
  
Title:  Earthquake Engineering STEM Challenge  
Estimated Time:  1-2 periods  
Core Ideas (GSE Standard and elements): 
 

S5E1. Obtain, evaluate, and communicate information to identify surface features on the Earth 
caused by constructive and/or destructive processes.   

b.   Develop simple interactive models to collect data that illustrate how changes in surface 
features are/were caused by constructive and/or destructive processes.   c. Ask questions to 
obtain information on how technology is used to limit and/or predict the impact of 
constructive and destructive processes. (Clarification statement: Examples could include 
seismological studies, flood forecasting (GIS maps), engineering/construction methods and 
materials, and infrared/satellite imagery.)   

or  

S6E5. Obtain, evaluate, and communicate information to show how Earth’s surface is formed.  

f. Construct an explanation of how the movement of lithospheric plates, called plate tectonics, 

can cause major geologic events such as earthquakes and volcanic eruptions.  

Literacy Connections: Books 
The Ultimate Book of Planet Earth, Anne-Sophie 
Baumann 
Everything Volcanoes and Earthquakes, Kathy 
Furtang  

Literacy Connections: Close Reads  
Earthquake Engineering Challenges CR 

Science and Engineering Practices: 
Developing and Using Models: Use a model to 
test cause and effect relationships or interactions 
concerning the functioning of a natural or 
designed system.   
Planning and Carrying Out Investigations: 
Make observations and/or measurements to 
produce data to serve as the basis for evidence 
for an explanation of a phenomenon or test a 
design solution.   

Crosscutting Concepts:  
Systems and System Models: A system is an 
organized group of related objects or 
components; models can be used for 
understanding and predicting the behavior of 
systems.  
Structure and Function: The way an object is 
shaped or structured determines many of its 
properties and functions.  

STEM Challenge Overview: 
The task in this challenge is for students to design an earth-quake resistant structure using two or 
more design strategies that are used to minimize the impact of the earth shaking during an 
earthquake. While the earth can shake in many ways during an earthquake, this challenge will focus 
on minimizing the impact of side to side (lateral) movement.   

  
Ask  Encourage students to ask questions regarding earthquakes and their 

destructive power.  Present a couple of recent examples such as the 
catastrophic 2010 earthquake in Haiti that killed over 100,000 people and 
destroyed almost 250,000 residences.   
 

Have them read the Earthquake Engineering Challenges article to prepare 
them for the STEM Challenge.  Using straws, construct a simple square and 
triangle and show students the unusual stability provided by a triangular 



shape.  If time permits, let students construct these shapes. Briefly discuss the 
article and highlight key ideas.  

Imagine/Brainstorm  
 
 

Students brainstorm ideas that could serve as possible design solutions for 
creating an earthquake “proof” tower.  After doing so, they should consider 
the strengths and weaknesses of each idea before deciding on an approach 
that they think will provide the best solution.  

Plan/Design  
 

Students plan an organized approach to solving their problem. This may 
include a design (sketch) of the tower and/or a procedure. Their design should 
incorporate at least two techniques for limiting damage.    

Create/Test  
 
 

Students follow their plan, build their tower and create a potential solution to 
their problem.  Once it is created, students test their solution using a shake 
table to simulate two earthquake scenarios.   Students determine/design a 
way to evaluate the effectiveness of their solution.  

Improve  After discussing and evaluating their results, students improve their solution 
and re-test if possible.  

Teacher Notes:  

While most building designs need not consider the stresses produced when the ground shakes, building 
in areas that are earthquake prone need to be designed to withstand such pressures.  In such areas, 
engineers face the challenge of designing more robust buildings to withstand earthquakes.  Earthquake-
proof buildings are often designed to bend and sway with the motion of an earthquake instead of 
cracking and breaking under the pressure.    
 

Because earthquakes can cause walls to crack, foundations to move, and even entire buildings to 
crumple, earthquake engineers include structural design techniques that help buildings withstand 
damage from earthquake forces.   The side-to-side motion of an earthquake can cause the top and 
bottom of a building to move in different directions.  This side-to-side motion, often called shear, can be 
very damaging.  
 

To minimize this damaging shear, a variety of design tactics are used.  Cross bracing, large bases and 
tapered geometry are three useful techniques that can help.  Earthquake-proof buildings will typically 
include cross bracing that form triangles within its design geometry.  All triangles have one thing in 
common (apart from having three sides): they form a stable shape. They are the building blocks of many 
structures because their shape gives them an unusual ability to bear large forces without bending or 
warping.    
 

 
    

At the start of this STEM Challenge, have students create a square out of a straw like the one pictured 
above. Let them investigate to determine that it takes just a little push on the side to find out quickly 
that it doesn’t tend to stay square.  Let them do the same with a triangle and, as needed, you can push 
and pull on it and still has a propensity to keep its shape.  Triangles are inherently rigid and can 
distribute forces applied to them effectively.  As a result, they are often used as reinforcing cross braces 
on tall structures. This is also why, when you look closely, you will see triangles all over the place.   You 
can find them in bridges, construction cranes, houses and, of course, earth-quake proof buildings where 
super stable structures can save lives and lessen the impact of this type of natural disaster.  

In this STEM Challenge, students act as an earthquake engineer and develop and test a small model of 
earthquake-proof skyscraper (tower).  Their tower should have columns (legs) that extend from the base 
of the tower and cross braces that connect the legs to one another and divide the legs up into shorter, 



stronger units.   A large base that is tapered (becomes narrower as you move up) is also recommended.  
Their goal is to minimize the impact of shear through reinforcement and smart construction.  

With respect to taping the tower, the type of joints where two or more parts come together are 

important.  Butt joints are formed when two pieces are joined end to end.  Lap joints are formed when 

two pieces are overlapped, and slip joints are formed when one piece is slipped into the other.  In 

general, butt and lap joints provide more strength and stability than slip joints.  

 

For students to test their model designs, a simple shake table must be used to test how their design 

responds to forceful shaking.  A shake table is designed to simulate the lateral side-to-side shaking that 

takes place causing shear.     

You can construct 1-2 shake tables for your students to use or you can have each group construct one as 

part of the exploration.  They are quick and easy to construct.  

Materials needed:  

 A foam board cut into two 10 inch squares  

 Four small rubber balls (plastic golf balls also work well) 

 2 strong rubber bands  

 Self-adhesive foam squares (or tape)  (1 square per structure – cut into ¼’s)  
Procedure:  

 Match up the foam board squares and attach 1 rubber band to each end.   

 Carefully stretch out the boards and rubber bands and add the balls at the four corners.   

 Let students attach their building using the foam squares to represent the soil (foundation).  

 While supporting the bottom of the table push the top to simulate earthquakes of different 

magnitudes  

 

In wrapping up the challenge, have students discuss what techniques they used to minimize the 
damaging side-to-side motion (shear).  As needed, use student models to demonstrate how cross 
bracing, large bases and tapered geometry can be employed in useful ways.  Students should also 
discuss improvements they would make and, if time permits, let them make these changes and re-test.  
 

With respect to crosscutting concepts, the engineered tower provides an excellent example the 
relationship between structure and function where, in this case, the shape and structure of the tower 
determines many of its properties and functions.  The components and design of the tower also act as a 
system where the parts of system work together to accomplish the overall goal of being an earthquake 
“proof” building.    



Vocabulary Cards:  
 

earthquake  
shaking of Earth’s surface due 
to movement of Earth’s crust  

 

 

shear 
a strain in a structure produced 

by side-to-side motion 
 

 
 

 

earthquake-proof  
designed to resist the shattering 

effect of an earthquake   

 
 

 

tapered geometry  
a gradual narrowing  

toward one end   

  
 

 

cross bracing   
a system used to reinforce 

building structures     

 
 

 

engineer   
to design, build, and  

improve things  

 
 

 

 



Earthquake Engineering STEM Challenge:  
Can you design a simple model of and earthquake resistant skyscraper using 

appropriate design techniques?  

 

Criteria of the challenge:    

 You will have 30 straws, 1 meter of masking tape, scissors, and a double-

sided foam square to attach your tower to the shake table.  

 You will submit a “blue print” of your tower plan that includes at least two 

design strategies.  

 Height will be measured to the tallest support platform on your tower.     

 You will have 30 minutes to build the tower. 

 Your tower will be tested on the shake table for 10 seconds at the moderate 

category strength (5-5.9).  

 If it remains standing, it will be tested for 10 seconds at the major category strength (7-7.9).  

 Constraints of the challenge:  

 You are limited to the materials provided by the teacher.   

 You must complete the challenge by the end of the allotted time.  
 

Evaluating and Improving:  

1. As a group, discuss how you used certain techniques to minimize the damaging side-to-side 

motion (shear) of the earthquake. 

  

2. As a group, evaluate the effectiveness of your design when it was tested on the shake table.     

 

3. As a group, discuss how you would change your design moving forward to improve the 

performance of your tower.   If time permits, make these improvements and re-test.  

 

 

4. As a group, discuss one or two crosscutting concepts from this exploration that could be used to 

broaden your understanding of science and engineering.  

 

 


