SLOPE STABILITY
LECTURE UPDATED:  March 22, 2005
MATERIALS NEEDED FOR CLASS:

· Post map from USGS Prof. Paper 1183 (“Landslide Overview Map of the Conterminous U.S.”) in front of room.

· USGS Circular 798 (Unstable Ground‑ND)

INTRODUCTION
In the CLASSIFICATION of PROCESSES AND LANDFORMS associated with MASS WASTING, we could SPEND HOURS describing each type and the influence of each on man.
· We, of course, don't have time for that in this course.

· You've had much of that already in physical geology or in geomorphology.

I would RATHER CONCENTRATE on specific examples of how man has INCREASED HIS SUSCEPTIBILITY to mass wasting processes.

Keep in mind that WITHOUT MAN PRESENT, mass wasting processes HAVE 
NO REAL IMPORTANCE.


A normal process of earth materials reaching an EQUILIBRIUM condition in nature.

BUT, when man enters into such an area or when man influences the development of such processes, they suddenly become highly important.

Please keep in mind that the concept I’ll be discussing deal with soils (and as a generalization). 

Bedrock is a topic until itself.

LANDSLIDE MAP
In 1982, the U.S. Geological Survey published a map showing the susceptibility of the conterminous 48 States to landslide phenomena. 







USGS Professional Paper #1183.


I realize that you cannot see the details from the back of the room, but (describe map).


On the North Shore field trip, we'll be camping within this small zone near Duluth ‑ 
unstable glacial lake clays.

After I've painted such a gloomy picture about expansive soils in NORTH DAKOTA, you might be surprised NOT to see the state painted in red.

But in fact to have a landslide of proportions needed to be plotted on this map, SLOPE 
IS NEEDED!!!.


Souris and Missouri River valleys + the Badlands.

The SOUTHWESTERN THIRD of the state is listed as having “moderate” landslide susceptibility ‑ a phenomenon certainly evident ALONG I‑94 as one drives westward.
TRANSP. & HANDOUT  ‑ USGS Circular 798, p. 2

Slope stability problems are certainly evident in THIS PART OF THE STATE and are described in a USGS Circular "Unstable Ground in Western North Dakota."

The white portion on this map indicates that portion of the state affected by past 
glaciations.


The shaded the unglaciated region.


The legend is otherwise explanatory.

*  *  *  *  *

TRANSP. & HANDOUT
Let's examine some specific, man‑related causes of slope stability problems.
Over geologic time, weathering processes tend to erode back at oversteepened slopes until some NATURAL SLOPE NEARLY IN EQUILIBRIUM has been established.

The slope has attained its NATURAL ANGLE OF REPOSE. 

DEF.  angle of repose ‑ the maximum slope or angle at which loose material remains stable.


       % slope = #_feet_vertical  x 100%

    

           # feet horizontal

Normally, for sands and silts, this angle is a maximum of 25( to 35(.
The ANGLE OF REPOSE of course, depends on the NATURE OF THE MATERIALS.

CLAYS, because of their cohesiveness, are OFTEN QUITE STABLE.

Unless they're expansive!

ANGULAR SANDS more stable than ROUNDED SANDS.

It took NATURE THOUSANDS OF YEARS to produce most hillside areas, but 
only within the past half‑century has CIVILIZATION ACQUIRED THE TOOLS 
TO GRADE or re‑grade them.

With INCREASED PRESSURE FOR USABLE LAND and with the cultural 
esthetic of man for a “HOME WITH A VIEW,” man has been determined in his 
effort to develop hillsides.
Consequences (as per handout):
2.
(Common) ‑ natural slopes are cut away until they lie at an unnatural angle of repose.


Slopes become gravitationally unstable.


We don't have to go far to see this phenomenon:  I‑94 where it passes beneath the 25th 
Street and railroad overpasses.

3.  
Add to that increased load.


Once again, we don't have to go far (Trollwood Park or N. Broadway in the area where 
they are adding new fill ‑ both lie above a point where the Red River is cutting away at 
an unstable slope).

4.
Add to that, increased load + saturated ground. 

· water saturation by lawn watering and septic tanks.

· increased weight.

· materials may pass through their plastic or liquid limits.

5.
Increased weight due to fill.

HILLSLOPE GRADING
Given the population pressures and urge for a “home with a view,” man during this past half century has been trying to squeeze more and more homes onto slopes through grading.

What are the problems then with hillslope grading?
TRANSP. & HANDOUT
1.  Most structures can remain relatively stable if they neither rest above nor below a 25% slope.

Lower home may expect some problem due to drainage (common in Fargo).

2.
Placing a structure above or below a 50% slope can result in problems for both 
structures.

A 50% slope is above the natural angle of repose for most materials (about 25%).


Weighted structures.


Lower structure potentially affected by slope and water problems.

3.
The third case may be found in various areas of the U.S., but particularly in 
southern California.

1.  Where terrain is rugged.


2.  Pressure for land is great.


3.  The financial incentives for developers are great for making available any utilizable 
land.

 HILLSLOPE GRADING AND ZONING ORDINANCES ‑ LOS ANGELES COUNTY
In areas such central and southern California, developers have tended to terrace hillslopes, thereby creating a number of flattened house pads.
1. % slopes range up to 500%.

2.  Materials are seldom bedrock (not that bedrock would necessarily be good), but unlithified Tertiary‑aged marine clastic sediments.

3. At the same time, to build these pads all natural vegetation is stripped away.

This results in soil erosion and the ability of the land to ever again support vegetation.

Add to this:
1. A seismically‑active area.

2. An area underlain by young, unstable rocks.

3. An area that experience high intensity winter rainfalls.

4. Seasonal fires, leading to often‑intense erosion or earthflow/mudflow activity.

Such problems have been severe in the Los Angeles, Santa Barbara, and San Francisco regions.
Severe, BUT NOT BEYOND HOPE!
Due to increasing pressure for stricter building codes in Los Angeles County, fewer home sites are being allowed to be constructed in high‑gradient regions.

Those that are constructed have to meet much more rigid code restrictions.

I'd like to give you one example of the effect of increasingly‑restrictive building codes on the success of hillslope building in one portion of Los Angeles County: 

CASE:  A series of rainstorms in 1969 (study of 48,000 homes).

Of homes built before 1952 (no grading code; no soil engineering studies):


Of approx. 10,000 homes, 1040 damaged (10.4%)


Of homes built from 1952‑1962 (semi‑adequate grading code; soil engineering studies 
required but no legal status):


Of approx. 27,000 homes, 350 damaged (1.3%)


Of homes built from 1962‑1969 (modern grading codes; soil engineering required with 
legal responsibility by all engineers):


Of approx. 11,000 homes, 17 damaged (0.15%)

(Griggs & Gilchrist, p. 188)

SLIDES
END OF SLOPE STABILITY
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