
 
 
 
 
 
 
 
 

UPDATED GEOTECHNICAL ENGINEERING STUDY 
PROPOSED TOWNHOMES 

3803 NE 155TH STREET 
LAKE FOREST PARK, WASHINGTON 

 
Project No. G-2239-2 

 
 
 
 
 

Prepared for 
 
 

Mr. John Khaira 
Rev Properties Group 

426 E. 64th Avenue 
Vancouver, BC, Canada   V5X 2N1 

 
 
 

October 29, 2021 
 
 
 
 
 

GEO GROUP NORTHWEST, INC. 
13705 BEL-RED ROAD 

BELLEVUE, WASHINGTON   98005 
PHONE: (425) 649-8757 / E-MAIL: info@geogroupnw.com 



 

13705 Bel-Red Road, Bellevue, Washington   98005 
Phone: 425/649-8757 E-mail: info@geogroupnw.com 

 
 
 
October 29, 2021 G-2239-2 
 
 
Mr. John Khaira 
Rev Properties Group 
426 E. 64th Avenue 
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Subject: Updated Geotechnical Engineering Study 

Proposed Townhomes 
3803 NE 155th Street 
Lake Forest Park, Washington 

 
 
Dear Mr. Khaira: 
 
GEO Group Northwest, Inc. is pleased to present its updated geotechnical engineering study 
report for the above-subject property in Lake Forest Park, Washington.  This report summarizes 
our activities and presents our findings and conclusions regarding the site conditions and 
geotechnical aspects of the proposed redevelopment of the site with two townhome buildings.  
This report updates and supercedes our previous report dated August 24, 2016.  
 
Due to the presence of loose fills and soils to depths of up to approximately 39 feet below 
existing grades the site, we recommend that the proposed building be supported on a system of 
augered concrete piles with interconnected grade beams and structurally supported floors.  
Building support and other geotechnical issues are discussed in the enclosed report.   
 
We appreciate this opportunity to provide you with geotechnical engineering services.  Should 
you have any questions regarding this report or need additional consultation during the design 
and construction phases, please feel welcome to contact us.   
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1 INTRODUCTION 
 
GEO Group Northwest, Inc. has completed this updated geotechnical engineering report of the 
property located at 3803 NE 155th Street in Lake Forest Park, Washington, for the proposed 
redevelopment of the property with two townhome buildings having a parking level and three 
above-grade stories.  Information from our previous geotechnical report dated August 24, 2016, 
and our supplemental letter dated September 27, 2016, along with updated information regarding 
the proposed project layout, engineering design parameters, and geologic critical areas, has been 
incorporated into this updated report.  This report was completed for Mr. John Khaira of Rev 
Properties Group per our proposal dated September 15, 2021.   
 
 
2 SITE CONDITIONS 
 
2.1 SITE DESCRIPTION 
 
The site is located on the south side of the 3800 block of NE 155th Street in a mixed small 
commercial and residential area of Lake Forest Park, Washington, as illustrated in Plate 1 - Site 
Location Map.  The site property consists of an irregular-shaped lot that comprises 0.7 acres of 
land.  The north part of the site is occupied by a two-story residence that has been converted to 
an office and a by a detached garage west of the residence.  An asphalt paved parking area is 
located east of the existing building.  The area behind (south of) the existing buildings and 
parking lot is vacant land that is mostly covered with heavy-gauge black plastic sheeting.  
Vegetation mostly consisting of blackberry vines and knotweed has penetrated though the 
sheeting in several locations. 
 
The site has a steep slope along its south and east sides.  The slope faces toward the south and 
southeast and has a height typically ranging between approximately 40 and 50 feet.  The slope 
has inclinations typically ranging up to approximately 80 percent grade.  The site topography and 
existing features are illustrated in Plate 2A - Site Plan.  
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2.2 ADJACENT PROPERTIES 
 
The adjacent property to the east (3829 NE 155th Street) is occupied by a single-family 
residence.  This residence is located approximately 5 feet from the site boundary and has a floor 
elevation of approximately 139 feet.   
 
A two-story apartment building is located on the adjacent property to the west.  This building is 
located approximately 5 feet away from the site boundary and appears to have a floor elevation 
of about 152 or 154 feet.  
 
2.3 PROPOSED DEVELOPMENT 
 
We understand that the site is proposed to be developed with two townhome buildings.  The 
buildings will have a bottom parking level below three floors of residential space.  The buildings 
are proposed to be located on the northern part of the site, as illustrated in Plate 2B – Proposed 
Development Plan.  The bottom levels of the buildings are planned to have a floor elevation of 
approximately 143 feet.   
 
2.4 GEOLOGIC OVERVIEW 
 
According to the geologic literature for the vicinity of the project site, surficial soils at the site 
consist of Quaternary-age glacial deposits associated with the Vashon Stade of the Fraser  
 
Glaciation, and consist of older non-glacial deposits1.  In order of relative age, youngest to 
oldest, these deposits are identified as 1) Vashon glacial till, 2) Upper Clay, and 3) Unnamed 
Gravel.  Mapped surface exposure of these units in the site vicinity is illustrated in Plate 3 - 
Geologic Map.   
 
Vashon glacial till deposits (Qvt in the geologic map) typically consist of very dense, unsorted 
mixtures of silt, sand, gravel, and occasional cobbles which were deposited by and then 
overridden by the Puget Lobe glacier approximately 12,000 years ago.  The silt and clay deposits 
of the Upper Clay unit (Qcu in the geologic map) typically consist of very dense layers of 
lacustrine (lake environment) sediments that were deposited before or during the early stages of 

 
1 B.A. Liesch, et al., 1963, Geology and Ground-Water Resources of Northwestern King County, Washington.  U.S. 
Geological Survey Water Supply Bulletin No. 20. 
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the Vashon glacial advance.  The Unnamed Gravel unit (Qg in the geologic map) consists of 
oxidized gravel and sand interpreted to have been deposited in an older non-glacial environment.  
 
2.5 GEOLOGIC CRITICAL AREAS REVIEW 
 
A review of the Critical Areas Map on the City of Lake Forest Park internet site indicates that the 
middle and southern portion of the site is located within a steep slope hazard area, due to the 
presence of slopes steeper than 40 percent and higher than 10 feet.  The extent of the steep slope 
area and the associated 25 feet buffer from the top of the slope are illustrated in Plate 2A – Site 
Plan.   
 
The City’s critical areas map indicates that the entire site is located within a landslide hazard 
area.  Based on information from the topographic survey for the site, however, a portion of the 
site has slopes of less than 15 percent, which meets the criteria to be classified as a Class I slope 
area per LFPMC 16.16.040.J.  The proposed project is located in this area to the maximum 
extent feasible, and the proposed buildings do not intrude into the steep slope area or its 
associated buffer.  
 
Much of the site meets the criteria for being designated a soil erosion hazard area due to the 
presence of slopes having inclinations steeper than 15 percent.  The potential for soil erosion 
associated with the proposed project can be mitigated by site-specific temporary and permanent 
soil erosion and sediment controls that are designed by a civil engineer and implemented during 
the project.  Additionally, the proposed project has been designed to minimize grading and 
development in the erosion hazard area; which also will contribute to mitigation of soil erosion 
potential.  
 
 
3  SITE INVESTIGATION 
 
3.1 SUBSURFACE EXPLORATION BY GEO GROUP NORTHWEST 
 
2006 and 2015 Subsurface Exploration 
 
A GEO Group Northwest, Inc. geologist supervised the drilling of three exploratory soil borings 
(B-1, B-2, and B-3) at the site on April 25, 2006, and an additional three borings (B-4, B-5, and 
B-6) on June 10, 2015.  The boring locations are illustrated in Plate 2A – Site Plan.  The boring 
locations were estimated by using a measuring tape and by visually estimating property line 
locations relative to existing features.  The borings were terminated in dense, native soils at 
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depths ranging between approximately 20 and 55 feet below the ground surface.  Soil samples 
were collected from the borings and were tested for moisture content.  Copies of the logs for the 
boring are provided in Appendix A.  
 
Soil samples were collected during drilling by using a 2-inch outside-diameter split-spoon 
sampler.  Standard Penetration Test (SPT) data was recorded while sampling by driving the 
sampling tube using a 140-pound hammer with a 30-inch drop.  The soil samples were reviewed 
in our office to verify the field classifications, and moisture content testing of the samples was 
performed.  The moisture content data are included on the boring logs.   
 
The soils encountered in the borings typically consisted of a layer of loose fills underlain with a 
relatively thin layer of loose to medium dense soils (apparent old topsoil or alluvium), all 
underlain with medium dense to dense native soils.  Boring B-6 was the only boring where the 
fills were limited to a thin layer of pavement base course.  The fills typically consisted of 
heterogeneous mixtures of silty sand, sandy silt, and silt, commonly with trace or minor amounts 
of wood fragments and lesser fine organics.  Substantial amounts of wood were encountered at a 
depth of about 12 feet in boring B-3 and at 27 to 30 feet in boring B-4.  Fill thicknesses ranged 
between approximately 7 and 27 feet, with the greatest thicknesses (over 20 feet) found in 
borings B-1, B-3, and B-4.  
 
The fills were observed to typically be underlain with relatively thin layer of loose to medium 
dense, wet, grayish brown sand, dark gray silty sand, and black sandy silt, commonly containing 
organics and mottling.  These soils are interpreted to be variety of old topsoil, colluvium, and 
stream alluvium and muck.   
 
Dense native soils that were encountered in the borings typically consisted of layers of fine-
grained sand, silty sand, and silt.  Depths to these soils ranged between approximately 27 and 40 
feet, except at boring B-2 where the depth to dense soils was found to be approximately 15 feet.  
Occasional medium dense layers of fine sand were found within these soils in borings B-4, B-5, 
and B-6.   
 
Groundwater was encountered in each of the borings except for B-2 at depths ranging between 
approximately 17 and 22 feet.  No groundwater was encountered in boring B-2, but the soils at 
the bottom of the boring (at approximately 20 feet deep) were rather moist.  The groundwater 
elevations typically ranged between approximately 122 and 126 feet, except in boring B-6 where 
is it was encountered at approximately 132 feet.  The top of the groundwater commonly was 
encountered a few feet above the base of the fills, but groundwater also was noted within some 
of the native soil layers.   
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2016 Supplemental Site Reconnaissance 
 
On September 16, 2016, a project geologist from our firm performed a reconnaissance of the soil 
conditions on the lower portion of the steep slope area at the site.  We observed that the surface 
soils beyond the bottom of the steep slope consisted of native soils and alluvium/colluviums.  
The lower edge of the fills appeared to range between the bottom of the steep slope and several 
feet above the bottom of the slope, based on probing of the surface and observation of soil 
texture and presence of debris.  No significant erosion features into the lower part of the steep 
slope were observed.  The trees located along the lower edge of the slope do not appear to have 
significant thicknesses of soil or debris surrounding their trunks.  The observations from our 
reconnaissance were used to indicate the approximate limit of the fills in Plate 2A – Site Plan, 
and in the site profiles in Plates 4B and 4C.  
 
2016 Supplemental Subsurface Exploration 
 
On September 10, 2016, a project geologist from our firm supervised the drilling of two 
exploratory soil borings (B-7 and B-8) at the top of the steep slope area on the site.  The boring 
locations are illustrated in Plate 2A – Site Plan.  The borings were terminated in dense, native 
soils at a depth of approximately 71 feet in Boring B-7 and at approximately 56 feet in  
Boring B-8.   
 
The soils encountered in the borings typically consisted of a layer of loose fills underlain with 
medium dense to dense native soils.  The fills typically consisted of heterogeneous mixtures of 
silty sand, sandy silt, and silt, commonly with occasional woody debris and lesser fine organics.  
The thickness of the fills encountered in Boring B-7 was approximately 32 feet, and the 
thickness of fills encountered in Boring B-8 was approximately 39 feet.  
 
The soils underlying the fills typically consisted of layers of fine-grained silty sand and sandy silt 
with occasional layers of clean sand or silt.  In Boring B-7, these soils were found to be medium 
dense to a depth of approximately 58 feet, and then dense from 58 feet to the bottom of the 
boring.  In Boring B-8, these soils were found to be medium dense to a depth of approximately 
42 feet, and then dense to the bottom of the borings.  
 
Groundwater was encountered in boring B-7 at a depth of approximately 30 feet, at the base of 
the fills.  Sandy layers in the underlying native soils were observed to be wet, but the silty layers 
were found to be moist.  The fills encountered in boring B-8 were not observed to have 
groundwater, but wet sandy soils were noted at the bottom of the boring.   
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2021 Supplemental Site Reconnaissance 
 
On October 28, 2021, a project geologist from our firm visited the site to update our knowledge 
to the site conditions.  We observed that the site conditions appeared essentially similar to those 
we observed in 2016, except that the property appears to have been unmaintained for a long 
period of time.  Access onto the property is blocked by a barricade of large concrete blocks 
covered with a mound of vegetative debris and other materials.  Views across the property from 
the street and from the adjacent property to the west didn’t reveal indications of site grading, 
demolition, or slope movement since our previous observations.  
 
3.2 PREVIOUS GEOTECHNICAL INVESTIGATION BY OTHERS 
 
Cascade Geotechnical, Inc., in Kirkland, Washington, completed a preliminary subsurface soils 
investigation of the site in 1990.  GEO Group Northwest, Inc., reviewed a copy of the report 
from this investigation, dated July 20, 1990, which was prepared for Norbrook Construction.  A 
copy of the report is provided in Appendix B.  
 
According to the report, four exploratory test pits were excavated on the site by using a backhoe.  
The test pits were completed to depths ranging between 11.5 and 17 feet below the ground 
surface.  Approximate locations of these test pits, identified as TP1-1 through TP1-4, are 
illustrated in Plate 2A – Site Plan.  The locations of these test pits are based solely on the 
information provided in the 1990 geotechnical report and have not been field-verified.  
 
Subsurface soil conditions in the test pits were reported to consist of fills composed of loose silty 
sand and sandy silt with trace amounts of debris.  The thicknesses of the fills were reported to 
range from 2.5 to 15 feet.  Native soils under the fills consisted of medium dense or dense silty 
sand and silt in test pits TP1-2 and TP1-4.  In test pit TP1-1, the encountered native soils 
consisted of very stiff silty clay and very dense sandy silt.  In test pit TP1-3, the encountered 
native soils consisted of soft to medium stiff clay and silt to the bottom of the test pit at 17 feet.  
 
A site sketch and a written log that documented the excavation of an additional four test pits on 
the northeast part of the site in 1996 was appended to the 1990 report.  These four test pits were 
excavated to depths ranging between 4.5 and 21 feet below the ground surface, and the 
approximate locations of these test pits, identified as TP2-1 through TP2-4, as indicated in the 
sketch are noted in Plate 2A – Site Plan.  The locations of these test pits have not been field-
verified. 
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The fills encountered in these test pits were reported to have thicknesses ranging between 2.5 and 
18 feet and to have consisted of loose mixtures of silt, sand, and gravel, occasionally with 
organic matter and pea gravel.  Relatively dense native soils reportedly encountered in test pits 
TP2-2, TP2-3, and TP2-4 at depths of about 2.5, 18, and 5 feet, respectively, consisted of silty 
gravelly sand (TP2-2) or sand and silty sand (TP2-3 and TP2-4).  Dense native soils were not 
reported to be encountered in test pit TP2-1 which was terminated at a depth of 16.5 feet.  
Groundwater seepage was reported encountered at a depth of 16 feet (two feet above the base of 
the fill) in test pit TP2-3.  Groundwater is not noted in the logs for the other test pits.  
 
3.3 SUMMARY OF EXPLORATION FINDINGS 
 
Based on the findings from the test pits and soil borings, the thickness of the fills and underlying 
loose or medium dense soils across the site range from approximately 4 feet at test pits TP1-1 
and TP2-2 to approximately 58 feet at boring B-8.  The portion of these thicknesses which 
consist of the loose fills range from approximately 2.5 feet at test pits TP1-1 and TP2-2 to 
approximately 39 feet at boring B-8 
 
A summary of the exploration elevations, fill thickness and top of dense soil elevations at the test 
pits and borings is presented in the table below.  This information was used to create three cross 
sections to interpret and illustrate the subsurface conditions of the site.  These cross sections are 
presented in Plates 4A through 4C.  Soil and groundwater conditions depicted beyond the 
exploration locations in the sections are interpreted and may vary from those shown.   
 

SUMMARY OF SUBSURFACE EXPLORATION DATA 

Exploration 
ID 

Surface 
Elevation 

Fill 
Thickness 

Depth 
to 

Dense 

Soil 

Elevation 
of Top of 

Dense Soil 

Elevation 
of Bottom 

of Boring/ 

Test Pit 

Depth to 
Groundwater 

Groundwater 
Elevation 

Borings 

B-1 143 20 30 113 106.5 17 126 

B-2 147 7 15 132 125.5 NE NE 

B-3 145 22 27 118 108.5 20 125 

B-4 141 27 40 101 84.5 19 122 

B-5 142 8 30 2 95.5 18 124 
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B-6 154 < 2.5 30 124 112.5 22 132 

B-7 139 32 58 81 67.5 30 109 

B-8 135 39 42 93 78.5 55 80 

Test Pits 

TP1-1 149.5 2.5 4 140 138 NE NE 

TP1-2 149 8 10.5 137.5 136.5 NE NE 

TP1-3 143 15 NE 
(>17) 

NE (<126) 126 NE NE 

TP1-4 143 8.5 NE 

(>14) 

NE (<129) 129 NE NE 

TP2-1 136 16.5 NE 

(>16.5) 

NE 

(<119.5) 

119.5 NE NE 

TP2-2 142 2.5 4.5 137.5 137.5 NE NE 

TP2-3 138 18 18 120 117 16 122 

TP2-4 142 5 6.5 135.5 135.5 NE NE 

Notes:  All data are in units of feet.  NE = Not encountered. 

 
The native soils encountered in borings B-1, B-2, B-3, B-4, B-5, B-7, and B-8 are generally 
similar to the Upper Clay deposits described in the referenced geologic literature, but also 
commonly contain some fine-grained sand layers.  The soils encountered in boring B-6 at the 
northwest corner (and highest portion) of the site are interpreted to be similar to weathered 
glacial till soils to a depth of about 10 feet overlying other older Vashon-age glacial deposits that 
are generally sandy but contain appreciable silty layers.  Soils with the characteristics described 
for the Unnamed Gravel deposit do not appear to have been encountered in the borings.   
 
 
4 SITE SEISMICITY AND SOIL LIQUEFACTION EVALUATION 
 
4.1 SITE SEISMIC DESIGN CLASSIFICATION 
 
We have determined that per the 2018 edition of the International Building Code (IBC), the 
project site meets the criteria for designation under seismic Site Class E.  This site class 
determination is based on the observed presence of a thickness of more than 10 feet of loose or 
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soft soils and fills that have apparent shear strengths of less than 500 pounds per square foot 
(psf).   
 
The seismic design parameters applicable for the site (using Site Class E), per the 2018 IBC, are 
as follows:  
 

Ss = 1.266g  Sms = null  Sds = null 
S1 = 0.442g  Sm1 = null  Sd1 = null 

 
The peak ground acceleration for the site, adjusted for site class effects, is 0.624g.  
 
4.2 SOIL LIQUEFACTION POTENTIAL 
 
Liquefaction is a phenomenon where soil below the water table temporarily loses strength and 
behaves as a liquid due to strong shaking, such as from earthquakes.  The results of soil 
liquefaction can include ground settlement, sand boils, and lateral soil spreading.  Loose, 
saturated, medium- to fine-grained sands are the soil types which typically are most susceptible 
to liquefaction.   
 
Soils encountered in boring B-1 at depths of approximately 20 to 25 feet and in boring B-4 at a 
depth of approximately 30 feet consisted of saturated, loose to medium dense, fine-grained sand 
and slightly silty sand.  The thicknesses of these layers were found to be less than 5 feet.  Other 
loose, saturated soils encountered in the borings typically consisted of silty sand with appreciable 
proportions of fines and are expected to have low susceptibility to liquefaction.   
 
Based on the soil conditions found in the borings drilled for this study, we conclude that the site 
has a low susceptibility to liquefaction from seismic shaking of the intensity, duration, and 
location which have characterized past events in the region.  If future events of greater severity at 
the site occur, however, the susceptibility of these soils to liquefaction may be higher.  The risk 
of potential damage to the proposed redevelopment due to soil liquefaction can be mitigated by 
supporting the building on a deep foundation system that is embedded into dense, native soils 
which are not susceptible to seismically-induced liquefaction.   
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5 SITE STABILITY EVALUATION 
 
5.1 RECORD OF PAST LANDSLIDE ACTIVITY 
 
During our subsurface investigation work in 2006, we were told by the occupant of the existing 
buildings that a landslide had occurred on the steep slope on the site about 15 years ago.  The 
black plastic sheeting that covers much of the southern part of the site was placed following the 
landslide, and the sheeting also covered part of the steep slope.  The landslide apparently was 
located on or in proximity to the eastern edge of the project site, and abutted the adjacent 
residence to the east.  During our subsurface investigation work on site in 2015, neighboring 
residents told us that a landslide had occurred on the steep slope many years ago.  The extent of 
the landslide reportedly reached the south side of the house on the adjacent property to the east.  
Details about the date, extent, or cause of the landslide have not been provided to us.   
 
During our visits to the site we have observed no evidence of recent, fresh landslides.  However, 
much of the eastern and southern portions of the site have been obscured by thick overgrown 
vegetation, and much of the ground surface has been covered with black plastic sheeting.  Some 
apparent cracks were observed on the ground surface between the locations of borings B-4 and 
B-5 during our exploration work in 2015.   
 
5.2 EVALUATION OF SOIL STABILITY 
 
Based on 1) the findings from our subsurface investigation, 2) the local geologic conditions 
reported in the literature we reviewed, 3) the findings reported in the previous soil investigation 
report for the site by Cascade Geotechnical, 4) the surface conditions as depicted in the 
topographic survey for the site, and 5) the anecdotal information we received about a past 
landslide on site, we have developed the following comments and conclusions. 
 

 The eastern and southern portions of the site are marginally stable in their present 
condition, in our opinion.  This is due to multiple factors, chiefly that 1) the fills are loose 
and are thick in proximity to the slope, the slope inclination approaches the typical angle 
of repose for relatively loose soils (independent of the effects of rooted vegetation, 
surface hardening/compacting, and the like), and the base of the fills and underlying 
loose soil zone are wet.   

 

 The northern portion of the site in the vicinity of the existing buildings appears to be 
relatively stable, in our opinion.  These soils have higher densities, the extent of the loose 
fills is less, and slope conditions are much gentler.   
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 In our opinion, the proposed building can be constructed in a manner that will not 
adversely affect the stability of the site or of the adjacent property to the east provided 
that it is supported on a pile and structural beam foundation system.  Resistance of lateral 
forces against pile caps and grade beams can be provided by compacting the existing 
subgrade soils to a firm condition.   

 

 In addition to compacting the subgrade below the proposed building, we also recommend 
that the fills beyond the south and east limits of the proposed building be improved by 
compacting them to a firm condition.  This improvement to the exterior fills will 
supplement the building’s resistance against lateral forces and will improve the stability 
of the fills and slope.  

 

 It should be understood that post-construction settlement of the fills can be expected.  
Compaction of the surficial portion of the fills likely will reduce the magnitude of such 
settlement but will not eliminate it.  This settlement may result in visible settlement of 
structures and pavements which are supported on these materials.   

 

 We understand that the proposed building will be located at least 40 feet away from the 
top of the steep slope (25 feet steep slope buffer plus 15 feet building setback).  In our 
opinion, this proposed distance of the proposed building from the top of the steep slope is 
sufficient to avoid adverse impact to the slope and the proposed building, provided that 
the development is designed and constructed in conformance with the recommendations 
in this report.   

 

 We understand exterior parking is planned to extend into the setback area east of the 
proposed building (but not into the buffer), as illustrated in Plate 2B – Proposed 
Development Plan.  In our opinion, the proposed parking area may experience gradual 
settlement if it relies on the underlying subgrade for support, due to the presence of loose 
fills across much of the area.  The degree of potential settlement can be reduced by 
compacting the subgrade below the parking area, or by constructing it as a structurally 
supported concrete slab on augered concrete piles that are embedded in the deeper dense 
native soils, or both.  

 

 The site has a potential for significant soil erosion due to the loose condition of the fills 
and steepness of the slope area.  Stormwater generated during construction should be 
controlled so that it does not accumulate in proximity to the steep slope or flow onto the 
steep slope.  Post-construction stormwater also should be controlled to avoid its 
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accumulation near the steep slope or flow onto the slope, and should be tightlined to the 
local stormwater utility system.  We recommend that stormwater not be dispersed or 
infiltrated on site.  

 

 We recommend that the existing invasive vegetation on the site be removed and that a re-
vegetation plan including appropriate plants which provide ground protection during the 
wet weather season be included in the project to mitigate the potential for later soil 
erosion.  

 
 
6  CONCLUSIONS AND RECOMMENDATIONS 
 
Based on the results from our subsurface investigation, it is our opinion that the main 
geotechnical issues to be considered for the proposed development include building support, site 
stability, excavations and slopes, excavation support, basement and retaining walls, and 
subsurface drainage.   
 
The presence of loose fills with thicknesses of up to about 39 feet and the saturated condition of 
the base of the fills and of the upper portion of the underlying native soils lead us to recommend 
that a pile foundation system be used to support the proposed building.  In our opinion, the 
preferred piling alternative for the project is auger-cast concrete piles that are embedded into the 
dense native soils.  We anticipate that installing piles by using ‘open-hole’ methods may 
encounter difficulties at maintaining open boreholes and with groundwater accumulation in the 
boreholes.  We anticipate that similar difficulties would be encountered with installing aggregate 
piers at the site.   
 
In our opinion, the steep slope on site appears to be marginally stable based on the loose 
condition of the fills, the steepness of the slope, and the presence of saturated soils and fills at the 
bottom of the fill section.  Improvement to the stability of the site can be achieved by compacting 
the surface of the loose fills below the proposed building location and beyond the building 
toward the top of the steep slope.   
 
Our recommendations regarding these and other geotechnically-related aspects of the proposed 
site development are presented in the following sections of this report.  
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6.1    GRADING AND EARTHWORK 
 
6.1.1 Site Clearing and Grubbing 
 
The construction area should be cleared and grubbed of vegetation, organics, debris, and other 
deleterious materials if present.  Silt fencing should be installed around areas to be disturbed by 
construction activity to prevent sediment being carried off site.   
 
6.1.2 Excavations and Slopes 
 
We recommend that temporary excavation slopes not exceed the limits specified in local, state 
and federal government safety regulations.  We recommend that temporary cuts greater than  
4 feet in height be sloped at an inclination no steeper than 1.5H:1V (Horizontal:Vertical) in the 
fills due to their variable and uncontrolled composition, and to no steeper than 1H:1V in the 
native soils.  If groundwater seepage is encountered during excavation, the excavation work 
should be halted, and the stability of the excavation and issues regarding slope stability and 
potential need for engineered support should be evaluated on site by the geotechnical engineer.  
We recommend that permanent slopes be graded to no steeper than 3H:1V.   
 
6.1.3 Subgrade Preparation 
 
Loose fills were encountered during the exploration work we performed on the site.  These fills 
typically consisted of loose silty sand and silt with occasional wood debris.  These soils are 
susceptible to deep rutting and pumping from construction traffic during wet weather conditions.  
Therefore, we recommend that the subgrade be stabilized by compacting it to a firm condition by 
using a full-size vibratory roller at the start of construction.  A layer of clean crushed rock also 
can be placed over the subgrade for additional protection to the subgrade due to construction 
activity.   
 
6.1.4 Structural Fill 
 
Fills placed to achieve design site elevations below building, pavement, patio, or sidewalk areas 
should meet the requirements for structural fill in situations where the fills will provide support 
to these improvements.   
 
The on-site soils have moisture contents and in some instances also have relatively high silt 
contents.  For these reasons, these soils are unlikely to be suitable for use as structural fill.  We 
recommend that an imported granular soil or aggregate material be used as structural fill; this 
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material should have a moisture content that is at or near its optimum value for attaining 
compaction density requirements.  This material should be free of organic or other deleterious 
substances and should contain no particles larger than three inches in diameter.  During wet 
weather, however, we recommend that this material not contain more than 5 percent fines (silt 
and clay-size particles passing the No. 200 mesh sieve), so that it can more readily be compacted 
to the required standards.  
 
Structural fill material should be placed at or near its optimum moisture content.  The optimum 
moisture content is the water content in soil that enables the soil to be compacted to the highest 
dry density for a given compaction effort.  
 
Structural fill should be placed in horizontal lifts no greater than 10 inches in loose thickness.  
Structural fill under parking lots, driveways, patios and sidewalks should be compacted to at 
least 90 percent of maximum density, with the exception of the upper 12 inches.  The top  
12 inches should be compacted to at least 95 percent maximum dry density, as determined by 
ASTM Test Designation D-1557-91 (Modified Proctor). 
 
We recommend that GEO Group Northwest, Inc. be retained to 1) evaluate the suitability of 
material that is proposed for use as structural fill, and 2) to monitor the placement and 
compaction of structural fill for quality assurance of the earthwork.  
 
6.2 BUILDING SUPPORT 
 
The proposed building can be supported on auger-cast concrete piles that penetrate through the 
fills and loose to medium dense soils and are embedded into the underlying native, dense soils.  
We recommend that the piles have a minimum diameter of 18 inches and a minimum 
embedment of 20 feet into the native, dense soils.  Allowable bearing capacities for a selection of 
pile sizes and embedment lengths are presented in the table 
 

Allowable Axial Pile Capacities 

Pile Diameter 
(inches) 

Pile 
Embedment 

(feet) 

Allowable 
Capacity 

(tons) 

Uplift 
Capacity 

(tons) 

18 20 45 22 

18 25 58 29 

18 30 73 36 

24 20 75 37 
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24 25 98 49 

24 30 121 60 

30 20 115 57 

30 25 148 74 

30 30 182 91 

36 20 163 81 

36 25 208 104 

36 30 256 128 

 
A safety factor of 3.0 is included in the tabulated capacities.  The capacities were calculated 
based on the soil conditions encountered in the soil borings completed for this study.  These 
capacities are based on skin friction and end bearing resistance in the medium dense to dense 
soils that were found below depths of approximately 30 to 40 feet.  Negative skin friction 
resistance (also referred to as “down-drag”) associated with potential settlement of the upper 
loose fills and soils are not anticipated to significantly affect the pile capacities, as these 
materials have low relative densities and minimal cohesiveness that would generate down-drag. 
 
No reduction in pile capacity is required if the pile spacing is at least three times the pile 
diameter.  A one-third increase in the above allowable pile capacities can be used when 
considering short-term transitory wind or seismic loads.  We estimate that the maximum total 
post-construction settlement should be one-quarter (1/4) inch or less, and the differential 
settlement across building width should be one-quarter (1/4) inch or less. 
 
Lateral forces against the foundation system can be resisted by passive earth pressure and friction 
of an improved subgrade against the pile caps and grade beams.  The subgrade should be 
improved by thoroughly compacting it to a firm condition.  The improved subgrade can be 
assigned a passive soil pressure of 250 pcf (pounds per cubic foot) equivalent fluid weight.  A 
coefficient of friction of 0.35 may be used between the improved subgrade and the foundation 
elements.  Alternatively, lateral forces can be resisted by using battered piles or helical anchors.  
 
The performance of piles depends on how and into what bearing stratum the piles are installed.  
It is critical that judgment and experience be used as a basis for determining the embedment 
length and acceptability of a pile.  Therefore, we recommend that GEO Group Northwest, Inc. be 
retained to monitor the pile installation operation, collect and interpret installation data, and 
verify suitable bearing stratum.  We also suggest that we review the contractor’s equipment and 
installation procedures prior to pile installation to help mitigate problems which may delay work 
progress.  
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6.3 EXCAVATION SUPPORT 
 
We understand that construction of the proposed building will require temporary excavation 
reaching depths of up to approximately 9 to 15 feet in depth in proximity to the north and west 
property lines, and will therefore require shoring.  Cantilever soldier pile shoring with timber 
lagging can be used to support portions of the excavation where open cut slopes are not feasible.   
 
Active Earth Pressures 
 
We recommend that the cantilever soldier pile and lagging shoring for level backslope conditions 
be designed to resist an active pressure distribution of 35 pounds per cubic foot (pcf).  The active 
soil pressure should be considered to act on a width of one pile-spacing above the excavation line 
and of one pile-diameter below the excavation line.   
 
Backslope Considerations 
 
Backslopes which extend a height approximately equal to or greater than the excavation height 
should be considered as “infinite” slopes for purposes of engineering design.  For “infinite” 
backslopes of approximately 1H:1V, an active pressure of 50 pcf should be used for design.   
 
Smaller backslopes that have inclinations of approximately 1H:1V, however, can be considered 
as surcharge loads having a value equivalent to the soil weight of one-half the height of the 
backslope using a unit weight of 125 pounds per square foot (psf).  For example, a 4-feet high 
backslope can be considered equivalent to a surcharge load of 250 psf.   
 
Other Surcharge Pressure 
 
We recommend that surcharge pressure associated with construction equipment operating in 
proximity to the shoring be accounted for in the shoring design as equivalent to an additional 2 
feet of soil height against the shoring.   
 
Seismic Earth Pressure 
 
If the shoring is to provide permanent support, a rectangular pressure of 8H pounds per square 
foot (psf), where H is the wall height in feet, should be added to active pressure distribution 
account for seismic pressure on the wall.   
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Passive Earth Pressure 
 
The shoring can be designed using a passive soil pressure of 350 pcf, equivalent fluid weight.  
The passive pressure zone should start at one foot below the lowest level of excavation or soil 
disturbance.  The passive pressure can be considered to act on a width of one pile-spacing or two 
pile-diameters, whichever is less.  Mobilization of the full passive pressure assumes that the 
grade in front of the wall relatively level for a distance of four times the pile embedment.  These 
recommended pressures apply to drained soil conditions.  
 
The distribution of the above-described earth pressures acting on the shoring wall is 
schematically illustrated in Plate 5 - Lateral Earth Pressure Diagram.  
 
Wall Lagging  
 
Due to soil arching effects in the soil, timber lagging for the shoring system can consist of either 
pressure-treated or untreated lumber designed to resist 50 percent of the apparent lateral soil 
pressure for pile spacing up to four times the pile diameter.  In order for this soil arching effect to 
occur, the pile holes should be backfilled with grout approximately to soil grade behind the wall.   
 
Excavation work to install the lagging should be performed in lifts approximately 4 to 5 feet in 
depth, or to less depth as appropriate to avoid significant sloughing of soils from beyond the 
property line.  Void areas behind the lagging should be backfilled with a granular material that 
contains no more than five percent fines (i.e., material passing a U.S. #200 sieve).   
 
Performance Monitoring 
 
Select points on off-site structures, driveways, or sidewalks located in proximity to the shoring 
should be surveyed or documented before the start of construction to record their baseline 
conditions.  Existing cracks, sags, or other damage to the adjacent buildings, retaining walls, 
pavements, and sidewalks also should be documented prior to the start of construction.   
 
The off-site points and selected points along the top of the shoring should then be monitored for 
movement (vertical and horizontal) following construction.  We recommend that every other pile 
along the shoring wall be monitored.  The points should be surveyed on a weekly basis and the 
information provided to the geotechnical engineer and the structural engineer for review until the 
shoring has been structurally restrained or has been backfilled.   
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6.4 CONVENTIONAL BASEMENT WALLS AND RETAINING WALLS 
 
The following recommendations regarding conventional concrete basement walls and non-
basement retaining walls are provided for use if these features are planned to be included in 
development of the site.  These recommendations apply only to fully-drained wall systems.  If 
hydrostatic pressures may be exerted on such walls, due to groundwater or other periodic or 
occasional un-drained conditions, these recommendations should be re-evaluated to incorporate 
the added hydrostatic pressures.  Similarly, if other nearby structures may impose surcharge 
loads against such walls, these recommendations should be re-evaluated to address those factors.  
 
Vertical Support of Walls 
 
Retaining walls should be supported on a subgrade of competent, undisturbed native soils or on 
structural fill that overlies a prepared soil subgrade.  It should be understood that some amount of 
post-construction settlement may occur if poor-quality soils or fills underlie the structural fill 
layer or directly underlie the wall.  Alternatively, the walls can be supported on deep foundation 
elements such as concrete piles.   
 
It may be possible to use small-diameter steel pipe piles to support retaining walls that are 
independent of the proposed building, but consideration should be given to the potential for 
difficulties during pile installation due to obstruction by debris in the fills.   
 
Soil Engineering Design Parameters 
 
Retaining walls which are restrained horizontally on top (such as basement walls) are considered 
unyielding and should be designed for a lateral soil pressure under the at-rest condition.  
Retaining walls which are free to rotate on top by 0.002 times their height or more should be 
designed for a lateral soil pressure under the active condition.  
 

Active Earth Pressure:  35pcf (equivalent fluid pressure), for level ground behind the  
     wall;  

 
At-Rest Earth Pressure:  45pcf (equivalent fluid pressure), for level ground behind the  
       wall;  
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Passive Earth Pressure:  175 pcf (as equivalent fluid pressure) for unimproved soil;  
350 pcf for compacted granular fill having a depth of at least 3 feet below and horizontal 
distance of 10 feet beyond the edge of the wall footing; 

 
Seismic Loading Pressure:  8H psf, where H is the height of the wall in feet;  

 
Base Coefficient of Friction:  0.35 for compacted granular fill or competent soil 

 
Backfill and Drainage 
 
To prevent buildup of hydrostatic pressure behind conventional concrete basement or retaining 
walls, we recommend that a vertical drain mat be used to facilitate drainage behind the walls.  
The drain mat core should be placed against the wall with the filter fabric side of the mat facing 
toward the backfill.  The drain mat should extend from near the finished surface grade down to 
the base of the wall, where it should be directed to discharge to a drainage system to be conveyed 
to an appropriate discharge facility.  For long-term drainage ability, a prism at least 18 inches 
wide of free draining backfill material also should be placed against the wall after the drain mat 
has been installed.  The free-draining backfill should extend downward to the base of the drain 
mat.  We also recommend that a waterproofing layer be applied to basement and retaining walls 
to prevent moisture intrusion through the wall.  
 
The top 12 inches of backfill behind retaining or basement walls should consist of compacted 
and relatively impermeable soil.  This cap material can be separated from the underlying more 
granular drainage material by a geotextile fabric, if desired.  Alternatively, the surface can be 
sealed with asphalt or concrete paving.  The ground surface should be sloped to drain away from 
the wall.  
 
GEO Group Northwest, Inc. recommends that backfill material which will support structures or 
improvements (such as patios, sidewalks, driveways, etc.) behind permanent concrete retaining 
walls and basement walls be placed and compacted consistent with the structural fill 
recommendations presented in this report.  
 
6.5 UNDERGROUND UTILITIES 
 
Underground utilities that are installed in the loose fills at the site should be supported on a layer 
of at least 6 to 12 inches of granular bedding material to provide support to rigid conduits.  It 
may be necessary to line the bottom portion of the utility trench with geotextile fabric to confine 
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the bedding material if conditions are particularly soft.  We recommend that a granular material 
that requires minimal compaction effort to achieve a supporting condition be used for backfill.  
 
6.6 SITE DRAINAGE 
 
6.6.1 Surface Water Drainage during and after Construction 
 
Water should not be allowed to stand in areas where foundations, slabs or pavements are to be 
constructed.  During wet weather, these areas should be protected when idle by compacting the 
surface or covering the surface with plastic sheeting and directing the water away from the areas.  
Final site grades should direct drainage away from the building.   
 
6.6.2 Subsurface and Roof Drain Lines 
 
Roof downspout drain lines should be tightlined separately from subsurface drainage systems 
(such as retaining wall, basement wall, or foundation drainage systems) to their point of 
discharge into a storm water handling system.  We recommend that sufficient cleanouts be 
installed at strategic locations to allow for periodic maintenance of the roof downspout drainage 
system.  
 
6.7  PAVEMENT SECTION SUPPORT AND DESIGN 
 
We recommend that parking and driveway areas on site be supported on a layer of structural fill 
that is at least 12 inches in thickness.  We recommend that fill be underlain with a layer of 
durable woven geotextile fabric, such as Mirafi 500X or similar so that separation of the fill from 
the underlying soils is maintained.  The acceptability of the structural fill layer should be 
checked by performing a proof-rolling of the surface by using a fully loaded dump truck or other 
heavy construction vehicle.  If areas of soft or unstable subgrade soils are discovered during 
proof-rolling, they should be excavated and replaced with structural fill or crushed rock.   
 
We recommend that parking and driveway areas on site have a pavement section that consists of 
at least 3 inches of asphalt over 6 inches of crushed rock base course above the structural fill 
layer. 
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7  LIMITATIONS 
 
This report has been prepared for the specific application to this site for the exclusive use of  
Mr. John Khaira, Rev Properties Group, and his authorized representatives or agents.  We 
recommend that this report be included in its entirety in the project contract documents for the 
information of project designers and contractors. 
 
Our findings and recommendations stated herein are based on the field observations, our 
experience and judgment. The recommendations are our professional opinion derived in a 
manner consistent with the level of care and skill ordinarily exercised by other members of the 
profession currently practicing under similar conditions in this area and within the budget 
constraints.  No warranty is expressed or implied.  In the event soil conditions vary from those 
described herein, during site excavation or construction, GEO Group Northwest, Inc. should be 
notified, and the above recommendations should be reviewed and, where appropriate, be revised. 
 
 
8  ADDITIONAL SERVICES 
 
We recommend the GEO Group Northwest, Inc. be retained to perform a general review of the 
final design and specifications of the proposed development to verify that the earthwork and 
foundation recommendations have been properly interpreted and implemented in the project 
documents.  We also recommend that GEO Group Northwest, Inc. be retained to provide 
monitoring and testing service for geotechnically-related work during construction.  Work that 
should be monitored or verified by the geotechnical engineer typically includes the following:  
 

 Preparation of soil subgrade in building and pavement areas; 

 Structural fill selection, placement, and compaction; 

 Placement and compaction of utility trench backfill 
 
The purposes of this monitoring are to comply with construction permit requirements, where 
applicable, and to provide independent quality control engineering services.  Construction 
monitoring services also can involve reviewing unanticipated conditions and providing 
consultation and recommendations that may involve changes to project design or methods.   
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9  CLOSING 
 
We appreciate this opportunity to provide you with geotechnical engineering services.  Please 
feel welcome to contact us if you have any questions regarding this report or need additional 
consultation.  
 
 
Sincerely, 
 
GEO GROUP NORTHWEST, INC. 
 
 
 
 
 
 
 
 
Keith Johnson        William Chang, P.E. 
Project Geologist      Principal 



 

GEO Group Northwest, Inc. 
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LATERAL EARTH PRESSURE DIAGRAM

Active Soil Pressure:
35 pcf (loose to medium dense 

soils)

NOT  TO  SCALE

LATERAL EARTH PRESSURE DIAGRAM

CANTILEVER SOLDIER PILE AND LAGGING SHORING

NOTES:

1.  Active and passive soil pressures noted above are fluid-equivalent pressures.
2.  The active soil pressures act on one pile spacing behind the wall and on the pile width below the wall.
3.  The passive soil pressure acts on two pile diameters or one pile spacing, whichever is smaller.
4.  The wall is assumed to be fully drained; no hydrostatic pressures act on the wall.
5.  Surcharge loads from nearby traffic, buildings, or backslopes are not considered in this diagram, but should

be evaluated and included in the design of the shoring. 
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Neglect top 1 foot of soil from 
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SOLDIER PILE WALL
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TYPICAL BASEMENT WALL DRAINAGE

PROPOSED TOWNHOMES
3803 NE 155TH STREET

LAKE FOREST PARK, WASHINGTON

NOTES:

1.)   Do not replace rigid PVC pipe with flexible corrugated plastic pipe.

2.)   Perforated PVC pipe should be tight jointed, laid with perforations facing downward, and sloped
toward discharge location(s).

3.)  The geotextile filter fabric should be wrapped around the drain rock that surrounds the pipe, not
wrapped directly around the pipe.

4.)   Wall backfill should meet structural fill specifications if it will support pavements, 
slabs, or structures.  Refer to the geotechnical report for structural fill recommendations and
specifications.

5.)   Surface grade above the backfill can be covered with a layer of relatively impermeable topsoil or

NOT  TO  SCALE

CAPILLARY BREAK

BASEMENT WALL 
(LATERALLY RESTRAINED 

AT TOP)

DRAINAGE  MAT
Bottom of the mat should 
extend into the drain rock.

DRAIN LINE
Minimum 4-inch diameter, rigid PVC 
perforated pipe; lay pipe to have 
sufficient gradient toward discharge

GEOTEXTILE FILTER FABRIC
Nonwoven (Mirafi 140N, or equivalent), 
wrapped around the drain rock

SURFACE GRADE
Sloped to drain away from 
the wall 

WASHED DRAIN ROCK
Bedded entirely around  the 
drain line

SLAB

FOOTING
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WALL BACKFILL
Refer to geotechnical report
for specific recommendations
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TYPICAL RETAINING WALL DRAINAGE

PROPOSED TOWNHOMES
3803 NE 155TH STREET

LAKE FOREST PARK, WASHINGTON

NOTES:

1.)   These recommendations are intended for walls 4 feet or greater in height, but can also be
used for walls of lesser height, where desired.

2.)   Do not replace rigid PVC pipe with flexible corrugated plastic pipe.

3.)   Perforated PVC pipe should be tight jointed and laid with perforations oriented downward. The 
pipe should be gently sloped to provide flow toward the tightline or discharge location.

4.)   Do not connect other drain lines into the footing drain system.

5.)   Backfill should meet structural fill specifications if it will support driveways, sidewalks, patios, or 
other structures.  Refer to the geotechnical engineering report for structural fill recommendations.

NOT  TO  SCALE

RETAINING WALL
(UNRESTRAINED AT TOP)

GEOTEXTILE FILTER FABRIC
Nonwoven (Mirafi 140 NL, or equivalent), 
wrapped around the drain rock

FOOTING
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DRAINAGE  MAT
The mat should extend  
into the drain rock

WALL BACKFILL
Refer to geotechnical report
for specific recommendations

DRAIN LINE
Minimum 4-inch diameter, rigid PVC 
perforated pipe; lay pipe to have 
sufficient gradient toward discharge

WASHED DRAIN ROCK
Bedded entirely around  the 
drain line
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TYPICAL FOOTING DRAIN
PROPOSED TOWNHOMES

3803 NE 155TH STREET
LAKE FOREST PARK, WASHINGTON

NOT  TO  SCALE

Minimum 4-inch diameter
slotted or perforated PVC pipe
(perforations facing down); lay 
pipe to have sufficient gradient 
toward discharge

Non-woven geotextile filter 
fabric (Mirafi 140 NL, or 
equivalent), wrapped around
the drain rock

Washed drain rock

Compacted soil general backfill, or 
structural fill where applicable (refer 

to notes below) 

FLOOR SLAB 

CAPILLARY BREAK

NOTES:

1.)   Perforated or slotted rigid PVC pipe should be tight jointed and laid with perforations or slots down, and with
positive gradient toward discharge location(s).  The pipe should be placed at or slightly above the elevation of
the bottom of the footing.  Do not replace rigid PVC pipe with flexible corrugated plastic pipe.

2.)   Do not connect other drainage lines to the footing drain lines.  Drain line cleanouts should be installed at
appropriate locations to allow periodic inspection and maintenance of the lines after construction.

3.)   If  the backfill will support sidewalks, driveways, patios, or other structures, it should meet the 
recommendations for structural fill provided in the geotechnical report.

4.)  The geotextile filter fabric should be placed around the drain rock as shown, and not wrapped directly around
the pipe.

Slope the surface to drain 
away from the wall 

FOOTING

TYPICAL FOOTING DRAIN
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CLEAN 
GRAVELS

GW

(little or no 
fines)

GP

DIRTY 
GRAVELS

GM

(with some 
fines)

GC

CLEAN  
SANDS

SW

(little or no 
fines)

SP

DIRTY    
SANDS

SM

(with some 
fines)

SC

Liquid Limit 
< 50%

ML

Liquid Limit 
> 50%

MH

Liquid Limit 
< 50%

CL

Liquid Limit 
> 50%

CH

Liquid Limit 
< 50%

OL

Liquid Limit 
> 50%

OH

Pt

Sieve
Size
(mm)

Sieve
Size
(mm)

SILT / CLAY #200 0.075

SAND  0 - 4  0 -15 Very Loose < 2 < 0.25 Very soft

 FINE #40 0.425 #200 0.075  4 - 10  15 - 35  26 - 30 Loose  2 - 4 0.25 - 0.50 Soft

MEDIUM #10 2.00 #40 0.425  10 - 30  35 - 65  28 - 35 Medium Dense  4 - 8 0.50 - 1.00 Medium Stiff

COARSE #4 4.75 #10 2.00  30 - 50  65 - 85  35 - 42 Dense  8 - 15 1.00 - 2.00 Stiff

GRAVEL > 50  85 - 100  38 - 46 Very Dense  15 - 30 2.00 - 4.00 Very Stiff

FINE 0.75" 19 #4 4.75 > 30 > 4.00 Hard

COARSE 3" 76 0.75" 19

COBBLES

BOULDERS

ROCK 
FRAGMENTS

ROCK PLATE A1

COARSE-
GRAINED SOILS

GRAVELS          
(More Than Half 

Coarse Fraction is 
Larger Than No. 4 

Sieve)

WELL GRADED GRAVELS, GRAVEL-SAND 
MIXTURE, LITTLE OR NO FINES CONTENT     

OF FINES BELOW 
5%

SOIL CLASSIFICATION & PENETRATION TEST DATA EXPLANATION

UNIFIED SOIL CLASSIFICATION SYSTEM (USCS)

MAJOR DIVISION
GROUP 

SYMBOL
TYPICAL DESCRIPTION LABORATORY CLASSIFICATION CRITERIA

Cu = (D60 / D10) greater than 4                                                

Cc = (D30)2  / (D10 * D60) between 1 and 3

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

CLEAN GRAVELS NOT MEETING ABOVE 
REQUIREMENTS

SILTY GRAVELS, GRAVEL-SAND-SILT MIXTURES
CONTENT     

OF FINES EXCEEDS 
12%

GM:  ATTERBERG LIMITS BELOW "A" LINE.
or   P.I. LESS THAN 4 

CONTENT     
OF FINES BELOW 

5%

Cu = (D60 / D10) greater than 6                                                      

Cc = (D30)2  / (D10 * D60) between 1 and 3

(More Than Half 
Coarse Fraction is 
Smaller Than No. 

4 Sieve)

POORLY GRADED SANDS, GRAVELLY SANDS, 
LITTLE OR NO FINES

CLEAN SANDS NOT MEETING ABOVE 
REQUIREMENTS

SILTY SANDS, SAND-SILT MIXTURES

CONTENT OF FINES 
EXCEEDS 12%

ATTERBERG LIMITS BELOW "A" LINE
with  P.I. LESS THAN  4 

CLAYEY SANDS, SAND-CLAY MIXTURES
ATTERBERG LIMITS ABOVE "A" LINE

with  P.I. MORE THAN  7

CLAYEY GRAVELS, GRAVEL-SAND-CLAY 
MIXTURES

GC:  ATTERBERG LIMITS ABOVE "A" LINE.
or   P.I. MORE THAN  7

INORGANIC CLAYS OF LOW PLASTICITY, 
GRAVELLY, SANDY, OR SILTY CLAYS, LEAN 

CLAYS

Less Than Half by 
Weight Larger 
Than No. 200 

Sieve (i.e., fines)

INORGANIC CLAYS OF HIGH PLASTICITY, FAT 
CLAYS

ORGANIC SILTS 
& CLAYS               

(Below A-Line on 
Plasticity Chart)

ORGANIC SILTS AND ORGANIC SILTY CLAYS OF 
LOW PLASTICITY

ORGANIC CLAYS OF HIGH PLASTICITY

FINE-GRAINED 
SOILS

SILTS                   
(Below A-Line on 
Plasticity Chart, 

Negligible 
Organics)

INORGANIC SILTS, ROCK FLOUR, SANDY SILTS 
OF SLIGHT PLASTICITY

INORGANIC SILTS, MICACEOUS OR 
DIATOMACEOUS, FINE SANDY OR SILTY SOIL

CLAYS                  
(Above A-Line on 
Plasticity Chart, 

Negligible 
Organics)

More Than Half 
by Weight Larger 

Than No. 200 
Sieve

SANDS
WELL GRADED SANDS, GRAVELLY SANDS, 

LITTLE OR NO FINES

HIGHLY ORGANIC SOILS PEAT AND OTHER HIGHLY ORGANIC SOILS

SOIL PARTICLE SIZE GENERAL GUIDANCE FOR ENGINEERING PROPERTIES OF SOILS, BASED ON STANDARD 
PENETRATION TEST (SPT) DATA

FRACTION

U.S. STANDARD SIEVE

Passing Retained SANDY SOILS SILTY & CLAYEY SOILS

76 mm to 203 mm

> 203 mm

> 76 mm
13705 Bel-Red Road

>0.76 cubic meter in volume
Phone (425) 649-8757 E-mail: info@geogrourpnw.com

Description

Bellevue, WA  98005

Blow  Counts                    
N

Relative        
Density,  %

Friction  Angle                  
N, degrees

Description
Blow  Counts                    

N

Unconfined     

Strength  qu, 
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PLASTICITY CHART 
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Geotechnical Engineers, Geologists, & 
Environmental Scientists

GEO Group Northwest, Inc.
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APPENDIX B 
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PREVIOUS GEOTECHNICAL INVESTIGATION LOGS 
 
 
  






































