridge must have a top surface where the test pull device will rest.

Structural members may not be “coated “ with glue......NO Glue Fest

Note: pull device is a 4” x 5” flat plate resting ON TOP.
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Design Criteria:

The SKETCH design must represent the actual build of the bridge. So you must build your design as it is. No changes
are allowed once the build process begins. Sketch at least 3 concepts ideas first and then choose a final design
sketch. You must meet all the above rules. Show all thickness of actual members. Show connections of side to

top, bottom etc.. Designs must accurately reflect the connections between all structural members of the bridge.
Zoom views of connections are welcome. Drawings will be sketched out on “B” size paper.
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Remember:

e You are allowed to engage the canyon ledges downward to a maximum of .75”, but you are not

required to.

Weight will be at top surface, mid-point, pulled through its center.
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Design / Build Hints:
e Design your bridge to transfer the weight from the top center into and through the entire structure.
e Use your wood sparingly in the design. Count the linear length as you go so you don’t run out.
e Design solid connections and crossings for each member.
e Build with quality and squareness in mind.
e [Measure twice, cut once.
e Remember all forces at neutral have an equal and opposite reaction to their action.

0 Design in opposing forces.

o Always work safely and respectfully in the fabrication lab.

e Have FUN!!!

Bridge Vocabulary

e Tension

e Torsion

e Compression

o Deflection

e Bending

e Shear

e Structural Load
e Force

e Stress

e Live Load or Dead Load
e Triangulation

e Equilibrium
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Types of Bridges

Beam Type Bridges
Arch Bridges
Suspension Bridges
Cantilever Bridges

BRIDGE TYPES

S

GIRDER BRIDGE

A girder or beam bridge is
arguably the most basic bridge.
A log across a creek is an
example of a girder bridge in
its simplest form. Modern steel
girder bridges often use
I-beams or box girders in their
construction.

EXAMPLE: The 2,165 foot
Poplar Streeet Bridge.
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TRUSS BRIDGE

The truss is a simple skeletal
structure. In theory, the
individual parts of a simple
truss are only subject to
tension and compression
forces but not bending forces.
Trusses are made up of small
beams that when put together
can support large amounts

of weight and also span great
distances.

EXAMPLE: The Old Chain of
Rocks Bridge is a one-mile-
long truss bridge with a
dramatic joint in the center.

ARCH BRIDGE

The second oldest bridge type,
the arch doesn't require piers
in the center. Arches use a
curved structure. This provides
high resistance to bending
forces. Arches can only be
used where the ground or
foundation is solid and stable.
EXAMPLE: The Eads Bridge
has a three-arch span that
totals 1,647 feet.
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CANTILEVER BRIDGE

A cantilever bridge is a
modified form of beam
bridge. The support is in the
middle of a span, not the end.
The advantage to a cantilever
bridge is its ability to span
wide spaces without the need
of extensive and expensive
support while under
constuction.

EXAMPLE: The Greater New
Orleans Bridge over the
Mississippi River.
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CABLE-STAYED BRIDGE

A typical cable-stayed bridge
is a continuous girder with
one or more towers erected
above piers in the middle

of the span. Cables stretch
down diagonally (usually

to both sides) and support
the girder from the towers.
EXAMPLE: The Clark Bridge
crossing the Mississippi going
to Alton.

SUSPENSION BRIDGE

The suspension bridge
allows for the longest spans.
A typical suspension bridge
is a continuous girder with
one or more towers erected
above piers in the middle

of the span.

EXAMPLE: The Golden Gate
bridge in San Francisco.



Types of Trusses and Truss Bridges

Example #1

Bowstring

ADn,

Waddell “A” Truss

Example #2
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K-Truss
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Example #3
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