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GEOTECHNICAL ENGINEERING DESIGN STUDY 
REI CAMPUS 
KENT, WASHINGTON 

INTRODUCTION 

This report presents Hart Crowser's geotechnical engineering evaluation and 

recommendations for the proposed REI Campus, located along South 2281h Street, 

in Kent, Washington. Significant project aspects include the construction of a two 

story office building ( office No.1), a three story office building ( office No. 2), and a 

single story commons building. After this introduction, the report presents the 

following: 

• Summary; 

• Project understanding; 

• Subsurface conditions; 

• Engineering conclusions; and 

• Appendices addressing field explorations and laboratory data. 

PURPOSE, SCOPE, AND PROJECT UNDERSTANDING 

Purpose of Work 

Hart Crowser 
1740-03 

The purpose of our work was to provide geotechnical engineering 

recommendations for the design and construction of the proposed structures. 

Our recommendations include: 

• Site preparation; 

• Grading; 

• Foundation design; 

Drainage; 

• Estimated settlement for engineered fill and footings; 

Shallow and Deep Foundation design; 

• Preload Recommendations; 
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• Other pertinent geotechnical design criteria and construction 
considerations. 

Scope of Work 

Our scope of work for this project included: 

• 

• 

• 

• 

A review of general geologic literature and previous geotechnical reports in 

the project vicinity; 

Surficial reconnaissance; 

Subsurface explorations; 

Laboratory testing; 

Geotechnical engineering analyses; and 

• Preparation of this report. 

LIMITATIONS OF OUR WORK 

Hart Crowser completed this work in general accordance with our proposal 

99-51-1153 dated May 5, 1999. This work was performed for the exclusive use of 

REI, Mithun Partners, and their consultants for specific application to this project 

and site. We performed this work in accordance with generally accepted 

professional practices in the same or similar localities, related to the nature of the 

work accomplished, at the time the services were performed. No other warranty, 

express or implied, is made. 

SITE DESCRIPTION AND PROJECT UNDERSTANDING 

Hart Crowser 
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The total campus area is approximately 280,000 square feet. Previous site 

development includes two REI campus buildings. These buildings consist of: a 

two story concrete structure known as The Anderson Building, and a two story tilt 

up structure known as The Whittaker Building. The remaining areas of the site 

serve as either asphalt paved surface parking, or landscaped areas. The site is 

relatively flat, with surface elevations varying between 28 to 34 feet MSL. Slope 

gradients are estimated to be less than 5% over the majority of the site. A low 

lying landscape berm {3 to 4 feet in height) bisects the center of the proposed 

development area. 
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It is Hart Crowser's understanding that the proposed project will consist of the 

construction of a two story office structure ( office No.1 ), a three story office 

structure (office No. 2), and a single story commons building. Preliminary square 

footage estimates for office No.1, office No.2, and the commons, are 

approximately 48,000 sq. ft., 106,000 sq. ft., and 9,000 sq. ft. respectively. 

Office Buildings No.1 and No.2 will consist of steel type construction with truss

joist framing, metal deck and concrete slab construction. Exterior walls will be tilt

up panels. The commons building will be wood framed type construction. 

Preliminary foundation loads, as provided to Hart Crowser by the project 

structural engineer, Coughlin, Porter, Lundeen are summarized below: 

Office No.1, two story structure. Typical interior column total loads (i.e. live load 

plus dead load) are anticipated to be 120 kips or less. Exterior wall total loads are 

not anticipated to exceed approximately 4.8 kips per lineal foot. 

Office No. 2, three story structure. Typical interior column total loads (i.e. live 

load plus dead load) are anticipated to be 200 kips or less. Exterior wall total 

loads are not anticipated to exceed approximately 7.8 kips per lineal foot. 

Commons Building, single story. Typical interior column total loads (i.e. live load 

plus dead load) are not anticipated to exceed approximately 20 kips. 

Finished first floor elevations for all three buildings is to be established at elevation 

30.5 feet. 

Other site improvements anticipated for the project include the construction of 

access drives, landscaping areas, sidewalks, and installation of various 

underground services and utilities. 

SUMMARY OF CONCLUSIONS AND RECOMENDATIONS 

Results of Field Exploration 

Hart Crowser 
1740-03 

Following is a summary of the findings in this report. Please refer to the full report 

for all of the assumptions and details regarding our findings. 

Subsurface conditions generally consist of topsoil, asphalt pavement, or 

landscaped areas mantling approximately 2 to 3 feet of granular fill. A 

very loose silty fine sand to soft sandy silt underlays the gravel fill. This 

material was observed to extend to depths of approximately 1 5 to 20 feet 

below the existing ground surface. The loose silty fine sand soil unit 
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grades to a medium dense to dense silty sand. This material was observed 

to extend to depths of approximately 40 to 45 feet below the existing 

ground surface. Soft clays and organic silts are present from 

approximately 40 to 55 feet. From depths of approximately 55 feet and 

extending to depths of approximately 65 feet, soils consisting of very loose 

to loose sandy silt, or soft organic silts and clays were observed. Below 

these loose/soft soil layers, native soils grade to medium dense to very 

dense silty sand. 

• Soils immediately below building pad areas are soft and very 

compressible. 

• Groundwater was encountered at depths of approximately 6 feet below 

the existing ground surface at the time of our subsurface exploration 

( exploratory drilling was conducted in June of 1999). Previous subsurface 

explorations conducted by Hart Crowser in May of 1986 encountered 

groundwater at depths of approximately 4 feet below the existing ground 

surface. Groundwater levels should be expected to rise several feet 

during late fall through late spring months. 

Site Preparation and Excavations 

Hart Crowser 
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Mow and Grub. It is recommended that topsoil stripping not be conducted on 

root mat located below elevation 29.0 feet. Those areas of the project site below 

this elevation should be mowed and grubbed of large tree rootballs. Areas of the 

site located above elevation 29.0 feet need only be stripped prior to placement of 

prelude or structural fill. 

Structural Fill. The native sandy silt and silty sand material mantling the site may 

be utilized for structural fill only during dry weather grading. Moisture 

conditioning of native soils may be required during fill placement in order to 

achieve acceptable levels of compaction. 

Preloading. Due to the compressible nature of the native soils mantling the site, 

preloading of all building pad areas is recommended. Six to ten foot high 

preloads (assuming moderately compacted sand and gravel is used for preload 

material) would be optimal in reducing long term settlements. 

Overexcavation and Replacement. Following site preload, we recommend 

overexcavating footing subgrade areas for the Commons Building and Office 

No.1. Replacement material should consist of compacted clean granular material. 

The Commons Building foundation subgrade should be overexcavated to a depth 

of approximately 2 feet below the bottom of footings. Office Building No. 1 (the 
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two story office structure) foundation subgrade should be overexcavated to a 

depth of approximately 3 feet below bottom of footings. Footing overexcavations 

should be restored to foundation subgrade elevations with compacted granular 

fill. 

Foundation, Slab-on-Grade, and Pavement Recommendations 

Spread Footings. An allowable bearing capacity of 2,500 psf can be assumed for 

spread footings supporting The Commons Building and Office Building No.1. This 

allowable bearing pressure assumes that footing subgrade areas have been 

prepared by both preloading and overexcavation and replacement. 

Auger Cast Piles. Due to the highly compressible soils underlying the site, and 

the anticipated structural loads, we recommend that Office Building No. 2 (the 

three story office building) be founded on a system of auger cast piling. Allowable 

axial, lateral, and uplift pile capacities are discussed in the body of this report. 

Slab-on-Grade. The use of slab-on-grade is appropriate for all of the proposed 

structures if preloading has been performed. All slabs should be underlain by at 

least 12 to 18 inches of compacted structural fill. These elevated grades should 

be established with clean granular fill. Slabs-on-grade, in which the subgrade has 

been prepared in the above manner, may be designed assuming a modulus of 

subgrade reaction of 200 pounds per cubic inch (pci). 

Pavement Design. Pavement sections intended for heavy traffic, fire lanes, or 

truck access drives should consist of 3 inches of A.C. over 8 inches of compacted 

crushed rock. The pavement section for general parking areas or light traffic areas 

should consist of 2 inches of A.C. over 6 inches of crushed rock. Pavement 

subgrade preparation should consist of 12 inches of cement treated base or 12 

inches of overexcavation and replacement with compacted clean granular fill. 

Seismic Recommendations 

Hart Crowser 
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Uniform Building Code Seismic Parameters. The REI campus site is located in a 

seismic zone 3 area. A seismic zone factor Z = 0.3 should be utilized for design. 

The subsurface soil conditions are best described as by a soil profile type S0 • 

Liquefaction Potential. Liquefaction potential of soils underlying the site were 

assessed via methods developed by Seed, et. al. The site exhibits low factors of 
safety against ground liquefaction during a magnitude 7.5 Puget Sound regional 

event. Peak ground accelerations of 0.33g (as suggested by Dr. Steven Kramer of 
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The University of Washington) were utilized for this analysis. The return interval 

for this event is considered to be 110 years. 

GEOLOGIC SETTING 

General near-surface geology within the project area consists of recent alluvial 

deposits from the Green River. These alluvial deposits have been mapped as 

sands, silts, and clays. These deposits exhibit gradation common to braided river 

valleys, which have resulted in intermittent layering of cohesive and granular soils. 

Occasional layers of peat and organic materials may be encountered in previous 

low-lying marsh areas. The alternating layers of cohesive and granular soils 

predominate throughout the depth of Hart Crowser's subsurface explorations 

conducted on the project site. 

Seismicity and Earthquake Sources 

Hart Crowser 
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The seismicity of the Puget Sound area, and hence the potential for ground 

shaking, is controlled by two separate fault mechanisms. These include a deep 

earthquake zone in the subducted Juan de Fuca plate, or a localized event within 

active fault zones in the Puget Sound region. 

The largest earthquake proposed for Washington and Oregon is a subduction 

zone earthquake. Magnitudes for this type of event may exceed 8.0. The focal 

area for this type of earthquake would be located between the Juan de Fuca plate 

and the overlying North American Plate. Heaton and Hartzell (1987) have 

suggested that this type of event has an estimated return period of 400 to 500 

years. Buried tidal marshes, newly exposed in rivers and bays of the Washington 

coast suggest that the last such subduction zone event occurred approximately 

300 years ago. 

The second probable seismic exposure includes either shallow or deep 

earthquakes within fault zones adjacent to, or within the Puget Sound area. A 

deeper Puget Sound quake could include an estimated magnitude 7.0 or greater 

event. A study by the U.S. Geologic Survey (1975) suggests that the largest 

earthquake likely to occur in the Puget Sound region would have a depth in 

excess of 50 kilometers and a magnitude as large as 7.5. Rasmussen, et. al. (1974) 

has indicated that the probable return interval for a Puget Sound regional quake in 

excess of 7.0 is approximately 110 years. 

Based upon information gathered for earthquakes which have occurred in the 

Puget Sound Region over the last 150 years, Rasmussen, et. al. (197 4) has 
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proposed that shallow Puget Sound events would not exceed magnitudes of 6.5. 

In addition, Rasmussen has estimated the return interval for shallow events is 

approximately 35 years. 

Potential Seismic Hazards: Liquefaction 

Hart Crowser 
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Soil Liquefaction Overview. The potential for soil liquefaction during seismic 

ground shaking is generally associated with loose, saturated, non-plastic, clean 

sands. Exploratory borings, cone penetrometer soundings, and laboratory testing 

of disturbed soil samples has indicated the presence of sands, silty sands and 

sandy silts underlying the site. 

The depth of groundwater will affect soil liquefaction potential. The depth of 

groundwater at the time of Hart Crowser's exploration was noted at 

approximately 6 feet below the existing ground surface. Previous subsurface 

explorations conducted on the site encountered groundwater at approximately 4 

feet below the existing ground surface during early spring months. For the 

purposes of our analyses the groundwater table was assumed to be at 

approximately 5 feet below the ground surface. 

Potential Seismic Exposure. Two possible earthquake events were examined for 

their potential to induce liquefaction within the soils underlying this site. The first 

event considered was a magnitude 6.5 shallow earthquake with a peak ground 

acceleration of 0.15 g. The overall seismicity of the site is dominated by a lower 

magnitude crustal earthquake. The return interval for this type of earthquake is 

approximately 35 years. 

The second event examined was a magnitude 7.5 deeper seated earthquake. The 

peak ground acceleration was assumed to be 0.33 g . This level of ground 

acceleration is considered to represent an upper bound value of ground shaking 

for the site and represents seismic exposure for a return period of 110 years. 

Liquefaction Analyses. The potential for soil liquefaction to occur during seismic 

induced ground shaking was evaluated using the results of our field investigation 

and site seismicity. Evaluation of liquefaction potential consists of determining the 

induced shear stress within the ground from earthquake shaking (commonly called 

cyclic stress ratio), and the site's resistance to liquefaction (i.e. cyclic strength). 

The methodologies developed by Seed, et. al. {1983) and Stark and Olson (1995) 

were utilized to assess the site's liquefaction potential. These methods are 

empirical and are based upon field observations and testing at sites that both 

have, and have not liquefied during earthquakes. 
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Based upon the results of our liquefaction analysis the site was determined to 

have moderate to high factors of safety against liquefaction during a magnitude 

6.5 event with peak ground accelerations which do not exceed 0.15g. The 

maximum depth examined for this analysis was approximately 85 feet below the 

existing ground surface. 

The results of our analysis for a magnitude 7.5 event with corresponding peak 

ground accelerations of 0.33 or more, indicate a low factor of safety for the upper 

20 feet of soil mantling the site. A second layer of material located between 

depth of 55 to 65 feet below the existing ground surface exhibits low factors of 

safety during a magnitude 7.5 event. The maximum depth examined for this 

analysis was approximately 85 feet below the existing ground surface. 

Ground Surface Settlement as a Result of Soil Liquefaction. Settlement 

estimates due to soil liquefaction have been estimated using methods established 

by Tokimatsu and Seed (1984). Volumetric strain within liquefiable layers is 

determined by a comparison of cyclic stress and effective stress ratio to standard 

penetration resistance (N 1 }60 • Based upon this relationship, total settlement 

within the potentially liquefiable layers located between 5 to 20 feet below the 

ground surface was estimated to be 3 to 4 inches during a magnitude 7.5 event. 

An additional 1/i inch of total settlement is anticipated for the potentially 

liquefiable layer located between 55 to 65 feet. Differential settlements between 

independent structural foundation elements can be assumed as approximately 

50% of total settlements. 

SUBSURFACE CONDITIONS 
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The field explorations for this project were conducted in June of 1999. The 

exploration consisted of a surficial reconnaissance, advancing four cone 

penetrometer soundings, and the drilling of three mud rotary borings. The 

maximum depth of any of Hart Crowser's subsurface explorations was 

approximately 85 feet below the existing surface grade. The locations of the 

proposed structures and the approximate locations of subsurface explorations are 

shown on the accompanying Site Plan, Figure 2. 

Logs of all subsurface explorations have been included in the appendices of this 

report. The attached logs describe soils and various engineering properties of 

soils encountered during exploration. Descriptions are based upon in situ testing, 

laboratory testing, and field classification of soil samples. Material encountered in 

the soil explorations may be generalized into the following major units. 
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Surface Vegetation. The site is presently mantled with various trees, shrubs and 
bushes. All trees, shrubs and bushes should be cleared, and grubbing of large 
rootballs should be conducted. In addition, grass and brush should be mowed 
prior to preload construction of fill placement. 

Topsoil. The majority of the proposed development area is presently mantled in 
approximately 3 of 4 inches of topsoil. This topsoil layer may remain in place if its 
location falls more than 12 to 18 inches below the bottom of slab-on-grade 
elevations, and more than 12 inches below the bottom of pavement sections. 
Beneath buildings, we recommend removal of topsoil if it is located above 
elevation 29.0 feet. Beneath pavements the removal elevation will vary. 

Asphalt Concrete Pavement. Portions of the development area presently 
function as surface parking or access driveways. The A.C. section in these areas 
was observed to consist of approximately 2 to 3 inches of asphalt over 
approximately 2 to 3 feet of granular fill. Existing asphalt should be removed from 
all proposed building footprint areas prior to preloading. 

Granular Fill. Within all subsurface borings, a medium dense, damp, brown, 
gravelly sand fill was observed. This fill unit appears to extend to depths of 
approximately 2 to 3 feet below the existing surface grade. 

Native Silty Fine Sand. A very loose, moist, gray-brown, silty fine sand to a soft, 
sandy silt underlays the granular fill. Moisture contents grade to wet/saturated 
below approximately 5 feet. This material was observed to extend to depths of 
approximately 15 to 20 feet below the existing ground surface. 

Medium Dense to Very Dense, Silty Fine Sand. Below the above described soil 
unit, a medium dense to very dense, wet/saturated, dark brown, silty sand (fine to 
medium grained) was observed. This soil unit was noted to extend to depths of 
approximately 40 to 45 feet below the existing surface grade. 

Layered Organic Silts and Soft Clays. From depths of approximately 40 to 55 
feet soft layered, wet, gray, organic silts, clays, and very loose silty sands were 
observed. Intermittent layers of medium dense to dense silty fine sand were 
observed within this soil unit. 

Medium Dense to Very Dense. At depths in excess of approximately 55 to 60 
feet below the existing ground surface, a medium dense, wet, gray, silty sand (fine 
to medium grained) is present. The density of this soil unit was observed to 
increase with depth, grading to very dense at depths in excess of approximately 
65 to 70 feet below the existing ground surface. Our deepest boring, advanced 
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to approximately 85 feet below the existing ground surface was terminated in this 
material. 

Groundwater. The depth of groundwater at the time of our exploration was 
noted at approximately 5 to 6 feet below the existing ground surface 

(Groundwater level measured in June of 1999). Previous work conducted by Hart 

Crowser on this site (May of 1986) revealed groundwater depths at approximately 

4 feet below the existing ground surface. Groundwater levels should be expected 
to rise above these levels during late fall through late spring months. 

LABORATORY TESTING 

DISCUSSION 

Laboratory tests and in situ tests were conducted on relatively undisturbed and 

disturbed samples obtained during the subsurface exploration. These samples 

were tested in general accordance with ASTM standard procedures or other 
accepted test standards. The following tests were performed to determine: soil 
classification, index, and engineering properties of test samples. 

ASTM 02216: 

ASTM 0421: 
ASTM 04318: 

Moisture Content 

200 Wash 
Atterberg Limits 

A summary of laboratory test results is provided in Appendix B of this report. 

The primary geotechnically related challenges associated with site development 

include: compressible soils, shallow groundwater, and liquefaction potential of 

native soils underlying the site. The purpose of this Section is to focus on the 

effect each of these geotechnical challenges may present to the proposed 
development. In addition, mitigation options to minimize the impact of these 

challenges have been outlined. 

Compressible Soils 

Hart Crowser 
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Based upon the results of our field exploration, office analysis and laboratory 
testing, the upper approximately 20 feet of soils mantling the site are loose and 

highly compressible. Settlement analysis indicates that even light weight structures 
founded on spread footings may experience in excess of 3 inches of total 
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settlement. In order to reduce post-construction settlements to tolerable 

magnitudes we recommend preloading all proposed building pad areas. 

Following subgrade consolidation via preloading, it will be possible to establish the 

one- and two-story buildings (Commons, and Office Building No. 1) over spread 

footings. We recommend that the footing areas be overexcavated and that 

footing subgrade areas be re-established with compacted, granular fill. An 

overexcavation of 2 feet for the single story Commons building foundations, and 3 

feet for the two-story Office No.1 building foundations is appropriate. Footing 

overexcavations should extend laterally a minimum of two feet beyond the edge 

of footings in all directions. If the building configuration or loads have changed 

significantly from our assumptions, please contact us for revised 

recommendations. 

Due to the anticipated loading conditions for the Office No. 2 building, we 

recommend supporting the structure on deep foundations. Auger cast piles, 

because of their ability to develop skin friction as well as end bearing over 

relatively short embedments, would be an appropriate pile type for this site. 

Allowable pile capacities are provided in the Recommendations Section of this 

report. 

The use of slabs-on-grade will be appropriate for all of the proposed buildings 

following site preloading. 

Shallow Groundwater 

Hart Crowser 
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Groundwater has been noted at depths varying between 4 to 6 feet below the 

existing ground surface elevation. It is anticipated that groundwater levels may 

rise above this level during late fall through late spring months. 

We understand that floor slab elevations will be established above the 

surrounding site grades. Surface contouring around building pad areas should 

allow for positive drainage away from buildings. Perimeter foundation drains 

should be employed around all proposed buildings. Due to the presence of 

shallow groundwater, if slab levels change and fall below existing surface grades 

Hart Crowser should be contacted for additional recommendations. 

If slabs-on-grade will receive moisture sensitive floor coverings, we recommend 

that polyethylene vapor retarders be employed. A clean (less than 3% fines by 

weight) well graded sand and gravel should also be employed under slabs to 

provide an additional capillary break against ground moisture migration through 

slabs. 
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The presence of shallow groundwater is anticipated to affect utility trench 

excavations. The stability of trench walls below the groundwater is expected to 

be poor. Dewatering of trenches and excavations via sump pumping and/or well 

points should be anticipated. 

Liquefaction Potential 

As indicated in the site geology section of this report, the native soils underlying 

the site exhibit a low factor of safety against liquefaction during a magnitude 7.5 

event (peak ground acceleration of 0.33). Liquefaction related total settlement 

magnitudes may approach 3 to 4.5 inches. The alternatives for site improvement 

which would reduce liquefaction related settlements are generally very expensive, 

and their implementation may result in damage or distress to existing structures on 

the site. However, it is critical to recognize that the site may be subjected 

liquefaction related ground settlements. It is Hart Crowser's opinion that 

contingency planning for post liquefaction related repairs to structures, utilities 

and other site improvements, is appropriate mitigation strategy for this issue. 

CONCLUSIONS AND RECOMMENDATIONS 

Our recommendations are based on our current understanding of the project. If 

the nature or location of the planned construction changes, Hart Crowser should 

be contacted so that we can confirm or revise our recommendations. 

Site Preparation 

Hart Crowser 
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We have provided recommendations for wet weather and dry weather 

construction as well as other geotechnical concerns and issues relative to the 

project site. Because of the moisture sensitive near-surface soils and the potential 

for encountering shallow perched groundwater, Hart Crowser strongly 

recommends that site grading and utility trenching be conducted during dry 

weather conditions. The optimal time for site grading generally falls between early 

July to late September. If wet weather construction is attempted, development 

costs could be significantly higher due in part to the increased cost of imported 

granular fill, trench dewatering, and trench wall stabilization below the 

groundwater table. 

Previous Site Improvements. Although not encountered during our subsurface 

explorations, previous property improvements such as old slabs, footings, 

pavements, drain tiles, underground storage tanks, and septic systems may be 
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encountered during construction. Existing improvements should be removed or 

cleared under the observation of the geotechnical engineer or his/her 

representative. Failure to remove or clear previous improvements from areas 

which new structure or pavement construction is intended, may result in excessive 

settlements and/or premature slab or pavement failure. 

Stripping and Grubbing. The project site is presently mantled in approximately 3 

to 4 inches of topsoil. As noted previously, the topsoil can remain, for all areas 

with surface elevations below approximately 29 feet. 

Grubbing of tree roots will be required along portions of the site. Large holes left 

from root-ball grubbing should be backfilled with suitable material and compacted 

to 92% (95% for granular backfill) of the materials maximum dry density as 

determined by ASTM D1557. 

We recommend that a representative of Hart Crowser be on site during site 

preparation to confirm that our recommendations are being implemented as 

intended. 

Preloading. As previously discussed, site preparation should include preloading of 

the proposed building pad areas. We recommend using a select, well graded 

clean .sand and gravel as preload fill. Our preload settlement analysis assumes that 

sand and gravel fill is used for preloads, and that the lowest three feet of the 

preload is installed in compacted lifts (8 inch maximum lift thickness). The lower 3 

feet of the preload should be compacted to 95% of the materials maximum dry 

density as determined by ASTM D1557. This lower three feet of well compacted 

material will be required for subsequent support of slabs-on-grade. The upper 

portion of the preload above three feet should be installed in lifts and moderately 

compacted. Material utilized in preloads may be employed as structural fill over 

other parts-of the site following the completion preload settlements. The 

following preload heights would be optimal in reducing long term settlements for 

the respective buildings. 

Recommended Prelude Heights 

Building Recommended Expected 

Preload Height Settlement 

(feet) (inches) 

Commons Building 6 6 

Office No. 1 (two story structure) 10 12 

Office No. 2 (three story structure) 6 6 

Note: The preload height represents the thickness of fill removed from above the 

floor slab base level after settlement is complete. 
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The full height preload footprint should extend a lateral distance equivalent to the 

height of the preload beyond proposed exterior wall footing locations. 

Due to the sandy nature of the site soils we anticipate that settlements will occur 

quickly and that the preload could be removed or relocated within four to six 

weeks of placement. 

Settlement plates or survey hubs should be established for preload monitoring. 

Settlement plates should be installed prior to commencing preload construction . 

An initial set of survey readings should be taken prior to placing preloads. 

Additional readings should be obtained on a twice weekly basis for the duration of 

the preload. A minimum of four settlement plates or survey hubs are 

recommended for each preload location. A settlement plate detail is shown in 

Figure 3. 

To minimize the amount of fill imported for preloading, we recommend that a 

"rolling" preload be considered. If construction scheduling time allows, it may be 

possible to preload Office Building No.1 in two stages, with the first stage being 

10 to 15 percent larger than the second. This increased percentage of the first 

stage is designed to account for loss of material. In addition, the footprints of the 

two stages of preloading should overlap by at least 10 feet. 

It is Hart Crowsers understanding that Office Building No. 2 will not be preloaded 

as part of this phase of project construction. However, in order to minimize the 

potential affects of the anticipated future preloading of Office No. 2 upon Office 

No.1, it is recommended that the preload for Office No. 1 extend onto the 

proposed footprint of Office No. 2 by a minimum of 20 feet. This will allow 

consolidation of subgrade areas between these two building pads, and thus 

reduce the risk of structural distress on the completed Office No. 1 as a result of 

future preloading of Office No. 2. 

Utilities or surface features such as pavements, may experience some settlement 

as a result of adjacent preloads. This zone of preload influence upon existing 

utilities and surface features may extend laterally up to approximately 50 feet 

beyond the edge of preloads. Some contingency should be anticipated relative to 

fees associated with inspection or repair of these existing features as a result of 

preload induced settlement/distress. 

Dry Weather Construction. Minimum compaction for the eight inches 

immediately underlying pavement sections and slabs should be 95% of the soil or 

gravels maximum dry density (maximum dry density as established by ASTM 

0·1557 testing). Even during dry weather it is possible that some areas of the 
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subgrade will become soft or may "pump" (deflect under wheel load), particularly 

in deeper cuts, poorly drained areas, abandoned drainage ditches, swales etc. 

Soft or wet areas that cannot be effectively dried and compacted should be 

prepared in accordance with the recommendations provided in the Wet Weather 

Construction Section of this report. · 

Wet Weather Construction. During wet weather site grading it should be 

anticipated that structural fill construction will have to consist of clean imported 

granular material. This is due primarily to the high moisture contents of native 

soils and the inability to dry these soils via aeration during wet weather. Imported 

fill material should consist of pit run material which contains less than 5 percent 

fines by weight. Native soils which cannot be employed in structural or landscape 

fills due to the excessive moisture contents, may require off-site export. 

During wet weather, or when adequate moisture control is not possible, it may be 

necessary to install a granular working blanket to support construction equipment 

and provide a firm base on which to place subsequent fill and pavement. 

Commonly the working blanket consists of a bank run gravel or pit run quarry 

rock (six-inch maximum size with no more than 5% by weight passing a No. 200 

sieve). We recommend that we be consulted to approve the material before 

installation. 

After installation, the working blanket should be compacted by a minimum of four 

complete passes with a moderately heavy (15,000 lbs.) static steel drum or grid 

roller. We recommend that we be retained to observe granular working blanket 

installation and compaction. 

The working blanket must provide a firm base for subsequent fill installation and 

compaction. It has been our experience that a minimum of 12 to 18 inches of 

working blanket is normally required, depending on the gradation and angularity 

of the working blanket material. This assumes that the material is placed on a 

relatively undisturbed subgrade in accordance with the preceding 

recommendations, and that it is not subjected to frequent heavy construction 

traffic. 

Portions of the site used as haul routes for heavy construction equipment will 

require a thicker working blanket in order to protect the fine-grained subgrade. If 

particularly soft areas are encountered, a heavy-grade, non-woven, non

degradable filter fabric installed on the fine-grained subgrade may be helpful in 

preventing silt from contaminating and pumping the granular working blanket. If 

desired, we can provide sample specifications for this material. 
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Construction practices can greatly affect the amount of working blanket 

necessary. By using tracked equipment and granular haul roads, the working 

blanket area can be minimized. If dump trucks and rubber-tired equipment are 

allowed random access across the site, a thicker working blanket may be required. 

Normally the design, installation, and maintenance of a granular working blanket 

are the responsibility of the earthwork contractor. 

During wet weather site work it is probable that groundwater levels will approach 

near surface grades. Utility trench work conducted during wet months are likely 

to encounter perched or static groundwater levels at shallow depth. 

Proof-Rolling. Regardless of which method of subgrade preparation is used (i.e. 

wet weather or dry weather), we recommend that prior to fill placement or base 

course installation, the subgrade or granular working blanket be proof-rolled with 

a fully-loaded 10 to 12 yard dump truck or other suitable equipment. This pertains 

to all pavement, structural fill, and floor slab areas. Any areas of subgrade that 

pumps, weaves or appears soft and muddy should be scarified, dried, and 

compacted, or over-excavated and backfilled with compacted granular fill. If a 

significant length of time passes between fill placement and commencement of 

construction operations, or if significant traffic has been routed over these areas, 

we recommend that the subgrade be similarly proof-rolled again before any 

foundation or pavement installation is allowed. We recommend that we be 

retained to observe this operation to evaluate preparation of structural grades. 

Structural Fills 

Hart Crowser 
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Structural fill should be installed on a subgrade that has been prepared in 

accordance with the above recommendations. Fills should be installed in 

horizontal lifts not exceeding eight inches in thickness (loose - prior to 

compaction), and should be compacted to at least 92% of the maximum dry 

density for fine-grained native soils. The final twelve inches of fill immediately 

below pavements and building slabs should be compacted to at least 95% of the 

materials maximum dry density. The maximum dry densities should be 

determined in accordance with ASTM D1557 (Modified Proctor Test). The 

compaction criteria may be reduced to 85% in non-structural landscape or planter 

areas. A summary of recommended compaction specifications is provided in the 

following table. 
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Recommended Fill Compaction Specifications 

Material Percent of Maximum Dry Density 

ASTM D1557 

Fine Grained Fill 92% 

Landscaping Fill 85% 

Granular Fill 95% 

Slab and Pavement Subgrade 95% 

During dry weather, structural fills may consist of virtually any relatively well

graded soil that is free of debris, over sized material, organic matter, or high 

percentages of clay or clay lumps. However, if excess moisture causes the fill to 

pump or weave, those areas should be dried and recompacted, or removed and 

backfilled with compacted granular fill. In order to achieve adequate compaction 

during wet weather or if proper moisture content cannot be achieved by drying, 

we recommend that fills consist of well-graded granular soils (sand or sand and 

gravel) that do not contain more than 5% material by weight passing the No. 200 

sieve. In addition, it is usually desirable to limit this material to a maximum six 

inches in diameter for ease of compaction and future installation of utilities. 

Areal Settlements. As previously discussed, the project site is underlain by loose 

compressible soils. Areal settlements for fills can be expected to be high as a 

result of compression of subgrade soils underlying fills. Any structural fill 

constructed in excess of 3 feet above existing grades, and is outside of previously 

preloaded areas, should be monitored for settlement prior to constructing 

structural elements or pavements over these areas. 

Retaining Structures 
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Retaining wall geotechnical design parameters are presented in this section of the 

report. The following guidelines for restrained and non-restrained walls assume 

that the associated recommendations regarding drainage, compaction, and other 

issues will be implemented. 

The design parameters in this section are for conventional retaining walls. If 

alternative retaining wall systems are proposed, we should be contacted for 

additional soil parameters. 

Restrained Walls. Restrained walls are any walls that are prevented from rotation 

during backfilling. Walls with corners and those that are restrained by a floor slab 
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or roof, fall into the category of restrained walls. We recommend that restrained 

walls be designed for pressures developed from the equivalent fluid weights 

shown in the following table. 

Restrained Wall Pressure Design Recommendations 

Backfill Slope Horizontal/Vertical Equivalent Fluid Weight, lb/ft' 

Level 40 

3H:1V 60 

2H:1V 100 

These pressures represent our best estimates of actual pressures that may develop 

and do not contain a factor of safety. These pressures are assumed to act 

horizontally (normal to the wall). This is based on the assumption that friction 

between the wall and backfill will be prevented by drainage membranes or 

impervious wall coatings. These pressures assume retaining wall backfill material 

is well drained. If traffic loads are expected within a horizontal distance from the 

top of the wall equal to the wall height, a uniform lateral earth pressure acting 

horizontally on restrained walls equal to 80 psf should be added to earth loads 

acting on the wall. 

Non-Restrained Walls. Non-restrained walls have no restraint at the top and are 

free to rotate about their base. Most cantilever retaining walls fall into this 

category. We recommend that non-restrained walls be designed for pressures 

developed from the equivalent fluid weights shown in Table 4. 

Non-restrained Retaining Wall Pressure Design Recommendations 

Backfill Slope Horizontal/Vertical Equivalent Fluid Weight, lb/ft' 

Level 30 

3H:1V 50 

2H:1V 90 

These pressures represent our best estimate of actual pressures that may develop 

and do not contain a factor of safety. These pressures assume retaining wall 

backfill material is well drained. If traffic loads are expected within a horizontal 

distance from the top of the wall equal to the wall height, a uniform lateral earth 

pressure acting horizontally on restrained walls equal to 60 psf should be added to 

earth loads acting on the wall. 
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Basement Retaining Walls. Due to the presence of shallow groundwater 

underlying the site, if below grade retaining walls are planed, Hart Crowser should 

be contacted for additional recommendations regarding resultant wall pressure 

distribution and buoyancy effects. 

Retaining Wall Backfill. Backfill behind retaining walls should consist of free

draining granular material. To minimize pressures on retaining walls, we 

recommend the use of well-graded crushed rock backfill with less than 5% by 

weight passing the No. 200 sieve. Use of other material could increase wall 

pressures. Over compaction of this fill can greatly increase lateral soil pressures. 

We recommend that this fill be compacted to between 90% and 92% of the 

maximum density determined in accordance with ASTM D1557 . 

We recommend that foundations or major loads not be placed within the zone 

that extends back from the base of retaining walls at a 1 H:1 V slope. 

Retaining Wall Drainage. Retaining walls will require drainage in order to 

alleviate lateral fluid forces on the walls. The drains should be protected by a filter 

fabric to prevent internal soil erosion and potential clogging. 

FOUNDATIONS 

Shallow Foundations 
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As detailed in the Discussion Section of this report, if preloading combined with 

overexcavation and replacement are performed, it will be possible to found The 

Commons Building (single story structure) and Office Building No. 1 (two story 

structure) on shallow spread footings. 

General Seismic Foundation Recommendations. The proposed building and 

associated facilities should be designed and constructed in general accordance 

with the 1997 Uniform Building Code. The project site is located in a seismic 

zone 3 area. It is recommended that a soil profile type of S0 be utilized in 

earthquake design. A seismic zone factor of Z = 0.3 should also be utilized for 

design purposes. 

Foundation Design Parameters. Spread and perimeter foundation support for 

The Commons and Office Building No. 1 may be obtained from native non

organic soils or from structural fill constructed in accordance with 

recommendations discussed previously in this report. Foundations that are 

established on structural fill can be designed for allowable bearing pressures of 

2,500 psf. The structural fill thickness should be at least 3 feet below Office 
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Building No.1 foundations, and two feet under the Commons building 

foundations. At both locations the overexcavation and replacement should 

extend 2 feet beyond edges of the footings in all directions. For example: A seven 

by seven foot spread footing will require an eleven by eleven foot overexcavation. 

The allowable bearing pressure may be increased by one-third for short-term live 

loads such as wind or seismic loading. If foundation excavations are made during 

wet weather, or if foundation subgrades become disturbed, it may be necessary to 

remove disturbed soil and install a thin layer of crushed rock or lean concrete in 

foundation excavation bottoms. 

For passive pressures in resistance to lateral loads a 350 pd equivalent fluid 

weight may be used for the soils. A base friction equal to 40% of the vertical load 

may also be used at the base of foundations as sliding resistance. 

The estimated total settlements for conventional spread or continuous wall 

footings are anticipated to be one inch or less. Differential settlement between 

foundation elements is estimated to be approximately half of total settlement. 

These levels of settlement have been estimated based upon factored column 

footing loads of less than 120 kips for Office Building No. 1 and column footing 

loads of less than 20 kips for The Commons Building. In addition, factored wall 

foundation loads of less than 4 to 5 kips per lineal foot were assumed for Office 

Building No.1. Settlement analyses has also been based upon a maximum 

allowable soil bearing pressure of 2,500 psf. If loading conditions on foundation 

elements vary from those described above, Hart Crowser should be informed in 

order to determine the validity of the above referenced settlement estimates, and 

provide additional recommendations if required. It should be understood that 

settlement estimates are inherently approximate, and actual settlements may vary 

from these estimates. 

Deep Foundations 

Hart Crowser 
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Because of the structural loads anticipated for Office Building No. 2 {200 kips 

column and 7 to 8 kip per lineal wall footing loads) and the compressible soils 

underlying the site, Hart Crowser recommends that this structure be pile 

supported. It is Hart Crowser's understanding that auger cast type piling are being 

considered for building support. Our pile capacity analyses has been restricted to 

auger cast type piling. If other types of piling will be employed, Hart Crowser 

should be informed in order for us to re-assess pile capacities. 

Axial Pile Capacity. The following capacities were derived based upon cone 

penetrometer sounding data. The capacities indicated include a factor of safety of 
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2.25 as suggested by FHWA for cone based axial pile capacity. We have 

provided capacities for piles embedded 30 feet and 70 feet. Due to the presence 

of soft or very loose soils between 40 and 60 feet below the present ground 

surface, we have not recommended intermediate lengths. Allowable axial pile 

capacities relative to embedment depth are summarized in the table below. 

Allowable Axial Pile Capacity, Auger Cast Piles 

Pile Diameter Pile Embedment Depth Allowable Axial 

below ground surface Capacity 
(inches) (feet) (tons) 

12 30 50 

16 30 70 

18 30 85 

12 70 90 

16 70 120 

18 70 140 

Uplift Capacity. Pile uplift capacity was determined via correlation to cone 

penetrometer soundings sleeve friction data. Seventy five percent of the 

allowable compressive friction capacity of piles was utilized in determining 

allowable uplift capacity. Recommended allowable uplift capacities are 

summarized in the following table. 

Allowable Uplift Pile Capacity, Auger Cast Piles 

Pile Diameter Pile Embedment Depth Allowable Axial 

below ground surface Capacity 

(inches) (feet) (tons) 

12 30 17 

16 30 23 

18 30 25 

12 70 65 

16 70 90 

18 70 100 

Axial Pile Capacity. Lateral loads on pile caps can be resisted by a combination 

of the lateral load capacity of piles, and passive soil pressure on pile caps. The 

lateral load resistance of the piles was determined for both fixed head and free 

head boundary conditions. Axial pile capacity as a function of pile deflection is 

summarized in the following tables. 
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Slab Moisture 

The difference in moisture content between the air in the subgrade soil and the air 

in the finished building can cause water vapor to migrate through slab-on-grade 

areas. The resultant water vapor pressure will force migration of moisture through 

slabs. This migration can result in the loosening of flooring materials attached with 

mastic, the warping of wood flooring, and in extreme cases the mildewing of 

carpets and building contents. For most finished buildings, the presence of floor 

moisture would be considered a significant detriment to tenants and occupants. 

Specific conditions at this site contribute to the potential for water vapor migration 

through slab-on-grade areas. These conditions are; the near surface natural 

moisture content can be quite high, the fine grained nature of the near surface 

soils indicates a low permeability, the tendency of near surface soils to hold 

moisture, and the potential presence of shallow perched groundwater. It should 

be anticipated that ground moisture levels and groundwater levels will rise during 

particularly wet periods. 

If floor moisture is a concern for this project, we recommend that measures be 

taken to reduce vapor transmission. This could include the use of vapor retarders 

under slab-on-grade areas. 

Vapor Retarders 
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Vapor retarders are commonly employed to reduce water vapor migration 

through slab-on-grade areas. Installation of vapor retarders generally consists of 

installing a membrane beneath the floor slab. A minimum of 6 inches of clean, 

well-graded sand and gravel, should be employed in combination with the vapor 

retarder to provide a system against capillary rise of ground moisture. The base 

should be 3 inch minus material with a fines content of 3 percent or less of the 

material by weight, based on the minus % inch fraction. 

The function of a vapor retarder section is analogous to the use of insulation to 

reduce heat flow through exterior walls. Vapor retarders will frequently need to 

be perforated in order to install utility services. In spite of planned perforations 

and others, which may occur inadvertently, vapor retarders will still perform their 

intended function of slowing the transfer of water vapor although their 

effectiveness will be reduced by significant perforations. 

To maximize its effectiveness, the membrane must be installed in accordance with 

the manufacturer's recommendations. A polyethylene thickness of 10 mils should 

be employed to minimize the potential for puncture damage. If a less durable 
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membrane is used, a thin sand layer should be placed below the membrane to 

protect the retarder from excessive punctures during construction. To reduce the 

possibility of slab curl and cracking due to differential moisture loss caused by the 

vapor retarder, a layer of sand can be placed on top of the membrane. The sand 

will allow even moisture reduction on each side of the slab. Alternatively, it is 

possible to design concrete mixes which are not particularly susceptible to these 

problems. 

Slab Moisture and Floor Coverings 

Drainage 
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Capillary rise of water or "rising damp" has often been correlated to de-coupling 

( or loss of bond) problems with slab-on-grade floor coverings and their adhesive. 

This sometimes occurs with floor coverings such as vinyl tile and seamless flooring. 

Other causes of de-coupling or bond loss phenomena can be evaporation of 

excess concrete mix water. In general, a great deal more water is utilized in most 

concrete mixes used for slab-on-grade applications. This extra water is employed 

to make the concrete workable during placement. Some of this water is trapped 

within the concrete matrix, the remaining excess water evaporates at the two slab 

surfaces. During this hydration/evaporation period the surface moisture levels of 

concrete can be quite high. This high surface moisture level can create de

bonding problems with water based flooring adhesives. It is recommended that 

calcium chloride testing be performed on slabs prior to the placement of floor 

coverings. Manufacturer recommendations for maximum slab moisture levels 

should be adhered to prior to the application of flooring adhesives or leveling 

compounds. 

Surface Drainage. Positive surface drainage should be maintained away from all 

building foundations during construction. The finish grading should also provide 

for permanent, positive surface drainage away from the building. Positive surface 

drainage can best be achieved by maintaining finished floor elevations at least one 

foot above all grades immediately adjacent to a building pad. Surface water 

sources such as roof drains and parking lot runoff should be routed independently 

through non-perforated drain lines to a storm water collection system. Surface 

water should not be allowed to enter subsurface drainage systems discussed 

below. 

Foundation Drains. Due to the fine grained nature of the near surface soils and 

shallow ground present under the site during late fall through late spring months, 

Hart Crowser recommends that perimeter foundation subdrains be installed on 

Page 24 



I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

this project. Foundation perimeter subdrains are installed at or below the base 

elevation of the footing to reduce the likelihood of saturation and softening of 

foundation subgrades. Foundation drains typically consist of 4 inch perforated 

drain pipe. Drains should be bedded in at least 6 inches of clean crushed rock or 

drain rock (rock should contain less than 5 percent fines passing a #200 sieve) and 

topped with an additional 6 to 8 inches of clean rock. Usually the drain rock 

surrounding foundation drains is wrapped in a geotextile filter fabric to prevent 

long term clogging by siltation. Drains should be sloped so as to drain by gravity. 

In addition, drains should be routed to storm sewers independently of any other 

drainage systems. 

Erosion Control 

Hart Crowser recommends that finished cut and fill slopes be protected 

immediately following grading with vegetation, gravel, or other approved erosion 

control methods. Water should not be allowed to flow over slope faces or drop 

from outfalls, but should be collected and routed to storm water disposal systems. 

Rip-rap, gabion baskets, or similar erosion control methods may be necessary at 

storm water outfalls or to reduce water velocity in ditches. Silt fences should be 

established and maintained throughout the construction period. Silt fence barriers 

should be established down slope from all construction areas to protect natural 

drainage channels from erosion and/or siltation. In order to decrease erosion 

potential, care should be taken to maintain native vegetation and organic soil 

cover in as much of the site as possible. 

Excavations and Utilities 
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Subsurface conditions encountered during the site investigation indicate that 

precautions in utility excavations will be required due to the potential for 

caving/sloughing within native soils underlying the site. Any excavations deeper 

than four feet should be sloped or shored in accordance with OSHA regulations. 

Normally, shoring systems (for excavations less than 20 feet in depth) are 

contractor designed and installed items. Dewatering of perched groundwater 

and/or rainwater within trenches and excavations will also be required. 

Groundwater has been noted at depths as shallow as 3 to 4 feet below the 

existing ground surface. Trench wall stability is always a concern, but caving, 

sloughing, and flowing soil are especially prevalent in excavations advanced below 

the groundwater table. The design and implementation of dewatering for 

trenches and excavations is normally the responsibility of the contractor. 
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Utilities sensitive to moisture should be placed in watertight conduits. Utility 

conduits should be bedded in sand or 3/4" minus sand and gravel within one 

conduit diameter. Bedding should surround the pipe in all directions. Trench 

backfill should be lightly compacted within two diameters or 18 inches, whichever 

is greater, above breakable conduits. The remaining backfill should be compacted 

to 95% of the maximum dry density of the material as determined by ASTM 

01557 for granular/crushed rock backfill. 

Pavement Design 
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The following pavement design recommendations are based upon near surface 

soil samples collected from the project site, in situ soil strength testing, AASHTO 

pavement design guidelines, and Hart Crowser's experience with similar soil types 

in the vicinity vf the project parcel. The following table summarizes our 

recommendations regarding asphalt concrete pavement design and crushed rock 

base section for pavement areas constructed for the proposed project. 

Recommended Pavement Design 

Pavement Area Approx. Number Asphalt Concrete Crushed Rock 
of 18kip Design Thickness Base Thickness 

Axle Loads {1000) (inches) (inches) 

Auto Parking 10 2 6 
and Light Traffic 

Heavy Truck 22 to 66 3 8 
Traffic Areas 

Pavement subgrade preparation should consist of 12 inches of cement treated 

base or 12 inches of overexcavation and replacement with compacted clean 

granular fill. This recommendation may be waived in pavement areas in which 

surface elevations are intended to be raised a minimum of at least 12 inches 

above existing surface grades with new structural fill 

The above pavement section was designed using AASHTO design methods. 

Our design assumes an AASHTO reliability level (R) of 90%, with a terminal 

serviceability of 2.0 for asphalt concrete. The 18 kip design axle loads are 
estimated from the number of trucks per day using State of Washington typical 

axle distributions for truck traffic and AASHTO load equivalency factors, and 

assuming a 20 year design life. If the anticipated traffic flow will exceed the above 

loading conditions, Hart Crowser will need to be contacted for additional 

pavement design recommendations. 
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Our design assumes that the subgrade will be prepared in accordance with Hart 

Crowser's previous recommendation sections on Site Preparation and Fill 

Placement and Compaction. The top eight inches, immediately below paved 

areas, should be compacted to 95% relative compaction, utilizing AASHTO T180 

(or ASTM D1557} as a standard. Specifications for pavements and base rock 

should conform to current Washington Department of Transpo·rtation 

specifications with the addition that the base rock should contain no more than 

5% fines by weight passing a No. 200 sieve. In addition, asphalt concrete should 

be compacted to a minimum of 91 % maximum density as determined by ASTM 

D2041. 

This design is intended for use on public streets. If possible, construction traffic 

should be limited to unpaved and untreated roadways, or specially constructed 

haul roads. If this is not possible, the pavement design selected from the 

pavement design table should include an allowance for construction traffic. If wet 

weather grading is to be conducted, and construction traffic is allowed free access 

over prepared parking and access drive areas, and subgrade areas, it is probable 

that thicker rock sections will be required in order to prevent subgrade agitation 

from heavy wheel traffic. 

RECOMMENDATIONS FOR ADDITIONAL GEOTECHNICAL SERVICES 

Hart Crowser 
1740-03 

Prior to construction, we recommend Hart Crowser review the final design plans 

and specifications. This review will allow us to evaluate whether any change in 

concept may affect the validity of our recommendations, and whether our 

recommendations have been correctly interpreted. In order to correlate 

preliminary soil data with the actual soil conditions encountered during 

construction, and to assess construction conformance to our report, we 

recommend that we be retained for construction observation of the following: 

• 

• 

• 

• 

Site preparation activities including preloading, monitoring, and fill 

placement and compaction; 

Footing excavations to verify suitability of bearing soils; 

Installation of auger cast piles; 

Subgrade beneath slabs-on-grade and pavements; and 

Other geotechnical considerations which may arise during the course of 

construction. 
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CLOSING 

Hart Crowser 
1740-03 

This report presented Hart Crowser's geotechnical engineering evaluation and 

recommendations for the proposed expansion of The REI Campus in Kent, 

Washington. We trust that this report meets your needs. If you have any 

questions, or if we can be of further assistance, please call. We look forward to 

working with you in the future. 
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Site Location Map 
REI Campus 
Kent, Washington 

Note: Base map prepared from a "King of the Road Maps" Seattle City Map. 
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Figure 1 
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Site Plan 
REI Campus 
Kent, Washington 

Note: Base map prepared from a map provided by REI. 

Legend: 

HC-B-2 • Soil Boring Location and Designation 

HC-P-5@ Cone Penetrometer Location and Designation 
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APPENDIX A 
FIELD INVESTIGATION 

Hart Crowser 
1740-03 

Field investigations were performed in June of 1999 and consisted of drilling three 

exploratory boring, and advancing four cone penetrometer soundings. The 

approximate locations of Hart Crowser's explorations are shown in Figure 2. 

The maximum depth of any of the exploratory borings was approximately 85 feet 

below existing ground surface (bgs). Mud rotary drilling was employed to advance 

borings. Disturbed soil samples were collected within exploratory borings at 2.5 and 

5.0 foot intervals via a 2.0 inch diameter split spoon sampler. Standard Penetration 

Testing (SPT) was conducted at 2.5 and 5.0 foot intervals within exploratory borings. 

SPT testing consists of split spoon samplers being driven into the soil by a 140-

pound hammer free falling 30 inches. The number of blows required to drive the 

sampler the final 12 inches (or other indicated distance) has been recorded on the 

accompanying boring logs. In addition, random sampling via 3.5" diameter Shelby 

tube samplers was conducted Data obtained from SPT testing can be used to 

estimate soil bearing and strength characteristics. In addition soil samples collected 

from borings can be tested for soil classification, consolidation properties, and/or 

shear strength. 

Cone penetration soundings were conducted in June of 1999. Four cone 

penetration soundings were advanced. The maximum depth of any sounding was 

approximately 70 feet below the existing ground surface. Cone soundings are 

performed by pushing an instrumented probe into the ground via hydraulic driven 

push rods. Rods are advanced at a rate of 10 to 20 mm/s. Data collected from this 

test method includes tip resistance and frictional sleeve resistance of the test probe. 

Data from cone soundings can be utilized to establish soil bearing characteristics or 

pile capacities as well as consolidation potential of subsurface soils. Data can also 

be employed to approximately classify subsurface soil types. 
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Key to Exploration Logs 
Sample Descriptions 
Classification of soils in this report is based on visual field and laboratory observations which include density/consistency, 
moisture condition, and grain size, and should not be construed to imply field nor laboratory testing unless presented herein. 
Visual-manual classification methods of ASTM D ~488 were used as an identification guide. 

I 
Soil descriptions consist of the following: I 

Density/consistency, moisture, color, minor constituents, MAJOR CONSTITUENT with additional remarks. 

Density /Consistency \ 
Soil density/consistency .!n borings is related pri~arily to the Standard Penetration Resistance. Soil density/consistency in 
test pits and Geoprobe explorations is estimate~ based on visual observation and is presented parenthetically on test pit 
and Geoprobe .. exploration logs. 

SAND and GRAVEL 

Very loose 
Loose 
Medium dense 
Dense 
Very dense 

Moisture 

Standard 
Penetration 
Resistance 

in Blows/Foot 

0-4 
4-10 

10-30 
30-50 

>50 

Dry Little perceptible moisture. 

i 

Standard 
SILT or CLAY Penetration 

Resistance 
Density in Blows/Foot 

Very soft 0-2 
Soft 2-4 
Medium stiff 4-8 
Stiff 8 - 15 
Very Stiff 15-30 
Hard >30 

Minor Constituents 
Not identified in description 

Approximate 
Sheer 

Strength 
in TSF 

<0.125 
0.125 - 0.25 

0.25 - 0.5 
0.5 -1.0 

1.0 - 2.0 
>2.0 

Estimated Percentage 

0-5 

Damp Some perceptible moisture, probably belbw optimum. Slightly (clayey, silty, etc.) 

Clayey, silty, sandy, gravelly 

Very (clayey, silty, etc.) 

5 - 12 

Moist Probably near optimum moisture content. 
I 

Wet Much perceptible moisture, probably ab~ve optimum. 

legends 

Sampling Symbols 
BORING SYMBOLS 

[g] Spilt Spoon 

[SJ Tube {Shelby, Geoprobe ®) 

[ill] Cuttings 

[I] Core Run 

* No Sample Recovery 

P Tube Pushed, Not Driven 

TEST PIT SOIL SAMPLES 

[g] Grab (Jar) 

l2J Bag 

[SJ Shelby Tube 

Test Symbols 
GS Grain Size Classification 

K 

AL 

Permeability 

Atterberg Limits 

I • I Water Content in Percent 

I 

Groundwater Observations and 
Monitoring Well Construction 

12 - 30 

30-50 

Flush Mounted Monument 
Concrete Surface Seal 

Well Casing 

Bentonite Seal 

Groundwater Level on Date or 
(ATD) AtTime of Drilling 

Sand Pack 

Groundwater Seepage 
(Test Pits) 

.. .. 
I 
l_ Liquid Limit 

- Natural HIJRTCROWSER 
Plastic Limit J-1740-03 

Figure A-1 
8/99 
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Boring Log HC-B-2 
REI Campus 
Kent, Washington 

OJ 
(l) 

u.. 

.s 

..c 
0.. 
(l) 

0 

Soil Descriptions 

Ground Surface Elevation in Feet: 29.5 Sample 
o~~~~~~~~~~~~~~--,~~~~~ 

3" Asphalt over Medium dense, moist, b~own, gravelly, 
fine to medium SAND. 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

Notes: 

I 

' --------------------------------------------------,------------------
Soft, wet, brown, very sandy SILT. i 

--------------------------------------------------~------------------
Medium dense, wet, dark brown, fine to fnedium SAND. 

Loose, wet to saturated, brown, fine to coarse SAND. 

Medium dense, wet, dark brown, silty, fine SAND. 

Very dense, wet, dark brown, silty, fine to medium 
SAND. 

Bottom of Exploration at 39.0 Feet. 
Completed 6/30/99. 

1. Refer to Figure A-1 for explanation of descriptions and symbols. 
2. Soil descriptions and stratum lines are interpretive and actual 

changes may be gradual. 
3. Groundwater level, if indicated, is at time of drilling (ATD) or for 

date specified. Level may vary with time. 

S-1 

S-2 

5-3 

S-5 

S-6 

5-7 

S-8 

4. Water sample was collected from a temporarily screened interval 
as shown. 

N Moisture,% 

18 15 

4 48 

21 23 

6 19 

28 36 

60 24 

45 35 

49 27 

Soil Parameters 

..t. Standard Penetration Resistance 
(Blows per Foot) 

1 2 5 10 , 20 50 

1 2 5 10 20 50 100 

• Water Content (%) 

.. .. 
11/JRTCROWSER 
J-1740-03 
Figure A-2 
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Boring Log HC-B-3 
REI Campus 
Kent, Washington 

..., 
Cl) 
Cl) 

LL. 

C 

..r:. ..., 
Cl.. 
Cl) 

0 

Soil Descriptions 

Ground Surface Elevation in Feet: 28.5 Sample 
o~.-~~-,---,-~---,-~~~---,:--~~~~~~~--, 

__ 3" Asphalt over brown.,_graveljy SAND. ____________________ _ 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

Notes: 

Soft, moist, brown-gray, very sandy SILT. 

Becomes medium stiff and gray. 

Very soft, wet, gray, slightly sandy SILT. 

Dense to very dense, wet, dark brown, slightly silty, fine 
to medium SAND. 

Medium dense, saturated, gray, very silty, fine to 

__ medium SAND. ------------------------------------------------
Medium stiff, wet, gray, slightly sandy SILT. 

Dense, wet, gray, silty fine to medium SAND. 

Very soft, wet, gray, slightly sandy SILT. 

Very soft, wet, gray, sandy SILT. 

Medium dense, wet, gray, very silty, fine to medium 

__ SAND.-----------------------------------------------------------
Very dense, wet, gray, fine to medium SAND. 

Bottom of Exploration at 84.0 Feet. 
Completed 6/29/99. 

1. Refer to Figure A-1 for explanation of descriptions and symbols. 
2. Soil descriptions and stratum lines are interpretive and actual 

changes may be gradual. 

5-1 

5-2 

S-3 

S-4 

S-5 

5-6 

S-7 

5-8 

5-9 

S-10 

S-11 

5-12 

5-13 

5-14 

S-15 

5-16 

S-17 

3. Groundwater level, if indicated, is at time of drilling (ATD) or for 
date specified. Level may vary with time. 

4. Water sample was collected from a temporarily screened interval 
as shown. 

N Moisture,% 

3 35 

7 33 

2 43 

4 45 

31 27 

69 26 

63 28 

69 27 

21 39 

6 53 

31 29 

2 43 

2 36 

13 33 

88 20 

69 22 

90 23 

Soil Parameters 

• Standard Penetration Resistance 
(Blows per Foot) 

1 2 5 10 20 50 100 

I 

I 
'I',.. I : 

; I l'1 I'. I .1' /, 
f\ I' I 
' ' II 

i 
1 2 5 10 20 50 100 

• Water Content(%) 

.. .. 
HLVrrCROWSER 
J-1740-03 
Figure A-3 
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Boring Log HC-8-4 
REI Campus 
Kent, Washington 

...., 
CJ.) 
CJ.) 

u.. 
C 

..c ...., 
D.. 
CJ.) 

0 

Soil Descriptions 

Ground Surface Elevation in Feet: 28.5 Sample 
o~~~~~~~~~~~~~~~~~~~~~ 

_ 3" Asphalt over brown_,_g_ravel[y SAND.--------------------
Very loose, moist, gray-brown, very silty, fine SAND. 

Becomes saturated and gray. 
10 

Very soft, wet, gray, slightly sandy, clayey SILT. 

20 

Medium -dense, wet, dark brown, slightly-siTty;fTneto ____ _ 
medium SAND. 
Becomes saturated. 

30 

40 
Medium dense, moist to wet, gray, silty, fine SAND. 

Medium stiff, wet, gray, slightly sandy, clayey SILT. 

50 Stiff, wet, gray, slightly sandy SILT. 

Medium dense, wet, gray, very silty, fine SAND. 

60 Very soft, wet, gray, slightly clayey SILT. 

Dense, saturated, gray, silty SAND. 

_-Medium dens sa ura sil fine SAND. • 
70 Bottom of Exploration at 69.0 Feet. 

Completed 6/29/99. 

80 

90 

100 

Notes: 

S-1 

S-2 

S-3 

5-5 

S-6 

S-8 

S-9 

S-10 

S-11 

S-12 

S-13 

S-14 

1. Refer to Figure A-1 for explanation of descriptions and symbols. 
2. Soil descriptions and stratum lines are interpretive and actual 

changes may be gradual. 
3. Groundwater level, if indicated, is at time of drilling (ATD) or for 

date specified. Level may vary with time. 
4. Water sample was collected from a temporarily screened interval 

as shown. 

N Moisture,% 

4 38 

8 35 

2 47 

4 56 

26 32 

73 35 

40 36 

31 46 

6 51 

9 46 

16 31 

2 44 

47 30 

25 38 

Soil Parameters 

.ti. Standard Penetration Resistance 
(Blows per Foot) 

I
ii, 

~I

, .-L_J__j_LJi 1_ui, 11 L_I _j_ : '· 'i.i1'1:. I' I'• I 
I 11 :Jil! 

1 2 5 10 20 50 100 

• Water Content(%) 

.. .. 
11/JRTCROWSER 
J-1740-03 
Figure A-4 
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I Probe Lag HC-P-1 

I SOIL 
INTERPRETATION 

I Ground Surface Elevation in Feet: 30.5 Depth 
Feet 

0 

I 
5 

I 10 

I 15 

I 20 

I 25 

I 30 

I 
35 

40 

I Bottom of Probe at 40.0 Feet. 
Completed 6/28/99. 
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I Probe Loo HC-P-5 

I SOIL 
INTERPRETATION 

I Ground Surface Elevation in Feet: 28.5 Depth 
Feet 

0 

I 5 

I 10 

I 15 

I 20 

I 25 

I 
30 

I 
35 

40 

I 
45 

I 50 

I 55 

I 60 

I 65 

I 70 
Bottom of Probe at 70.0 Feet. 
Completed 6/28/99. 
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Probe Log HC-P-8 

SOIL 
INTERPRETATION 

Ground Surface Elevation in Feet: 27.5 

Bottom of Probe at 70.0 Feet. 
Completed 6/28/99. 
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Probe Log HC-P-1 

SOIL 
INTERPRETATION 

I Ground Surface Elevation in Feet: 29.5 Depth 
Feet 
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I Bottom of Probe at 70.0 Feet. 

70 

Completed 6/28/99. 

I 75 

I 
I 

CONE 
PENETRATION RESISTANCE 

FRICTION 
RATIO% 

Tons/Sq. Ft. 

< 

< - < 

" 

. " ----
,,--

k' 
'-- -

--

-
' 
-

- --
r---

r 
( -

< 

.I .2 .5 
Tons/Sq. Ft. 

SLEEVE 
FRICTION 

/ 

I 

10 20 50 100 200 400 0 2 4 6 8 10 12 14 

- - ------ / 

-~ "" ---- ---
::..::'.:.-- -
::.....-

_3,. 

I\ - -b -, 
/ 

c::::..- -----r--->-h --, I> , ,-1., 
.I _r K 

-- - i> ' 
<' 
, / "' V 

~ / -
'? ( -, 

V 

' ~ <' 
'-

:2: ,.~ --- - --- - - - - ---
' ' z__ -

----:..--:....-=--

' > I 

i--.. 

k I< 
II 

- c..-
< -

K -'-- --.,, 
' 

< - __, 
-]' ~ 2:-~ ~ 

--- ,.___ -, --- ', 
' ' 

-,:;: 

10 .. .. 
/ 

20 40 02468101214 

HLIRTCROWSER 
J-1740-03 
Figure A-8 

8/99 



1, 
I 
I 
I 
I 

I 

;:I 
·1 
I 
I 
:1 
'I 

I 
II 
:I 

I 
I 
I 
I 
I 

APPENDIX B 
LABORATORY TESTING 

Hart Crowser 
1740-03 

Laboratory tests were performed in substantial accordance with generally accepted 
test methods of the American Society for Testing and Materials (ASTM) or other 
suggested procedures. Selected samples were tested to evaluate various soil 
properties, characteristics and strength parameters. These results are presented in 
the following pages. 

Moisture Content. The moisture contents of selected soil samples is determined in 
accordance with ASTM D 2216-90. In situ moisture profiles have been indicated on 
the accompanying boring logs. 

Grain Size. Grain size analyses were performed in accordance with ASTM D421 
and D422. These tests consisted of a wet wash through a #200 (0.075 mm) US 
Sieve. The results of these tests are indicated on the following table: 

Sample Location Sample Depth % Retained on % Passing 
(feet) #200 Sieve #200 Sieve 

HC B-2 7.5 37 63 

HC B-3 7.5 21 79 

HC B-3 57.5 8 92 

HC B-4 37.5 5 95 

HC B-4 52.5 35 65 

Atterberg Limits. Atterberg limits of selected soil samples were determined in 
accordance with ASTM D4318. The Atterberg Limits of these soil samples are 

presented in the table below: 

Atterberg Limits 

Boring Number Liquid Limit Plastic Limit Plasticity uses 
& Depth (%) (%) Index(%) 

HC B-3, 12.5 ft 37 26 11 ML/OL 

HC B-3, 1 7.5 ft 44 34 10 ML/OL 

HC B-3, 47.5 ft 68 40 28 MH/OH 

HC B-4, 12.5 ft 39 25 14 ML/CL 

HC B-4, 42.5 ft 91 50 41 MH/OH 

HC B-4, 57.5 ft 45 26 19 ML/CL 
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