GEOG 2014 A (Carleton University)
Churn Creek: 51.5141°N, 122.3498°W Frank Slide: 49.5837°N, 114.4056°W Lemieux: 45.4012°N, 75.0585°W
1) For each of the three sites, create a polygon (unfilled, outline only) of the margins of the zone of depletion and the zone of accumulation from the landslide (5 marks x3). 
Refer to the graph.

2) Estimate the area of the slide by measuring the dimensions of the 2 polygons that you have created for each landslide. Use the formula for the closest geometric shape to get an area. Note that you can add a few geometric shapes together to improve your accuracy. (show your work). (5 marks x3) 
Lemieux Depletion area (rectangle shape) 
80.55meters*1260meters = 101,493m2=10.14km2
Lemieux Accumulation area (rectangle shape)
130meters*569.30=74,009m2=7.4km2
Lemieux total area = 17.54km2

Frank Slide Depletion area (circle shape)
3202[image: ] =321699m2 = 32.16km2
Frank slide Accumulation (2rectangle area)
201meters*435meters*=87,435m2=8.74km2
779meters*352meters=274,208m2=27.42km2
Frank Slide total area=68.32km2
Churn Creek Depletion area (2 rectangles and triangle)
317meters*260meters=82,420m2=8.24km2
332meters*450meters=149400m2=14.9km2
307*80/2=12,2802=1.28km2
Churn Creek total area= 24.42km2
3) Briefly describe how the drainage of the area in each has been influenced by the presence of the displaced material from the slide (5 marks x 3). 
It is possible that the drainage of the area has been affected by both type of material in the landslide, location of such materials and possibly the slope of the landslide. Potential rock and soil build-ups could be blamed for poor drainage in the Lemieux and Churn Creek area. Water flow through areas of rock is more likely to be found then in areas of dense soil due to the gaps between the materials itself. It does not appear that there would be any drainage issues in Frank slide area because: the slope is bot regular and smooth, the material of the landslide is snow. The angle of the slope potentially will also have an impact upon drainage. Obviously the angle of the ground will affect water flow, but it will also affect the speed and amount of drainage that can be found.  The steepest of the landslides studied is the Frank landslide - here it can be assumed that there would be a lot of water flowing down the hill into the lower elevation area. 
Drainage from the bottom of the landslides is another aspect. For landslides such as Lemieux, the lower portion of the landslide would be drastically moister than the areas above. The lower the elevation, the wetter the soils.


4) Draw a line down the centre of each landslide (the polygons from Question 1, above) from the top of the head scarp to the bottom of the toe. Use the measuring tool to determine the overall length of this line (map distance) and measure the elevation at the top, bottom and 9 locations that are evenly spaced between them. Use a spreadsheet (e.g., Excel) to plot a cross section for each. Use an appropriate vertical exaggeration to emphasize the topography. Label the graph at the point where the zone of depletion meets the zone of accumulation. (10 x 3 marks) 

	Refer to the graph.



5) What is remarkable about these cross section plots? Is there something that surprises you about your results? (5 marks) 
There are surprising results for the cross section plots. For the Lemieux slide elevation is almost same from top to bottom, elevation is changing very slowly. For the Frank slide elevation is decreasing rapidly the angle of the slope for the frank slide is wide. For the Churn Creek surface of the slope is bumpy.

6) Is there a relationship between the area impacted and the slope of the landslides? (5 marks) 
There is a relationship between the area impacted and the slope of the landslides. The larger zone of depletion causes the larger zone of accumulation. For example in the mountain area of Frank Slide the zone of depletion is a very steep and rapid hill. This causes debris to fall faster thus to cover a larger area.


PartB
Assignment: You are working with an engineering consultant who has been hired by a developer to assess the best placement for a 5-star hotel. You have been evaluating a slope of unconsolidated material which contains a potential failure plane (e.g., a layer of low cohesion) at a depth of 4.0 m (measured normal to the surface) below the surface. Slope angle and the potential failure plane angle are both 35°.
τ=ρb ghsinθ
σ=ρb gh cos θ
S=c+ (σ – μ) tan φ
 1) Calculate the shear stress (τ), and the shear strength (S), at the base of the 4.0 m layer, for the following conditions:
Specific weight of the material, ρb g = 17 kN m-3
 Angle of internal friction, φ = 39° cohesion, c = 0
 The water table is at 5 m depth, so u = 0 kPa
(9 marks)
               tan39=0.8, pore pressure=0, sin35=0.57, cos35=0.81 , h=4meter , Pbg=17 kN m-3    
Shear stress= τ=ρb ghsinθ
Shear stress= τ=ρb ghsinθ= 17*4*0.57= 38.76 N/m2
Normal stress= σ=ρb gh cos θ
Normal stress= σ=ρb gh cos θ= 17*4*0.81= 55.8 N/m2
Shear strength= c+ (σ – μ) tan φ
Shear strength= c+ (σ – μ) tan φ = 0+(55.8-0)*0.8=44.64 N/m2

2) Suppose the water table rises to 2.0 m above the potential failure plane. Determine the bulk density of the saturated soil for your subsequent calculations, with the knowledge that water has a density of 1000 kg m-3. Recall that the bulk density of rock is 2650 kg m-3 and the soil is 60% of this density, which implies that 40% of this soil is void space. (3 marks)
P(r) rock=2650kgm-3   PWater=1000kgm-3
Pr 60%= 2650*0.6=1590m-3   Pw%40= 1000*.4=400 400+1590=1990 kg m-3
3) Calculate the pore pressure. (3 marks)
Pore Pressure=u    u = p(w) * g * h(w) * cos θ   PWater=1000kgm-3  g=9.8 m/s2
u = p(w) * g * h(w) * cos θ =    1000*9.8*6*0.8=47,040kNm3


4) Now use the above to recalculate τ and S. (10 marks)

   tan39=0.8, , sin35=0.57, cos35=0.81 , h=6meter , Pbg=17 kN m-3 pore pressure=47,040
 Shear stress= τ=ρb ghsinθ
Shear stress= τ=ρb ghsinθ= 17*6*0.57= 58.14Nm2
Normal stress= σ=ρb gh cos θ
Normal stress= σ=ρb gh cos θ=17*6*0.81= 82.62 N/m2
Shear strength= c+ (σ – μ) tan φ
Shear strength= c+ (σ – μ) tan φ= 0+(82.62-47,040)*0.8= 28.464 N/m2


5) As a consultant, what is your recommendation? Is the slope subject to failure in either case above? Back up your answer with the results of your calculations. (8 marks)
If shear stress (τ) exceeds the shear strength (S), the slope will fail.

First case
Shear stress= τ=ρb ghsinθ
Shear stress= τ=ρb ghsinθ= 17*4*0.57= 38.76 N/m2
Shear strength= c+ (σ – μ) tan φ
Shear strength= c+ (σ – μ) tan φ = 0+(55.8-0)*0.8=44.64 N/m2
-Shear stress is lower than the shear strength so the slope wont fail it is safe.



Second case

Shear stress= τ=ρb ghsinθ
Shear stress= τ=ρb ghsinθ= 17*6*0.57= 58.14Nm2
Shear strength= c+ (σ – μ) tan φ
Shear strength= c+ (σ – μ) tan φ= 0+(82.62-47,040)*0.8= 28.464 N/m2
- Shear stress is higher than the shear strength so the slope is will fail it is not safe.




[bookmark: _GoBack]

6) Your client will not go ahead with construction unless she can be sure the slope is stable even if the water table rises. Calculate how much cohesion must be generated by root strength and inter-particle cohesive bonds to get a factor of safety of 2.0 for the slope with the water table at 2.0 m depth to be stable (Factor of safety, FS = S/τ). (2 marks)
FS=2,  cohesion(c)=? , 
Shear strength= c+ (σ – μ) tan φ= 28.464 N/m2
Shear stress= τ=ρb ghsinθ=58.14Nm2
S=2τ , S=116.28Nm2
FS= Shear strength/ Shear stress
FS= c+ (σ – μ) tan φ/ ρb ghsinθ
c= 2 τ-S
cohesion =116.28-28.464= 87.816kPa
7) Besides that are three other ways to make the slope more stable? (5 marks)
As long as the cohesion is higher slope become more stable. There are three other ways to make slope more stable. Shear stress should be lower so the slope becomes more stable. Other way to make slope more stable is to make water pressure lower. Shear strength should be higher to make the slope more stable. To make shear strength higher normal stress should be higher. Last way is to make slope more stable is to make friction higher, as long as high friction occurs slope becomes more stable.
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