[bookmark: _GoBack]Landslides 
Learning Objectives (Lecture 1)
Describe how the impact of landslides depends on: population density, economic infrastructure and population preparedness
Human and economic harm are broadly governed by these three factors;
We care because: 
· We want to live (deaths & injury)
· We want to own property that wont be destroyed ($$$) 
Population density, economic infrastructure and population preparedness all play a key role in our prevention of landslides and safety precautions taken once they occur

Explain why British Columbia has the highest frequency of landslides in Canada and what we should expect as our population expands into the mountains. 
Landslides are greatly affected by factors such as rainfall, material, undercutting, overloading etc. British Columbia has ALL of these factors, especially on the Sea to Sky Highway (which should have never been built). 

As our population expands into the mountains, we can expect an increased amount of landslides to human interference and lack of knowledge regarding this topic.

Distinguish between 3 major failure modes and how they are influenced by geology. 
i. Fall:
Occur on steep slopes 
Material(s): usually rock
Material detaches because of weakness
Falls due to gravity
VERY FAST!!!
ii. Slide:
Material(s): usually soil, rock or debris 
Material moves as a coherent mass along the slope of failure 
Vary from SLOW to FAST
Two types of Slides: Rotational Slide & Translational Slide
Rotational Slide (Slump)
Rotation of material on a curved failure plane  characterized by curved scarp above slide
Weak materials (sediment)
Intermediate speed
Translational Slide
If surface is flat
Usually strong material moving along planes of weakness  cohesive motion of material 
Slow to fast
iii. Flow:
Material(s): soil, mud, wet debris, (rock)
Water is usually very important
Fluid or plastic flow of material
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Learning Objectives (Lecture 2) 
Define Angle of Repose.
At the angle of repose shear stress is perfectly balanced by shear strength. 

(Factor of Safety is equal to or just above 1)                 
Assess the balance between the strength of the slope and the destabilizing forces acting on it (Factor of Safety – FoS ).
Stability of slope involves resting forces (cohesion and friction) and driving forces (gravity)
If driving forces > resisting forces, motion can occur
Factor of Safety = ratio of shear strength (T1 – resisting forces) to shear stress (T2 – driving forces) 

FS = T1 / T2     FS > 1  STABLE SLOPE, FS < 1  FAILURE OF SLOPE 

Compare and contrast landslide causes and landslide triggers.
Causes are factors (often long term) that lead to the instability of a slope. They increase shear stress of a slope, but do not initiate movement. 
Triggers are factors (usually short events) that translate instability into motion.

** There can be MANY causes, but only ONE trigger **

List and describe several external causes of landslides. 
External Causes (factors outside of the slope that contribute to mass movement):
a. Slope Angle
You must have slope for there to be mass movement
Steeper slopes = more movement
b. Undercutting
The lower part of the slope is removed  material supporting the slope
Caused by roads, rivers, buildings, etc. 
c. Overloading
Adding weight
Caused by buildings, roads, landslides, trees, me, etc. 
d. Vegetation
Roots bind material  removal of roots can make slopes unstable 
Heavy trees can increase instability (example of overloading, c)
e. Climate
If average temperature and rainfall is high:
More water
Increased weathering of rocks (more fractures, soil, etc)
If average temperature is around 0 degrees, see internal causes

Learning Objectives (Lecture 3)
List and describe three internal causes of landslides. 
Internal Causes (factors inside the slope that affect stability)
a. Water
Adds weight
Decreases normal force / normal stress
Increases weathering & acts as a medium for flow
Water Content:
In sediment:
Water can help / hinder cohesion, depending on the amount 
No water = low angle of repose
A little water = high angle of repose
Too much water = very low angle of repose
In rock:
Water reduces shear strength along planes of weakness (fractures)
Water can cause frost wedging / freeze thaw 
In colder climates  water gets between cracks in the rock, it freezes and expands which forces the rock apart 
b. Inherently Weak Materials
Some materials are very weak  fail at relatively / very low angles of repose 
CLAY IS ESPECIALLY ODD
When in salt water, clay is attracted to other clay particles 
Quick clay is problematic
c. Adverse (Bad) Geologic Structures
Unfortunate bedding or fracture orientation 
Structures angled in an instable direction or layered precariously 

List several landslide triggers.
Earthquakes                        
Snow melts
Heavy rainfall
Loud noises 
Vehicles 
Volcanic Eruptions

Compare and contrast key triggers and causes of landslides and how they affect the force balance equation (i.e. Factor of Safety).
For example, inherently weak materials will decrease the force of cohesion and shear resistance, creating a low factor or safety. We will see mass movement in this case.

In adverse geological structures there is a decrease in friction  decreases the force of resistance  increases factor of safety. 

Explain how liquefaction landslides develop in sensitive marine clays (quick clay slides). 
When in salt water, clay is attracted to other clay particles. Percolating ground water can remove salt from the clay, which in turn makes the substance collapse. 

List and describe the site conditions (causes and triggers) that lead to the development of the Oso Landslide in Washington State. 
Causes:
45 days of heavy rainfall  increase in water content
Collapse of glacial sediment (an inherently weak material) 
Triggers:
Seismic activity 

Learning Objectives (Lecture 4)
Relate the type of expected landslide damage as a function of its velocity. 
Landslides are rated on a scale from 1 – 7, 1 being the slowest and 7 being the fastest. Landslides below the 4 mark are not a concern… 
5 - 7 = danger zone 

Identify tell tale signs of an unstable slope. 
This can be done using GeoStatistics, Geologic Mapping and Hazard Mapping.
Look for:
Debris flow, scarp from pre-existing landslide, undercutting, steep slope, deforestation

Compare and contrast avoidance, prevention and protection strategies for dealing with landslides. 
Avoidance:
Move to a different area and avoid the problem
Prevention:
Do something to make sure landslides don’t occur / don’t occur when people are there
Protection: 
Strengthen the area that might be affected if a landslide happens 

List the mitigation techniques commonly used for avoidance, prevention and protection strategies. 
Avoidance:
In almost all cases avoidance is too expensive and includes: 
Buying all of a town’s property, moving a completed highway, asking people to leave their family homes 
Instead we use: 
Hazard mapping
Computer modeling
Geological mapping
Determining frequency and magnitude of past landslides 
Prevention: 
Removal of Material
Very simple 
Too expensive for many situations, but cheaper than avoidance 
Effective for some rock falls 
Stabilizing Slopes
Undercut slope?  Apply a resisting force at the bottom, such as retaining walls or gabions
Sliding rock?  Apply rock bolts
Drainage 
Too much water?  Remove with drainage
Protection: let the landslide happen, but control where it goes
Rock fences
Catch falling and rolling rocks, but dissipate kinetic energy
Debris Flow Retention Structures
Debris flow = water + debris  remove debris from water = no more flow 
Rock Barrier, Rock Net, Rock fall Shed 
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