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Landslides are frequent in the steep forested regions of the Oregon

and Washington coastal mountain ranges. The need for forest products

has resulted in increasing logging activity in these marginally stable

areas. The occurrence of landslides has increased, which in turn has

focused greater interest in slope stability management.

Of the factors required for a slope stability analysis, the

engineering properties of the soils comprising the slope are of great

importance. In this study soils from 11 sites were collected and

tested to determine their index properties and effective strength

parameters (undisturbed and compacted). The index properties deter-

mined were natural moisture content, liquid limit, plastic limit,

specific gravity, grain size distribution, moisture-density relation-

ships, and in situ density. Effective strength parameters were de-

termined by consolidated-undrained triaxial tests with backpressure

saturation. It was found that the soils from these regions can

generally be classified as cohesionless silty sands. The index proper-

ties as a rule showed little variance. The effective angle of internal

friction (6') ranged from approximately 30 to 40 degrees, with an

average value of 35.6 degrees.
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Engineering Properties of Oregon and Washington Coast Range Soils

INTRODUCTION

Landslides occur frequently in the steep forested regions of the

Oregon and Washington coastal mountain ranges. Slope instability is

accelerated by man's activity in these areas. As the need for forest

products increases, steep land will experience increasing utilization.

It has been shown that the current practices of road building and

clear-cutting have an important impact on the number of landslides

occurring in these areas (Ketcheson and Froelich 1977, Dipert and

Harkenrider 1978).

It is because of the need to use wood products from the marginal

areas of Oregon and Washington's coastal ranges that an increased

interest in slope stability problems has developed. Topography, soil

properties, hydrologic conditions, geology, and vegetation are all

important parameters which determine the relative stability of slopes.

Certain parameters have more importance than others. The purpose of

this paper is to present soil engineering data that may be used to

characterize soils for evaluation of slope stability. Emphasis is placed

en effective strength parameters. Statistical average and lower limit

values are presented for use as input to the analysis of slope stability.

Also included for identification and classification purposes are natural

water content, Atterberg Limits, specific gravity, moisture /density

relationships, grain size distributions, and in situ density.
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STUDY AREAS

Oregon Coast - The locations chosen for study in the coast range of

Oregon lie within the Mapleton District of the Siuslaw National Forest

('Figure 1). The Mapleton District includes the western side of the

Oregon Coast Range from the Umpqua River in the south to as far north

as Heceta Head.

The Oregon Coast Range is composed mainly of Cenezoic marine

sedimentary rocks. Volcanic breccias and tuffaceous sediments are

overlain by layered deposits of sandstone and siltstone of various

grain sizes. protruding through these sedimentary deposits are

gabbroic sills ut, to 300 meters thick which form most of the high peaks

of the coast range. Uplift followed by erosion formed the steep,

highly dissected land forms found today (Baldwin, 1976).

Recent mapping of the Oregon Coast Range shows the Mapleton

District to be underlain by the Flournoy Formation (Baldwin, 1976).

This formation is composed of thick layers of rhythmically bedded,

micaceous and arkosic sandstone and sandy siltstone.

Average relief of the Mapleton. District is between 150 to 600

meters. This.area is typified by steep slopes (40-100%). Soils are

commonly thinly veneered on the slopes, with thicker deposits found on

flatter terrain.

The climate of the area is mostly influenced by incoming moist

marine air masses. Annual rainfall is about 150 to 300 cm. Heavy

snowfalls and prolonged periods of freezing are rare.

The forests in the district are largely composed of Douglas-fir

(Pseudctsuga menziesii), Western Hemlock. (Tsuga heteropkyna), and
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western red cedar Muja plicate". Red alder (,44nus rubra) :Is also

common (Ketcheson and Froelich, 1977).

Olympic Peninsula - The study locations on the Olympic Peninsula are

located in the northwest and southwest sections of that region (Figure

1).

The Olympic Peninsula consists of two principal geologic domains,

a horseshoe-shaped area which surrounds a central mountainous core. The

core consists of Eocene and Oligocene sandstones, shales, and basalts.

The horseshoe-shaped area is older Eocene-Paleocene submarine basalt,

basaltic breccia, gabbro, diabase, and volcanic rich sandstone. Sur-

rounding the horseshoe cn the east, north, and south are folded and

faulted sedimentary rocks dating from the Eocene to Miocene. The

northern foothills are covered by thick glacial moraine and outwash

deposits, as are the west and south side of the mountains (Danner, 1955).

Sites No. 1 through No. 4 in the peninsula are all located in

moraine and glacial outwash areas consisting of sands, silts, and

gravels. Site No. 5 is underlain by micaceous lithic to feldspathic

sandstones, shale, and minor basalt pods. Site No. 6 is underlain by

highly weathered columnar basalts and mudflow breccias (Tabor, 1976).

The average relief of the areas of the peninsula investigated

ranged from 200 to 800 meters. Slopes in these areas ranged from

essentially flat to as steep as 85 percent. Soil thickness varied

with the slope grade, from a meter thick in steep terrain to large

depths in gently sloping areas.

The climate of the peninsula is influenced heavily by marine air

masses and the natural barrier of the Olympic Mountains. Rainfall on
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the west side cf the peninsula ranges from 250 to 500 cm per year

while average rainfall is up to 100 cm per Year across the east

portion of the peninsula (Shumway, 1979)_.

Forests in areas studied in the peninsula were dominated by

Douglas-fir (Pseudotsuga menziesii), with red alder (4Nus rubra) also

common.
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SAMPLING

Three general objectives were considered in establishing approximate

locations for sampling. They were to:

1) Obtain representative samples of typical soils in a study

area.

2) Sample soils adjacent to slopes considered unstable by

local forest service personnel.

3) Obtain samples of as many different soils in the study

areas as possible within the scope of the project.

The exact site location was chosen after consideration of the

following criteria:

1) The soil profile must have been exposed and free of a dense

vegetation cover. Locations such as road cut-banks and

slide scarps were typical of sampling sites.

2) The site had to be positioned so that drying of the soil had

been minimal. North facing slopes or slopes protected by

shade were typical. Desiccated soil layers were not

included in the samples collected.

3) A soil profile thick enough to obtain adequate undisturbed

samples was required. One half meter was the minimum soil

layer thickness.

4) Samples were collected from areas not disturbed by man's

activity or natural processes. For example, landslide

debris material and road cut-bank slough material were

avoided.

5) A soil profile reasonably free of cobbles, boulders, plant

roots, and animal burrows was selected.
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At each site, disturbed samples (bag and jar samples) were collected

for soil identification and classification tests. Undisturbed samples

were collected at four sites in the Mapleton District and at three sites

on the Olympic Peninsula. All samples were collected at depths between

0 and 7 meters in the soil profile. Excavation was by hand.

Undisturbed samples were collected with thin walled sampling

tubes (Shelby Tubes), 7.25 cm inside diameter, 50 and 76 cm in length.

To obtain these samples a small bench was excavated in the slope to

be sampled. The end of the tube was placed on the bench and fitted

in a guide frame to maintain the vertical position. The tube was then

manually pushed into the soil as the surrounding soil was removed to

reduce friction. In difficult conditions the tube was driven with a

heavy hammer. When the soil profile contained too many obstructions

(cobbles, roots, etc.), only disturbed samples were collected.

When the Shelby Tubes contained enough sample length for several

triaxial test specimens, or when further penetration was not possible,

the tube was extracted by excavation. The ends of the tubes were

trimmed and then sealed with a 70-30 mixture of paraffin and petrolatum,

capped and stored in packing material to protect them from mechanical

disturbance.

Disturbed samples were taken from the same excavation as the

undisturbed samples, at the same level in the soil profile. Bags

lined with plastic were filled with enough soil to perform all classi-

fication and compacted specimen triaxial tests. One jar of soil was

taken from each site for determination of natural moisture content.

A detailed log of the sampling site and samples gathered was

completed for each of the sites. Topography, vegetation, sample
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depths, and field soil descriptions were some of the information

included.

Until the time of testing, all soil samples were kept in a

controlled humidity storage room to inhibit moisture loss. Relative

humidity averaged from 70 to 80 percent. Time of storage ranged from

1 to 15 months.
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TESTING

Laboratory testing was undertaken to determine classification

indices and effective strength parameters of the soils collected.

Strength parameters were determined for both "undisturbed" and compacted

samples to provide data for both natural and cut slopes and man-made fills.

Classification indices determined included natural water content,

plastic limit, liquid limit, moisture/density relationships, grain

size (both mechanical and settling analyses), specific gravity, and

in situ density. Laboratory methods are shown with the test results

in Table 1.

Effective strength parameters were determined in consolidated-

undrained triaxial tests with pore pressure measurements. All samples

were saturated using backpressure. Pore water pressure, axial load,

and axial deformation were monitored with electronic transducers,

and output on an x-y recorder.

Undisturbed samples were extruded directly from the Shelby Tubes

to the test assembly. Only the ends were trimmed. The compacted samples

were prepared with a small impact hammer to 100 percent and 90 percent

of maximum standard density (ASTM D-698). All sample height to

diameter ratios were between 1.5 to 2.5 as suggested by Bishop and

Henkel (1957).

Strength envelopes were defined by three tests except for Olympic

Peninsula site No. 1 (undisturbed), for which two were used. The

three effective confining pressures were 0.35, 0.70, and 1.05 kg/cm
2

.

The rates of strain were 0.6 percent and 1.0 percent per minute for the

undisturbed and compacted samples, respectively. Tests were generally



TABLE 1. Classification indices of eleven soils from the Oregon Coast Range and Olympic Peninsula

Site
identification

Natural
water
content

ASTM
D 2216

(%)

Liquid
limit

ASTM
D. 423

(%)

Plastic
limit

ASTM
D 424

(%)

Maximum
dry

density

Optimum
water
content

Specific and
gravity

Sand
gravel

size
Silt
size

Clay
size

ASTM D
Method

(g/cm
3

)

698
A

(%)

ASTM
D 854 ASTM D 422c

(%) (%) (%)

MAPLETON
DISTRICT

No. 1 35.1 56.3 41.1 1.41 29.0 2.73 78.5 17.5 4.0

MAPLETON
DISTRICT

No. 2 23.8 NP
a

NPa 1.41 29.0 2.70 79.5 17.5 3.0

MAPLETON
DISTRICT

No. 3 18.6 33.2 29.7 1.50 23.0 2.66
1)

81.3 14.7 4.0

MAPLETON
DISTRICT

No. 4 12.1 NPa NPa 1.32 27.5 2.62b 87.2 10.8 2.0

MAPLETON
DISTRICT

No. 5 30.4 56.3 49.5 1.37 31.3 2.74 87.8 6.2 6.0

OLYMPIC
PENINSULA

No. 1 15.5 NP
a NPa 1.89 13.4 2.73 72.3 25.7 2.0

OLYMPIC
PENINSULA

No. 2 12.3 25.8 16.6 1.77 16.5 2.80 81.4 14.6 4.0

OLYMPIC
PENINSULA

No. 3 12.1 24.4 16.2 1.88 14.2 2.82 85.0 12.0 3.0

OLYMPIC
PENINSULA

No. 4 43.3 52.2 34.7 1.25 37.0 4.'4 24.3 58.7 17.0

OLYMPIC
PENINSULA

No. 5 10.8 49.0 35.6 1.61 21.0 2.72 90.0 9.0 1.0

OLYMPIC
PENINSULA

No. 6 27.3 NP
a Npa 1.33 34.5 2.33 86.5 10.5 3.0

a
Denotes nonplasticity

b Sample burned at 550°C for 1 hour to remove organics
-Separation of mechanical and settling portions of test conducted on N.J. 200 U.S. Standard sieve
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concluded at 14 percent strain.
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DATA REDUCTION

Data from the load-deformation curves were used to develop plots

of deviator stress, change in pore water pressure, and major principal

stress ratio at different values of strain. Figures 2, 3, and 4

illustrate typical results. These plots were in turn used to construct

effective stress path (p-q) plots like that shown in Figure 6, where

Half deviator stress

Average principal stress

q = (a' - a3)/2
1

P = (a1 + c3)/2

c' and c'
3
are the major and minor test effective stresses. From these

graphs, the angle of internal friction and cohesion were determined

using two methods:

1) Stress ratio - The values of p and q at the point of

maximum major principal stress ratio for each of the

three tests of a series were chosen. A best fit

regression line was determined through these points

and defined in terms of soil strength parameters (Figure 6).

2) Stress path - A best fit line was drawn tangent to a line

defined by the stress path plot (Figure 5).
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RESULTS

A summary of the classification indices for the 11 sites selected

is shown in Table 1. The effective strength parameters, c' and 4' are

shown in Tables 2 and 3. Effective strength parameters are presented

as calculated using only the stress path technique discussed in the

foregoing section.

Undisturbed strength data from Mapleton District Site No. 4 and

Olympic Peninsula Site Nos. 3, 5, and 6 were not obtained because of

sampling difficulty.
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TABLE 2. Effective strength 1-)ar=eters for seven undisturbed soils
from the Oregon Coast Range and Olympic Peninsula

Site
identification

Cohesion
c'

Ckg/cm
2

)

Friction
angle

4)'

(°)

In situ
dry

density
(g/cm3)

Natural
water
content

(%)

MAPLETON
DISTRICT

No. 1 0.07 35.3 1.23 35.1

MAPLETON
DISTRICT

No. 2 0.01 36.9 1.20 23.8

MAPLETON
DISTRICT

No. 3 0.00 41.4 1.12 18.6

MAPLETON
DISTRICT

No. 5 0.06 37.8 1.17 30.4

OLYMPIC
PENINSULA

No. 1 0.41 30.6 1.72 15.5

OLYMPIC
PENINSULA

No, 2 0.07 32.1 1.66 12.8

OLYMPIC
PENINSULA

No. 4 0.07 34.5 1.10 43.3



TABLE 3. Effective strength parameters for 11 compacted (remolded) soils from the Oregon Coast
Range and Olympic Peninsula

Site
identification

90% Standard Maximum Density 100% Standard Maximum Density

Cohesion
c'

(kq/cm
2

)

0.00

Friction
angle

40

(°)

48.9

Average
dry

density
(g/cm3)

1.21

Cohesion
cl

(kg/cm
2

)

0.26

Friction
angle

40

(°)

37.8

Average
dry

density

(g/cm3)

1.35
MAPLETON
DISTRICT

No. 1

MAPLETON
DISTRICT

No. 2 0.12 32.1 1.24 0.18 34.5 1.37

MAPLETON
DISTRICT

No. 3 0.19 36.9 1.32 0.29 30.6 1.42

MAPLETON
DISTRICT

No. 4 0.02 34.9 1.19 0.03 40.5 ]..32

MAPLETON
DISTRICT

No. 5 0.11 34.5 1.17 0.32 31.4 1.34

OLYMPIC
PENINSULA

No. 1 0.00 34.5 1.66 0.26 34.5 1.34

OLYMPIC
PENINSULA

No. 2 0.02 29.2 1.53 0.00 39.6 1.71

OLYMPIC
PENINSULA

No. 3 0.08 23.6 1.56 0.09 33.7 1.74

OLYMPIC
PENINSULA

No. 4 0.00 39.6 1.13 0.07 36.1 1.24

OLYMPIC
PENINSULA

No. 5 0.09 33.7 1.36 0.22 33.7 1.52

OLYMPIC
PENINSULA

No. 6 0.00 37.8 1.02 0.08 39.6 1.13

a
100 percent of standard maximum density (ASTM D 698) could not always be obtained due to exclusion of
larger particles in the compacted samples. In these cases, the maximum density was determined using
the energy required by ASTM D 698. Ninety percent of that density was then used for sample preparation.
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DISCUSSION

Index properties - The index properties of the soils follow several

general trends. With the exception of Olympic Peninsula Site No. 4,

the soils are coarse-grained, consisting of approximately 80-90 percent

sand and gravel sizes, 10-15 percent silt sizes, and some lesser amounts

of clay sizes. Although this is an essentially accurate generalization,

in some of the grain size analyses conducted, it was noted that

additional mechanical energy continued to break the soil particles to

yield finer distributions. Yee (1975) noted this behavior for similar

Oregon coast range soils. This indicates that field grain size

distributions of these soils are probably coarser than reported here,

and should be used with caution for classification and correlative

purposes.

With few exceptions, the soils have low plasticity. Three sites

exhibited no plasticity at all. Only one site (Olympic Peninsula

Site No. 4) has a plasticity index over 16. That soil had a very high

fines content.

The natural water contents of the soils were generally below the

plastic limits. This probably is a result of the summer sampling

schedule, even though most sites were well-shaded.

The moisture/density tests for the Olympic soils produced results

with geographic trends. Sites No. 1, 2, and 3 of the northeastern

portion of the peninsula exhibited high maximum dry densities and low

optimum water contents. Sites No. 4, 5, and 6 towards the southwest

of the peninsula showed lower maximum dry densities with associated

higher optimum water contents.
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The moisture/density relationships for the Mapleton District soils

are quite uniform with maximum dry densities averaging 1.3-1.5 g/cm
3

and optimum moisture contents of roughly 29 percent.

Comparison of in situ dry densities with the standard maximums

indicate that the soils in the field generally exist in loose, low

density structures. This may contribute to some of the instability of

natural slopes in these areas.

Strength parameters - Effective strength parameters were determined

for both "undisturbed" samples and samples compacted to two different

densities. Undisturbed samples were tested to determine the strength

of soils on natural slopes. Samples compacted to 100 percent and 90

percent of standard maximum density were intended to represent "good"

and "poor" compaction of embankments.

Care was taken throughout the sampling and sample preparation

phases of the study to reduce sample disturbance to a minimum.

Observations of the stress-strain curves produced from the triaxial

tests show the samples to be of relatively good quality (Scott, 1963).

Distinct failure planes were evident in almost every undisturbed

sample after testing.

Samples used to determine each compacted strength envelope were

prepared at a single moisture content. Evaluation of the moisture

contents of these samples prior to testing showed negligible amounts

of sample drying during storage.

Loosely compacted samples exhibited a steady pore pressure rise

as failure was approached. This is typical behavior for soils with

high void ratios. The well-compacted materials often showed an initial
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increase in pore pressure followed by a large decrease. The majority

of the compacted samples failed in the "crushing" mode with no distinct

failure planes apparent.

The effective angle of internal friction and cohesion as calculated

by the two methods of determining strength parameters were not greatly

different. Because of the larger number of test data points used in

interpretation by the stress path method, the strength parameters

determined by that method were preferred, and will form the basis of

discussion in the remainder of this paper.

Several general trends for the strength parameters are evident:

1) The soils are mainly cohesionless or only slightly

cohesive.

2) The value of 0' varies over a range of about 10 degrees for

the undisturbed soils tested.

3) The total strength of the well-compacted materials

was generally larger than that of the loosely compacted

materials at a given test confining pressure.

4) No simple correlation exists between the values of the

strength parameters and the index properties.

The majority of the strength envelopes show a cohesion intercept

of less than 0.10 kg/cm
2

. Undisturbed soils from Olympic Peninsula

Site No. 1 did exhibit significant cohesion. This was attributed

primarily to intergranular cementation which was noted in the field.

One of the most prominent features of the strength test results

is the range of .4)' for the soils tested. In general, values of 0' from

both undisturbed and compacted samples ranged between 30 and 40 degrees.

This reflects the comparable gradations among sites and also suggests
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similarities in grain angularity and surface texture.

The effective angle of internal friction for both undisturbed and

compacted specimens varied over a reasonable range for this type of soil.

The high density, well-compacted samples in general showed the highest

total strengths at any test confining pressure, as would be expected.

In many cases this larger total strength was due to increased cohesion,

rather than increased values of V. The cohesion exhibited by the well-

compacted samples is thought to be a result of the high compactive

energies used in the preparation of these samples. This would induce a

stress history (overconsolidation) in these samples which would flatten

the strength envelopes and increase the cohesion intercept at low test

confining pressures. This explanation may account for a lower value of

4' in a well-compacted sample compared to that of a loosely compacted

sample of the same soil. Sample degradation during compaction may be

another cause.

The laboratory data indicated that the effective strength parameters

could not be correlated with classification indices. This is not a

surprising observation, considering the relatively small number of

samples and the relatively large number of variables which influence

soil strength.

Slope Analysis

The principal purpose of this report is to provide engineering

properties of soils for analysis of slopes in the two study areas.

Because the soil cover is relatively shallow in the Olympic

Peninsula and Oregon coastal ranges, many slopes in these regions

behave, and may be analyzed as "infinite slopes ". For essentially
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cohesionless soils the factor of safety for the infinite slope case

can be expressed as

FS = taW/tanf3 (1)

for the case with no seepage, and as

FS = (yilys)(tan01/tan8) (2)

for the case where there is full seepage downslope at the ground surface.

In Equations (1) and (2) a is equal to the slope angle in degrees, yb is

equal to the buoyant unit weight of the soil, and ys is equal to the

saturated unit weight of the soil.

Providing the analytical model is correct, the soil is cohesionless,

and the slope angle can be estimated accurately, the confidence in the

calculated safety factor corresponds directly to the confidence in 0'

and ys (any cohesion present increases the actual safety factor).

The data in Tables 2 and 3 show that the values of 0' and ys for

undisturbed samples and both sets of compacted samples are very similar.

The mean value of for each of the three types of samples varies only

by a half degree, and the mean value of ys varies less than a tenth of

a gram per cubic centimeter. Excluding the value of 0' determined for

the loosely compacted samples of Olympic Peninsula Site No. 3, the

lower limit values of 0' and ys also show minimal variance between

the three data sets. Because of this similarity, the data from the

undisturbed and compacted samples were grouped together to statistically

determine average and lower limit values of 0' and ys for soils of the
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two study regions. Analysis of the two data sets (cp' and ) showed

that the parent populations are normally distributed. This result

formed the basis of the statistical analysis (Dixon and Massey, 1951).

The results are shown in Table 4 for both study areas considered

together.

Comparison of the slope angles of natural ground in the vicinity of

the sampling sites with the values of or determined, shows that the

slopes in these areas are marginally stable for the case without

seepage.

Depending upon the consequences of slope failure in an area, values

of 4 between the lower limit and average can be used.

The average value of ys appears to be reasonable for a slope analy-

sis with seepage.in the study areas. However, several of the soils

sampled possessed densities closer to the lower limit value of ys deter-

mined. Therefore an estimate of the soil density should be made before

analyzing a slope with seepage.
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TABLE 4. Statistical lower limit and average values
of 0' and ys of soils from the Oregon
Coast Range and Olympic Peninsula

Parameter

Standard
Number of Mean deviation Lower
observations (range) (range) limit

(n) (11) (a) (95% of values >)

Angle of
internal
friction
(0' in degrees)

Saturated
unit weight
(y

s
in g/cm3)

29

29

33.8-37.4a

1.81-1.92
a

3.8- 6.5
a

0.12-0.20
a

26.0
b

1.56
b

a
(95 percent confidence)

b
(90 percent confidence)



28

CONCLUSIONS

The steep areas of the Oregon coastal range and Olympic Peninsula

will see increasing encroachment as the need for forest products rises.

These areas are susceptible to landslides and associated erosion.

Assessment of the stability of these areas coupled with proper

management can reduce the environmental impact of logging.

The engineering properties of the soils of these regions as presented

in this paper can aid in the analysis of relative slope stability. Of

particular value should be the statistically represented ranges of

0' and y
s

. These properties, coupled with the knowledge of other

essential parameters can result in a usable assessment of the relative

stability of slopes.
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APPENDIX A

FIELD SITE DESCRIPTIONS
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Site Name: Hadsall Creek, Mapleton District Site Number: 1

General Location: Cut-bank, approximately 6 meters in height,

situated near the top of a ridge. S3 T19S R9W W.M.

Elevation: Approximately 435 meters above mean sea level.

Topography: Dissected landforms, slopes fairly steep, averaging

26°.

Aspect: Northeast.

Vegetation: Typical Oregon Coast clear-cut brush cover; salal,

red huckleberry, trailing blackberry, and sword

fern predominant.

Land Use: Clear -cut unit.

Geologic Formation/
Parent Materials: Flournoy Sandstone, weathered to a depth of

approximately 6-7 meters.

SRI
a

Mapping Unit: 42S

Soil Sample Log

Sample
identification

Depth from surface
(meters)

No. 1 (Bag and jar) 2-3

No. 2 (Bag and jar) 2 ..3

No. 3 (Bag and jar) 1.5-2

No. 4 (Shelby Tube) 1.5-2

No. 5 (Shelby Tube) 2-3

No. 6 (Bag and jar) 2-3

Soil
description

light red-brown sandy silt

light red-brown sandy silt

light red-brown sandy silt

light red-brown sandy silt

light red-brown sandy silt

light red-brown sandy silt

aSoil Resource Inventory Siuslaw National Forest, 1974.
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Perkins Creek, Mapleton District Site Nunber: 2

General Location: Cut-bank near a ridge top. Bank height approximately

5 meters. Forested area. S20 T21S RlOW W.M.

Elevation: Approximately 360 meters above mean sea level.

Topography: Highly dissected landforms - slopes in area of

approximately 30°.

Aspect: Southwest

Vegetation: Primarily Douglas Fir forest, estimated age of 100

years, and small scattering of red alder. Oregon

Coast underbrush.

Land Use: Forest region.

Geologic Formation/
Parent Materials: Flournoy formation - rhythmically bedded sandstone

and siltstone.

SRI Mapping Unit: 42A

Soil Sample Log

Sample Depth from surface Soil
identification (meters) description

No. 1 (Shelby Tube) 2-3 Brown-tan sandy silt with
organic litter

No. 2 (Bag and jar) 2-3 Brown-tan sandy silt with
organic litter

No. 3 (Shelby Tube) 2-3 Tan sandy silt

No. 4 (Bag and jar) 2-3 Tan sandy silt

No. 5 (Shelby Tube) 3-4 Tan silty sand

Nc. 6 (Bag and jar) 3-4 Tan silty sand

No. 7 (Shelby Tube) 3-4 Rock float in sandy matrix
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Perkins Creek, Mapleton District Site Number: 3

General Location: Headwall of a landslide located just below an old

logging landing. S20 T21S RlOW W.M.

Elevation: Approximately 320 meters above mean sea level.

Topography: Highly dissected landforms - slopes as steep as

45 degrees.

Aspect: Northwest

Vegetation: Red alder, vine maple, salal.

Land Use: Site of previous logging landing.

Geologic Formation/
Parent Materials: Flournoy Formation - rhythmically bedded sandstone

and siltstone.

SRI Mapping Unit: 42A

Soil Sample Log

Sample Depth from surface Soil
identification (meters) description

No. 1 (Bag and jar) =1

No. 2 (Shelby Tube)

No. 3 (Shelby Tube) =1

yellowish brown sandy silt

yellowish tan sandy silt

Yellowish tan sandy silt
with rock float



Site Name: Hadsall Creek, Mapleton District
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Site Number: 4

General Location: Below the top of a ridge and about 3 meters above a

small debris slide. S34 T18S R9W W.M.

Elevation: Approximately 435 meters above mean sea level.

Topography: Highly dissected landforms slopes averaging from

35-40 degrees.

Aspect: Southeast

Vegetation: Sparse Oregon coast clear-cut brush cover; sword

fern, salal, and grasses.

Land Use: Clear-cut unit.

Geologic Formation/
Parent Materials: Flournoy formation, rhythmically bedded sandstone

and siltstone. Competent and relatively unweathered.

SRI Mapping Unit: 50% 42, 50% 41

Soil Sample Log

Sample
identification

Depth from surface
(meters)

Soil
description

No. 1 (Shelby Tube)

No. 2 (Bag and jar)

No. 3 (Shelby Tube)

No. 4 (Bag and jar)

<1

<1

<1

<1

tan silty
sandstone

tan silty
sandstone

tan silty
sandstone

tan silty
sandstone

sand with
float

sand with
float

sand with
float

sand with
float
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Site Number:

General Location: Center of road cut-bank approximately 3 meters in

height. S32 T1.65 R9W W.M.

Elevation: Approximately 210 meters above mean sea level.

Topography: Dissected landforms - moderately steep slopes

averaging from 20-30 degrees.

Aspect: Southwest

Vegetation: Sparse grasses and sword fern.

Land Use: Clear-cut unit.

Geologic Formation/
Parent Materials: Flournoy formation - rhythmically bedded sandstone

and siltstone. Deeply weathered.

SRI Mapping Unit: 50% 42, 50% 41

Soil Sample Log

Sample
identification

Depth from surface
(meters)

No. 1 (Shelby Tube) 1 -2

No. 2 (Bag and jar) 1-2

No. 3 (Shelby Tube) 1-2

No. 4 (Shelby Tube) 1.5-2

No. 5 (Bag and jar) 1.5-2

No. 6 (Shelby Tube) 1.5-2

Soil
Description

moist, red-brown, sandy,
clayey silt

moist, red-brown, sandy,
clayey silt

moist, red-brown, sandy,
clayey silt

moist, red-brown, sandy,
clayey silt

moist, red-brown, sandy,
clayey silt

moist, red-brown, sandy,

clayey silt
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Site Name: Dungeness River, Olympic Peninsula Site Number: 1

General Location: Road cut-bank situated in side slope above deep

river canyon. Cut-bank height = 10 meters.

S32 T29N R3W W.M.

Elevation: Approximately 330 meters above mean sea level.

Topography: Concave slopes of approximately 35 degrees, above

flat river bottom.

Aspect: Northeast

Vegetation: Douglas-fir forest.

Land Use: Forested area.

Geologic Formation/
Parent Materials: Glacial till and windblown silts.

SRI
a
Mapping Unit: 22

Soil Sample Log

Sample
identification

Depth from surface
(meters)

No. 1 (Shelby Tube) 5-7

No. 2 (Bag and jar) 6-7

No. 3 (Shelby Tube) 7-8

No. 4 (Bag and jar) 2-3

Soil
description

stiff, tan-gray sandy silt
(layered)

alternating layers of tan-
rust and gray, slightly
cemented, sandy silt

alternating layers of tan-
rust and gray, slightly
cemented, sandy silt

alternating layers of tan-
rust and gray, slightly
cemented, sandy silt

a
Soil Resources Inventory, Olympic National Forest, 1969.
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Site Name: Dungeness River, Olympic Peninsula Site Number: 2

General Location: Small road cut-bank adjacent to several areas of

recent small-scale slope failures. S32 T29N R3W W.M.

Elevation: Approximately 350 meters above mean sea level.

Topography: Convex hill slopes averaging 30-35 degrees.

Aspect: East

Vegetation: Douglas-fir, red alder, ferns and grasses.

Land Use: Forested area.

Geologic Formation/
Parent Materials: Wind blown silts and glacial gravel deposits.

SRI Mapping Unit: 22

Soil Sample Lo

Sample
identification

Depth from surface
(meters)

No. 1 (Shelby Tube) 3-4

No. 2 (Bag and jar) 3.5

No. 3 (Shelby Tube) 3.5-4.5

Soil
description

stiff gray sandy silt with
some rock and cobble float

stiff gray sandy silt with
some rock and cobble float

stiff gray sandy silt with
some rock and cobble float
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Gold Creek, Olympic Peninsula Site Number: 3

General Location: Road cut-bank approximately 2 meters in height

on forested south slope. S9 T28N R3W W.M.

Elevation: Approximately 625 meters above mean sea level.

Topography: Gently sloping terrain - slopes averaging 15-20

degrees.

Aspect: South

Vegetation: Douglas-fir forest.

Land Use: Forested area.

Geologic Formation/
Parent Materials: Glacial silts and gravels.

222inalnitsRIM: 12, 25

Soil Sample Log

Sample Depth from surface Soil
identification (meters) description

No. 1 (Bag and jar) <1 stiff, tan-brown, gravelly,
sandy, silt
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Boundary. Road, Olympic Peninsula Site Number: 4

General Location: Edge of large slump caused by stream undercutting.

Clear-cut area. S32 T24N R1OW W.M.

Elevation: Approximately 180 meters above mean sea level.

Topography: Nearly flat - gently sloping at about 5 degrees to

the north.

Aspect: North facing headwall scarp.

Vegetation: Grasses, ferns, trailing blackberry.

Land Use: Clear-cut area.

Geologic Formation/
Parent Materials: Gravelly glacial tills-silts.

SRI Mapping Unit: 323, 31

Soil Sample Log

Sample
identification

Depth from surface
(meters)

Soil
description

No. 1 (Shelby Tube) <1 moist, yellow-brown,
silt

friable

No. 2 (Bag and jar) 1 moist, yellow-brown,
silt

friable

No. 3 (Shelby Tube) <1 moist, yellow-brown,
silt

friable

No. 4 (Bag and jar) <1 moist, yellow-brown,
silt

friable
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Site Name: Metheney Ridge, Olympic Peninsula Site Number: 5

General Location: Road cut-bank nearly 8 meters in height, near the

top of a ridge. S10 T24N PlOW W.M.

Elevation: Approximately 79C meters above mean sea level.

Topography: Concave slopes averaging 30-35 degrees.

Aspect: Northeast

Vegetation: Forested - mixed evergreens.

Land Use: Forested area - surrounded by clear-cut units.

Geologic Formation/
Parent Materials: Massive sandstone dipping sharply to the northeast.

SRI Mapping Unit: 33, 31

Soil Sample Log

Sample
identification

Depth from surface
(meters)

Soil
description

No. 1 (Shelby Tube) 1-2 brown, moist,
sand

gravelly silty

No. 2 (Bag and jar) 1.5 brown, moist,
sand

gravelly silty

No. 3 (Shelby Tube) 1-2 brown, moist,

sand

gravelly silty



Site Name:

42

Shelton Area, Olympic Peninsula Site Number: 6

General Location: Road cut-bank approximately 6 meters in height on

side of steep slope. 31 T21N R7W W.M.

Elevation: Approximately 670 meters above mean sea level.

Topography: Highly dissected landforms - slopes averaging

from 35 to 40 degrees.

Aspect: West

Vegetation: Sparse brush and grasses.

Land Use: Clear-cut unit.

Geologic Formation/
Parent Materials: Highly weathered columnar and pillow basalts.

SRI Mapping Unit: 62, 61

Soil Sample Log

Sample Depth from surface Soil
identification (meters) description

No. 1 (Bag and jar)

No. 2 (Bag)

<1

<1

moist brown, silty gravelly
sand

moist brown, silty gravelly
sand
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APPENDIX B

SAMPLE COLLECTION AND STORAGE
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Sampling Procedures

Undisturbed Samples - Undisturbed samples were collected with thin-

walled sampling tubes (Shelby Tubes) 7.11 cm in diameter and 50 or 76 cm

in length. A specially constructed frame (Figure Bl) was used to

guide the Shelby Tube vertically into the soil. The sampling procedure

is described below.

The site was cleared of loose debris such as decaying vegetation

or cobbles. A small pit was then excavated in the side of the slope

being sampled, deep enough to insure that desiccated material would not

be collected (Figure Bl). At this time the guide frame was assembled and

positioned over the excavation. A Shelby Tube was placed in the guide

frame and pushed by hand vertically into the soil as far as possible

(Figure B2). This distance varied from a few centimeters to over half

the length of the tube, depending on the type of soil being sampled.

Once the tube was pushed as far into the soil as possible, the soil

surrounding the embedded portion of the tube was carefully removed.

Additional soil was then removed to form a small pedestal beneath the

cutting edge of the sampling tube (Figure B3). The height of the

pedestal ranged from 5 to 20 cm, and the diameter from 7 to 20 cm.

With the formation of the pedestal, it was possible to push the

tube further into the ground by hand. The smaller pedestal diameters

provided easier tube penetrations. Alternate pedestal excavation and

downward pushing of the tube continued until the tube was judged

to be full of soil.

Obstacles to tube penetration (roots, cobbles, etc.) were frequently

encountered. Where these obstacles could not be removed by careful



Figure Bl. Sampling Guide Frame.



)

Figure B2. Location of Shelby Tubes Following Insertion
into the Soil by Hand.
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excavation near the cutting edge of the tube, the penetration of the

tube was assisted by blows from a large hammer. In cases where neither

of these techniques were successful, the guide frame and Shelby Tube

were moved laterally along the slope and repositioned for another

attempt. Several sites contained obstacles too numerous for undisturbed

sample collection. There, only disturbed samples were gathered.

Once the Shelby Tube was full of soil, a small diameter pedestal

was excavated below the cutting edge of the tube and sliced off

horizontally with a knife.

Following removal of the tube from the excavation, both ends were

sealed with a 70/30 mixture of paraffin and petrolatum, capped and taped

shut (Figure B4). The sealed tubes were then stored in the transport

vehicle in packaging material until return to the controlled humidity

storage area. This time lag to permanent storage ranged from one to

five days.

Disturbed Samples - At each level in the soil strata that Shelby

Tubes were gathered, bag and jar samples were also collected. Bag

samples were used for classification and compacted strength tests. Jar

samples were used to determine in situ moisture content. Bags were

plastic lined to prevent loss of moisture during storage.

Sample Storage

Undisturbed samples were stored in the sampling tubes horizontally

in a controlled humidity room. Relative humidity was maintained at

approximately 70 percent, and temperature ranged from 15-23°C. Bag

and jar samples were stored under the same conditions. Maximum storage

time to testing was 3-4 months for classification tests and 12-15 months
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for compacted strength testing. Undisturbed samples were stored up to

6 months.
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APPENDIX C

TESTING METHODS
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Classification Indices

Natural moisture content - ASTM D 2216

Balance sensitivity = 3.1 gram

Liquid limit - ASTM D 423

At least three points were used to define the "flow curve" for all

samples except Mapleton District Site No. 2. In this case, the

one-point method was used. Mapleton District Site No. 4 and

Olympic Peninsula Sites No. 1 and 6 are reported as NP (nonplastic)

because it was not possible to perform the plastic limit tests with

these soils.

Balance sensitivity = 0.1 gram

Plastic limit - ASTM D 424

Soils for which this test was not possible were designated as NP.

Balance sensitivity = 0.1 gram

Specific gravity - ASTM D 854

Test performed only on that portion of the soils passing the No. 4

sieve. Samples were either partially or totally air-dried. Samples

containing noticeably large amounts of organic material were oven

dried at 550°C for 1 hour prior to the test.

Balance sensitivity = 0.1 gram.

Moisture/Density - ASTM D 698, Method A (2.5 kg rammer and 304.8 mm drop)

Balance sensitivity = 0.1 gram.
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Particle size analysis - ASTM D 422

The No. 200 sieve was used to separate the soil for the mechanical

and settling (hydrometer) portions of the test. All soils were

washed through the No. 200 sieve to determine the amount of fines.

The sieve stack consisted of the No. 4, No. 10, No. 20, No. 40,

No. 100, and No. 200 sieves.

In Situ Density

The in situ densities of the soils were determined from the

undisturbed samples collected in the Shelby Tubes. Upon extrusion of

a sample from a tube, its weight, dimensions, and moisture content were

determined. In situ dry density from this information was calculated.

Effective Strength Parameters

Preparation of Undisturbed Samples - Undisturbed samples were

extruded vertically from the Shelby Tubes directly into a supporting

mold. The mold was pre-fitted with a rubber membrane and filter paper

drainage strips. Once the samples were in the mold, the ends were

trimmed normal to the sample axis, producing a sample with a length of

15 to 20 cm. Samples were measured and weighed for volume determination.

Moisture contents were determined with the soil trimmed from the sample

ends. The samples were then set onto the base of the triaxial cell

and the supporting mold removed. One additional membrane was rolled

over the sample.

Preparation of compacted Samples - Soil for the preparation of

compacted samples were air-dried and screened on a No. 8 sieve.
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Material passing this sieve was then brought to within ± 2 percent

of optimum moisture content as determined by ASTM D 698 for that soil.

This soil was then compacted in a mold 3.56 cm in diameter and 7.11

cm in height. Three samples for each density, (90 and 100 percent of

maximum as determined by ASTM D 698) were compacted in three lifts

using a small impact hammer. For several soils 100 percent of the

maximum density could not be achieved due to exclusion of material

retained on the No. 8 sieve. In these cases the soils were compacted

using the energy specified in ASTM D 698. Ninety percent of this

density was then used to represent poor compaction.

The compacted samples were placed in sealed containers and stored

in a controlled humidity room until placement in the triaxial cell

(1-15 days).

Apparatus - Three triaxial cells were used for determination of

effective strength parameters. One large cell was used to test the

undisturbed samples and two smaller cells were used for the compacted

samples. A schematic of a triaxial cell with associated pressure and

recording systems is shown in Figure Cl.

The cell confining pressure was provided by a compressed air

system with up to 8 kg/cm
2
capacity. Sample backpressure was supplied

by an adjustable column of mercury capable of producing pressures up to

4 kg/cm
2

.

The triaxial samples were compressed in a conventional load frame

capable of a wide range of constant strain rates. The axial load on

the sample was measured with an Interface 250 load cell bolted to

the top of the load frame. Axial deformation was measured with a

Shaevitz linear variable differential transducer (LVDT) type GCA
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Figure C1. Schematic of Triaxial Cell. With Pressure and Recording Systelms.
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121-1000, also mounted on the top of the load frame. The LVDT had a

"throw" of 5 cm. The changes in pore water pressure were monitored

with a Validyne differential pressure transducer model DP 215,

attached to the base of the triaxial cell. All of the signals (axial

load, deformation, and pore pressure) were processed through a

Validyne signal conditioner, model MC1, housing a Validyne 56 71

strain gage amplifier for the load signal, a Validyne CD 148 Carrier

Demod unit for the deformation signal, and a CD 18 Carrier Demod

unit for the pore pressure signal. The axial load and deformation

signals were passed on to a Houston Instrument Omnigraphic 2000 x-y

recorder which plotted the load-deformation curve. Changes in pore

water pressure were shown on a digitized LED display on the MC1 signal

conditioner and were recorded on the load-deformation plot by hand.

A picture of the triaxial cell, load frame, and recording system is

shown in Figure C2.

Testing Procedure - After the samples were placed into the triaxial

cell, a small confining pressure (= 0.20 kg/cm
2

) was applied to the

sample for 12-24 hours. Backpressure was then applied to the sample

in small increments, with the cell confining pressure adjusted accordingly

to prevent sample failure and to prevent overconsolidation. The pore

pressure parameter B was monitored during the backpressure sequence

to determine the extent of sample saturation. Values of B prior to

the shearing phase of the test ranged from 0.93 to 1.0.

Following the saturation sequence, the cell confining pressure was

raised with the sample pressure held constant until the effective

consolidation pressure was attained. Samples were allowed to

consolidate from 12 to 24 hours. Following consolidation the samples
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Figure C2. Triaxial Cell and Data Recording System.
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were compressed at a constant rate of strain with no drainage allowed.

Rates of strain were 0.6 percent per minute for the undisturbed

samples and 1.0 percent per minute for the compacted samples. Tests

were generally terminated at 14 percent strain.
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APPENDIX D

TRIAXIAL TEST DATA REDUCTION



59

Raw data obtained from triaxial tests were reduced and plotted

using a Hewlett-Packard HP9845B desktop computer and an HP9872A plotter.

Initial specimen dimensions as well as deviator load, effective

confining pressure, and axial displacement readings taken during loading

were input. The input data for each test was stored on magnetic tape

for subsequent use in the plotting routines. The input data was

reduced, yielding strain, deviator stress, effective vertical stress,

effective lateral stress, and major principal stress ratio for each

data point read during the test. Stresses were computed following the

conventional practice of correcting the area on which the load is acting

in the specimen.

Plots of deviator stress versus strain, pore water pressure versus

strain, and major principal stress ratio versus strain were drawn by

the HP9872A plotter. One set of plots was drawn for each material and

sample preparation method. These plots depict the specimen behavior

during loading. The major principal stress ratio versus strain plot

was used to determine the strain at failure when the maximum principal

stress ratio failure criterion was used to evaluate the angle of

internal friction and cohesion intercept.

A set of effective stress path plots was also drawn for each

material and sample preparation method. A stress path plot is a plot

of one half the deviator stress versus the average of the major and

minor principal stresses. Stress path plots indicate the degree of

specimen overconsolidation and can be used to evaluate a material's

angle of internal friction and cohesion intercept.'

The two methods described in the text (the maximum principal stress

ratio failure criterion and the stress path method) were used to
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evaluate the angle of internal friction and the cohesion intercept for

the materials tested. Let

and

a' + a'
3

P
2

(D1)

(D2)

where a'
1

is the effective major principal stress, and a3 is the

effective minor principal stress.

In the maximum principal stress ratio method, the quantities p and

q were evaluated at the strain corresponding to the maximum principal

stress ratio. Thus, a point represented by a pair (p,q) was selected

for each test conducted on a material with a particular preparation

method. A "best fit" regression line was run through the chosen points.

This line could be characterized by an angle, a, with the p axis and

an intercept, a, on the q axis. It can be shown that

and

sin 0' = tan a (D3)

c = a sec 0' (D4)

where 0' is the angle of internal friction, and c' is the cohesion

intercept.

These relationships yielded the desired effective strength

parameters. In the stress path method, a straight line envelope was

drawn enclosing the stress paths. This line was "best fit" by visual

approximation. Since a stress path is a plot of p versus q, the
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stress path envelope could be converted to a Mohr's envelope with the

equations given above.

There are two principal differences between these methods of

evaluating strength parameters. The stress path method uses the

entire data set obtained from each test to show the development of failure

in the sample whereas the maximum stress ratio method requires only one

point from each test to show that failure has been reached.


