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Overview 

This activity builds on the mini-landslide activity.  It is designed to expose 

students to one of the classic equations used by geologist and engineers to 

investigate and understand the stability of a hillslope.  Students will learn 

the “Factor of Safety” for slope stability.  They will also experiment with 

changing the parameters of the equation to explore sensitivity analysis. 

Focus Questions 

1. What factors contribute to hillslope stability and instability? 

2. How sensitive is stability to different factors? 

3. Which factors are affected by changes in climate? 

Performance Expectations 

By the end of this activity, students should understand the balance of forces 

that determine the stability of slope.  They will see how small changes in 

parameters can tip the balance. The activity also provides practice with 

units and includes a graphing exercise.  Student will learn by using a 

complex equation and diving into the equation’s recipe to understand how 

the results can vary, then relate findings to the real world.   

Background Information 

Teachers should explore the Excel spreadsheet to understand the different 

components and familiarize themselves with the ways the parameters can 

be changed and alter the equation’s solution.  Unfortunately, the 

background (e.g., videos, descriptions) on factor-of-safety available online 

are often technical or very detailed, but feel free to explore. Start with:  

https://en.wikipedia.org/wiki/Factor_of_safety 

 

 
Materials 

Physical resources: 

Graph paper 

Digital resources: 

Excel software 

 

Lesson Time 

One 50-minute class periods 

    Excel exercise 

Prep Time 

30 minutes to review material and study 

the Excel Exercise. Perhaps another hour 

to search for background material. 

Standards  

HS-ESS3-6 

HS-ETS1-3 

HS-ETS1-4 

HS-PS2-4 
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Prior Knowledge and Learning Assets 

For the Excel Exercise, it is helpful if students have used Excel software 

before, including formulas and charts.  Some prior knowledge of 

trigonometry is helpful.   

Anticipated Challenges 

The Excel exercise requires students to have access to Excel and some basic 

knowledge of the software.  Students without knowledge or experience 

with Excel may struggle and need support from teacher of peers.  A short 

video introducing or reminding students how to use Excel is available at:  

https://www.youtube.com/watch?v=HacWD9HSww0  or topic specific 

tutorial videos are available at:  http://www.tipdesk.com/tips-

library/productivity/microsoft/excel/2016/cell-worksheet .  The spreadsheet 

is protected, except for cells for inputting data.  To unprotect the 

spreadsheet for making amendments/edits, click the review tab, change 

group, and unprotect sheet.  A password may be required, which is 

“unprotect”. 

Safety Issues 

None  

Conducting the Lesson 

Excel Factor of Safety Exercise 

Following a general lecture on landslides, this exercise exposes students to 

one of the fundamental equations used to assess the stability of slopes. 

1. Open up the Excel FS_Exercise.xls file. 

2. There are 3 parts to this spreadsheet: 1) the factor of safety (FS) 

equation and its parameters, 2) the calculation section, and 3) 

visualizing results and study questions. 

3. Review the equation, its general meaning, and the make up of 

resisting and destabilizing forces.  Go over each parameter in the 

equation.  Emphasize the units. Teacher note: angles are provided 

in degrees, but below the parameter explanation is a description of 

converting from degrees to radians. 

4. In Part 2, example values of parameters (low, middle, high) are 

provided.  Formulas that calculate the two elements of the FS 

equation are provided.  Have students click on the boxes and try 

to match the formula to the equation in Part 1.  Have students 

perform their own calculation by entering in values in the blue 

boxes and watch the “Your Results” change.  Students can also 

perform sensitivity tests by keeping all the parameters the same 

and adjusting only one, such as slope angle or cohesion.  Some 

parameters have a lot of influence on the FS compared to others. 

https://www.youtube.com/watch?v=HacWD9HSww0
http://www.tipdesk.com/tips-library/productivity/microsoft/excel/2016/cell-worksheet
http://www.tipdesk.com/tips-library/productivity/microsoft/excel/2016/cell-worksheet
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5. Part 3 provides a graph where students can see where their results 

plot compared to the 3 examples.  Are they above or below FS=1? 

This section also provides a list of study questions designed to be 

thought provoking and ensure they are grasping the concepts. 

6. Address the following questions in your exercise: 

a. What does it mean when FS = 1? 

b. What are the units of FS? (Hint: Cancel out the units) 

c. What happens to the first element (A) of the FS equation when 

cohesion is 0? 

d. What is FS when slope is 0?  (Hint: can you divide by 0?) 

e. What is FS when soil depth is great (like 30 m) and soil is 

saturated? Why do you think that is? 

f. Why do you think the example with the highest value of 

cohesion resulted in a FS < 1? 

g. What parts of this equation are likely to be influenced by 

climate? How does this depend on where and when? 

7. A graphing exercise using the interactive nature of the Excel is 

provided in the “Landslide_Part2_Student_Handout.doc”.  This 

exercise could be performed within Excel or using graph paper. 

Assessment/Discussion Points  

The Excel Exercise gives the teacher the ability to evaluate student’s skills 

with Excel.  They will also obtain experience in using equations and 

understanding parameters (inputs) and interpreting results (outputs). 

Discussion Questions :  

Define factor of safety, each student should do this verbally or in writing. 

1. What hillslope factor-of-safety value would you consider building 

a house on?  When wouldn’t you? 

2. Does geology play a role in the factor-of-safety value? How? 

3. Would it be wise to clear trees on a hillslope with an estimated 

factor-of-safety value of 1?  What parameters do trees affect? 

Does the factor-of-safety value provide information about how large a 

landslide might be or how far it might travel? 

Acknowledgements 

Review and comments provided by Miriam Bertram, University of 

Washington, Program on Climate Change, Program Specialist. 

This module was developed in part through support from the National Science Foundation –

Award No. 1336725, Predicting climate change impacts on shallow landslide risk at regional scales to 

E. Istanbulluoglu and J. Lundquist.  Any opinions, findings, and conclusions or 

recommendations expressed in this material are those of the author(s) and do not necessarily 

reflect the views of the National Science Foundation. 


