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Expansive soils in Eugene, Oregon present a problem to

residents, consultants, contractors, and the city government. During

the years 1977 to 1979, the nature and extent of the problem was

identified, including an outline of the local occurrence of expansive

soils and possible engineering solutions to the most often encountered

problems.

Two surveys were conducted to determine the influence of

expansive soils on structures in the Eugene area. A literature

review was made on the formation and occurrence of expansive clays

in Eugene, general clay properties, and specific design methods of

treating expansive soil problems. Interviews with city inspectors,

soil scientists, engineers, and some non-technical people who have

encountered structural damage, served to further outline the major

factors. The surveys, literature review, and interviews were



related to one another to arrive at specific sites and case histories

involving expansive soils. Tests were run on soils from several of

these sites to; (1) further delineate "expansive clay areas", (2)

find a simple method of identifying local expansive soils which have

caused problems, (3) determine the potential for volume change with

a change in moisture content, and (4) relate potential volume change

and structural conditions to damaged buildings.

Conclusions are drawn regarding the occurrence of expansive

soils in Eugene and engineering aspects of the problems encountered.

Recommendations are made involving design procedures and future

testing needs for construction on expansive soils in the Eugene area.

Finally, a summary is made regarding unique elements of the treatise.

Appendices include a summary of a mailed questionnaire , a research

document on expansive soil properties, Soil Conservation Service soil

series occurring in Eugene and a review of expansive soil test methods

in common engineering use.



Influence of Expansive
Soils on Structures in the

Eugene Area

by

John Alexander Bonell

A THESIS

submitted to

Oregon State University

in partial fulfillment of

the requirements for the
degree of

Master of Science

Commencement June 1980



APPROVED:

Redacted for Privacy

Professor of Civil Engineering in charge of major

Redacted for Privacy

Head of Department of Civil Engineering

Redacted for Privacy
Dean of Graduate School

Date thesis is presented
(e/Ztil

\Redacted for Idiivacy
Typed by Mary Lou Bliese



ACKNOWLEDGEMENTS

I would like to acknowledge my father, Professor John Bonell,

for introducing me to the general problem of expansive soils. Dr.

W. L. Schroeder provided his expert assistance and guidance

while the manuscript was prepared. I would like to thank Dr.

Richard Bell for reinforcing my basic knowledge of soils.

Entrusted graduate committee members, Dr. W. L. Schroeder, Dr.

Ted Vinson, Dr. John Peterson, and Dr. Frank Dost deserve special

thanks.

Ron Siegel of CH2M Hill Engineers in Corvallis went out of his

way to give me a glimpse of the Weyerhaeuser Springfield Salmon

Hatchery design. Pat Kelly of Shannon and Wilson in Portland

provided a report on the Lane County Fairgrounds. Dr. James

Huddleston, Dr. Gerald Simonson, and Dr. Movie Harward of OSU

helped me gain insight into the soil scientist's viewpoint of soils.

Individuals who gave me permission to obtain soil samples from

their property, and who took the time to discuss their particular

soil's problem, are not forgotten. Neither are the city and county

agents interviewed in person and over the telephone. Individuals

who participated in the questionaires, and answered, are saluted:

I find files incomplete, some names are missing, some persons

prefer not to he mentioned, but these are retained: Mr. John

Amundson, Mr. John Boss, Mr. William Bublitz, Mr. Jim Burnhart,

Mr. Jim Croteau, Mr. Jerry Diethelm, Mr. Ted Dietz, Mr. John Doran,



Mr. Don Gilman, Mr. John Herrick, Mr. Robert Hill, Mr. Harold

Hochstatter, Mr. Jim Jepson, Mr. Darrel Kahl, Mr. Stan Keisav,

Mr. Roger Linguist, Mrs. Merrill, Moreland/Unruh/Smith Architects

and Planners, Mr. Emile Mortier, Mr. Iry Olson, Mr. Dick Patching,

Mr. Larry Parker, Mr. Juri Peet, Mr. C. W. Peters, Mr. Ken Robbins,

Dr. Loyd Staples, Architects Unthank, Seder, Poticha, Mr. Adrian

Vaaler, Western Engineering Consultants, and Mr. Doug Williamson.

Earl and Shirley Cook tried for an innovative approach; to

throw away the hooks. It was fun, and perhaps will work, another

time

I reserve this last space for my friends, to those in Room 313,

where I spent a great deal of time as teaching assistant at OSU.

Keep on thinking free, for it is merely a question of balance...

can we learn, faster than we forget?



TABLE OF CONTENTS

INTRODUCTION TO THE PROBLEM
1

PREFACE
1

INTRODUCTORY SURVEYS
2

Telephone
2

Questionnaire
5

Limitations
10

Summary
10

OCCURRENCE OF EXPANSIVE SOIL
13

GEOLOGY
13

PEDOLOGY
17

Clay Properties
17

Formation
17

Expansive Soil Deposits
22

METHODS OF IDENTIFICATION
24

Maps and Reports
24

Visual Observation and Field Examination 30

Tests
31

CASE HISTORIES
35

PRIMARY VARIABLES
35

Influencing Factors
35

Soil Swell Potential (Clay Deposits) vs. Damage 35

Moisture Content vs. Damage
37

Type of Structure vs. Damage 40

DETAILED CASE HISTORIES
41

Site Selection
41

Site Description
41

Soil Sampling and Testing
41

Remedial Solutions
43

Case Histories by Sites
47



CONCLUSIONS
73

OCCURRENCE
73

Geology
73

Pedology
73

Identification
74

CASE HISTORIES
77

Soil Swell Potential
77

Moisture Control
77

Structural Interaction
79

RECOMMENDATIONS
80

SOIL SWELL POTENTIAL
80

MOISTURE CONTENT
84

STRUCTURAL INTERACTION
91

FURTHER STUDY
95

SUMMARY
87

REFERENCES
100

APPENDICES
108

Appendix A - Eugene Expansive Clay Study 108

Appendix B - Clay Properties
114

Appendix C - Expansive SCS Soil Series Occurring 127

in Eugene

Appendix D - Standard Soil Tests 132



LIST OF FIGURES

Figure
Page

1 Geology Map of Eugene.
16

2 Expansive Soil Deposits in Eugene.

3 Soil Constraints for Development. 29

4 The Main Factors Involved in Expansive

Soil Damage.
34

5 Expansive Soil Deposits Versus Survey Sites, 36

6 Soil Moisture Balance for Normal Precipitation

in Eugene, Oregon.
38

7 Uplift and cracking under center of driveway

near Site B-3.
52

8 Apartments under construction at Site C-1. 55

9 Cracking in a concrete block wall at the

rear of Churchill High School, near Site C-1. 58

10 Crack in sidewalk above clogged drain on 18th

Avenue, near Site C-1.
59

11 Old concrete block wall at Site C-2. 60

12 Shrinkage cracks in excavation at 19th and

Pearl, near Site C-3.
64

13 Tilting light standard at 19th and Pearl,

near Site C-3.
64

14 Damaged residence at Site D-1. 65



Figure
Page

15 Cracking in front porch and sidewalk at 65

Site D-1.

16 First visit to Site D-2.
68

17 Second visit to Site D-2.
68

18 Asphalt lined rearing ponds at Weyerhaueser

Springfield Salmon Hatchery, Site E-1. 70

19 Drainage ditch, maintenance shop (upper left),

and dechlorination structure (upper right)

at. Site E-1.
70

20 Maintenance shop at Site E-1 underlain by

drains and 12 feet (3.66 meters) of gravel. 71

21 Site compaction requirements based on soil

plasticity and a climatic rating of C
w
=27

for Eugene.
82

22 Foundation and grading detail. 86

23 Grade beam and drain detail.
87

24 City of Eugene Building Division handout #1. 89

25 City of Eugene Building Division handout #2. 90

Appendix B

B-1 Shrinkage curve for a theoretical clay. 121



LIST OF TABLES

Table
Page

1

2

3

4

5

6

7

8

B-1

C-1

C-2

C- 3

Contacts knowledgeable of expansive

soil problems in the Eugene, Oregon

area (telephone survey),

General telephone survey results of those

knowing of the expansive soils problem,

Specific locations of expansive soil

problems reported in Eugene.

Eugene geology related to expansive soils,

Prediction of potential swell by standard tests,

Index properties and soil classifications of

case history soil samples in Eugene,

Oedometer test results from case history soil

samples in Eugene,

Potential swell based on laboratory test results.

Appendix B

Major clay minerals.

Appendix C

Description of SCS expansive soil deposits in

Eugene on flatlands.

Properties of SCS expansive soil deposits in

Eugene on flatlands.

Description of SCS expansive soil deposits in

Eugene on hillsides,

3

3

9

14

32

44

45

46

115

128

129

130



Table

C-4 Properties of SCS expansive soil deposits in

Eugene on hillsides,

Appendix D

D-1 Description of tests to identify expansive soils,

D-2 Limitations of tests to identify expansive soils,

Page

131

135

136



INFLUENCE OF EXPANSIVE SOILS ON STRUCTURES IN THE

EUGENE AREA

INTRODUCTION TO THE PROBLEM

PREFACE

Expansive soils are generally fine-grained soils which swell after

absorbing water from a dry condition, and shrink upon drying from a

saturated condition. Volume and pressure changes associated with

expansive soils may damage structures, causing excessive deformation,

cracking, broken utilities, and even producing severe structural damage.

Civil engineers are interested in expansive soils primarily to minimize

damage to structures located on expansive soils.

This study commenced in June of 1977, after noting a case history

of a house in Eugene, Oregon, which had incurred damage apparently

due to differential movement of expansive clay beneath the footings.

Earlier reports of problems, and this particular case, stimulated

interest to determine what problems expansive soils posed in the

Eugene area.

Several questions evolved at the onset. First, was the problem

serious enough to warrant further study and was it widely recognized?

Secondly, what was the extent, magnitude, and source of the problem?

And finally, what information was currently available and who were

the people most informed on the engineering aspects? To answer these

questions, two surveys were made in the area, one by telephone and

one by a mailed questionnaire.



INTRODUCTORY SURVEYS
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Telephone Survey - A survey was composed to confirm the problem of

expansive soils in Eugene, their general impact, and the need for

further study. The search for authorities on expansive soils in the

area was expedited by conducting the initial survey by telephone.

Public and professional groups who would most likely have information

on the subject were chosen for initial contact. The list included

21 local government offices, engineers, soil laboratories, and

architects.

For those who were aware of a problem, questions were posed on

previous expansive soil studies, case histories, clay type, the

geographic area of Eugene involved, the possibility of later

questionnaires or interviews, and additional personal contacts

concerning the problem. Those who had no knowledge of expansive soil

problems were noted, and asked if they knew of anyone who could be

contacted concerning the problem. Results of the telephone survey

are summarized on Tables 1 and 2.

City and federal employees contacted knew of problems concerning

damage to house foundations and heaving sidewalks. They thought the

general area of Eugene affected was the south and southwest. The

personnel contacted with public utility companies said they were not

aware of any problems with expansive soils in the Eugene area.

Most of the soil engineering consultants contacted were in

Portland, and reported that the work they had done in Eugene was in

the downtown and university areas on major structures. They explained
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TABLE 1. Contacts Knowledgeable of Expansive Soil
Problems in the Eugene, Oregon Area (Telephone

Survey)

Group Contacted
(1)

Knowledgeable
of Expansive
Soils Problem

Yes No
(2) (3)

City and Federal Employees 2 0

Public Utilities
0 2

General Civil Engineering Consultants 2 4

Architects and Regional Planners 3 2

Soils Engineering, Consultants and

Laboratories
4 2

TOTALS
11* 10

* One person declined immediate comment.

TABLE 2. General Telephone Survey Results of Those

Knowing of the Expansive Soils Problem.

Question
(1)

Reply

Yes No
(2) (3)

Knows of General or Specific Soil Studies 2 8

Knows of Geographic Area Affected 10 0

Knows of Case Histories
6 4

Knows of Clay Type and Properties 0 10

Would Complete Letterhead Questionnaire 9 1

Would Consent to Personal Interview 10 0



4

that much of the university is on bedrock, and the downtown area is

situated on alluvial deposits composed mainly of layered sand, gravel,

and silts. Those who were aware of a problem, once again indicated

that the south and southwest portions of Eugene were the main problem

area.

An abstract, but interesting aspect of the survey, was that the

architects contacted who knew of the problem were much more willing

to discuss it over the telephone than the engineers. Because they

were not experts in the field, all consulted soils engineers in their

work. They suggested there were serious problems. Again, the south

and southwest portions of Eugene were indicated as the main problem

areas. In addition, Amazon Housing, South Eugene High School, a

hospital, and the civic center were pinpointed as problem sites.

Perhaps the most knowledge of the soil problems in Eugene is

retained by the general civil engineering firms in the area. Most do

their own soils work except for large structures, as confirmed by

the soil engineering consultants in Portland. Thus, they have probably

accumulated a good working knowledge of the area soils, but for one

reason or another, were most reluctant to discuss the matter over the

telephone. However, those surveyed gave further testimony of the

geographic distribution by indicating south and southwest Eugene as

the problem area.

The information gleaned from the telephone survey indicates the

existence of an expansive soils problem in Eugene, most probably caused

by a clayey material which expands due to increased moisture content
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and shrinks when the moisture content is reduced. Conversations also

indicated seasonal swelling soil problems, involving chiefly light

structures such as houses and sidewalks. Apparently these problems

are predominantly in the south and southwest portions of the city.

Since only 50 percent of those surveyed recognized any problem, and

those who did, did not know of any specific expansive soil studies,

it was concluded that the problem was not widely recognized, and that

further study was warranted.

Questionnaire - To further outline the extent and magnitude of the

problem, a questionnaire was sent on October 7, 1977, to 45 local and

federal government employees, soil engineering consultants and

laboratories, engineering consultants, architects, and regional

planners. Since the local engineering consultants are close to the

problem, most of those listed in the Eugene telephone book were sent

questionnaires.

As in the telephone survey, questions were posed on familiarity

with the problem, geographic
distribution of expansive soils, soil

studies, case histories, and information on the exact clay type. In

addition, questions concerning methods of identifying expansive soils,

moisture fluctuation and migration, type of damage and characteristic

damage, and methods used to counter expansive soil problems were

included.

A sample questionnaire giving a summary of answers to the

questions is shown in Appendix A. The response was good; 25

questionnaires were returned, and of these, 21 had been filled out.
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Of the 21, 17 indicated direct experience with swelling soil problems

in Eugene. This shows that the problem is more widely recognized than

first anticipated. However, only six individuals had actual information

on the properties of the prinicipal clay types involved, and only two

of the people surveyed noted published studies concerning the swelling

soil problem.

A wide variety of tests used to identify expansive soils and

measure their properties was recorded. While this result was to be

expected, it could not be concluded at this phase of the study that

any general or specific test procedure to determine properties of

expansive soils in Eugene is in generally accepted use. Likewise,

the zone of active shrink and swell is hard to pinpoint because of

the variations in the answers to questions (6) and (7). The answers

indicate, however, an approximate depth for the active zone of shrink

and swell in the area in the top three feet. This certainly varies

with location and the exact subsurface
moisture conditions at the site.

The most frequent forms of water migration under structures in

the Eugene area were reported to be by seepage of surface water,

groundwater rise, and by capillary forces respectively. Dessication

was not indicated to be a problem. This result may have been an

oversight, since it was not listed as an active form of water migration

on the survey. Certainly, water infiltration greatly influences the

active zone of swelling, so that control of surface water to avoid

damage becomes a significant aspect of the solution to problems in

Eugene. Since groundwater rise was also attributed to damage, then

control of seepage of surface water cannot be viewed as the only
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aspect of the problem.

The types of structures overwhelmingly indicated as having been

damaged by expansive soils were small, light structures with shallow

foundations. Residential one and two story wood frame structures,

concrete slabs, asphalt concrete paving, and warehouses were all

mentioned as problem structures. The most common form of damage noted

was from differential settlement and heaving presumably due to seasonal

expansion and contraction of clay soils under foundations. As indicated

from question (11), not many utilities have been damaged. This was

partially attributed to the fact that utilities are bedded in medium

sand to 3/8-inch gravel which "reduce the hazard by the blanket effect."

The fact that light structures with shallow foundations were most often

indicated as blemished, and that very little utility damage had been

noted, may indicate that the clay is generally not very "active" and

the zone of active swell is shallow. However, some heavy, deep

structures, and utilities were reported to have been damaged, so

there must be exceptions.

It is interesting to note that one local engineer who has

examined several damaged structures in Eugene, attributes the damage

mainly to non-compliance with the local building code, the Uniform

Building Code (UBC). In each case he had examined where damage and

expansive soils were evident, the structures did not comply with

the code, so it is difficult to say how and why the failure(s) occurred,

and whether they would have happened had the structures met the

requirements of the code. While his comments are certainly well taken,
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it should be pointed out that the survey has indicated approximately 45

locations in Eugene that have experienced damage from expansive soils.

Although some of these may not be in compliance with the code, it is

ventured that if there had not been expansive soils, or there were

better provisions in the code to handle construction on expansive soils,

then some of these structures would not have been damaged.

Since the preliminary investigation indicated expansive clay

deposits in hilly areas, it was suspected that landslides and creep

problems were occurring involving expansive soils. This fact was

confirmed by the questionnaire. In particular, an unstable soil area

was specified at Blanton Road in the vicinity of the "projection" of

West 39th Avenue.

Various forms of mitigating measures are recommended for avoiding

expansive soil problems by the local consultants (see questionnaire,

Appendix A). No form of "popular" method seemed more widely used

than the others. The recommended depth of pier foundations and deep

spread footings ranged from 30 inches to 20 feet. One reason for

this abnormally large variation is that footing depth is dependent

upon the exact structural and site conditions, which change for each

site reported. Because of the scanty technical knowledge evidenced

in the surveys on Eugene expansive clays, engineering judgement and

experience presumably influence the determination of footing type

and depth.

The geographic area in Eugene affected was
confirmed to he the

south and southwest. In particular, the hillside areas in southwest
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TABLE 3. Specific Locations of Expansive Soil Problems
Reported in Eugene

Site
Number
(1)

Location
(2)

Structure
(3)

(1)

(2)

18th Avenue (Various locations)

Blanton Road near W. 39th
Avenue (Projected)

Sidewalk
Displacement

Unstable Soil
Area: Slide and
Creep Activity

(3) 100' N. of Warren Street Street and
Residences

(4) 300 W. 22nd Street Residence

(5) 2765 Washington Street Residence

(6) 745 Sprague Street Residence

(7) 13th and Willamette Single Story
Buildings

(8) McLean Boulevard between Southwest Hills

Chambers and City View Subdivision
(Graham Drive at McLean Blvd.)

(9) McLean Blvd. Eugene Care Center

(10) 43rd and Donald Spencer Butte
Junior High School

(11) High Street at 19th South Eugene high
School

(12) Bailey Hill at 18th Churchill High
School

(13) Off 30th Avenue Lane County
Community College

(14) Conger Avenue Warehouse

(15) Terry Street Two Warehouses

(16) Franklin Boulevard at 30th Site E-1 Jay Inc.

(Projected) FZ Plant

(17) Springfield Weyerhaeuser
Freshwater
Hatchery Site

(13) Additional Information from a) Hospital

Telephone Survey b) Civil Center
c) Wards
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Eugene seem to be scattered with case histories of damage due to

expansive clays. The soils in the area of Amazon Creek were often noted

as being affected. Table 3 gives specific locations of expansive soil

problems cited from the survey questionnaire. The map in the

questionnaire of Appendix A shows the approximate locations of reported

case histories dealing with expansive soils.

Limitations Obviously, every source of information on expansive soils

in Eugene could not be revealed by the surveys. Published reports on

expansive soils in the area may not have been referenced, and all the

people knowledgeable of the problem were not necessarily contacted.

Other people who were contacted may not have listed all they knew, and

may have overlooked some aspects assuming the symptoms have another

cause. The surveys have the inherent limitations that the information

gained best confirms broad aspects of the problem. This is desireable

for confirming regional problems, but does not necessarily help in

performing detailed design.

Summary - A judicious review of the results of the telephone and

questionnaire surveys on expansive soil in Eugene reveals the following

major problems;

(1) moderate damage to several residences founded on shallow

foundations,

(2) miscellaneous damage to several other "light" structures;

i.e. concrete slabs, curbs and sidewalks, asphalt concrete

paving, and well casings,

(3) a few large, heavy structures have been damaged,
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(4) a few structures founded on deep foundations have been

damaged,

(5) some landslide and creep problems that may be due to expansive

soil, and

(6) 45 or more sites in the area affected by expansive soils.

The occurrence of these problems seems to be;

(1) generally south of 18th Street in south and southwest Eugene,

many problems in the Amazon Creek area,

(2) primarily the result of a clayey material which expands due

to increased moisture content and shrinks upon drying; water

migration causing swell most often due to infiltration of

surface water, and

(3) an active zone of shrink and swell in the top three feet,

approximately.

From an indentification standpoint;

(1) it appears that no specific test procedure for identifying

expansive soil properties is in generally accepted use by

the local consultants, and

(2) the knowledge of Eugene expansive clay properties appears

scanty, leading to design presumably based on individual

engineering experience and judgement.

The surveys revealed the following solutions currently used in the

region to alleviate problems;

(1) do not build on the site,

(2) soil replacement,
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(3) soil treatment with lime or cement,

(4) moisture control, various forms of drainage,

(5) deep foundations; spread footings, piers, and poured-in-

place piles,

(6) pier foundations with grade beams, and

(7) floating slabs.

Overall, the surveys left many unanswered questions concerning the

development, occurrence, and composition of expansive clays in Eugene,

as well as their specific engineering properties. Also, case histories

of structures damaged by expansive clays and the methods used to

solve these problems were rather sketchy. To help clarify these points,

the occurrence of expansive clay, case histories, and methods of

controlling the problem were studied in further detail.
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GEOLOGY

Geologic formations predominate the occurrence of soils and the

type of minerals in the soils of a region. Geology also influences

physical and environmental parameters such as structure, density,

drainage, and preloading of the soil, which all effect its expansive-

ness. Scattered reports of damage to structures due to expansive soils

have arisen from throughout the Coast Range in Oregon, and in the

Medford and Eugene areas. Eugene lies on the east side of the Coast

Range, on anticlinal beds dipping chiefly to the east. Similar

geologic units have been reported by Vokes, Snavely, and Myers (1951)

on the west side of the range, indicating the potential for similar

occurrences through the range. Patric and Snethen (1976) shaded the

Coast Range in Oregon as containing potentially expansive materials

on a regional map of the United States, developed for identifying

expansive soil areas.

Table 4 gives the major geologic formations in Eugene and their

possible relationship to expansive soils. The geologic descriptions

were cross-referenced between the South Hills Study (1974), Baldwin

(1964), Wilmarth (1934), and Vokes, Snavely, and Myers (1951). The

relationship of the geologic formations to expansive clays and Soil

Conservation Service (SCS) soil series names was made while reviewing

literature on the subject, and by comparing geology, SCS, and other

soils maps of the area. These relationships are discussed in sub-

sequent sections of this report.



TABLE 4 - Eugene Geology Related to Expansive Soils.

Epoch

(1)

Description

(2)

Relationship to
Expansive Clays

(3)

SCS OR-1
Soil Series

(4)

Holocene Alluvium - (Qa1)** - Found Transported mainly by Awbrey, Bashaw,

0.01 MYA* around drainages at lower
elevations. Many have well-
sorted profiles containing
gravel with a gradation to
loam at the surface. Most
are silts, sands, and
gravels.

water and/or creep.
Most deposits contain-
ing expansive clays in
the area are alluvium.

Conser, Courtney,
Dayton, Hazelair,
Holcomb, Natroy,
Pengra

Pliestocene Alluvium - (Qal) - Ditto Ditto Ditto
2-3 MYA

Pliocene Basalt Flows - (Tb) - Basalt weathers Dixonville
7 MYA Volcanic material cooled

from the surface generally
capping the hills north of
Spencer Butte and in the
Coburn Hills. Predomin-
antly olivine basalt.

rapidly to clay in
the form of rolling
hills. Smectites
can form from basalt
in a basic or acidic
environment.

Philomath

Miocene Basalt Flows - (Tb) - Ditto Ditto
25 MYA Ditto

Oligocene Upper - Intrusive Rocks - Pengra and Hazelair Pengra, Hazelair
40 MYA (Ti) - Volcanic material

that has cooled below the
surface and is exposed by
erosion. Rock types are
of gabbro, diorite, and
basalt which weather very
slowly to residual hills
and ridges. Examples
are Spencer, Creswell, and

series found at the
base of Skinner and
Gillespie Buttes,
respectively. May
have formed from
basic rocks.

Skinners Buttes and Judkins
Point.

Oligocene Middle - Eugene Formation Tuff is known to form
expansive clay when
exposed to water if
montmorillonitic
minerals are present.
Sandstone and silt-
stone may also contain
smectites. Widespread
expansive clay deposits
developed from marine
deposited ash (tuff)
in the Mid-West.

Panther, Hazelair
(Te) - Marine tuffaceous
sandstone and siltstone.
Minor amounts of shale
and lenses of white
volcanic ash are inter-
calated with sandstones.
The unit weathers slowly,
breaking down to form
sand, silt, and clay.
May be cross bedded with
Fisher Formation.

Oligocene Lower - Fisher Formation - Tuffs weather to clays
which are known for
slide problems in
South Eugene. Conglom-
erates and agglomerates
may contain expansive
clays.

Hazelair
(Tf) - Non-marine tuffs,
conalomerates, and agglom-
erates. Basaltic and

-rhvolitic-debris and
occasional lenses of vol-
canic ash occur. Ground
water is generally toxic
from this formation.
Weathers to sand, silt,
and clay.

Eocene Upper - Fisher. Formation - Ditto Hazelair
60 MYA (Tf) - Ditto

Middle - Spencer Formation Generally weathers to a
yellowish-brown sandy
subsoil. Tuffs and mud-
stone of these units may
weather to form expansive
clay, but not as a rule.

None
- (Ts) - Balsatic, arkosic
and micaceous sandstone and
highly tuffaceous sandstone
and grits.

Lower Tyee Formation - None
(Tot) - Sandstones with
mudstones. Mainly quartz,
feldspar and tuff.

Paleocene Rest of geologic column
absent in Eugene.

* MYA - Million Years Ago based on approximate age of epoch in geologic time scale, Kummel, 1970.
** Mapping Unit Abbreviation; Qal, Tb, etc.
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Figure 1 shows the bedrock geology of Eugene in relationship to

the geologic units listed in Table 4. Shallow alluvial deposits along

small creeks and streams are not shown on Figure 1, but are related in

the geology of Table 4 to alluvium (Qal). Scaling errors on Figure 1

are inherent.

The predominant geologic units in south Eugene identified by

Figure 1 are basalt flows (Tb), the Eugene Formation (Te), and alluvial

deposits (Qal). Since most of the expansive soils problems of the

surveys were reported in south Eugene, it appears likely that these

units are the source of expansive soils. This was confirmed by the

literature, since smectites are noted to form from the rock types of

the formations in south Eugene. Also, SCS expansive soil series were

linked by the SCS-OR-SOILS-1 sheets
(1) mainly to the units in south

Eugene.

(1) See page 22 for description of OR-SOILS-1 sheets.
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PEDOLOGY

Clay Properties - It was discovered in the surveys that knowledge of

expansive soils was somewhat limited among several of the participants.

The general properties of expansive soils are reviewed in Appendix B

for those less familiar with their aspects.

Distinction is made in the report between the activity and the

activity number of a soil. Activity number is defined as the ratio of

the plasticity index to the percentage of clay sizes in the soil

(particles less than 0.002 mm in diameter) minus nine (Seed, Woodward,

and Lundgren, 1964). Hence, the activity number is a measure of the

water holding ability of the finest fraction of the soil, which is

largely clay minerals. Smectites usually have an activity number

greater than approximately four. As used herein, activity indicates

the magnitude of shrink and swell at the surface of a soil profile.

The soil activity is a function of mineral composition, ionic

properties of the pore fluid, physical properties of the clay mass, and

environmental conditions to which the soil is subjected. A small change

in moisture content in the "normal shrinkage" moisture content range,

can result in volume changes of over two inches (4.08 cm) in a highly

active soil profile.

Formation - Expansive soils are formed by the disintigration of suitable

parent materials under the proper environmental conditions. Parent

materials include basic igneous rocks such as basalt, ash, and tuff,

and sedimentary rocks containing a source of montmorillonitic clays

which disintegrate to form expansive soils. The setting for the



18formation of smectites is extreme disintegration,
strong hydration,

restricted leaching (Mg, Ca, and Fe retained), and usually an alka-
line pH. Extreme disintegration leads to an increase in surface area
of the soil particles. This requires

chemical weathering in the form
of strong hydration where the amount of minerals in the system decreases.

Recalling the structure of smectites, basic igneous rocks contain
relatively high amounts of silica in proportion to alumina. Silica is
increasingly soluble with a rise in pH above neutral, while alumina
becomes less soluble under these pH conditions. Solutions are
thereby usually basic during the formation of smectites from igneous
rocks.

Residual expansive soils in Eugene may have been, or are being
formed, by weathering of basalt, ash, and tuff deposits. An example
has been reported by Dole (1969) where bentonite, a highly active form
of montmorillonite, is formed from volcanic ash. Dole points out that
ash is in almost all of the younger rocks in Oregon, especially the
tuffs and agglomerates, so bentonite is a common constituent of many
rocks and soils. The alteration of volcanic ash to bentonite is called
diagenesis. For diagenesis to occur, around ten percent silica must
be leached out, since rhyolitic ash has approximately 70 percent
silicon dioxide, whereas in montmorillonites it's around 57 to 60
percent, (Patrick and Snethen, 1976). Dole also notes that basalt is
decomposed by air and water to form bauxite, which is a mixture of
hydrated aluminum oxides such as gibbsite. Bauxite forms only when
major amounts of the silica in the basalt is leached away. Since
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silica is relatively stable to chemical alteration in normal environments,

the solution must be extremely alkaline for this to occur, and it can be

theorized that alteration to bauxite does not normally transpire. What

is more probable is that the leachite is slightly basic, then small

percentages of the silica are leached out, making it possible for the

silica to combine with gibbsite to form montmorillonitic clays. Mont-

morillonites can also form from basalt in an acidic environment, but

the inter lattice positions may then become occupied by aluminum

hydroxides, which form a "synthetic" gibbsite between the mineral

layers, reducing the tendency of the clay to shrink and swell.

Tertiary Basalt Flows, and the Eugene and Fisher formations contain

basalt, tuff, and ash that may weather to smectites.

Expansive soils in Eugene may also be formed by decomposition of

rocks containing expanding lattice clays, such as sandstone and

siltstone of the Eugene formation. A regional example of sedimentary

rocks that weather to form expansive soils is given by Balstar and

Parsons (1966). They studied the Kings Valley Member of the Siletz

River Formation, where calcium carbonate is weathered from mudstone

to form clays which are then subject to expansion. Another regional

siting is reported by Beaulieu, Hughes, and Mathiot (1974) where

shrink-swell damage to structures is correlated to clay rich soils

overlying fine-grained sedimentary rocks in the Oregon costal zone.

Finally, Paleocene and Eocene age strata consisting of shale and

sandstone with some interbedded volcanics are cited as posing limited

problems in Oregon by Patrick and Shethen, (1976). Both the Fisher
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and Eugene formations are sedimentary rocks "locally" reputed to often

weather to expansive soils.

In general, soils in the south hills are transported to the

lower portions of the valley by small intermittent streams. Minor

watersheds such as Amazon Creek contain expansive soils within the

limits of their floodplains. Such streams and creeks aid in decom-

position of the bedrock, and eventually result in alluvial deposits

at the edge of the foothills which are known to contain expansive

clays. As the soils are transported, and during redeposition, many

undergo chemical and physical changes which increase the clay content

making them more plastic. An example of such action in the SCS

Hazelair series, which have been reputed to be highly expansive

after redeposition.

Three specific points should be remembered about the development

of expansive soils in Eugene. First, Parsons, Moncharoan, and Knox

(1973) report that, due to the relatively high amount of 43 inches

(110 cm) per year average precipitation, there is some indication

that leaching can eventually reduce the base content of fine-grained

soils in spite of their very low permeabilities. In support of this

theory, Chen (1975) reports that if an area has less than 15 inches

(38.10 cm) of rainfall per year, the sodium is not readily leached

from the soil, aiding in the formation of highly active smectites.

Thus, many of the common troublesome cations such as sodium may be

leached from the area's clays. Along these lines, several professors
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of soil science at Oregon State University believe the most common

exchangeable cations in Eugene clays are hydrogen and calcium, which

would produce smectites with relatively low activities. However,

determination of the interlayer cation should not be made solely on the

basis of the present environment, since interlayer cations are theoret-

ically easily exchanged and cation exchange can occur at any time.

Thus, there is a need to supplement this theory with test results

verifying the actual interlayer cations in these clays.

Secondly, the base cations leached from the soil have a tendency to

accumulate at depth in the soil profile, as shown by Parsons,

Moncharoan, and Knox (1973). This is intuitively obvious, since leach-

ing is greatest above the groundwater table, while cations tend to

accumulate in the groundwater. Such an increased cation concentration

with depth would reduce the swell potential (with depth) according

to the double layer theory.

Thirdly, most of the clays in Eugene are acidic, as discussed

under Expansive Soil Deposits. Acidity has been reported to decrease

with depth in some clays by Parson, Monchoroan, and Knox (1973) and

in "Oregon's Long-Range Requirements for Water", Appendix 1-2, (1969).

As explained previously, smectites form in an acidic environment may

contain an aluminum hydroxide complex between the inter-lattice

structures, inhibiting volume changes.

(2) Noted during interviews with Professor M. E. Harwood, Professor

C. H. Simonson, and Dr. J. H. Huddleston.
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Expansive Soil Deposits - Eugene soils have been mapped on "field

sheets" by the United States Department of Agriculture, Soil Conser-

vation Service (SCS), using their national classification system

based on soil series. Each series consists of soils uniform in different-

iating characteristics, including texture, structure, and arrangement

of horizons. Both the system and the field sheets are oriented to

agricultural purposes, but they also include general engineering

properties. These properties are assigned to soils on the basis of

classification. Thus, an area is mapped using aerial photographs and

site sampling to identify the soil classification. Once the classifi-

cation of a site is identified on a map, a general idea of the soil

type and engineering properties can be obtained by referring to the SCS-

OR-SOILS-1 sheets in "Soil Interpretation for Oregon". The OR-SOILS-1

sheets contain the approximate surface slope, soil descriptions,

estimated soil properties of the major horizons, including shrink/

swell potential and approximate depth to bedrock and general ratings

for; sanitary facilies and community development, source material and

water management, recreation, crop suitability, etc.

A summary of the most troublesome SCS soils in Eugene based on

shrink-swell potential is given in Appendix C. These soil series have

been assigned medium to high shrink-swell potential by the SCS. They

are divided into two geographic units according to the surface on

which they predominently occur, flatlands or hilly areas.

The expansive soil series occurring in flatlands usually have

relatively deep well-developed profiles. The depth to bedrock in these

series is over 60 inches (152 cm). Those series on nearly level
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alluvial fans, floodplains, and stream cut terraces are Awbrey, Bashaw,

Holcomb, and Pengra. Soil series more likely to be found on nearly

level stream cut terraces and fans in concave positions are Conser,

Courtney, Dayton, and Natroy. The surface soils in these deposits

are usually medium acid, with slightly acid to neutral subsoils.

Ponding is common during the rainy season and removal of excess water

by artificial drainage is difficult due to the high clay content and

low slopes, adding to the potential expansion problem. These soil

series appear to have all been water-deposited, so geologically they

are probably related to Quarternary Alluvial deposits, as shown in

table 4.

The hilly areas in Eugene generally exhibit soils with shallow

profiles. Developed series have soils 12 to 60 inches (30 to 150

cm) thick. The soils within this group are Dixonville, Hazelair,

Panther, and Philomath. Philomath, Panther, and Hazelair soils are

frequently found on foot slopes and/or in concave positions. The soils

are generally slightly acid, but acidity may vary with depth. Erosion

problems in these soils are prevelent because of their low permea-

bilities and relatively high slopes which range from three percent to

90 percent. Wetness is difficult to eliminate with artificial drainage

due to the low permeabilities, once again adding to the expansion

problem. The soil descriptions given in Appendix C, Tables C-2 and

C-4 were used to help correlate these soils to geologic deposits shown

in Table 4.
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Maps and Reports The city and county governments have recognized a

problem with expansive soils in Eugene. The City Planning Department,

Building Inspection Department, and Lane Council of Governments (LCOG)

have studied the problem. Their involvement is mainly at the planning

level to guide development, except for inspectors who inforce the

local building codes.

The city has compiled the "South Hills Study". This is mainly

the result of action taken by the Eugene Planning Commission to

guide development of the hills in the southern extremities of the

city. The information gathered is preliminary to developing a Master

Plan for the area. Geology, soil depth, slopes, and weather are

specificially delineated for the south hills. An assessment of the

land for areas of potential surface movement was considered in the

report, but focused mainly on slump and slide activity rather than

shrink and swell.

The City of Eugene Deparment of Public Works, Building Division,

has developed a soils map for recommending areas in which detailed

soil studies should be made prior to construction. The map was

developed from SCS field sheets and soil slopes given in the "South

Hills Study". Soil slope was involved because the Building Division

is concerned with sliding and slumping in the hilly areas. The soils

on the map are identified by SCS soil series number (3)and are grouped

(3) Each SCS soil series is assigned a specific mapping number. See

Appendix C, Tables C-1 to C-4.
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according to hydrologic Group C, D, and complex soils. Group D soils

include the expanding clays.

Furthermore, the City Building Division in Eugene has recognized

soil problems encountered in residential construction as follows:

(1) "Widespread presence of poorly-drained expansive silty clays

in drainage ways and on some hillsides in the South Hills

area".

(2) "Wide variation in the water content of soils during Summer

and Winter building seasons on both hillsides and flat sites".

(3) "Inexperience of some builders with steep hillsides, and

insensitivity to particular site characteristics".

(4) "Structural failure of concrete slabs (sidewalks, driveways,

garage floors), cracked foundations, and internal stresses

resulting in cracked plaster, sticking doors and windows,

etc., due to differential settlement or expansion of soil".

To cope with these problems, developments in Group C, D, and complex

soils, identified by the Building Division's soils map, will be subject

to intensified Code enforcement. In particular, Chapter 29 of the UBC

is being enforced in these areas. Additionally, three basic responses

to site problems are provided for:

(1) "In designated areas of potential surface movements, a

professional soils investigation will be required".

(2) "In all areas with poorly drained soil, foundation drains

and/or underfloor drainage will he required".

(3) "In areas where expansive soils are likely to be present,

plans are tagged with this warning to the builder and
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inspector:

Review of this division's soil data indicates the

probable existence of poorly-drained or expansive

clayey soils on this site. This may necessitate

the use of steel in footings and/or excavation of

footings to firm bearing soil.

To avoid future problems, please take note of soil

conditions during excavation, and consider adequate

measures to prevent differential settlement".

Public information other than the maps identifying problem soils

areas are available on general design at the Building Division. These

handouts are discussed under Recommendations in this report.

On the County level, LCOG has compiled a general plan for the

Eugene-Springfield area that is comprehensive to 1990. The Metro Plan

Update Work Program, as it is called, includes population, housing,

and employment projections translated into land use needs. The natural

constraints and assets which would pose limitations and prohibitions to

development were identified, so that the land use needs could be com-

pared to the existing supply of land. Many of the constraints and

assets have been compiled by computer and can be accessed by parcel

and lot number. These include soil constraint for development.

LCOG specifically remapped the SCS field sheets by computer for

the metropolitan areas of Eugene and Springfield, showing soil types

identified by SCS mapping unit number. The extent and location of

any particular soil series may be found on the map by identifying its
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mapping unit number. LCOG's Metro Plan Update assumes that in areas of

possible high soil constraint as identified by their map, site specific

analysis (engineering inventigations) will occur prior to development.

Figure 2 was developed to show specific areas in Eugene where the

expansive soil series in Appendix C, Tables C-1 and C-2, were identified

from LCOG's computer map.

A complex soil of Dixonville-Philomath-Hazelair series was found on

LCOG's computer map. These complex soils have varying degrees of

expansiveness which can only be determined upon specific examination.

Complex soils were thus not included in the shaded regions of Figure 2.

However, they should be noted as comprising much of the area in south

Eugene that has not been shaded.

Unfortunately, overlay procedures and scaling factors used in

production of Figure 2 may obscure minor strata and discontinuities

which often have a critical impact on design. Also, the expansive

clay boundaries may be slightly distorted. LCOG warns that their

computer map is not necessarily site specific, and should he used

judiciously as a design aid.

LCOG personnel noted that soils with severe ratings in dwelling

unit construction, road construction, underground utility installation,

and water runoff potential (all traits of expansive soils) were

identified as occupying much of south Eugene and south Springfield.

Since development has occurred with little difficulty in some of

these "hazardous" areas, the map was refined by Lane County soil

scientists to include only the Hazelair and Panther soil series,
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where on-site investigation and previous experience has indicated a

high frequency of failures. Figure 3 is a copy of this map.

Other than the SCS, no federal offices in Eugene were contacted.

The Federal Housing Administration in Portland was contacted by phone

and said they were unaware of any problem and of their agency's

general methods of dealing with expansive soils. Other federal agencies

such as the Federal Aviation Administration, Bureau of Reclamation,

Federal Highway Administration, and Army Corps of Engineers have

adopted special methods and treatments for identifying and testing

expansive clays. However, no specific maps or reports for the area

dealing with expansive soils were located.

Visual Observation and Field Examination A general idea of the

engineering properties of a soil can be obtained by visual observation

and field examination on the site under consideration without elaborate

testing. Highly expansive clay soils in the Eugene area are often

grey, brown, or black. If the soil is dry, it will frequently be

cracked at the surface. Dry subsurface clays will often be fractured

or slickensided, and may be cracked in three directions forming a

blocky structure. If the soil is wet at the surface, it adheres to

shoe soles, tires, etc., and possibly will bog-down heavy equipment.

Wet expansive soils have a tendency to stick to equipment.

Field examination should include excavation to identify the soil

at depth. Soil series such as Awbrey, Dayton, Holcomb, and Pengra

have surface silts underlain by highly expansive clayey soils. These

soils have been noted by SCS soil scientists to have caused problems
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when the clays go unaccounted for, since the silts transmit water to

the underlying clay, thus causing swell.

Soil field identification is made on the basis of percent fines

in the soil, dilatency, dry strength, and toughness. The percent fines

in the soil that control volume change may be as low as 20 percent, as

discussed under Expansive Clay Properties, Appendix B. Field tests

for dilatency, dry strength, and toughness are performed as given in

Lambe and Whitman (1969). Highly plastic soils, often those with the

greatest tendency for volume change, have a high dry strength: very

hard or impossible to crush with fingers. Molding of highly expansive

soils is tough and requires strong pressure using fingers. A chunk of

dry clay will generally not soak up water as fast as dry silt, and

the clay is usually glossy if cut when moist. These tests are intended

for field identification, and are not a substitute for laborabory

tests which positively identify clays.

Tests The main problem of existing tests to predict expansive soils

is that field conditions are hard to duplicate in the laboratory.

Structural interaction between the soil and the foundation may vary

at different points around the structure. Moisture content changes

occur in the field over prolonged periods of time which are impractical

to duplicate in the laboratory even if they could be predicted.

Obtaining undisturbed, representative samples, and changes in the

in-site soil properties occurring between sampling and after con-

struction, further complicate the problem. In addition, the profession

has yet to arrive at a standard test procedure to identify and



TABLE 5. Prediction of Potential Swell by Standard Tests
Adopted from Snethen, Johnson, and Patrick (June 1977).

Parameter
Liquid
Limit
LL, %

Plasticity
Index
PI, 70

Soil
Suction
gnat, tsf

Linear
Shrinkage

%

Shrinkage
Limit
SL,

Probable
Swell

Potential
Swell

(1) (2) (3) (4) (5) (6) (7)

Index 60 35 4 8 10 1.5 High

Range 50-60 25-35 1.5-4 5-8 10-12 0.5-1.5 Marginal

50 25 1.5 5 12 0.5 Low

N.)
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qualitatively test expansive clays, so there are many tests available

(Snethen, Johnson, and Patrick, June 1977). Different tests usually

lead to varying potential swell for any particular sample.

One inconsistency in the many methods involved the definition of

potential swell. Potential swell is herein defined as the equilibrium

vertical volume change or deformation from an oedometer-type test,

expressed as a percent of the original height, of an undisturbed

specimen from its natural water content and density to a state of

saturation under an applied load equivalent to the in-situ overburden

stress". This definition was cited from Snethen, Johnson, and Patrick

(June 1977). It is inconsistent with some methods of indexing

potential swell.

Indirect, direct, and combination techniques are employed to

predict potential swell. Common indirect (qualitative), and direct

(quantitative), tests used in engineering practice are reviewed in

Appendix D. Single index properties to predict potential swell have

been reported by Snethen, Johnson, and Patrick (June 1977). Consistent

with the definition of potential swell given above, limits were

placed on these index properties by Snethen, etal., and Table 5

developed for prediction of potential swell. Liquid limit, plasticity

index, and soil suction are reported to give the most reliable results

when using Table 5. However, any or all of these index tests may be

used on a soil to predict its potential swell.
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Influencing Factors - The three main factors involved in the relation-

ship between expansive soils and structural damage are depicted in

Figure 4. These three factors interrelate with one another. An

example is that a change in moisture content in a high swelling soil

produces a volume change which often results in structural movement,

but the higher the structural surcharge or lower the soil swell

potential, the lower the resulting swell.

Before introducing detailed case histories which help explain

the influence of these factors, it is desirable to take a broad look

at their individual contributions, as revealed by the surveys,

interviews, and literature review.

Soil Swell Potential (Clay Deposits) vs. Damage A comparison was made

between sites identified in the surveys known to exhibit expansive soil

problems, and the areas identified by Figure 2. Sixteen of the twenty

sites given in Table 3 were located on the map. Twelve were found in

shaded areas of the map. Two were on the perimeter of the shaded

region, within one block. The other two, site numbers (2) and (8),

were confirmed to be in complex soils not identified on the map. To

give a broader data base to the comparison, the 49 general sites

identified by the survey were also compared to the shaded regions of

the map, as shown on Figure 5. Of these, 33 lie in the shaded area,

11 lie off the shaded area, and five were not located on the map.

Using these figures, approximately 75 percent of the sites on the map
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lie in the shaded regions designated as having medium to high swell

potential.

Moisture Content vs. Damage - On a regional basis, change in moisture

content in the soil is a function of the climate. The average monthly

precipitation and potential evapotranspiration for Eugene are shown in

Figure 6. The mean annual precipitation is 43 inches (1.1 meters) per

year, with an average annual temperature of 52°F (11°C). In similar

climates, the bulk of the damage from expansive clays is reported to

be due to shrinkage, especially resulting from vegetation. For details

see Baracos and Bozozuk (1957), Peck, Hanson, and Thornburn (1974),

Ward (1953), and Young (1966).

On the whole, a slight water deficit exists in the soil during the

Summer months, as shown in Figure 6. This is due to the net evapo-

transpiration deficit during May through September. Since the in-

filtration rate of clayey soils is low, the soil moisture content

fluctuation lags slightly behind the climate, and the moisture content

at the surface is not indicative of the overall wetness. Most of the

soil moisture recharge occurs in the Winter, after the surface is

saturated. The soil is wettest at the end of Winter to early Spring,

and dryest at the end of Summer to early Fall, causing a seasonal

cycle of expansion followed by contraction of expansive soils.

Northern facing slopes can be expected to remain cooler and retain

moisture longer than southern facing slopes. Also, the rate of

recharge and evapotranspiration varies with the type of soil and

vegetation. These factors help explain why the zone of moisture
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content fluctuation in the surveys was observed from one to fifteen

feet (0.30 to 4.57 meters) deep, while the deepest tension cracks

were reported at ten feet (3.05 meters).

Buildings constructed on expansive soils during natural moisture

content extremes are intuitively likely to suffer damage from the

opposite extreme. According to the Building Inspection Division in

Eugene, damage has resulted from heave of soils under structures

constructed in dry periods and shrink of soils under structures

conducted during wet periods. The climate also influences the

groundwater table, springs, and intermittent creeks which cause

moisture content fluctuations, and may cause differential movements

of structures.

The presence of a structure changes the natural moisture content

of the soil. It has been found that moisture accumulates in expansive

soils under slabs and houses in arid climates, because of temperature

differences and the fact that evapotranspiration from the groundwater

table is blocked by the structure. In moist climates, the structure

generally prevents natural infiltration due to precipitation, and may

lower the water table and natural moisture content below the structure.

Aside from cyclic seasonal changes, an equilibrium water content is

reached in the soil after several years. Collins (1957) has reported

a doming effect, where the moisture content under the center of a house

in an arid climate eventually becomes greatest after four to seven

years. Similar observations have been made by Smith (1973) in Texas.

The equilibrium moisture content is primarily a function of the
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climate, type of structure, and affinity of the clay for water. It is

not known what the equilibrium moisture content under different

structures is in Eugene, and whether or not the moisture generally

increases or decreases under structures. Determination of an

equilibrium moisture content would help define what natural period(s)

are best suited for construction.

Type of Structure vs. Damage The surveys revealed miscellaneous damage

to several light structures in Eugene: concrete slabs, curbs and

sidewalks, residences, etc. For normal structures such as these,

damage is observed when total movements exceed two inches or 5.04 cm

(Vijayvergiya and Sullivan, 1973). On the other hand, they reported

when a building experiences heave less than one inch (2.54 cm),

architectural cracking is seldom observed. In the same reference,

angular distortion greater than 1/500 in roadways gives uncomfortable

riding qualities in cars traveling at 50 mph (80.47 km/hr).

Distortions in structures on swelling clays are not analogous to

settlements, since settlement becomes less notable with time whereas

volume changes resulting from expansive clays usually do not.

Heavy structures tend to retard swell because they exert

pressures on the soil which exceed the swelling pressures.

Structures with deep foundations, usually extend their support beyond

the zone of moisture content fluctuation. However, in highly active

clays, structures with deep foundations can be damaged.
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Site Selection Sites distributed throughout the city were selected

for study and soil testing. These sites represent various types of

structures, soils, and environments, despite being chosen primarily

in an effort to get a well-scattered distribution of case histories

of expansive soils damage throughout Eugene. The sites were primarily

identified by the surveys, interviews, and shaded regions of Figure 2.

Site selection was made keeping in mind the broad contributions of

structural interaction, soil swell potential, and change in moisture

content. Several sites in Eugene were examined and rejected because

of time and sampling limitations. Detailed case histories of the

selected sites are given on pages 47 to 72. Each site is described

in one paragraph, then soil test results and remedial solutions at

the site are reviewed in a succeeding paragraph.

Site Description - The site descriptions (pages 47 to 72) are listed

by site number, which correspond to a soil sample number used to

identify test specimens. Descriptions for each site give its

location, type of structure and any apparent damage, and a visual

description of the environment. The locations of the sites are

shown on Figure 2.

Soil Sampling and Testing In general, one soil sample was obtained

at shallow depth from each site for the purpose of identifying the

overall soil swell potential versus damage or potential damage. After

reviewing the state of the art on expansive soil testing, given on

pages 132 to 136, and utilizing equipment available to most soils
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engineering firms, it was decided that the Atterberg limits, shrinkage

limits, and general one-dimension expansion test procedure would be

most appropriate to use when exploring the potential swell of clay

soils in Eugene.

The procedure used to collect samples was to dig with pick and

shovel to about a foot (0.30 meters) below the ground surface. From

the bottom of the hole, a disturbed sample was obtained and sealed

to prevent moisture loss. A flat area was carefully prepared on the

bottom of the hole where an oedometer ring with a tapered leading

edge could be pushed into "undisturbed" soil. In most instances,

the soil was soft to medium stiff, and the ring could be pushed in

fairly easily using the tapered edge for cutting into the soil. Once

the ring was full of soil, a shovel was used to extract a large

chunk of soil encompassing the ring. The chunck of soil was then

trimmed flush with the ring on the top and bottom, yielding a tightly-

fitting "undisturbed" soil specimen in the oedometer ring. The ring

and specimen were immediately transferred to a small aluminum

container which was airtight, to prevent evaporation. This

container also exerted pressure on the top and bottom of the ring,

to help prevent expansion of the soil, during transporting and until

the sample was ready to be tested. All samples were subjected to

field examination for the purpose of recording the soil's Unified

Classification.

The disturbed sample was separated in the laboratory, and

tested for natural water content, ASTM D2216-66, Atterberg limits,
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ASTM D423-66 and D424-59, and shrinkage limit, ASTM D427-61 (see

Appendix D). The oedometer specimen was tested as soon as possible,

first subjecting the specimen to the approximate in-situ overburden

pressure, then soaking the specimen to measure potential swell, then

drying the specimen to arrive at percent volume swell from air dry

to saturated. Specimens were dried in the oedometer, measuring

shrink during mid-summer temperatures for about two weeks. The

oedometer specimens were measured using calipers, and then oven dried

to arrive at water contents and dry density of the specimen based on

its natural water content. Each oedometer specimen was finally

washed over the U.S. Standard Number 200 sieve. Samples were then

classified by the Unified Soil Classification System using the

Atterberg limits and percent passing the number 200 sieve. The

test results are given in Table 6 and Table 7.

The test results for each sample were correlated to the limits

of potential swell presented in Table 5. "Percent Vertical Swell

from Field" from Table 7, was rounded to the nearest tenth before

potential swell was derived from Table 5. Table 8 shows the potential

swell for each sample based on its Atterberg limits, shrinkage limit,

and probable swell from field moistrue content to saturated. The

Average Potential Swell in Table 8 was determined as an evenly

weighted average of the three test methods potential swells.

Remedial Solutions Soil samples were generally obtained at shallow

depths, and incomplete information was obtained regarding the soil

profile at most sites. In addition, no as-built plans were obtained



TABLE 6. Index Properties and Soil Classifications of Case History Soil Samples
in Eugene, (19M.

Sample Description
(USCS)

Sample
No.

Sample
Depth

Liquid
Limit

Plasticity
Index

Shrinkage
Limit

Minus
200

CO (%) (%) Sieve
(70)

(1) (2) (3) (4) (5) (6) (7)

A-1 11"-12" 88 66 9 84 GREY FINE SANDY CLAY (CH), m.
stiff, moist to wet.

B-1 12"-13" 47 18 17 81 BROWN FINE SANDY SILT (ME),
with yellow tuff, wet.

B-2 12"-13" 52 27 19 67 GREY CLAY (CH), with yellow
sand varves, stiff, moist.

B-3 12"-13" 46 14 22 66 BROWN GRAVELLY SANDY SILT
(ML), with cobbles, soft, wet

C-1 30"-31" 55 31 11 80 GREY FINE SANDY CLAY (CH),
soft, wet.

C-2 30"-31" 36 12 18 79 BROWN SANDY SILTY CLAY (CL)
(ML), stiff, moist.

C-3 12"-13" 78 43 8 99 BLACK CLAY (CH), soft, wet.
D-1 18"-19" 66 34 11 90 BLACK SLIGHTLY GRAVELLY -

SANDY CLAY (CH), stiff, moist
wet.

D-2 12"-13" 70 32 15 70 GREY FINE SANDY SILT (MH),
with 1/4" minus gravel, soft,
wet.



TABLE 7. Oedometer Test Results from Case History Soil Samples in Eugene (1978).

a
Sample
Number

(1)

Date
Sampled

Natural
Moisture
Content

(%)

(3)

Natural
Dry
Density

pcf

(4)

Moisture
After

Soak (%)

(5)

Moisture
After

Air Dry

(6)

% Volume
Swell (1)
from Field
Moisture to
Saturated (7)

........
% Volyn
Chang from
Air Dry to
Saturated

(8)

Date
Tested

(2)

A-1 7/3//7/5 26.2 97.8 28.9 16.7 3.78 22

B-1 7/8//7/8 30.1 83.8 33.7 24.9 4.58 13

B-2 7/8//7/8 26.5 96.2 26.8 22.6 0.47 7

B-3 7/8//7/8 34.(-) 83.9 35.0 25.4 0.18 15

C-1 7/14//7/17 38.7 82.8 39.1 19.1 0.57 36

C-2 7/14//7/17 12.5 101.3 22.9 10.2 0.53 9

C-3 7/14//7/17 43.4 73.2 44.3 35.1 1.32 4

D-1 7/15//7/18 28.1 84.5 29.2 9.6 2.22 36

D-2 7/15//7/18 43.2 77.6 44.4 19.1 1.47 45

(1) Percent based on (Change in Vertical Volume)/(Volume of Original Specimen).

(2) Percent based on (Change in Vertical Volume)/(Volume of Air-Dry Specimen).

Ui



TABLE 8. Potential Swell of Samples Based on Laboratory Test Results.

Sample
Number

(1)

Potential Swell
based on

Atterberg Limits

(2)

Potential Swell
based on

Shrinkage Limits

(3)

Potential Swell
based on

Probable Swell

(4)

Average
Swell

(5)

A-1

_B-1

B-2

B-3

C-1

C-2

C-3

D-1

D-2

High

Low

Marginal

Low

Marginal

Low

High

Marginal

Marginal

High

Low

Low

Low

Marginal

Low

High

Marginal

Low

High

High

Marginal

Low

Marginal

Marginal

Marginal

High

Marginal

High

Marginal

Marginal

Low

Marginal

Low

High

Marginal

Marginal

(1) See Table 7, Column 7 for numerical values of Probable Swell.



for any of the structures in the case histories. Therefore,
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insufficient soil sampling and inadequate structural knowledge

prevented precise calculations for comparison of estimated to

actual structural movement. Since calculations are essential to con-

cluding the reasons for damage to most structures, only broad aspects

of remedial solutions to problems are considered for each site. These,

in turn, are compared to each-other to help determine the overall

effectiveness of each solution.

Case Histories by Sites - Site A-1 is located at the end of Terry

Street across from Sweetland Product's warehouse. A soil sample was

obtained approximately 100 feet (30.5 meters) from the edge of the

street in a vacant lot. The surface was dry on the date the site

was visited, and had scattered areas with 1/2 inch (1.27 cm) wide

shrinkage cracks on the surface, which extended to about six inches

(15.24 centimeters) deep. The structures in this area are mainly

warehouses, reportedly founded on shallow foundations with concrete

slab floors. Terry Street is paved and has concrete curb and gutter

in the proximity. There was no significant exterior damage to any of

these structures when the site was visited. The terrain slopes

gently to the northwest, laying on the southern extremity of Amazon

Creek's floodplain. The vegetation is primarily grasses and weeds,

with occasional willow trees.

Site A-1 was identified by tests as containing a grey fine sandy

clay (CH), with a high potential swell. It is not a certainty that

this sample is representative of the fine grained soils in the area,
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since a brown organic silt (ML) with a liquid limit of 31 and a

plastic limit of 12 was sampled about 100 feet (30.48 meters) to the

north of the clay. According to Table 5, the silt has a low swell

potential based on its Atterberg limits. It is believed both samples

were taken in native soils, which vary somewhat due to the close

proximity of Amazon Creek. In addition, there appreared to be

randomly scattered fill on the site so there are many soil types

possible in this area. The moisture content of the sampled clay

was slightly above its plastic limit, which theoretically indicates it

would not swell drastically in the field. However, the shrinkage

potential under these circumstances is great. The individual who

reported this site in the survey indicated that warehouses and slabs

in the area had been constructed on at least 18 inches (45.72 cm)

of compacted gravel. The construction methods, although not exactly

known, appear to be successful, since no exterior damage was observed,

and the warehouses were reportedly founded on clay.

Site B-1 is located on McLean Boulevard between Chambers and

City View. A soil sample was obtained about 150 feet (45.72 meters)

from the edge of the street, in the vacant lot across from 1955

McLean Boulevard. The structures in this area are mainly one and

two story wood frame houses. McLean Boulevard is paved and has

concrete curb and gutter in this area. There was no significant

exterior damage to any of these structures when the site was visited.

A dense natural cover of trees and bushes serves to inhibit surface

evaporation from the soil. Thus, even though the topography at the
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site slopes steeply to the north, the surface was moist when the soil

sample was taken.

Site B-1 was identified as containing a brown sandy silt (MH)

with approximately ten percent yellow tuff. This soil has a marginal

swell potential from Table 8. Many houses were observed under con-

struction in this area. The open excavations revealed soils similar

to the sample obtained, underlain by tuffaceous and basaltic bedrock.

Both the surface and the sample were wet at the sample location,

with the moisture content of the sample slightly above its plastic

limit. However, in areas cleared for construction in the vicinity

of this site, the lack of intense natural cover had resulted in

dessication and cracking of the surface soils. There are many

intermittent springs in this area, and some were flowing when the site

was visited. Under the worst conditions, spring waters may eventually

reach desiccated soils, resulting in marginal swell. The residences

under construction around this site were supported by spread footings,

either extended to bedrock, and/or utilizing a perimeter drainage

system consisting of four inch (10.16 cm) round flexible slotted

pipe lain in gravel below the footing grade around the outside of

the structure. The footing excavations did not appear deeper than

three feet (0.91 meters) on the more level slopes and no more than

ten feet (3.05 meters) on steep slopes, where spread footings were

being used in combination with retaining walls. Since no damaged

residences were observed in the area, it is apparent that the

solutions are working well, or damage has been minor.
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Site B-2 is located on the Lane County Fairgrounds. A soil sample

was obtained at the east end of the planned horse arena building. The

existing structures in the area are mainly metal and wood frame build-

ings, apparently supported by spread footings. There was no significant

exterior damage to any of these structures when the site was visited.

Topography slopes gently to the west, and the site is bounded on the

south by Amazon Creek. The landscape is flat for parking and camping,

is not paved, and is generally void of vegetation. The surface at the

site was dry to about six inches (15.24 cm) when the sample was taken.

Site B-2 was identified by tests as containing a grey clay (CH),

with a marginal swell potential from Table 8. A foundation report was

obtained for proposed structures in this area. The report borings

and test pits revealed a seven to eight foot (2.14 to 2.44 meters)

layer of grey silty clay over the site, commonly exposed at, or

shortly below the ground surface. Bedrock was encountered from eight

to ten feet (2.44 to 3.05 meters) below the ground surface. It con-

sisted of a weathered blue-grey to brown-grey sandstone. The actual

swell potential in the soil profile may vary since the soil logs

indicated layers of low plasticity silts. The sample reported herein

had a moisture content slightly above its plastic limit (25). The

soil report logs revealed moisture contents below three feet (0.92

meters) in the range of 20 to 46 percent, generally increasing with

depth. The report also indicated greater plasticities in the grey

clay than the reported sample, so some of this clay has a high swell

potential based on its Atterberg limits and Table 5. The horse
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arena building at the location sampled, it is to have shallow spread foot-

ings designed for light to moderate bearing pressures with two feet

(0.61 meters) and six feet (1.83 meters), respectively, of compacted

granular material recommended to be at least 18 inches (45.72 cm).

Furthermore, a heavily reinforced grade beam is recommended for any

walls that will be sensative to foundation movements.

Site B-3 is located at 745 Sprague Avenue. A soil sample was

obtained "below" a planter box area at the northwest corner of the

house, which is a single story wood frame residence about ten years

old founded on unreinforced spread footings, about eight inches

(20.32 cm) wide and one foot (0.30 meters) deep. Damage is best

described in the words of the owner:

"During the dry months of the year (July through October) cracks

appear in the plaster, doors "hang up" and stick, rendering them

inoperable. After about six inches (15.24 cm) of rainfall in

November, the doors "unstick" and the cracks in the plaster close".

The sidewalk in front of this residence has been replaced because of

extensive cracking. Figure 7 shows similar cracking problems in a

driveway in this area. The general area of this site is hilly, with

steep slopes to the east. The site itself has a low to moderate slope

to the northeast. This residence is typical of many in the area,

with a lawn area, and several planter boxes adjacent to the house.

Site B-3 was identified by soil tests to contain a brown gravelly

sandy silt (ML) with cobbles, and possessing a low swell potential

from Table 8. The sample was taken from a flower bed adjacent to the



52

Figure 7 Uplift and cracking under center of driveway

near Site B-3.
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house footing at 12 to 13 inches (30.48 to 33.02 cm), and when washed

showed signs of peat. The sample thus appears to have been both

disturbed and contaminated. A consulting engineer in Eugene obtained

a soil sample four feet (1.22 meters) west of the northwest corner of

the house at 24 to 36 inches (60.96 to 91.44 cm) below the ground

surface. This sample had a liquid limit of 81 and a plasticity index

of 50. The Unified Soil Classification reported is an inorganic clay

(CH), with a high swell potential from Table 5 based on Atterberg

limits. This verifies the presence of a potentially highly active

soil at this site. Structurally, problems with movements of the

residence (described previously) got progressively worse after

occupancy. In five years, movements were serious enough that the

owner consulted a structural engineer who suggested placing more

stress on the rafters and joists, using an elaborate system of steel

rods. Since the owner felt this was not addressing the problem,

he then turned to a concrete foundation contractor who dug holes about

four feet (1.22 meters) apart and three feet (0.92 meters) deep under

the foundation on one wall. He filled these "piers" with concrete, in

the hope they would penetrate the unstable soil and stabilize the

wall...it didn't work. A consulted soils engineer then suggested

placing more support under the part of the house most effected. This

did not work either. Accidentally, the owner discovered during

Summer that a malfunctioning sprinkler kept the soilmoist next to a

foundation supporting a troubled section of the house. That Summer,

the section moved very little, convincing the owner the problem was
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caused by soils which contracted upon drying, and expanded when wet.

Since the owner did not want the foundations and crawl space under his

house continually wet, he contacted another soils engineer, who

suggested introducing lime into the soil as a last resort attempt to

eliminate movements. Lime was added to the surface around the

perimeter of the house, and an attempt was made to soak it into the

soil. This method failed, so the owner has resorted to spreading a

lawn soaker around the foundation under the house. Periodically, the

soaker is turned on in the Summer to keep the soil around the

foundations wet, which has resulted in insignificant differential

movements.

Site C-1 is located on Baily Hill across from Churchill High

School. A soil sample was obtained in a cut area on the northwest

corner of the lot. Apartments were under construction at the time the

site was visited, as shown in Figure 3. This area was noted as having

expansive soils from the surveys, with Churchill High School directly

to the west of this site across Baily Hill, and 18th Avenue within a

block to the north of the site. The apartments were wood framed with

shallow foundations and slabs. Churchill High School is a concrete

block structure supported by spread footings. Both Baily Hill and

18th Avenue are paved, and have concrete curbs, gutters, and side-

walks along most of their alignments. The general area lies at the

base of an abrupt hill, and has a natural gradient sloping to the

north. The construction site appeared to be flat, and sparsely

vegetated by willows and similar deciduous trees.
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Figure 8 Apartments under construction at Site C-1.
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Site C-1 was identified as containing a grey fine sandy clay (CH).

This soil has a marginal swell potential from Table 8. The sample was

obtained in a "recent" excavation, and appeared representative of soils

observed from 2.5 feet (0.76 meters) to five feet (1.52 meters) below

the surface. The deepest excavation observed on the site was five feet

(1.52 meters) deep. Surface soils in the area were brown and generally

had a greater percentage of sand than the grey clay. A sample obtained

from 0 to 2.5 feet (0.00 to 0.76 meters) had a liquid limit of 39 and

a plasticity index of 17. The Unified Soil Classification is a brown

sandy clay (CL). Based on Atterberg limits using Table 5, the swell

potential is low. The moisture content of the grey clay was about

mid-way between the soil's liquid and plastic limits. According to

the foreman at the construction site, the soil encountered was very

silty and clayey, and the apartments were being constructed on mats

and shallow spread footings. He reported the strata under each

structure had been over-excavated from five to ten feet (1.52 to 3.05

meters), and the soil replaced by compacted gravel. The foreman had

noted foundation movements during construction, and assumed they

were settlement under dead load. Churchill High School reportedly

was constructed in a similar manner, using replacement methods plus

surcharge loading prior to construction. Surcharge loads consisted

of approximately three to five feet (0.91 to 1.52 meters) of fill

covering the site. Foundation construction is believed to have taken

place in the Summer of 1966, and approximately ten feet (3.05 meters)

of clay was reportedly excavated and replaced by compacted gravel in
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some areas below the structure. Settlement was monitored on a concrete

block embedded in the gravel, and found to be negligible prior to

construction. The overburden was used in landscaping, mainly to form

an earth berm adjacent to Baily Hill Road in front of Churchill High.

According to maintenance personal with the school district, Churchill

High School has undergone significant repairs. Among these were an

approximately one inch (2.54 cm) wide crack in one of the exterior walls,

and repeatedly sticking doors in the cafeteria and gym. Figure 9 shows

cracking visible at the rear exterior of the structure. Figure 10

shows a cracked sidewalk in the general area on 18th Avenue. This crack

was about 1/2 inch (1.27 cm) high at the time the photograph was taken

after a rainy period in April, 1978. It had lowered to less than 1/4

inch (0.64 cm) high when the site was revisited on July, 1978. This

appears to be due to a swelling soil under the sidewalk, which exhibits

a seasonal variation in moisture content and resulting volume change.

Since sidewalks are very light structures, it cannot be directly

related to damage that might occur under the heavier loads of Churchill

High School or the apartment complex.

Site C-2 is located at 358 West 22nd Avenue. A sample was taken

in an open excavation behind a newly constructed retaining wall. Figure

11 shows the old stucco-covered concrete block wall which had been

constructed about 30 to 40 years ago. The wall had not been reinforced

laterally, as can be observed in the crack and broken block in Figure

11. The open excavation behind the new wall had been cut back about

seven feet (2.13 meters) from the face-line of the old wall. Very few
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Figure 9 Cracking in a concrete block wall at the rear
of Churchill High School, near Site C-1.



Figure 10 Crack in sidewalk above clogged drain on 18th Avenue, near Site C-1.



60

Figure 11 Old concrete block wall at Site C-2.
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roots were visible, so it is most likely the old wall was cracked by

lateral soil pressure. The owner planned to fill the void between the

excavation and new wall with loose gravel. This area steeply slopes

to the north. Vegetation is mainly conifers and grass.

Site C-2 was identified as containing a brown sandy silty clay

(CL)-(ML) with low swell potential from Table 8. A reinforced concrete

retaining wall at the site replaced a concrete block retaining wall

that had been damaged by lateral earth pressure. Since the soil sample

appeared representative of the soil exposed in the excavation behind

the wall, and had a low swell potential, it is theorized that the soil

mantel in the upper few feet is moving slowly downhill. It is unknown

whether the soil sampled is representative of all the soil under the

structures in this area. The site was originally reported in the

survey as a residence damaged by expansive soils. Upon questioning

residents in the area, they believed there was more damage caused by

landslides and creep than from expansion and shrinkage problems.

Intermittent springs reach the surface and have caused flooding in the

basement of a house adjacent to the site. The basement extends about

six feet (1.82 meters) below the ground surface. There has been no

severe foundation damage. The springs are most prevelent in the late

Winter and early Spring according to the owner. A large resevoir

above this site may be contributing to groundwater. A spring trickled

a small flow of water into the gutter below the residence when the

site was visited in July. A stucco house on shallow, unreinforced,

concrete footings, across the street and downhill from the site, had
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experienced one to two inches (2.54 to 5.08 cm) of settlement in the

southwest corner over a one to two year period. The owner, who had

lived there since childhood, said the house was about 40 years old.

She remembered occasional cracking, but nothing as severe as a few

years ago when the settlement caused a large crack in the outside wall

below a window in the southwest corner of the house. Foundation

movements were controlled at this point by extending keyed piers about

15 feet (4.56 meters) to bedrock. According to the contractor who

performed the work, the bedrock was shale. He believed the wet to

saturated upper soil mantel was sliding downhill on the slick shale

contact. The owner reported three other residences in the immediate

two blocks that had been stabilized using piers extended to stable

material. All had been effected in the southwest corner (uphill

side).

Site C-3 is located at South Eugene High School. A soil sample

was obtained in the southeast corner of the plaza directly north of

the cafeteria. The site was reported in the survey, and apparently

is founded on shallow foundations. Reportedly, the school has

undergone significant modifications some time after construction

because of cracking in the corridor walls and floors. The site is

bounded by other public buildings and a residential district. The

site is adjacent to Amazon Creek which slopes gently to the north,

and is lined in this vicinity by concrete retaining walls. No

significant damage was seen in the adjacent public and residential

buildings, or in the retaining walls. Most local vegetation is
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grass, with occasional trees and shrubs.

Site C-3 was identified by soil tests as containing a black clay

(CH), with a high swell potential from Table 8. A sample for soil

classification was obtained in an open excavation at the southeast

corner of East 19th and Pearl. The excavation is about a block from

the reported site, and on the other side of Amazon Creek. This soil

had a liquid limit of 86 and a plasticity index of 49. It's

classification is a black clay (CH), with a high swell potential based

on Table 5, using Atterberg limits. The soil around the excavation

had become desiccated, and exhibited numerous shrinkage cracks,

(see Figure 12). A light standard next to the excavation was tilting

toward the street, presumably due to poor foundation support, Figure 13.

Maintenance personal at South Eugene High School said volume changes

in the soil were no longer causing problems in the main structure. They

indicated the major portion of the damage occurred about 30 to 40 years

ago, and was fixed soon after it occurred. It may have been due to

settlement, since expansive soils damage is usually recurrent unless

extensive foundation repairs are undergone. However, the maintenance

men were not sure what had transpired, so significant foundation

repairs may have been initiated. They indicated the area was a swamp

prior to construction of the school, and that the soil was very acidic.

Their major problem with the black clays is corrosion of steel pipes.

Site D-1 is located at 895 Conger Avenue. A soil sample was

obtained across the street in the vacant lot adjacent to Amazon Creek.

The structure, shown in Figure 14, is a single story dwelling on spread



Figure 12 - Shrinkage cracks in excavation at 19th and
Pearl, near Site C-3.

Figure 13 - Tilting light standard at 19th and Pearl,

near Site C-3.
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Figure 14 Damaged residence at Site D-1. Note presence

of slight swale between fir tree and house.

Figure 15 - Cracking in front porch and sidewalk at

Site D-1.
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perimeter footings about 1.5 to 2.0 feet (0.46 to 0.61 meters) deep.

Figure 15 shows the damage to the front porch and sidewalk. Along the

east side of the house, a two inch (5.08 cm) wide crack had opened up,

separating the nailer from the top of the footing.
Damage to the rest

of the house has been insignificant
according to the owner. The main

interior problem has been sticking doors and windows
adjacent to the

problem area. The site area slopes gently to the northeast. The

vegetation is grass and a coniferous treee. An open planter box area

is adjacent to part of this structure.

Site D-1 was identified by soil tests as containing a black

slightly gravelly-sandy clay (CH), with maginal swell potential from

Table 8. The site was visited during two seasons. In the Spring,

the surficial
soils in the damaged area around the tree appeared to

be similar to the sampled soil, soft, and wet. In the Summer, this

soil was very stiff and dry with 1/4 to 1/2 inch (0.64 cm to 1.27 cm)

wide shrinkage
cracks visible on the surface. The ground surface below

the tree appears to be slightly
depressed, as can be seen in Figure 14.

It is thus reasoned that the coniferous tree may be related to settle-

ment problems
involving the northeast corner of the house. However,

the owner said that most of the damage had occurred
during a very wet

season. This would seem to indicate that the damage is due primarly

to a softening of the soil from an extreme increase in moisture content.

There had been no remedial actions
taken by the owner to avert or

repair damages, so it is not known how intense the problem is.

Site D-2 is located at the southeast corner of 27th and



Washington. A soil sample was obtained in the southwest corne6r
7
of the

lot. The site was
visited on two different occasions, so the construc-

tion in Figure 16 and 17 is in different stages. Problems appear in

the western half of the lot where the foundation has been severely

cracked, (see Figure 16). A driveway once in the location of the

retaining wall had been removed because it was severely cracked and

distorted. Doors and windows in the house were sticking, and cracks

were visible in the interior walls. No major problems were observed

in the asphalt streets and concrete curb and gutter
adjacent to the

site. Vegetation is mainly bushes and trees visible in the pictures.

The site slopes steeply to the southwest.

Site D-2 was identified as
containing a grey fine sandy silt (MR)

with 1/4 inch (0.64 cm) minus gravel, and marginal swell potential

from Table 8. The water content of this soil was slightly above its

plastic limit. The sampled soil was not typical of all the soil

observed at this site, but did contain the highest percent of fines.

Surficial soils were identified by field tests to be brown silty or

clayey sands. The retaining wall in Figure 17 was being used in

conjunction with deepening piers under the house to prevent future

downhill movement.
The site had been studied by a local engineer,

who felt the problem was related to slumping or creep. The retaining

wall was installed to about ten feet below the surface. The

excavation had
revealed about a foot (0.30

meters) of the sandy soil

underlain by about four to five feet (1.22 to 1.52 meters) of the grey

silt, underlain by a silty sand, according to a construction worker



Figure 16 First visit to Site D-2. Note large crack in

corner of house, upper left in photo.

Figure 17 - Second visit to Site D-2. Note minor cracking

in curb and gutter, below old driveway

entrance.
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questioned at the site. Some piers under the house were being entended

to about five feet (1.52 meters) below the surface according to the

same worker.

Site E-1 is located at the Weyerhaeuser Springfield Salmon

Hatchery between Marcola Road and Weyerhaeuser's logging railroad, east

of Mohawk Road. No samples were obtained. CH2M Hill provided a soils

report. The structures include four major elements, a hot-water supply

pipeline, McKenzie River water supply intake and pipeline, fish hatchery,

and effluent pipeline. The fish hatchery includes roads, asphalt-lined

rearing ponds and water treatment ponds, wood frame structures, and a

vast piping network tie-in. Figures 18, 19, and 20 show portions of

this site. The site is moderately to slightly sloping to the northeast

in the vicinity of the treatment and rearing facilities. Originally,

the site was grassland with a sparse cover of trees and bushes.

Site E-1 was identified by CH2M Hill as containing a dark brown

sandy clay (CH) with a maximum liquid limit of 110 and a maximum

plasticity index of 73. This soil has a high swell potential based

on these Atterberg limits using Table 5. The clay generally had a

high moisture content, about midway between its liquid and plastic

limit. The depth of the clay exposed in borings and test pits varies

from 25 feet to zero feet (7.62 to 0.00 meters) across the site. Other

soil types include sandy and clayey silt, silty clay, and gravels.

Most of this site appears to he underlain by tuff, however basalt

flows and dikes were also evident. Measures to minimuze volume change

of the clay were to prevent the clay from drying out during construc-
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Figure 18 - Asphalt lined rearing ponds at Weyerhaeuser
Springfield Salmon Hatchery, Site E-1.

I

Figure 19 Drainage ditch, maintenance shop (upper left),

and dechlorination structure (upper right) at

Site E-1. Note hill in background has history
of slump failures.
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Figure 20 - Maintenance shop at Site E-1 underlain by
drains and 12 feet (3.66 meters) of gravel.
Wood frame building anticipated to be
flexible enough to withstand minor differ-
ential movements without costly damage.
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Lion, provide underdrains and surface drainage to remove water,

provide vapor barriers around foundations to prevent evaporation,

excavate as much of the surface clay as possible and replace with

non-swelling fill (gravel), and to place foundations and pipes at

least three feet (0.92 meters) under the ground to reduce the effect

of seasonal variation in moisture content. In addition, structures

and pipe fittings were made as flexible as possible to reduce the

adverse effects of differential movement. Moisture contents in the

clay are expected to remain at fairly high levels, considering the

above-ground reservoirs are not totally impermeable. Thus, damage

from shrinkage should be minimal, while damage due to swell will be

naturally inhibited because of the clay's initially high water

content.



CONCLUSIONS

OCCURRENCE
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Geology - It has been shown that the geology of Eugene is consistent with

the development of expansive soils.
However, from an engineering stand-

point, the geologic origin is of little practical value, unless the most

expansive soils can be attributed to specific geologic units. No

dominant source of expansive soils in Eugene appears in Table 4. In-

stead, many geologic formations and processes appear to be active in

the formation of highly plastic clay soils in the area. This means

that regardless of the underlying geology, expansive soils may be

present.

Pedology Three factors in the formation of expansive soils in Eugene

that all tend to decrease the activity of smectites are: (1) hydrogen

and calcium are probably the most common exchangeable cations, (2)

increased cation concentrations with depth probably reduce the swell

potential with depth in the soil profile, and (3) an aluminum hydroxide

complex between the inter-lattice clay structures
probably acts to bond

inter-crystalline plates. These three factors and generally moist

conditions produce smectites that normally exhibit relatively low

activity. Localized deposits of highly active clays exist associated

with; a local variation in saturation and desiccation, abnormal cations,

more active parent materials, incomplete formation of the aluminum

hydroxide complex between the mineral layers, and/or redeposited clays

associated with swales, concave positions, and flatlands, especially

in the vicinity of creeks and streams with low gradients.
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Identification - The Eugene Building Inspection Department has taken

three major steps toward identifying and controlling residential

expansive soils problems. First, they have developed a soils map

based on "problem" soils. Secondly, they have recognized four major

problems involving expansive soils, and are enforcing Chapter 29 of

the UBC in an attempt to eliminate these problems. Thirdly, they have

initiated a system to mark plans, implement foundation drains, and

require a professional soils investigation where expansive soils are

likely. However, city inspectors do not have the expertise of a soils

engineer or soil scientist, so unless a rigorous training program is

undertaken, there is a good possibility that expansive soils will not

be properly identified in the field, and subsequently, their engineer-

ing safeguards may never be implemented in construction.

It can be observed by comparing Figure 2 to a topographic map

that a major portion of the expansive soil deposits in Eugene are in

alluvium along creeks and drainage areas. It also shows that large

deposits exist in both south and west Eugene. Since the areas of west

Eugene around Belt Line and 11th Streets are largely void of structures,

developers should be aware of potential problems in the area due to

expansive soils. Overall, Figure 2 has been shown to be about 75

percent accurate by comparing noted sites in the surveys to damaged

areas. In the shaded regions, case history site testing revealed one

site with low soil swell potentials and seven sites with medium and

high swell potentials. Site E-1 is off Figure 2. Two sites were not

in the shaded portion of Figure 2, and they both had medium and/or
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high swell potentials. Accordingly, Figure 2 is not site specific.

Building Division and LCOG maps have the same drawback. Vicinity maps

are resolved to be general guides to expansive soil deposits in Eugene.

Visual observations and field tests are useful primarily to

identify plastic soils, which have been found in this report to exhibit

varying degrees of expansiveness. Thus, soil samples subjected to

laboratory analysis should serve to positivelNL identify potential

expansion and shrinkage.

The Atterberg limit and shrinkage limit test values correlate

relatively well with each other when used to predict potential swell

from Table 5. This was observed in Table 8, wherein the probable

swell results in values of potential swell that are often different

from those derived from index tests. Three primary reasons are

attributed to this phenomena. First, the samples were all at

originally high water contents, at least slightly above the plastic

limit of the soil. This indicates these soils were in a swollen

state in the field, since most volume change occurs between the

shrinkage limit and plastic limit. Thus, the percent swell measured

from in-situ conditions would be limited. Secondly, about one-third

of the samples were tested in mid-range consolidometers. Small loads

could not be applied with great accuracy in these machines, so the

resulting percent shrink and swell may be misleading. Finally, the

definition of potential swell presented does not allow for volume

changes due to shrinkage. Total volume changes are recorded for

these, soils in Table 7. These percentages may also be misleading
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however, since only two of the samples dried to moisture contents below

their shrinkage limits, even though all the samples dried for approxi-

mately two weeks.

The best methods for predicting the magnitude of total heave

consider; (1) the potential for volume change of the soil, (2) the

degree to which such potential may occur in the field, and (3) the

influence of, and on, the particular foundation. The primary purpose

of evaluating swell potential is the identification of soils on which

direct swelling tests may be necessary for design purposes. The soil

activity and foundation influence are a function of the climate, site,

and structural characteristics, and are accommodated in design by

combining the results of direct swelling tests with engineering

experience and judgement.

Where compliance with the local building code is mandated, the

Expansion Index Test should be conducted. It is surmised that as

index tests the Atterberg limits and shrinkage limits are good

indicators of potential swell-shrink. Index tests should be compared

to the general one dimensional expansion and uplift pressure tests

on either undisturbed samples and/or samples re-compacted to the

moisture content and density specified for earthwork on the field.

The potential for volume change with a change in moisture content

must be made on a site specific basis by testing.
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Soil Swell Potential Of eight sites identified as containing soils

with high or marginal swell potential, five showed signs of structural

damage (Sites C-2 and E-1 excluded). Two sites identified as contain-

ing soils with high swell potential showed no significant structural

damage, indicating that successful designs have been accomplished on

highly expansive soils in Eugene.

Soil swell potential showed no absolute relationship to topography.

Highly expansive soils were identified on both hillsides and flatlands.

It bears repeating that highly expansive soil deposits can be anticipated

in valleys and swales, as identified by Figure 2, especially along

Amazon Creek.

Sites B-2, C-1, and E-1 contain planned or recently developed

structures utilizing replacement methods. Soil replacement methods

have met with varying degrees of success. Auspicious results from

replacement methods are evident at Site A-1. Ineffectiveness manifests

Site C-I.

Landslide and creep problems prevail at Sites C-2 and D-2. A soil

sample with low swell potential was obtained at site C-2. This sample

appeared representative of the soils in the top four feet (1.22 meters).

From the evidence at hand, Site C-2 appears disassociated with ex-

pansive soils damage. Site D-2 contains marginally expansive silts.

It is not known whether the moisture content changes significantly

in these silts, aiding downhill movement.

Moisture Control Cases of damage from both shrinking and swelling
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were observed in studying case histories. Damage from desiccation is

repeatedly reported by literature to be the major problem with expansive

soils in moist climates. Site B-3 reveals evidence of such damage in

Eugene. Yet the surveys and case history Sites B-1, B-2, and C-1

indicate that swelling is also a contributing factor, and summary of

the surveys showed infiltration of surface water is a major concern.

Clearing of vegetation, excavations, local climatic and topographic

exposure, and structural influence that are dependent on the exact

site conditions, significantly effect the natural moisture content.

In summary, no common form of water migration causing volume changes

in Eugene expansive soils can be pinpointed.

Due to natural climatic variation, the moisture content of surface

soils changes significantly. However, the active zone of shrink and

swell could not be precisely determined using the limited data from

the case histories. Samples obtained in Summer, a relatively hot

and dry season, had moisture contents above their plastic limits.

Since these samples were obtained at shallow depths, it is presumed

that most soil profiles in Eugene have a normal active zone of moisture

fluctuation within the top three feet, and that natural moisture

contents are relatively high. Thus the case histories, especially

Sites B-3, D-1 and C-1 support a theory that it may be advantageous

to design to maintain naturally high water contents, except where such

design would result in slope instability as in Sites C-2 and D-2. It

should be noted that vegetation, especially trees, have a substantial



79

influence on the natural moisture retention and desiccation (refer to

Sites B-1 and D-1, respectively).

Structural Interaction Damage has been reported to both South Eugene

and Churchill High Schools which were both founded in areas containing

highly expansive soils. It is conjectured that both of these structures

have moderate foundation loads. It is not known whether the clays have

heaved or settled under these loads.

There seems to be a recent influx of structures in the area

founded deep in expansive soils deposits, mainly by replacement methods.

The two cases reported using pier foundations were in slide or creep

areas. Deep foundations, such as piers and piles, did not prevail in

cases where damage was evident. Likewise, structures founded on

bedrock showed no signs of damage.

Of the five sites containing high or marginal soil swell potentials

and having structural damage, two were single story wood-frame houses

founded on unreinforced shallow concrete footings. Damage to other

light structures has been reported. Concrete driveway and sidewalk

uplift is shown in Figures 7 and 10 respectively. The use of re-

inforced floating slabs reported at warehouses at Site A-1 may be

responsible for the lack of cracking at this site. Overall, most of

the damage in Eugene has occurred to light structures with shallow

foundations, and the general activity of the clay in the area appears

to be moderate, giving an indication that the interaction involving

soil shrink-swell potential, change in moisture content, and

structural interaction is not severe.
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SOIL SWELL POTENTIAL
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One way of avoiding vertical movements is not to build on expansive

clays. Sites having expansive soils are sometimes left undeveloped,

and another site location chosen for development. Thus, areas of

Eugene have been designated as hazardous by the city.

In the shallow hilly soils in south Eugene, excavation to stable

bedrock is economically feasible, and highly recommended (see Site B-1).

In alluvial soils, the potential swell of the soil often varies across

the site. The major structure should be located in the area of least

potential volume change, and minor structures, such as driveways, walks,

lawns, etc., located over the areas with the greatest potential volume

change.

Another way of avoiding soil swell potential problems is to

excavate the expansive soil and replace it with gravel or a non-

expansive fill. The main limitation to this is that in the alluvial

deposits in Eugene, where the method is most likely to be used, the

bed is usually too deep and extensive. In these cases partial re-

placement of the troublesome clay is often used to limit vertical

movements at the surface. The design method for this technique is

reviewed in NAFAC DM-7 (1971). Some movement can be anticipated with

this procedure, and heave or shrinkage often exceeds the anticipated

levels, damaging the structure. Sites A-1, B-2, C-1, and E-1 give

specific data on design and applications in the area.
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In instances where expansive soil is used for fill or recompacted,

as in roadway subbases, swell may be controlled by compacting the soil

under substantial pressures at high moisture contents. In this method,

preconsolidation is achieved limiting elastic rebound. A similar effect

is observed by compacting the soil to 85-90 percent relative compaction

at least two percent above optimum moisture. Curves are established in

the laboratory to develop the moisture content and compactive effort

required to arrive at the desired strength-density-swell relationship,

(Michell and Road, 1973). For field duplication, controls require the

soil be completely wetted and uniformly compacted. Kneading compaction

by sheepsfoot roller is preferable. The major drawback is that shrink

in these soils is high, and they are subject to climatic volume changes

produced by cyclic drying-wetting. Using an equivalent climatic rating,

Figure 21 was produced for site compaction requirements based on soil

plasticity index. No documentation was found to indicate how well this

figure applies in local practice.

In some cases, the swell potential can be minimized by chemical

treatments, (Chen, 1973; Mitchell and Road, 1973). Such methods are

expensive, complicated, and difficult under many field conditions.

Chemical treatment lends itself most effectively to large facilities,

and is usually uneconomical for small applications.

Lime is a common additive used to prevent swell in clays where

the calcium will exchange with more active cations in the double layer,

such as sodium, reducing the plasticity. Lime also hydrates, reducing

the permeability or water transfer and infliltration. Additionally,
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Figure 21 Site compaction requirements based on soil
plasticity and a climatic rating of
C
w=27 for Eugene. (Cw=45 is favorable,

Cw
=15 is unfavorable) See Gromko (1974).

Note that excessive settlement will result
to most structures located on clays at less
than 85 percent compaction.



the lime may combine with silica in the clay or carbon dioxide
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trom the

atmosphere, cementing the particles together. Lime treatment is most

effective when it is mixed thoroughly under saturated conditions.

Generally, four to eight percent lime by weight is applied. Some

guidelines to depth of treatment for road sub-bases exist (Gerhardt,

1973).

Salt is added at a rate of 25 lb./yd.
3 (14.8

kg
/m

3
) in hot humid

regions to prevent shrinkage. Calcium chloride is used on the order

of 15 lb./yd.3 (8.9 kg/m3) in dry regions because it is capable of

taking moisture from the air, (Sowers and Sowers, 1970). Salt acts to

draw water into the clay, and may be beneficial in instances reported,

such as Site B-3. However, the sodium in salt may theoretically

replace less active cations in the clay, increasing the overall activity.

Chemical additives are not a common treatment in Eugene, enhancing

the practice of thoroughly testing the effect of chemical additives on

volume change before field application. Chemical treatments may increase

the swell potential of some local soils by replacing less active cations

and/or breaking down the aluminum hydroxide complex between the lattice

structures in smectites. Testing should be done on remolded specimens

in accordance with the Expansion and Uplift Pressure Test outlined by

Chen (1975) or Krazynski (1973).



MOISTURE CONTENT
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The moisture content under a structure is virtually impossible to

control, so for practical purposes, methods must be initiated to keep

the moisture content fluctuations in expansive soils to a minimum.

Because the Eugene Building Division had noted post construction

problems (failures) associated with groundbreaking during natural

periods of moisture extremes, it was originally felt that ground-

breaking and footing construction should be avoided during such

periods. Case history Site B-3 is where this general theory was

violated, having been constructed in the Summer, and then experiencing

cyclic shrinkage damage. If the construction site is not kept at

natural moisture contents, then natural soil moisture will not dictate

volume changes immediately after construction. More importantly, the

site should be prepared and kept as close as possible to the long term

equilibrium moisture content expected beneath the structure. Data in

this report indicate such a moisture content would generally be above the

plastic limit of the clay for Eugene. There is no magic number

associated with an equilibrium mositure content in this report.

Rather, it is expected to vary, depending on the exact site soil

parameters, structural interaction, and physical exposure conditions.

For naturally high water contents above the plastic limit, it

may be advantageous to increase the moisture content of the soil

before construction. Prewetting is a technique that provides for

expansion prior to construction in dry smectites. A well developed

fissure system is essential to success when using this technique,
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because of the low permeability of heavy clay. Spraying, ponding, and

infiltration wells have been used in this process. The procedure

requires a long time, and loss of strength and increase in stickiness

may make subsequent construction difficult.

Landscaping adjacent to structures situated on expansive soils

should he sloped away from the foundation at a minimum of five percent

for ten feet or three meters to prevent infiltration of surface water,

and evaporation of soil moisture. Impervious membranes or sidewalks

around the perimeter of the structure are used to expedite drainage,

prevent infiltration, and minimize moisture extremes between the center

and edge of a structure, Figure 22. Intercepted water should be

directed away from footings. Water collected from eaves should be

directed well away from foundations. Drainage is also achieved by

subsurface drains, as shown in Figure 23, and reported at Site B-1.

No watering should be done next to the structures, and plants

should be kept a safe distance away. Planters adjacent to foundations

were reported at Sites B-3 and D-1. Planters with closed drainage

systems are recommended. In humid climates, evapotranspiration from

trees has caused measured subsidence in expansive clays of up to four

inches (10.16 cm) (slightly less in Eugene, see Site D-1), and it has

been found that no trees should be planted closer than their maximum

height next to building foundations and other critical structures, (see

Baracos and Bozozuk, 1957; Ward, 1953; and Yong and Warkentin, 1966).

In highly active soils it is advisable to extend footings to depths

where the soil remains at a constant moisture content for the most
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extreme dry seasons. Deep footings are used for this purpose, as

discussed in the next section. The most difficult part of the design

procedure is to properly estimate the moisture content extremes in the

field. Continuing observations for several years are usually necessary

to determine the moisture fluctuations that occur in a region, and

these must include the effects of any structure or changes in the

environment produced by man.

Public information other than the maps identifying problem soils

areas are available to aid general design. The figures shown herein

are available at the Eugene Building Divsion. These handouts can be

misleading for construction in expansive clays. In Figure 24, the

ground surface should be continually sloped away from the foundation.

Also, if the backfill is a clean gravel or sand, surface water will

have an easy access to the drain, and thus may aid in wetting the

clay beneath the footing aggrevating swell. Such permeable backfill

and drains may also lead to excessive drying of the soil, leading to

shrinkage damage. In Figure 25, the "Well-Drained Foundation" has

three objectionable points. First, Case History D-1 would indicate

trees do not help, but may cause the soil to shrink. Secondly,

vapor barriers in crawl spaces may actually cause an accumulation of

moisture under the barrier, producing swell. Lastly, the bottom of

the footing should be below the zone of seasonal moisture variation,

which virtually does not exist under a well drained foundation.
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Foundation and structural designs can be applied to alleviate

expansive soil problems. Shallow foundations are generally employed

where the predicted volume change is low to moderate at the surface.

Deep foundations, being more expensive, are usually used when the

predicted volume change at the surface is high, and decreases with

depth. Rigid and flexible frames are constructed on both shallow

and deep foundations.

Swell follows the path of least resistance which is usually

vertical. Most damage to light structures and small footings occurs

from differential vertical pressures, since soil is nonhomogeneous

and thus the vertical pressures vary beneath the footing along its

length. Small footings are sometimes made in continuous sections,

strong enough to withstand swelling pressure without damage.

Relatively stiff mats that don't deflect substantially can be used if

designed properly. These methods usually require the structure be

designed for support by the central and peripheral halves of the

structure.

The direction of expansion can sometimes he controlled by

allowing the soil to expand into cavities built into the foundation,

such as waffle slabs and foundation walls with tile cavities. This

method has met with varying success, and is not generally recommended.

Heavy structures often place sufficient load on their footings

to counteract swelling soil pressures, preventing heave. Elastic

stresses produced by the footing generally decrease with depth more
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rapidly than swelling pressures, so even though swell directly beneath

the footing may be prevented by high footing loads, the soil may still

swell at depth causing structural damage (Gromko, 1974; Peck, Hanson,

and Thornburn, 1974). Settlement and shrinkage must be accounted for

when using high pressures to prevent swell. Highly plastic clays are

usually stiff and can usually sustain two to three TSF (192 to 287 kPa)

without undergoing substantial settlement. Unfortunately, designs

using counteracting swell pressures by foundation loads are subject

to the unreliabilities of the methods to predict both swell and

foundation pressures in the soil. These unreliabilities can result

in substantial uncertainty in design performance.

Footings on swelling soils can be seated below the zone of

volume changes caused by wetting and drying. The approximate normal

active zone of moisture fluctuation in Eugene is within three feet

of the surface. Shallow foundations are recommended to extend at

least three feet below the surface in expansive clays, and to have

sufficient reinforcing to withstand swell of the underlying soil.

Some areas may require deep footings such as piles or piers. To

avoid uplift of piers caused by adhesion, the bottom of the pier

may be belled, and normally piers and piles should be extended

substantially below the zone of volume change. They should also

be as small in diameter as possible to prevent uplift. Design of

this type should not he taken lightly, as it is critical to the

successful performance of the structure. The method is covered

by Peck, Hansen, and Thornburn (1974). Basically, the pile is



Thedesigned for end bearing, settlement, and swelling pressures.
9
The pile

or pier should be continuously reinforced, generally using a number

five or six rebar for each 16 to 18 inches (41 to 46 cm) of pier

perimeter with a minimum of two bars. The lower portions of the

shafts are roughened while the upper portions in the zone of moisture

content change zone are smotthed to prevent pullout. Mineral wood,

sand, sawdust, etc., placed around the pile circumference to prevent

adhesion of the clay to the pile, are discouraged because they often

result in faster, more thorough penetration of surface water. Shafts

that move independently of the pile are used if they can be sealed

from the surface water. Drilled piers have little lateral resistance,

so should not be used in areas with downhill movements, such as creep-

ing soils.

Grade beams are usually placed between adjacent piers for

support of the structural system. A space should be left between

the grade beam and the soil to leave room for the soil to expand

(see Figure 23). The space is commonly filled with mineral wood,

cardboard, etc., while framing and pouring concrete.

Slabs should not be used on expansive soils unless absolutely

unavoidable. When used, they should he stiffened greatly with

reinforcing. It has been observed that minor amounts of gravel fill

beneath slabs helps transmit and distribute moisture, adding to the

amount of swell, (Sealy, 1973). Prewetting, chemical treatment,

and partial replacement techniques below slabs sometimes help. Non-

bearing partitions on floor slabs are provided with a slip joint
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(void) so that some movement can occur without causing distress (see

Figure 23).
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FURTHER STUDY

Several questions envolved while investigations proceeded during

this report. Future efforts can be aimed at determining the precise

characteristics of local expansive soils and structural interaction:

1. Verify if any sedimentary rocks in Eugene are themselves

expansive.

2. Determine if hydrogen and calcium are indeed the most common

exchangeable cations.

3. Find the average and maximum depths of moisture content

fluctuations in the soil profile under various exposures

to sunlight, rainfall, topographic relief, drainage, and

vegetation conditions. For typical instrumentation see

Stephens (1976).

4. Find the equilibrium moisture content in smectites under

various types of structures in Eugene and determine whether

the moisture content generally increases or decreases after

construction. Along these lines, relate the time(s) of the

year when it is best to construct involving the equilibrium

moisture versus natural moisture.

5. Study some of the presented sites in further detail, deter-

mining what past damage has been, and calculating swell

pressures and structural influence.

6. Perhaps a survey similar to the one in Appendix A should be

remailed a few years after this report has been circulated,

to determine what impact it has made and what knowledge
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has been accumulated on local expansive soils in the interim.
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This report was written not to arrive at new theories regarding

expansive soils, but to bring together existing ideas for use in the

Eugene, Oregon area. The information provided is not revolutionary,

but yet some original data is presented. It is not up to any agency

to force compliance with the recommendations. It is important to

recognize the major unique elements of this document, as follows;

(1) geologic correlations to expansive soil deposits are

theorized,

(2) three important factors emerged on the pedological develop-

ment of local smectites, all of which retard their volume

change potential,

(3) a map was developed solely for the purpose of identifying

smectites in Eugene, Figure 2,

(4) a sequential approach to dealing with expansive soils is

outlined, involving soil swell potential, moisture content,

and structural interaction,

(5) a testing procedure is presented to aid in design for

expansive soil conditions, and

(6) recommendations are made concerning treatment of the

problem and future study needs.

In summary of the conclusions;

(1) regardless of the underlying geology in Eugene, expansive

soils may be present,

(2) localized deposits of highly active clays exist, even



98

though three major factors in local clay formation, and a

generally moist condition (WII>P.L.), tend to decrease their

activity,

(3) Figure 2, presented for the purpose of identifying expansive

soils areas, is not site specific, and should be used

accordingly,

(4) a major portion of the local expansive soils are along creeks

and drainage areas,

(5) laboratory soils analysis should be made on a site specific

basis where expansive soils are suspected, index tests should

be supplemented by expansion and uplift pressure tests,

especially for major structures,

(6) soil replacement design methods have not always worked well

in local practice,

(7) there is no common form of water migration causing volume

changes in Eugene, damage has resulted from both shrinking

and swelling,

(8) soil shrink-swell potential, change in moisture content, and

structural interaction in Eugene constitutes a moderate

damage rating.

In summary of the recommendations;

(1) soil swell potential problems can he avoided by not building

on expansive soils: chosing another site, excavation to bed-

rock or a more stable material where economical, partial

replacement in deep clay deposits, or chemical stabilization,
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(2) where structures are founded on expansive soils, methods should

be initiated to keep the moisture content fluctuations in the

soil to a minimum,

(3) structural interaction is best considered on a site specific

basis, knowing the details of the site and the structure,

(4) further study need not be limited to research, many problems

concerning expansive soils in Eugene have arisen soley due

to lack of information: foundations founded on expansive

soils at extremely shallow depths and lack of concrete re-

inforcement, these problems may he overcome by informing the

public about potential expansive soils problems and rigid

enforcement of building codes.
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APPENDIX A

EUGENE EXPANSIVE CLAY STUDY

The following questions are intended to be short-answer. If you

have any additional information or comments, please respond by using

the separate sheet at the end of this questionnaire. If you are not

sure of the question or answer, simply leave it blank.

(1) Have you any direct experience with swelling soil problems in

Eugene?

Yes 17 No 4

(2) Do you have any information on properties of the principle clay

types involved in swelling soil problems in Eugene?

Yes 6 No 12

(3) Do you know of any published studies concerning the swelling soil

problem in the Eugene area?

Yes __1 No 20

If yes, please list:

Name Author Date

Soil Interpretation

for Oregon USDA-SCS 12/72

(4) How are swelling soils identified in your practice?

a) Consultant 9

b) Maps 7
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c) Tests 11

d) Other Visual Observation, Field

Examination, and Excavation

(5) If you use tests to identify swelling soils, please list the tests

most frequently used.

1) Field Texture Tests "The old USDA finger test" and pliability.

2) Soil borings and test pits subject to visual observation and

laboratory soils analysis.

3) Cracking of soil.

4) UBC Standard #29-2 as recommended by the Los Angeles Section

of the American Society of Civil Engineers.

5) Standard Tests: moisture content, Atterberg limits, activity

index, "consolidation tests" and Hveem "R" value.

(6) How deep are the deepest tension cracks you have observed that

have resulted from soil shrinkage?

Results ranged from 4" deep to 10 feet deep to variable.

(7) Do you know how deep the seasonal moisture content fluctuation is

from the surface?

Results ranged from 1 foot to 15 feet to variable. (Varies with

location, soil type, and subsurface moisture condition)

(8) Do you know how water migrates under the foundations of structures

damaged by expansive soils in Eugene?

a) Seepage of surface water 12

b) Capillary forces 7

c) Groundwater rise 8



d) Vapor transfer 3
110

e) Other(s) Moisture movement through the surface ML-CL material

to the CH expansive clays beneath.

(9) Do you know what types of structures have been damaged by expansive

clays in the Eugene area?

Size Weight Foundation Depth

Small 10 Light 10 Shallow 10

Large 3 Heavy 3 Deep 2

Briefly describe Concrete slabs and sidewalks cracked, asphalt

cement paving damaged. Most damage to single unit residences and

warehouses but occasionally larger single and multi-story buildings.

(10) Do you know what characteristic damage has occurred?

Yes 12 No 3

If yes, briefly describe - Seasonal expansion and contraction of

clay soils causing damage to structures. Differntial settlement

and heave creating cracks in foundations, walks, plaster, fire-

places, slabs, sidewalks, and curbs. Progressive settlement of

buildings or lateral movement on sloped sites. Differential

movement of the foundation bearing material stemwall separation,

vertical movement and displacement. Shift causing uneven vertical

conditions which may or may not return to normal.

(11) Do you know of any broken utility lines caused by expansive clays

in Eugene?

Yes 2 No 15
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(12) Do you know of any landslides or creep problems caused by expansive

soils in the area?

Yes 9 No 9

(13) What type(s) of mitigating measures do you generally recommend for

avoiding expansive soil problems in the area?

a) Soil replacement 14 (1) blanket of fine sand

b) Moisture control 10 (1) dewater and maintain low levels

c) Drainage 12

d) Soil treatment (what kind(s)) 2 (Lime or Cement)

e) Pier foundations (what depth) 5 (over 30" to 20') (Varies to

depth below Clay (1) bedrock)

f) Deep spread footings (what depth) 6 (over 30" to 20') (Varies

to depth below Clay (1) bedrock)

g) Rigid foundation with grade beams 4

h) Other (please specify) 1) Varies, 2) Stay off sites,

3) Floating Slab, 4) Slabs on a minimum of 18 inches of

compacted crushed rock or gravel, 5) Poured in place piles,

and 6) Comply with the Uniform Building Code for conventional

wood structures.

(14) If you know specilic locations of expansive soil or expansive clay

problems that you would be willing to identify, please list them

below and indicate them with an (x) on the map.

SYMBOL

x

Y

PROFESSION

Civil Engineering Consultants

Soil Engineering Consultants
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o Public Officials

(Map presented on next sheet)
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Soils typically having high amounts of volume change are highly

plastic clays, silts, and some organic clays. Of these, swelling clays

are the most common. All clays tend to expand when wetted and shrink

on drying. The main problem is that the clay adsorbs water in its

mineral structure, increasing the total volume of the soil. The

magnitude of this volume change varies widely and depends mainly on;

(1) clay composition of the soil, (2) amount and nature of the pore

fluid, (3) clay structure and density, and (4) environmental factors.

Clay Composition Clay is composed of fine grained mineral particles,

mainly complex aluminum silicates, which develop plasticity when mixed

with a limited amount of water. Clay minerals consist of two basic

atomic units; an aluminum octahedral sheet or gibbsite, (Al(OH)3),

and a silica tetrahedral sheet, (Si02), (Chen, 1975). These sheets are

bonded together in different structures to form mineral layers. Many

of the mineral layers stack on top of each other to form clay particles.

The most common clay minerals are kaolinite, illite, and mont-

morillonite. Table B-1 gives some properties of these minerals. Clays

having montmorillonitic structures are generally the most expansive.

An idiom for such clays is smectite.

Each mineral layer is ideally electrically balanced. At their

face edges, the sheet structure is broken, and hydroxyls and/or

oxygens usually cause negative surface charges. Similary, isomorphous

substitution of Al+3 or other ions for Si+4 result in a negatively



TABLE B-1. Major Clay Minerals.

Property
(1)

Kaolinite
(2)

Illite
(3)

Montmorillonite
(4)

Schematic
Structure

(basic mineral
layer)

Gibbsite Sheet MIMI MIMI
Ali! G

G
AMIEMIM

MEM
011010

Silica Sheet WNW MEW
G G

MEMO& MEM
Isomorphous
Substitution (amount)

Linkage between Layers

Particle Thickness

Particle Diameter

Specific Surface

Cation Exchange Capacity

Maximum Swell in % for
surcharge in tsf of: 0.1

0.2

Specific Gravity

Al+3 for Si+4
(1 in 400)

H-bonding,
Secondary
Valence

0.5 -2.0).(

0.5 -4.0.do

5-30

me
3-15

Al+3 for Si+4 , 1 in 7
Mg, Fe for Al, Fe,
Al for Mg

K linkage, Secondary
Valence

.003 -.1 jj,

0.5 -10 jj

65-100

me10-40

Mg+2 for Al+3

(1 in 6)

Secondary Valence,
exchangeable ion
linkage

9.5 A

0.5 -10 ),),

600-800

me80-150100g

Negligible
Negligible

2.61-2.66

100g

350
150

2.60-2.86

1008

1,500
350

2.40-2.78
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charged surface. Different forms of isomorphous substitution in the

clay minerals are shown in Table B-1. Electrical charges on the

surface of clay particles also exist as a result of the absence of

cations in the crystal lattice, absorbtion of anions, and the presence

of organic matter. On the whole, clay particles can be thought of as

plates possessing negative face charges and positive edge charges.

The behavior of clay particles is controlled by surface derived

forces rather than mass-derived forces, inferring that most are

colloids. The magnitude of the collodal electric charge in clay

minerals is directly proportional to the particle surface area. The

specific surface, surface area per mass or volume, is much higher

for montmorillonitic clays than others, as seen in Table B-1. The

net electric charge on the clay particle can be calculated theoretic-

ally as in Lambe and Whitman (1969). This net charge, or cation

exchange capacity, is also shown in Table B-1 to he higher for

montmorillonite than kaolinite or illite. Particle forces originate

from within the mineral crystal and can act over relatively large

distances, i.e. several hundred angstroms. Colloidal theories do

not consider the forces arriving from the net positive charge at the

edge of the particles because it is very small compared to the net

negative charge, and thus has little influence when the particles

are hundreds of angstroms apart.

Nature of the Pore Fluid, the Double Layer Theory The net negative

charge of the clay particle attracts dipolar water molecules. Water

molecules exhibit dipolar characteristics since the two hydrogen
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atoms (+ 2 charge) are bonded 105° apart into the oxygen molecule

(-2 charge). The positive hydrogens are bonded to the negative clay

surface by hydrogen bonding, charged dipoles, and induced dipoles

(Van der Waals forces). This "absorbed" water is strongly attached

to the surface for at least two molecular water layers. Water next

to the clay surface is said to have a greater viscosity, higher

density, and smaller mobility than ordinary water. This fixity

decreases with distance from the clay surface. Water content equals

specific surface times the thickness of the layers of water times

the unit weight of water. It is thus seen that the small and/or

thinner the platy particle, the greater the specific surface, and

thus the higher the water content for any given thickness of water.

For clay particles with identical structures, this generally means

the smaller particles will adsorb more water per volume, and have

a greater tendency to swell.

Positively charged ions, cations, are attracted to the negative

surface of the clay particle by electrostatic forces. They tend to

neutralize the charge of the clay particle. These ions are exchange-

able, i.e. can he replaced by other cations or hydrated, depending

on the charge intensity between the particle and the cation, and on

ionic concentrations in the pore fluid. As an example, kaolinite

can carry about 4,000,000 exchangeable sodium ions per particle,

while montmorillonite carries only about 14,000 exchangeable sodium

ions because of the size difference in the clay particles. These

monovalent cations are spaced about seven degrees apart on the
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montmorillonite particle and about 12 degrees apart on the kaolinite

particle. The positive charge of the cation is attracted to the

negative side of the water molecule dipole. Upon hydration, water

molecules are weakly bonded to the sodium, and the sodium ion grows

about sevenfold. In their hydrated state, cations (the sodium atoms)

move away from the mineral surfaces to positions of equilibrium.

The hydrated cations are still attracted to the negative clay surfaces,

forming a double layer of cations and water around the clay particle.

Adjacent electric layers exert repulsions on each other, thus expanding

the clay mass. The repulsive pressure between dispersed clay particles

equals the effective overburden stress. The double layer obviously

influences these stresses. The exact position of the hydrated cation

depends on the exact atom and its thermal energy.

The concentration of cations in the double layer is largest next

to the clay mineral. The double layer thickness is the distance from

the surface required to neutralize the net charge on the particle or

the distance over which there is electric potential. Electric

potential is defined as the work required to move a unit charge from

infinity to the point in question and is negative for clays. The

double layer thickness of sodium montmorillonite can be as great as

400 A. The usual thickness of adsorbed water is between 10A and

100 A, Bowles (1977).

The valence of the exchangeable ions and their concentration

help control the rate and direction of exchange reactions, as well

as suppression of the double layer. For montmorillonite, swelling
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has been observed to decrease in the order sodium, lithium, potassium,

calcium, magnesium, and hydrogen. For a soil composed of a mixture of

illite and montmorillonite, decreasing swell is in the order lithium,

sodium, calcium, barium, hydrogen, and posassium. Generally, increas-

ing the concentration of the cation or the valence decreases the

negative electrical forces, reduces the double layer, and hence lowers

the swell potential. The affinity of the ions to the clay shows the

following order: Al
+3

, Ca
+2

, Mg
+2

, H
+
, K

+
, Na

+
, Li

+2
. Thus Mg ions

by ion exchange, easily replace Na
+

ions, etc., reducing swelling

pressures and strains.

The details of the double layer theory are embellished by Grim

(1968) and Lambe and Whitman (1969). Because of montmorillonite's

high specific surface and cation exchange capacity, the volume change

in montmorillonite is greater than for other common clay minerals.

Theorectically calculated values of osmotic swelling pressure that

correspond to the double layer theory do not exactly match tested

values, (Yong and Warkentin, 1966). Thus, other theories to account

for swelling have been developed, (Low, 1973). However, the predicted

values in most instances are not far off, providing the mineral

composition of the sample is known. This fact, and its apparent

simplicity, has lead to the double layer theory's widespread

acceptance.

One obvious shortcoming to the theory is that the fine fractions

of soils ususally contain a variety of clay and nonclay minerals.

The most common nonclay minerals are quartz, feldspar, calcite, and
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crystalized, and not exhibit the same properties of the pure standard

minerals. Also, chemical reactions between the constituent minerls

may alter their properties, and aggregates may be larger than the

individual clay mineral platelets and acted on by separate forces.

Finally, physical and environmental conditions contribute to the over-

all action of the clay mass, as discussed subsequently.

General Characteristics - Hydration volume changes can be either

interparticle or intracrystalline. Both are reversible. Inter-

particle swelling occurs on wetting, and is explained in simplest

terms by the relaxation of capillary tension causing expansion.

Intracrystalline swelling is chiefly a characteristic of smectites,

where the individual clay partical absorbs water between the crystal

layers and expands. The amount of swelling in montmorillonites is

principally a function of the exchangeable cation, with the clay

essentially breaking down into a gel.

Shrinkage is simply an antonym of swelling. Normal shrinkage is

depicted in Figure B-2; for each unit of water lost, the volume

decreases by one unit, and the soil remains saturated during initial

drying from a high water content. Undisturbed samples are frequently

less than 100 percent saturated, but the gas phase remains constant

on drying, so the sample exhibits normal shrinkage. Normal swelling

occurs opposite normal shrinkage. Normal swelling reaches a maximum

at a moisture content around the plastic limit of the soil (Sowers
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and Sowers, 1970). At greater moisture contents, the rate and amount

of swell reduces substantially, and has been found to be due primarily

to osmotic forces by Snethen, Johnson, and Patrick (January 1977).

As a clay dries from saturation, capillary forces, face to end

attraction, and cation sharing all increase, which act to draw the

particles together. Repulsive forces caused by direct contact of

the soil particles, hydration layers, and interparticle electrical

forces due to like surface charges tend to hold the particles apart.

As long as the attractive forces exceed the repulsive forces, normal

shrinkage will occur. When drying the repulsive forces become

greater faster than the "capillary" forces, and eventually the

repulsive forces equal the attractive forces, and exceed them on

further drying. Air then enters the voids, and the slope of the

line changes at the shrinkage limit. At this point, the soil becomes

a shade lighter in color. The amount of shrinkage past the shrinkage

limit is usually quite small and is called residual shrinkage.

Residual shrinkage is due to rearrangement and bending of the soil

particles. Since the residual shrinkage is usually small, the lower

the shrinkage limit, the greater the potential soil shrinkage.

Physical Properties The percentage of clay in the soil influences

the swell potential. The Unified Soil Classification System

classifies fine grained soils as those composed of 50 percent or

more fines (particle diameter less than the No. 200 sieve or 0.74 mm).

The soil properties may be controlled by the fines if 30 percent or

more are fines according to the Earth Manual (1974). Soils containing
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20 percent of highly active montmorillonite and 80 percent sand have

been found to swell significantly, Grim (1968). Thus, if the clay in

the soil is highly expansive, relatively small proportions can control

the swell characteristics of the soil mass.

Clay fabric affects the volume change. The platy particles can

be arranged in a parallel face to face structure, dispersed, or an edge

to face structure, flocculated. Dispersed orientations occur in deposits

formed in fresh water or where high overburden pressures or shear strains

have rearranged the clay plates. Sediments deposited in salt water often

have a highly flocculated structure with high water contents. In

the laboratory, one dimensional consolidation or drying a sample from

suspension tends to produce a semi-oriented structure. Remolding a

flocculated clay procures a semi-oriented structure. Generally, the

strength and permeability of a clay with a flocculated structure are

greater than the strength and permeability of the same clay with a

dispersed structure. For discussion of the forces causing dispersion

and flocculation, and the variables influencing these forces (see

Lambe and Whitman, 1969; Wu, 1966; and Yong and Warkentin, 1966).

The influence of particle orientation on volume change seems to

depend on the type of clay. Swelling against restraint has been

reported to be greatest for dispersed structures of sodium mont-

morillonites by Gromko (1974), and Yong and Warkentin (1966). Swell-

ing volume and pressure have been reported to be greatest for

flocculated structures as well, (Obermeier, 1973), probably because

of increased permeability. Generally, shrinkage is greater for
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dispersed structures, because the parallel arrangement allows more

desiccation to occur before repulsive forces control. According to

the double layer theory, swelling occurs primarily in the plane normal

to the face of the clay particle. Furthermore, the water to solid

ratio is greatest normal to the face of dispersed clays, and inter

particle repulsion is greater between the plate surfaces than the edges.

Thus, shrinking and swelling are anisotropic for dispersed structures,

with volume change in the direction normal to particle orientation ex-

ceeding volume change in the direction of the "bedding planes." The

gross shrinkage of dispersed clays is not linear with variation in

water content, even it resembles the theoretical normal shrinkage

shown in Figure B-1.

Dense fabrics have initially close particle spacing, or low

void ratios. The greater the density the closer the initial

particle spacing, and thus the lower the shrinkage when drying a clay

from saturation. Similarly, denser fabrics of a given dry expansive

clay generally lead to larger percent swells. The swelling pressure

is also higher, for lower initial void ratios. Except in high

swelling clays, these pressures decrease substantially with swell.

Usually, shrinking occurs in three dimensions resulting in

cracking. Cracks form where the cohesion is lowest, and often form

in the same place after wetting and redrying. Gilgai, depressions

caused by repetitive shrinking and swelling cycles, form at the surface

of the active layer of expansive clay deposits, causing a bumpy surface.

Flocculated clays usually have a large number of cracks on drying,
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whereas semi-oriented clays have relatively few, large, cracks.

Crumby structures usually show less shrinkage than normal for the same

clay because capillary water is lost between the crumbs, creating

relatively small volume loss. On the other hand, cracking induces

the permeability of a clay deposit, causing intensified wetting,

thereby promoting swell.

Environmental Factors - Moisture content, pressure, temperature, and

time all influence the amount of swell in the soil. Water within a

clay mass at any given time represents a balance between the urge

of the clay minerals to adsorb water, and the tendency of the applied

load to squeeze out water. The moisture content of a clay is primarily

a function of climate, drainage conditions, and stresses within the

soil mass. Other environmental considerations such as ground

temperature and vegetation can cause moisture migration effecting

the volume of the soil mass. Swell can be prevented by restricting

the water supply, or by applying a load greater than the swelling

pressure. Obviously, a high initial moisture content restricts

swell, but instills shrinking in highly expansive clays, and visa-

versa.

Generally, shrink and swell occur in the vertical direction,

since swell occurs in the direction of least pressure or least

resistance. Lateral heave may exceed vertical heave when soils are

extremely fissured, in soils on slopes, in foundations subjected to

differential water content changes beneath central and exterior areas,

and behind retaining wall structures subject to lateral pressures.
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The time required for complete swelling of a clay after free water

is provided to the surface depends on the permeability of the clay,

original moisture content, soil stresses, distance through which the

water must travel, and admixtures in the solution. For laboratory

samples in an oedometer apparatus compacted to 90 percent relative

density (ASTM D1557), 95 percent swell is usually obtained in 24

hours. In the field where free water is provided to a dry expansive

clay, approximately five feet is penetrated in two years. The time

for most houses to reach a maximum swell at equilibrium conditions is

about four to seven years in arid climates, (Collins, 1958),

illustrating the large time factor involved. The time can be

estimated from Terzaghi's diffusion equation where the coefficient of

consolidation is replaced by the coefficient of swell for the clay,

(Gromko, 1974). Since highly active clays often have low permeabil-

ities, moderately expansive clays often swell more in situ because

their higher permeability exposes them to water at greater depths.

Frost heave action and shrink-swell cycles generally increase

the soil volume, making the soil more permeable, and thus increase

the swell potential. Preloading, diagenetic bonding (bonds actuated

between particles with time and pressure), interparticle binding, and

cementing usually tend to inhibit expansion.
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APPENDIX C

EXPANSIVE SCS SOIL SERIES OCCURRING IN EUGENE

Tables C-1 through C-4 were developed using "Soil Interpretation

for Oregon", "Oregon's Long-Range Requirements for Water, Appendix 1-2",

discussions during personal interviews, and maps prepared by the City

of Eugene from SCS field sheets. Tables C-2 and C-4, columns four to

seven provide an indication of the general engineering properties

of each soil series. Several points are noted for interpretation of

these properties. First, very slow permeabilities are less than

4.23x10
-5

cm/s, while slow permeabilities are from 4.23x10 -5 cm/s to

1.4.x10
-4

cm/s. Secondly, the column five, soils with poor work-

ability generally have the highest clay contents. The percentage of

clay in the soil usually varies with depth, as can be ascerted from

the descriptions. The OR-SOILS-1 sheets do not usually show the

specific clay content, but they do give the Unified Soil Class-

ification, AASHO Classification, and a range of plasticity indices

for the major horizons at various depths in the soil profile. Soils

having a hydrologic grouping of D usually have significant amounts

of (CH)
1
soils in their profile. Likewise, most (CH) soils are

given a D hydrologic grouping. Finally, the shrink-swell potential

for each soil series is derived from the Unified Soil Classification,

plasticity indices, and actual field performance. It is thus an

average rating of activity for the overall soil profile, based on

SCS experience.

1. Highly plastic clays, Unified Soil Classification System



TABLE C-1 : Description of SCS Expansive Soil Deposits in Eugene on Flatlands.

Soil Series
(1)

Description
(2)

Awbrey Very fine, montmorillonitic, mesic (1)
noncalcareous, Dark (light

when dry) greyish brown fiable silt loam surface layers with
dark greyish brown silty clay subsoils. Dark brown stratified
clay and gravelly sandy loam layers often occur at depth greater
than 40 inches (1.02 m). Soils distinctly mottled.

Bashaw Very fine, montmorillonitic, mesic. Thick, black firm clay
surface layers and very dark gray, very firm, massive clay
subsoils. Slightly mottled.

Conser Fine, mixed, noncalcareous, mesic. Very dark grayish brown
fiable, silty clay loam surface layers and very dark gray, firm
clay subsoils. Massive stratified silt loam, loam, or coarser
textured layers are common below 40 inches (1.02 m). Distinctly
mottled.

Courtney Fine, montmorillonitic, noncalcareous, mesic. Very dark brown,
friable, silty clay loam surface layers and dark gray, mottled
gravelly, silty clay subsoils underlain below 24 inches (60 cm)
by material with more than 50% gravel and cobbles.

Dayton Fine, montmorillonitic, mesic. Dary gray, friable, silt loam
surface layers and dark grayish brown very firm, silty clay
subsoils underlain at 30 to 40 inches (0.76 to 1.02 m) by
older clayey deposits that are often redish and contain a few
pebbles.

Holcomb Fine, montmorillonitic, mesic. Dark brown, friable, silt loam
surface layers and dark grayish brown, very firm, silty clay
subsoils underlain by massive gravelly clay. Mottling below
12 inches (30.5 cm).

Natroy Very fine, montmorillonitic, mesic. Very dark brown silty clay
surface about 5 inches thick with a very dark gray clay about
21 inches (53 cm) thick underneath. Substratum is clay with a
depth to bedrock more than 60 inches (1.52 m).

Pengra Fine, montmorillonitic, mesic. Very dark grayish brown silt
loam surface about 6 inches (15 cm) underlain by dark grayish
brown, silty clay loam. Substrata is dark grayish brown to
yellowish brown clay. Depth to bedrock more than 60 inches
(152 m).

(1) Mesic - Temperature soil significantly colder in Winter than Summer.
Mean annual soil temperature between 47°F and 59°F (8°C and 15°C) with
the Winter temperature at least 9°F (5°C) cooler than Summer.



TABLE C-2 : Properties of SCS Expansive Soil Deposits in Eugene on Flatlands.

Soil Series Mapping Permeability Workability Hyrologic Shrini-,-svell
Unit Grouping

(1) (2) (3) (4) (5) (6)

Awbrey 280 A Very Slow Fair D High

Bashaw 60 A Very Slow Poor D Medium to
High

Conser 55 A Slow Fair D Medium

Courtney 310 A Slow Poor D Medium

Dayton 221 A Very Slow Fair D u _7,,, ,
J.,. ..-

Holcomb 234 A Slow Fair C Medium

Natroy 110 A Very Slow Poor D High

Pengra 120 A Very Slow Poor D Low to High



TABLE C-3 : Description of SCS Expansive Soil Deposits in Eugene on Hillsides.

Soil Series
(1)

Description
(2)

Dixonville Fine, mixed, mesic. Very dark brown, firm silty clay loam
surface layers and very dark grayish brown, firm silty clay or
clay subsoils underlain by weathered intrusives or basalt bedrock
at less than 40 inches (1.01 m) depth. Fragments of basalt are
common.

Hazelair Very fine, mixed, mesic. Dark brown silty clay loam surface
about 11 inches (28 cm) thick. Subsoil is dark brown silty clay
7 inches (17.8 cm) thick. The substratum is light olive brown
very plastic clay overlying fractured sedimentary rock or tuff.
The depth to compacted clay is from 12 to 24 inches (30 to 60 cm),
and the subsoil may contain up to 15% angular fragments of
bedrock and rounded gravel.

Panther Very fine, montmorillonitic, non-calcareous, mesic. Black
friable silty clay loam surface soils 14 inches (.36 m) thick.
Subsoil is mottled, dark grayish brown clay about 22 inches
(56 cm) thick. The upper substratum is mottled clay about
8 inches (20 cm) thick overlying siltstone and shale.

Philomath Clayey, montmorillonitic, mesic, shallow. Very dark brown
(surface silty clay about 6 inches (15 cm) underlain by dark ,

brown cobbly clay or clay about 12 inches (30 cm) thick. The
substrata is partially weathered basalt bedrock.



TABLE C-4 : Properties of SCS Expansive Soil Deposits in Eugene on Hillsides.

Soil Series

(1)

Mapping
Unit
(2)

Permeability

(3)

Workability

(4)

Hyrologic

(5)

Shrink swell

(6)

Dixonville

Hazelair

Panther

Philomath

406 D

520 B
& C

475 C

414,
415 &
416

Medium Slow

Slow

Very Slow

Slow

Fair

Fair

Poor

Poor

C

D

D

D

Medium

Medium to
High

Medium to
High

Median to
High



APPENDIX D

STANDARD SOIL TESTS

132

The two major types of soil tests to identify expansive clays are

expounded upon in Tables D-1 and D-2. Qualitative tests relate potential

swell to the amount and type of mineral present. Three groups of tests;

physiochemical, physical, and index properties are combined with soil

composition, climate, and experience to provide an indication of the

potential volume change. These tests are usually used in combination

to arrive at potential swell, and have been reviewed by Carson (1965),

Chen (1975), Krazinski (1973), and Snethen, Johnson, and Patrick

(June 1977). References for procedures for these tests can be found

in Krazinski (1973), Gromko (1974), and Chen (1975).

Physiochemical tests were not shown in Tables D-1 and D-2 because

they are used primarily in research. Also, they are not always

accurate, and are expensive and difficult to perform. The physio-

chemical tests include chemical analysis, x-ray diffraction, differen-

tial thermal analysis, electron microscope, and petrographic micro-

scope. These methods provide the only direct process to determine

the nature of isomorphism, the origin and location of charge in the

crystal lattice, the amount and type of clay mineral, and the par-

ticle texture and structure.

The Expansion Index Test and the P.V.C. Meter are widely

recommended by the Uniform Building Code and the Federal Housing

Administration, respectively, as index tests for expansive clays.

Since the UBC is the local ordinance governing construction, a copy
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of the Expansion Index Test procedure is noted, (Krazynski, 1973).

Quantitative or direct tests attempt to reproduce field conditions

by simulating soil conditions under the anticipated load. Load-

expansion curves for a variety of load conditions are developed using

the oedometer-type testing apparatus. These curves are then trans-

lated to field conditions to estimate swell. The One Dimensional

Expansion and Swelling Pressure Test listed in Table D-1 and D-2

is the most versatile of the direct tests. Its advantages are that

it measures volume change over a wide range of surcharge loads,

various combinations of loading, wetting, and drying cycles can be

tested, and total volume change is measured. The test procedure,

as submitted to ASTM in 1970 for consideration as a standard test,

is included by Krazynski (1973).

Combination techniques correlate direct and indirect test results

to arrive at a general classification with regard to arrive at a

general classification with regard to probable severity of volume

change. Most are extensions of index properties so that additional

factors may be considered. An example would be using the One

Dimensional Expansion Test in combination with Table 5.

Comment on the shrinkage limit test The shrinkage limit is often

found in the laboratory by finding the moisture content at which a

soil slurry turns a shade lighter. By standard test, it is found

from:

SL = [W
1
- W

2
((V

1
V
2
) x (w))/ x (100) (1)

W
2
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where SL = shrinkage limit in percent,

w = unit weight of water,

W
1

& V
1

are the weight and volume of the sample at the beginning

of shrinkage, and

W
2

& V
2

are the weight and volume of the sample at the end of

shrinkage (oven dry).

The sample is of a uniform "thin" shape and is air dried to the "visual"

shrinkage limit to produce uniform shrinkage in the sample. The above

equation is prefreable to the equation given in the standard code

test procedures, because (w) is needed to produce consistent units.

(1) Sowers and Sowers (1970).



TA3LE D-1 : Description of Tests to Identify Expansive Soils.

Tests
(1)

Description
(2)

Qualitative

Colloid
Content

Moisture
Content

Density

Linear
Shrinkage

Free
Swell

Expansion
Index
Test

Shrinkage
Limit

Atterberg
Limits

Activity
Number

Soil
Suction

PVC
Meter

Combination
Methods

Soil
Classification
Systems

Measure intrinsic properties: Groups
(A) Physiochemical, (B) Physical, and (C) Index Property.

(B) - Percent of soil finer than one micron as determined by
hydrometer.

(B) - Weight of water in sample over the weight of solids (dry
weight).

(B) - Weight of solids per unit volume. Dry densities, percent
'compaction, S.P.R. proportional to volume change in some clays.

(B) - Change in length occurring between pins 5 inches apart
when a moist sample has dried out.

(B) - Known volume of dry soil placed in graduated cylinder
without surcharge, water added, percent swell found as a portion
of dry volume.

(C) - Sample compacted in consolidometer ring at 49-51% satura-
tion. Seated, then free access to water while vertical exp.
measured. Convert to ET, weighted, reg. design.

(C) - Water content at which there is no further decrease in
volume with additional drying of the soil. (SI=LL-SL)

(C) - Plastic Limit (PL), Liquid Limit (LL), and Plasticity
Index (PI=PL-LL) generally increase with increase in swell
potential.

(C) - Activity Number = PI
(% - .002 mm) - 1D

Combines PI with clay size particles.

(B) & (C) - Negative pore press. in clay measure for different
moisture contents, find energy in soil to attract water:

(B) & (C) - Sample in ring exposed to surplus water for two
hours. Press., measure and converted to Potential Volume Change.

(B) & (C) - Combine physical & index properties to predict swell.

Unified Soil Classification - MH, CH, CL & OH; AASHTO - A-6, SCS
soil taxonomy-suffix "erts" and "oils" expansive.

Quantitative

Unrestrained
Swelling Test

One Dimensional
Expansion and
Uplift Pressure

Double
Oedometer Test

Sample fitted to confining ring and subjected to change in
water content while measuring volume change and/or pressure.

Sample with moisture expected at construction subjected to small
vertical press (1 psi) and free water. Low 1.5%. V. High 25%.

Sample in oedometer subjected to the anticipated field variations
in m.c. or pressure measure volume change and/or pressure.

Identical undisturbed samples consolidated in oedometer: (a)
Water allowed access from natural m.c. until equilibrium reached
(b) Test at natural m.c., no water allowed access.



TABLE D-2 : Limitations of Tests to Identify Expansive Soils.

Tests
(1)

Limitations
(2)

Qualitative

Colloid
Content

Moisture
Content

Density

Linear
Shrinkage

Free
Swell

Expansion
Index
Test

Shrinkage
Limit

Atterberg
Limits

Activity
Number

Soil Suction

PVC Meter

Combination
Methods

Soil
Classification
Systems

Do not usually measure direct volume change. Don't utilize all
parameters that influence volume change: often combined.

Measures relative size of particles, not factors effecting
volume change: mineral, exchange cation, etc..

Little correlation to volume change by itself. Very important
used in conjuction with other parameters.

Must be very familiar with type of clay, mineral, etc., so good
emperical relationship is achieved.

Measures decrease in only one dimension. Sample usually re-
molded. Shrink not allways a good correlation to swell.

Surcharge pressure greatly reduces the free swell; affecting
every clay differently. Test method very crude. Swell not
always good correlation to shrink.

Does not consider usual field conditions. Swell not always good
correlation to shrinkage. Soil remolded.

Not always a good correlation to swell. Remolded in most cases.

Remolded, so structure and density disturbed. Some minerals:
vermiculite have high Atterberg limits and low volume change.

Does not consider all field conditions: moisture, structure, etc.
Remolded sample. PI shown to be better alone!

Equipment not common. Does not account for density, structure,
field water content, or surcharge load.

Remolded. Not equilibrium moisture after 2 hours. Used only
to compare relative expansions of well known clays.

Surcharge loads, stress history, and other field conditions not
always accounted for.

Classified soils exhibit varying amounts of volume change.

Quantitative

Unrestrained
Swelling Test

One Dimensional
Expansion and
Uplift Pressure

Double
Oedometer Test

Sample disturbance unavoidable. Exact field parameters often
difficult to estimate for test: Potential moisture charge,
uniformity, etc..

Somewhat subjective since this measures swell potential rather
than the exact anticipated field volume change.

Does not determine e-log p curves for both saturated and un-
saturated conditions. .2 tsf low, occasional 20 tsf.

'Virtually impossible to obtain identical samples, so e-log p
curves must be shifted until virgin consolidation lines coincide.
Overestimates heave by about 16%.


