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Abstract:
In this activity, students explore of the concept of probability and the distribution of earthquake sizes, and then work to understand how earthquake hazards are described by probabilities. Students then work in small groups to collect and analyze data from a simple physical earthquake model and use online data to investigate and compare the earthquake hazards in California and Missouri.  The activity concludes with a reflection where they students are asked to consider how, in the role of a city planner or emergency manager, they would use what they have learned to mitigate the earthquake hazard in California and Missouri.
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 Suggested Level – Intermediate1

Time – 90 to 120 minutes

Learning Objectives 
Students will be able to:
· Compare and contrast the probability of an earthquake occurring in different regions and relate that probability to the seismic hazard of the regions.
· Explain in a written essay how a region can have a high seismic hazard but have a low seismic risk.   
· Describe at least three factors that affect the intensity of an earthquake at a given location.

Related resources:
This activity is part of a collection of activities based on ten questions that identify promising research directions on the frontiers of seismology as outlined in the Seismological Grand Challenges in Understanding Earth’s Dynamic System. This collection has been developed to engage students in the analysis of real data and to bring examples of frontier research topics into the undergraduate classroom, while also helping to improve undergraduate seismology instruction. 

Materials List 
· Student worksheets (color copies of figures are helpful)
· Computer with internet access for each group
· Calculator or computer for simple calculations
· One Earthquake Machine setup for every 3 students
· Earthquake Machine slide set – Hazards_EQ_machine.ppt
· Access to Google Earth or Google Maps via the internet




Instructor Preparation: 
1. Prior to this activity, students should have been introduced to earthquake basics, including the concepts of magnitude and intensity. 
2. Earthquake Machine setups (see below) need to be constructed prior to class. See instructions below. 

Activity Flow:
1) This lab is designed to accompany a lecture on earthquakes, magnitude, and intensity and seismic hazard and risk.
2) Assign students to complete Part I of the Lab. Review and discuss student responses. 
3) Arrange the students in groups of 3 and provide them with the materials and instructions to setup their EQ machine (see instructions below).
4) Provide an opportunity for students to freely investigate the model. Challenge them to consider the following… “How this might this model represent the earthquake process?”  Discuss student ideas. The “Hazards_EQ_Machine” slides and information in the Instructor Background will be useful both for making the mapping between the model (analog) and Earth materials (target) explicit, as well as for discussing how the model is like and unlike fault rupture on Earth.  
5) Assign students to complete Part II of the Lab. Review and discuss student responses. 
6) Assign students to complete Part III of the Lab. Review and discuss student responses. 


Instructor Background:
 (
Figure 1. The Earthquake Machine is a mechanical model for illustrating the inputs and outputs of the earthquake cycle
)[image: EQMachineLite]The simplicity of the Earthquake Machine (Figure 1) allows students to visualize the inputs and outputs of a fault system and explore stick-slip fault behavior. The model’s wooden block, rubber band, measuring tape and sandpaper base all represent an active fault section.  Your pull on the measuring tape and rubber band attached to the block is analogous to slow, continuous plate motions. For example, this might represent the downward pull of a subducting slab of lithospheric plate, which is continuously adding tension to the system. The rubber band represents the elastic properties of the surrounding rocks, storing potential energy as they are deformed The sandpaper represents the contact between the sides of the fault. When the frictional forces between the block and sandpaper are overcome, the block lurches forward, representing ground motion during an earthquake. The description of this entire process (that is, the slow accumulation of strain energy in elastic material, followed by release in a sudden slip event) is known as elastic rebound theory. 
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)The model not only provides a physical perspective on the generation of earthquakes, but it also illustrates the concept of an earthquake’s magnitude, and how this can be calculated based on the physical features of the fault (see inset box, and moment magnitude animation listed below). In our model, the length and width (area; A) of the fault section that slips during an event (represented by the dimensions of the block of wood) as well as the rigidity of Earth materials (, represented by the elasticity of the rubber band) are constant for every event generated. The only factor that can vary is the displacement (D) or slip of the fault. As a result, there is a direct correlation between the amount of slip of the block and the moment magnitude of the event. While aspects of the mathematical relationship discussed in the inset box may be premature for some students’ experience, all students will physically see this relationship by noting how much the “building” on top of the block moves in relation to the amount the block slips. The further the block slips, the more energy is released, and the more violently the building shakes.
 
Students get to “experience” an earthquake by seeing the release of energy stored in the rubber band and feeling the propagation of seismic waves from an elastic source. Visualizing the energy released by the slip of the block is further enhanced by the motion of the model building, made of strips of lightweight poster board or manila folder material.

While this model is useful to visualize the complex earthquake system, it is important to note that it is ultimately a simplification of a complex Earth system. Below is a list of how the model is both like and unlike the real earth. Such simplifications must be understood to interpret the model accurately. Therefore the relationship between the model and reality should be clearly emphasized to students 


How the Model is Unlike Actual Fault Rupture
· The physical make up of the model is notably different from Earth materials.
· In Earth, elastic energy is stored over tens to hundreds to thousands of years in rocks spanning an area of up to hundreds or thousands of kilometers, rather than the seconds it takes to store energy in the small rubber band.
· The block always has fixed dimensions, while the dimensions of the part of a fault that slips usually varies for each earthquake.   
· In the model, the boundary between the sides of the fault (or two plates) is parallel to the surface where friction only occurs along the bottom of the wooden block. However, in Earth, fault planes (and plate boundaries) are not horizontal and parallel to the surface like between the sand paper and the block system. Further, the locking forces on a fault are much more complex.  
· Energy to move the system in the model comes from our hands.  In Earth, a broad range of energy sources influences the forces on plate boundaries and faults.

Constructing & Setting-up (1) Earthquake Machine:
The materials list and instructions below are for the construction an set-up of ONE Earthquake Machine.  You will need one Earthquake Machine for every 3-4 students in class.  

Time required: 
~ 2 hours for the construction of a class set (~ 10 set ups)

Materials per setup:
2 – 4” blocks cut from a length of 2x4
1 – 4”x36” Sanding Belt w/ the heaviest grit possible (e.g. 50 Grit)
1 – Sheet of Sandpaper, w/ the heaviest grit possible (e.g. 60 Grit)
4 – Screw Eyes 12x1-3/16 (or similar)
1 – Rubber band (size 19 is best)
1 – 16-in strip of Duct Tape 
2 – Cloth tape measures w/ Metric markings 
1 – Manila Folder
Most of the materials can be obtained from local craft supply, office supply and building supply stores. However, to make a class set of Earthquake Machines, it may be cost-effective to purchase the belt sand paper in bulk from an online retailer.

Tools 
- Saw
- Scissors
- Staple Gun & Staples
- Pencil

Construction (or check out http://www.iris.edu/hq/inclass/video/126)
1) Trace one of the 4” wood blocks on the back of the sandpaper, adding one inch to the length. 
2) Use the scissors to cut out this rectangle.
3) Place the sandpaper over Block A and fold the long edges up on to the sides of the block. Secure the sandpaper with the staple gun with staples in the edges of the block.
4) Screw one 12x1-3/16 screw eye into a cut end of Block A (Sandpaper) about ½ inch from the base.
5) Screw one 12x1-3/16 screw eye into Block B (No Sandpaper)
6) Feed one end of rubber band into the screw eye; feed the other end through the rubber band as shown in figure, and pull to tighten.

[image: :eyelet_connection.tiff]
7) Use the scissors to cut the sanding belt so it is no longer a loop
8) Use the scissors to cut the metal ends off one of the measuring tapes 
a. If your measuring tapes show both Metric and English measures on one side, use the scissors to split the measuring tape without the metal ends leaving the Metric markings intact.
b. Discard the half of the split measuring tape marked in inches.  
9) Fold ½” of the end of the split measuring tape back on top of itself with a rubber band in the loop.  Use duct tape to secure the loop so that the rubber band is attached to the end of the measuring tape.

Optional Building
1. Cut four strips out of the manila folder; two that are ½” wide and 5” long (floor and roof), and two that are ½” wide and 12” long (vertical uprights).
2. Fold ½” on each end of the roof and tape it to the top of the uprights.
3. Fold ½” on each end of the floor and tape it inside of the upright about halfway up the structure. 

TIP: The cardboard building shown in Figure 1 can be a distraction if attached to student setups. It is best used to increase the visibility of the model when used for whole class demonstrations.
	
Setting-up the Earthquake Machine for use
1) Smooth the sanding belt out on the lab table so that there are no waves in it. It helps to roll it backwards on itself to help flatten it.
2) Use duct tape to secure each end to the table, grit side up.
3) Parallel to the sanding belt, tape down the uncut measuring tape in the same fashion as the sanding belt.  (Be sure the metric side is up!)
4) Place Block A on one end of the sanding belt.  
5) Hook the rubber band attached to the measuring tape to the screw eye.
6) Thread the other end of the split measuring tape through the screw eye of Block B and move it to the opposite end of the sanding belt. Block be will stand on its narrow edge with the screw eye over the center of the sanding belt. The screw eye in Block B serves as a marker to allow you to measure the amount of measuring tape pulled through it.  

Other instructor resources
Earthquake Machine: Demonstration of the 1-Block Model (introduction to model)
http://www.iris.edu/hq/inclass/video/66

Earthquake Machine Animations (illustrating model behavior)
[bookmark: _GoBack]http://www.iris.edu/hq/inclass/animation/68
http://www.iris.edu/hq/inclass/animation/129
http://www.iris.edu/hq/inclass/animation/131

Understanding Intensity: http://www.iris.edu/hq/inclass/animation/517
Moment Magnitude: http://www.iris.edu/hq/inclass/animation/205

USGS Earthquake Hazards 101 https://earthquake.usgs.gov/hazards/learn/basics.php 

Earthquake rates in the US
https://earthquake.usgs.gov/earthquakes/browse/stats.php

Grand Challenge #2 - How does the Near-Surface Environment Affect Natural Hazards and Resources?
http://www.iris.edu/hq/files/programs/education_and_outreach/CCLI/Hazards/NearSurface_Affect_Hazards.pdf


Author/References
Primary Author: Maggie Benoit, formerly from The College of New Jersey. For questions about this activity, please email lessons@iris.edu.

The development of this resource was funded by the National Science Foundation via Award # 0942518.  

Limited Use Copyright
Most IRIS resources reside in the public domain and may be used without restriction. When using information from IRIS classroom activities, animations, information products, publications, or Web sites, we ask that proper credit be given. Acknowledging or crediting IRIS as an information source can be accomplished by including a line of text such “produced by the IRIS Consortium” or incorporating IRIS’s logo (http://www.iris.edu/hq/gallery/album/337) into the design. IRIS’s URL www.iris.edu may also be added.
1 Suggested Levels
· Novice – Includes basic seismology topics. Activities emphasize skills and abilities generally associated with students in the middle and high school grades. 
· Intermediate – Basic and/or intermediate seismology topics presented through activities that emphasize skills and abilities generally associated with students in high schools and non-majors, undergraduate courses.
· Advanced - Intermediate and/or advanced seismology topics presented through activities that emphasize skills and abilities generally associated with undergraduate science/math majors.
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