Textbook Notes: Landslide

Lesson 1: Landslide Mechanics
Socio-Economic Impact
Vulnerability to landslides is increased by:
· Increase in population density
· Use of marginal land
· Rapid land-use change
· Global warming

1. Elm Event, Switzerland 1881
· Sudden release of 10 million m3 of rocks
· 15 people dead
· Stemmed from extraction of slate from a quarry 

2. La Conchita, California 1995 and 2005
· Cased by heavy rainfall
· On complex combination of faulting, tectonic uplift, very weak foundation, steep slopes and presence of spring

3. Haiyan, Ningxia Earthquake and Landslides 1920
· 200,000 deaths
· direct: destruction
· indirect: exposure to winter climate

4. Rockfall and Slide Events
· involve a smaller rock mass that disintegrates into numerous blocks that fall

Effects of Gravity

Mass movement (mass wasting): downslope motion of soil and/or rock materials under the influence of gravity

Landslide – general term for mass movements.
· occur when gravitational force pulling the slope mater down > slope materials internal resistance to shear or failure

1. Gravity and Shear Stress

Gp – the component of gravity that acts perpendicular to the slope 
- helps to hold an object or slope materials in place on the slope (shear strength)

Gt – the component of gravity that acts tangential to the slope surface or parallel to and down the slope
· pulls an object or slope material in a down-slope direction (shear stress)
2. Shear Strength
· Forces that resist the down-slope movement
· Frictional resistance
· Cohesion
· Internal resistance of a body to shear stress
Affected by a number of factors:
a. Type of soil or rock
b. Condition of the geologic materials (how eroded)
c. Presence of weak surfaces (joints and faults)
d. Pore water pressure within the slope

3. Factor of Safety Fs
· failure occurs when
shear stress > shear strength

Fs = Sf/T where Fs = Factor of safety; Sf = Shear strength at failure; T = average shear stress
· numerical value that indicates slope stability

When Fs >= 1.0 (shear strength>shear stress = stable)

When Fs < 1.0 (Shear strength< shear stress = unstable)

Downslope motion is favored by:
1) Steeper slope angles
2) Decrease of shear strength

4. Effective Stress
· Composed of cohesion and frictional resistance

Factor determine the resistance of failure: 
a. Weight of material itself acting perpendicular to the slope, Gp (normal stress)
b. Addition of space between grains (primarily water pressure) = pore water pressure, u

Effective Stress = [normal stress] – [pore water pressure]

Lesson 2: Landslide Causes and Triggers

A. Discerning a cause versus a trigger 
cause – makes slopes susceptible to movement without actually initiating a landslide
trigger – event that actually initiates movement by driving the Fs < 1.0
ex. Earthquake, volcano, rainfall, etc.

Landslides can have many causes, but 1 trigger
Trigger Frequency – how often an even occurs that set off a landslide

B. Slope Stability and Erosion
Erosion – the transport of material away from its source

Erosion at the base of a slope can cause failure:
1. Driving mass becomes > then resisting mass
2. Slope steepness at the base increases (Shear stress> Shear strength)

Rapid Erosion – can be caused by heavy rainfall or large waves

C. Slope Stability and Vegetation
· vegetation increases slope strength
· increases cohesion, binds material
· decreases surface erosion and helps absorb excess water

D. Slope Stability and Water Content
1. An excessive amount of water increases mass, increasing shear stress
2. Fluid Pressure; can reduce friction, reduce shear strength resulting in slope failure
3. Water increases weathering of rocks, causes volume change that can wedge apart rocks that causes them to fail.

E. Slope Stability and Seasonal Precipitation
· landslides occur more frequently after periods of heavy rainfall

· different types of rainfall can cause different type of landslides (eg. La Conchita)

F. Slope Stability and Volcanic Activity
· loose volcanic ash followed by accelerated erosion and mud/debris flow triggered by intense rainfall = landslides

1. Nevado Del Ruiz; Columbian Volcano
· No warning
· Volcano melted glacier causing lahars 

2. Mt. St. Helens
· earthquake shook loose flank causing landslide

G. Slope Stability and Earthquakes
· strong ground shaking during seismic activity is a very common triggering mechanism 

H. Slope Stability and Anthropogenic Activity
Ways in which humans can increase likelihood of a landslide:
1. Excavation of a slope at its base/toe
2. Loading of a slope at its crest
3. Deforestation
4. Irrigation
5. Mining
6. Water leakage from utilities 
7. Artificial vibration

I. Vaiont Dam
Initial filling: long tension crack opened near top of the slope – large landslides

Second: Water stopped filling at 648m

Third: Raised third time and slope movement resumed. Water lowered to stop slope movement. Velocities continued acceleration

Imminent Filling: Water being lowered not helping

The Landslide: Huge landslide generating huge wave of water that passed over the dam – the landslide was reported as not predictable

Lesson 3: Landslide Classification
A. The Principle of Classification (landslide)

Velocity 
7 extremely rapid – none (sudden death)
6 very rapid – none (death)
5 rapid – evacuation
4 moderate – evacuation
3 slow – maintenance 
2 very slow – maintenance
1 extremely slow – none (minimal disruption)

B. Falls
Fall – sudden, vertical movement of material
Bedrock Falling – rock fall
Unsorted soil – debris fall 

Velocity = /2gz
G = acceleration due to gravity (9.8m/s2)
Z = height of fall

C. Topples
Topples – require forward rotation of material (rocks) about a pivot point below the center of gravity of the unit or in the slope 
· fractured material oriented perpendicular and parallel to the slope face
· material is broken up into coherent pieces that roll forward sown a slope
· cant be debris topple because blocks must be coherent to topple

D. Slides
· involve large volumes of rock or soil material moving as an initially coherent mass on a sliding surface

1. Rotational Slide: blocks of soil or weak rock move along a curved rupture
· formed because shear stress> strength
· blocks of material rotate and life

2. Translational slides: blocks of strong rock move upon weak plane or pairs of intersecting weak planes in a rock

E. Spreads

1. Lateral Spreads – occur where there is a slow to rapid extensional movement of material
· Usually related to sudden liquefaction of a weak soil layer
· Often triggered by earthquakes and explosions 
· Can occur on relatively shallow slopes

Liquefaction – sudden loss of strength in the soil transforming its behavior into that of a liquid
· loose, saturated soil and seismic activity can cause water pressures to dramatically increase

FS = [ Normal Stress – Pore Water Pressure ] x tan0 + cohesion/ Shear Stress

· Factor of safety sharply decreases because of the dramatic increase in pore water pressures

2. Sensitive Clays and Spreads
Sensitive Clays: young marine clays that are deposited with a House-Of-Cards like structure 
· during an earthquake, this may collapse and liquefy 

Canada’s Quick Clays: St. Lawrence Rivers valleys are lined with thick beds of sensitive marine clays, known as Leda Clays
· earthquakes can cause liquefaction of clay (loss of shear strength), causing devastation to large areas of flat terrain. 

F. Flows, Creep and Long Run-out Debris Flows

1. Flows occur when there is a relatively large volume of water present in mixture of soil and debris
· flows downhill as a chaotic, viscous mixture

2. Rock or Soil Creep: type of flow where soil and upper bedrock zones move downslope extremely slow
· usually measured in mm or cm per year
· creates the most long term economic problems

3. Debris Flow: rapid flow of fully saturated debris in a steep channel
 (Flows into a debris fan/colluvial fan)

4. Debris Avalanche: Rapid and shallow flow of partially-fully saturated debris on a steep slope, not confined to an established channel
            (Flows into a run out/ colluvial apron)

· Debris Flow and Avalanches are found in mountainous areas with high rainfall
· Can move at speeds > 330 km/h
· Depend on viscosity (amount of water) and density (abundance of rocks)

G. Complex Landslides
· formed by combination of 2 or more landslide types
· eg. long run-out debris flows, sturzstroms

Sturzstroms: rare category of dry rock avalanche that travel vast horizontal distances with only small vertical drop
· mass movement of dry rock debris
· volume > 10^6m3
· mobility increases with volume

Landslide Mitigation
A. Mitigation – trying to fix the problem
1. Avoidance – relocating a facility, structure or route where landslide hazards are

2. Landslide Prevention – reduce driving forces or increase resisting forces

3. Landslide Protection – minimizing hazards present 

B. Landslide Frequency in BC
(Central and Eastern Canada)

f = (0.0005 – 0.0020 events/year)/(10000km2 mountainous terrain)

Return Period = 1/F = 2000 to 500 years
Western Canada
F = 0.01 to 0.02 events/year 
RP = 25-100years
RP = (time span of recorded data)/(# of cases of Magnitude, M)

C. Anthropogenic Effects
People heighten landslide natural disasters by:
1.Developing on steeper slopes – response to overpopulating
2. Removing Vegetation
3. Excavation and Slope Loading
4. Altering water drainage
5. Altering climate

1. Case: Frankslide
· 82 million tonnes of limestone buried town of Frank
· Complex Slide
· Large volume rock fall – long run-out debris flow 
· Limestone is easily weathered when it is chemically reacted with slightly acidic rainwater
· Cavities form that reduce shear strength
· Excavation and mining partially at fault 

2. Case: Sea to Sky, Mt. Garibadi and Rubble Creek
· Steep slopes, weak rock, volcanic and seismic activity present at Mt. Garbidi
· Mt. Garibadi: composite cones where hot, acidic water permeated through the fractured cone (altering the weak clays through hydro thermal alteration)
· Rubble creek is the outflow from the springs that originate at the base of the barrier 

3. Case: Lions Bay
· heavy rainstorm triggered
· form debris fan

4. Case; Lions Bay Retention Dam
- modified dam with 2 central outflow conduits
mitigates by:
1. Remove debris flow from the flow mass
2. Prevent more debris from being incorporated into flow mass
3. Decrease the flows velocity and erosive capabilities 
4. Prevent debris from overstepping the channel

D. Living With Landslides
Engineering an unstable slope: excavation, grading, pumping, draining, installing surface drainage devices, planting, vegetation, retention walls, reinforcing the slide mass.
Landslides Textbook

Frank Slide – Canadian rock avalanche
Rock avalanche – sudden failure of large mass of rock that fragments rapidly and travels as streaming mass

Contributing factors:
· cause is a internal or external factor that causes a reduction in slope stability over time
· trigger is an event that sets off landslide
1. Geology
2. Glaciation
3. Mining
4. Weather

· Mass wasting/landslide: downslope movement of rock or sediment due to gravity

To classify a landslide:
· mechanism of movement (fall, topple, etc.)
· type of material
· amount of water
· rate of movement

Types:
Fall – bounding of rock or blocks of sediment from the face of a cliff

Slide – downslide movement of a coherent block of rock/sediment along a discrete failure plane

Slump – type of slide that takes place on a failure plane that is curved upwards

Flow – slow to rapid downslope movement of sediment in which particular move semi-independently (commonly aided with water)

Debris Flow – mixtures of mud, debris and water

Creep – very slow movement/flow 

Sackung – huge, slow-moving flow

Topple – rock mass pivots on a point

Rock avalanches – high velocity flows of rock

Subaqueous (underwater) landslides – most often complex events

Forces on Slopes:
Shear strength – resisting force of landslide

Factor of Safety (Fs) – evaluation of slope stability

If Fs <= 1; stable
If Fs > 1; failure expected

Forces determined by variables:
· type of material
· slope and topography
· climate
· vegetation
· water 
· time

Collovium – mixture of weathered rock and debris 

Thaw Flow Slides – shallow landslide; typically occur during warm spells 

La Conchita
Vulnerability: Presence of steep high slopes, weak rocks, numerous historic and prehistoric landslides, periodic prolonged and intense rainfall

Humans Causing Landslides
1. Timber Harvesting
2. Urbanization

Minimizing Risk
1. Identification of Potential Landslides
2. [bookmark: _GoBack]Prevention: Drainage Control, Grading Slope Supports and Landslide Warning Systems
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