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8 W. COLLEGE DR. ● SUITE C ● ARLINGTON HEIGHTS, IL 60004 

SOIL BORINGS ● SITE INVESTIGATIONS ● PAVEMENT INVESTIGATIONS ● GEOTECHNICAL ENGINEERING 

TESTING OF ● SOIL ● ASPHALT ● CONCRETE ● MORTAR ● STEEL 

 

                                                                                                                   August 15, 2019 
                                                                                                                   File No. 24645 
 
Mr. Kurt Schultz 
Lake County Purchasing Division 
18 N. County Street – 9th Floor 
Waukegan, IL 60085 
 
                                                                         Re:  Geotechnical Investigation 
                                                                                 Lake County Consolidated  
                                                                                 Public Safety Facility 
                                                                                 Libertyville, Illinois           
                                                                                            
Dear Mr. Schultz: 
 
The following is our report of findings for the geotechnical investigation completed for the above 
referenced project in the Village of Libertyville, Illinois. 
 
The investigation was requested to determine current subsurface soil and water conditions at 
select boring locations.  The findings of the field investigation and the results of laboratory 
testing are intended to assist in the planning, design and construction of proposed site 
improvements. 
 
PROPOSED IMPROVEMENTS 
 
We understand it is proposed to construct a Public Safety Facility consisting of 2 single-story 
buildings and two 75’ radio towers.  The buildings are expected to be supported on shallow 
depth foundations and have at-grade interior slabs supported on prepared subgrade soils.   
Finished floor elevations have not yet been determined for the structures.  Improvements 
exterior to the buildings are expected to include pavement areas, sidewalks and related 
underground improvements. 
 
SCOPE OF THE INVESTIGATION 
 
The field investigation included obtaining 21 borings at the locations requested and as indicated 
on the enclosed location sketch.  The boring locations were established using field taping 
methods and accuracy.  Surface elevations were determined using the temporary benchmark 
indicated on the location sketch for the borings B-1 to B-3, B-11 to B-15, and B-21.  The 
remaining borings elevations were estimated to the nearest 0.5 ft using data presented on the 
topographic survey. 
 
We auger drilled the 11 structure borings to depths of 15.0 feet to 30.0 feet below existing 
surface elevations.  Soil samples were obtained using a split barrel sampler advanced utilizing 
an automatic SPT hammer.  The 10 pavement and detention area borings were drilled and 
sampled in a similar manner to depths of 10.0 feet.  Soil profiles were determined in the field 
and soil samples returned to our laboratory for additional testing including determination of 
moisture content.  Cohesive soils obtained by split barrel sampling were tested further to 
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determine dry unit weight and unconfined compressive strength.  The results of all field 
determinations and laboratory testing are included in summary with this report.  
 
RESULTS OF THE INVESTIGATION 
 
Enclosed are boring logs indicating the soil conditions encountered at each location.  The site 
consists of a farm field and a semi-weeded field which has a stockpile near the southeast corner 
of the property.  Site surface conditions include vegetation, topsoil and fill soil conditions.   
 
Fill soil conditions were encountered at borings B-2, B-3, B-6, B-7, B-9, B-10, B-11, B-14, B-15, 
B-17, B-19 and B-21.  Composition of the fill includes the presence of topsoil, silt/clay/sand, 
sand/silt/gravel, silt/clay, silt/sand, and clay/silt mixtures extending to depths of 1.0 feet to 7.0 
feet with the stockpile fill at boring B-10 extending to 18.5 feet.  The limits of fill placement were 
not determined within the scope of this investigation.  Larger debris may also be present within 
the fill but was not encountered during the investigation.  The fill soil conditions are found to 
overlie the apparent natural topsoil at borings B-7, B-9, B-10, B-17, and B-21. 
 
Significant deposits of organic silt were encountered at borings B-1, B-2, B-12, and B-13 
extending to depths of 3.0 feet to 6.5 feet.   These soils have very high moisture contents and 
low-strengths making them highly compressible.  These conditions are likely present in other 
areas of the site but were not discovered within the scope of this investigation. 
 
Underlying non-organic natural soil conditions include the presence of cohesive soils.  These 
are classified as stiff to hard clay/silt mixtures with lesser portions of sand and gravel.  Non-
cohesive soils were also encountered.  These include very loose to medium dense silt/sand, 
silt/clay, sand/gravel, sand, silt, and silt/sand/clay mixtures.  The non-cohesive granular soils are 
often in a very damp to saturated condition.  Cobbles and boulders may be present within the 
site soils at any elevation, although none were encountered while drilling. 
 
The following table summarizes depth ranges below existing grade, the magnitude of soil 
strength within these ranges and other information: 
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Boring 

Surface 
Elevation 

(feet) 

Depth Range Below 
Existing Surface 

(feet) 

Soil 
Strength 

(lbs./sq.ft.) 

Recorded Water 
Levels, W.D./A.D. 

(feet) 
 

Proposed Structures 
1 704.1 0.0 to   5.5 *none 4.5/10/0 
  5.5 to 11.0 3,000  
  11.0 to 12.0 5,000  
     

2 703.2 0.0 to   7.0 *none 10.5/11.5 
  7.0 to 12.0 5,000  
     

3 705.3 1.5 to   5.0 *500 8.5/8.5 
  5.0 to   6.0 3,000  
  6.0 to 12.0 4,000  
     

4 705.5 1.5 to   8.5 3,000 13.0/13.0 
  8.5 to 10.0 5,000  
  10.0 to 12.0 4,000  
     

5 706.0 1.5 to   6.5 2,000 11.5/7.5 
  6.5 to 10.0 4,000  
  10.0 to 12.0 3,000  
     

6 705.5 1.5 to   4.5 2,000 12.5/6.0 
  4.5 to   7.0 3,000  
  7.0 to 12.0 5,000  
     

7 708.0 4.0 to 12.0 3,000 dry/dry 
     

8 706.0 1.5 to   8.5  3,000 12.5/13.5 
  8.5 to 12.0 6,000  
     

9 706.5 5.5 to   8.5 2,000 11.0/13.0 
  8.5 to 12.0 3,000  
     

10 721.0 21.0 to 26.5 2,000 28.5/22.0 
  26.5 to 27.0 4,000  
     

11 702.3 6.0 to   9.0 4,000 12.0/6.0 
  9.0 to 17.0 3,000  
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Boring 

Surface 
Elevation 

(feet) 

Depth Range Below 
Existing Surface 

(feet) 

Soil 
Strength 

(lbs./sq.ft.) 

Recorded Water 
Levels, W.D./A.D. 

(feet) 

 
Proposed Pavement / Detention Pond Areas 

12 705.6 0.0 to 3.5 *none 5.0/5.0 
  3.5 to 7.0 *1,500  
     

13 702.0 0.0 to 4.5 *none 3.0/3.0 
  4.5 to 7.0 *500  
  7.0 to 7.5 5,000  
     

14 701.7 1.5 to 3.5 *500 7.5/5.0 
  3.5 to 4.0 3,000  
  4.0 to 7.0 2,000  
     

15 703.5 0.5 to 7.0 *2,000 dry/dry 
  7.0 to 7.5 3,000  
     

16 704.0 1.5 to 7.0 3,000 dry/dry 
     

17 708.0 0.5 to 7.0 *2,000 dry/dry 
     

18 708.0 0.5 to 7.0 3,000 dry/dry 
     

19 703.0 0.5 to 4.0 *2,000 dry/dry 
  4.0 to 7.0 3,000  
     

20 698.5 2.5 to 4.0 *500 7.5/7.0 
  4.0 to 6.5 *1,000  
  6.5 to 7.0 2,000  
     

21 696.9 1.5 to 6.5 *500 dry/dry 
  6.5 to 7.0 2,000  

 
   * Not recommended for support of foundations.  Deeper foundation depths 

 or foundations supported on structural fill will be needed to reduce 
the magnitude of long-term total and differential settlement. 

 
It is expected that foundations can be supported on undisturbed natural soils located at any 
elevation within the depth ranges indicated in the above table, except as noted.  Above these 
depth ranges the soils are not considered able to support foundations, even at reduced design 
bearing values, due to long-term settlement considerations. 
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SUBSURFACE WATER 
 
The boring logs and the above table indicate the depth at which subsurface water was 
encountered in the bore holes at the time of the drilling operations and during the period of 
these readings.  It is expected that fluctuations from the water levels recorded will occur over a 
period of time due to variations in rainfall, temperature, subsurface soil conditions, soil 
permeability and other factors not evident at the time of the water level measurements. 
 
DEWATERING 
 
Excavations may require dewatering due to subsurface water seepage and/or surface 
precipitation.  This water can likely be removed to depths of several feet by standard sump and 
pump operations.  Soils exposed at foundation, slab or undercut elevations should not be 
permitted to become saturated.  Loss of bearing strength and stability may occur, requiring 
additional soil excavation. 
 
Fill soils, organic soils, non-cohesive soils and others can be unstable when saturated.  These 
soils tend to cave or run when submerged or disturbed.  The stability of exposed embankments 
is minimal to non-existent as confining soil pressures are removed.  Proper drainage within 
excavations is necessary at all times, particularly when excavations extend below anticipated 
water levels and below saturated soils. 
 
The contractor should be made responsible for designing and constructing stable temporary 
excavations.  Also, the contractor should shore, slope, bench or restrain the sides of the 
excavations as required to maintain stability of both the excavation sides and bottom.  In no 
case, should the slope, slope heights, or excavation depth exceed those in the local, state, and 
federal safety regulations. 
 
BUILDING PAD  
 
The site topography and soil conditions encountered on this site indicate building pads must be 
constructed prior to foundation excavation.  This site preparation is necessary to establish 
adequate support for the foundations and floor slabs. The procedure should include the full-
depth removal of unsuitable conditions including vegetation, topsoil, fill soils, buried topsoil, 
organic silts, soft or unstable soils, and other deleterious conditions.  Generally, excavations 
should extend to the depth at which at least 2,000 lbs./sq.ft. soil strength is encountered.  The 
above table provide a general indication of the anticipated undercut depths from existing grade.  
Variations in the depth of removal can be expected due to filled and naturally changing soil 
conditions.  Soil removal should extend beyond the outside edge of the exterior foundation wall 
footings to a distance at least equal to the depth of fill that will be present beneath the footings.  
The exposed subgrade soil should then be proof-rolled in the presence of the Soil Engineer.  
Proof-rolling is expected to reveal some areas of unstable soil, requiring additional removal.   
 
Structural fill should be placed on the prepared subgrade and in lifts not to exceed 8.0 inches 
when uncompacted.  Each lift should exceed the minimum compaction requirement prior to 
placement of the next lift.  We recommend a minimum of 95% compaction based on the 
modified proctor test, ASTM D-1557.  If high soil moisture content prevents achieving minimum 
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compaction requirements then it will be necessary to disc and aerate the soil.  Compaction 
requirements also apply to backfill placement around foundations and within trench excavations 
located below subgrade supported improvements. 
 
FOUNDATIONS 
 
Based on the results of this investigation it is our opinion that continuous and isolated footing 
foundations may be considered for support of building loads.  These foundations can be 
supported on newly placed structural fill and/or undisturbed natural soils located below all 
topsoil, organic silt, debris, unsuitable fill soils, low strength soils and other unsuitable conditions 
which may be encountered.  Soil strength values and the depths at which they are expected to 
be encountered at these boring locations are indicated in the above table.  Foundations can be 
constructed at shallower depths than those indicated in the above table when building pads are 
constructed as described above. 
 
A net allowable bearing value of 2,000 lbs./sq.ft. is available for design.  This value can be used 
to size foundations for support of structure dead and live loads.  Increased bearing values may 
be available at some locations and elevations.  The feasibility of using a higher value is best 
determined after our review of proposed foundation details and elevations. 
All exterior building foundations should extend at least 42.0 inches below exposed surface 
elevations to provide adequate protection against uplift due to freezing of the supporting soils.  
Foundations for unprotected improvements should extend at least 48.0 inches below exposed 
surface elevations.  We recommend providing adequate reinforcing steel in foundation walls and 
piers to minimize the effects of long-term differential settlement. 
 
Weak soil conditions may be discovered locally at design foundation elevations and may require 
extending the foundation to a deeper elevation.  Alternately, removal of the weak soil followed 
by replacement with properly compacted coarse crushed granular fill (CA01) may be feasible.  
When removal is approved by the Soil Engineer, the removal of the weak soil should also 
extend beyond the face of footings and/or piers to a distance at least equal to the depth of fill 
that will be present beneath the footings and/or piers.  A capping layer of finer crushed granular 
fill (CA06) can be utilized to establish a working surface.   
 
FLOOR SLABS 
 
Floor slabs planned for support on the existing soil conditions are expected to undergo some 
degree of long-term settlement as the soils consolidate under loading and as they shrink due to 
desiccation.  Slabs may be considered for support on suitable natural soils or on properly placed 
and compacted fill soils and a subgrade modulus of 125 psi/in. can be used for design.  This is 
feasible when the soils supporting the slabs are prepared in accordance with the Building Pad 
recommendations.   
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SUBGRADE SOIL PREPARATION – PAVEMENT AREAS 
 
The procedure in all areas of subgrade supported improvements should include the removal of 
unsuitable surface conditions including vegetation, topsoil, unsuitable fill soils, significant debris, 
organic silt, weak or unstable soils, and other deleterious conditions which may be encountered.  
Above grade areas should be cut to design subgrade elevations.  Exposed subgrade soils 
should be leveled, compacted and proof-rolled in the presence of the Soil Engineer. 
 
Proof-rolling is expected to reveal areas of unstable soil conditions, especially in areas of 
uncontrolled fill and organic silts, which may require additional removal.  Discing and aeration of 
high moisture content non-organic soils can be effective to depths of up to 1.0 foot, depending 
upon the equipment utilized.  Removal of unstable soils may be necessary if high moisture 
content conditions extend to depths greater than the effective depth of discing.   
 
Soft or unstable soil conditions in pavement areas can often be bridged by use of an effective 
depth of crushed granular material.  The placement of the crushed granular bridging material, 
possibly in conjunction with the use of an appropriate geotextile fabric, should only proceed after 
review of the proof-roll conditions by the Soil Engineer.  Long-term settlement of pavement 
surfaces may occur locally as the bridged soils desiccate. 
 
Structural fill can be placed on soils prepared to the satisfaction of the Soil Engineer.  The fill 
should be placed in lifts not to exceed 8.0 inches when uncompacted.  Each lift should exceed 
minimum compaction requirements prior to placement of the next lift.  We recommend a 
minimum of 95% compaction based on the modified Proctor test, ASTM D-1557, be achieved.  
Compaction requirements also apply to backfill placement around foundations and within trench 
excavations located below subgrade supported improvements. 
 
FILL SOURCES 
 
The onsite non-organic soils are generally suitable for reuse as fill.  Offsite sources may also be 
used provided they are approved in advance by the Soil Engineer.  Aeration may be necessary 
to reduce soil moisture content prior to compaction.  Soil borrowed from near the surface where 
seasonal fluctuations in soil moisture content occur may require particular attention.  The 
moisture content of fill soils should be within approximately 3.0% of optimum moisture content 
as determined by the modified Proctor test for the soils to meet or exceed minimum compaction 
requirements. 
 
SETTLEMENT CONSIDERATIONS 
 
The magnitude of settlement is dependent upon a combination of factors which include design 
foundation elevation, magnitude of load applied to the soil at that elevation, underlying soil type, 
soil strength and condition, subsurface water condition and other considerations. 
 
In the absence of specific design factors the magnitude of total and differential settlement 
cannot be determined at this time.  A preliminary estimate based upon initial design information 
suggests that post-construction total and differential settlement of foundations could be in the 
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range of 0.75 inches and 0.50 inches respectively.  Variations in supporting soil strength will 
likely increase the magnitude of total and differential settlement 
 
SOIL INFILTRATION RATES 
 
Grain-size analysis testing was performed on selected samples of naturals soils encountered in 
borings B-12, B-16, B-18 and B-21 to determine USDA soil classifications and estimated 
infiltration rates.  The grain size analysis determinations and estimated infiltration rates are 
shown in the below table: 
 

Boring Depth USDA Soil Classification Estimated Design 
Infiltration Rate 

B-12 3.5’ to 5.0’ Silty Clay Loam 0.19 inches per hour 

B-16 15” to 2.5’ Loam 0.24 inches per hour 

B-18 1.0’ to 2.5’ Loam 0.24 inches per hour 

B-21 6.0’ to 7.5’ Silt Loam 0.13 inches per hour 

 
Estimated design infiltration rates were taken from  

Table 3-1 of City of Chicago Stormwater Ordinance Manual. 
 
CONCLUSION 
 
The information within this report is intended to provide initial information concerning subsurface 
soil and water conditions on the site.  Variations in subsurface conditions are expected to be 
present between boring locations due to naturally changing and filled soil conditions.   
 
Our understanding of the proposed improvements is based on limited information available to us 
at the writing of this report.  The findings of the investigation and the recommendations 
presented are not considered applicable to significant changes in the scope of the 
improvements or applicable to alternate site uses.  We recommend that proposed foundation, 
pavement and grading plans be reviewed by our office to determine if additional considerations 
are necessary to address anticipated subsurface conditions.  Obtaining additional soil borings 
may be warranted to further define the depth and limits of restrictive subsurface conditions. 
 
The soils exposed in soil undercut areas should be evaluated for suitability prior to placement of 
structural fill, as previously indicated in this report.  Soils and aggregates placed as structural fill 
should be tested as the work progresses to verify that minimum compaction requirements have 
been met.  We recommend that soil conditions encountered at foundation elevations be tested 
to verify the presence of design soil strength prior to concrete placement. 
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If you have any questions concerning the findings or recommendations presented in this report, 
please let me know. 
 
                                                              Very truly yours, 
 
                                                              SOIL AND MATERIAL CONSULTANTS, INC. 
 
 
 
                                                              Thomas P. Johnson, P.E. 
                                                              President 
 
TPJ:ek 
Enc. 
 
cc: Mr. Mark Price, AIA, LEED AP BD+C – FGM Architects   
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July 28, 2022 

GEI Project No. 2202656 

 

VIA EMAIL:  mbickel@woldae.com 

 

Mr. Matt Bickel 

Wold Architects and Engineers 

220 North Smith Street, Suite 310 

Palatine, Illinois 60067 

 

 

RE: Subsurface Exploration and Geotechnical Engineering Report for the Lake 
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be suitable for reuse as site fill, although some moisture conditioning may be 

required.  Spread footing foundations bearing on the natural soils or properly placed 

and compacted fill, may be designed using a maximum net allowable bearing 

pressure of 3,500 psf.  Continuous strip footings should be designed for a net 

allowable bearing pressure of 3,000 psf. 
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1. Introduction 

GEI Consultants, Inc. (GEI) has prepared this report for Wold Architects and Engineers in 

accordance with our proposal dated June 30, 2022.  The purposes of this report are to 

summarize the field and laboratory test data and to provide recommendations regarding the 

design and construction of foundations for the project. 

 

We understand that a new single-story residential building is planned for the Regional 

Operations & Communications Facility near the northwest intersection of West Winchester 

Road and Milwaukee Avenue in Libertyville, Illinois. A stormwater detention basin is also 

planned at the west side of the site.  

 

 

The site is currently vacant and based on the proposed finished floor at elevation +709.5 

NAVD 88, between 3 and 7 feet of new fill is required to reach the planned elevations.  The 

maximum column loads are anticipated to be about 100 kips, and the maximum wall load 

will be less than about 6 kip per linear foot. 

 

 

  
1a: Building Plan 1b: Project Site 

Figure 1: Milwaukee Avenue and Winchester Road, Libertyville, IL (rep. from Google Earth) 
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2. Exploration Procedures 

2.1 Subsurface Exploration  

TSC performed a subsurface exploration at this site in 2009.  Six soil borings (B-1 to B-4 and 

C-1 to C-2) were completed at the approximate locations shown below by Geocon 

Professional Services under subcontract to GEI. The results of all borings were used in 

developing the recommendations presented in this report.  A full-size boring location 

diagram is provided in the Appendix. 

 

  
Figure 2: Soil boring locations 

 

The 2022 boreholes were advanced through the soil using hollow stem augers.  

Representative soil samples were obtained in the soil borings in general accordance with 

split-barrel sampling procedures as outlined in ASTM Standard D 1586.   

 

A field log for each boring was prepared by the drill crew.  The log included visual 

classifications of the materials encountered during drilling, as well as the driller’s 

interpretation of the subsurface conditions between samples.  The depth at which 

groundwater was encountered while sampling or drilling was observed and noted on the field 

log.  The groundwater observations are presented on the lower left corner of the soil boring 

logs included in Appendix A. 
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The soil samples were sealed in jars and transported to our geotechnical laboratory for further 

examination and testing.  The borehole was grouted to existing grade upon completion of the 

drilling operations, and the pavement was patched.  The final boring logs included with this 

report represent an interpretation of the field log and include modifications based on 

laboratory observation and results of tests of the samples. 

 

2.2 Laboratory Procedures  

Representative portions of the soil samples were observed by a geotechnical engineer to 

estimate the distribution of grain sizes, plasticity, organic content, moisture condition, color, 

presence of lenses and seams, and apparent geological origin.  A calibrated hand 

penetrometer was used to estimate the approximate unconfined compressive strength of the 

cohesive soil samples.  The soils were classified in accordance with our standard practice and 

assigned group symbols consistent with those recommended by the Unified Soil 

Classification System.  A chart describing the classification system is included in the 

Appendix. 

 

Results of the field and laboratory tests were plotted on the boring log which is included in 

the Appendix.  Similar soils were grouped into strata on the log.  Please note that the strata 

contact lines represent approximate boundaries between soil types.  The actual transition 

between soil types in the field may be gradual in both the horizontal and vertical directions. 

 

All soil samples recovered from the borings will be retained for a period of 30 days, after 

which time they will be discarded unless other specific instructions as to their disposition are 

received. 
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3. Subsurface Conditions 

3.1 Soil Conditions 

The soil layers encountered in the borings are described below, beginning at the ground 

surface. 

 

Vegetation and Topsoil – The site is wooded with ground cover including tall grass and 

shrubs.  Topsoil extended approximately 1-foot below the surface at GEI boring locations; 

TSC borings showed topsoil as deep as 5.5 feet in Boring SB-214.  

 

Stiff to Hard Clay – Stiff to hard clay was encountered to boring termination depths of 10 to 

20 feet below grade. The unconfined compressive strength of the clay was estimated between 

1.25 and 4.5 tsf. The clay tends to be harder near the surface and decreases in stiffness with 

depth. A 2 to 5-foot thick layer of medium dense sand was present within the clay.  

 

The above summary is intended to provide an indication only of the major soil units 

encountered during the subsurface exploration.  Conditions between individual boring 

locations may vary. 

 

3.2 Groundwater Conditions 

Groundwater was observed in Borings B-1 and B-4 at about 14 and 10 feet below existing 

grade during drilling.  Water was not observed in other borings. Based on change in soil 

color and the moisture content profile of recovered soil samples, the long-term shallow 

groundwater table is estimated to be located at a depth of 8 to10 feet below grade or 

elevation +694 NAVD 88. 

 

The groundwater level measurements represent conditions at the times and locations 

indicated.  Groundwater levels should be expected to vary throughout the year in response to 

changes in the amount of precipitation, leakage from utilities, evaporation, surface runoff, 

and drainage for nearby basement structures if any are present. 
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4. Analysis and Recommendations 

4.1 Site Preparation and Earthwork 

Earthwork including fills and cuts will be required to achieve the planned building and 

pavement subgrade elevations.  

 

Based on the boring elevations, fills between 5 and 7 feet are required to reach the building 

finished floor elevation of +709.5 NAVD 88. In the pavement areas, cuts up to 2 feet and fill 

up to 4 feet should be expected.  

 

Following clearing and any grubbing which may be necessary, all topsoil should be removed 

from proposed building footprints and pavement areas before site grading commences.  

Based on the boring information, a stripping depth of 6 to 12 inches should be adequate for 

this purpose over most of the site.  Deeper topsoil removal near Boring SB-214 may be 

necessary. Tree roots and stumps should be removed to at least 2 feet below finished grade.  

The stripped topsoil may be stockpiled for later re-use in landscaping.   

 

Following stripping and rough grading, the exposed subgrade in areas receiving fill should be 

proofrolled using a large piece of construction equipment such as a fully loaded tandem-axle 

dump truck or a smooth drum roller having a gross weight of 20 tons.  Proofrolling should be 

observed by a geotechnical engineer or qualified representative from GEI.  Any areas which 

are observed to be loose or disturbed, or have excessive deflection during the proofrolling 

operation, should be carefully trimmed and replaced with one of the fill options 

recommended below. 

 

The existing natural cohesive soils that contain no organic material can be used as structural 

fill.  However, it should be noted that the cohesive soils at the site will be sensitive to 

changes in moisture content, which could make them difficult to compact during wet weather 

conditions such as may occur in late Autumn and early Spring.  Cohesive soils should be 

placed within -2 to +4 percent of the optimum moisture content as determined by the 

modified Proctor test (ASTM D 1557).  The moisture contents of the boring samples indicate 

the clay and silty clay soils at the site may be below or near their optimum moisture content 

depending upon the depth of the borrow.  Water added for moisture conditioning of the 

cohesive soils should be applied at a uniform sprayed rate, and then be allowed to soak for a 

period of time.  The soils should then be thoroughly disced to achieve a uniform moisture 

content before placement and compaction. 

 

Lime stabilization can be considered to improve the workability of the clay soils and to 

increase the resilient modulus value of pavement subgrades.  Quicklime which is applied to 

dry wet soils will likely require pulverization and mixing, followed by a minimum 24-hour 

moist cure.  Following a final mix, the treated material could then be compacted.  Bench 
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testing would be required to determine the application rate of lime and to determine the 

engineering properties of the treated clay soil. 

 

Cohesive fill placed within floor slab and foundation areas should be compacted to a 

minimum of 95% of their maximum dry density as determined by the modified Proctor test.  

In light duty pavement and general fill areas the compaction level can be reduced to 92%; fill 

placed below heavy-duty pavements should be compacted to 95% of modified Proctor.   

These materials should be placed in thin lifts, not exceeding 9 inches in loose thickness, and 

be compacted using a kneading-type operation such as can be accomplished using a self-

propelled sheepsfoot roller.  Compaction tests should be performed on each lift of fill placed 

to confirm that these soils have achieved an adequate degree of compaction.  Lime stabilized 

backfill will not have the same properties as untreated cohesive fill obtained from on-site 

borrow sources. 

 

Cohesive fill cannot be placed when frozen, and we do not recommend moisture conditioning 

or placement in Winter.  Lime stabilization should not be performed if the ambient 

temperature is below 40° F or when conditions indicate that temperatures may fall below 40° 

F within 24 hours of application.  Granular fill is recommended if the site fill is constructed 

in late Autumn, Winter, or early Spring. 

 

Imported fill should consist of a well-graded granular material, containing less than 15% by 

weight passing the No. 200 (0.075 mm) sieve.  This material should be placed in thin lifts not 

exceeding 9 to 12 inches in loose thickness and be compacted to a minimum of 95% of the 

maximum dry density as determined by the modified Proctor test (ASTM D 1557).  Due to 

the difficulty of achieving adequate compaction in restricted areas, granular backfill should 

be expected around grade beams and in footing excavations.   

 

4.2 Spread Footing Foundations 

4.2.1 Bearing Capacity and Settlement 

New spread-type footings are anticipated to be supported at frost depth, at elevation +705.5 

NAVD 88, bearing on natural soils or as much as 3½ feet of newly placed engineered fill.  

Since variations could occur across the site, the soils exposed in foundation excavations 

should be observed and tested by a GEI representative to check for the presence of unsuitable 

bearing soils.  

 

If the unsuitable material is encountered at bearing elevation, they should be overexcavated 

and replaced with engineered fill. The overexcavation should extend outward 12 inches for 

every foot below the design bearing level. The foundations could then be extended to bear on 

the suitable soils at the deeper level, or the excavation could be backfilled back up to design 

footing elevation with engineered fill or lean concrete.  If flowable fill or lean concrete is 

utilized as backfill, the footing excavation does not need to be extended beyond the edges of 

the footing. 
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Backfill placed beneath footings should consist of a well-graded granular material, 

containing less than 12% by weight passing the No. 200 (0.075 mm) sieve (preferably IDOT 

gradation CA-6).  This material should be placed in thin lifts not exceeding 9 inches in loose 

thickness, and it should be compacted to a minimum of 95% of its maximum dry density as 

determined by the modified Proctor test (ASTM D 1557).  Thinner lifts should be used where 

material is compacted with light or walk-behind equipment.  If flowable fill or lean concrete 

is utilized as backfill, the footing excavation does not need to be extended beyond the edges 

of the footing. 

 

 

New spread footings bearing on tested and approved soils, including natural clay or silty sand 

soils and engineered fill, may be designed using a maximum net allowable soil bearing 

pressure of 3,500 psf.  Continuous wall footings should be designed using a net allowable 

bearing pressure of 3,000 psf.  This is the maximum pressure that should be transmitted to 

the bearing soils in excess of the minimum surrounding overburden pressure.  

 

At the maximum bearing pressures, the total settlements of footing foundations designed and 

constructed as recommended above are estimated to be less than about 1 inch.  Differential 

settlements due to varying foundation loads and support conditions are estimated to be less 

than about ½-inch. 

 

Footings placed in heated areas should be embedded a minimum of 3½ feet below finished 

grade to provide for adequate frost protection.  Footings in unheated areas should be 

embedded a minimum of 4 feet below grade. Individual column footings should have a 

minimum width of 30 inches, and continuous wall footings should have a minimum width of 

18 inches to prevent disproportionately small footing sizes. 

 

To provide uniform support, the edge of footings should be located at least 5 feet from the 

face of the fill slope.  For the purposes of frost embedment, the cover should be calculated as 

 

 

3a: Footing excavation isometric 3b: Section for lean concrete and granular backfill 

Figure 3: Overexcavation for unsuitable bearing soil 
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the minimum linear distance from the edge of footing to the finished ground surface which 

may be vertical or lateral. 

 

4.2.2 Sliding Resistance 

The resistance to sliding of footings can be evaluated using the earth pressure coefficients 

and interface friction value tabulated below.  Backfill against footings should be placed in 

thin lifts, not exceeding 12 inches in loose thickness, and it should be compacted to 95% of 

the materials maximum dry density as determined by the modified Proctor test.  

 
Table 1: Earth pressure coefficients and interface friction values 

 
Interface Friction 

Factor, tan δ 

Earth Pressure Coefficients 

Active, Ka Passive, Kp At-Rest, K0 

Granular Backfill      

(Sides of Footings) 0.45 0.25 3.85 0.40 

Footings     

(Mass Concrete on Granular Fill)  0.55 - - - 

(Mass Concrete on Clay)  0.45 - - - 

 

In the equation below, a reduction factor of 2 is applied to passive pressure against mats and 

grade beams to account for reduced mobilization at small deflections.  To fully develop 

passive resistance would require deflections of 2.5 to 4 inches.  A unit weight of 125 pcf can 

be assumed for the granular backfill. 

 

Passive Resistance:  �� = [�� (
�	
� − ��)��� ]    (per unit width in direction of loading) 

 

Sliding resistance on the sides of grade beams and mats should be calculated as the resultant 

confining (normal) stress over the height of the element times the interface friction angle, 

times the length of the element in the direction of loading, or 
 

Side Resistance on Mat:  �� =
����������� ��� ������

�.�    (per element parallel to loading) 

 

The equation above includes a reduction factor of 1.5 to account for strain compatibility.  

Because of the limited confining stress, it is recommended that side resistance be ignored for 

grade beams and mats less than 3 feet deep. 

 

The resistance to sliding of footing foundations is determined as the vertical normal stress 

times the area of contact, times the interface friction factor.  In the values tabulated above, it 

is assumed that footing foundations are constructed on tested and approved backfill.  A 

minimum factor of safety of 1.5 should be provided against sliding.   
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4.3 Slabs-on-Grade 

Following foundation construction and fine grading, building slab-on-grade areas should be 

proofrolled as discussed above for site preparation.  We recommend that at least 6 inches of 

granular fill having less than 5% passing the No. 200 sieve, such as IDOT Gradation CA-7, 

be placed beneath the floor slab in all areas for improved subgrade support and provide a 

capillary break.  The leveling course should be compacted to 95% of the material’s 

maximum dry density as determined by the modified Proctor test (ASTM D 1557). 

 

 

Figure 4: Slabs-on-grade detail 

 

The modulus of subgrade reaction is dependent upon the nature of the soils supporting the 

slab and the provided thickness as tabulated below. 

 
Table 2: Modulus of subgrade reaction for slab-on-grade 

Subgrade Material Granular Thickness Modulus, k 

Hard Clay - 55 pci 

Granular over Hard Clay 
6 in 75 pci 

12 in 105 pci 

 

The use of a vapor retarder should be considered beneath concrete slabs on grade that will be 

covered with wood, tile, carpet or other moisture sensitive or impervious coverings, or when 

the slab will support equipment sensitive to moisture.  When conditions warrant the use of a 

vapor retarder, the slab designer should refer to ACI 302 and/or ACI 360 for procedures and 

cautions regarding the use and placement of a vapor retarder. 

 

Floor slabs on grade should be isolated from foundations to permit relative displacement 

without cracking.  Slabs should be sufficiently thick, and be provided with adequate 

reinforcing and jointing, to control minor slab cracking. 

 



Subsurface Exploration and Geotechnical Engineering Report 
Lake County ROCF, Libertyville, IL 
July 28, 2022 
 
 
 

GEI Consultants, Inc. 10 

4.4 Permanent Below Grade Walls 

Permanent reinforced concrete walls, such as basement walls, that extend below grade should 

be designed to support unbalanced earth, water, and lateral pressures due to exterior 

surcharges.  The lateral pressure due to unbalanced soil and water can be approximated as: 

 

Table 3: Equivalent fluid pressure for design of permanent below grade (non-yielding) walls 

Elevation Mechanism Equivalent Fluid Pressure 

Above Water Table  Soil 60 psf/ft 

Below Water Table Soil + Water 90 psf/ft 

 

Any surcharge loads (due to adjacent roadways, crane pads, or floor slabs) or foundation 

pressures, within the area that projects upward from the base of the cut on a 45-degree angle 

should be included as additional lateral pressures on the retention system.  A uniform 

surcharge of 250 psf (or an equivalent 2 feet of soil) should be applied to the ground surface 

to represent construction equipment or traffic loading.  The lateral forces on the wall due to 

surcharges should be determined using an at-rest earth pressure coefficient, K0, equal to 0.5. 

 

Any shallow foundations adjacent to below grade walls should be included as localized 

surcharges.  The stress beneath the footings should be assumed to extend outward and 

downward from the edges of the footings at a 2 vertical to 1 horizontal slope.  The lateral 

pressure on the wall should be determined using an at-rest earth pressure coefficient, K0 = 

0.5, or: 

 !�" = #$%!�"
&'

(& + ))(' + )) 

   

Where:  K0 = Coefficient of at-rest earth pressure (K0 = 0.5) 

    qftg = Bearing pressure beneath footing 

    B = Width of footing 

    L = Length of footing 

    z = Depth below footing bearing level 

 

Excavations which extend below the water table will require sump pumps with drainage 

trenches to provide a stable subgrade for construction.  All formed walls should have external 

waterproofing.  No exterior drainage is required for walls properly waterproofed and 

designed for the above-referenced earth pressures. 

 

4.5 Pavement Subgrade Preparation 

Prior to base course material placement, the pavement subgrades should be proofrolled as 

outlined above for site preparation.  Areas that experience pumping or rutting under the 

proofroll should be undercut and replaced with granular fill. 
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Pavement subgrades should be positively drained.  Sub-drainage should be provided at any 

low areas and along the edges of pavements where irrigated landscape areas slope toward the 

pavement to reduce the accumulation of free water within the aggregate base course, which 

results in subgrade softening, higher deflections under load and accelerated pavement 

deterioration.  Around storm inlets or catch basins, we recommend installing subsurface 

finger drains to allow any water to drain out of the base course which may otherwise collect 

in low areas.  Positive pavement base course and subgrade drainage will extend the useful 

life of the pavement.   

 

4.6 Pavement Design Recommendation 

Minimum pavement section thicknesses for bituminous concrete and Portland cement 

concrete pavements are shown in Table 4.  

 

Aggregate base course should be a well graded crushed limestone material such as IDOT 

CA-6.  The base course should be placed in maximum 9-inch thick loose lifts within ±2 

points of optimum moisture content, and it should be compacted to a minimum of 95% of the 

maximum laboratory dry density determined in accordance with ASTM D1557.  The 

prepared aggregate base course should be proofrolled as described above prior to prime coat 

application.  If precipitation occurs between the proofroll and placement of the bituminous 

concrete binder, we recommend re-proofrolling the aggregate base course.  Any areas 

exhibiting pumping or rutting should be stabilized prior to placement of bituminous concrete 

binder course.  

 

A uniform coating of a prime coat material should be applied prior to placement of the first 

bituminous concrete lift in accordance with IDOT Standard Specifications for Road and 

Bridge Construction and per manufacturer’s recommendations. 

 

Table 4: Minimum pavement section thickness recommendation 

Pavement Area Material Description 

Minimum 

Thickness 

(in) 

Heavy Duty 

Portland Cement 

Concrete  

Reinforced Concrete Slab 

Well Graded Crushed Limestone Aggregate Base Course - IDOT CA-6 

8.0 

6.0 

Bituminous Concrete 

AC Surface Course - IDOT Superpave 12.5 mm, N70 

AC Binder Course - IDOT Superpave 25.0 mm, N70 

Well Graded Crushed Limestone Aggregate Base Course - IDOT CA-6 

2.0 

4.0 

12.0 

Medium Duty Bituminous Concrete  

AC Surface Course - IDOT Superpave 12.5 mm, N70 

AC Binder Course - IDOT Superpave 19.0 mm, N70 

Well Graded Crushed Limestone Aggregate Base Course - IDOT CA-6 

2.0 

3.0 

10.0 

Light Duty Bituminous Concrete  

AC Surface Course - IDOT Superpave 9.5mm, N50 

AC Binder Course - IDOT Superpave 19mm, N50 

Well Graded Crushed Limestone Aggregate Base Course - IDOT CA-6 

1.5 

2.5 

8.0 

Notes: 1. Pavement area applies to untreated subgrade. 
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Table 4: Minimum pavement section thickness recommendation 

Pavement Area Material Description 

Minimum 

Thickness 

(in) 

Heavy Duty 

Portland Cement 

Concrete  

Reinforced Concrete Slab 

Well Graded Crushed Limestone Aggregate Base Course - IDOT CA-6 

8.0 

6.0 

Bituminous Concrete 

AC Surface Course - IDOT Superpave 12.5 mm, N70 

AC Binder Course - IDOT Superpave 25.0 mm, N70 

Well Graded Crushed Limestone Aggregate Base Course - IDOT CA-6 

2.0 

4.0 

12.0 

 2. Traffic Information (vehicle types, loads, frequency and distribution) was not provided to GEI.  Our minimum pavement section 

thickness recommendations were developed based on minimum structural number (SN) = 2.5 for Light Duty Pavements and SN = 3.0 
for main access drives and Heavy Duty Pavement Areas, quality of the subgrade and our local experience.  When estimating pavement 

thicknesses without traffic, a design period cannot be established. 

 3. Estimated California Bearing ratio (CBR) = 3 for untreated and prepared subgrade cohesive soil subgrade 

 4. Estimated Modulus of Subgrade Reaction (k) = 150 psi/in for untreated and prepared subgrade  

 5. Subgrade is prepared prior to constructing the bituminous concrete and Portland cement concrete pavement. 

 6. Concrete shall be minimum compressive strength of 5,000 psi at 28 days, air entrained 5% to 8%, slump 2 to 4 inches and maximum 

water/cement ratio of 0.45.   Concrete mix design properties, joint design, spacing and layout and reinforcing and dowels shall be 
provided by others. 

 7. Bituminous Concrete Binder and Surface Course mixes are to be Superpave Mixes as noted above. 

 8. All joints in the concrete pavement areas are to be sealed to reduce water in the aggregate base course/subgrade and debris in joints. 

 

Bituminous concrete binder and surface courses should be placed and compacted to a 

minimum of 93% and 92.5%, respectively, of the maximum theoretical specific gravity of the 

bituminous concrete mixes in accordance with IDOT Standard Specifications for Road and 

Bridge Construction.  An asphalt tack coat should be applied to the clean surfaces of all 

bituminous concrete layers prior to placement of the succeeding lift in accordance with IDOT 

Standard Specifications for Road and Bridge Construction and per manufacturer’s 

recommendations. 

 

Concrete for pavement areas should achieve a minimum compressive strength of 5,000 psi at 

28 days, air entrained.  At a minimum, we recommend concrete pavements be provided at 

truck loading dock areas, dumpster locations and at sharp turning radiuses frequented by 

truck traffic.  Design of concrete reinforcement, dowels and joints, including joint spacing 

and layout, for the concrete pavement areas was not included in our scope of work and 

should be incorporated into the final concrete pavement design section if the concrete surface 

section is selected.  Joints should be sealed with a polyurethane joint sealant material to 

reduce water infiltrating into the aggregate base course/subgrade and debris in joints.  

 

4.7 Trench Backfill for Utility Lines 

Utility trenches should be constructed to permit easy installation of the utility line without 

twisting, kinks or sharp bends.  For utility pipes up to 24-inch I.D., the trench width should 

be the pipe width plus 20 inches to permit proper compaction around the pipe.  For pipe 
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greater than 24-inch I.D., the trench width should be the pipe width plus 24 inches.  Utility 

trenches should be excavated with vertical faces, and trench protection will be required for 

excavating greater than 5 feet deep. All loose or soft soil should be removed from the base of 

the utility trench prior to backfilling.  

 

Utility pipe bedding in the trench should consist of a minimum of 4 inches of compacted 

granular fill such as IDOT CA-11 aggregate.  The pipe should be centered in the trench and 

backfilled with the compacted bedding fill material to a minimum of 6 inches above the top 

of the pipe followed by a minimum of 18 inches of compacted granular fill such as IDOT 

CA-6 to the elevation of the pavement subgrade.  In non-paved areas, the upper 18 inches of 

trench fill over the pipe may consist of the clean, excavated soil.  

 

Backfill in the trench should be placed in uniform layers not exceeding 4-inch loose lifts.  

The fill should be placed on both sides of the pipe simultaneously.  The material in each lift 

should be mechanically compacted by ramming or tamping with power tools in such a 

manner as not to disturb, kink, or crush the cables, conductor, duct or conduit. Trench 

backfill should be compacted to a minimum of 90% of the material’s maximum dry density 

determined in accordance with ASTM D-1557, modified Proctor. 

 

4.8 Site Classification 

Design parameters for the project were determined in accordance with Standard 9 of ASCE 

7: Minimum Design Loads for Buildings and Other Structures based on site specific SPT 

tests and the laboratory shear strength measurements of recovered soil samples.  Because of 

the limited depth of exploration, the Site Classification defaults to Site Class D – Stiff Soil. 

 
Table 5: Seismic parameters 

Description Type Value 

Site Classification Stiff Soil D 

Risk Category  I-III 

Seismic Design Category (SDC) SDC B 

MCER Ground Motion (0.2 Sec Period) SS 0.104 

MCER Ground Motion (1 Sec Period) S1 0.058 

MCEG Peak Ground Acceleration PGA 0.052 

 

A full list of seismic design parameters for generation of earthquake ground motion response 

spectrums is provided in the attachments. 
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5. Construction Considerations 

We anticipate that excavation sideslopes will likely remain stable at slopes of 1H:1V for 

short periods of time.  Excavation sideslopes remaining open for extended periods may 

require flatter sideslopes.  Regardless, all excavations should be performed in accordance 

with pertinent local, state, federal, and OSHA regulations. 

The base of each foundation excavation should be free of water and loose soil prior to 

placing concrete.  Concrete should be placed as soon after excavating as possible to reduce 

bearing soil disturbance.  If the soils at bearing level become disturbed, saturated, or frozen, 

the affected soil should be recompacted or removed prior to placing concrete.  Placement of a 

lean concrete mud-mat over the bearing soils should be considered if the excavations must 

remain open overnight or for an extended period of time. 

We recommend that all foundation and subgrade soils be observed by a representative of GEI 

prior to placement of concrete or fill to confirm that the subgrade conditions are consistent 

with the design assumptions and recommendations contained in this report.  Periodic density 

testing should be performed on any fill to document that density requirements have been met. 
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6. Limitations 

This report was prepared for the exclusive use of Wold Architects and Engineers for the new 

Lake County Regional Operations & Communications Facility in Libertyville, IL.  This 

report may require modification if there are any changes in the nature, design, or location of 

the proposed structure.  We cannot accept responsibility for designs based on our 

recommendations unless we are engaged to review the final plans and specifications to 

evaluate whether any changes in the project affect the validity of our recommendations and 

whether our recommendations have been properly implemented in the design. 

 

The recommendations in this report are based in part on the data obtained from the 

subsurface explorations.  The nature and extent of variations between explorations may not 

become evident until construction.  If variations from the anticipated conditions are 

encountered, it may be necessary to revise the recommendations in this report.  Therefore, we 

recommend that GEI be engaged on a full-time basis during construction to:  a) check that 

the subsurface conditions exposed during construction are in general conformance with our 

design assumptions, and b) ascertain that, in general, the geotechnical aspects of the work are 

being performed in compliance with the contract documents. 

 

It was not part of our scope to explore for or research the locations of buried utilities or other 

buried structures at the site.  Before construction of foundations for the proposed structure, a 

diligent effort should be made to determine the presence and location of any buried structures 

including utilities.  This effort should include a thorough review of available drawings and 

other records of the site use and facilities.  If the presence of such structures is determined to 

be likely, GEI should be notified so that we may review and revise our recommendations, if 

appropriate. 

 

Our professional services for this project have been performed in accordance with generally 

accepted engineering practices; no warranty, expressed or implied, is made. 
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Soil Boring Location Plan 

Soil Boring Logs 

General Notes and Sampling Procedures 
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FIGURE 2

BORING LOCATION DIAGRAM

Lake County Regional Operations & Communication Facility

Libertyville, IL

Wold Architects and Engineers

Palatine, IL Project No. 2202656 June 2022
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LETTERGRAPH

SYMBOLS
MAJOR DIVISIONS

SOIL CLASSIFICATION CHART

PT

OH

CH
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SM

SP

COARSE
GRAINED

SOILS
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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

GC

GM

GP

GW

CLAYEY GRAVELS, GRAVEL - SAND -
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7/19/22, 3:08 PM U.S. Seismic Design Maps

https://seismicmaps.org 1/2

650 W Winchester Rd, Libertyville, IL 60048, USA
Latitude, Longitude: 42.2949707, -87.9639174

Date 7/19/2022, 3:08:36 PM

Design Code Reference Document ASCE7-16

Risk Category II

Site Class D - Default (See Section 11.4.3)

Type Value Description
SS 0.104 MCER ground motion. (for 0.2 second period)

S1 0.058 MCER ground motion. (for 1.0s period)

SMS 0.167 Site-modified spectral acceleration value

SM1 0.138 Site-modified spectral acceleration value

SDS 0.111 Numeric seismic design value at 0.2 second SA

SD1 0.092 Numeric seismic design value at 1.0 second SA

Type Value Description
SDC B Seismic design category

Fa 1.6 Site amplification factor at 0.2 second

Fv 2.4 Site amplification factor at 1.0 second

PGA 0.052 MCEG peak ground acceleration

FPGA 1.6 Site amplification factor at PGA

PGAM 0.083 Site modified peak ground acceleration

TL 12 Long-period transition period in seconds

SsRT 0.104 Probabilistic risk-targeted ground motion. (0.2 second)

SsUH 0.11 Factored uniform-hazard (2% probability of exceedance in 50 years) spectral acceleration

SsD 1.5 Factored deterministic acceleration value. (0.2 second)

S1RT 0.058 Probabilistic risk-targeted ground motion. (1.0 second)

S1UH 0.065 Factored uniform-hazard (2% probability of exceedance in 50 years) spectral acceleration.

S1D 0.6 Factored deterministic acceleration value. (1.0 second)

PGAd 0.5 Factored deterministic acceleration value. (Peak Ground Acceleration)

CRS 0.952 Mapped value of the risk coefficient at short periods

CR1 0.885 Mapped value of the risk coefficient at a period of 1 s
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DISCLAIMER

While the information presented on this website is believed to be correct, SEAOC /OSHPD and its sponsors and contributors assume no responsibility or
liability for its accuracy. The material presented in this web application should not be used or relied upon for any specific application without competent examination
and verification of its accuracy, suitability and applicability by engineers or other licensed professionals. SEAOC / OSHPD do not intend that the use of this
information replace the sound judgment of such competent professionals, having experience and knowledge in the field of practice, nor to substitute for the
standard of care required of such professionals in interpreting and applying the results of the seismic data provided by this website. Users of the information from
this website assume all liability arising from such use. Use of the output of this website does not imply approval by the governing building code bodies responsible
for building code approval and interpretation for the building site described by latitude/longitude location in the search results of this website.
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Appendix C 

Site Topography  
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