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ACRONYMS AND ABBREVIATIONS
AC
ASCE
ASTM
BGS
CRB
g
H:V
MCE
MSL
OSHA
pcf
pci
PGA
PGAM
psf
SOSSC

asphalt concrete
American Society of Civil Engineers
American Society for Testing and Materials
below ground surface
Columbia River Basalt
gravitational acceleration (32.2 feet/second2)
horizontal to vertical
maximum considered earthquake
mean sea level
Occupational Safety and Health Administration
pounds per cubic foot
pounds per cubic inch
peak ground acceleration
maximum considered earthquake geometric mean peak ground
acceleration adjusted for site affects
pounds per square foot
State of Oregon Structural Specialty Code
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1.0

INTRODUCTION

We are pleased to submit this report of geotechnical engineering services for the proposed
addition to the Carr Subaru automotive facility located at 11635 SW Canyon Road in
Beaverton, Oregon. We understand that the proposed addition is west and north of the existing
main building.
We have assumed the size of the addition is similar to the north building constructed in 2012.
We have assumed maximum column and wall loads of 200 kips and 4 kips per linear foot,
respectively. We have assumed that site cuts and fills will be minimal.
The site is shown relative to surrounding physical features on Figure 1. Acronyms and
abbreviations used herein are defined above, immediately following the Table of Contents.
2.0

PURPOSE AND SCOPE

The purpose of our services was to explore subsurface conditions and provide geotechnical
engineering recommendations for use in design and construction of the proposed structure. The
specific scope of our services completed is summarized as follows:









3.0

Reviewed the geotechnical engineering report that was issued in 2011 (GeoDesign, 2011) for
use in design and construction of the north service building replacement and logs of the
direct-push borings drilled during our environmental site exploration.
Provided recommendations for site preparation, grading and drainage, compaction of both
on-site and imported materials, fill type for imported material, and procedures for wet
weather earthwork and use of on-site soil.
Evaluated groundwater conditions at the site.
Provided recommendations for preferred foundation type, including allowable bearing
capacity, settlement, and lateral resistance.
Provided recommendations for use in designing conventional retaining walls, including
backfill and drainage requirements and lateral earth pressures.
Provided seismic coefficients in accordance with the 2014 SOSSC.
Prepared this report that documents our findings, conclusions, and recommendations.
SITE CONDITIONS

3.1
GEOLOGIC SETTING
The site is located in the Tualatin Basin of the Puget Sound-Willamette Valley physiographic
province, a tectonically active lowland located along the convergent Cascadia. The lowland is
generally an elongated alluvial plain bordered on the west by the Coast Ranges and on the east
by the Cascade Mountains. The Tualatin Basin is formed by a gentle syncline between the
uplifted Coast Ranges to the west and the uplifted Tualatin Mountains to the northeast. The
Tualatin Mountains have been uplifted along northwesterly oriented faults, including the steeply
dipping Portland Hills fault located along the eastern flank of the mountains.
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Basement rocks of the Tualatin Basin are exposed in the highlands surrounding the valley, which
primarily consist of volcanic and sedimentary rocks several millions of years old, including the
CRBs. The CRBs consist of thick flows of basalt erupted from fissures in eastern Oregon,
Washington, and western Idaho that traveled down the ancient Columbia River Gorge to fill areas
of the lowland around Portland and the surrounding vicinity. These were later folded and faulted
from the compressional tectonics of the region. Following the structural disruption of the CRBs,
alluvial mudstones accumulated in the Portland and Tualatin basins in a large delta where the
ancient Columbia River and Willamette River converged. Around the Tualatin Mountains, the
mudstones have been referred to as the Sandy River Mudstone equivalent or Neogene
mudstones by different sources.
The most recent major geologic events to shape the region were tremendous floods down the
Columbia River, caused by the collapse of glacial dams and drainage of large lakes in western
Montana. Many dozens of these Missoula Floods occurred between approximately 15,500 and
12,500 years ago (and perhaps during earlier glaciations). Flood waters several hundred feet
deep swept out of the Columbia Gorge and over the lowlands of the Portland area, reshaping the
surfaces and depositing fresh sediments over the terraces.
In most of the Tualatin Basin, fine-grained sand, silt, and clay were deposited by the flood waters
in temporary lakes formed in the valley. Prior to and along with the flooding events, wind-blown
silt and clay derived from glaciers to the north, referred to as loess, were deposited on the hills
surrounding the Portland area. Where flood waters did not scour the hillsides in the Portland and
Tualatin basins, generally higher than approximately 400 feet above MSL, loess deposits are still
preserved. In the periods between and following the Missoula Floods, the Columbia, Willamette,
and Tualatin rivers and their tributaries eroded down through the loose sediments to reestablish
their channels.
The thickness of alluvial deposits in the area generally varies, but can be expected to be 30 feet
thick or more in larger flood plains. Geologic maps indicate an alluvial thickness of up to 90 feet
in the area of the site. This unit typically is susceptible to erosion, especially when exposed on
steep slopes. Perched and relatively shallow groundwater may also be present. In addition,
based on topographic maps of the region, the site is located in a relatively low-lying area near the
foothills of the west hills of Portland where outwash accumulations could form. Basement
contour maps indicate an approximate depth of 650 feet to contact with bedrock.
3.2
SURFACE CONDITIONS
The site is located at 11635 SW Canyon Road in Beaverton, Oregon. An addition is planned north
and west of the main building. A service building is located north of the main building. The area
surrounding the north and west sides of the main building, where the addition is planned, is
relatively flat and paved. Elevation at these locations generally varies between 186 and 188 feet
above MSL.
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3.3
SUBSURFACE CONDITIONS
3.3.1 General
Our understanding of subsurface conditions at the site is based on our review of a 2011
geotechnical site investigation and review of the environmental direct-push borings conducted in
June 2018. Pertinent information from the 2011 geotechnical study and 2018 environmental
investigation are presented in Appendices A and B, respectively.
Geologic units encountered during our subsurface explorations generally consist of fill overlying
silt, sand, and gravel. The following sections provide more detail of each geologic unit
encountered.
3.3.2 Asphalt and Base Rock
An approximately 2-inch-thick zone of AC was encountered at the surface at boring B-1. The AC
is underlain by an approximately 1-inch-thick zone of aggregate base rock.
3.3.3 Fill
Undocumented fill was encountered immediately beneath the AC and base rock to a depth of
approximately 9.5 feet BGS during the prior geotechnical study. The fill generally consists of
very soft to medium stiff silt with trace fine sand and organics and minor clay. Trace amounts of
gravel were also encountered within the fill at a depth of 5.0 feet BGS. The moisture content of
the fill was 32 percent at the time of our exploration. The environmental study encountered
similar fill.
3.3.4 Alluvium
The fill is generally underlain by native alluvial silt. The consistency of the silt ranges from
medium stiff to very stiff. Trace amounts of sand are present within the silt from approximately
9.5 to 20 feet BGS. Minor clay interbeds were encountered within the silt material at a depth of
15 feet BGS. The moisture content of the native silt ranged from 28 to 40 percent at the time of
our exploration.
3.3.5 Groundwater
Groundwater was not observed in the geotechnical exploration due to the drilling method used.
A review of nearby monitoring wells at the site indicates that the static groundwater level can be
present within 5 to 7 feet of the existing ground surface. Fluctuations in the groundwater level
can be expected seasonally.
4.0

CONCLUSIONS

Based on our review of available information and the results of our explorations, laboratory and
field testing, and analyses, the site can be developed as proposed. The following factors will
have an impact on design and construction of the proposed building:
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Undocumented fill was observed in the borings to a maximum depth of approximately
9.5 feet BGS. The fill should be evaluated during construction and removed where it is
determined to be soft. We expect a minimum over-excavation depth of approximately 4 feet.
The building can be supported on spread footings bearing on competent soil or structural fill
that overlies competent soil.
Since the proposed addition is in close proximity to existing buildings, excavation of fill may
not be feasible. Micropiles or helical piers should be considered as an alternative to shallow
foundations.
Undocumented fill should be completely removed from beneath slabs on grade to mitigate
the risk of poor support for slabs on grade. Alternatively, the upper 18 inches of subgrade
can be scarified and compacted if a small risk of future floor slab maintenance is acceptable.
The site soil is sensitive to moisture and is easily disturbed when at a moisture content that
is above optimum. The subgrade should be protected from construction traffic.

The following sections present general recommendations based on evaluation of results from
our subsurface exploration and our understanding of the proposed project.
5.0

SITE DEVELOPMENT RECOMMENDATIONS

5.1
SITE PREPARATION
Demolition includes removal of the existing structures, concrete curbs, and abandoned utilities.
Excavations remaining from demolition operations should be backfilled with structural fill where
below planned site grades. Excavation bases should expose firm subgrade before backfilling.
Utility lines abandoned under new structural components should be completely removed and
backfilled with structural fill. Soft or loose soil encountered during site preparation should be
replaced with structural fill.
5.2
CONSTRUCTION CONSIDERATIONS
Conventional earthmoving equipment in proper working condition should be capable of making
necessary excavations for site cuts and utilities.
We recommend placing a layer of stabilization material over the subgrade that will be exposed to
construction traffic to protect it during wet weather. The contractor has control of the
construction schedule and equipment and, therefore, should be responsible for selecting the
appropriate working blanket and thickness.
Excavations should be made in accordance with applicable OSHA and state regulations. While
this report describes certain approaches to excavation and dewatering, the contractor should be
responsible for selecting excavation and dewatering methods, monitoring the excavations for
safety, and providing shoring as required to protect personnel and adjacent utilities and
structures.
5.3
TEMPORARY SLOPES
The use of temporary slopes during construction will likely not be possible because of site
constraints. Where construction slopes are possible, excavation side slopes less than 10 feet
high should be no steeper than 1.5H:1V, provided groundwater is not present. If slopes greater
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than 10 feet high are required, GeoDesign should be contacted to make additional
recommendations. We recommend a minimum horizontal distance of 5 feet from the edge of
the existing improvements to the top of the temporary slope. All cut slopes should be protected
from erosion by covering them during wet weather. If sloughing or instability is observed, the
slope should be flattened or the cut supported by shoring.
5.4
STRUCTURAL FILL
Structural fill includes fill beneath foundations, slabs, pavements, and any other areas intended
to support structures or located within the influence zones of structures. Structural fill should be
free of organic matter and other deleterious material and, in general, should consist of particles
no larger than 3 inches in diameter. Recommendations for suitable fill materials are provided in
the following sections.
5.4.1 On-Site Soil
The on-site native soil will be suitable for use as structural fill only if it can be moisture
conditioned. Based on our experience, the on-site silty soil is sensitive to small changes in
moisture content and may be difficult to compact adequately during wet weather or when its
moisture content is more than a few percentage points above optimum.
5.4.2 Select Granular Fill
Granular material for use as structural fill should be pit- or quarry-run rock, crushed rock, or
crushed gravel and sand that is fairly well graded between coarse and fine and has less than
5 percent by dry weight passing the U.S. Standard No. 200 sieve. Granular fill used during
periods of prolonged dry weather may have up to 10 percent by dry weight passing the
U.S. Standard No. 200 sieve, provided it is properly moisture conditioned.
5.4.3 Pipe Bedding
Utility trench backfill for bedding and in the pipe zone should consist of well-graded granular
material with a maximum particle size of ¾ inch and less than 5 percent by dry weight passing
the U.S. Standard No. 200 sieve or as required by the pipe manufacturer.
5.4.4 Crushed Rock
Crushed rock will be required as base material for floor slabs and pavements as specified.
Crushed rock fill should consist of imported clean, durable, crushed, angular rock that meets the
requirements of the pertinent sections of this report.
5.5
FILL PLACEMENT AND COMPACTION
Fill soil should be compacted at a moisture content that is near optimum. The maximum
allowable moisture content varies with the soil gradation and should be evaluated during
construction.
Fill and backfill material should be placed in uniform, horizontal lifts and compacted with
appropriate equipment. The maximum lift thickness will vary depending on the material and
compaction equipment used but should generally not exceed the loose thicknesses provided in
Table 1. Fill material should be compacted in accordance with the compaction criteria provided
in Table 2.
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Table 1. Recommended Uncompacted Lift Thickness
Recommended Uncompacted Lift Thickness
(inches)
Compaction Equipment
Silty Soil

Granular and Crushed
Rock Maximum
Particle Size  1½ Inches

Crushed Rock
Maximum Particle
Size > 1½ Inches

Hand Tools:
Plate Compactor and
Jumping Jack

4 to 8

4 to 8

Not Recommended

Rubber-Tired Equipment

6 to 8

10 to 12

6 to 8

Light Roller

8 to 10

10 to 12

8 to 10

Heavy Roller

10 to 12

12 to 18

12 to 16

Hoe Pack Equipment

12 to 16

18 to 24

12 to 16

Table 1 is based on our experience and is intended to serve only as a guideline. The information provided in this
table should not be included in the project specifications.

Table 2. Compaction Criteria
Compaction Requirements in Structural Zones

Fill Type

Percent Maximum Dry Density
Determined by ASTM D1557
0 to 2 Feet
Below Subgrade
(percent)

> 2 Feet Below
Subgrade
(percent)

Pipe Zone
(percent)

Area Fill

951

92

-----

Aggregate Base

95

95

-----

Trench Backfill

95

92

902

Retaining Wall Backfill

951,3

923

-----

1

1. May be reduced to 92 percent if native soils are used.
2. Or as recommended by the pipe manufacturer.
3. Should be reduced to 90 percent within a horizontal distance of 3 feet from the retaining wall.

5.5.1 Area Fills
Imported fill placed to raise site grades should be placed on a prepared subgrade that consists of
firm, inorganic site soil or compacted fill. The fill material should be placed in uniform
horizontal lifts and compacted to the recommended minimum density provided in Table 2.
5.5.2 Aggregate Bases
Aggregate base material under foundations and floor slabs should be placed on a prepared
subgrade that consists of firm, inorganic native soil or compacted fill. Aggregate base material
should be placed in uniform horizontal lifts and compacted to the recommended minimum
density provided in Table 2.
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5.5.3 Trench Backfill
Trench backfill in structural areas should consist of select granular fill or crushed rock as
described in the “Structural Fill” section and compacted to the minimum density provided in
Table 2. Pipe bedding and fill in the pipe zone should be compacted to the minimum density
presented in Table 2 or as recommended by the pipe manufacturer.
5.5.4 Retaining Wall Backfill
Retaining wall backfill should be compacted to the recommended minimum density provided in
Table 2, except that fill within 3 horizontal feet of the wall should be placed in uniform
horizontal lifts and compacted to a lesser density of 90 percent of the maximum density, as
determined by ASTM D1557, to reduce the effect of compaction-induced stresses against the
retaining wall.
Settlement of up to 1 percent of the wall height commonly occurs immediately adjacent to
retaining walls as the walls rotate and develop lateral active earth pressures. Consequently, we
recommend that flatwork (slabs, sidewalks, or pavement) placed adjacent to retaining walls be
postponed at least four weeks following wall construction, unless survey data indicates that
settlement is complete prior to that time.
5.6
PERMANENT CUT AND FILL SLOPES
Permanent cut and fill slopes in the site soil should be inclined no steeper than 2H:1V. Upslope
buildings, access roads, and pavements should be set back a minimum of 5 feet from the crest
of any such slopes.
5.7
EROSION CONTROL
The on-site soil is moderately susceptible to erosion. Consequently, we recommend that slopes
be covered with an appropriate erosion control product if construction occurs during periods of
wet weather. We recommend that all slope surfaces be planted as soon as practical to minimize
erosion. Surface water runoff should be collected and directed away from slopes to prevent
water from running down the slope face. Erosion control measures such as straw bales,
sediment fences, and temporary detention and settling basins should be used in accordance with
local and state ordinances.
6.0

FOUNDATION SUPPORT RECOMMENDATIONS

Undocumented fill is present beneath the site; it was encountered to a maximum depth of
approximately 9.5 feet BGS. The fill should be evaluated during construction and removed where
it is soft. It may not be feasible to remove the fill where it is present near existing adjacent
buildings. Micropiles or helical piers should be considered as means of foundation support.
6.1
SPREAD FOOTINGS
6.1.1 Bearing Capacity
The undocumented fill should be removed from the influence zones of footings. The
excavations should be backfilled with granular structural fill that extends beyond the footing
perimeter by 6 inches in all directions for every foot that they extend beneath the footing
subgrade. The structural fill should meet the requirements of the “Select Granular Fill” section
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and compacted to at least 95 percent of the maximum dry density, as determined by
ASTM D1557. Footings should be proportioned for a maximum allowable soil bearing pressure
of 2,500 psf. This bearing pressure is a net bearing pressure and applies to the total of dead
and long-term live loads and may be increased by 50 percent when considering shot-term loads
such as wind or seismic forces. The weight of the footing and overlying backfill can be ignored
in calculating footing loads.
We recommend that isolated column and continuous wall footings have minimum widths of 24
and 18 inches, respectively. The bottom of exterior footings should be founded at least
18 inches below the lowest adjacent grade. Interior footings should be founded at least
12 inches below the top of the floor slab. The recommended minimum footing depth is greater
than the design frost depth.
6.1.2 Lateral Resistance
Lateral loads can be resisted by passive earth pressure on the sides of the footings and by
friction on the base of the footings. We recommend that passive earth pressures be calculated
using an equivalent unit weight of 350 pcf, provided the footings are confined by structural fill.
This will require that compacted structural fill be placed between the excavations and footings if
passive pressure is relied on for lateral resistance. For computing the friction capacity of
building foundations, we recommend friction coefficients of 0.35 for footings bearing on native
soil, 0.45 for footings bearing on granular pads, and 0.40 for footings in contact with soil
improved with rammed aggregate piers. The passive earth pressure and friction components
may be combined provided the passive component does not exceed two-thirds of the total.
The passive earth pressure value is based on the assumptions that the adjacent confining
structural fill is level and static groundwater remains below the base of the footing throughout
the year. The top 1 foot of soil should be neglected when calculating passive lateral earth
pressures, unless the adjacent area is covered with pavement or is inside a building.
6.1.3 Settlement
We expect post-construction settlement to be less than 1 inch. Differential settlement of 0.5 inch
should be expected between similarly loaded footings.
6.2
SLABS ON GRADE
Slabs on grade can be constructed over the fill provided a small risk of maintenance is acceptable
due to the settlement of the uncompacted fill that is present at the site. At a minimum, we
recommend that the upper 18 inches of the subgrade be compacted to 92 percent of the
maximum dry density, as determined by ASTM D1557.
A modulus of subgrade reaction of 100 pci can be used for design of the floor slabs provided the
subgrade is prepared in accordance with the recommendations presented in this section. The
native soil is non-expansive, so heave is not anticipated beneath the floor slab.
We recommend the floor slab be supported on at least 6 inches of imported granular material to
aid as a capillary break and to provide uniform support. The imported granular material should
be placed and compacted as previously recommended for aggregate bases.

8

CarrAuto-1-08:061418

Vapor barriers beneath floor slabs are typically required by flooring manufacturers to maintain
the warranty on their products. In our experience, adequate performance of floor adhesives can
be achieved by using a clean base rock (less than 5 percent fines) beneath the floor slab with no
vapor barrier. In fact, vapor barriers can frequently cause moisture problems by trapping water
beneath the floor slab that is introduced during construction. If a vapor barrier is used, water
should not be applied to the base rock prior to pouring the slab and the work should be
completed during extended dry weather so that rainfall is not trapped on top of the vapor
barrier. Selection and design of an appropriate vapor barrier, if needed, should be based on
discussions among members of the design team. We can provide additional information to
assist you with your decision.
7.0

PERMANENT RETAINING STRUCTURES

Permanent retaining structures free to rotate slightly around the base should be designed for
active earth pressures using an equivalent fluid unit weight of 35 pcf. This value is based on the
assumption that (1) the walls will not be restrained against rotation, (2) the backfill is level,
(3) the backfill consists of granular material, (4) the backfill is drained, and (5) the wall is less
than 10 feet in height. If retaining walls are restrained against rotation during backfilling, they
should be designed for an at-rest earth pressure of 55 pcf. Seismic lateral forces can be
calculated using a dynamic force equal to 6.5H2 pounds per linear foot of wall, where H is the
wall height. The seismic force should be applied as a distributed load with the centroid located
at 0.6H from the wall base. Footings for retaining walls should be designed as recommended for
shallow foundations.
Drains consisting of a perforated drainpipe wrapped in a geotextile filter should be installed
behind exterior walls. The pipe should be embedded in a zone of coarse sand or gravel
containing less than 2 percent by dry weight passing the U.S. Standard No. 200 sieve and should
outlet to a suitable discharge.
8.0

DRAINAGE CONSIDERATIONS

We recommend that roof drains be connected to a tightline leading to storm drain facilities.
Pavement surfaces and open space areas should be sloped such that surface water runoff is
collected and routed to suitable discharge points. We also recommend that ground surfaces
adjacent to the building be sloped to facilitate positive drainage away from the building.
9.0

SEISMIC DESIGN CRITERIA

9.1
SEISMIC RESPONSE SPECTRUM
As required by the SOSSC, the structure should be designed using the applicable provisions of
the ASCE 7-10 document. The ASCE 7-10 document contains recommendations for seismic site
coefficients relative to average soil properties within the upper 100 feet of the soil column. The
parameters in Table 3 should be used to compute seismic base shear forces.
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Table 3. Seismic Design Parameters

Parameter
MCE Spectral Acceleration

Short Period
(Ts = 0.2 second)

1 Second Period
(T1 = 1.0 second)

Ss = 1.000 g

S1 = 0.434 g

Site Class

D

Site Coefficient
Adjusted Spectral Acceleration

Fa = 1.100

Fv = 1.566

SMS = 1.100 g

SM1 = 0.734g

PGA

0.439 g

PGAM

0.466 g

9.2
LIQUEFACTION
Liquefaction settlement is the result of seismically induced densification and subsequent ground
settlement. Relatively clean, loose sand below the groundwater table is particularly susceptible
to liquefaction. Silty soil is less susceptible to liquefaction and undergoes settlement that is
significantly less than clean sand under similar levels of ground shaking.
In general, we believe that the potential for liquefaction-induced ground settlement should be
considered negligible under design levels of ground shaking.
10.0

OBSERVATION OF CONSTRUCTION

Satisfactory earthwork and foundation performance depends to a large degree on the quality of
construction. Subsurface conditions observed during construction should be compared with
those encountered during the subsurface explorations. Recognition of changed conditions often
requires experience; therefore, qualified personnel should visit the site with sufficient frequency
to detect whether subsurface conditions change significantly from those anticipated. In addition,
sufficient observation of the contractor's activities is a key part of determining that the work is
completed in accordance with the construction drawings and specifications.
11.0

LIMITATIONS

We have prepared this report for use by G Hanken, Inc. and members of the design and
construction team for the proposed development. The data and report can be used for
estimating purposes, but our report, conclusions, and interpretations should not be construed as
a warranty of the subsurface conditions and are not applicable to other sites.
Soil explorations indicate soil conditions only at specific locations and only to the depths
penetrated. They do not necessarily reflect soil strata or water level variations that may exist
between exploration locations. If subsurface conditions differing from those described are noted
during the course of excavation and construction, re-evaluation will be necessary.
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The site development plans and design details were not finalized at the time this report was
prepared. When the design has been finalized and if there are changes in the site grades or
location, configuration, design loads, or type of construction for the building, the conclusions
and recommendations presented may not be applicable. If design changes are made, we should
be retained to review our conclusions and recommendations and to provide a written evaluation
or modification.
The scope of our services does not include services related to construction safety precautions,
and our recommendations are not intended to direct the contractor's methods, techniques,
sequences or procedures, except as specifically described in our report for consideration in
design.
Within the limitations of scope, schedule, and budget, our services have been executed in
accordance with the generally accepted practices in this area at the time this report was
prepared. No warranty or other conditions, express or implied, should be understood.

We appreciate the opportunity to be of continued service to you. Please call if you have
questions concerning this report or if we can provide additional services.
Sincerely,
GeoDesign, Inc.

Brett A. Shipton, P.E., G.E.
Principal Engineer
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APPENDIX A

APPENDIX A
PRIOR SITE EXPLORATION
This appendix presents the pertinent information from the following geotechnical engineering
report:


GeoDesign, Inc., 2011. Report of Geotechnical Engineering Services; Carr Subaru Site;
11635 SW Canyon Road; Beaverton, Oregon, dated July 18, 2011. GeoDesign Project:
CarrAuto-1-05.

Specifically, this appendix includes the exploration log, laboratory test data, and site plan
showing the exploration location.
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N

SYMBOL

SAMPLING DESCRIPTION
Location of sample obtained in general accordance with ASTM D 1586 Standard Penetration Test
with recovery
Location of sample obtained using thin-wall Shelby tube or Geoprobe® sampler in general
accordance with ASTM D 1587 with recovery
Location of sample obtained using Dames & Moore sampler and 300-pound hammer or pushed
with recovery
Location of sample obtained using Dames & Moore and 140-pound hammer or pushed with
recovery
Location of sample obtained using 3-inch-O.D. California split-spoon sampler and 140-pound
hammer
Location of grab sample

Graphic Log of Soil and Rock Types
Observed contact between soil or
rock units (at depth indicated)

Rock coring interval
Water level during drilling

Inferred contact between soil or
rock units (at approximate
depths indicated)

Water level taken on date shown

GEOTECHNICAL TESTING EXPLANATIONS
ATT

Atterberg Limits

CBR

California Bearing Ratio

CON

Consolidation

PP
P200

Pocket Penetrometer
Percent Passing U.S. Standard No. 200
Sieve

DD

Dry Density

RES

Resilient Modulus

DS

Direct Shear

SIEV

Sieve Gradation

HYD

Hydrometer Gradation

TOR

Torvane

MC

Moisture Content

UC

Unconfined Compressive Strength

MD

Moisture-Density Relationship

VS

Vane Shear

OC

Organic Content

kPa

Kilopascal

Sample Submitted for Chemical Analysis

ND

Not Detected

Pushed Sample

NS

No Visible Sheen

Photoionization Detector Headspace
Analysis

SS

Slight Sheen

MS

Moderate Sheen

HS

Heavy Sheen

P

Pushed Sample

ENVIRONMENTAL TESTING EXPLANATIONS
CA
P
PID
ppm

Parts per Million

15575 SW Sequoia Parkway - Suite 100
Portland OR 97224
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EXPLORATION KEY

TABLE A-1

RELATIVE DENSITY - COARSE-GRAINED SOILS
Relative Density

Standard Penetration
Resistance

Dames & Moore Sampler
(140-pound hammer)

Dames & Moore Sampler
(300-pound hammer)

Very Loose
Loose
Medium Dense
Dense
Very Dense

0–4
4 – 10
10 – 30
30 – 50
More than 50

0 - 11
11 - 26
26 - 74
74 - 120
More than 120

0-4
4 - 10
10 - 30
30 - 47
More than 47

CONSISTENCY - FINE-GRAINED SOILS
Consistency

Standard Penetration
Resistance

Dames & Moore Sampler
(140-pound hammer)

Dames & Moore Sampler
(300-pound hammer)

Unconfined Compressive
Strength (tsf)

Very Soft
Soft
Medium Stiff
Stiff
Very Stiff
Hard

Less than 2
2-4
4-8
8 - 15
15 - 30
More than 30

Less than 3
3–6
6 – 12
12 – 25
25 – 65
More than 65

Less than 2
2-5
5-9
9 - 19
19 – 31
More than 31

Less than 0.25
0.25 - 0.50
0.50 - 1.0
1.0 - 2.0
2.0 - 4.0
More than 4.0

PRIMARY SOIL DIVISIONS

GRAVEL WITH FINES
(≥ 5% and ≤ 12% fines)

(more than 50% of
coarse fraction
retained on
No. 4 sieve)

(more than 50%
retained on
No. 200 sieve)

GRAVELS WITH FINES
(> 12% fines)

FINE-GRAINED
SOILS

SANDS WITH FINES
(≥ 5% and ≤ 12% fines)
SANDS WITH FINES
(> 12% fines)

Liquid limit less than 50
SILT AND CLAY
Liquid limit 50 or
greater
HIGHLY ORGANIC SOILS

MOISTURE
CLASSIFICATION
Term

GW or GP

GRAVEL

GW-GM or GP-GM

GRAVEL with silt

GW-GC or GP-GC
GM
GC
GC-GM

GRAVEL with clay
silty GRAVEL
clayey GRAVEL
silty, clayey GRAVEL

SW or SP

SAND

SW-SM or SP-SM

SAND with silt

SW-SC or SP-SC
SM
SC
SC-SM
ML
CL
CL-ML
OL
MH
CH
OH
PT

SAND with clay
silty SAND
clayey SAND
silty, clayey SAND
SILT
CLAY
silty CLAY
ORGANIC SILT or ORGANIC CLAY
SILT
CLAY
ORGANIC SILT or ORGANIC CLAY
PEAT

CLEAN SANDS
(<5% fines)

SAND
(50% or more of
coarse fraction
passing
No. 4 sieve)

(50% or more
passing
No. 200 sieve)

GROUP NAME

CLEAN GRAVELS
(< 5% fines)

GRAVEL

COARSE-GRAINED
SOILS

GROUP SYMBOL

ADDITIONAL CONSTITUENTS
Secondary granular components or other materials
such as organics, man-made debris, etc.

Field Test

Silt and Clay In:
dry
moist
wet

very low moisture,
dry to touch
damp, without
visible moisture
visible free water,
usually saturated

15575 SW Sequoia Parkway - Suite 100
Portland OR 97224
Off 503.968.8787 Fax 503.968.3068

Sand and Gravel In:

Percent

Fine-Grained
Soils

CoarseGrained Soils

Percent

Fine-Grained
Soils

CoarseGrained Soils

<5
5 – 12
> 12

trace
minor
some

trace
with
silty/clayey

<5
5 – 15
15 – 30
> 30

trace
minor
with
sandy/gravelly

trace
minor
with
sandy/gravelly

SOIL CLASSIFICATION SYSTEM

TABLE A-2

0

5

ASPHALT CONCRETE (2 inches).
AGGREGATE BASE (1 inch).
Very soft, brown SILT (ML), trace sand
and organics, minor clay; moist, sand
is fine - FILL.

MOISTURE CONTENT %
RQD%
0

15

20

0

3

BORING LOG CARRAUTO-1-05-B1.GPJ GEODESIGN.GDT

PRINT DATE: 7/18/11:KT

25

30

35

6

9.5
9

becomes very stiff at 25.0 feet

4

15

18

9

26

0

BORING METHOD: mud rotary (see report text)
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15575 SW Sequoia Parkway - Suite 100
Portland OR 97224
Off 503.968.8787 Fax 503.968.3068

JULY 2011

P200 = 88%

P200

becomes very stiff; moist at 35.0 feet

DRILLED BY: Western States Soil Conservation, Inc.

LL = 33%
PL = 25%

ATT

becomes stiff; wet at 30.0 feet

40

P200 = 83%

P200

becomes medium stiff, brown, minor
clay interbeds at 15.0 feet

becomes stiff to very stiff, blue-gray,
without sand at 20.0 feet

100

0.3

becomes soft, trace gravel at 5.0 feet

Stiff, gray SILT (ML), trace sand; moist,
sand is fine (alluvium).

CORE REC%
50

0.2

becomes medium stiff, dark gray at 7.5
feet
10

INSTALLATION AND
COMMENTS

BLOW COUNT

SAMPLE

TESTING

MATERIAL DESCRIPTION

ELEVATION
DEPTH

GRAPHIC LOG

DEPTH
FEET

50

100
COMPLETED: 06/28/11

LOGGED BY: CR

BORING BIT DIAMETER: 3 7/8-inch

BORING B-1
CARR SUBARU SITE
BEAVERTON, OR

FIGURE A-1

40

MOISTURE CONTENT %
RQD%
0

becomes stiff at 40.0 feet
Exploration completed at a depth of
41.5 feet.

INSTALLATION AND
COMMENTS

BLOW COUNT

SAMPLE

TESTING

MATERIAL DESCRIPTION

ELEVATION
DEPTH

GRAPHIC LOG

DEPTH
FEET

CORE REC%
50

100

13

41.5

Surface elevation was not
measured at the time of
exploration.
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50

55
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PLASTICITY INDEX

"A" LINE

40

30
CL or OL

20

MH or OH
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CL-ML

ML or OL

0
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KEY

10

20

30

40

50
60
LIQUID LIMIT

EXPLORATION
NUMBER

SAMPLE DEPTH
(FEET)

MOISTURE CONTENT
(PERCENT)

B-1

20.0
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33
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8

ATTERBERG LIMITS TEST RESULTS
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SAMPLE INFORMATION

MOISTURE
CONTENT
(PERCENT)

EXPLORATION
NUMBER

SAMPLE
DEPTH
(FEET)

B-1

5.0

32

B-1

10.0

30

B-1

15.0

40

B-1

20.0

32

B-1

25.0

32

B-1

30.0

36

B-1

35.0

28

B-1

40.0

32

SIEVE
GRAVEL
(PERCENT)

SAND
(PERCENT)

ATTERBERG LIMITS
P200
(PERCENT)

LIQUID
LIMIT
(PERCENT)

PLASTIC
LIMIT
(PERCENT)

PLASTICITY
INDEX
(PERCENT)

33

25

8

83

88

LAB SUMMARY CARRAUTO-1-05-B1.GPJ GEODESIGN.GDT

PRINT DATE: 7/18/11:KT

ELEVATION
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DRY
DENSITY
(PCF)
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APPENDIX B

APPENDIX B
EVIRONMENTAL EXPLORATION
This appendix presents the exploration logs from our recent environmental exploration. A site
plan that shows the exploration locations is also presented in this appendix.
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CATCH BASIN

DP-1
SG-1

DP-2
SG-2

N

0.5

CA

INSTALLATION AND
COMMENTS

BLOW COUNT

SAMPLE

TESTING

MATERIAL DESCRIPTION

ELEVATION
DEPTH

0.0

GRAPHIC LOG

DEPTH
FEET

MOISTURE CONTENT %
RQD%
0

CORE REC%
50

100

ASPHALT CONCRETE (6.0 inches).
Brown SILT (ML), trace sand and clay;
moist.

2.5

PID = 0.7 ppm
DP-1(0.5-1.5)
SS

P

5.0
PID = 0.4 ppm

CA

7.5

10.0

DP-1(5.5-6.5)
NS

P

Exploration was completed at a depth
of 10.0 feet.

10.0

Surface elevation was not
measureed at the time of
exploration.
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INSTALLATION AND
COMMENTS

BLOW COUNT

SAMPLE

TESTING

MATERIAL DESCRIPTION

ELEVATION
DEPTH

GRAPHIC LOG

DEPTH
FEET

MOISTURE CONTENT %
RQD%
0

CORE REC%
50

100

ASPHALT CONCRETE (6.0 inches).
Brown SILT (ML), trace sand and clay;
moist.

0.5
NS

2.5

P

5.0
CA

DP-2(5.5-7)
NS
PID = 0.4 ppm

brown-gray at 7.0 feet
7.5

10.0

NS
PID = 0.3 ppm

P

Exploration was completed at a depth
of 10.0 feet.

10.0

Surface elevation was not
measureed at the time of
exploration.
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0.5

CA

MOISTURE CONTENT %
RQD%
0

CORE REC%
50

100

ASPHALT CONCRETE (6.0 inches).
Brown SILT (ML), trace sand and clay;
moist - FILL.

DP-3(0.5-1.75)
NS
PID = 1.8 ppm

2.5

5.0

INSTALLATION AND
COMMENTS

BLOW COUNT

SAMPLE

TESTING

MATERIAL DESCRIPTION

ELEVATION
DEPTH

0.0

GRAPHIC LOG

DEPTH
FEET

P

Gray SILT (ML), trace sand and clay;
moist (alluvium).

5.0

NS
PID = 2.3 ppm

NS

CA

DP-3(6.5-8)

brown at 7.0 feet
7.5

PID = 34.8 ppm

P

NS

gray-brown at 8.5 feet

10.0

Exploration was completed at a depth
of 10.0 feet.

10.0

Surface elevation was not
measureed at the time of
exploration.
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TESTING

MATERIAL DESCRIPTION

ELEVATION
DEPTH

GRAPHIC LOG

DEPTH
FEET

MOISTURE CONTENT %
RQD%
0

CORE REC%
50

100

ASPHALT CONCRETE (6.0 inches).
Brown SILT (ML), trace sand and clay;
moist - FILL.

0.5
SS

2.5

5.0

P

Gray SILT (ML), trace sand and clay;
moist (alluvium).

5.0

CA

DP-4(5-7)
NS
PID = 16 ppm

SS

CA

7.5

DP-4(7-9)

P

PID = 1679 ppm
SS

10.0
PID = 118.4 ppm
NS

brown, with sand at 11.5 feet
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PID = 2.8 ppm

P

minor clay; wet at 13.5 feet
NS
PID = 1.8 ppm

15.0

Exploration was completed at a depth
of 15.0 feet.

15.0

Surface elevation was not
measureed at the time of
exploration.
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0.5

CA

INSTALLATION AND
COMMENTS

BLOW COUNT

SAMPLE

TESTING

MATERIAL DESCRIPTION

ELEVATION
DEPTH

0.0

GRAPHIC LOG

DEPTH
FEET

MOISTURE CONTENT %
RQD%
0

CORE REC%
50

100

ASPHALT CONCRETE (6.0 inches).
Brown SILT (ML), trace sand and clay;
moist - FILL.

DP-5(0.5-2.5)
NS
PID = 2.4 ppm

2.5

NS

P

NS
PID = 2.2 ppm

trace organics at 4.5 feet (6.0 inches
thick)
5.0

Gray SILT (ML), trace sand and clay;
moist (alluvium).

NS
5.0

SS
PID = 70.2 ppm

CA

DP-5(5.5-7.5)
MS

trace organics (6.0 inches thick) at 6.5
feet
7.5

CA

SS

P

DP-5(7.5-10)
SS
PID = 70.8 ppm

trace organics (6.0 inches thick) at 8.5
feet

SS

10.0

Exploration was completed at a depth
of 10.0 feet.

10.0

Surface elevation was not
measureed at the time of
exploration.
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INSTALLATION AND
COMMENTS

BLOW COUNT

SAMPLE

TESTING

MATERIAL DESCRIPTION

ELEVATION
DEPTH

GRAPHIC LOG

DEPTH
FEET

MOISTURE CONTENT %
RQD%
0

CORE REC%
50

100

ASPHALT CONCRETE (6.0 inches).
Gray SILT (ML), trace sand and clay;
moist - FILL.

0.5
NS

CA

DP-6(1-2.5)
PID = 2.0 ppm
NS

2.5

P

trace gravel (6.0 inches thick) at 2.5
feet

NS
PID = 4.0 ppm

trace gravel (6.0 inches thick) at 3.5
feet

NS

5.0
NS

SS
PID = 126.7 ppm

7.5

CA

P

DP-6(7.5-10)
NS
PID = 697.2 ppm

NS

brown at 9.5 feet
10.0

Exploration was completed at a depth
of 10.0 feet.

10.0

Surface elevation was not
measureed at the time of
exploration.
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