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LANDSLIDES 
By 

Herbert G. Schlicker* 

Introduction - This past winter excessive slope failures in the Northwest have focused 
more than usual interest on landslides. Public interest has led to the preparation of this 
article designed to explain in a general way the causes, danger signs, and corrections for 
a .few of the most common types of sl ides occurring in the Portland area. 

Landslide damage - Landslides are far more common than is generally realized. Lack 
of information abOut them is probably due to their intermittent occurrence and the relatively 
small number of people directly affected. The following cost estimates of sl ide damage in 
Oregon are given to illustrate their importance and to call attention to the need for further 
sl ide study. 

The winter of 1955-1956 cost the Multnomah County road department em estimated $125,000 
for slide repair, four times the normal yearly cost. Slides in that county, which numbered 109, 
are exclusive of those on highways and streets maintained by city governments and the State 
Highway Department. The Portland city water department reported a slide damage this past 
winter to the main water supply system which will cost anestimatedi$100,000 to repair. 
According to the city engineer's office, repairs to Portland city streets and parks necessitated 
by recent slides will cost about $100,000. 

The Oregon State Highway Department reports that slides have cost an average of more 
than $400,000 yearly for the 4-year period ending November 30, 1955. Since that date, 
damage has occurred which may greatly exceed this yearly average. Federal agencies con­
cerned withrelocation.of the Willamette Highway in the vicinity of Lookout Point Dam 
reported that slides increased the cost of construction by at least $500,000, but that other 
similar Federal projects were less affected. In addition the cost of landslides to counties in 
Oregon other than Multnomah County, cities besides Portland, the Forest Service, logging 
companies, railroads, power and telephone companies, corporations, and individuals throughout 
the State makes the total for greater than may be real i zed. 

Causes of landslides - Slopes remain standing only because they possess the internal 
strength to have withstood the most severe conditions to date. The fact that sl ides occur is 
evidence that either weather conditions affecting the soil have become more seVere or other 
factors have made the slopes more susceptible to sl iding. 
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A slide is precipitated when the shearing stress exceeds the shearing strength of the soil. 
Shearing stress in a soil mass is increased by external causes while a loss of shear strength of 
the soi I is caused by internal changes. 

External causes of landslides are due to the undercutting of the toe of a slope (over­
steepening), addition of weight from embankment material or waste deposited along the upper 
edge of the slope I and from added weight of increased moisture content. Earthquakes or 
vibrations can be a. cause and there is no doubt that vibrations from any source may "trigger" 
a slide. 

Internal causes of landsl ides are due to water in the ground. The ground water produces 
both immediate and progressive decrease in shear strength of the soil. Immediate decrease 
of shear strength is generally caused by increase in pressure from water in the voids. This 
pressure is analogous to the forces exerted by a hydrostatic head. Seepage pressure is a 
force exerted by ground-water flow due to the viscosity of water moving through minute 
passages in the soil. Continued seepage through slopes expels the air and apparent cohesion 
between the soil particles is eliminated, further weakening the soil. Although this mainly 
concerns conditions of rapid drawdown in reservoirs and stream channels it is also true of 
saturated soils below the water table. Progressive decrease in shear strength results from 
removal of the soil binder and chemical decomposition of the mineral grains by ground-water 
action. 

A deep frost greatly increases the susceptibility of a slope to fail. Frost heaving or the 
expansion of the soil by formation of ice crystals and the freezing of water pockets results 
in increase of void spaces in the soil. This increased moisture capacity of the soil is sometimes 
sufficient to start liquefaction* and slide action on fairly steep slopes, The deep frost early 
in the fall of 1955 is unquestionably a major factor in the large number of slope failures in 
the Portland area during the past winter. 

SI ide development - As the shearing forces approach the shear strength of a soil mass l 

certain sections fail by rearrangement of the soi I grains and the formation of hair! ine cracks. 
Excess water in the disturbed soil is forced into other sections of the soil and failure of the 
soi I mass continues as if by chain reaction. When the shear strength along a possible sl ide 
plane is reduced sufficiently the entire mass becomes mobile and a slide occurs. At the 
moment a sl ide begins the shearing forces are but sl ightly greater than the shear strength of 
the soil, but sl iding causes a reduction in strength of 20 to 90 percent depending on the 
sensitivity** of the soil (Terzaghi, 1950, p. 112). Movement of the slide rapidly increases 
as the soil loses its strength. As the sl ide progresses, the driving force is reduced through 
reduction in slope and mixing of the slide material with more stable foreign soil. When the 
resisting force again is equal to the shearing force of the soil the movement passes from sliding 
into slow creep. The surface of an old slide is particularly susceptible to the effects of ex­
cessive rainfall, since numerous deep fissures provide easy entrance for water and drainage 
is greatly disrupted. 

Varieties of landslides - Landslides occur in so many types of material under such a wide 
variety of conditions that a classifi cation could include dozens of categories. For the student 
of landslides, various classifications have been prepared (Ladd, Sharpe, Terzaghi, and others) 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
. Action of a saturated soil which becomes fluid when disturbed. 

**Sensitivity refers to changes in soil strength under variations of moisture content. 
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based on the appearance, the mechanics, the type of material, and the speed at which failure 
takes place. No attempt is made here to present a classification of landslides other than to 
nqme and describe the most general types occurring on earth slopes. 

Figur. I 
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Slump: This term is used (Sharpe, 
1938) for landslides having a curved slide 
plane occurring in relatively homogeneous 
material such as unbedded silts and clays. 
A slump-type slide is recognized by the 
exposed main slide plane at the head of 
the slide, a series of successive slump 
blocks resembling terraces having ex­
posed sliding surfaces, and the bulged 
toe of the slide due to compression from 
the sliding moss. Trees standing on the 
individual blocks are nearly vertical at 
the top but near the base they lean up­

slope,' due to rotation (see Fig. 1). On the toe, however, the trees lean downhill. When the 
toe of a slump occurs on steep slopes the sl ide may continue as a debris sl ide or mudflow de­
pending on mpisture conditions and sensitivity of the sliding material to minor moisture changes. 
As on example of high sensitivity, a silt soil, which is stable at a certain moisture content, 
loses its strength rapidly with slight increase of moisture. 
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Debris sl ide: Debris sl ides are 
characterized by a straight slide plane 
and generally occur in a weathered zone 
such as cloy or silt resting on unweathered 
resistant beds. The sl i di ng moss tears away 
from the soil upslope, forming deep ir­
regular cracks normal to the di rection of 
sliding. Trees tip downhill due to forward 
rotation of the soi I mass by fri ctlon at the 
slide plane (see Fig. 2). I f material 
accumulates at the toe of a debris slide 
a curved sliding plane will develop, 
producing a more stable condition (Boker, 
1953, p. 10). 

Soil creep: Creep is similar to a 
debris slide except that no slide plane is 
developed. The surface of a creep area 
consists of a series of humps or rolls; 
crocks are developed in on irregular 
pattern but do not outline the sliding 
area as in a debris slide. Trees and 
normally vertical objects tilt down­
slope. Creep often develops into sl ump 
or debris slides as continued movement 
produces a sliding surface (see Fig. 3) . 



42 STATE DEPARTMENT OF GEOLOGY AND MINERAL INDUSTRIES vol. 18 
no.5 

Mudflow: Mudflows occur when the soil flows downslope as the result of oversaturation. 
Rearrangement of the soil grains in this type of material by shock or movement when the soil 
is saturated decreases the void space, which in effect creates an excess of water in the soil 
mass. The excess water gives buoyancy and mobility to the soil mass and can carry along 
material in its path ranging from soil to boulders. Mudflows are recognized by the jumbled 
mass of unsorted materials, generally fan shaped, at the toe. 

Treatment and prevention - Both critical slopes and landsl ides offer serious problems and 
should be equally considered. In general both will require the same extensive treatment 
before stability is assured. 

The corrective methods used depend on degree of slope, size of area, type of soil, and 
degree of safety required. All slides and unstable slopes have in common the force of gravity 
and shear strength of the soil. Both are appreciably affected by moisture. Any treatment 
to be successful must counteract the effective force of gravity or increase the shear strength 
of the soil. 

Since even gentle slopes may be subject to sliding they should be examined for signs 
of failure. Old landslide scars are obvious signs of dangerous slopes. Although these may 
have affected only a small part of the area, the entire slope should be considered sus­
ceptible to failure. According to Terzaghi (1950, p. 110) all slides except those due to 
earthquake and spontaneous I iquefaction will show signs of progressive fai lure prior to 
sliding. Indications of progressive slope failure are bent trees, vertical objects such as 
fence posts tipped downhill, and tension cracks along the upper edge of the unstable area. 

Although some slopes have not failed, any steepening such as addition of material at 
the top or the removal of material at the toe, may change the conditions. sufficiently to 
cause sliding. Failure, however, will probably not occur until there is a decrease of soil 
strength and addition af weight during a period of excessive moisture. 

The treatment of sl ides and critical slopes depends upon acquiring a satisfactory degree 
of safety within economical limits. In the case of highway slides it is sometimes more 
economical to clean up a slide after it occurs rather than prevent it. Occasionally moderate 
expendi ture will make a slope questionably safe; however, this type of treatment is impracti cal 
if a slide might result in excessive damage, possible injury, or loss of life. The magnitude 
of a slide that warrants being made absolutely safe depends on the value of the property 
involved. SI ides affecting most dwell ings must be made unquestionably safe, therefore only 
sliding on a small scale can be economically corrected. Generally stabilization Can be 
effected by unloading the top of the sl ide and placing material on the toe and draining the 
slope by good surface drainage and by horizontal pipes placed to intersect subsurface water. 
All sources of surface and ground water leading into the sl ide area should be located and 
their effects lessened or eliminated. Control of long slopes is difficlJlt, expensive, and 
often economically impossible, especially if the slide occurs part way up the slope. 

Piling driven through the moving layer of soil into stable material may add stability but 
it should not be attempted without a study of the forces involved. Piling of proper strength 
must be driven sufficiently deep in firm, stable material to resist being pushed over or broken 
off by the force exerted by the unstable soi I mass. The effects of pil ing or a retaining wall 
should not be expected to overcome the entire force of a large soil mass but should be used 
in conjunction with other procedures such as drainage or resloping. 
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Close spacing of homes on small hillside lots affected by a slide may prevent the most 
satisfactory correction such as diversion of surface water away from the sl ide and resloping. 
Proper treatment in this case can be accomplished only by cOoperation on the part of all 
persons involved. 
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landscaping of homes located on steep hillsides should take into consideration the possi­
bility of creating or alleviating slides. Care should be taken when retaining walls are built 
on slopes below the level of the house and filled with soH to provide level or nearly level 
yards. This system if properly designed is satisfactory; however, most trouble .Iies in und~r­
designed retaining walls, poor foundations in which to anc~or the wall, little or no drainage 
facilities for water pressure building up behind the wall, and, probably the greatest couse of 
failure, poorly compacted fill material composed of sensitive silt or clayey silt. Persons 
familiar with design of retaining walls should be given the responsibility. The problem of 
compaction and type of material is extremely important. The body of the fill should be made 
of a well-graded soil which when compacted will have a minimum of void space, thereby 
providing as little volume for moisture as possible. It should be placed at a computed moisture 
content and compacted to at least 90 percent maximum by hand or pneumatic tampers. The 

. fil I should be placed and compacted in· layers not exceeding a depth of 6 inches to insure 
sufficient compaction. 
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LAND DETERMINATION AREAS IN OREGON 

The U.S. Forest Service and Bureau of Land Management have notified the Department 
the following areas will be examined this summer for determination of surface rights. under 
Public Law 167 (see The Ore.-Bin, April 1956 and.·August 1955). 

U.S. Forest Service 
I.-Deschutes National Forest (field examination started May 1956): Secs. 29 through 

36, T. 25S., R. 8E.; secs. 24,25, and 36, T. 26S.,.R. 7E.; sees. 1 through 36, 
T. 26S., R. 8E.; secs. 1 through 30, 34,35,36, and part of sec. 31, T. 215., R. SE.; 
secs. I, 2, 3, 10, 11, 12, 13, 14, 24,25, 35, and 36,.T .28 S., R •. 8 E.; and sec. 1, 
T. 295., R. 8 E. 

2.- Willamette National Forest (field.exc:mination to be started as soon as snow con­
ditions permit): Little North Fork Santiam River area and Quartzville area. 

3.- Siskiyou National Forest (to be exc:minedthis spring): Lawson Creek drainage of 
Curry County. 

U. S. Bureau of Land Management 
The letter from the Bureau of Land Management states: 

"We have selectedT. 34S., Rs. 5 and6W " as the first experimental 
or test area. This is an area of intermingledO&C and vacant public lands and 
known to contain a number of mining claim locations. We expect to examine 
and advertise the vacant public land under Public. Law 167 within the next 
three months. It is also quite likely it will also be necessary to examine and 
advertise the O&C lands. The reason being that the O&C Mining Act of 1948 
(62 Stat. 162) does not provide road .rights of way across mining claims located 
either prior or subsequent to the act of August 28, 1937 (50 Stat • 874), 

"If any claims are found on O&C lands which were located prior to August 28, 
1937, and which appear, upon examination, to be locations without a valid 
discovery, it is quite likely adverse proceedings will be brought under the old 
procedure with the object of cancel! ing such locations. The effect of such a 
procedure would be to save for the counties (75%) and the Government (25%) 
of the. timber values now and hereQFter growing on the area.occupied by a 
claim or claims located prior to August 28~ 1937, the Same as if such locations 
were made subsequent to the act of April 8, 1948, supra." 

*************************** 

DRILLING PERMITJSSUED 

Permit No. 18 to drill an oil test well was issued April 30, 1956, to ' Riddle Gas and 
Oil Producers, Oreg., Ltd. The permit showed that the. drilling was to be done 601 feet south 
of the north line and 34. 9 feet west of the east line oLsec. 28,. T. 30 S., R. 6 W. The lessee 
was given as F. H. WollenbergI' Alameda, California, and the lessor as W. M. Parnell, Riddle, 
Oregon. . 

*************************** 
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The accompanying map shows the status of topographic mapping in Oregon. Included on 
this map are the areas for which topographic coverage has been requested by the Stafe Mopping 
Advisory Committee, which is a subcommittee of the State Committee on Natural Resources. 
The Mopping Committee is composed of members from various State agencies which are vitally 
interested in topographic mapppng. Each year the Committee submits a statement to the U.S. 
Geological Survey outlining the areas which the Committee feels are in greatest need of 
mapping. The Survey is charged with the mopping of the entire United States and its pos­
sessions and mapping has been in progress since the 1880's. 

At the present time only 30 percent of Oregon has been mapped topographically and it 
has been estimated that at the present rate it will be another 17 years before the job will be 
completed. Large areas of the State are unmapped and it is in regard to these areas that the 
Mapping Committee is now concentrating its efforts. 

Many stares have accelerated their mapping programs matching funds in a cooperative 
arrangement with the Federal Government. Kentucky has just completed a program which has 
resulted in the mapping of the entire state. Kentucky appropriated $3,180,000 which was 
matched dollar for dollar by the Government. The rate of mapping in Oregon could also be 
increased materially under such on arrangement. 

*************************** 

ASSESSMENT TIME AGAIN 

Assessment work on all unpatented mining claims must be completed by noon of July 1, 
1956, or, if not completed, must have been started and continued until completed. A proof 
of labor, an offidavit of annual labor, or affidavit of assessment work must be filed within 
30 days ofter completion of the work. This instrument, forms for which may be obtained from 
iaw publ ishing firms, must state: (1) name of claim or claims end bookand page where 10c(1-
tion notice is rer,orded; (2) number of days' work done and kind and value of improvements 
mode, together with their location; (3) dotes of performin£' labor and making improvements; 
(4) at whose instance or request work was done; and (5) amount paid for labor and improve­
ments and by whom paid when some was not done by claim owner. 

A total of $100 wortt, of work or improvements must be expended on each quartz, placer, 
or association placer claim each year. Some claim holders start their work just prior to the 
close of one assessment year and remain on the ground until cfter the start of the next assess­
ment year, doing the work necessary for both years. 

The Department has published a bulletin, Mining Laws of the State of Oregon, which 
contains th~ rules and regulations of the State of Oregon pertaining to iocation and assessment 
work on quartz and placer mir:ng claims. Copies of this publication may be obtained from 
the Department office at Portland or from the Grants Pass and Boker field offices at a cost 
of 50 cents per copy. 

*************************** 

FLASH 

It has been reported but not confirmed that the Office of Defense Mobilization will 
announce the extension of sewal strategic mineral programs in the near future.· Chrome 
is one of the minerals reportedly included in the extensions. 

*************************** 


