Geol 151 – Geomorphology

Fall, 2020

Landslide Mechanics – the math behind the movement
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Today’s lab is designed to walk you through the application of the infinite slope stability model. You will perform a sensitivity test of the model.
By the end of the week, you should understand how a simple mathematical model can be used to understand better a complex natural system.  Using sensitivity analysis, you will recognize which model parameters are most important for predicting slope stability.
Experimentation with infinite slope model. We will be using the infinite slope model coded in Excel to explore the effects of slope, cohesion, and saturation by infiltrating water. Using the maps of the Riverside Avenue slopes from the week of September 14 to measure slope, run the model and see if you can explain why landslides occurred in the unconsolidated fill (no or little cohesion, angle of repose) that was dumped over the edge. You can get the slope from the topographic maps on line or measure it in the field.
Slopes (web page). Create a webpage entitled Slopes. On that page, include the exercise that follows and also include calculations (model results) for the Riverside Avenue slides. Write two paragraphs explaining if/how your model results are consistent with land use changes over time (dumping, deforestation, paving, run-off) as indicated from the air photos and what you learned in Geomorphic Hydrology week 

1. To better understand Mohr/Coulomb failure, do the following and post your results to your web page.



all data in pascals kg/(m s2)

	Material A
	
	Material B

	normal force
	Shear

strength
	
	normal force
	Shear strength

	1209
	897
	
	1209
	4684

	2567
	1910
	
	2567
	5796

	6789
	4567
	
	6789
	9152

	10240
	7415
	
	10240
	11070

	14230
	9891
	
	14230
	14161


A. Determine the relationship between shear strength and normal force for the two sets of data given above. Do this by plotting the data for each soil given in the table above.  Make sure that shear strength is plotted on the vertical axis and normal force on the horizontal axis.

	Material A
	Material B
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B. Which material is cohesive?  

C. How do you know?

D. What is the cohesion value for the cohesive material?

E. Given a normal force of 4000 pascals what will be the shear strengths of the two materials?

Material A

Material B

F. Generalize the relationships that you graphed above using a mathematical formulation. 


What do the data define?  


What is the general formula for this pattern?


What is the specific formula for Material A?


What is the specific formula for Material B?

G. What is the friction angle for Material A? (show work)

H. What is the friction angle for Material B? (show work)

2. Determine under what conditions the 2019 Riverside Avenue slide failed.  

Using the values listed below, perform a sensitivity analysis to determine under what conditions the slides we studied could have failed. Sensitivity analyses vary parameters in a model over reasonable ranges to see if they can cause failure.
Dry density (rho) = 


1800 kg/m3
Wet density (rho) =


2200 kg/m3
Gravity = 



9.8 m s-2
Phi angle =



30 degrees

Slab thickness (h)


___________(m) (give range you tested)
Failure Plane angle (alpha)
___________(degrees) (give range you tested)
Cohesion 



___________(pascals) (give range you tested)
Saturation depth


___________(m) (give range you tested)
Perform a sensitivity analysis to figure out how this landslide occurred.  Some questions to ask…1) was the ground dry or saturated when the failure occurred?  2) Could you have mis-measured the failure plane angle?  3) Is the material cohesive?  Was there root cohesion?
Important Stuff You Need to Know!


friction angles

Clay/Silt 

10-30 degrees (lowers with weathering)

Sand 

29-32 degrees



Unit conversion 

1 Kpa = 1000 Pa

you can use: http://www.rigzone.com/calculator/default.asp#calc



Calculating Spreadsheet

Cohesion is in pascals

Slopes are in degrees

Density is in kg m-3
Height is in meters
Shear strength








normal force
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