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GEOTECHNICAL INVESTIGATION  
KEYBANK NATIONAL ASSOCIATION - PROPOSED KEYBANK  

WASHINGTON COUNTY, OREGON 
 

1.0 INTRODUCTION

1.1 GENERAL 

This report presents Professional Service Industries’, Inc. (PSI) geotechnical investigation for 

the proposed KeyBank Branch to be constructed in a proposed shopping center located at 6620 

Beaverton Hillsdale Highway in Washington County, Oregon.  Our services were conducted in 

general accordance our agreement with KeyBank National Association dated November 13, 

2009.  The purpose of our geotechnical investigation was to evaluate the subsurface conditions 

at the site, and develop conclusions and recommendations for site preparation and grading, 

floor and foundation, subdrainage, pavement design and seismic design considerations. 

1.2 PROJECT DESCRIPTION 

We understand that the existing restaurant building will be removed prior to the new 

construction.  The site, relative to surrounding features is shown in Figure 1.  A new one story 

building with three teller lanes, a canopy, and asphaltic concrete pavement for automobile 

parking is proposed.  The site layout is roughly presented in Figure 2.   

PSI understands building loads will be on the order of 60 kips for interior columns and 2.5 kips 

per lineal foot for exterior wall loads.   Based on site topography, we expect that earthwork on 

the site will include cuts or fills of less than 2 feet.  Please notify us if the design loads or our 

estimate of site grading is in error so that we can re-evaluate and modify our recommendations, 

if needed.   

2.0 SITE DESCRIPTION 

2.1 GENERAL 

The project site is located 6620 Beaverton Hillsdale Highway in Washington County, Oregon.  

The site is currently occupied by a vacant single story pile supported structure. It appears that 

the roof is supported on timber piles that extend up to the roof beams.  The wall loads appear to 

be supported on concrete spread footings and slab-on-grade, however, they may also have 

timber piles as support.   As-built plans should be obtained prior to the new construction to 

determine the effects of such a system, if in place, could have on the new construction. 

2.2 GEOLOGY 

Available geologic literature indicates the site is mantled with silt with varying amounts of sand 

and clay deposited by catastrophic floods.  The finer sediments are predominantly quartz and 
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feldspar and also contain white mica. The coarser sediments are predominantly Columbia River 

basalt fragments. These sediments are rarely exposed except in manmade excavations.   

Thickness of sediments is highly variable, ranging from less than 15 feet to more than 200 feet.   

2.3 TOPOGRAHPY 

A review of available topographic information indicates the site is relatively flat and is at an 

approximate elevation of 250 feet above mean sea level (MSL). 

3.0 SUBSURFACE CONDITIONS 

3.1 SUBSURFACE DESCRIPTION 

Subsurface materials and conditions were investigated on May 5, 6 and 12, 2010 with five 

borings designated as B-1 through B-5, and one seismic cone penetration test (SCPTU) probe.  

The borings were drilled to depths of 21.5 to 61.5 feet below the ground surface.  The SCPTU 

probe was pushed to a depth of 60 feet below the ground surface.  The approximate locations of 

the explorations are shown on Figure 2.  The field exploration and laboratory testing program for 

this study are discussed in Appendix A.  Logs of the borings are shown in the appendix.  The 

terms used to describe material encountered in the borings are defined in the General Notes 

and Soil Classification Chart.  Silt was encountered at the ground surface in the borings.  The 

silt has a variable sand content that ranges from a trace of sand to sandy and typically contains 

a trace to some clay.  N-values ranging from 0 to 20 blows per foot indicate the relative 

consistency of the silt ranges from very soft to stiff. The natural moisture content ranges from 25 

to 41 percent.    

Our interpretation of the soil encountered at the site is shown in the Borings Logs provided in 

Appendix A.  

3.2 GROUNDWATER 

Pore pressure dissipation test performed with in SCPTU probes indicate groundwater level is at 

about 7 feet below the ground surface.   Generally, the highest groundwater levels occur in late 

winter and early spring; and the lowest levels in late summer and early fall.  Pore water 

dissipation test results are provided on Figure 8A. 

4.0 CONCLUSIONS AND RECOMMENDATIONS 

4.1 GENERAL 

Based on the results of our field explorations, laboratory testing results, and our engineering 

analysis, it is our opinion due to potential for significant liquefaction settlement at the site that 
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the structures should be supported with a shallow mat foundation, driven piles, or rammed 

aggregate piers. 

4.2 LIQUEFACTION 

 We have performed a liquefaction evaluation at the site.  Based on the subsurface conditions 

disclosed by this investigation, it appears that there is some risk that liquefaction could occur during 

a major seismic event.  Liquefaction is a process by which loose, saturated, granular materials, such 

as sand and to a lesser degree silts, temporarily loose strength during and immediately after a 

seismic event.  Liquefaction occurs when seismic waves pass through saturated granular soil and 

silt and distort the soil structure causing loosely packed groups of particles to collapse.  If drainage 

cannot occur, the collapsing soil structure increases the pore water pressure between grains.  If 

pore water pressure rises to a level approaching the weight of the overlying soil, the granular layer 

temporarily behaves as a viscous fluid rather than a solid.  Liquefaction induced settlement occurs 

as pore water pressure dissipate and the soil consolidates after the earthquake. 

The results of our studies indicate that 5 to 7 inches of liquefaction-induced settlements could occur 

at the site during a major seismic event.  However, due to the 4 feet to 6 feet of desiccated soil 

encountered at the ground surface, it is unlikely that the total estimated settlements would manifest 

at the ground surface.  We anticipate that from a structural standpoint, the magnitude of total 

settlement is not as important as the differential settlement that may occur over the footprint of the 

building.  Although there is no standard method to estimate differential settlement due to 

liquefaction, in our opinion, a differential settlement of half the total settlement over a span of 50 feet 

would be a reasonable estimate for evaluating structural performance. 

4.3 SITE PREPARATION 

The planned construction area should be stripped of any remaining vegetation, organic matter, 

and any deleterious fill, if encountered.  Due to the existing building on site, we anticipate its 

existing foundations, and utilities be removed.  This will most likely disturb the upper 2 to 4 feet 

of the on-site soils and may require the import of off-site granular fill as discussed later in this 

report.  As previously mentioned on Site Description, as-built plans should be obtained to 

ensure timber piles are not located beneath the existing structures.  If the piling exists, 

modification to this report and the construction activities will be required.   

Stripped material should be transported offsite for disposal, stockpiled for later use as fill in 

landscaped areas, as approved by the site landscape architect.  A member of our geotechnical 

staff should observe the exposed subgrade after stripping, and site excavations have been 

completed to determine if there are areas of unsuitable soil.  We anticipate any areas requiring 

soil removal will be replaced with off-site granular fill as discussed herein. 
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4.4 CONSTRUCTION CONSIDERATIONS 

The near surface layer at the site might not support heavy trucks or line trucks when wet.   We 

recommend constructing access roads for construction and repair vehicles consisting of at least 

18 inches of crushed rock that conforms to the gradation as recommended below in the 

“Structural Fill” section of this report. 

4.5 UTILITY TRENCH EXCAVATION AND BACKFILL 

Excavations should be made in accordance with applicable Federal and State Occupational 

Safety and Health Administration regulations.  Utility trenches in the near surface silt should 

stand vertical to a depth of approximately 2 to 4 feet.  Flatter inclinations may be appropriate 

and will ultimately depend on the soil conditions encountered during earthwork. While we may 

recommend certain approaches for trench excavations, the contractor should be responsible for 

selecting the excavation technique, monitoring the trench excavations for safety, and providing 

shoring, as required, to protect personnel and adjacent improvements.     

Excavation and construction operations may expose the on site soils to inclement weather 

conditions.  The stability of exposed soils may deteriorate due to a change in moisture content 

or the action of heavy or repeated construction traffic.  Accordingly, foundation and pavement 

area excavations should be protected from the elements and from the action of repetitive or 

heavy construction loadings.  If areas of soft soil or excessive yielding are identified, the 

material should be excavated and replaced with compacted materials as recommended for 

structural fill.   

Trench backfill should conform to the recommendations provided for structural fill.  In addition, 

backfill of the pipe embedment zone, including the bedding zone and pipe zone, should be 

placed and compacted in maximum lifts of 6 inches.  Trench backfill above the pipe zone should 

be placed and compacted with a minimum of two lifts.  A minimum cover of 3 feet over the top of 

the pipe should be placed before compacting with a hydraulic plate compactor (hoe-pack).   

Within pavement areas, trench backfill placed within 3 feet of finished grade should be 

compacted to at least 95 percent of the maximum dry density as determined by American 

Society for Testing and Materials (ASTM) D698.   

4.6 STRUCTURAL FILL 

Regardless of material or location, structural fill should be placed over firm, unyielding subgrade 

prepared in accordance with the "Site Preparation" section of this report.  The condition of the 

subgrade should be evaluated by a PSI representative before filling or construction begins.  Fill 

soil compaction should be evaluated by in-place density tests performed during fill placement so 

that adequacy of soil compaction efforts may be evaluated as earthwork progresses.  When fill 

material is inconsistent or when particle size is greater than 1½-inch diameter, fill placement 
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should be observed and compaction evaluated by observation of a proofroll, if possible, or the 

operation of heavy rubber tired construction equipment. 

The onsite soils are sensitive to small changes in moisture content and may be difficult, if not 

impossible, to compact adequately due to the soft on-site soils and during wet weather or when 

their moisture content is in excess of the optimum moisture content.  We recommend using 

imported granular material for structural fill when soil is excavated on site. 

Imported granular material for structural fill should be pit-run or quarry-run rock, crushed rock, 

crushed gravel, or sand.  It should be fairly well-graded between coarse and fine material and 

have less than 5 percent by weight passing the U.S. Standard No. 200 Sieve. The material 

should be placed in lifts with a maximum uncompacted thickness of 8 inches and compacted to 

not less than 95 percent of the maximum dry density as determined by ASTM D698.  During the 

wet season or when wet subgrade conditions exist, the initial lift should be approximately 18 

inches in uncompacted thickness and should be compacted by static rolling with a smooth drum 

roller. 

4.7 SHALLOW MAT FOUNDATIONS 

We understand the mat shallow foundation is an alternative foundation system for the site 

improvement. 

Foundation subgrade soil should consist of medium dense to very dense silty sand/sandy silt.  

Footings should not be cast on loose, soft, or frozen soil; slough; debris; existing uncontrolled 

fill; or surfaces covered by standing water.  Should unsuitable soil be encountered during 

foundation excavations, those soils should be removed and replaced with granular structural fill. 

Shallow mat foundation should be proportioned for an allowable bearing pressure of 1,000 psf.  

The bottom of mat foundation should be at least 24 inches below the lowest adjacent final 

grade.   

The recommended allowable bearing pressure applies to the total of dead plus long-term live 

loads.  The allowable bearing pressure may be increased to 1,500 psf for short-term loads, such 

as those resulting from wind or seismic forces.   

Estimates of static settlement are on the order of less than one inch total.  Differential settlement 

should generally be less than one half of total settlement.   

4.7.1 Lateral Resistance for Footings  

Lateral loads of the proposed buildings founded on structural fill over a suitable silt subgrade 

can be resisted by passive earth pressure by friction on the base of the footings.  We 

recommend using the Coefficients of Friction provided in Table 2.    
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TABLE 2:  LATERAL RESISTANCE FACTORS 

Soil Type 
Allowable Friction 

Coefficient 

On-Site SILTY SAND 0.40 

Granular FILL 0.45 

4.8 DEEP FOUNDATIONS 

As an alternative for the site improvement,  it is our opinion that deep foundations may be 

suitable for this project to support the planned exterior wall and roof loads.   In order to limit 

settlements to tolerable limits several alternatives for founding the building are available and 

suitable for the project.    

The following recommendations and comments are provided for pile design and installation 

purposes. 

4.8.1 Aggregate Piers 

Aggregate piers improve the bearing capacity, reduce the risk of settlement, and improve the 

performance of the structures during, and immediately following a seismic event, of soils 

beneath spread footings.  They provide favorable support for spread footings when more dense 

soil is within a range of about 25 feet of footing subgrade elevation.  Several aggregate pier 

installations are available including Hayward Baker and GeoPier®.   

Aggregate piers are typically installed by auger boring to a suitable soil horizon and then 

backfilling the borehole with high quality crushed rock that is compacted using a special 

hydraulic rammer.  For similar sites piers are typically installed in a grid.  The most common pier 

diameter is 30 inches. 

Pier design is based in part on elastic compression/settlement limits and column loading 

established by the project structural engineer.  Rammed aggregate pier design is typically 

performed by the specialty contractor. 

4.8.2  Driven Grout Piles  

Driven Grout Piles—a proprietary design-build product of a local specialty geotechnical 

contractor—are installed by continuously driving a pipe with a mandrel at the tip with the pipe 

containing an annular column of pressurized fluid grout.  The fluid grout column allows the 

driving energy to be localized at the pile tip.  Once the pile is driven to its design depth, the 

mandrel is removed as pressurized grout is injected.  A reinforcing cage or individual 

longitudinal bars are then installed in the still-fluid grout. 
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Driven grout piles offer high capacities but require specialized installation equipment.  They do 

not generate spoils from subsurface soils, thereby eliminating disposal cost.  Compared to other 

pile types, driven grout piles appear may offer a performance and cost advantage for this 

project. 

4.9 SLAB-ON-GRADE FLOORS 

Satisfactory subgrade support for lightly loaded building floor slabs can be obtained on the 

undisturbed native sandy gravel, or on engineered structural fill.  An 8-inch-thick layer of 

imported granular material should be placed and compacted over the prepared subgrade to 

assist as a capillary break.  A subgrade modulus of 150 pounds per cubic inch may be used to 

design the floor slab. 

Imported granular material should be crushed rock or crushed gravel and sand that is fairly well-

graded between coarse and fine, contain no deleterious materials, have a maximum particle 

size of 1½ inches, and have less than 5 percent by weight passing the U.S. Standard No. 200 

Sieve.  The imported granular material should be placed in one lift and compacted to not less 

than 95 percent of the maximum dry density as determined by ASTM D698. 

Bank vault floor slabs should extend monolithically beyond any vault doors. 

Vapor retarding membranes are often required by flooring manufacturers to protect flooring and 

flooring adhesives.  Many flooring manufacturers will warrant their product only if a vapor 

retarding membrane is installed according to their recommendations.  However, vapor retarding 

membranes can trap and hold excess moisture when installed in rainy weather.  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. 

4.10 DRAINAGE 

We recommend footing drains be placed around the exterior of the building foundation to reduce 

the potential for lateral migration of moisture into the building envelope.  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 buildings be 

sloped to facilitate positive drainage away from the buildings. 

4.11  PAVEMENT 

In lieu of project-specific traffic estimates, the following pavement design recommendations are 

based on our experience with similar facilities and subgrade conditions. 
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For automobile parking areas, we recommend a pavement section consisting of 3 inches of 

asphaltic concrete (AC) over 8 inches of crushed rock base (CRB) or 5 inches of Portland Cement 

concrete (PCC) over 5 inches of crushed rock base (CRB).  For truck traffic areas, the pavement 

section should consist of 4 inches of AC over 12 inches of CRB or 6 inches of PCC over 8 inches 

of CRB.  These recommended pavement sections are based on the assumption that the subgrade 

consists of firm, undisturbed soil or fine-grained structural fill and that the pavement will be 

constructed during the dry summer months.  Proofrolling should be used to evaluate pavement 

subgrade.  Any soft areas disclosed by proofrolling will likely require overexcavation and 

replacement with structural fill.  Some contingency should be provided for the repair of any soft 

areas.  If pavement construction is scheduled for the wet season, it will be necessary to increase 

the above-recommended base course sections. 

Permanent, properly installed drainage is also an essential aspect of pavement design and 

construction.  All paved areas should have positive drainage to prevent ponding of surface water 

and saturation of the base course.   

5.0 ADDITIONAL SERVICES 

Because the future performance and integrity of the structural elements will depend largely on 

proper site preparation, drainage, fill placement, and construction procedures, monitoring and 

testing (geotechnical special inspection) by experienced geotechnical personnel should be 

considered an integral part of the design process.  Consequently, we recommend that PSI be 

retained to provide the following post-investigation services:   

 Review construction plans and specifications to verify that our design criteria presented in this 

report have been properly integrated into the design   

 Attend a pre-construction conference with the design team and contractor to discuss important 

geotechnical related construction issues  

 Observe exposed subgrade after completion of stripping and mass grading to confirm that 

suitable soil conditions have been reached   

 Observe the placement of structural fill by observation and testing of compaction to verify 

conformance with the construction specifications   

 Observe footing and floor slab subgrade before granular fill material or concrete is placed, in 

order to verify the soil bearing capacity  

 Observe the installation of floor slab base rock to verify conformance with the construction 

plans   

 Observe the subgrade, granular pads, drainage, and backfill installation for retaining walls, if 

constructed.   

 Prepare a post-construction letter-of-compliance summarizing our field observations, 

inspections, and test results 
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6.0 REPORT LIMITATIONS 

This report has been prepared for the exclusive use of KeyBank National Association for the 

specific application to the proposed bank to be located at 6620 SW Beaverton Hillsdale 

Highway in Washington County, Oregon.  The recommendations submitted in this report are 

based on the subsurface information obtained by PSI and design details furnished by 

representatives to us.   

After plans and specifications are more complete, PSI should be retained and provided the 

opportunity to review the final design plans and specifications to verify that our engineering 

recommendations have been properly incorporated into the design documents.  

PSI warrants that the findings, recommendations, specifications, or professional advice 

contained herein have been provided in accordance with generally accepted professional 

geotechnical engineering practices in the local area.  No other warranties are implied or 

expressed.  

Our scope of services did not include an assessment for determining the presence or absence 

of wetlands or hazardous or toxic materials in the soil, bedrock, surface water, groundwater, or 

air on or below, or around this site.  Any statements in this report or on the boring log regarding 

odors, colors, and unusual or suspicious items or conditions are strictly for informational 

purposes.   

PSI did not provide any service to investigate or detect the presence of moisture, mold or other 

biological contaminants in or around any structure, or any service that was designed or intended 

to prevent or lower the risk of the occurrence of the amplification of the mold.  Client 

acknowledges that mold is ubiquitous to the environment with mold amplification occurring when 

building materials are impacted by moisture.  Client further acknowledges that site conditions 

are outside of PSI’s control, and that mold amplification will likely occur, or continue to occur, in 

the presence of moisture.  As such, PSI cannot and shall not be held responsible for the 

occurrence or recurrence of mold amplification. 
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Field Exploration Program, Lab Testing Program, General Notes, Soil 
Classification Chart, Records of Subsurface Explorations, Laboratory Testing 

Results 
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FIELD EXPLORATION PROGRAM 

General  

PSI explored subsurface conditions at the site on May 5, 6 and 12, 2010 with five soil borings 

(B-1 through B-5) to depths of 21½ to 61½ feet below the ground surface (bgs), and one 

SCPTU probe, designated CPT-1.  The explorations were explored at the approximate locations 

shown on Figure 2.  The borings were advanced using mud rotary drilling methods with a truck 

mounted CME 75 drill rig. 

 

A representative of PSI geotechnical staff was present during the explorations to record soil and 

groundwater conditions encountered in our boring and to obtain soil samples for laboratory 

testing.   

 

Sampling Procedures 

Soil samples were obtained from the boring using a 2-inch OD Split Spoon sampler in general 

conformance with guidelines presented in ASTM D 1586, Standard Test Method for Penetration 

Test and Split Barrel Sampling of Soils. The sampler was driven into the soil a distance of 18 

inches or to refusal using a 140-pound auto-hammer free falling a distance of 30 inches.  The 

sum of the blows required to drive the split spoon sampler the final two increments of 6 inches is 

recorded in the boring logs.  If the sampler met refusal, the number of inches driven and the 

number of blows is recorded.  Blow counts shown in the boring logs are uncorrected blow 

counts as recorded in the field.  

 

Samples obtained in the exploration were sealed in airtight containers to retain moisture and 

returned to our laboratory for additional examination and testing. 

 

Field Classification 

Soil samples were initially classified in the field.  Consistency, color, relative moisture, degree of 

plasticity, peculiar odors and other distinguishing characteristics of the soil samples were noted.  

The terminology used in the soil classifications and other modifiers are defined in the General 

Notes in this attachment.  

 

Exploration Logs 

Summary of the boring log follows in this appendix.  The left-hand portion of the boring log 

provides our interpretation of the soil encountered in the boring, sample depths, and 

groundwater information.  The right-hand, graphic portion of the boring logs shows the results of 

the SPT blow counts and the results of laboratory testing.   
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Soil descriptions and interfaces between soil types shown in the logs are interpretive, and actual 

changes may be gradual. 

 

LABORATORY TESTING PROGRAM AND PROCEDURES 

 

General 

Soil samples obtained during the field explorations were examined in our laboratory.  The 

physical characteristics of the samples were noted and the field classifications were modified 

where necessary in accordance with terminology presented the General Notes included in this 

appendix. 

 

Representative samples were selected during the course of the examination for further testing.  

The testing program included visual-manual classification.  The testing procedures and results 

of the tests are summarized below.   

 

Visual-Manual Classification 

The soil samples were classified in general accordance with guidelines presented in ASTM 

D2488, Standard Practice for Description and Identification of Soils (Visual-Manual Procedure).  

Certain terminology incorporating current local engineering practice, as provided in the Soil 

Classification Chart included with or in lieu of ASTM terminology.  The term which best 

described the major portion of the sample was used in determining the soil type (that is, gravel, 

sand, silt or clay). 

Natural Water Content 

Natural moisture content determinations were made on selected samples.  The natural moisture 

content is defined as the ratio of the weight of water to dry weight of soil, expressed as a 

percentage.  The results of the moisture content determinations are presented on the boring 

logs in this appendix. 

Dry Unit Weight 

The dry unit weight of representative soils was determined in the laboratory using Shelby tube 

samples.  The dimensions of the specimen were carefully measured, the volume calculated, and the 

specimen weighed.  After oven drying, the specimen was reweighed and the water content 

calculated.  The dry unit weight was then computed.  The dry unit weights are reported on the boring 

log.  
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Atterberg Limits  

Atterberg Limits were determined on selected samples in accordance with ASTM D4318.  This 

analysis aids in soil classification.  The results of the Atterberg Limit tests, which include liquid 

and plastic limits, are plotted in the Atterberg Limits Results Chart in this appendix.  

Fines Content 

A fines content determination was conducted on selected samples in accordance with ASTM 

C117.  This analysis presents the percentage of material finer than the US Standard No. 200 

sieve based on dry weight.  The results of the test are presented on the boring logs in this 

appendix.  

Consolidation 

Consolidation testing was performed in our laboratory in general conformance with guidelines 

presented in ASTM D2435.  Moisture content and unit weight determinations are part of the 

consolidation testing procedure.  Results of consolidation testing are used to estimate 

settlement of the material tested.  The testing results are provided in this appendix.   

 

 

 





RELATIVE PROPORTIONS OF SAND AND GRAVEL

STRUCTURE DESCRIPTION

Description

Stratified:

Laminated:

Fissured:

Slickensided:

Description

Blocky:

Lensed:

Layer:

Seam:

Parting:

CONSISTENCY OF FINE-GRAINED SOILS

Page 2 of 2

MOISTURE CONDITION DESCRIPTION

0 - 0.25

0.25 - 0.50

0.50 - 1.00

1.00 - 2.00

2.00 - 4.00

4.00 - 8.00

8.00+

Extremely Soft

Very Soft

Soft

Medium Hard

Moderately Hard

Hard

Very Hard

      % Dry Weight      

< 15%

15% to 30%

>30%

SCALE OF RELATIVE ROCK HARDNESS

                       Criteria                       

Absence of moisture, dusty, dry to the touch

Damp but no visible water

Visible free water, usually soil is below water table

0 - 2

2 - 4

4 - 8

8 - 15

15 - 30

30 - 50

50+

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

Very Hard

ConsistencyN - Blows/footQU - TSF

GENERAL NOTES

Descriptive Term

Trace:

With:

Modifier:

GRAIN-SIZED TERMINOLOGY

(Typically Sedimentary Rock)

Slightly Weathered:

Weathered:

Highly Weathered:

DEGREE OF WEATHERING

Rock Mass Description

Excellent

Good

Fair

Poor

Very Poor

Rock generally fresh, joints stained and discoloration

extends into rock up to 25 mm (1 in), open joints may

contain clay, core rings under hammer impact.

Rock mass is decomposed 50% or less, significant

portions of the rock show discoloration and

weathering effects, cores cannot be broken by hand

or scraped by knife.

Rock mass is more than 50% decomposed, complete

discoloration of rock fabric, core may be extremely

broken and gives clunk sound when struck by

hammer, may be shaved with a knife.

         Size Range         

>4.76 mm

2.0 mm - 4.76 mm

0.42 mm - 2.0 mm

0.075 mm - 0.42 mm

<0.075 mm

RQD Value

90 -100

75 - 90

50 - 75

25 -50

Less than 25

ROCK QUALITY DESCRIPTION

          Void Diameter          

<6 mm (<0.25 in)

6 mm to 50 mm (0.25 in to 2 in)

50 mm to 600 mm (2 in to 24 in)

>600 mm (>24 in)

QU - TSF

ROCK VOIDS

                            Criteria                            

Cohesive soil that can be broken down into small

angular lumps which resist further breakdown

Inclusion of small pockets of different soils

Inclusion greater than 3 inches thick (75 mm)

Inclusion 1/8-inch to 3 inches (3 to 75 mm) thick

extending through the sample

Inclusion less than 1/8-inch (3 mm) thick

     Component     

Very Coarse Grained

Coarse Grained

Medium Grained

Fine Grained

Very Fine Grained

(Continued)

2.5 - 10

10 - 50

50 - 250

250 - 525

525 - 1,050

1,050 - 2,600

>2,600

Description

Very Thick Bedded

Thick Bedded

Medium Bedded

Thin Bedded

Very Thin Bedded

Thickly Laminated

Thinly Laminated

Description

Dry:

Moist:

Wet:

                            Criteria                            

Greater than 3-foot (>1.0 m)

1-foot to 3-foot (0.3 m to 1.0 m)

4-inch to 1-foot (0.1 m to 0.3 m)

1¼-inch to 4-inch (30 mm to 100 mm)

½-inch to 1¼-inch (10 mm to 30 mm)

1/8-inch to ½-inch (3 mm to 10 mm)

1/8-inch or less "paper thin" (<3 mm)

                            Criteria                            

Alternating layers of varying material or color with

layers at least ¼-inch (6 mm) thick

Alternating layers of varying material or color with

layers less than ¼-inch (6 mm) thick

Breaks along definite planes of fracture with little

resistance to fracturing

Fracture planes appear polished or glossy,

sometimes striated

Consistency

ROCK BEDDING THICKNESSES

Voids

Pit

Vug

Cavity

Cave



SYMBOLS

SW

TYPICAL
DESCRIPTIONS

WELL-GRADED GRAVELS, GRAVEL -
SAND MIXTURES, LITTLE OR NO
FINES

POORLY-GRADED GRAVELS,
GRAVEL - SAND MIXTURES, LITTLE
OR NO FINES

SILTY GRAVELS, GRAVEL - SAND -
SILT MIXTURES

GRAPH

SM

MAJOR DIVISIONS

SOIL CLASSIFICATION CHART

PT

GC

GM

GP

GW

LETTER

COARSE
GRAINED

SOILS

SP

OH

CH

MH

OL

CL

ML

SC

(APPRECIABLE
AMOUNT OF FINES)

ORGANIC CLAYS OF MEDIUM TO
HIGH PLASTICITY, ORGANIC SILTS

PEAT, HUMUS, SWAMP SOILS WITH
HIGH ORGANIC CONTENTS

CLEAN
GRAVELS

GRAVELS WITH
FINES

CLEAN SANDS

(LITTLE OR NO FINES)

SANDS WITH
FINES

LIQUID LIMIT
LESS THAN 50

LIQUID LIMIT
GREATER THAN 50

HIGHLY ORGANIC SOILS

(APPRECIABLE
AMOUNT OF FINES)

ORGANIC SILTS AND ORGANIC
SILTY CLAYS OF LOW PLASTICITY

(LITTLE OR NO FINES)

FINE
GRAINED

SOILS

SAND
AND

SANDY
SOILS

SILTS
AND

CLAYS

SILTS
AND

CLAYS

MORE THAN 50%
OF MATERIAL IS
LARGER THAN
NO. 200 SIEVE

SIZE

MORE THAN 50%
OF MATERIAL IS
SMALLER THAN
NO. 200 SIEVE

SIZE

MORE THAN 50%
OF COARSE
FRACTION

PASSING ON NO.
4 SIEVE

MORE THAN 50%
OF COARSE
FRACTION

RETAINED ON NO.
4 SIEVE

NOTE:  DUAL SYMBOLS ARE USED TO INDICATE BORDERLINE SOIL CLASSIFICATIONS

GRAVEL
AND

GRAVELLY
SOILS

INORGANIC CLAYS OF HIGH
PLASTICITY

INORGANIC SILTS, MICACEOUS OR
DIATOMACEOUS FINE SAND OR
SILTY SOILS

CLAYEY GRAVELS, GRAVEL - SAND -
CLAY MIXTURES

WELL-GRADED SANDS, GRAVELLY
SANDS, LITTLE OR NO FINES

POORLY-GRADED SANDS,
GRAVELLY SAND, LITTLE OR NO
FINES

SILTY SANDS, SAND - SILT
MIXTURES

CLAYEY SANDS, SAND - CLAY
MIXTURES

INORGANIC SILTS AND VERY FINE
SANDS, ROCK FLOUR, SILTY OR
CLAYEY FINE SANDS OR CLAYEY
SILTS WITH SLIGHT PLASTICITY

INORGANIC CLAYS OF LOW TO
MEDIUM PLASTICITY, GRAVELLY
CLAYS, SANDY CLAYS, SILTY CLAYS,
LEAN CLAYS
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Soft, brown, low plasticity, clayey SILT; moist

Soft, brown to dark brown to black, low
plasticity, clayey SILT; moist

...some medium sand encountered

Stiff, gray to mottled brown, medium plasticity,
clayey SILT; moist
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Boring terminated at 31.5 feet below ground
surface on 5/5/10.  Groundwater was not
encountered during exploration.  Hole
backfilled with hydrated bentonite chips upon
completion.
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Boring terminated at 31.5 feet below ground
surface on 5/6/10.  Groundwater was not
encountered during exploration.  Hole
backfilled with hydrated bentonite chips upon
completion.

Stiff, light brown to rust to mottled gray, high
plasticity, silty CLAY; moist
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orange-rust spots, medium plasticity, silty
CLAY; moist
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...no recovery

...become very soft

...no recovery

Ver soft to soft, gray to mottled brown, low
plasticity, clayey SILT; moist

3 inches of asphalt

Boring terminated at 21.5 feet below ground
surface on 5/6/10.  Groundwater was not
encountered during exploration.  Hole
backfilled with hydrated bentonite chips upon
completion.
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Boring terminated at 21.5 feet below ground
surface on 5/6/10.  Groundwater was not
encountered during exploration.  Hole
backfilled with hydrated bentonite chips upon
completion.
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coarse sand; moist

Very soft, brown, low plasticity, clayey SILT;
moist
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dark gray, medium plasticity, silty CLAY with
trace fine gravel; moist
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Boring terminated at 61.5 feet below ground
surface on 5/12/10.  Groundwater was not
encountered during exploration.  Hole
backfilled with hydrated bentonite chips upon
completion.
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One Dimensional Consolidation Properties 
(Oedometer) 

 
Client Key Bank Lab Ref test 1 of 1 
Project Raleigh Hills Key Bank Job 0704193 
Borehole B2 Sample 1 
Location Beaverton Depth 4.50 

 
Test Details 

Standard ASTM D2435-96 / AASHTO T216-94 Particle Specific 
Gravity 

2.65 

Sample Type Core sample Lab. Temperature 71.0 deg.F 

Method of Testing (A/B) A    

Sample Description moist brown silt with fine sand 

Variations from Procedure None 

 
Specimen Details 

Specimen Reference A Description moist brown silt with fine sand 

Depth within Sample 0.0000in Orientation 
within Sample 

 

Specimen Mass 0.2586 lb Condition Natural Moisture 
Specimen Height 0.7850 in Preparation moist 
Comments  

 
Apparatus 

 
Ring Number 1 Ring Diameter 2.4900 in 
Ring Height 0.7850 in Ring Weight 0.1371 lb 
Lever Ratio 10.00 : 1 Drainage Double-Sided  
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One Dimensional Consolidation Properties 
(Oedometer) 

 
 

Client Key Bank Lab Ref test 1 of 1 
Project Raleigh Hills Key Bank Job 0704193 
Borehole B2 Sample 1 
Location Beaverton Depth 4.50 

 
 

Initial Moisture 
Content* 

38.7 % Final Moisture Content 32.3 % 

Initial Bulk Density 116.90 lb/ft3 Final Bulk Density 128.77 lb/ft3 

Initial Dry Density 84.31 lb/ft3 Final Dry Density 97.35 lb/ft3 

Initial Void Ratio  0.9623 Final Void Ratio  0.6994 

Initial Degree of 
Saturation 

106.46% Final Degree of Saturation 122.30% 

Pre-consolidation 
Pressure 

0.00 psi   

 * Calculated from initial and dry weights of whole specimen 
 

 
  

 

Pressure 
(Loading) 

Load Increment 
Duration 

Deformation
(Corrected) 

d100   (Corrected) Coefficient of Consolidation (cv) 

0.00     

0.87 psi 60.000 min 0.0041 in 0.0039 in 0.05126 in2/min 

1.74 psi 48.000 min 0.0077 in 0.0070 in 0.15985 in2/min 

3.63 psi 38.000 min 0.0128 in 0.0120 in 0.15774 in2/min 

6.94 psi 3600.000 min 0.0203 in 0.0188 in 0.02460 in2/min 

13.86 psi 60.000 min 0.0280 in 0.0266 in 0.19020 in2/min 

27.78 psi 60.000 min 0.0417 in 0.0392 in 0.17606 in2/min 

55.44 psi 76.000 min 0.0660 in 0.0608 in 0.14257 in2/min 

110.88 psi 60.000 min 0.1076 in 0.0989 in 0.14324 in2/min 

222.22 psi 120.000 min 0.1608 in 0.1503 in 0.07958 in2/min 

111.11 psi 24.000 min 0.1569 in --------- --------- 

55.55 psi 24.000 min 0.1565 in --------- --------- 

27.77 psi 12.000 min 0.1526 in --------- --------- 

13.89 psi 19.000 min 0.1476 in --------- --------- 

3.63 psi 12.000 min 0.1313 in --------- --------- 

0.01 psi 38.000 min 0.1052 in --------- --------- 

     

Method of Time Fitting Used Square Root Time 



 
 
 
 

                                                                                                                                                                                           Page 3 of 3 
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(Oedometer) 

 
 

Client Key Bank  Lab Ref test 1 of 1 
Project Raleigh Hills Key Bank Job 0704193 
Borehole B2 Sample 1 
Location Beaverton Depth 4.50 

 
 
 
 

 
 
 
 
 
 

Tested By 
and Date: 

JF 5-21-2010 
AK 5-24-2010 

Checked By 
and Date: 

 

Approved By 
and Date: 
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