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Dear Mr. Snoble: 
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a geotechnical engineering study for the referenced project.  The results of the study are discussed in 
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PROJECT INFORMATION 
 
Project Authorization 

The following table summarizes, in chronological order, the Project Authorization History for the 
services performed and represented in this report by Professional Service Industries, Inc. (PSI). 
 

PROJECT TITLE:  COMMISSARY ADDITION 

Document and Reference 
Number 

Date Requested/Provided By 

Request for Proposal  7/20/2010 Mr. Ed Snoble of The Jenkins Group, Inc. 

PSI Proposal Number:  33826303R 8/17/2010 Scott Brown and Kelly Rotert of PSI 

Notice to Proceed  9/8/2010 Mr. Ed Snoble of The Jenkins Group, Inc. 
 
Project Description 

PSI understands that the project includes construction of two building additions to the existing 
commissary building at Fort Leavenworth in Kansas.  The building additions will be a one-story, steel 
framed roof with CMU exterior wall structures without basements.  The building additions will be 
located on west and southeast sides of the existing commissary.  PSI understands that large freezers 
may be located within some portions of the additions.  A below grade loading dock will also be 
constructed on the northwest corner of the building. 
 
The existing building is a one-story, rectangular-shaped steel frame structure without a basement.  Its 
PSI’s understanding that the existing building is supported on a shallow footing foundation system.  
The first floor slab of the additions will match that of the existing building.  PSI understand a portion 
of the existing commissary located in the location of the proposed addition will be demolished. The 
following table lists the material and information provided for this project: 
 

DESCRIPTION OF MATERIAL PROVIDER/SOURCE DATED 

Survey Area and Soils Borings The Jenkins Group 7/20/2010 

Commissary Expansion The Jenkins Group undated 
 
The following table lists the structural loads and site features that are required for or are the design 
basis for the conclusions of this report: 

STRUCTURAL LOAD/PROPERTY REQUIREMENT/REPORT BASIS 
           BUILDING R* B*

Maximum Column Loads 100 kips  X 

Maximum Wall Loads 6 kips per foot  X 

Finish Floor Elevation and type Match existing, Slab-on-grade  X 

Maximum Floor Loads and size 300 psf  X 

Settlement Tolerances 1 inch total, ¾ inch differential  X 
GRADING 

Planned grade variations at site, Feet 5 to 15 feet   X 
 *“R” = Requirement indicates specific design information was supplied. 

  “B” = Report Basis indicates specific design information was not supplied; therefore, this report is based on this parameter. 
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The geotechnical recommendations presented in this report are based on the available project 
information, addition locations, and the subsurface materials described in this report.  If the noted 
information is incorrect, please inform PSI in writing so that we may amend the recommendations 
presented in this report if appropriate and if desired by the client.  PSI will not be responsible for the 
implementation of its recommendations when it is not notified of changes in the project. 
 
Purpose and Scope of Services 

The purpose of this study was to explore the subsurface conditions within the site to evaluate and 
provide recommendations for site preparation and grading and for design of systems for the commissary 
additions.  PSI’s contracted scope of services included drilling six (6) soil test borings at the site to depths 
of about 10 feet to 50 feet below the ground surface, select laboratory testing, and preparation of this 
geotechnical report.  This report briefly outlines the testing procedures, presents available project 
information, describes the site and subsurface conditions, and presents recommendations regarding the 
following: 
 

 Grading procedures for site development. 
 Foundation types, depths and allowable bearing capacities. 
 Seismic parameters for use in design. 
 Lateral earth pressures for at-rest, active and passive conditions. 
 Comments regarding geotechnical factors that will impact construction and performance of the 

proposed construction. 
 
The scope of services did not include an environmental assessment for determining the presence or 
absence of wetlands, or hazardous or toxic materials in the soil, bedrock, surface water, groundwater, or 
air on, below, or around this site.  Any statements in this report or on the boring logs regarding odors, 
colors, and unusual or suspicious items or conditions are strictly for informational purposes.  PSI’s scope 
also did not provide any service to investigate or detect the presence of moisture, mold or other biological 
contaminants in or around any structure, or any service that was designed or intended to prevent or 
lower the risk of the occurrence or the amplification of the same. Client should be aware that mold is 
ubiquitous to the environment with mold amplification occurring when building materials are impacted by 
moisture. 
 

Drilling, Field and Lab Testing Procedures 

Drilling and Sampling Procedures 

The soil borings were performed with a truck-mounted rotary head drill rig.  Borings were advanced using 
3¼-inch inside diameter hollow-stem augers.  Representative samples were obtained employing split-
spoon and thin-wall tube sampling procedures in general accordance with ASTM procedures.   

Field Tests and Measurements 

Penetration Tests and Split-Barrel Sampling of Soils  

During the sampling procedure, Standard Penetration Tests (SPT) were performed at regular intervals 
(2½-foot intervals to 10 feet and 5-foot intervals thereafter) to obtain the standard penetration value (N) of 
the soil.  The results of the standard penetration test indicate the relative density and comparative 
consistency of the soils, and thereby provide a basis for estimating the relative strength and 
compressibility of the soil profile components.  The split-barrel sampler provides a soil sample for 
identification purposes and for laboratory tests appropriate for soil obtained from a sampler that may 
produce large shear strain while obtaining the sample. 
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Thin-Walled (Shelby) Tube Geotechnical Sampling of Soils 

Thin-walled tube samples are utilized to obtain a relatively undisturbed specimen suitable for laboratory 
tests of structural properties or other tests that might be influenced by soil properties.  A relatively 
undisturbed sample is obtained by pressing a thin-walled metal tube (typically an outside diameter 3 
inches) into the in-situ soil, removing the soil-filled tube, and sealing the ends to reduce the soil 
disturbance or moisture loss.  These samples may be utilized in the laboratory to obtain the following 
information or perform the following tests: Unconfined Compressive Strength (qu), Laboratory 
Determination of Water Content, Wet and Dry Density, Void Ratio, Porosity, Percent Saturation, 
Atterberg Limits, and Grain Size. 
 
Water Level Measurements 

Water level observations were attempted during and upon completion of the drilling operation using a 
100-foot tape measure.  The depths of observed water levels in the boreholes are noted on the boring 
logs presented in the appendix of this report.  In the borings where water is unable to be observed during 
the field activities, in relatively impervious soils, the accurate determination of the groundwater elevation 
may not be possible even after several days of observation.  Seasonal variations, temperature and 
recent rainfall conditions may influence the levels of the groundwater table and volumes of water will 
depend on the permeability of the soils. 
 
Infiltration Tests 

PSI performed infiltration tests in general within the proposed landscape area on the west side of the 
existing parking lot.  PSI drilled 6-inch diameter boreholes to depths of about 3 to 4 feet below the 
existing grade. Each hole was cleaned of loose material and the bottom of the hole was covered with 6 
inches of clean gravel. The hole was filled with water, with the water depth maintained for at least 4 
hours, and the soil allowed to swell for approximately 24 hours.  The water depth was then adjusted the 
after the 24 hour period and measurements were taken from a fixed reference point for a period of 4 
hours.  The drop that occurred during the final measurement period was used to calculate the infiltration 
rate.  The following are the results of the tests performed:  
 

Test 1 (Boring P-1) Test 2 (Boring P-2) 
Duration (min) Total Water Lost (inch) Duration (min) Total Water Lost (inch) 

0.5 0 0.5 0 
1 0 1 0.25 
2 0.25 2 0.25 
4 0.5 4 0.25 
8 0.5 8 0.75 
16 1.25 16 1.25 
30 3.25 30 2.5 
45 3.25 45 2.5 
60 4.25 60 3 
90 4.75 90 3.5 

120 5.5 120 4.25 
150 6.75 150 5 
180 7 180 5 
210 7.25 210 5.5 
240 7.75 240 5.5 

total 7.75 total 5.5 

 
Based on the results of the infiltration testing, PSI estimates that the existing soils in the landscaped area 
on the west side of the existing parking lot have an infiltration rate of between approximately 1.4 to 1.9 
inches per hour. 
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Ground Surface Elevations 

The elevations at the ground surface of the borings were provided to PSI by Mr. Wil Anderson of BHR 
Rhodes. These elevations are indicated on the attached boring logs that are located in the appendix of 
this report.   

Laboratory Testing Program 

In addition to the field investigation, a supplemental laboratory-testing program was conducted to 
determine additional engineering characteristics of the foundation materials necessary in analyzing the 
behavior of the soils as it relates to the construction of the proposed structures.  The laboratory testing 
program is as follows: 
 
Laboratory Determination of Water (Moisture) Content of Soil by Mass 

The water content is a significant index property used in establishing a correlation between soil behavior 
and its index properties.  The water content is used in expressing the phase relationship of air, water, 
and solids in a given volume of material.  In fine grained cohesive soils, the behavior of a given soil type 
often depends on its water content.  The water content of a soil along with its liquid and plastic limits as 
determined by Atterberg Limit testing, is used to express its relative consistency or liquidity index. 
 
Atterberg Limits 

The Atterberg Limits are defined by the liquid limit (LL) and plastic limit (PL) states of a given soil.  These 
limits are used to determine the moisture content limits where the soil characteristics changes from 
behaving more like a fluid on the liquid limit end to where the soil behaves more like individual soil 
particles on the plastic limit end.  The liquid limit is often used to indicate if a soil is a low or high plasticity 
soil.  The plasticity index (PI) is difference between the liquid limit and the plastic limit.  The plasticity 
index is used in conjunction with the liquid limit to assess if the material will behave like a silt or clay.  The 
material can also be classified as an organic material by comparing the liquid limit of the natural material 
to the liquid limit of the sample after being oven-dried. 
 
Unconfined Compressive Strength of Cohesive Soil (qu) 

The primary purpose of the unconfined compressive strength test is to obtain the undrained 
compressive strength of soils that possess sufficient cohesion to permit testing in the unconfined 
state.  Unconfined compressive strength (qu) is the compressive stress at which an unconfined 
cylindrical specimen of soil will fail in a simple compression test.  In this test method, unconfined 
compressive strength is taken as the maximum load obtained per unit area or the load per unit area 
at 15% axial strain, which ever is obtained first during the performance of a test.  For the unconfined 
compressive strength test, the shear strength (su) is calculated to be half of the compressive stress at 
failure.  
 

SITE AND SUBSURFACE CONDITIONS 
 
Site Location and Description 

The existing commissary is located on the northwest corner of the intersection of Kansas Avenue and 
Grant Avenue in Leavenworth, Kansas.  The proposed additions will be located on the southeast corner 
and west side of the existing building.  At the time of the drilling operations the addition area generally 
consisted of grassy landscaped areas.  A portion of the west addition is currently a paved area.  The site 
latitude and longitude are approximately N 39 20’ 24” and W 94 55’ 23”, respectively. 
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Subsurface Conditions 

The site subsurface conditions were explored with six (6) soil test borings. Four (4) of these borings were 
drilled within the proposed building areas and Two (2) borings were drilled within the proposed 
landscaping areas to the southwest of the commissary.  Building boring depths ranged from 30 feet to 50 
feet and landscaping borings were drilled to depths of about 10 feet. 
 
The boring locations and depths were selected by the client name.   PSI personnel staked the borings in 
the field by measuring distances from available surface features.  The surface elevations at the borings 
were provided to PSI by BHC Rhodes and can be founded on the attached boring logs. 
 
Topsoil was encountered in the borings.  In general, the thickness of topsoil was approximately 6 
inches.  Asphalt was encountered at boring B-1 and was approximately 2 inches in thickness.  The 
soils encountered in the borings beneath the topsoil and pavements primarily included fine-grained 
soils that extended to the terminal depths of the borings.  Weathered shale was encountered in 
boring B-1 at a depth of 38½ feet below the existing grade. Based on results of Atterberg limits and 
visual classification, these soils were classified as low plasticity silty clay (CL), high plasticity clay 
(CH) and Low to High plasticity clay (CL-CH) in accordance with the Unified Soil Classification 
System (USCS). The standard penetration N-values and unconfined compressive strength testing 
within these fine-grained soils [generally] indicate consistencies of firm to very stiff. 
 
The following table briefly summarizes the range of results from the field and laboratory testing programs. 
 Please refer to the attached boring logs and laboratory data sheets for more specific information: 
 

RANGE OF PROPERTY VALUES  
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Lean Clay 5-30 2-16 22-32 97-103 1.1-2.1 38-45 21-22 
Fat Clay 3½ -10 7-20 18-21 - - - - 
Lean to Fat Clay 2-10 6-15 19-27 96-112 1.6-3.9 53 25 

 
Auger refusal materials were not encountered within the borings.  Refusal is a designation applied to 
materials that cannot be further penetrated by the power auger with ordinary effort and is normally 
indicative of a very hard or very dense material, such as boulders or gravel lenses or the upper surface of 
bedrock.   
 
The above subsurface description is of a generalized nature to highlight the major subsurface 
stratification features and material characteristics.  The boring logs included in the Appendix should be 
reviewed for specific information at individual boring locations.  These records include soil/rock 
descriptions, stratifications, penetration resistances, and locations of the samples and laboratory test 
data.  The stratifications shown on the boring logs represent the conditions only at the actual boring 
locations.  Variations may occur and should be expected between boring locations.  The stratifications 
represent the approximate boundary between subsurface materials and the actual transition may be 
gradual.  Water level information obtained during field operations is also shown on these boring logs. The 
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samples that were not altered by laboratory testing will be retained for sixty (60) days from the date of 
this report and then will be discarded. 
 
Water Level Measurements 

Free water was observed in some, but not all of, the borings and was measured at depths between 23 
and 30 feet.  However, it should be noted that near saturated soils were identified during laboratory 
analysis at depths as shallow as 4 feet below the ground surface.  The water level measurements 
presented in this report are the levels that were measured at the time of PSI’s field activities. 
 
 

GEOTECHNICAL EVALUATION 
 
Geotechnical Discussion 

There are 5 primary geotechnical characteristics at this site, which will affect the selection and 
performance of the foundations for this structure.  The following summarizes those concerns:  
 
1. The shear strength and compressibility of the upper soils will control the behavior of the proposed 

structure. 
2. High plasticity “fat” clays were encountered in the exploration that could require remediation. 
3. Relatively wet and sensitive soils were encountered in the upper parts of the borings and equipment 

mobility difficulty may be anticipated. 
4. Drying of some of the on site soils may be required to achieve proper compaction during grading. 
5. Demolition and removal of the existing buildings.  PSI believes that the existing buildings is supported 

on shallow foundation and that there are possible buried basements at the site 
 

Shear Strength and Compressibility of Soil 

The primary geotechnical property controlling the bearing capacity and compressibility of the soils 
bearing the applied loads is the shear strength of the clay soil.  Based on 2 feet of cut or fill and a 
shallow foundation bearing at a depth of 3 ½ feet below exterior or adjacent grades, the applied 
foundation load on a shallow foundation up to 4 feet wide will be distributed through the 8 to 12 feet 
of soil generally beneath the footing.  PSI believes the shear strength of the soils in this zone ranges 
from 750 psf to 1500 psf.  This shear strength is considered “undrained” or a “total stress” parameter 
and will be used in conjunction with other physical and geometric parameters to calculate an 
allowable bearing capacity. 
  
High Plasticity Clay 

High plasticity "fat" clays are present in the project area that may expand and shrink thereby impacting 
the proposed construction.  Where these soils are within about two feet of lightly loaded structural 
features or slabs, remediation is recommended or class “C” flyash or lime-treatment of the high plastic 
clay the clays can be performed.  Class “C” flyash or lime-treatment of the high plastic clay would 
reduce the plasticity index, improve workability, promote drying, and reduce shrink/swell potential.    
Lightly loaded structures are defined as having normal operating loads of less than 2 kips per linear foot 
for walls and 50 kips for columns.  Fat clays have the potential for volume change with changes in the 
soil moisture content.  In severe cases, movement and distress to footings and foundation walls can 
occur, although a severe case is not obviously apparent at this site.  Remedial measures are 
recommended in select areas of the site to reduce the shrink/swell potential. 
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Equipment Mobility 

The presence of wet, potentially sensitive shallow soils will increase the difficulty of site grading.  PSI has 
been involved with projects in this region where these soils can undergo a loss of stability during wetter 
portions of the year.  PSI anticipates that the soils at their current moisture levels will become easily 
disturbed if subjected to conventional rubber tire or narrow track-type equipment resulting in a loss of 
strength and characteristic "pumping".  Soils that become disturbed would need to be excavated and 
replaced; however, this remedial excavation may expose progressively wetter soils with depth, thus 
compounding the condition.  Thus, a normal approach to subgrade preparation may not be possible. 
 
Soil Compaction 

Since the surface soils at the site predominantly consist of high moisture content clay soils, it may 
become difficult to achieve the desired compaction of the soils due to high moisture contents.  After 
stripping activities the surface soils may also not pass a proof roll in there high moisture content 
state.  The soils may need to be scarified and dried to a moisture content that will facilitate 
compaction in accordance with the structural fill requirements of this report.  If scarifying, drying and 
recompacting of the soils does stabilize the soils, removing and replacement with new structural fill or 
treating the soils with class “C” flyash or lime-treatment of the soils clays may need to be performed. 
 

Removal of Existing Structures 

After removal of the existing structure, the floor slabs, existing foundations should be broken up and 
removed.  The excavations created during the demolition work should be backfilled with structural fill as 
recommended in the Site Preparation section of this report.  Also, existing utilities that interfere with the 
proposed construction should be properly abandoned in-place or removed and the trenches backfilled 
with structural fill. 
 
It is important that the demolition of existing structures be performed with close observation and testing. 
Spread footing foundations, slabs and pavements might be supported on the new fill placed in the 
demolition excavations.  The demolition contractor should be aware of the project requirements for 
backfilling so that later removal of these fill materials and replacement under controlled conditions is not 
necessary upon building construction.    
 
If the existing commissary has freezer units near the new construction and frozen ground is encountered 
in the immediate areas of those freezers, the geotechnical engineer should be contacted to assess the 
impact of the frozen ground. 
 

GEOTECHNICAL RECOMMENDATIONS 
 
The following geotechnical related recommendations have been developed on the basis of the 
subsurface conditions encountered and PSI’s understanding of the proposed development.  Should 
changes in the project criteria occur, a review must be made by PSI to determine if modifications to our 
recommendations will be required. 
 
Site Preparation 

PSI recommends that topsoil, vegetation, roots, soft, asphalt, organic, frozen, or unsuitable soils in the 
construction areas be stripped from the site and either wasted or stockpiled for later use in non-structural 
areas. Depth of topsoil in our borings was approximately 6 inches.  A representative of the geotechnical 
engineer should evaluate and document the required depth of removal at the time of construction. 
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In this region, these otherwise competent silts and lean clays can undergo a significant loss of stability 
when construction activities are performed during wetter portions of the year.  PSI anticipates that the 
soils in the project area can become easily disturbed if subjected to conventional rubber tire or narrow 
track-type equipment. Soils that become disturbed would need to be excavated and replaced; however, 
this remedial excavation may expose progressively wetter soils with depth, thus compounding the 
problem condition.  Thus, a normal approach to subgrade preparation may not be possible.  Appropriate 
wide-track equipment selection should aid in minimizing potential disturbance. 
 
Foundations of existing structures should not be undermined during construction.  If it is necessary to 
excavate immediately adjacent to or below existing foundations, the geotechnical engineer should be 
contacted to review the proposed excavation procedures, prior to their implementation. 
 
After stripping to the proposed subgrade level, as required, the building area should be proof-rolled with a 
loaded tandem axle dump truck or similar heavy rubber tired vehicle (typically with an axial load greater 
than nine (9) tons).  Soils that are observed to rut or deflect excessively (typically greater than one (1) 
inch) under the moving load should be undercut and replaced with properly compacted low plasticity fill 
material.  The proof-rolling and undercutting activities should be witnessed by a representative of the 
geotechnical engineer and should be performed during a period of dry weather.  Care should be taken 
during construction activities not to allow excessive drying or wetting of exposed soils.  The subgrade 
soils should be scarified and compacted to at least 95% of the materials’ standard proctor maximum dry 
density, in general accordance with ASTM procedures, to a depth of at least twelve (12) inches below the 
surface.  
 
Highly plasticity fat clays should be removed where they are present within a depth of two (2) feet 
beneath proposed slabs or lightly loaded structural features. This material should be replaced with a 
low plasticity compacted soil, a dense positively-drained graded crushed stone or class “C” flyash or 
lime-treatment of the high plastic clay the clays can be performed.  Class “C” flyash or lime-treatment 
of the high plastic clay would reduce the plasticity index, improve workability, promote drying, and 
reduce shrink/swell potential.    A representative of PSI’s geotechnical engineer should observe the 
subgrade soils, perform plasticity index tests, and estimate the approximate extent of the exposed fat 
clays.  If it is desirable to modify the fat clays with a commercially available class “C” flyash or lime 
product, PSI recommends that actual application amounts be set by conducting a laboratory class “C” 
flyash or lime series test.  The geotechnical engineer’s representative should observe the remediation 
procedures for compliance with the project plans and specifications. 
 
After subgrade preparation and observation have been completed, fill placement required to establish 
grade may begin.  Low-plasticity structural fill materials placed beneath the lightly loaded structural 
features or slabs should be free of organic or other deleterious materials and have a maximum particle 
size of less than three (3) inches.  Low-plasticity soils are defined as having a liquid limit less than forty-
five (45) and plasticity index less than twenty-five (25).  The on-site lean clay soils are suitable for use as 
structural fill, but some moisture conditioning, such as scarifying and drying, may be needed to achieve 
compaction.  A representative of PSI should be on-site to observe, test, and document the placement of 
the fill.  If the fill is too dry, water should be uniformly applied and thoroughly mixed into the soil by disking 
or scarifying.  Close moisture content control will be required to achieve the recommended degree of 
compaction.   
 
Fill should be placed in maximum loose lifts of eight (8) inches and compacted to at least 95% of the 
materials’ standard Proctor maximum dry density, and within a range of the optimum moisture content as 
designated in the table below, as determined in general accordance with ASTM procedures.  Each lift of 
compacted-engineered fill should be tested and documented by a representative of the geotechnical 
engineer prior to placement of subsequent lifts.  The edges of compacted fill should extend a minimum of 



 10 

  
The Jenkins Group, Inc.  Professional Service Industries, Inc. 
Proposed Commissary Additions PSI Project Number 338-346R 

five (5) feet beyond the building footprint, or a distance equal to the depth of fill beneath the footings, 
whichever is greater.  The measurement should be taken from the outside edge of the footing to the toe 
of the excavation prior to sloping. 
 
The fill placed should be tested and documented by a geotechnical technician and directed by a 
geotechnical engineer to evaluate the placement of fill material.  It should be noted that the 
geotechnical engineer of record can only certify the testing that is performed and the work observed 
by that engineer or staff in direct report to that engineer.  The fill should be evaluated in accordance 
with the following table: 
 

MATERIAL TESTED 
PROCTOR 

TYPE 
MIN % DRY 
DENSITY 

PLACEMENT 
MOISTURE 
CONTENT 

RANGE 

FREQUENCY 
OF TESTING *1 

Structural Lean Clay Fill 
(Cohesive) 

Standard  95%  -1 to +3 % 1 per 2,500 ft2 of 
fill placed / lift 

Structural Fill (Granular) Standard  95%  -2 to +2 % 1 per 2,500 ft2 of 
fill placed / lift 

Random Fill (non load 
bearing) 

Standard  90%  -3 to +3 % 1 per 6,000 ft2 of 
fill placed / lift 

Utility Trench Backfill Standard  95%  -1 to +3 % 1 per 150 lineal 
foot / lift 

*1 Minimum 3 per lift. 

 
The test frequency for the laboratory reference should be one laboratory Proctor or Relative Density 
test for every 25 field density tests for each material used on the site.  If the borrow or source of fill 
material changes, a new reference moisture/density test should be performed.   
 
Tested fill materials that do not achieve either the required dry density or moisture content range shall be 
recorded, the location noted, and reported to the Contractor and Owner.  A re-test of that area should be 
performed after the Contractor performs remedial measures. 
 
High Plasticity Clay Considerations 

Due to the presence of high plasticity clays, consideration should be given to measures that can 
reduce the long term shrink/swell potential of the clay soils.  High plasticity clays expand or shrink by 
absorbing or losing moisture; therefore, reducing the moisture content variation of a soil will reduce 
its volume change.  Although it is not possible to prevent soil moisture changes, a number of steps 
may be taken to aid in the reduction of subsoil moisture content variations.  These steps are intended 
to help reduce the shrink/swell potential, not eliminate it.  Some of these measures are: 
 
1. During construction, a positive drainage scheme should be implemented and maintained to 
prevent ponding of water on subgrades. 
 
2. The building subgrade should not be allowed to dry out; backfill should proceed as soon as 
possible to minimize changes in the natural moisture regime. 
 
3. Permanent positive drainage should be maintained around the building through a roof/gutter 
system connected to drainage piping or discharging upon paved surfaces, thereby transmitting water 
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away from the foundation perimeter. In addition, site grading should provide rapid drainage of surface 
water away from foundation areas. 
 
4. Utility trenches should be backfilled with a flowable fill, lean mix concrete or low plasticity clays to 
reduce the potential of the trenches to act as aqueducts transmitting water beneath the structures 
due to excess surface water infiltration. 
 
5. Shrubbery, flower beds and sprinkler systems surrounding the structures should be eliminated or 
at least limited, and should be designed so that the bedding soils drain away from the building areas. 
The planters should have impermeable bases with weep holes discharging into drainage pipes or 
onto paved surfaces. 
 
6. Trees and/or large bushes should not be planted adjacent to the structures. 
 
7. Since plumbing and other water leaks can cause excessive heaving of high plasticity soils, every 
effort should be made to maintain the plumbing in good working order and prevent or minimize water 
leaks and discharges. It is recommended that all water supply lines and waste water lines be tested 
for leaks prior to backfilling the utility trenches. 
 
Foundation Recommendations   

The planned construction can be supported on conventional spread-type footing foundations bearing on 
either competent naturally deposited soils or properly compacted and documented fill.  If soft unsuitable 
soils are encountered they should be removed and replaced with compacted engineered fill.  Spread 
footings for building columns and continuous footings for bearing walls can be designed for allowable soil 
bearing pressures of 2,500 pounds per square foot (psf) and 2,000 psf, respectively, based on dead load 
plus design live load.  PSI recommends a minimum dimension of twenty-four (24) inches for square 
footings and eighteen (18) inches for continuous footings to minimize the possibility of a local bearing 
capacity failure. 
 
Allow bearing capacity recommendations for column and strip/continuous wall foundations are the same 
for exterior and interior foundations.  Minimum sizes are also the same.  The only difference is PSI 
recommends exterior foundations be founded deeper due to frost penetration than an interior footing.  
PSI typically does not recommend a thickened section of the floor slab to be used to support non-load 
bearing walls due to the inherent strain incompatibility between foundation and slab loads.  However, an 
allowable bearing capacity of 500 psf may be used for thickened slab sections supporting less than 750 
pounds per lineal foot. 
 
New footings adjacent to the existing building should be placed at the same elevation as the existing 
foundations.  Minor relative differential settlement between the new and existing construction should be 
expected.  Construction joints should be provided between the existing building and the additions. 
 
Exterior footings and footings in unheated areas should be located at a depth of thirty-six (36) inches or 
deeper below the final exterior grade to provide adequate frost protection.  If the building is to be 
constructed during the winter months or if footings will likely be subjected to freezing temperatures after 
foundation construction, then the footings should be protected from freezing.  PSI recommends that 
interior footings be a minimum depth of eighteen (18) inches below the finished floor elevation.   
 
The foundation excavations should be observed and documented by a representative of PSI prior to 
steel or concrete placement to assess that the foundation materials are consistent with the materials 
discussed in this report, and therefore are capable of supporting the design loads.  Soft or loose soil 
zones encountered at the bottom of the footing excavations should be removed to the level of competent 
naturally deposited soils or properly compacted structural fill as directed by the geotechnical engineer.  
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Cavities formed as a result of excavation of soft or loose soil zones should be backfilled with lean 
concrete or dense graded compacted crushed stone. 
 
After opening, footing excavations should be observed and concrete placed as quickly as possible to 
avoid exposure of the footing bottoms to wetting and drying.  Surface run-off water should be drained 
away from the excavations and not be allowed to pond.  If possible, the foundation concrete should be 
placed during the same day the excavation is made.  If it is required that footing excavations be left open 
for more than one day, they should be protected to reduce evaporation or entry of moisture. 
 
Based on the known subsurface conditions and site geology, laboratory testing and past experience, PSI 
anticipates that properly designed and constructed footings supported on the recommended materials 
should experience total and differential settlement between adjacent columns of less than one (1) inch 
and ¾ inch, respectively. 
 
Be advised that as a part of the foundation selection process, there is a cost/benefit evaluation.  Although 
PSI is recommending a specific foundation type, we have not accomplished the cost/benefit evaluation. 
 
Soil Corrosivity 

Based on soil survey maps, NRCS soils map and PSI knowledge of the type of soils encountered during 
the exploration the corrosiivity potential is low to moderate for concrete and metals.  It is PSI’s opinion 
that corrosion protection is not necessary in the addition areas.  
 
Earthquake and Seismic Design Consideration 

The 2006 International Building Code requires a site class for the calculation of earthquake design 
forces.  This class is a function of soil type (i.e., depth of soil and strata types).  Based on the depth to 
rock and the estimated shear strength of the soil at the boring locations, Site Class “D” is recommended. 
The USGS-NEHRP probabilistic ground motion values near latitude 39.3417 and longitude -94.9227 
are as follows: 
 

Period 
(Seconds) 

2% Probability of Event in 50 year 
(%g) 

Site 
Coefficient Fa 

Site 
Coefficient Fv 

PGA 6.0 --- --- 

0.2 (Ss) 12.8 1.6 --- 

1.0 (S1) 5.5 --- 2.4 

 
The Site Coefficients, Fa and Fv were interpolated from IBC 2006 Tables 1615.1.2(1) and 1615.1.2(2) as 
a function of the site classifications and the mapped spectral response acceleration at the short (Ss) and 
1 second (S1) periods. 
 
Floor Slab Recommendations 

The floor slab can be grade supported on naturally occurring lean clay, or a minimum of twenty-four (24) 
inches of properly compacted low plasticity structural fill.  Proof-rolling, as discussed earlier in this report, 
should be accomplished to identify soft or unstable soils that should be removed from the floor slab area 
prior to fill placement and/or floor slab construction.  These soils should be replaced with properly 
compacted structural fill as described earlier in this report.  Fat clays below floor slabs should be 
remediated, as discussed earlier. 
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PSI recommends that a minimum four (4) inch thick free-draining granular mat be placed beneath the 
floor slab to enhance drainage.  PSI recommends that the material meet the DeCA Design Standard 
specification, which is a of narrowly graded mixture of washed crushed stone, or crushed or uncrushed 
gravel; ASTM D 448; coarse-aggregate  grading size 57; with 100 percent passing a 1-1/2-inch sieve and 
0 to 5 percent passing a No. 8 sieve. 
 
This 4 inch mat can be included in the 24 inches of remediation recommended in the areas of 
undocumented fill and fat clay. The soil surface shall be graded to drain away from the building without 
low spots that can trap water prior to placing the granular drainage layer.  Polyethylene sheeting should 
be placed to act as a vapor retarder where the floor will be in contact with moisture sensitive equipment 
or products such as tile, wood, carpet, etc., as directed by the design professional.  The decision to 
locate the vapor retarder in direct contact with the slab or beneath the layer of granular fill should be 
made by the design professional after considering the moisture sensitivity of subsequent floor finishes, 
anticipated project conditions, and the potential effects of slab curling and cracking.  The floor slabs 
should have an adequate number of joints to reduce cracking resulting from differential movement and 
shrinkage.  
 
For subgrade prepared as recommended and properly compacted fill, a modulus of subgrade reaction, k 
value, of 140 pounds per cubic inch (pci) may be used in the grade slab design based on correlation to 
values typically resulting from a 1 ft. x 1 ft. plate load test.  However, depending on how the slab load is 
applied, the value will have to be geometrically modified.  Where slab loading is distributed over more 
than a 1 foot by 1 foot area, the value k should be adjusted for larger areas using the following 
expression for cohesive and cohesionless soil: 
 

 Modulus of Subgrade Reaction, ks  =  (
B

k
) for cohesive soil and 

   ks  =  k (
B

B

2

1
)2   for cohesionless soil  

     
 Where:  ks = coefficient of vertical subgrade reaction for loaded area, 
  k = coefficient of vertical subgrade reaction for 1 square foot area, and 
  B = effective width of area loaded, in feet 
 
The precautions listed below should be followed for construction of slab-on-grade pads.  These details 
will not reduce the amount of movement, but are intended to reduce potential damage should some 
settlement of the supporting subgrade take place.  Some increase in moisture content is inevitable as a 
result of development and associated landscaping.  However, extreme moisture content increases can 
be largely controlled by proper and responsible site drainage, building maintenance and irrigation 
practices. 
 
 Cracking of slab-on-grade concrete is normal and should be expected.  Cracking can occur not only 

as a result of heaving or compression of the supporting soil and/or bedrock material, but also as a 
result of concrete curing stresses.  The occurrence of concrete shrinkage crack , and problems 
associated with concrete curing may be reduced and/or controlled by limiting the slump of the 
concrete, proper concrete placement, finishing, and curing, and by the placement of crack control 
joints at frequent intervals, particularly where re-entrant slab corners occur.  The American Concrete 
Institute (ACI) recommends a maximum panel size (in feet) equal to approximately three times the 
thickness of the slab (in inches) in both directions.  For example, joints are recommended at a 
maximum spacing of twelve (12) feet based on having a four-inch slab.  PSI also recommends that 
the slab be independent of the foundation walls.  Using fiber reinforcement in the concrete can also 
control shrinkage cracking. 
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 Areas supporting slabs should be properly moisture conditioned and compacted.  Backfill in all 
interior and exterior water and sewer line trenches should be carefully compacted to reduce the 
shear stress in the concrete extending over these areas. 

 Slabs supporting freezer units should be insulated per the freezer manufacturer’s recommendations. 
 Due to a relatively high moisture content in fine grained soils drainage system to intercept water 
below the slab installation should be considered. 

Exterior slabs should be isolated from the building.  These slabs should be reinforced to function as 
independent units.  Movement of these slabs should not be transmitted to the building foundation or 
superstructure. 
 
Non-Load Bearing Walls 

Non-load bearing walls can be placed on the grade supported slab.  For wall loads less than 1000 
pounds per linear foot, the wall should be based on the subgrade modules as amended by the 
effective radius of the line load.  The bearing capacity is typically greater than the slab’s ability to 
deflect so the interior walls are typically designed from subgrade modules to have similar deflections. 
 

Freezer Slabs and Foundations 

Where foundations and slab-on-grade structures are used to support freezers or areas that sustain 
temperatures below freezing, the impact of that internal environment can impact both the foundations 
and the grade supported slab.  In the presence of water, ice lenses can develop that can result in 
heaving of the soils below the slab and the foundations.  Therefore, it is important that protection of 
the subgrade soils be included in the design of these types of structures.  Actual structural design of 
the slab and foundation wall systems are outside the scope of work for this project.  However, PSI 
recommends that the following information be considered in the structural slab and foundation 
design. 

Chapter 12 of ACI 360R-06, “Design of Slabs-On-Ground,” describes the special considerations for 
slab-on-ground floors in refrigerated facilities. When the final operating temperature in the 
refrigerated room is 32 °F (0 °C) or lower, a layer (or layers) of rigid insulation is typically placed 
beneath the floor slab, as shown in the typical floor section as shown below. The insulation only 
slows heat transfer, so the subgrade will eventually fall below freezing, possibly leading to frost 
heaving. Therefore, slab design for freezers often include a heating system within the subslab to 
prevent the development of frost and minimize the risk of slab heaving. The slip sheet located on top 
of the insulation is typically a polyethylene film at least 6 mil (0.15 mm) thick that acts as a bond 
breaker between the floor slab and insulation. A second polyethylene film at least 15 mil (0.38 mm) 
thick, a 10 mil (0.25 mm) thick polyolefin, or a 45 mil (1.14 mm) thick ethylene propylene diene 
monomer (EPDM) membrane is placed on the warm (bottom) side of the insulation to act as a vapor 
retarder that slows the transmission of moisture migrating up through the slab and freezing on the 
floor surface. Depending on the specific application and site conditions, some of the layers shown 
below may not be used.  
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Typical section through a slab-on-ground floor for a freezer facility 

Many of the special considerations specific to slab-on-ground floors for freezers are related to the 
insulation layer. For thickness design of the floor slab, the insulation stiffness should be evaluated on 
the proposed subgrade using the procedures for determining the modulus of subgrade reaction of 
soil given in ASTM D 1196.2 Insulation manufacturers will often report foundation modulus data found 
using the procedures in ASTM D 1621,3 but the results of these tests can be significantly higher than 
tests performed per ASTM D 1196 and should not be used for design of the slab.4 Compressive 
creep due to sustained loads on the insulation should also be considered. Limiting the live and dead 
loads to 1/5 and 1/3 the compressive strength of the insulation, respectively, is recommended to limit 
long-term creep to 2% of the insulation thickness over a 20-year period.  

The presence of the insulation layer also affects the tolerances for the subgrade and the slab 
formwork. To allow the insulation to lay flat with uniform bearing, a tolerance of +0/–1/2 in. (+0/–13 
mm) from the specified elevation should be maintained for the base or subslab layer directly below 
the insulation. Formwork can’t be staked to the subgrade because the stakes would perforate the 
insulation and vapor retarder, so forms for freezer floors are typically attached to a horizontal base, 
such as a sheet of plywood, that is weighted down with sandbags to hold the formwork in place.  

PSI recommends that the base material, as shown above, be a crushed granular material that 
provides both strength and sufficient porosity to provide a capillary break to potential moisture that 
could be drawn to the bottom of the slab.  It is also important that the base material be both graded 
and drained in a manner that reduces the potential for the pooling of water under the slab.  PSI 
recommends that the gradation and type of base material be submitted for review by the 
geotechnical engineer of record as a material meeting these requirements prior to use under the 
freezer slab and foundations. 

Although joint spacing for freezer floors generally follows the same guidelines as for ordinary slabs, 
joint filling and detailing may require special consideration. Because of the additional shrinkage that 
will occur when the slab is cooled, joints should not be filled until the room is at its operating 
temperature and the slab temperature has stabilized. Anticipated joint widening and warping (curling) 
potential of the concrete mixture should also be evaluated and minimized by measuring the drying 
shrinkage of the concrete and optimizing the mixture for low shrinkage. If the floor will be subject to 
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heavy wheeled traffic loads, armored construction joints should be considered to reduce floor 
maintenance that would have to be performed under freezing temperatures or while the facility is shut 
down.  

Air entrainment is generally not recommended, as freezer floors are not expected to undergo multiple 
cycles of freezing and thawing, and moisture is typically not present on the slab. The washdown and 
temperature cycling of the facility should be carefully reviewed with the owner to determine if air 
entrainment is appropriate.  If air entrainment is use it should follow DeCA design criteria in section 
DeCah 20-1. If air-entrained concrete is used, extreme care should be exercised when finishing the 
slab, especially if hard-troweling is performed, to avoid the development of surface delaminations. 
Hard troweling air-entrained concrete results in a high risk of surface delaminations, as the air is 
manipulated during repeated finishing and can coalesce beneath the densified surface.  

Utilities Trenching 

Excavation for utility trenches shall be performed in accordance with OSHA regulations as stated in 
29 CFR Part 1926.  It should be noted that utility trench excavations have the potential to degrade the 
properties of the adjacent fill materials.  Utility trench walls that are allowed to move laterally can lead to 
reduced bearing capacity and increased settlement of adjacent structural elements and overlying slabs. 
 
Backfill for utility trenches is as important as the original subgrade preparation or structural fill placed to 
support either a foundation or slab.  Therefore, it is imperative that the backfill for utility trenches be 
placed to meet the project specifications for the structural fill of this project.  PSI recommends that 
flowable fill, lean mix concrete or low plasticity clay be utilized for utility trench backfill.  If low plasticity 
clay soils are placed as trench backfill, the backfill for the utility trenches should be placed in four (4) to 
six (6) inch loose lifts and compacted to a minimum of 95% of the maximum dry density achieved by the 
standard Proctor test.  The backfill soil should be moisture conditioned to be within 2% of the optimum 
moisture content as determined by the standard Proctor test. Up to four (4) inches of bedding material 
placed directly under the pipes or conduits placed in the utility trench can be compacted to the 90% 
compaction criteria with respect to the standard Proctor.  Compaction testing should be performed for 
every 200 cubic yards of backfill place or each lift within 200 linear feet of trench, which ever is less.  
Backfill of utility trenches should not be performed with water standing in the trench.  
 
Below-Grade Walls 

Below-grade walls should be designed to resist lateral earth pressures.  Lateral earth pressure is 
developed from the soils present within a wedge formed by the vertical below-grade wall and an 
imaginary line extending up and away from the bottom of the wall at an approximate 45 angle.  The 
lateral earth pressures are determined by multiplying the vertical applied pressure by the appropriate 
lateral earth pressure coefficient K.  If the walls are rigidly attached to the structure and not free to 
rotate or deflect at the top, PSI recommends designing the walls for the “at-rest” lateral earth 
pressure condition using Ko.  Walls that are permitted to rotate and deflect at the top can be designed 
for the active lateral earth pressure condition using Ka.  Passive pressure can be determined using 
Kp, with a factor of safety of 2.0.  Recommended parameters for use in below grade walls are as 
follows: 
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Recommended Parameters for use in Below-Grade (Retaining, Basement) Wall 
Design 

Material Type Drained Friction Angle (') 

1)    Fat Clay (in-situ)  20 
2)    Lean Clay (in-situ) 28 
3) Lean Clay (conditioned and 
compacted) 31 
4) Fat Clay (conditioned and 
compacted) 22 
5) Granular Soils (clean crushed 
limestone) 35 
Total Soil Density (pcf)       125  

Cohesion for Clay Soils (psf) 
(undrained,  = 0) 750 

Groundwater Elevation At bottom of the wall 

Parameters specific to soil type 1 2 3 4 5* 

Friction Factor for Base 0.24 0.35 0.39 0.27 0.47 

Coefficient of Active Pressure (Ka) ** 0.49 0.36 0.32 0.45 0.27 

Coefficient of Passive Pressure (Kp) ** 2.04 2.77 3.12 2.20 3.69 

Coefficient of At-Rest Pressure (Ko) ** 0.66 0.53 0.48 0.63 0.43 
* These values may be used for design only if the crushed limestone backfill extends back from the wall certain distances.  These are a 
horizontal distance approximately equal to or greater than the total height of the wall at the surface, and at least one-foot beyond the heel 
of the wall footing. 
** Earth pressure coefficients valid for level backfill conditions with no surcharge 

 
The values presented above were calculated based on positive foundation drainage is provided to 
prevent the buildup of hydrostatic pressure.  If surface loads are placed near the walls, such as traffic 
loads, they should be designed to resist an additional uniform lateral load of one-half of the vertical 
surface loads.  An “equivalent fluid” pressure can be obtained from the above chart by multiplying the 
appropriate K-factor times the total unit weight of the soil.  This applies to unsaturated conditions only.  If 
a saturated “equivalent fluid” pressure is needed, the effective unit weight (total unit weight minus unit 
weight of water) should be multiplied times the appropriate K-factor and the unit weight of water added to 
that resultant.  However, PSI does not recommend that earth retaining walls be designed with a 
hydrostatic load and that drainage should be provided to relieve the pressure. 
 
In specific design cases where water is allowed to build up on the below-grade wall structure, the 
hydrostatic load correlating to the maximum height of the water build up should be added to the 
lateral loads acting on the wall. 
 
The designs of below grade walls need to take into account the effects of geometry and loading 
conditions.  The following charts have been included from NAVFAC 7.02 concerning slopes in the 
grade at the top of below grade wall.  Depending on the geometry of the site, the lateral loading on 
the below grade wall should be modified according to these charts. 
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Soil Type 1 – Clean Sand and Gravel, GW, GP, SW, SP 
Soil Type 2 – Dirty Sand and Gravel of Restricted Permeability, GM, GM-GP, SM-SP, SM 
Soil Type 3 – Stiff Residual Silts and Clays, Silty Fine Sands, Clayey Sands and Gravels: CL, ML, CH, MH, SM, SC, GC 

 
Below-Grade Wall Back-Drain 

PSI recommends that the retaining wall be adequately water-proofed and be provided with a wall back-
drain system.  One possible drainage system is shown in the sketch below and would include: 
 
 1) A four (4) or six (6) inch diameter perforated drain tile at the bottom of the backfill to collect 

seepage water with the tile connected to a suitable means of disposal. 
 2) Clean ½ inch or one (1) inch gravel classified as "GP" and containing less than 5% passing a 

#200 sieve surrounding the draintile. 
3) Non-woven four (4) ounce per square yard geotextile between the drainage material and the 

on-site soils to prevent infiltration of fine grained soils into the draintile, granular drainage 
blanket, or granular backfill. 

 
As an alternative, a geocomposite drain material can be placed between the retaining wall and the 
backfill soils.  Underdrains, sub-drains and underslab drains presented in this report will not prevent 
moisture vapor that can cause mold growth. 
 
The placement of a limited amount of granular material behind a below-grade wall does not 
appreciably change the coefficient of lateral earth pressure acting on that wall.  The lateral earth 
pressure acting on a below-grade structure is a function of the weight of the soil that exists above the 
theoretical plane projecting up from the base of the wall.  The soil above this plane is held in place by 
two forces, the strength of the soil itself and the lateral resistance of the below-grade wall.  Therefore, 
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a thin layer of granular material behind the wall is of little consequence on the forces acting on the 
wall.  
 

 
 
Below-Grade Wall Backfill and Compaction 

Backfill of the proposed below-grade walls may consist of low plastic soils or granular material.  PSI 
suggests using granular material to provide improved drainage and to reduce lateral pressures on the 
walls resulting from water pressure.  The backfill materials should be placed in lifts that do not exceed 
8-inches loose.  The lift thickness may need to be reduced to thinner lifts immediately behind the 
walls to achieve the desired about of compaction without overstressing the wall with the compaction 
process. 
 
Backfill should be placed in thin lifts and mechanically compacted to at least 95% of the materials’ 
maximum dry density and within 2% of the optimum water content as determined by the standard proctor 
test.  PSI advises performing field density tests on the backfill to monitor compliance with the 
recommendations provided.  Care should be exercised during the backfilling operation to prevent 
overstressing and damaging the walls. 
 

CONSTRUCTION CONSIDERATIONS 
 
PSI should be retained to provide observation and testing of construction activities involved in the 
foundation, earthwork, and related activities of this project.  PSI cannot accept responsibility for 
conditions that deviate from those described in this report, nor for the performance of the foundation 
system if not engaged to also provide construction observation and testing for this project. 
 
Moisture Sensitive Soils/Weather Related Concerns 

The upper fine-grained soils encountered at this site are expected to be sensitive to disturbances caused 
by construction traffic and to changes in moisture content.  During wet weather periods, increases in the 
moisture content of the soil can cause significant reduction in the soil strength and support capabilities.  
In addition, soils that become wet may be slow to dry and thus significantly retard the progress of grading 

Granular Backfill 

Non-Woven Geotextile 

           Gravel  

PVC Perforated Pipe 

Filter Fabric 
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and compaction activities.  It will, therefore, be advantageous to perform earthwork and foundation 
construction activities during dry weather. 
 
Drainage and Groundwater Considerations 

PSI recommends that the Contractor determine the actual groundwater levels at the site at the time of 
the construction activities to assess the impact groundwater may have on construction.  Water should not 
be allowed to collect in the foundation excavation, on floor slab areas, or on prepared subgrades of the 
construction area either during or after construction.  Undercut or excavated areas should be sloped 
toward one corner to facilitate removal of collected rainwater, groundwater, or surface runoff.  Positive 
site drainage should be provided to reduce infiltration of surface water around the perimeter of the 
building and beneath the floor slabs.  The grades should be sloped away from the building and surface 
drainage should be collected and discharged such that water is not permitted to infiltrate the backfill and 
floor slab areas of the building. 
 
Free water was observed in some, but not all of, the borings and was measured at depths between 23 
and 30 feet.  However, it should be noted that near saturated soils were identified during laboratory 
analysis at depths as shallow as 4 feet below the ground surface.  The water level measurements 
presented in this report are the levels that were measured at the time of PSI’s field activities. 
 
Excavations 

In Federal Register, Volume 54, Number 209 (October 1989), the United States Department of Labor, 
Occupational Safety and Health Administration (OSHA) amended its "Construction Standards for 
Excavations, 29 CFR, part 1926, Subpart P".  This document was issued to better enhance the safety of 
workers entering trenches or excavations.  It is mandated by this federal regulation that excavations, 
whether they be utility trenches, basement excavation or footing excavations, be constructed in 
accordance with the new OSHA guidelines.  It is PSI’s understanding that these regulations are being 
strictly enforced and if they are not closely followed, the owner and the contractor could be liable for 
substantial penalties. 
 
The contractor is solely responsible for designing and constructing stable, temporary excavations and 
should shore, slope, or bench the sides of the excavations as required to maintain stability of both the 
excavation sides and bottom.  The contractor's "responsible person", as defined in 29 CFR Part 1926, 
should evaluate the soil exposed in the excavations as part of the contractor's safety procedures. In no 
case should slope height, slope inclination, or excavation depth, including utility trench excavation depth, 
exceed those specified in local, state, and federal safety regulations. 
 
PSI is providing this information solely as a service to our client.  PSI does not assume responsibility for 
construction site safety or the contractor's or other parties’ compliance with local, state, and federal safety 
or other regulations. 
 
 

GEOTECHNICAL RISK 
 
The concept of risk is an important aspect of the geotechnical evaluation.  The primary reason for this is 
that the analytical methods used to develop geotechnical recommendations do not comprise an exact 
science.  The analytical tools which geotechnical engineers use are generally empirical and must be 
used in conjunction with engineering judgment and experience.  Therefore, the solutions and 
recommendations presented in the geotechnical evaluation should not be considered risk-free and, more 
importantly, are not a guarantee that the interaction between the soils and the proposed structure will 
perform as planned.  The engineering recommendations presented in the preceding section constitutes 
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PSI’s professional estimate of those measures that are necessary for the proposed structure to perform 
according to the proposed design based on the information generated and referenced during this 
evaluation, and PSI’s experience in working with these conditions.   
 
 

REPORT LIMITATIONS 
 
The recommendations submitted are based on the available subsurface information obtained by PSI and 
design details furnished by The Jenkins Group, Inc.  If there are revisions to the plans for this project or if 
deviations from the subsurface conditions noted in this report are encountered during construction, PSI 
should be notified immediately to determine if changes in the foundation recommendations are required. 
 If PSI is not retained to perform these functions, PSI will not be responsible for the impact of those 
conditions on the project. 
 
The geotechnical engineer warrants that the findings, recommendations, specifications, or professional 
advice contained herein have been made in accordance with generally accepted professional 
geotechnical engineering practices in the local area. No other warranties are implied or expressed. 
 
After the plans and specifications are more complete, the geotechnical engineer should be retained and 
provided the opportunity to review the final design plans and specifications to check that our engineering 
recommendations have been properly incorporated into the design documents. At that time, it may be 
necessary to submit supplementary recommendations.  This report has been prepared for the exclusive 
use of The Jenkins Group and their consultants for the specific application to the proposed Commissary 
Additions in Fort Leavenworth, Kansas. 
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Boring Location Plan 
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Boring Logs 
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FAT CLAY
Fat clay, with trace gravel and fine grained
sand, brown and light gray brown, moist, firm
LEAN CLAY
Lean clay, with silt, light brown and brown,
moist, stiff
Lean clay, light brown and brown, moist, firm

Lean clay, light brown and brown, moist, firm

Lean clay, light brown and brown, moist, very
stiff

FAT CLAY
Fat clay, with trace fine grained sand,light
gray brown and gray brown, moist, stiff

Fat clay, light gray and gray, moist, very stiff

MEDIUM CLAY
Lean to fat clay, orange with gray, moist, stiff

Lean to fat clay, with trace fine grained sand
and iron staining, light yellow brown and light
gray, moist, stiff

Lean to fat clay, with trace fine grained sand
and iron staining, light yellow brown and light
gray, moist, stiff

WEATHERED SHALE
Weathered shale, olive and gray, moist, very
hard

Weathered shale, gray and dark gray, moist,
very hard
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The stratification lines represent approximate boundaries.  The transition may be gradual.
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GENERAL NOTES

SAMPLE IDENTIFICATION

SOIL PROPERTY SYMBOLS

SFA:

HSA:

M.R.:

R.C.:
H.A.:
P.A.:

Description
Flat:

Elongated:
Flat & Elongated:

Description
Angular:

Subangular:

Subrounded:

Rounded:

                          Criteria                             
Particles with width/thickness ratio > 3
Particles with length/width ratio > 3
Particles meet criteria for both flat and
elongated

Descriptive Term
Trace:

With:
Modifier:

             Size Range             
Over 300 mm (>12 in.)
75 mm to 300 mm (3 in. to 12 in.)
19 mm to 75 mm (¾ in. to 3 in.)
4.75 mm to 19 mm (No.4 to ¾ in.)
2 mm to 4.75 mm (No.10 to No.4)
0.42 mm to 2 mm (No.40 to No.10)
0.075 mm to 0.42 mm (No. 200 to No.40)
0.005 mm to 0.075 mm
<0.005 mm

     Component     
Boulders:
Cobbles:

Coarse-Grained Gravel:
Fine-Grained Gravel:

Coarse-Grained Sand:
Medium-Grained Sand:

Fine-Grained Sand:
Silt:

Clay:

SS:

ST:
BS:
PM:

CPT-U:

ANGULARITY OF COARSE-GRAINED PARTICLESRELATIVE DENSITY OF COARSE-GRAINED SOILS

N - Blows/foot

0 - 4
4 - 10
10 - 30
30 - 50
50 - 80

80+

Relative Density

Very Loose
Loose

Medium Dense
Dense

Very Dense
Extremely Dense

Split-Spoon - 1 3/8" I.D., 2" O.D., except where
noted.
Shelby Tube - 3" O.D., except where noted.
Bulk Sample
Pressuremeter
Cone Penetrometer Testing with Pore-Pressure
Readings

DRILLING AND SAMPLING SYMBOLS

RELATIVE PROPORTIONS OF FINES
% Dry Weight

< 5%
5% to 12%

>12%

Page 1 of 2

The Unified Soil Classification System (USCS), AASHTO 1988 and ASTM designations D2487 and D-2488 are
used to identify the encountered materials unless otherwise noted.  Coarse-grained soils are defined as having
more than 50% of their dry weight retained on a #200 sieve (0.075mm); they are described as: boulders,
cobbles, gravel or sand.  Fine-grained soils have less than 50% of their dry weight retained on a #200 sieve;
they are defined as silts or clay depending on their Atterberg Limit attributes.  Major constituents may be added
as modifiers and minor constituents may be added according to the relative proportions based on grain size.

Standard "N" penetration: Blows per foot of a 140 pound hammer falling 30 inches on a 2-inch O.D.
Split-Spoon.
A "N" penetration value corrected to an equivalent 60% hammer energy transfer efficiency (ETR)
Unconfined compressive strength, TSF
Pocket penetrometer value, unconfined compressive strength, TSF
Moisture/water content, %
Liquid Limit, %
Plastic Limit, %
Plasticity Index = (LL-PL),%
Dry unit weight, pcf
Apparent groundwater level at time noted

                       Criteria                       
Particles have sharp edges and relatively plane
sides with unpolished surfaces
Particles are similar to angular description, but have
rounded edges
Particles have nearly plane sides, but have
well-rounded corners and edges
Particles have smoothly curved sides and no edges

N:

N60:
Qu:
Qp:

w%:
LL:
PL:
PI:

DD:
,   ,

Solid Flight Auger - typically 4" diameter flights,
except where noted.
Hollow Stem Auger - typically 3¼" or 4¼ I.D.
openings, except where noted.
Mud Rotary - Uses a rotary head with Bentonite
or Polymer Slurry
Diamond Bit Core Sampler
Hand Auger
Power Auger -  Handheld motorized auger

GRAIN-SIZE TERMINOLOGY PARTICLE SHAPE



GENERAL NOTES

QU - TSF N - Blows/foot Consistency

0 - 2
2 - 4
4 - 8

8 - 15
15 - 30
30 - 50

50+

                       Criteria                       
Absence of moisture, dusty, dry to the touch
Damp but no visible water
Visible free water, usually soil is below water table

RELATIVE PROPORTIONS OF SAND AND GRAVEL
      % Dry Weight      
< 15%
15% to 30%
>30%

Descriptive Term
Trace:

With:
Modifier:

0 - 0.25
0.25 - 0.50
0.50 - 1.00
1.00 - 2.00
2.00 - 4.00
4.00 - 8.00

8.00+

MOISTURE CONDITION DESCRIPTION

Page 2 of 2

CONSISTENCY OF FINE-GRAINED SOILS

Description
Blocky:

Lensed:
Layer:
Seam:

Parting:

Description
Stratified:

Laminated:

Fissured:

Slickensided:

STRUCTURE DESCRIPTION

QU - TSF

Extremely Soft
Very Soft

Soft
Medium Hard

Moderately Hard
Hard

Very Hard

SCALE OF RELATIVE ROCK HARDNESS ROCK BEDDING THICKNESSES
Consistency

                            Criteria                            
Alternating layers of varying material or color with
layers at least ¼-inch (6 mm) thick
Alternating layers of varying material or color with
layers less than ¼-inch (6 mm) thick
Breaks along definite planes of fracture with little
resistance to fracturing
Fracture planes appear polished or glossy,
sometimes striated

                            Criteria                            
Greater than 3-foot (>1.0 m)
1-foot to 3-foot (0.3 m to 1.0 m)
4-inch to 1-foot (0.1 m to 0.3 m)
1¼-inch to 4-inch (30 mm to 100 mm)
½-inch to 1¼-inch (10 mm to 30 mm)
1/8-inch to ½-inch (3 mm to 10 mm)
1/8-inch or less "paper thin" (<3 mm)

Description
Dry:

Moist:
Wet:

Description
Very Thick Bedded

Thick Bedded
Medium Bedded

Thin Bedded
Very Thin Bedded
Thickly Laminated
Thinly Laminated

2.5 - 10
10 - 50

50 - 250
250 - 525

525 - 1,050
1,050 - 2,600

>2,600

(Continued)

     Component     
Very Coarse Grained

Coarse Grained
Medium Grained

Fine Grained
Very Fine Grained

GRAIN-SIZED TERMINOLOGY
(Typically Sedimentary Rock)

ROCK VOIDS
Voids

Pit
Vug

Cavity
Cave

          Void Diameter          
<6 mm (<0.25 in)
6 mm to 50 mm (0.25 in to 2 in)
50 mm to 600 mm (2 in to 24 in)
>600 mm (>24 in)

ROCK QUALITY DESCRIPTION
RQD Value

90 -100
75 - 90
50 - 75
25 -50

Less than 25

         Size Range         
>4.76 mm
2.0 mm - 4.76 mm
0.42 mm - 2.0 mm
0.075 mm - 0.42 mm
<0.075 mm

Rock generally fresh, joints stained and discoloration
extends into rock up to 25 mm (1 in), open joints may
contain clay, core rings under hammer impact.

Rock mass is decomposed 50% or less, significant
portions of the rock show discoloration and
weathering effects, cores cannot be broken by hand
or scraped by knife.

Rock mass is more than 50% decomposed, complete
discoloration of rock fabric, core may be extremely
broken and gives clunk sound when struck by
hammer, may be shaved with a knife.

Rock Mass Description
Excellent

Good
Fair
Poor

Very Poor

DEGREE OF WEATHERING
Slightly Weathered:

Weathered:

Highly Weathered:

                            Criteria                            
Cohesive soil that can be broken down into small
angular lumps which resist further breakdown
Inclusion of small pockets of different soils
Inclusion greater than 3 inches thick (75 mm)
Inclusion 1/8-inch to 3 inches (3 to 75 mm) thick
extending through the sample
Inclusion less than 1/8-inch (3 mm) thick

Very Soft
Soft

Firm (Medium Stiff)
Stiff

Very Stiff
Hard

Very Hard



CLEAN SANDS

(LITTLE OR NO FINES)

SANDS WITH
FINES

LIQUID LIMIT
LESS THAN 50

LIQUID LIMIT
GREATER THAN 50

HIGHLY ORGANIC SOILS

GRAVEL
AND

GRAVELLY
SOILS

(APPRECIABLE
AMOUNT OF FINES)

(APPRECIABLE
AMOUNT OF FINES)

(LITTLE OR NO FINES)

FINE
GRAINED

SOILS

SAND
AND

SANDY
SOILS

SILTS
AND

CLAYS

SILTS
AND

CLAYS

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

SIZE

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

SIZE

MORE THAN 50%
OF COARSE
FRACTION

PASSING ON NO.
4 SIEVE

MORE THAN 50%
OF COARSE
FRACTION

RETAINED ON NO.
4 SIEVE

NOTE:  DUAL SYMBOLS ARE USED TO INDICATE BORDERLINE SOIL CLASSIFICATIONS

OH

CH

MH

OL

CL

ML

SC

SM

SP

COARSE
GRAINED

SOILS

SW

TYPICAL
DESCRIPTIONS

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

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

SILTY GRAVELS, GRAVEL - SAND -
SILT MIXTURES

LETTERGRAPH
SYMBOLSMAJOR DIVISIONS

SOIL CLASSIFICATION CHART

PT

GC

GM

GP

GW

CLAYEY GRAVELS, GRAVEL - SAND -
CLAY MIXTURES

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

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

SILTY SANDS, SAND - SILT
MIXTURES

CLAYEY SANDS, SAND - CLAY
MIXTURES

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

INORGANIC CLAYS OF LOW TO
MEDIUM PLASTICITY, GRAVELLY
CLAYS, SANDY CLAYS, SILTY CLAYS,
LEAN CLAYS

ORGANIC SILTS AND ORGANIC
SILTY CLAYS OF LOW PLASTICITY

INORGANIC SILTS, MICACEOUS OR
DIATOMACEOUS FINE SAND OR
SILTY SOILS

INORGANIC CLAYS OF HIGH
PLASTICITY

ORGANIC CLAYS OF MEDIUM TO
HIGH PLASTICITY, ORGANIC SILTS

PEAT, HUMUS, SWAMP SOILS WITH
HIGH ORGANIC CONTENTS

CLEAN
GRAVELS

GRAVELS WITH
FINES
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PI

CH

CL-ML

Classification  (*Visual)

ML

Boring                   Depth (ft) PL

LIQUID LIMIT

MH

Professional Service Industries, Inc.

1211 W. Cambridge Circle Drive

Kansas City, Kansas  66103

Telephone:  913.310.1600

Fax:  913.310.1601

Lean clay, with silt, light brown and brown, moist, stiff

Lean clay, light brown and brown, moist, very stiff

Lean clay, brown, moist, stiff

Lean to fat clay, brown and gray brown, moist, stiff

B-01

B-01

B-02

P-02

41

38

45

53
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UNCONFINED COMPRESSION TESTProfessional Service Industries, Inc.

2917 Douglas Street

Omaha, NE  68131

Telephone:  (402) 341-5181

Fax:  (402) 341-1526

PSI Job No.:
Project:
Location:

338346
Leavenworth Commissary
Leavenworth, Kansas

MC%

Sat%

Ht. (in)

Dia. (in)

L/D

Qu (psf)
Strain

@Failure
Strain Rate

(%/min)93%

102

22

5.2

2.8

1.9

B-01

4.0 Lean clay, with silt, light brown and brown, moist,
stiff

STRAIN, %

2960

11.5

1.8

Failure Sketch
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UNCONFINED COMPRESSION TESTProfessional Service Industries, Inc.

2917 Douglas Street

Omaha, NE  68131

Telephone:  (402) 341-5181

Fax:  (402) 341-1526

PSI Job No.:
Project:
Location:

338346
Leavenworth Commissary
Leavenworth, Kansas

MC%

Sat%

Ht. (in)

Dia. (in)

L/D

Qu (psf)
Strain

@Failure
Strain Rate

(%/min)104%

103

24

6.1

2.8

2.1

B-01

14.0 Lean clay, light brown and brown, moist, very stiff

STRAIN, %

4154

7.8

1.8

Failure Sketch
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UNCONFINED COMPRESSION TESTProfessional Service Industries, Inc.

2917 Douglas Street

Omaha, NE  68131

Telephone:  (402) 341-5181

Fax:  (402) 341-1526

PSI Job No.:
Project:
Location:

338346
Leavenworth Commissary
Leavenworth, Kansas

MC%

Sat%

Ht. (in)

Dia. (in)

L/D

Qu (psf)
Strain

@Failure
Strain Rate

(%/min)104%

112

19

5.6

2.8

2.0

B-01

28.0 Lean to fat clay, orange with gray, moist, stiff

STRAIN, %

7748

10.7

1.6

Failure Sketch
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UNCONFINED COMPRESSION TESTProfessional Service Industries, Inc.

2917 Douglas Street

Omaha, NE  68131

Telephone:  (402) 341-5181

Fax:  (402) 341-1526

PSI Job No.:
Project:
Location:

338346
Leavenworth Commissary
Leavenworth, Kansas

MC%

Sat%

Ht. (in)

Dia. (in)

L/D

Qu (psf)
Strain

@Failure
Strain Rate

(%/min)94%

99

24

5.4

2.8

2.0

B-02

7.0 Lean clay, brown, moist, stiff

STRAIN, %

2109

15.0

1.9

Failure Sketch
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UNCONFINED COMPRESSION TESTProfessional Service Industries, Inc.

2917 Douglas Street

Omaha, NE  68131

Telephone:  (402) 341-5181

Fax:  (402) 341-1526

PSI Job No.:
Project:
Location:

338346
Leavenworth Commissary
Leavenworth, Kansas

MC%

Sat%

Ht. (in)

Dia. (in)

L/D

Qu (psf)
Strain

@Failure
Strain Rate

(%/min)98%

100

25

5.6

2.8

2.0

B-03

8.0 Lean clay, light brown, moist, stiff

STRAIN, %

3957

12.6

2.0

Failure Sketch
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UNCONFINED COMPRESSION TESTProfessional Service Industries, Inc.

2917 Douglas Street

Omaha, NE  68131

Telephone:  (402) 341-5181

Fax:  (402) 341-1526

PSI Job No.:
Project:
Location:

338346
Leavenworth Commissary
Leavenworth, Kansas

MC%

Sat%

Ht. (in)

Dia. (in)

L/D

Qu (psf)
Strain

@Failure
Strain Rate

(%/min)90%

98

25

5.6

2.8

2.0

B-04

6.0 Lean to fat clay, brown, moist, stiff

STRAIN, %

3172

6.3

1.8

Failure Sketch
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