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Aligned Lesson Plan 4 
Resonance and Earthquakes 

Cristina Geisler 

Grade Level: 11-12 (Adjustable) 

 
 

About the author/teacher:  

Science Teacher: Physics 

cgeisler@sd206.org 

Bloom Township District 206 

Chicago Heights, Illinois 

Related Unit: Earthquakes and Mechanical Waves Lesson Length: (two hour period) 

NGSS Standards: ESS2-1, ESS2-2  

 HS-ETS1-2. Design a solution to a complex real-world problem by breaking it down into 

smaller, more manageable problems that can be solved through engineering. 

Waves and Their Applications in Technologies for Information Transfer: MS-PS4-1, HS-PS4-1, 

MS-PS4-2  

Earth and Human Activity: HS-ESS3-1, MS-ESS3-2 

 HS-PS1-7 Use mathematical representations of phenomena to support claims 

HS-PS1-4  Develop a model based on evidence to illustrate the relationships between systems 

or between components of a system 

CCSS ELA: CCSS.ELA-Literacy.WHST.11-12.2 

Write informative/explanatory texts, including the narration of historical events, scientific 

procedures/experiments, or technical processes. 

CCSS Math: CCSS.Math.Practice.MP4 Model with mathematics. CCSS.Math.Practice.MP3 

Construct viable arguments and critique the reasoning of others. 

Enduring Understandings Essential Questions 

 

●  Engineers must understand Science, 
Technology, Engineering, and Mathematics 
(STEM) to create structure to meet code, safety 
specifications, and budget constraints. 
Designers, Scientist, and Engineers use scale 

 

Why do buildings of different 

heights respond differently in an 

earthquake?  

mailto:cgeisler@sd206.org
http://www.corestandards.org/ELA-Literacy/WHST/11-12/2/
http://www.corestandards.org/ELA-Literacy/WHST/11-12/2/
http://www.corestandards.org/Math/Practice/MP4/
http://www.corestandards.org/Math/Practice/MP3/
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models and prototypes to test design 
theories.(HS-ETS1-2)  

● In certain areas of the world, earthquakes are 
a serious concern. Civil and structural 
engineers who focus on designing buildings, 
bridges, roads and other infrastructure for 
earthquake-prone areas must understand 
seismic waves and how to construct 
structures that are able to withstand the 
forces from the powerful ground motions of 
the Earth. HS-ESS2-1 HS-ETS1-2 

● Understandings about science and technology-  

Structures are designed to provide solutions to a 

human need. Engineers must understand 

Science, Technology, Engineering, and 

Mathematics (STEM) to create structure to meet 

code, safety specifications, and budget 

constraints. Designers, Scientist, and Engineers 

use scale models and prototypes to test design 

theories.(HS-ETS1-2) HS-ESS2-1  

 

● Identify existing structure locations vulnerable 
to extreme weather risks, and develop 
appropriate strategies to minimize such risks. ( 
ESS2-1, ESS2-2, HS-ETS1-2, CCSS.ELA-
Literacy.WHST.11-12.2)  

 

 

 

 

 

 

What is resonance?  { the 

oscillation (up-and-down or back-

and-forth motion) caused by a 

seismic wave}.  

 

What is a natural frequency of an 

object? 

 

How could you add structural 

elements to reduce resonance in a 

building? 

 

 

Transfer Goals 

● Asking questions (for science) and defining problems (for engineering)HS-ETS1-2 
● Planning and carrying out investigations 
● Analyzing and interpreting data 
● Constructing explanations (for science) and designing solutions (for engineering) 

http://www.corestandards.org/ELA-Literacy/WHST/11-12/2/
http://www.corestandards.org/ELA-Literacy/WHST/11-12/2/
http://www.corestandards.org/ELA-Literacy/WHST/11-12/2/
http://www.corestandards.org/ELA-Literacy/WHST/11-12/2/
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Learning Objectives 

1. Students will predict how a structure will react to vibrations (oscillations) of 
different frequencies.  

2. Students will describe the phenomenon of resonance.  (ESS2-2) 
3. Students will be able to perform and interpret scientific measurements.( 

CCSS.Math.Practice.MP4 ) 
 

Library of Congress: Primary Sources Materials/Supplies/Resources 

 

https://www.loc.gov/item/00694425 

https://www.gettyimages.com/detail/video/buildings-

shaking-falling-apart-in-earthquake-stock-video-

footage/562-38 

 

 

 

 

 

 

 

● Smartphone with Google's 

Science Journal app, 

available for free on Google 

Play for Android devices 

(version 4.4 or newer) or 

from the App Store for iOS 

devices (iOS 9.3 or newer). 

● Double-sided foam tape 

● Stopwatch 

● Ruler 

https://media.up.edu/Physics/TOL

E/EarthquakeTsunamiHazards/Less

onPlans/BOSS_ModelOfResonance

_TOTLE.pdf 

https://www.iris.edu/hq/inclass/vi

deo/building_resonance__boss_m

odel_construction__use 

https://www.iris.edu/hq/inclass/a

nimation/building_resonance_the

_resonant_frequency_of_different

_seismic_waves 

https://www.sciencebuddies.org/t

eacher-resources/lesson-

http://www.corestandards.org/Math/Practice/MP4/
https://www.loc.gov/item/00694425
https://www.gettyimages.com/detail/video/buildings-shaking-falling-apart-in-earthquake-stock-video-footage/562-38
https://www.gettyimages.com/detail/video/buildings-shaking-falling-apart-in-earthquake-stock-video-footage/562-38
https://www.gettyimages.com/detail/video/buildings-shaking-falling-apart-in-earthquake-stock-video-footage/562-38
https://goo.gl/Vn0RU2
https://goo.gl/Vn0RU2
https://goo.gl/Vn0RU2
https://click.google-analytics.com/redirect?tid=UA-71590276-2&url=https%3A%2F%2Fitunes.apple.com%2Fus%2Fapp%2Fscience-journal-by-google%2Fid1251205555%3Fmt%3D8&aid=com.google.ScienceJournal&idfa=%7Bidfa%7D&cs=sciencebuddies&cm=activities&anid=admob&hash=md5
https://click.google-analytics.com/redirect?tid=UA-71590276-2&url=https%3A%2F%2Fitunes.apple.com%2Fus%2Fapp%2Fscience-journal-by-google%2Fid1251205555%3Fmt%3D8&aid=com.google.ScienceJournal&idfa=%7Bidfa%7D&cs=sciencebuddies&cm=activities&anid=admob&hash=md5
https://media.up.edu/Physics/TOLE/EarthquakeTsunamiHazards/LessonPlans/BOSS_ModelOfResonance_TOTLE.pdf
https://media.up.edu/Physics/TOLE/EarthquakeTsunamiHazards/LessonPlans/BOSS_ModelOfResonance_TOTLE.pdf
https://media.up.edu/Physics/TOLE/EarthquakeTsunamiHazards/LessonPlans/BOSS_ModelOfResonance_TOTLE.pdf
https://media.up.edu/Physics/TOLE/EarthquakeTsunamiHazards/LessonPlans/BOSS_ModelOfResonance_TOTLE.pdf
https://www.iris.edu/hq/inclass/video/building_resonance__boss_model_construction__use
https://www.iris.edu/hq/inclass/video/building_resonance__boss_model_construction__use
https://www.iris.edu/hq/inclass/video/building_resonance__boss_model_construction__use
https://www.iris.edu/hq/inclass/animation/building_resonance_the_resonant_frequency_of_different_seismic_waves
https://www.iris.edu/hq/inclass/animation/building_resonance_the_resonant_frequency_of_different_seismic_waves
https://www.iris.edu/hq/inclass/animation/building_resonance_the_resonant_frequency_of_different_seismic_waves
https://www.iris.edu/hq/inclass/animation/building_resonance_the_resonant_frequency_of_different_seismic_waves
https://www.sciencebuddies.org/teacher-resources/lesson-plans/earthquake_resistant_buildings
https://www.sciencebuddies.org/teacher-resources/lesson-plans/earthquake_resistant_buildings
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plans/earthquake_resistant_buildi

ngs 

Engage: How can I get students interested in this? (20 minutes) 

Prior Knowledge: Students would benefit from knowledge of wave vocabulary, wave behavior 

and wave interaction.  

Show students the video from the library of congress. 

https://www.loc.gov/item/00694425 

https://www.gettyimages.com/detail/video/buildings-shaking-falling-apart-in-earthquake-

stock-video-footage/562-38 

 

Ask questions like: 

What is the phenomena presented in the video? 

Which one of the buildings is most affected by the earthquake? 

Why do buildings of different heights respond differently in an earthquake?  

https://www.sciencebuddies.org/teacher-resources/lesson-plans/earthquake_resistant_buildings
https://www.sciencebuddies.org/teacher-resources/lesson-plans/earthquake_resistant_buildings
https://www.loc.gov/item/00694425
https://www.gettyimages.com/detail/video/buildings-shaking-falling-apart-in-earthquake-stock-video-footage/562-38
https://www.gettyimages.com/detail/video/buildings-shaking-falling-apart-in-earthquake-stock-video-footage/562-38
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How could you add structural elements to reduce resonance in a building? 

Explain to students that aside from architectural constraints, i.e., how well built the structure 

is, the particular resonance of an earthquake can knock down a small building and spare the 

skyscraper. The resonance is the oscillation (up-and-down or back-and-forth motion) caused 

by a seismic wave. During an earthquake, buildings oscillate. If the frequency of this oscillation 

is close to the natural frequency of the building, resonance may cause severe damage. 

 If possible use an Building Oscillation Seismic Simulation, or BOSS model to have students 

better understand the concept of resonance.  

Also you can use the Tacoma bridge video to explain resonance    

https://www.youtube.com/watch?v=XggxeuFDaDU 

Additional teacher resources : 

https://media.up.edu/Physics/TOLE/EarthquakeTsunamiHazards/LessonPlans/BOSS_ModelOf

Resonance_TOTLE.pdf 

Explore: What tasks/questions can I offer to help students puzzle through this? (120 minutes) 

Students will measure the natural frequencies of the three buildings in the BOSS model in 

order to  

develop an understanding of the effect of earthquake waves on buildings. Have students 

perform part I, II and II.  

Teacher resources activity:  

https://ceetep.oregonstate.edu/sites/ceetep.oregonstate.edu/files/resources/18-boss-

model.pdf 

Explain: How can I help students make sense of their observations? (50 minutes) 

If you shake an object, or otherwise make it vibrate at one of those frequencies, it will start 

to vibrate more and more, often violently enough to break. 

During an earthquake, buildings oscillate. If the frequency of this oscillation is close to the 

natural frequency of the building, resonance may cause severe damage. The BOSS model 

allows students to observe the phenomenon of resonance.   

Discuss with students their lab findings. Shake the BOSS model and ask students the following 

questions:  

 

https://media.up.edu/Physics/TOLE/EarthquakeTsunamiHazards/LessonPlans/BOSS_ModelOfResonance_TOTLE.pdf
https://media.up.edu/Physics/TOLE/EarthquakeTsunamiHazards/LessonPlans/BOSS_ModelOfResonance_TOTLE.pdf
https://ceetep.oregonstate.edu/sites/ceetep.oregonstate.edu/files/resources/18-boss-model.pdf
https://ceetep.oregonstate.edu/sites/ceetep.oregonstate.edu/files/resources/18-boss-model.pdf
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 What does the wooden base represent?  

What do the standing blocks represent?  

What does the shaking back and forth of the model represent?  

How is Energy moving through this system? (kinetic energy is transferring from your hand to 

the base of the model and then transferring from the base to the rods and then again 

transferring from the rods to the blocks causing the blocks to sway back and forth) 

For each demonstration ask students to decide-- Which “building” has the greatest amplitude? 

As you demonstrate several different frequencies, discuss -- Which “building” resonates at the 

greatest wavelength?  

Which “building” resonates at the least wavelength?  

Teacher’s Resources  

https://www.iris.edu/hq/inclass/video/building_resonance__boss_model_construction__use 

https://www.iris.edu/hq/inclass/video/resonance__modeling_resonance_in_buildings_using_

paper_model 

Extend/Elaborate: How can my students apply their new knowledge to other situations?) (4-5 

class periods) 

Using your findings above, and the “Violence of Ground Shaking Caused by 3 Types of 

Earthquakes” poster, answer the following questions. 

 1. How is the frequency of ground shaking during a shallow earthquake going to be different 

than the ground shaking during a subduction zone earthquake?  

2. Explain why a large, subduction zone earthquake on the Cascadia subduction zone is 

unlikely to cause extensive damage to single-story houses and buildings. (Hint: look at the 

ground motion necessary to move the small building in Part III)  

3. How will this duration of shaking likely affect the different height buildings? 

 4. Resonance occurs when a structure vibrates at its natural frequency. This may have 

devastating effects because the displacement (the distance it moves) increases. If an 

earthquake sends out waves at high frequency, which building would you prefer to be in and 

why? e-binder for 2014 CEETEP workshop 203 ACTIVITY_BOSS2_TOTLE.doc 7/6/10 7 

 5. One way to protect a building from resonating with an earthquake is to isolate its 

foundation, or base, from the ground with devices much like wheels. This technique is called 

base isolation. Propose two other methods of base isolation. 

 

https://www.iris.edu/hq/inclass/video/building_resonance__boss_model_construction__use
https://www.iris.edu/hq/inclass/video/resonance__modeling_resonance_in_buildings_using_paper_model
https://www.iris.edu/hq/inclass/video/resonance__modeling_resonance_in_buildings_using_paper_model
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 6. Suppose you added more weight to the top of each building. How does this change its 

natural frequency? Would this help prevent damage in an earthquake (assume high 

frequency)? Try this by attaching weights to the building and determining its new natural 

frequency 

Teacher’s resources:  

https://ceetep.oregonstate.edu/sites/ceetep.oregonstate.edu/files/resources/18-boss-

model.pdf 

https://www.iris.edu/hq/inclass/animation/building_resonance_the_resonant_frequency_of_

different_seismic_waves 

Evaluate: How can I help my students self-evaluate and reflect on the learning? ( 1-2 class 

period) 

● Check for understanding questions will be utilized during small group instruction. 
Students will be asked open-ended questions during small group and individualized 
instruction to check for understanding 

● Self-evaluate: Students will have multiple opportunities to self-evaluate their progress 
during the class discussions.  

● Formative Assessments: Class Discussions   
● Summative Assessment: Teacher will collect the BOSS model activity  

  

 

https://ceetep.oregonstate.edu/sites/ceetep.oregonstate.edu/files/resources/18-boss-model.pdf
https://ceetep.oregonstate.edu/sites/ceetep.oregonstate.edu/files/resources/18-boss-model.pdf
https://www.iris.edu/hq/inclass/animation/building_resonance_the_resonant_frequency_of_different_seismic_waves
https://www.iris.edu/hq/inclass/animation/building_resonance_the_resonant_frequency_of_different_seismic_waves

