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LESSON DESCRIPTION

Often when teaching about material properties, lessons focus specifically on what the
material is made out of when addressing how this material might fail under forces.
However, the geometry of the item is just as important in understanding failure! In this
lesson, students will bend and break various types of pasta noodles (spaghetti, lasagna,
manicotti) to determine how the varying geometry of a fixed material type impacts when
and how the noodle breaks. Once students understand the role of geometry in structural
properties, they will then investigate the role of material properties (e.g., ductile, brittle,
modulus of elasticity) by keeping a fixed geometry and changing material type. This low-
resource inquiry experience, when coupled with effective questioning strategies from the
teacher, will help students deeply understand foundational concepts in solid mechanics
(e.qg., stress, strain, brittle, ductile).
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ENGINEERING CONNECTION

Engineers of all varieties (e.g., biomedical, civil, aerospace) use their understanding of
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structural properties to design, build, and develop innovations that impact society (e.g.,
medical implants, concrete supports, aircraft wings). Understanding how geometric and
material properties (e.g., Young's Modulus) relate to structural properties of strength and
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bending moments allows them to predict, design, and optimize as best as possible.



IDEA #1: THE THINNER AN OBJECT IS, THE MORE IT CAN BE
BENT BEFORE FAILURE
Students are tasked with developing procedures to investigate the relationship between

distance from neutral that the spaghetti noodle will bend right before it breaks. Once this
relationship is determined, they will then retest with a variety of noodle types (e.g., spaghetti,
linguini, lasagna, manicotti) to determine the relationship between the thickness of a material
and the maximum radius before breaking. This task controls the type of material so that
students clearly see the impact of geometry in structural properties.
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IDEA #2: THE MORE DUCTILE THE MATERIAL IS, THE MORE IT CAN BE
BENT BEFORE FAILURE

Students now brainstorm a list of various materials that
are all of relatively similar thicknesses. They now \
investigate the role that material property plays when the \ \
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thickness is kept constant. Through effective questioning
and scaffolding, the teacher will help students to develop
concepts of ductility (bend before breaking) and \
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brittleness (minimal/no bend before breaking) by having ->')¥._ e {
students rank the "bendy-ness" of the materials. My L ———
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IDEA #3: STRUCTURAL PROPERTIES DEPEND ON BOTH GEOMETRIC
AND MATERIAL PROPERTIES

Finally, students will combine these two
relationships to wunderstand how structural
properties are determined by both the geometric
and material properties of an item. Students will
be given items that they need to arrange in a
way that represents both relationships. Their
arrangement will eventually be transformed into
a graph, as seen on the left.
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