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February 14, 2013 
       File:  PU12186A 
 
Mr. Kevin Kirkman, Owner 
KIP Development 
594 Southeast Bishop Boulevard #102 
Pullman, Washington 99163 
  
      RE: Geotechnical Engineering Evaluation for  
       Infrastructure 

Palouse Business Center 
Columbia Drive in South Pullman 

       Pullman, Washington     
 
Good Day, Kevin: 
 
 Strata, A Professional Services Corporation (STRATA) has performed the authorized 
geotechnical engineering evaluation for the proposed Palouse Business Center to be located off 
of Columbia Drive in south Pullman, Washington. The geotechnical engineering evaluation’s 
purpose was to explore the subsurface conditions in the proposed development area and to 
provide geotechnical recommendations to assist project infrastructure planning, design, and 
construction. This report summarizes our field and laboratory test results and presents our 
geotechnical opinions and recommendations. 
 
 The proposed development area is underlain by a thin to moderately thick topsoil layer, 
isolated structural and uncontrolled fill deposits and clay loess of varying thickness. Basalt 
bedrock was encountered in isolated exploration locations at depths varying from 6 to 44 feet 
below the surface. Groundwater is expected as discontinuous seeps and springs at various 
elevations throughout the site. These conditions, as well as weather, construction schedule, and 
other factors must be considered as final design and construction documents are prepared. 
 
 This report must be read, understood, and implemented in its entirety. Report portions or 
attachments cannot be relied upon individually without the remaining sections, attachments, or 
plates. Our opinion is the proposed construction’s earthwork success will depend, in part, on 
following the report recommendations, good construction practices, constructing during good 
weather, and providing the necessary construction monitoring, testing, and consultation to verify 
that work has been conducted as specified. We understand as part of our infrastructure 
evaluation that STRATA is retained to provide monitoring, testing, and consultation services as 
part of the geotechnical process to verify the subsurface conditions exposed at the time of 
construction and to verify our geotechnical recommendations are followed. For the earthwork 
scenario outlined in this report and to help reduce the potential for rework or misinterpretations, 
we consider our involvement during site grading, foundation and slab preparations a critical part 
of the geotechnical design and overall project performance. 
 
 As KIP advances this significant regional commercial project, STRATA is a proud team 
member aiding your infrastructure planning, geotechnical consultation, design, and construction. 
We look forward to continuing our relationship by adding value through timely and innovative 
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solutions that further your project objectives. Please contact us should you have any questions 
regarding our services or this report.   
 
       Sincerely, 
       STRATA 
 

 
       Andrew J. Abrams, P.E. 
       Project Engineer 
 
 
       Travis J. Wambeke, P.E. 
       Principal Engineer 
        
AJA/TJW/mg
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Geotechnical Engineering Evaluation for Infrastructure 
Palouse Business Center 

Columbia Drive in South Pullman 
Pullman, Washington 

 

INTRODUCTION 

 Our geotechnical engineering evaluation for infrastructure explored the subsurface 

conditions within the proposed development area and prepared specific geotechnical 

recommendations to assist infrastructure planning, design, and construction. Our services were 

performed in reference to the authorized geotechnical scope of services dated December 17, 

2012. To accomplish our evaluation, we performed the following geotechnical scope of work: 

Exploration 

1. Located utilities on the property by contacting the Washington Utility Notification Center.  

2. Excavated 41 exploratory test pits extending 6 to 14 feet below the existing ground 
surface. In addition to test pits, we subcontracted rock probe drilling equipment to 
accomplish 5 exploratory rock probes extending 30 to 50 feet deep, to identify 
approximate bedrock depth in earthwork cut locations. We illustrate anticipated 
exploration locations on the attached Plate 1, Site Map. Our field engineer visually 
described, classified, and logged the soil encountered in exploration locations 
referencing the Unified Soil Classification System (USCS).  

Laboratory Testing 

3. Performed laboratory testing in reference to ASTM International (ASTM) standards to 
assess soil engineering characteristics. Laboratory testing may include, but is not limited 
to:  

 Natural moisture content 
 Atterberg limits 
 In-place density 

 Grain size distribution 
 Modified Proctor  

 

 Consolidation Potential 
 Shear Strength 

Engineering Analyses 

4. Based on our field and laboratory test results, we performed engineering analyses and 
provided mass grading and infrastructure recommendations for the following design and 
construction aspects:  

 Earthwork 
 Excavation characteristics 
 Site Preparation 
 Wet weather/wet soil construction 
 Establishing subgrades 
 Structural fill criteria 
 Required compaction 
 Utility trench construction 
 Earthwork shrinkage/bulking 
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 Pavement Section Evaluation  
 Pavement evaluation methodology  
 Traffic 
 Subgrade soil parameters 
 Pavement design 
 Acceptable traffic loads 
 Asphalt & crushed surfacing materials 
 Pavement maintenance 
 Geosynthetics 

 
 Slope Construction  
 Embankment construction 
 Cut & fill slope stability 
 Slope maintenance considerations 

 
 Site Drainage 
 Stormwater disposal considerations 
 Surface grading 

 
 Preliminary Lot Improvement Considerations 
 Applicable foundation systems 
 General Criteria 
 Embankment settlement 
 Concrete slab-on-grade construction 

 
 Additional Recommended Services 
 Geotechnical design continuity 
 Lot specific evaluations 
 Construction observation monitoring 

 
5.  Prepared and provided 5 copies of our geotechnical deliverable, including exploration 

logs, laboratory test results and our geotechnical opinions and recommendations. 

PROJECT UNDERSTANDING 

Existing Conditions  

 We understand KIP will develop approximately 40 acres immediately south of the 

existing Pullman Regional Hospital in Pullman, Washington. The site is currently used for 

agriculture and comprises gently to moderately steep hillsides. Limited vegetation exists at the 

site presently. Some site grading has been accomplished at this site associated with previous 

improvements at the hospital. However, STRATA observed and documented site grading during 

2003 to confirm fill was placed according to City of Pullman earthwork standards. STRATA did 

not observe grading performed during 2011. 
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Proposed Construction 

We understand you will subdivide the subject property into 20 to 24 individual 

commercial lots ranging from 0.5 to 5 acres in size. Utilities such as City water and sewer and 

franchise services will extend from Fairmount Drive and connecting to Columbia Drive at the 

property’s northwest corner. The depths of planned utilities are unknown at this time. However, 

we anticipate they will be constructed within about 5 feet beneath planned roadway surfaces in 

multiple ditches. Approximately 4,000 linear feet of asphalt paved roadways will be constructed, 

according to City of Pullman standards, providing access to the individual lots. Construction 

traffic with legal loads will access paved roads and must be accounted for in the selected 

pavement section.  

Stormwater from roadways will collect in a detention pond constructed along the 

property’s eastern boundary. The detention pond will be constructed with dual purpose; to 

incorporate a park-like setting and to control stormwater from lots as they are developed with 

impervious areas. This project aspect will include a water feature, pedestrian pathway, and 

stormwater management facilities to discharge water at pre-development rates.   

Site grading is being designed by Taylor Engineering (Taylor), project civil engineer, to 

balance with approximately 350,000 cubic yards (CY) of cut and fill, respectively. Significant cut 

and fill slopes will be constructed to achieve lot and roadway grades. Cut slopes up to 46 

vertical feet and fill slopes up to 30 vertical feet are planned, and are currently designed by 

Taylor at 2H:1V (horizontal to vertical). Detention pond slopes are currently designed at 3H:1V. 

Site grading, utility, and roadway construction are planned to be aggressively constructed in a 

single season in 2013. Taylor will be providing site sediment and erosion control plans and 

specifications to meet current Washington Department of Ecology requirements. 

SUBSURFACE AND LABORATORY EVALUATION  

Exploration 

We accomplished subsurface exploration for this project using a Hitachi EX120 track-

mounted excavator with soil excavation teeth to extend 41 exploratory test pits, 6 to 14 feet 

below the existing ground surface. The approximate exploration locations are illustrated on 

Plate 1, Site Map along with the current project grading concept as provided by Taylor. The 

majority of the test pit locations were established in the field by Taylor’s surveyors. In addition, 5 

exploratory rock probes extended 30 to 50 feet below the existing ground surface using a 

Gardener Denver 615 exploratory air-track drill. Rock probe locations are also illustrated on 

Plate 1. A geotechnical engineer performed fieldwork on December 18th and 19th, 2012, and 
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rock probes on January 2, 2013. We collected select in-place samples from various depths and 

locations for subsequent laboratory testing. The soil encountered was visually classified and 

described in reference to the USCS and we logged the soil profiles. The USCS is presented in 

Appendix A along with exploration logs and should be used to interpret the soil conditions in this 

report and on the individual exploration logs.   

 Test pits were loosely backfilled, lightly tamped, and mounded at the exploration’s 

conclusion. Loose test pit backfill in fill areas must be relocated at the time of construction in all 

fill areas where test pit backfill will not be excavated and reused as embankment borrow. 

Excavate loose test pit backfill and replace it as structural fill as outlined in this report. Replacing 

test pit backfill as structural fill reduces the potential for large, isolated settlement that can 

damage structures and pavements. We consider replacing loose test pit backfill with structural 

fill a critical construction element at the onset of construction. 

Subsurface Conditions 

Of the 41 exploratory test pits and 5 rock probes, the typical soil profile encountered was 

6 to 18 inches of topsoil underlain by silt and clay loess. Ridge tops (higher elevations) 

generally had less topsoil (6 to 12 inches), and the low lying draws had thicker topsoil profiles 

(generally 18 inches). Topsoil was moist, soft, and dark brown. The loess was generally moist, 

reddish-brown, and very stiff.  

Previously placed fill was anticipated near the center of the property from 2003 

construction. The approximate lateral fill extents are shown on Plate 1 from our historical 

observations and from current exploration results. Exploratory test pits TP-17 and TP-18 

encountered fill soil varying from 6.0 to 7.5 feet thick that was mottled red to dark brown, stiff to 

very stiff, and moist. This fill was previously documented by STRATA when originally placed, 

during the 2003 hospital expansion; test reports are retained in our files. Based on our records, 

experience during placement, and the results of exploratory test pits, we consider this fill as 

structural fill placed and compacted in accordance to City of Pullman standards (at least 90% of 

ASTM D1557 Modified Proctor).  

In addition to the structural fill, test pits TP-4, TP-5, and TP-8 encountered uncontrolled 

fill along the north central side of the property (see Plate 1 for estimated lateral extents) which 

varied in depth from 2 to 10.5 feet. This uncontrolled fill deposit is believed to have originated in 

a soil cut for additional parking performed by the Pullman Regional Hospital in 2011. This fill is 

mottled red brown with dark brown staining, varied in consistency to firm to stiff and was moist. 
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Immediately below fill, the original topsoil layer was evident, thereby indicating the fill is 

uncontrolled.  

 Below loess in TP-14, TP-17, TP-21, TP-22, and TP-26, as well as in RP-4 and RP-6, 

we encountered basalt bedrock 6 to 13 feet below the surface in test pits and 30 to 44 feet in 

rock probes. Bedrock was generally dense to very dense, slightly weathered, moderately 

fractured, and dark grayish-black. These depths correspond to elevations between 2,455 and 

2,527 where encountered. Groundwater was encountered as discontinuous seeps in test pit 

sidewalls at the time of exploration. Near surface groundwater seeps are generally a reflection 

of surface water infiltration into the loess soil profile. These seeps are common at any elevation 

and at any time of the year but are especially prevalent where groundwater mounds on top of 

bedrock. They can represent significant water seepage at certain times of the year. 

Laboratory Testing 

We selected soil samples collected during the subsurface exploration for laboratory 

testing to assess various engineering characteristics of the soil profile encountered. Tests were 

performed in reference to ASTM International (ASTM) testing procedures and are presented in 

Appendix B, Laboratory Test Results, and on exploration logs. Laboratory testing included:   

 Natural moisture content  Maximum dry density 
 Grain size distribution  Optimum moisture content 
 Atterberg limits 
 pH and resistivity 
 Direct shear 

 In-situ dry density  
 Consolidation potential 
 California Bearing Ratio (CBR) 

 

STRATA performed in-situ consolidation testing on a sample collected from TP-12. This testing 

helps us correlate to settlement potential associated with embankment loads applied on the 

existing clay loess soil, as well as assumed future building loads. Additionally, we compared 

consolidation data from other nearby projects associated with loess excavated and compacted 

as embankment at various compaction levels. Our settlement potential analyses and the 

associated design and construction considerations are discussed below and throughout the 

remainder of this report. 

DISCUSSION 

 Based on our current project understanding, subsurface exploration, laboratory testing, 

and engineering analyses, our opinion is the primary geotechnical conditions that may impact 

project design and construction include: 
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 Embankment consolidation potential 
 Constructing with site materials 
 Slope construction 
 Stormwater control 

 
Because the site soil is fine grained, it will consolidate over time. Embankments less 

than 10 feet in height generally experience consolidation less than one-half percent of the total 

embankment height. Embankments in excess of 10 feet should expect consolidation settlement 

between 1 and 1.5 percent of the total embankment height. Consolidation is a time dependent 

process. The ultimate long-term consolidation amount depends in part on the percent 

compaction specified and achieved during embankment construction as well as achieving 

drained conditions throughout the embankment. In this report’s Earthwork and Preliminary Lot 

Improvement Considerations section, it is important for you to evaluate the compaction levels 

that will be ultimately specified as they will impact the ultimate settlement potential and possibly 

how and when you market these lots.  

Grading plans should designate all soil placed for this project to be placed as structural 

fill. Contractors knowledgeable of the soil conditions and equipped with proper compaction 

equipment readily achieve compaction between 90 and 95 percent of ASTM D1557 Modified 

Proctor. To achieve compaction and consistent embankment performance, subgrade 

preparation care is required to remove all soft, wet, pumping, or other inconsistent soil such that 

a firm and stable substrate exists to begin embankments. In our opinion, it is most important to 

1) select a contractor knowledgeable of the soil conditions and grading practices which 

increases the potential for success, 2) adequately convey your objectives and a reasonable 

schedule at the onset of establishing earthwork contracts, and finally 3) prepare earthwork 

specifications which clearly outline the geotechnical project requirements. The key to reusing 

the clay loess soil is to coordinate earthwork in dry weather and to appropriately stage 

earthwork to facilitate moisture conditioning it before attempting compaction. This report further 

outlines details associated with compaction recommendations and constructing during wet 

weather or with wet soil. 

The project grading concept will develop relatively large soil cut and fill slopes. While cut 

slopes generally perform well at 2H:1V (horizontal to vertical), they are difficult to revegetate 

and often experience small to moderate scale erosion and sloughing during wet periods of the 

year. This becomes a maintenance consideration for you, and eventually the lot owners. Fill 

slopes constructed steeper than 2.5H:1V generally experience moderate to significant sloughing 

and erosion until vegetation is established. Cut and fill slopes are currently designated by civil 
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design at 2H:1V. Therefore, consider your risk and maintenance tolerance as design is 

finalized. 

Once exposed in either native cuts or at finished embankment elevations, the loess soil 

allows for very little infiltration. While in-situ loess has a low erosion potential, it has a high to 

very high runoff potential, which is most often realized during late winter and spring precipitation 

events. Given little finished development will occur immediately after infrastructure is 

constructed, it is critical for civil design to accommodate stormwater runoff in detention basins 

until development advances and breaks up the runoff drainage patterns. We understand civil 

design by Taylor plans cutoff ditches with positive flows toward collections points, which 

ultimately discharge into the planned regional Palouse Business Center stormwater detention 

system. This report provides recommendations for fundamental stormwater practices to be 

incorporated into civil design and to be utilized in conjunction with the contractor’s staging, 

means, methods, weather, and site limitations imposed during construction. 

GEOTECHNICAL OPINIONS AND RECOMMENDATIONS FOR INFRASTRUCTURE 

 We present the following geotechnical opinions and recommendations to assist 

infrastructure planning, design, and construction for the Palouse Business Center to be located 

along Columbia Drive on the south side of Pullman, Washington. Our recommendations are 

based on previous geotechnical studies and observations in the area and on site, our specific 

exploration and laboratory results, engineering analyses, and experience with similar soil 

conditions. Grading concepts and lot line configurations may change from those relied upon for 

geotechnical opinions and recommendations. If design plans change or subsurface conditions 

encountered during construction vary from what was observed in our field evaluation, we must 

be notified and review the report recommendations to make necessary revisions.   

Earthwork 

Excavation Characteristics 

 Based on the exploration results, it appears the on-site soil within planned grading 

depths may be excavated with conventional equipment. Zones of stiff to very stiff clay loess 

should be expected and may require ripping prior to excavation, specifically when attempting 

excavation with scrapers. Excavations must be sloped in accordance with Washington Industrial 

State Health Act guidelines (WISHA). The site soil, in an undisturbed and dry condition, 

classifies as type B soil, which can be sloped as steep as 1H:1V (horizontal to vertical) under 

temporary conditions. Due to the potential for varying soil conditions at the time of construction, 

we recommend earthwork contractors evaluate each slope configuration specific to WISHA 
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guidelines and seek appropriate professional guidance to ensure the excavation safety and 

stability.   

Basalt bedrock was encountered 6 to 44 feet below the existing ground surface in a 

number of exploration locations as illustrated on Plate 1. These depths correspond to elevations 

between 2,455 and 2,527, where encountered. Based on our understanding of the site grading 

and utility plans combined with the subsurface information obtained from specific exploration 

locations, we do not anticipate basalt bedrock will be encountered during mass grading or utility 

construction. Therefore, it does not appear that bedrock excavation should be anticipated.   

Site Preparation 

Remove surface soil that contains vegetation and organics. In the exploratory test pit 

locations, STRATA generally observed 6 to 18 inches of surface soil containing vegetation and 

organics (topsoil). As is common in the Palouse, 6 inches or slightly less may be anticipated 

along the hilltops while 18 or more inches of topsoil excavation is possible along the draws. 

Strip and stockpile topsoil for landscaping purposes or remove it from the site. Based on our site 

observations, we anticipate the average stripping depth will vary between 8 and 10 inches 

across the site.  

As part of topsoil stripping, relocate exploratory test pits that are in or immediately 

adjacent to fill areas. Excavate loose test pit backfill and replace it with structural fill according to 

this report’s Structural Fill section. Where the contractor can adequately define that test pits 

exist in planned cut areas and that soil will be naturally removed as part of the excavation 

process, test pit remediation is not required. However, the potential for settlement from loose 

test pit backfill is significant and can damage buildings or pavements where it occurs. Therefore, 

it is important to cause project plans and specifications to clearly delineate the earthwork 

contractor’s responsibility to remediate test pit backfill as part of site grading. 

Uncontrolled fill was encountered along the site’s north central portion in test pits TP-4, 

TP-5, and TP-8, which varied in depth from 2 to 10.5 feet. We believe this fill originated from a 

soil cut made by Pullman Regional Hospital within the last few years and the cut material was 

placed in an undocumented manner in the area approximated on Plate 1. Based on the site 

grading concepts presented by Taylor, a portion of this uncontrolled fill will be excavated as cut, 

while the anticipated western extents of it are in a planned fill (embankment) area. Therefore, 

construction documents need to instruct the contractor to remove all uncontrolled fill in the 

planned embankment area prior to filling. The uncontrolled fill does not contain deleterious 

material and therefore may be incorporated into embankment structural fill. However, the 

original topsoil layer will need to be stripped at the base of the uncontrolled fill deposit and 
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verified by STRATA. In addition, fill was encountered near the center of the site on lots 2, 3, and 

4, Block 2, again as outlined on Plate 1. This fill was placed in a controlled, documented manner 

and other than surface topsoil removal; we consider it structural fill which does not require 

remediation or replacement.   

Wet Weather/Wet Soil Construction  

 We strongly recommend earthwork construction take place during dry weather 

conditions. The fine-grained site soil will be susceptible to pumping or rutting from heavy loads 

such as rubber-tired equipment or vehicles any time of the year. Recompacting site soil to 

structural fill conditions requires considerable moisture conditioning and soil processing. 

However, the moisture conditioning and subgrading process can also often help identify areas 

susceptible to pumping and rutting which preclude adequate compaction and increase the 

potential for embankment settlement. Where pumping or rutting at the subgrade exists and 

adequate moisture conditioning does not remedy the situation, remove soft and wet areas with 

smooth blade equipment to depths between 12 to 18 inches at KIP’s direction. Replace these 

over-excavations with granular structural fill or crushed surfacing as described in subsequent 

Structural Fill report sections.  

Earthwork should not be performed immediately after rainfall or until soil can dry 

sufficiently to allow construction traffic without disturbing the subgrade. Accomplish earthwork 

by track-mounted equipment that reduces vehicular pressure applied to the soil if construction 

commences in wet areas and/or before soil can dry. If the subgrade is firm, but may be easily 

disturbed, the contractor may place an initial structural fill lift between 12 and 18 inches to help 

reduce the compaction energy applied on the sensitive subgrade. This thicker structural fill lift 

can only be installed over sensitive subgrades at STRATA’s direction during construction. This 

initial thicker fill lift and any over-excavations should only be accomplished after the contractor 

has attempted to moisture condition and recompact the native soil and was unsuccessful. 

Whenever possible, the contractor should place structural fill lifts less than 12 inches thick as 

described and recommended in this report’s Structural Fill section.  

Depending on precipitation, runoff, and perched groundwater conditions during 

construction, we anticipate the soil will be slightly to moderately over optimum moisture content. 

The contractor should expect these conditions and be prepared to install runoff management 

facilities and to replace wet or disturbed soil with granular structural fill. Drying can be 

accomplished by ripping and aerating the wet soil during dry weather conditions.  
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Establishing Subgrades 

 After topsoil, vegetation, and organic material removal, moisture condition the subgrades 

to near optimum moisture content and compact the upper 8 inches to at least 90 percent of 

ASTM D1557 (Modified Proctor) prior to placing structural fill. In our experience, large sheep’s 

foot and wheeled compaction equipment is best suited to facilitate compaction effort with the 

site soil. Additionally, properly moisture conditioning the soil is critical to achieving subgrade and 

structural fill compaction. The contractor should expect additional effort to moisture condition 

and compact the subgrade soil at the onset of embankment’s fill. 

Structural Fill Criteria 

Place all fill in the development as structural fill. The project structural fill products 

described in Table 1 below generally conform to the Washington State Transportation 

Department (WSDOT) standard specifications for earthwork construction and materials.   

Table 1. Structural Fill Specifications and Allowable Use  

Structural Fill 
Product  

Allowable Use Material Specifications 

General 
Structural Fill 

Mass grading and 
embankment fill 
placement, utility trench 
backfill outside of the 
pipe bedding zone 

 Soil  classified as GP, GM, GW, SP, SM, SW, CL 
or ML according to the USCS 

 Soil may not contain particles larger than 8 inches 
in median diameter 

 Site soil moisture conditioned to within 3 percent of 
optimum moisture content 

 Soil consisting of inert earth materials with less 
than 3% organics or other deleterious substances 
(wood, metal, plastic, waste, etc).  

Granular 
Structural Fill 

Over-excavations, 
temporary haul roads, 
temporary platforms, 
general structural fill 

 Soil meeting general structural fill requirements 
 Ripped or shot basalt (shotrock) meeting general 

structural fill requirements 
 Soil meeting requirements stated in WSDOT 

Standards Section 9-03.10 – Aggregate for Gravel 
Base

Crushed 
Surfacing1 
 

Asphalt pavement 
section aggregate, utility 
trench backfill general 
structural fill 

 Soil meeting general structural fill requirements 
 Soil meeting requirements stated in WSDOT 

Standards Section 9-03.9(3) – Crushed Surfacing  

Pipe Bedding 
Trench backfill within 1 
foot of any utility pipe. 

 Soil meeting requirements in WSDOT Section 9-
03.12(3) - Gravel Backfill for Pipe Zone Bedding. 

1Includes both top course and base course aggregate 

 The site soil is expected to be suitable for reuse as general structural fill providing it can 

meet the criteria presented in Table 1 above. The various earthwork requirements for 

establishing subgrades and using site materials require a responsive contractor capable of 
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delineating structural fill zones using specific materials. Further, structural fill must be placed 

uniformly from the specified subgrade elevations in uniform lifts and compacted to the required 

density under close supervision by KIP’s site representative and monitored by STRATA. 

Required Compaction 

The City of Pullman standards for earthwork require embankments to be constructed to 

90 percent of Modified Proctor to within 1 foot of the surface, then 95 percent. This earthwork 

standard has proven acceptable for numerous developments throughout the Pullman Area for 

several decades. However, our experience and settlement estimates also denote that for the 

embankments planned in your development, a higher overall consolidation potential will be 

realized and consolidation will take longer if the City of Pullman standards are utilized. For this 

project we are recommending the compaction requirements below in order to: 

 Reduce the overall embankment settlement potential. 
 Reduce rework at pavement and foundation subgrades. 
 Shorten the expected time to realize embankment settlement based on anticipated rapid 

sale and potential development of various lots. 
 
Based on the above, STRATA recommends the compaction requirements outlined in 

Table 2 be specified by earthwork construction documents.  

Table 2. Required Compaction and Products for Designated Project Areas 

Project Area  
Required Structural Fill 

Product 
Compaction 

Requirement1 

Structural Subgrades Native soil for embankments 92% 

Embankment or utility fill to within 3 
vertical feet of finished surfaces 

General, Granular, and Crushed 
Surfacing Structural Fill 

95% 

Utility Trench Backfill Below 
Pavements, Slabs, and Buildings to 
within 3 feet of finished surfaces 

General, Granular, and Crushed 
Surfacing Structural Fill 

95% 

All structural fill within 3 feet of 
finished surfaces 

General, Granular, and Crushed 
Surfacing Structural Fill  

92% 

Landscape Areas Sloped Flatter than 
5H:1V 

General Structural Fill 85% 

1. Relative compaction requirement compared to the maximum dry density of the soil as determined by ASTM D1557 (Modified 
Proctor). 

 

Structural fill products and existing subgrades must be moisture conditioned to near 

optimum moisture content and placed in maximum 12-inch-thick, loose lifts. This assumes large, 

appropriate compaction equipment is used to attempt compaction. If smaller or lighter 

compaction equipment is provided, reduce the lift thickness to meet the compaction 

requirements presented herein.  
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Materials used as structural fill comprising of gradation with more than 30 percent by 

weight coarser than ¾ inch are too coarse for Proctor density testing (i.e. oversized material). 

Provided the oversized soil is 8-inch-minus and well graded, it may be placed in lifts up to 18 

inches thick. However, under no circumstances should site soil and oversized soil be allowed to 

be placed in alternating layers that are subject to particle migration without separating 

geotextiles. Additionally, oversized soil placed as structural fill must be compacted using a 

“method specification” which typically requires at least 5 complete passes of a 10-ton or larger, 

vibratory or grid roller. A typical method specification is provided in the latest WSDOT 

Standards. However, it is common that method compaction specifications are developed during 

construction, specific to the materials and conditions encountered.  

The compaction effort must create a dense and interlocking surface that does not exhibit 

pumping, rutting, or deflection beneath construction equipment and is free of loose soil debris 

and standing water. Where adequate compaction equipment cannot access oversized fill soil 

areas, it shall not be utilized. Method compaction and all fill placements must be observed by 

STRATA on a near full-time basis at the onset of placement to establish final roller pass 

requirements and to verify the material is compacted to as high a density as practical and to 

verify the design intent. 

Utility Trench Construction  

Loose soil must be removed from the base of utility trenches prior to placing pipe bedding. If 

encountered, groundwater and soft, saturated soil must be removed from the bottom of the utility 

trench before placing pipe bedding. We recommend utility pipes be placed on at least 4 inches of 

bedding placed on undisturbed native soil, structural fill, or otherwise supported according to the 

pipe manufacturer’s specifications and the City of Pullman utility construction requirements.  

After bedding the pipe, place and compact structural fill from the pipe invert to 1 foot above 

the top of the pipe with tamping bars and plate compactors to render the backfill in a firm and 

unyielding condition. Backfill must also be thoroughly placed and compacted below pipe haunches 

or the zone between the pipe invert and the spring line. To accomplish backfilling, the distance 

between the side of the pipe at the spring line and the trench wall should be at least 12 inches. The 

remainder of the utility trench should be backfilled in accordance with this report’s Structural Fill 

section. It is important to key backfill into trench sidewalls creating a uniform transition between 

structural fill and adjoining native or embankment soil. We recommend all fill placed within 5 feet 

(laterally) of manholes positioned in a soil profile consist of crushed surfacing and be separated 

from native or fill soil with a non-woven geosynthetic fabric. 
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Earthwork Shrinkage/Bulking Considerations 

 STRATA reviewed soil bulking and shrinkage factors to assist earthwork volume 

estimation. As presented in the Subsurface Conditions section, the on-site soil is fine grained 

clay with varying amounts of silt and very fine sand. These soil can vary considerably both in 

“in-place” density and in theoretical maximum dry density (Proctor values). In our experience 

and from our laboratory testing for this project, Proctor values can vary between 108 to 114 

pounds per cubic foot. In-place soil densities for the various soil profiles encountered varied 

between 96.7 and 99.0 pounds per cubic foot (pcf). By correlating in-place unit weight and the 

range of Proctor values, we estimate a soil shrinkage factor between 13 to 15 percent when the 

site soil is excavated from its native condition and replaced as structural fill, referencing this 

report’s structural fill requirements. M.L. Albrights & Sons, regional earthwork contractor, 

recently completed a large earthwork project in close proximity to this project. M.L. Albright and 

& Sons reports that site soil excavated and compacted as structural fill generally shrunk 

between 20 and 22 percent. When excavated in place and wasted, we expect the site soil to 

swell between 20 and 25 percent. 

Pavement Subgrade Preparation and Section Design 

Pavement Evaluation Methodology 

 To evaluate the City’s standard pavement section, we referenced the American 

Association of State Highway and Transportation Officials (AASHTO) design methodology. 

AASHTO is a nation-wide association committed to cutting-edge transportation design and 

engineering with respect to pavement materials, roadway design, and many other important 

transportation and infrastructure aspects. The following major design inputs are briefly 

introduced to help you understand factors that may affect our pavement section considerations 

based on the AASHTO methodology, and anticipated subsurface conditions as anticipated and 

described herein:  

 Traffic loading 
 Considers traffic passes, axle configurations and gross vehicle weight (GVW) in 

establishing vehicle Load Equivalency Factors (LEF) 
 Considers daily traffic, weights and axle configurations, and establishes an 

equivalent total traffic loading over the pavement’s design life as measured in 
Equivalent Single Axle Loads (ESALs) 

 

 Subgrade characteristics 
 Uses soil resilient modulus to characterize subgrade strength 
 Subgrade strength varies seasonally with moisture content changes and degree of 

compaction 
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 Non-linear relationship between subgrade strength and resulting pavement section 
thickness  

 Pavement section design parameters 
 Establishes pavement section material characteristics for each specified pavement 

material (aggregate, asphalt) 
 Incorporates pavement section drainage considerations, which are highly non-linear 
 Incorporates serviceability aspects 

o Quality of initial construction 
o Pavement condition at the time of failure 

 Incorporates reliability and standard deviation statistical aspects 
 

Traffic 

Roadways in the Palouse Business Center will experience a wide array of traffic loading 

conditions. Cul-de-sacs, which serve only a few lots, will likely experience low passenger 

vehicle and truck traffic volumes. The Columbia Drive roadway will obviously experience both 

higher truck and passenger vehicle traffic as the primary access to the project. Finally, the 

South Bypass roadway, once constructed to its full capacity, will ultimately experience 

significant truck and passenger vehicle traffic. From our interaction with both you and the City, 

we understand the South Bypass roadway will not be constructed to its full width or structural 

capacity at this time. Therefore, your commercial development will have 2 basic traffic loading 

conditions until the bypass is fully constructed; for discussion purposes we term these 

conditions as light (cul-de-sac roadways) and moderate traffic (Columbia Drive) loads. 

Ultimately, the traffic loads will be affected by the type of development on each lot. Lot 

development which requires significant truck traffic during its business use will substantially 

increase the traffic loads. Lot purchasers and their uses cannot be foreseen at this time; 

therefore, we cannot predict future applied traffic loads with accuracy. Our analyses do not 

account for construction traffic. 

As traffic loading is not available at this time, we utilized the City’s standard pavement 

section (2 inches of asphalt concrete pavement, underlain by 8 inches of crushed aggregate 

surfacing), as well as the anticipated native loess or clay embankment subgrade conditions, to 

estimate the design traffic loads this standard section is capable of supporting. 

Subgrade Soil Parameters 

 To accomplish our preliminary pavement analyses, STRATA utilized our experience with 

the clay loess soil in cut and fill subgrade situations as well as index and California Bearing 

Ratio (CBR) laboratory test results. We correlated CBR values to resilient modulus (Mr Values). 

The subgrade’s effective resilient modulus changes with soil moisture from seasonal variations 

in precipitation, irrigation, infiltration and many other factors. Subgrade modulus values can also 
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vary between cut and embankment situations. Applying our experience to these environmental 

conditions and correlations to CBR values, as well as assuming 95 percent of the soil’s 

maximum density as determined by Modified Proctor will be achieved at the subgrade elevation, 

we estimate the resilient modulus will be 9,400 pounds per square inch (psi). 

Pavement Design 

STRATA evaluated the serviceable traffic loads for the City of Pullman’s standard 

section using the AASHTO Pavement Design Guide, subgrade characterizations presented 

above, and the AASHTO pavement design software DARWin 3.1. AASHTO presents suggested 

levels of reliability for various functional roadway classifications. Per AASHTO Table 2.2, we 

applied less conservative reliability appropriate for local urban roads versus local collectors as 

the ultimate traffic conditions are unknown at this time. This reliability parameter approach 

ultimately impacts your infrastructure investment, design life, the risk of roadway performance, 

and the serviceability of future traffic. As is the standard of care for local roads, STRATA used a 

20-year design life. STRATA also estimated serviceability levels based on typical area practices 

and the perceived level of terminal serviceability the City would deem acceptable. These 

parameters are summarized below in Table 3. 

Table 3. Pavement Design Parameters 

Design Parameter Value Used Reference 
Reliability (R) 85% Assumed 
Standard Deviation (S) 0.45 (flexible) AASHTO 1993 
Initial Serviceability (PSIi) 4.2 Typical regional values 
Terminal Serviceability (PSIz)  2.2 Typical regional values  
Design Life 20 years (flexible) Typical Value for City Roadways 

Resilient Modulus (Mr) 9,400 psi2 
Based on CBR and Mr correlations  
(see paragraph below) 

Asphalt Layer Coefficient (a1)  0.42 Figure 2.5 AASHTO 1993 
Top Course Layer Coefficient (a2) 0.15 Figure 2.6 AASHTO 1993 
Top Course Drainage Coefficient 
(m2) 

1.0 
Table 2.4 AASHTO 1993 for “fair” 
drainage, 5 to 25 percent saturation 

1Equivalent Single Axle Loads (ESALs). 
2Pounds per square inch (psi). 

Acceptable Traffic Loads 

Using the above parameters and the City of Pullman standard section, we back 

calculated the anticipated average vehicles per day the section is capable of supporting over 

the design life. Our analysis showed that assuming normal subgrade moisture conditions (good 

drainage), the City’s standard section can accommodate 78,000 ESALs over the design life. 

Passenger vehicle traffic (assumed 6,000 GVW) has relatively low LEFs when compared to 

truck traffic. This means that a single pass of a passenger vehicle does not cause pavement 
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wear like a loaded garbage truck or semi. In fact, for most local roads, passenger vehicle traffic 

accounts for less than 10 percent of pavement’s degradation. Therefore, if we hold passenger 

vehicle traffic at less than 100 vehicles per day (0.4 ESALs per day), we can assume the 

balance of vehicles are typical delivery, bus, and garbage type truck traffic (no semi traffic) with 

LEFs between 1.1 and 1.6. Using this correlation and an average truck LEF of 1.4, the City’s 

standard pavement section is capable of supporting 6 to 7 truck trips per day assuming trucks 

only occur on business days (Monday through Friday). However, if truck and passenger vehicle 

trips double (200 passenger vehicles per day and 13 to 15 truck trips per day), the required 

supporting section is 2.5 inches of asphalt concrete pavement placed over 9 inches of crushed 

surfacing.  

We understand KIP has consulted with the project civil engineer regarding these traffic 

ranges and for consistency during construction and overall performance. Based on the above 

design information and the anticipated Palouse Business Center use, we understand a single 

section will be constructed for all roadways and traffic conditions; that section will be 2.5 inches 

of asphalt concrete pavement over 9 inches of crushed surfacing, over a non-woven geotextile 

as illustrated in Figure 1 below. If higher traffic loads are probable, the pavement section should 

be thickened accordingly.   

Figure 1. Pavement Section 
 

 
 
 

An asphalt paved path is planned around the perimeter of the stormwater detention 

pond. Assuming the path subgrade is constructed as recommended herein and no vehicular 

traffic, we recommend the path section consist of at least 2 inches of asphalt pavement placed 

over 6 inches of crushed surfacing. If desired, the geotextile can be eliminated from this section 

as a cost saving measure. 

Asphalt and Crushed Surfacing Materials 

Crushed surfacing courses shall conform to the Structural Fill requirements and be 

placed directly over a properly prepared subgrade compacted to at least 95 percent of Modified 

Proctor. Given the fine grained subgrade and the traffic load uncertainty, we recommend a non-
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woven geosynthetic fabric be placed at the base of the pavement section. The geosynthetic 

improves performance at the subgrade by separating aggregate from fine subgrade soil and 

should have material properties and be placed as outlined in the Geosynthetics report section. 

The crushed surfacing must be compacted to at least 95 percent of the maximum dry density as 

determined by Modified Proctor. We recommend STRATA observe final subgrade preparations, 

geosynthetic placement, and all aggregate placements.  

Asphalt concrete must be compacted to 92 percent of the maximum density for the 

current mix design. The final traveling surface of asphalt concrete shall meet WSDOT ¾-inch 

asphalt mix design requirements. Asphalt and concrete mix designs and all appropriate 

aggregate source certificates should be accepted by STRATA at least 5 days prior to initiating 

asphalt paving. Asphalt pavement construction and final surface smoothness should meet 

WSDOT specifications. If subgrade conditions appear significantly different during construction, 

traffic loading conditions change or traffic volumes increase, STRATA should be notified to 

amend our design accordingly. 

Pavement Maintenance 

We recommend crack maintenance be accomplished on all pavement surfaces every 3 

to 5 years to reduce the potential for surface water infiltration into the underlying pavement 

subgrade. Surface and subgrade drainage are extremely important to the performance of the 

pavement section. Ponding water at the pavement subgrade surface can induce heaving during 

the freeze-thaw process. Therefore, we recommend the subgrade, base, and asphalt surfaces 

be crowned with a 2 percent slope to the stormwater disposal system designed by Taylor 

Engineering. We understand that one aspect of Taylor’s stormwater design is to utilize 

perforated pipes at various intervals along the roadways to facilitate good subgrade drainage. 

Alternatively, adjacent ditches, swales or other mechanisms can be specified which allow the 

pavement section to daylight and release water which collects at the subgrade. The life of the 

pavement will be dependent on achieving adequate drainage throughout the section and 

especially at the subgrade.  

Geosynthetics 

Geosynthetic fabrics and geogrid are applicable when constructing on soft or wet soil, 

and at the base of the pavement section. Where required to aid construction or increase long-

term performance of the pavement section, apply geosynthetics directly on approved 

subgrades, taut, free of wrinkles and over-lapped at least 12 inches. STRATA should be 

consulted to review geosynthetic applications or other subgrade improvement alternatives. 

Geosynthetic material requirements are outlined below in Table 4.  
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Table 4. Geosynthetic Material Requirements 

Geosynthetic 
Type 

Use Material Specifications 

Non-Woven 
Geosynthetic 

Pavement subgrade 
preparations, 

footing soil improvements 

 Must meet Soil Stabilization – Non-Woven 
requirements in WSDOT Standards Section 9-33.2(1), 
Table 3. 

Triaxial or 
Biaxial Geogrid 

Extremely soft subgrade 
conditions 

 93 percent junction efficiency (GRI-GG2-05) 
 3.0 kg-cm/degree Aperture Stability (U.S. Army Corp 

of Engineers Ref. 3.3.1.2000) 
 Minimum Radial Stiffness of 15,400 lb/ft at 0.5% 

Strain (ASTM D6637) 

Slope Construction 

Embankment Construction 

Construct fill slopes with structural fill and properly key the fill into adjacent slopes as 

illustrated on Plate 2, Backfill Schematic. Slopes constructed steeper than the designations 

outlined below or which become wet, are difficult to maintain and can experience seasonal 

sloughing and shallow landslides until vegetation and adequate drainage is achieved. 

Therefore, site civil designs should contemplate constructing ditches at slope crests which 

collect and control stormwater runoff before it runs over the slope face.  

Cut and Fill Slope Stability 

Cut and fill slopes will be constructed as part of the planned development. Structures 

should be setback from slopes in accordance with the International Building Code (IBC) and 

City of Pullman requirements. STRATA analyzed the tallest cut and fill slope sections with the 

assumption that structures will be set back from the crest of slopes at least 50 feet, thereby 

having no load influence on the slope face. If individual lot development positions structures 

closer than 50 feet to slope crests, notify STRATA to reevaluate our analyses.  

We correlated soil-engineering parameters for stability analyses from field observations, 

laboratory tests, and our experience with loess soil. We modeled the tallest planned cut and fill 

slopes for the project as illustrated in Appendix C. Our analyses suggest that when cut slopes 

remain dry, they can be constructed as steep as 2H:1V with factors of safety in excess of 1.5, 

the geotechnical standard of care at this time for similar developments. However, our 

experience is that when loess is excavated and recompacted as structural fill, the soil’s 

structure is disturbed and the apparent cohesion and internal friction decrease. Because of the 

reduced strength, our analysis suggests fill slopes should be constructed at 2.5H:1V or flatter. 

However we understand civil design has balanced the site utilizing 2H:1V fill slope 

configurations and that KIP plans to install erosion matting, vegetation applications, and other 
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measures to reduce slope erosion. Additionally, as noted above, we strongly recommend 

surface runoff be diverted from fill slopes to avoid infiltration and near surface saturation; the 

leading causes of fill slope instability. 

As with any moderately steep slope constructed in fine grained loess and loess-

originated structural fill, our analyses illustrate seasonal sloughing and erosion will occur as the 

slope faces freeze and thaw or become saturated. For this reason where slopes are constructed 

for detention ponds, biofiltration swales or other features which will consistently saturate the soil 

face, we recommend maximum slopes be 3H:1V. 

Slope Maintenance Considerations 

It is necessary to provide appropriate erosion control measures above, on, and below 

slopes such as hydroseeding, erosion control blankets, or other landscaping to reduce the 

potential for sloughing and erosion. At a minimum, slopes must be re-seeded with an 

appropriate dry land seed blend at the completion of construction and during appropriate 

germination periods specified by an experienced landscape architect or hydroseeder. Typically, 

hyrdoseeding is moderately successful during spring months and between October and early 

November with decreasing success before or after these periods. We also recommend 

construction documents for hydroseeding specify a follow-up and/or spot application within 6 

months of the first application to improve uniform vegetative growth.  

Irrigation at slope faces should be discouraged recognizing the risks of surface 

saturation or breaks in lines that can saturate the entire slope system. Vigorously maintain 

slopes until vegetation has the opportunity to establish itself. Minor sloughing and surface 

erosion should be expected along slopes until vegetation is established.      

 Surface grading must not allow water to drain over slope faces. Placing large snow piles 

on top of slopes can increase the potential for snow melt to erode the slope face, saturate the 

soil, and facilitate sloughing. 

Surface Drainage  

Stormwater Disposal Considerations 

Any runoff from precipitation, snowmelt, seeps, or springs must not be allowed to 

infiltrate slopes, run uncontrolled across lots, or flow infinitely over pavement. We also do not 

recommend water be allowed to collect at the base or crest of slopes. Runoff or water migrating 

along the ground surface must be conveyed away from slopes and undeveloped lot surfaces by 

an appropriately designed series of ditches, swales, or other surface water management 

procedures which break up sheet flow and adequately convey water in a controlled manner to 
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the site’s detention pond.  

As lots are sold to prospective buyers, we recommend you notify them that their 

architectural designs must provide for roof gutters connected to downspouts, and that they be 

connect to solid pipes placed away from the structure, so as to avoid infiltration into the soil 

underlying structures. During and post earthwork construction, route stormwater away from the 

site and dispose it in a suitable location as determined by the project civil engineer. The site soil 

is silt and clay that is not suitable for stormwater discharge via swales or drywells. However, 

swales can offer some treatment while also facilitating stormwater conveyance features. At this 

time, we understand civil design by Taylor plans cutoff ditches with positive flows towards 

collections points, ultimately discharging into the planned regional Palouse Business Center 

stormwater detention system. 

 We anticipate erosion control measures including, but not limited to, hydroseeding, fiber 

blankets, wattles, temporary and permanent collection and detention swales and ponds will be 

required to help reduce the potential for erosion and turbid discharges of stormwater from the 

site. Erosion and sediment control measures or other stormwater Best Management Practices 

(BMP’s) are also required to meet Washington State Department of Ecology (DOE) 

requirements for construction stormwater management. We anticipate these and other 

stormwater control measures will be presented on a stormwater pollution prevention plan 

(SWPPP) prepared by Taylor Engineers and modified to meet the contractor’s means, methods, 

and staging. It must be recognized that when KIP retains possession of the site from the 

earthwork contract, it will ultimately be their responsibility to implement erosion control 

measures unless other arrangements are made.   

If adequate vegetative cover cannot be established immediately after construction is 

complete, we recommend erosion control measures be implemented to reduce excessive 

erosion and violation of local, state, and federal codes. At a minimum, slopes should be track-

walked and straw mulched to facilitate seeding growth. Slopes in excess of 50 feet in length 

should have biowattles placed horizontally across the slope face for every 25 linear feet of 

exposed slope face. Catch ditches at the slope toe should convey water away from slopes to 

temporary stormwater disposal or detention. Erosion rills must be closely monitored and 

backfilled with straw and soil mulch and drainage patterns adjusted to reduce future erosion. 

Surface Grading 

 Detention ponds will be constructed as excavations into the native soil with shallow (less 

than 5 foot tall) berms to raise the overall pond heights. Construct berms as recommended in 

this report’s Earthwork sections. Grade lots so that they crown slightly (less than 2%) from the 
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center towards the civil-specified stormwater collection and disposal systems. With respect to 

future grading, it can improve the success of grading activities and rapid foundation installation 

if the lots are left slightly high (1 to 2 feet). This is easiest in cut areas and helps protect the 

underlying soil from excessive moisture. While it requires additional soil be removed at the time 

of individual lot construction, it can also drastically improve earthwork success during wet 

weather. 

To help facilitate drained conditions in roadway asphalt pavement sections, we 

recommend the invert of adjacent drainage ditches be at least 10 inches below the subgrade 

elevation. Also if biofiltration swales are constructed adjacent to roadways, they should be 

constructed according to this requirement. Crown roadway subgrades so that water does not 

accumulate in the aggregate support section and daylight the aggregate in adjacent 

ditches/swales. Alternatively, we understand Taylor plans perforated pipes at designated 

intervals along the roadways and specifically at lower elevation roadway areas which discharge 

to adjacent biofiltration swales constructed as recommended above. 

Preliminary Lot Improvement Considerations 

Our engineering evaluation was performed to provide assistance to the design team with 

respect to soil-related grading characteristics and to aid planning of future commercial 

development. The Earthwork section provides planning information with respect to identifying 

uncontrolled fill on site and constructing structural fill embankments. Specifically it will be critical 

to the project’s success to evaluate foundation systems that are suitable to the geologic and/or 

developed site conditions for each lot and specific to the structures planned for development. 

Such evaluation is prudent to help select a foundation system and/or site soil foundation 

improvement criteria, considering the appropriate balance of risk and cost. Once mass grading 

and infrastructure are complete, STRATA will provide lot specific geotechnical evaluations 

which provide basic geotechnical design parameters for foundations and lot-specific earthwork. 

 The following paragraphs provide the associated preliminary foundation systems and 

development considerations that may be suited to the soil engineering characteristics 

encountered during exploration. Use the following preliminary information with appropriate 

engineering judgment and apply geotechnical evaluations specific to future planned structures. 

STRATA does not condone and cannot be responsible for developments which relay on this 

information for their lot-specific final design. 
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Applicable Foundation Systems 

We anticipate the future construction of single-story, commercial office-type structures 

that will generate light structural loads (<50 kips per column; <2 kips per lineal foot along walls). 

At this time, we anticipate these loads may be supported by conventional spread footings 

bearing directly on undisturbed native soil in a cut condition or native soil recompacted as 

structural fill. Based on our current understanding of the planned development, it is unlikely 

deep or intermediate foundation support systems will be required unless heavy (>50 kip) column 

loads are planned or if improvements overlie uncontrolled fill. Preliminarily, we discourage 

planning buildings to span cuts and fills. 

It is critical for project success, and specifically for foundation performance, that 

STRATA be afforded the opportunity to review planned structures relative to foundation design 

and configuration in order to estimate settlement and verify the preliminary allowable bearing 

pressure discussed above. 

General Criteria 

 Exterior foundations should bear at least 30 inches below finished exterior ground 

surfaces to resist the effects of frost action. Install perimeter foundation drains referencing Plate 

3, Foundation Drain Schematic. Foundation structural design shall follow the latest International 

Building Code (IBC) edition and rely on a typical Site Class of D for relatively deep, stiff, fine 

grained soil. Where soft, unstable soil is not capable of supporting foundations or slabs, 

excavate and remove it to firm, stable soil or a minimum of 18 inches and replace it with 

granular structural fill. Foundations cast directly on native soil or on structural fill should expect a 

coefficient of friction of 0.30 to 0.35. Passive resistance along foundation walls will range from 

250 to 320 pounds per cubic foot (equivalent fluid pressure) with an estimated ¾-inch lateral 

deflection to fully mobilize resistance. Individual lot allowable bearing pressure based on 

assumed loading can be provided at the time of final grading. However, settlement will 

ultimately control foundation performance and can only be estimated once final foundation 

loading and configuration information is available for each lot. 

Embankment Settlement 

 Several lots will bear entirely on cut. Others will be entirely fill and a few will have a 

combination of cut and fill at finished elevations as currently planned. As noted previously, the 

embankment fill will settle over time. Embankment settlement occurs as the underlying native 

soil comes to equilibrium with the weight of the embankment and as the embankment settles 

under its own weight. Because the site soil is fine grained, it will consolidate over time. 

Embankments less than 10 feet in height generally experience consolidation less than one-half 
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percent of the total embankment height. Embankments in excess of 10 feet should expect 

consolidation settlement between 1 and 1.5 percent of the total embankment height. The 

ultimate long-term consolidation amount depends in part on the percent compaction specified 

and achieved during embankment construction as well as achieving drained conditions 

throughout the embankment. 

 This report’s Structural Fill section recommends embankment soil be placed on native 

subgrades compacted to 90 percent of Modified Proctor. Subsequently, embankment soil shall 

be placed as structural fill compacted to 92 percent of Modified Proctor to within 3 feet of 

finished subgrade elevations (lots and roadways). At -3 feet below finished grades, structural fill 

shall be placed to 95 percent of Modified Proctor. By performing earthwork in this fashion, we 

estimate total embankment settlement will be 1.0 to 1.1 percent of the embankment’s height and 

that 70 percent of settlement will occur within 1 year of earthwork mass grading. This assumes 

embankments over 10 feet in height remain in a dry condition. Alternatively, if the City of 

Pullman earthwork requirements are specified (90 percent of Modified Proctor), we estimate 1.5 

percent total settlement will occur and only 50 percent of it will be realized within 1 year. As 

noted above, STRATA recommends higher compaction requirements be specified to reduce 

settlement potential and expedite the confidence which lots can be sold for immediate 

construction. 

Concrete Slab-on-Grade Construction 

 Concrete slab-on-grade floors are typical in the area. Where utilized, support them with 

compacted crushed surfacing according to this report’s Structural Fill section. Place crushed 

surface over undisturbed native soil or structural fill as previously specified. Design floor slabs and 

the associated support sections for the anticipated use and equipment or storage loading 

conditions. Based on correlations to our field and laboratory test results, we recommend concrete 

slab design utilize a modulus of subgrade reaction (K) of 125 pounds per cubic inch (pci) for 

undisturbed clay loess or recompacted structural fill subgrades. To realize the reported modulus of 

subgrade reaction drained conditions must be provided.  

 Interior floor slabs may be susceptible to moisture migration caused by capillary action 

and vapor pressure. Design shall contemplate floor sensitivity to moisture migration and 

additional moisture protection beneath the concrete slab-on-grade floors. STRATA recommends 

that floor slabs receive a vapor retarder and that its placement and material specifications be 

carefully evaluated by structural/architectural design, contractor preference, manufacturer 

requirements, the American Concrete Institute (ACI) and the owner’s risk tolerance for each 

development. Form stakes or other sub-slab penetrations must never be allowed to puncture 
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the vapor retarder. Although vapor retarders are used, water vapor migration through the 

concrete floor slab is still possible. Select floor coverings accordingly. 

ADDITIONAL RECOMMENDED SERVICES  

Geotechnical Design Continuity 

 The information contained in this report is based on our knowledge of planned mass 

grading and infrastructure development, assumed future structural loads, and development 

plans. Future lot development floor elevations, building configurations, loading conditions and 

site geometry can significantly alter our opinions and design recommendations. Therefore, this 

report’s information for future lot development is preliminary and not to be used for final design. 

Further, it is critical STRATA provide geotechnical continuity through final planning and design 

for the planned lot construction as individual aspects become available.  

Specific to infrastructure, we recommend STRATA review final earthwork grading plans 

and specifications prior to bidding. It has been our experience that having consultants from the 

design team review the construction documents helps reduce the potential for errors, and also 

reduces costly changes to the contract during construction. If we are not provided such 

opportunities, we cannot be responsible for soil-related design or construction-related errors, 

omissions, delays or increased costs that are identified during construction.  

Lot Specific Evaluations 

Recommendations for individual lot development are not included in this report. 

Providing construction monitoring during mass grading does not intrinsically allow lots to be 

developed for any type of structure, loads, or configuration. You have retained STRATA through 

earthwork monitoring and to prepare generalized, but lot-specific, geotechnical evaluations 

referencing our final observations once earthwork is complete. These evaluations will be 

produced in plan sheet format, referencing this report, and will be subject to the City of 

Pullman’s approval. Individual lot owners should retain STRATA or a qualified geotechnical 

consultant to review our generalized geotechnical recommendations and confirm they remain 

applicable to the individually planned developments. The final geotechnical engineering design 

and construction considerations, specific to each lot, include, but are not limited to: the final 

grading, drainage, floor, and foundation loading. If for some reason we are not retained to follow 

through final lot grading, the extent future lot owners and their design teams rely on this 

preliminary data herein is done so entirely at their own risk. Finally, each lot owner should be 

provided a copy of this report and advised of the portions of this report that potentially affect or 
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impact the design and construction of each lot. We do not authorize the use of this report for 

design or construction of individual lot improvements. 

Construction Observation Monitoring  

 KIP has retained STRATA to provide construction monitoring to verify the soil conditions 

during mass grading and that report recommendations are incorporated into the actual 

construction. Such observation is an important part of the geotechnical design process and can 

help reduce the potential for soil engineering- or construction-related errors or omissions. For 

this project, it is especially important to maintain this geotechnical continuity during fill 

identification, subgrade compaction and/or replacement, and structural fill placement. If for 

some reason we are dismissed from providing the recommended construction monitoring 

services, we cannot be responsible for soil engineering-related construction errors or omissions. 

Further, the selected firm must be required to document in writing to the design team and KIP 

that they have read and will implement this report and its recommendations in their entirety as 

the project geotechnical engineer of record.  

EVALUATION LIMITATIONS 

 This report has been prepared to assist infrastructure planning, design and construction 

of the proposed KIP Commercial Development to be located in south Pullman, Washington. Our 

geotechnical findings and opinions are developed based on the authorized subsurface 

exploration and laboratory testing, as well as our understanding of the project at this time. Our 

geotechnical design recommendations are specific to the mass grading aspects of development 

design and infrastructure construction and must not be extrapolated to other future site 

developments in the immediate area without allowing adequate geotechnical consultation by 

STRATA or another qualified firm who will be the geotechnical engineer of record. 

 Our services consist of professional opinions and findings made in accordance with 

generally accepted geotechnical engineering principles and practices in eastern Washington at 

the time of this report. The geotechnical recommendations provided herein are based on the 

premise that appropriate geotechnical consultation during subsequent design phases is 

implemented and an adequate program of tests and observations will be conducted by STRATA 

during construction to verify compliance with our recommendations and to confirm conditions 

between exploration locations. This acknowledgment is in lieu of all warranties either express or 

implied. 

The following plates accompany this report: 
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Plate 1:  Site Map 
Plate 2: Backfill Schematic 
Plate 3:  Foundation Drain Schematic 
    
Appendix A: Unified Soil Classification System (USCS) 
  Exploration Logs   
Appendix B: Laboratory Test Results 
Appendix C:  Slope Stability Analyses 









 

APPENDIX A 
Unified Soil Classification System 

(USCS)  
 Exploration Logs 
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ML

CL

Vegetation and organics to 6"
BGS

Loosely backfilled with site
cuttings upon completion.

Elevation 2560.00 AMSL (feet)
Lot 1 North of Columbia Drive

TOPSOIL - SILT, (ML) dark brown,
soft, moist
LOESS - CLAY, (CL) reddish brown,
very stiff, moist

Test Pit Terminated at 11.0 Feet.
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Note: BGS = Below Ground
Surface

USCS Description

Sheet  1  Of  1Logged By: CWS

Backhoe: HITACHI EX120 Bucket Width: 30

EXPLORATORY
TEST PIT LOG

Date Excavated: 12-18-2012

Test Pit Number: TP-1

Depth to Groundwater: N.E.

Client: KIPDEV

Project: PU12186A
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CL

Vegetation and organics to 6"
BGS

Loosely backfilled with site
cuttings upon completion.

Elevation 2532.40 AMSL (feet)
Lot 1 North of Columbia Drive

TOPSOIL - SILT, (ML) dark brown,
soft, moist
LOESS - CLAY, (CL) reddish brown,
very stiff, moist

Test Pit Terminated at 13.0 Feet.
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Note: BGS = Below Ground
Surface

USCS Description

Sheet  1  Of  1Logged By: CWS

Backhoe: HITACHI EX120 Bucket Width: 30

EXPLORATORY
TEST PIT LOG

Date Excavated: 12-18-2012

Test Pit Number: TP-2

Depth to Groundwater: N.E.

Client: KIPDEV

Project: PU12186A
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ML

CL

Vegetation and organics to 12"
BGS

Elevation 2519.14 AMSL (feet)
Lot 2 North of Columbia Drive

TOPSOIL - SILT, (ML) dark brown,
soft, moist

LOESS - CLAY, (CL) reddish brown,
very stiff, moist

Test Pit Terminated at 13.0 Feet.

3.0-3.5

2.5-3.0

S
am

pl
e

T
yp

e

D
E

P
T

H
(f

t)

0.0

2.5

5.0

7.5

10.0

12.5

U
.S

.C
.S

.
C

LA
S

S

S
Y

M
B

O
L REMARKS

Note: BGS = Below Ground
Surface

USCS Description

Sheet  1  Of  1Logged By: CWS

Backhoe: HITACHI EX120 Bucket Width: 30

EXPLORATORY
TEST PIT LOG

Date Excavated: 12-18-2012

Test Pit Number: TP-3

Depth to Groundwater: N.E.

Client: KIPDEV

Project: PU12186A
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ML

CL-
ML

ML

CL

Vegetation and organics to 6"
BGS

Loosely backfilled with site
cuttings upon completion.

Elevation 2508.03 AMSL (feet)
Lot 2 North of Columbia Drive

TOPSOIL - SILT, (ML) dark brown,
soft, moist
UNCONTROLED FILL - MIXED SILT
AND CLAY, (CL-ML) reddish brown
with dark brown staining, soft to stiff,
moist

ORIGINAL TOPSOIL - SILT, (ML)
dark brown, firm to stiff, moist

LOESS - CLAY, (CL) reddish brown,
very stiff, moist

Test Pit Terminated at 12.0 Feet.
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Surface

USCS Description

Sheet  1  Of  1Logged By: CWS

Backhoe: HITACHI EX120 Bucket Width: 30

EXPLORATORY
TEST PIT LOG

Date Excavated: 12-18-2012

Test Pit Number: TP-4

Depth to Groundwater: N.E.

Client: KIPDEV

Project: PU12186A
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ML

CL-
ML

ML

CL

Vegetation and oranics observed
to 6" BGS

Trace wheat stubble observed at
10.5 BGS

Loosely backfilled with site
cuttings upon completion.

Elevation 2514.60 AMSL (feet)
Lot 3 North of Columbia Drive

TOPSOIL - SILT, (ML) dark brown,
soft, moist
UNCONTROLED FILL - MIXED SILT
AND CLAY, (CL-ML) reddish brown
with dark brown staining, soft to stiff,
moist

ORIGINAL TOPSOIL - SILT, (ML)
dark brown, firm to stiff, moist

LOESS - CLAY, (CL) reddish brown,
very stiff, moist

Test Pit Terminated at 12.5 Feet.
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Note: BGS = Below Ground
Surface

USCS Description

Sheet  1  Of  1Logged By: CWS

Backhoe: HITACHI EX120 Bucket Width: 30

EXPLORATORY
TEST PIT LOG

Date Excavated: 12-18-2012

Test Pit Number: TP-5

Depth to Groundwater: N.E.

Client: KIPDEV

Project: PU12186A
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ML

CL

Vegetation and organics to 12"
BGS

Loosely backfilled with site
cuttings upon completion.

Elevation 2489.41 AMSL (feet)
Lot 5 North of Columbia Drive

TOPSOIL - SILT, (ML) dark brown,
soft, moist

LOESS - CLAY, (CL) reddish brown,
very stiff, moist

Test Pit Terminated at 11.5 Feet.
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Note: BGS = Below Ground
Surface

USCS Description

Sheet  1  Of  1Logged By: CWS

Backhoe: HITACHI EX120 Bucket Width: 30

EXPLORATORY
TEST PIT LOG

Date Excavated: 12-18-2012

Test Pit Number: TP-6

Depth to Groundwater: N.E.

Client: KIPDEV

Project: PU12186A
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ML

CL

Vegetation and organics observed
to 6" BGS

Loosely backfilled with site
cuttings upon completion.

Elevation 2512.33 AMSL (feet)
Lot 12 South of Columbia Drive

TOPSOIL - SILT, (ML) dark brown,
soft, moist
LOESS - CLAY, (CL) reddish brown,
very stiff, moist

Test Pit Terminated at 12.0 Feet.
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Note: BGS = Below Ground
Surface

USCS Description

Sheet  1  Of  1Logged By: CWS

Backhoe: HITACHI EX120 Bucket Width: 30

EXPLORATORY
TEST PIT LOG

Date Excavated: 12-18-2012

Test Pit Number: TP-32

Depth to Groundwater: N.E.

Client: KIPDEV

Project: PU12186A

S
T

R
A

T
A

 B
H

 / 
T

P
 / 

W
E

LL
 -

 S
T

R
A

T
A

.G
P

J 
- 

1/
24

/1
3 

08
:5

5 
- 

S
:\

20
13

\G
IN

T
\P

R
O

JE
C

T
S

\K
IP

D
E

V
 P

U
12

18
6A

 T
E

S
T

 P
IT

.G
P

J

M
oi

st
ur

e
C

on
te

nt
 (

%
)

%
 P

as
si

ng
N

o.
 2

00
S

ie
ve

P
oc

ke
t P

en
.

(t
sf

)

U
S

D
A

 S
O

IL
T

ex
tu

ra
l

C
la

ss
ifi

ca
tio

n

D
ry

 D
en

si
ty

(p
cf

)



ML

CL

CL

Vegetation and organics observed
to 12" BGS

Seeps observed

Loosely backfilled with site
cuttings upon completion.

Elevation 2520.93 AMSL (feet)
Lot 9 South of Columbia Drive

TOPSOIL - SILT, (ML) dark brown,
soft, moist

ALLUVIUM - CLAY, (CL) reddish
brown with gray mottling, very stiff,
moist to wet

LOESS - CLAY, (CL) reddish brown,
very stiff, moist

Test Pit Terminated at 11.0 Feet.
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Note: BGS = Below Ground
Surface

USCS Description

Sheet  1  Of  1Logged By: CWS

Backhoe: HITACHI EX120 Bucket Width: 30

EXPLORATORY
TEST PIT LOG

Date Excavated: 12-18-2012

Test Pit Number: TP-33

Depth to Groundwater: N.E.

Client: KIPDEV

Project: PU12186A
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ML

CL

Vegetation and organics observed
to 10" BGS

Loosely backfilled with site
cuttings upon completion.

Elevation 2537.39 AMSL (feet)
Lot 9 South of Columbia Drive

TOPSOIL - SILT, (ML) dark brown,
soft, moist

LOESS - CLAY, (CL) reddish brown,
very stiff, moist

Test Pit Terminated at 12.0 Feet.
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Note: BGS = Below Ground
Surface

USCS Description

Sheet  1  Of  1Logged By: CWS

Backhoe: HITACHI EX120 Bucket Width: 30

EXPLORATORY
TEST PIT LOG

Date Excavated: 12-18-2012

Test Pit Number: TP-34

Depth to Groundwater: N.E.

Client: KIPDEV

Project: PU12186A
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ML

CL

Vegetation and organics observed
to 10" BGS

Loosely backfilled with site
cuttings upon completion.

Elevation 2551.96 AMSL (feet)
Lot 9 South of Columbia Drive

TOPSOIL - SILT, (ML) dark brown,
soft, moist

LOESS - CLAY, (CL) reddish brown,
very stiff, moist

Test Pit Terminated at 10.0 Feet.
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Note: BGS = Below Ground
Surface

USCS Description

Sheet  1  Of  1Logged By: CWS

Backhoe: HITACHI EX120 Bucket Width: 30

EXPLORATORY
TEST PIT LOG

Date Excavated: 12-18-2012

Test Pit Number: TP-35

Depth to Groundwater: N.E.

Client: KIPDEV

Project: PU12186A
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ML

CL

Vegetation and organics observed
to 12" BGS

Loosely backfilled with site
cuttings upon completion.

Elevation 2520.93 AMSL (feet)
Lot 10 South of Columbia Drive

TOPSOIL - SILT, (ML) dark brown,
soft, moist

ALLUVIUM - CLAY, (CL) reddish
brown with gray mottling, very stiff,
moist to wet

Test Pit Terminated at 10.5 Feet.
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Note: BGS = Below Ground
Surface

USCS Description

Sheet  1  Of  1Logged By: CWS

Backhoe: HITACHI EX120 Bucket Width: 30

EXPLORATORY
TEST PIT LOG

Date Excavated: 12-18-2012

Test Pit Number: TP-36

Depth to Groundwater: N.E.

Client: KIPDEV

Project: PU12186A
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CL

Vegetation and organics observed
to 12" BGS

Loosely backfilled with site
cuttings upon completion.

Elevation 2522.46 AMSL (feet)
Lot 11 South of Columbia Drive

TOPSOIL - SILT, (ML) dark brown,
soft, moist

ALLUVIUM - CLAY, (CL) reddish
brown with gray mottling, very stiff,
moist to wet

LOESS - CLAY, (CL) reddish brown,
very stiff, moist

Test Pit Terminated at 11.0 Feet.
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Note: BGS = Below Ground
Surface

USCS Description

Sheet  1  Of  1Logged By: CWS

Backhoe: HITACHI EX120 Bucket Width: 30

EXPLORATORY
TEST PIT LOG

Date Excavated: 12-18-2012

Test Pit Number: TP-37

Depth to Groundwater: N.E.

Client: KIPDEV

Project: PU12186A
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ML

CL

Vegetation and organics observed
to 10" BGS

Loosely backfilled with site
cuttings upon completion.
Elevation ~2566 AMSL (feet)
Lot 1 South of Columbia Drive

TOPSOIL - SILT, (ML) dark brown,
soft, moist

LOESS - CLAY, (CL) reddish brown,
very stiff, moist

Test Pit Terminated at 14.0 Feet.
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Note: BGS = Below Ground
Surface

USCS Description

Sheet  1  Of  1Logged By: CWS

Backhoe: HITACHI EX120 Bucket Width: 30

EXPLORATORY
TEST PIT LOG

Date Excavated: 12-18-2012

Test Pit Number: TP-38

Depth to Groundwater: N.E.

Client: KIPDEV

Project: PU12186A

S
T

R
A

T
A

 B
H

 / 
T

P
 / 

W
E

LL
 -

 S
T

R
A

T
A

.G
P

J 
- 

1/
24

/1
3 

08
:5

5 
- 

S
:\

20
13

\G
IN

T
\P

R
O

JE
C

T
S

\K
IP

D
E

V
 P

U
12

18
6A

 T
E

S
T

 P
IT

.G
P

J

M
oi

st
ur

e
C

on
te

nt
 (

%
)

%
 P

as
si

ng
N

o.
 2

00
S

ie
ve

P
oc

ke
t P

en
.

(t
sf

)

U
S

D
A

 S
O

IL
T

ex
tu

ra
l

C
la

ss
ifi

ca
tio

n

D
ry

 D
en

si
ty

(p
cf

)



ML

CL

Vegetation and organics observed
to 10" BGS

Loosely backfilled with site
cuttings upon completion.

Elevation ~2525 AMSL (feet)
Lot 7 South of Columbia Drive

TOPSOIL - SILT, (ML) dark brown,
soft, moist

LOESS - CLAY, (CL) reddish brown,
very stiff, moist

Test Pit Terminated at 12.0 Feet.
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Note: BGS = Below Ground
Surface

USCS Description

Sheet  1  Of  1Logged By: CWS

Backhoe: HITACHI EX120 Bucket Width: 30

EXPLORATORY
TEST PIT LOG

Date Excavated: 12-18-2012

Test Pit Number: TP-39

Depth to Groundwater: N.E.

Client: KIPDEV

Project: PU12186A
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Vegetation and organics observed
to 12" BGS

Loosely backfilled with site
cuttings upon completion.

Elevation ~2505 AMSL (feet)
Lot 11 South of Columbia Drive

TOPSOIL - SILT, (ML) dark brown,
soft, moist

ALLUVIUM - CLAY, (CL) reddish
brown with gray mottling, very stiff,
moist

LOESS - CLAY, (CL) reddish brown,
very stiff, moist

Test Pit Terminated at 11.0 Feet.
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Note: BGS = Below Ground
Surface

USCS Description

Sheet  1  Of  1Logged By: CWS

Backhoe: HITACHI EX120 Bucket Width: 30

EXPLORATORY
TEST PIT LOG

Date Excavated: 12-18-2012

Test Pit Number: TP-40

Depth to Groundwater: N.E.

Client: KIPDEV

Project: PU12186A
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CL

Vegetation and organics observed
to 10" BGS

Loosely backfilled with site
cuttings upon completion.

Elevation 2559.04 AMSL (feet)
Lot 1 South of Columbia Drive

TOPSOIL - SILT, (ML) dark brown,
soft, moist

LOESS - CLAY, (CL) reddish brown,
very stiff, moist

Test Pit Terminated at 10.0 Feet.
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Note: BGS = Below Ground
Surface

USCS Description

Sheet  1  Of  1Logged By: CWS

Backhoe: HITACHI EX120 Bucket Width: 30

EXPLORATORY
TEST PIT LOG

Date Excavated: 12-18-2012

Test Pit Number: TP-41

Depth to Groundwater: N.E.

Client: KIPDEV

Project: PU12186A
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APPENDIX B 
Laboratory Test Results 



Project: Pullman Hospital Commecial Development Report Date: 1/8/13
Report to: Mr. Kevin Kirkman File Name: KIPDEV - PU12186A

 KIP Development
 594 SE Bishop Blvd, Suite 102

Boring Depth Lab Liquid Plasticity In situ In situ Dry Passing Soluble Sulfates Resistivity
 (feet) Number Limit Index Moisture, % Density, pcf No. 200,% (mg/kg) (ohms-cm)

TP-6 2-2.5 PUL12-224I - - 4.8 - - - - -
TP-8 3-3.5 PUL12-224B - - 26.3 96.7 -  - - -
TP-12 2.5-3 PUL12-224A 49 30 23.3 99.0 - - - -
TP-12 3-3.5 PUL12-224J - - 23.6 - - - - -
TP-17 2-2.5 PUL12-224D - - 18.1 104.3 - - - -
TP-28 2-2.5 PUL12-224K - - 22.7 - - - - -
TP-33 3.5-4 PUL12-224G - - 11.6 108.4 - - - -
TP-34 7-8 PUL12-224E - - 93.5

Reviewed by: __________________________________

Clay (CL)

pH

Index Laboratory Test Results Summary

(classification)

Clay (CL)
Clay (CL)

Description and remarks

Clay (CL)
Clay (CL)

Clay (CL)
Clay (CL)

Clay (CL)



6 O’Donnell Road, Pullman, WA 99163 Phone.509.339.2000 Fax.509.339.2001 
www.stratageotech.com 

 
 
 

 
 
 
 
 
 

Rock Probe Exploration Results 

Rock Probe 
Location 

Existing 
Surface 

Elevation 
(feet)1 

Basalt Bedrock 
Elevation 

Encountered 
(feet)2 

Rock Probe 
Termination 

Elevation (feet) 
Lot Rock Probe 
was Completed 

RP-1 2527.3 N.E. 2477.3 Lot 6 North of 
Columbia Drive 

RP-2 2573.7 N.E. 2533.7 Lot 1 North of 
Columbia Drive 

RP-4 2544.2 2500.2 2494.2 Lot 5 South of 
Columbia Drive 

RP-5 2584.3 N.E. 2533.3 Lot 8 South of 
Columbia Drive 

RP-6 2557.7 2527.7 2521.7 Lot 9 South of 
Columbia Drive 

       1. Elevations provided by Taylor Engineering, Inc. 
       2. N.E. = Not Encountered 
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CBR CURVE
MOISTURE-DENSITY CURVE

Method: A
Maximum Dry Density, Pcf: 109.5
Optimum Moisture Content, %: 17.5

CALIFORNIA BEARING RATIO

Project: Hospital Commercial Development
Client:  KIP Development
File Name: PU12186A
Sample Location:  TP-7, 7-8 feet BGS
Sample Description:  Lean Clay (CL)

Lab Number: PU12-224C
Date Sampled: 12/19/12
Date Tested: 1/11/13
Tested By: AJA

ASTM D-1883

SOIL CONSTANTS

CBR = 6.4
Test Dry Density   107.7  Pcf
Test Specimen Molded @ 17.5 % Moisture
Test Performed @ 20.1 % Moisture
Percent Swell = 0.6%
Surcharge (psf) = 50

Reviewed by:________________________

ASTM D1557
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MOISTURE-DENSITY RELATIONSHIP CURVE

Project: Pullman Hospital Commecial 
Development
Client: KIP Developers
File Name: KIPDEV - PU12186A
Date Tested:  12/28/12
Tested By: MO
Sample Number: PUL12-224C
Sample Location: TP-7 @ 7-8 Feet BGS
Sample Description: Clay (CL)
Rammer Type: Mechanical

Reviewed By _____________________

ASTM D-1557

Maximum Dry Density, pcf : 109.5
Optimum Moisture Content, %: 17.5

No. 4 Screen 100 100
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Method A

Administrator
STRATA Logo

Administrator
Andy Abrams



D I R E C T  S H E A R
ASTM D 3080

Project:  Hospital Commercial Development
Client:  KIP Development
File Name:  PU12186A  
Lab Number:  PUL120224B  
Sample Identification:  TP-8 @ 3 - 3.5 ft  
Sample Classification:  Lean Clay 
Date Tested:  1/3-4/13   By:  IR  
Dry Unit Weight = 96.7 pcf @ 26.3% moisture

Cohesion Intercept: C' = 430 psf

Reviewed By: _______________________

Angle of Internal Friction: Ø' = 23.3°
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CONSOLIDATION TEST RESULTS
ASTM D 5333 (Collapse)

Reviewed By:  _______________________
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Water added @ 2.07 ksf
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Project:  Hospital Commercial Development
Client:  KIP Development  
File Name:  PU12186A  
Lab Number:  PUL120224A  
Sample Identification:  TP-12 @ 2.5 - 3 ft  
Sample Classification:  Lean Clay  
Sample: In-Situ Tube (Condition: Good)
Date Tested:  12/28/12-1/2/12   By:  IR  
Tube Dry Unit Weight:  97.2 pcf
Test Sample Dry Unit Weight:  99.0 pcf  
Moisture Content:  23.3% 
Atterberg Limits:  LL = 49, PI = 30



GRADATION ANALYSIS
ASTM D422
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Reviewed by:

Project: Pullman Hospital Commecial Development
Client: KIP Development
File: KIPDEV - PU12186A
Sample No: PUL12-224E
Sample Location: TP-34 @ 7-8 feet BGS 
Description: Clay (CL)
Date tested: 12/28/2012
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Administrator
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APPENDIX C 
Slope Stability Analyses 
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Figure C.1Scale as Shown

Approximate Finished 
2.0H:1V Slope Surface

2.0H:1V Cut Slope

Model Geometry

KIPDEV PU12186A

Notes:
1. Soil conditions extrapolated from nearby explorations and may vary significantly from that shown.
2. Surface geometry based on site contour provided by Taylor Engineering, dated January 8, 2013. 
3. Soil strength parameters based on correlations to field, laboratory test data, and our experience with loess soil 

in the area. 

Clay Loess:
γ=96.7 pcf, 
φ= 23.3°

C=430 psf

Approximate Original 
Ground Surface



1.711
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Figure C.2Scale as Shown

Note: Underlined number and bold red point indicate minimum safety factor 
and center location of circular failure shown in green.  Contours illustrate 
variation in safety factor across grid of circle centers.

2.0H:1V Cut Slope

Global Stability Analysis Results

Morgenstern-Price Method of Slices

KIPDEV PU12186A

* Estimated FOS above 1.5 
indicates risk of deep seated, 

global slope failure satisfies 
geotechnical practice 

standards for typical roadway 
construction.

Approximate Finished 
2.0H:1V Slope Surface

Clay Loess:
γ=96.7 pcf, 
φ= 23.3°

C=430 psf

Approximate Original 
Ground Surface



0.766
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Figure C.3Scale as Shown

Note: Underlined number and bold red point indicate minimum safety factor 
and center location of circular failure shown in green.  Contours illustrate 
variation in safety factor across grid of circle centers.

2.0H:1V Cut Slope

Global Stability Analysis Results

Morgenstern-Price Method of Slices

KIPDEV PU12186A

* Estimated FOS below 1.0 indicates 
imminent risk of shallow, slope 

failures when slopes are saturated.

Approximate Finished 
2.0H:1V Slope Surface

Clay Loess:
γ=96.7 pcf, 
φ= 21°
C=0 psf

Approximate Original 
Ground Surface



Figure C.4Scale as Shown

2.0H:1V Fill Slope

Model Geometry

KIPDEV PU12186A

Notes:
1. Soil conditions extrapolated from nearby explorations and may vary significantly from that shown.
2. Surface geometry based on site contour provided by Taylor Engineering, dated January 8, 2013. 
3. Soil strength parameters based on correlations to field, laboratory test data, and our experience with loess soil 

in the area. 
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C=430 psf

Clay Fill:
γ=104 pcf, 
φ= 21°

C=120 psf
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Figure C.5Scale as Shown

Note: Underlined number and bold red point indicate minimum safety factor 
and center location of circular failure shown in green.  Contours illustrate 
variation in safety factor across grid of circle centers.

2.0H:1V Fill Slope

Global Stability Analysis Results

Morgenstern-Price Method of Slices

KIPDEV PU12186A

* Estimated FOS below 1.5 indicates risk 
of deep seated, global slope failure is 

less than geotechnical practice standards 
for typical roadway construction.

Approximate Finished 
2.0H:1V Slope Surface

Clay Loess:
γ=96.7 pcf, 
φ= 23.3°

C=430 psf

Clay Fill:
γ=104 pcf, 
φ= 21°

C=120 psf



0.803
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Figure C.6Scale as Shown

Note: Underlined number and bold red point indicate minimum safety factor 
and center location of circular failure shown in green.  Contours illustrate 
variation in safety factor across grid of circle centers.

2.0H:1V Fill Slope

Global Stability Analysis Results

Morgenstern-Price Method of Slices

KIPDEV PU12186A

* Estimated FOS below 1.0 indicates 
imminent risk of shallow, slope failures 

when slopes are saturated.

Approximate Finished 
2.0H:1V Slope Surface

Clay Loess:
γ=96.7 pcf, 
φ= 23.3°

C=430 psf

Clay Fill:
γ=104 pcf, 
φ= 21°
C=0 psf




