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Structural Engineering Interactive Session

Educational Goals: By the end of this session each student should understand how to create a structure with defined
load paths for gravity forces. In addition, the students should gain an understanding of how various key elements
(member sections, connection types, and general material properties) are utilized to construct a proper load path that is
both strong enough to take load and stiff enough to perform correctly (no excessive drift or destabilizing buckling). The
students should gain a basic understanding of the dynamic forces experienced by structures.

Materials:
e  Spaghetti strands
e Gumdrops
e Marshmallows

e Sandbag Weights (one set for all groups used during testing)
Mentors should be able to explain the differences between gravity and lateral systems, focusing on the loads typical of
each as well as the members and materials used. Mentors should help students understand how changes in length and
section determine the response characteristics of a member, and consequently a structure.
Mentors should have a basic understanding of gravity loading on a structure and how this transfers to the foundation. (It

is important to note that for this exercise we will be focusing on gravity loading, and braces are not put in buildings for
gravity loads but they are for stability of gravity forces transfer)

YOUR TASK

Teams are to complete the design of a new tower. To ensure the design of the tower meets performance standards, a
scaled model will be constructed and tested. The tower may be constructed out of any structural system(s) that allows it to
carry gravity loads safely to the ground. Before construction begins, discuss various systems used for resisting gravity
loads. Focus on the simple mechanics of section properties, material properties, and boundary conditions and how they
relate to resisting aforementioned loads. Additional discussion should center on the cost of a structure, with an
explanation of the compromise required between engineering and finance for a project. Each team’s tower will be tested
to the minimum loading. All structures will then be tested to failure. The winning team will be the one that builds the
strongest tower with the lowest associated cost.

Materials and Cost:
e Spaghetti Strands — Structural Framing Elements - $100/Ounce
e Gumdrops — Moment Connections - $40/Connection
e Marshmallows — Pin Connections - $15/Connection

Deliverables
e TOWER WITH ALL APPLIED GRAVITY LOAD INCORPORATED
e COST BREAKDOWN FOR TOWER
o Keep all leftover spaghetti for weighing once construction is complete
o Record number of gumdrops and marshmallows used in the final design
o Total Framing Cost = (Initial Spaghetti Weight — Remaining Spaghetti Weight )*$100
o Total Connection Cost = # Gumdrops*$40 + # Marshmallows*$15



DESIGN MUST ADHERE TO THE FOLLOWING:

The tower must be a minimum of 18” tall.
The tower must fit within the 8"x8” cardboard base.

The tower must accommodate an 8°x8” cardboard cap to hold the sandbag test weights.

The tower must support the applied minimum loading. (10 seconds holding 2 100gram sandbags).
No materials outside of those provided may be included in the design or construction of the tower.
All towers will be loaded to failure and results recorded.

Questions to consider during design of your tower:

1. How is Spaghetti best utilized as a structural element (compression, tension, and flexure)?
2. What is the key difference between a pin and moment connection? Why is there a cost difference

between the two?

3. What structural systems are best for resisting lateral load with regards to stiffness for resisting
deformation? Why is stiffness as important as strength?
4. How do you map a load path through a structure? Can you identify member forces conceptually in your
structure (compression vs tension)?
5. Why is location of mass (both self-weight and applied) important for structural response?

Material Cost Matrix

Materials

Amount (g) / Count (#)

Cost Factor

Total

Spaghetti Strands

x $100

Gumdrops

x $ 40 (each)

Marshmallows

x $ 15 (each)

Grand Total Weight
Carried (g) to failure

Grand Total Cost of
Structure ($)




