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INTRODUCTION

Geotechnical Engineering Report
Multi-Family Development
8004 Farnam Street
Omaha, Nebraska
Terracon Project No. 05205143
September 28, 2020

INTRODUCTION
This report presents the results of our subsurface exploration and geotechnical engineering
services performed for the proposed multi-family development to be located at 8004 Farnam
Street in Omaha, Nebraska.
The field exploration included seven soil borings to depths of about 7 to 40 feet and three cone
soundings to depths of approximately 60 feet below existing grades. Maps showing the site and
boring and cone sounding locations are shown on Site Location and Exploration Plan,
respectively. The results of the laboratory testing performed on soil samples obtained during the
field exploration are included on the boring logs or as separate graphs in Exploration Results.
The purposes of this exploration and report are to provide information and geotechnical
engineering recommendations relative to:
■
■
■
■
■

Soil conditions
Groundwater conditions
Site preparation and earthwork
Foundation design and construction
Floor slab design and construction
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■
■
■
■

Seismic site classification per IBC
Lateral earth pressures
Pavement design and construction
Frost considerations
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SITE CONDITIONS
Item
Parcel Information

Description
The project is located at 8004 Farnam Street in Omaha, Nebraska.
Approx. Latitude/Longitude: 41° 15.54' N / 96° 2.24' W. See Site Location

Existing
Improvements

Former Village Inn restaurant and motel.

Current Ground
Cover

Majority of the site around the buildings is parking lots and driveways paved
with asphalt. Lawn and trees are located around the perimeter of the
property.
Based on review of the Douglas County
GIS database, the ground surface is
relatively flat with less than about 2 feet of
grade change.

Existing Topography

Site History

Responsive ■ Resourceful ■ Reliable

Prior to construction of the Village Inn
restaurant, several other structures were
present in the north half of the site. These
buildings were razed between 1993 and
1998. The motel’s swimming pool located
in the central portion of the site was
abandoned; it is not known if the pool was
removed or simply backfilled and pavedover.
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PROJECT DESCRIPTION
Item

Description

Information Provided

Site plan and floor plan prepared by HBA and dated July 21, 2020.
Building perspective renderings prepared by HBA
ALTA surveys prepared by Lamp Rynearson.

Project Description

Construction of a multi-family residential building. The Village Inn
restaurant and existing motel will be razed.

Proposed Structures

A five-story building with overall plan dimensions of about 184 feet by 361
feet. The at-grade level will be primarily used for resident parking;
however, a lobby and amenity area will be present in the south end of the
building. The upper four floors will consist of residential units.

Building Construction

The parking level is anticipated to consist of a combination of pre-cast
and cast-in-place concrete. The upper four levels will be wood-framed.
Support is anticipated to consist of a shallow foundation bearing on a
ground improvement system.
An outdoor, in-ground swimming pool and patio area are planned just
south of the building.

Finished Floor Elevation

1047 feet

Maximum Loads

Columns: 350 kips
Walls: 6 klf
Grade-supported slabs: 150 psf

Grading/Slopes

A grading plan is not available. Comparing the FFE to existing grades, we
anticipate grading will consist of less than about 2 feet of cut and fill. Final
slopes of 3H:1V (Horizontal: Vertical) or flatter are expected.

Below Grade Structures

None other than the swimming pool described above.

Free-Standing Retaining
Walls

None

Pavements

Paved entrance drive into the parking level, some off-street parking along
Farnam Street, and a separate trash/delivery drive. Paving is anticipated
to consist of Portland cement concrete.
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3

Geotechnical Engineering Report
Multi-Family Development ■ Omaha, Nebraska
September 28, 2020 ■ Terracon Project No. 05205143

GEOTECHNICAL CHARACTERIZATION
Subsurface Profile
We have developed a general characterization of the soil and groundwater conditions based upon
our review of the boring and cone sounding information, the geologic setting, and our
understanding of the project. This characterization, termed GeoModel, forms the basis for our
geotechnical evaluations and recommendations for site preparation and earthwork, foundation
options, and pavement options. Conditions encountered at each boring location are indicated on
the individual boring logs. The GeoModel and individual logs are provided in Exploration
Results.
The GeoModel is based upon our widely-spaced exploration points across the site. Variations
can occur between boring and cone sounding locations and across the site. Previous construction
and grading may have created additional variations.

Groundwater Conditions
The boreholes were observed while drilling and after completion for the presence and level of
groundwater. In addition, delayed water levels were also obtained in some borings. The water levels
observed in the boreholes are provided on the boring logs in Exploration Results, and are
summarized below.
Boring Number

1.

Approximate Depth to Groundwater
while Drilling (feet)

1

Approximate Depth to
Groundwater after Drilling (feet)

B-1, B-7

Not encountered

Not encountered

B-2

12

13

B-3

14

14

B-4

19

15

B-5, B-6

13

Not recorded

1

Below ground surface

A relatively long period of time is necessary for a groundwater level to develop and stabilize in a
borehole. Longer term monitoring in cased holes or piezometers would be required for a more
accurate evaluation of the groundwater conditions and seasonal fluctuations.
Groundwater level fluctuations occur due to seasonal variations in the amount of rainfall, runoff,
and other factors not evident at the time the borings were performed. Therefore, groundwater
levels during construction or at other times in the life of the structure may vary from than the levels
indicated on the boring logs. In addition, perched water can occur overlying compacted cohesive
fill or over dense clay layers. The possibility of groundwater level fluctuations and development
of perched water conditions should be considered when developing the design and construction
plans for the project.
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GEOTECHNICAL OVERVIEW
Building Support
Fill soils consisting of lean clay were encountered in the borings to depths ranging from 3 to 8
feet, underlain by native alluvial soils. The native clay soils are medium stiff to soft in consistency
and are generally not suitable for support of the estimated column loads of 350 kips for the
proposed 5-level building in their current condition (estimated settlement of up to 3 inches).
Therefore, we recommend a ground improvement system such as Geopiers™ or stone columns
be installed below building foundations. Additional recommendation can be found in Ground
Improvement.

Existing Fill
We are not familiar with compaction specifications associated with the existing fill, and have not
been provided any reports of observations or density tests performed during fill placement. Any
such records would aid our evaluation of the existing fill.
We estimate a standard moisture-density relationship (ASTM D698) maximum density of about 104
pcf for the fill. Based on this estimate, the existing fill soils appear to be of variable compaction,
with some zones of poorly compacted fill encountered in the borings. Poorly compacted fill soils
present settlement risks to the floor slabs, foundations, and pavements.
There is a risk to the owner when floor slabs, foundations, and pavements are constructed on or
above existing fill material, such as due to settlement resulting from inadequate or potential
variations in composition and compaction. In order to remove this risk, removal of all of the
existing fill would be required. If the decision is made to leave the fill in-place below the building
and pavements, we recommend some minimum measures to reduce, but not eliminate, the risks
posed by the fill. The measures include overexcavating the existing fill soils to a depth 24 inches
below the floor slab and granular base subgrade and to a depth of 12 inches below pavement
subgrade, proofrolling the exposed subgrade, removal of any dry, unsuitable or unstable material,
and replacing the removed soil with compacted low-plasticity clay. We recommend that
geotechnical probing, testing and observation be conducted by a Terracon geotechnical
representative during site preparation, subgrade preparation, and foundation construction.
Support of footing foundations, floor slabs, and pavements on or above existing fill materials is
discussed in this report. However, even with the recommended construction procedures, there is
an inherent risk for the owner that compressible fill or unsuitable material within or buried by the
fill will not be discovered. This risk of unforeseen conditions cannot be eliminated without
completely removing the existing fill, but can be reduced by following the recommendations
contained in this report. To take advantage of the cost benefit of not removing the entire amount
of undocumented fill, the owner must be willing to accept the risk associated with building over
the undocumented fills.
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The Floor Slabs section addresses slab-on-grade support of the building.
The Pavements section addresses the design of pavement systems.

Settlement
We understand the finished floor elevation of the building will be around Elevation 1047, which
will require up to 2 feet of grade raise fill in some areas of the site. Grade raise greater than ½ of
a foot will result in consolidation settlement of the soil. With the information from the cone
soundings and consolidation test, we estimate settlement associated with grade raise fill will range
from 1½ to 2 inches. Therefore, we recommend the building footprint be preloaded and surcharge
loaded, with the surcharge fill extending at least 4 feet above the finished floor elevation. Please
be aware that the designer of the ground improvement system may require additional surcharge.
Additional site preparation recommendations including subgrade improvement and fill placement
are provided in Earthwork.

Floor Slab Drainage
We understand the bottom floor of the new building will be used as a parking garage, and this
level will be heated. Subdrains are recommended at particular points under the parking slab.
Additional recommendations can be found in Floor Slabs.
The General Comments section provides an understanding of the report limitations.

Responsive ■ Resourceful ■ Reliable
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EARTHWORK
Site Preparation
Removal of existing foundations and pavements, and stripping of all existing vegetation, organic
topsoil, and any other materials unsuitable for re-use as engineered fill should be performed within
all cut, fill, building, and pavement areas. A stripping depth of about 6 to 9 inches is expected to
be adequate in grassy areas; however, areas requiring deeper stripping may be encountered. We
recommend that site stripping and subgrade preparation procedures extend at least 5 feet beyond
building walls and 2 feet beyond the edges of proposed pavements, where feasible. A Terracon
geotechnical representative should help evaluate actual stripping depths at the time of
construction.
Tree and shrub root systems should be thoroughly removed from building and pavement areas. This
applies both to trees currently on the site and to trees removed in the past several years. An effort
should be made to locate records, plats or photographs indicating the past location of trees or other
large vegetation. In addition, some of the natural soils may have been desiccated by the tree roots.
Desiccated clays present a significant risk of heave if left in-place below footing foundations, floor
slabs, or pavements. Therefore, any soils desiccated by trees or shrub roots should be removed
and replaced with approved fill.
We understand that several utility lines extend through the building and pavement areas. It is our
experience that poorly compacted backfill is commonly found adjacent to below-grade foundations
and basement walls, and in utility line trenches. Utility lines should be re-routed outside of the
building area. Whether the utility lines are abandoned or not, any poorly compacted backfill above
the lines and adjacent to existing foundations should be removed and replaced.
As discussed in Geotechnical Considerations, we recommend existing fill soils be overexcavated
to a depth of at least 2 feet below the floor slab subgrade elevation in the building footprint, and to a
depth of at least 12 inches below the pavement subgrade elevation in pavement areas. The
subgrade exposed at this level should then be proofrolled prior to placing structural fill up to subgrade
level.
Prior to placing fill in areas to receive fill, the subgrade should be proofrolled in the presence of a
Terracon geotechnical representative. Proofrolling aids in providing a firm base for compaction of
fill and delineating soft, or disturbed areas that may exist below subgrade level. Unsuitable areas
observed at this time should be improved by scarification and recompaction or by undercutting
and replacement with structural fill. Proofrolling may be accomplished with a fully loaded, tandemaxle, dump truck with a minimum gross weight of 25 tons or other equipment providing an
equivalent subgrade loading.
Terracon should be retained to monitor stripping, subgrade stability, existing fill and structure
removal, utility abandonment, site excavation, removal of unsuitable materials, and proofrolling.
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Terracon can assist in identifying existing fill soils or low-strength native soils that should be
undercut and removed, as well as identifying additional corrective measures for conditions that
may become apparent during construction.

Fill Material Types
Structural fill should meet the following material property requirements:
Fill Type

1

Low-plasticity, cohesive
soil
Granular

3

Drainage Fill
On-site soil
1.

2.

3.

4.

5.

4

USCS Classification

Acceptable Location for Placement

CL
(LL ≤ 45 and 10 ≤ PI ≤ 25)

2

All locations and elevations.

SP, SW, GW

Below interior slabs-on-grade.

SP, SW, GW

Free-draining granular fill.

8

CL

Generally appears suitable for use as lowplasticity cohesive fill.

Structural fill should consist of approved materials that are free of organic matter or debris. Frozen
material should not be used, and fill should not be placed on a frozen subgrade. Each proposed fill
material should be sampled and evaluated by the geotechnical engineer prior to its delivery and/or
use.
LL = Liquid Limit, PI = Plasticity Index. Fill meeting a PI of 10 to 20 is preferred; however, the lab test
results indicate some of the on-site soils have a PI up to about 25. Utilizing lean clay soils with a
liquid limit of less than 45 percent and a plasticity index between 20 and 25 percent is generally
accepted in the area, although this will somewhat increase the risk of shrink-swell movement.
A well graded granular material, with 100 percent passing the 1-inch sieve, and less than 6 percent
passing the No. 200 sieve. Terracon can review proposed materials. Using a material similar to NDOT
Crushed Rock for Base Course, with 6% or less fines (material passing the #200 sieve) for this layer
will improve subgrade stability during compaction and slab construction.
Well-graded, free-draining granular material. A general gradation should be 100% passing the 1½inch sieve, about 40 percent passing the No. 10 sieve, and less than 6 percent fines. Terracon can
review proposed materials. NDOT 47B Fine Aggregate for Concrete or approved alternative.
Sorting of topsoil and on-site soils containing debris, organics, etc., will be necessary. Delineation of
unsuitable on-site soils should be performed in the field by a Terracon representative. Moisture
conditioning of the on-site soils will be necessary to facilitate compaction.

Terracon should be retained to evaluate proposed fill materials, including sampling and performing
laboratory tests on proposed fill to evaluate compliance with the project specifications. We can also
review data for proposed materials which are generated by the contractor or suppliers.

Fill Compaction Requirements
Structural fill should meet the following compaction requirements.
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Item

Structural Fill
8 inches or less in loose thickness when heavy, self-propelled compaction
equipment is used

Maximum Lift
Thickness

4 to 6 inches in loose thickness when hand-operated equipment (i.e. jumping
jack or plate compactor) is used

Minimum
Compaction
Requirements

98% of maximum within upper 8 inches below pavements
1, 2, 3

Water Content
Range
1.
2.

4

95% of maximum all other locations and elevations
Low plasticity cohesive: -2% to +3% of optimum
Granular: Workable moisture levels

Maximum density and optimum water content as determined by the standard Proctor test (ASTM D
698).
If the granular material is a coarse sand or gravel, or of a uniform size, or has a low fines content,
compaction comparison to relative density may be more appropriate. In this case, granular materials
should be compacted to at least 70% relative density (ASTM D 4253 and D 4254).

3.

Consideration can be given to compacting all fill below pavements to 95% during mass grading.
Immediately prior to paving, we recommend that the subgrade below exterior pavements be roughgraded as needed, and then scarified and recompacted. We recommend this process include
scarifying the subgrade to a depth of about 8 inches, moisture conditioning the scarified soil to within
-2 to +3 percent of the material’s optimum, and compacting the scarified soil to at least 98%. Scarified
soils which cannot be recompacted to this degree should be undercut and replaced with stable
material.

4.

Specifically, moisture levels should be maintained low enough to allow for satisfactory compaction to
be achieved without the cohesionless fill material pumping when proofrolled or containing excess
water (ponding).

Terracon should be retained to monitor fill placement and to perform field density tests as each lift of
fill is placed in order to evaluate compliance with the design requirements. Terracon should be
retained to observe and test floor slab and pavement subgrades immediately prior to paving.

Settlement
Discussion
The borings and cone soundings encountered compressible clay soils. The expected grade raises
in combination with the building floor slab and foundation loads will cause stress increases
extending into the compressible soils. The compressible soils will respond by consolidating and
causing settlement.
For grade-supported floor slabs and spread footing system performance, the settlement caused by
fill placed after foundation and slab installation is of concern. For spread footings and gradesupported slabs, the fill placed after installation would induce direct settlements of foundations and
slabs.

Responsive ■ Resourceful ■ Reliable
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If preloading and surcharge loading, as described in the following subsections, cannot be
accomplished prior to foundation installation, we request the opportunity to review potential
settlements of spread footings with the design team.
Preload Fill and Surcharge Fill Placement
Settlements are anticipated due to the grade raises and floor slab loads, with the settlements
requiring several weeks to occur. We anticipate enough settlement to adversely affect foundations
and grade-supported slabs. Therefore, we recommend the expected settlements be allowed to
occur prior to installing foundations and floor slabs, by placing preload fill and surcharge fill.
Although in lean clay soils, about ¼ to ½ of consolidation settlement commonly occurs during fill
placement, consolidation settlement requires additional time to occur and therefore affects the
project schedule. We recommend the preload and surcharge fill be placed as early in the grading
process as possible. We also recommend settlement monitoring be performed, as discussed below,
to measure actual settlement magnitude and time frame.
We recommend the preloading and surcharge loading process be initiated by placing permanent fill
up to floor slab subgrade level within the building footprint and for a distance of 20 feet around the
building perimeter, where possible. Permanent fill should be placed and compacted according to
the recommendations presented in Structural Fill Compaction Requirements.
We then recommend placing preload fill and surcharge fill to a vertical distance of at least 4 feet
above FFE. The top of surcharge fill should extend at least 10 feet laterally beyond the building
perimeter, where possible. Consideration should be given to the use of jersey barriers or a pillow
wall where the surcharge may impede on the adjacent properties.
We will review the preload/surcharge plans to confirm that our recommendations have been
interpreted as intended. The as-placed configuration of the preload/surcharge fill should be verified
by an as-built survey.
The preload fill and surcharge fill can be tracked into place with loaded scrapers or dump trucks, in
lifts of 12 inches or less in loose thickness. A minimum compaction criterion is not required, but the
as placed material should have a minimum in situ wet unit weight of 100 pcf. It would be possible
to use fill soils which would later be used to raise site grades outside the building area. Topsoil
strippings / unsuitable material could also be used for preload material.
Settlement Monitoring
After placement of the permanent fill, and prior to placement of surcharge fill, survey
monuments should be installed for settlement monitoring. We recommend a minimum of two
settlement plates. The monuments should consist of 2-foot square steel plates firmly embedded
on the permanent fill, with metal riser pipe coupled to the top of the settlement plate and extending
above the surcharge fill. Plastic pipe should be installed around the steel riser pipes. Care should
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be taken not to disturb the monuments during surcharge fill placement. A monument which is
damaged or disturbed should be repaired or replaced immediately.
We recommend surveying the elevations of the settlement monuments to the nearest 100th of
a foot, and the elevation of the top of the adjacent fill to the nearest 10 th of a foot, according to
the following schedule:
Time Period

Monitoring Schedule

At Time of Monument Seating

Initial Readings

During Surcharge Fill Placement

Daily

For two weeks following fill placement

Three times per week

Between Two and Five Weeks Following Fill Placement

Two times per week

The monitoring data should be submitted to Terracon for analysis and evaluation of when
construction may proceed. A settlement period of 4 to 6 weeks is estimated based on our
experience with projects of this type and the soil conditions encountered. Other factors affecting
the effective drainage path and permeability of the soils may reduce the time for the settlement to
occur. We anticipate 2 to 3 weeks of settlement data will be required before we can begin
evaluation of eventual total settlements and refinement of our time frame estimates.

Utility Trench Bedding and Backfill
All trench excavations should be made with sufficient working space to permit construction, including
backfill placement and compaction. Utility trenches are a common source of water infiltration and
migration. If utility trenches are backfilled with relatively clean granular material, they should be
capped with either paving or at least 18 inches of cohesive fill to reduce the infiltration and
conveyance of surface water through the trench backfill.
We also recommend constructing an effective clay “trench plug” that extends at least 5 feet out from
the face of the building exterior. The plug material should consist of either cementitious flowable fill
or low permeability clay. The trench plug should be placed to completely surround the utility line.

Construction Considerations
Any areas of standing surface water should be drained as far in advance of construction as possible.
Any saturated soils should be removed prior to placing fill or proceeding with construction.
The clays encountered in the borings will be sensitive to disturbance from construction activity and
water seepage. If precipitation occurs immediately prior to or during construction, the near-surface
clay soils could increase in moisture content and become more susceptible to disturbance.
Construction activity should be monitored, and should be curtailed if the construction activity is
causing subgrade disturbance. A Terracon representative can help with monitoring and developing
recommendations to avoid subgrade disturbance.
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Surface water should not be allowed to pond on the site and soak into the soil during construction.
Construction staging should provide drainage of surface water and precipitation away from the
building and pavement areas. Any water that collects over or adjacent to construction areas should
be promptly removed, along with any softened or disturbed soils. Surface water control in the form
of sloping surfaces, drainage ditches and trenches, and sump pits and pumps will be important to
avoid ponding and associated delays due to precipitation and seepage.
Upon completion of filling and grading, care should be taken to maintain the subgrade moisture
content prior to construction of floor slabs and pavements. Construction traffic over the completed
subgrade should be avoided. The site should also be graded to prevent ponding of surface water
on the prepared subgrades or in excavations. If the subgrade should become frozen, desiccated,
saturated, or disturbed, the affected material should be removed or these materials should be
scarified, moisture conditioned, and recompacted prior to floor slab and pavement construction.
As a minimum, all temporary excavations should be sloped or braced as required by Occupational
Safety and Health Administration (OSHA) regulations to provide stability and safe working
conditions. Construction site safety is the sole responsibility of the contractor who controls the
means, methods, and sequencing of construction operations. All excavations should comply with
applicable local, state and federal safety regulations, including the current OSHA Excavation and
Trench Safety Standards.

Exterior Grading
Poor site drainage and ponding of surface water can increase the potential for frost heave or
settlement. Excessive moisture can reduce bearing capacity and contribute to slab and pavement
settlement and cracking.
Finished grading slopes should promote drainage away from the buildings and pavements. We
recommend final grades for seeded and landscaped areas be sloped at least 5 percent within 10
feet around the buildings. We recommend cohesive backfill be placed in utility trenches and adjacent
to building foundations and curbs, and this fill be compacted to at least 95 percent of standard Proctor
maximum dry density to help prevent surface water infiltration. Roof drains should be extended to
discharge on pavements or in lawn areas more than 5 feet from the buildings. Pavements or
sidewalks installed adjacent to the building should slope away from the building at a grade of 2% or
more.
Overwatering of grass or landscaping vegetation is a significant source of water, and should be
avoided near the buildings and pavements. Sprinkler heads should be adjusted to miss the exterior
building walls and pavements. Automated watering systems should be programmed to not run after
natural rain events, and to not overwater. Any utility leaks should be promptly repaired. Lining the
bottom of irrigated planter areas along the buildings with an impermeable moisture barrier, and
installing tile lines leading to gravity outlets or sump pits and pumps, would also help to control
surface water that infiltrates into these features.
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GROUND IMPROVEMENT
Design Recommendations
As discussed in Geotechnical Overview, existing fill underlain by compressible native clay was
encountered across the building area. Installing a ground improvement system consisting of
comparted aggregate piers, such as Geopiers™ or stone columns, below footing foundations will
improve bearing conditions and reduce the risk of unacceptable settlements. Design
recommendations for shallow foundations are presented in the following table; however, the
ground improvement design and installation recommendations will need to be provided by the soil
improvement system designer.
Description

Column

Net allowable bearing pressure (soil)
Minimum dimensions
Minimum embedment

1, 2

3
4

Estimated total settlement

5

Estimated differential settlement

Wall

To be determined by
soil improvement system designer.
30 inches

18 inches

42 inches

42 inches

To be determined by
soil improvement system designer.
5

To be determined by
soil improvement system designer.

1. The recommended net allowable bearing pressure is the pressure in excess of the minimum surrounding
overburden pressure at the footing base elevation. Assumes disturbed or soft soils at foundation bearing
level will be undercut and replaced.
2. With installation of a soil improvement system, and after review of published correlations and
conversations with system designers, net allowable bearing pressures on the order of 3,000 psf may be
possible.
3. The designer of a soil improvement system may have different requirements for minimum or maximum
footing dimensions.
4. For frost protection and to reduce the effects of seasonal moisture variations in the subgrade soils. For
perimeter footings and footings in unheated areas. If construction extends into freezing weather, we
recommend that either all footings extend to frost depth (as measured from adjacent grade at the time of
construction) or that the foundations be protected from the elements by straw, frost blankets, or similar
means.
5. The foundation settlement will depend upon the variations within the subsurface soil profile, the chosen
soil improvement system and design criteria, the structural loading conditions, the embedment depth of
the footings, and the quality of the earthwork, and soil improvement design and installation operations.
Expected settlement should be provided by the soil improvement designer, but we recommend a value of
1 inch or less. The owner or structural engineer should verify the expected settlement is within design
tolerance of the structure.
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Ground Improvement System Installation Recommendations
Ground improvement procedures generally involve installing columns of compacted crushed
stone into the native matrix soils, with various methods of installation. Considering the cohesive
nature of the matrix soils, we anticipate a replacement method (e.g., vibro-replacement stone
columns, rammed aggregate piers) will be more appropriate than a displacement method.
Ground improvement procedures are usually proprietary, with design and installation performed
by a specialty contractor. Due to the specialty of the ground improvement procedures, we
recommend that a performance specification be used for ground improvement systems.
Depending on the proximity and support conditions of existing adjacent structures, it may be
necessary to use temporary casing when installing the ground improvement elements.
We recommend that additional discussions occur, and that these discussions involve the
structural engineer, the owner, the soil improvement system designer, and Terracon. We also
recommend that a pre-construction meeting occur involving these companies and the chosen soil
improvement designer and installer to open the lines of communication and discuss the stages of
construction and element testing and protection.
The ground improvement system normally includes a specialized method of placing and
compacting granular fill. As such, we recommend that general considerations applicable to
placing compacted fill also be implemented when installing ground improvement system elements
per the manufacturer’s standard design and installation requirements. For example, the granular
fill used to form the element should not include frozen material. We recommend that no
permanent portion of an element be installed in frozen soil (some elements are over-built during
installation, and then excavated later during foundation construction), and that any portion of an
element that is allowed to freeze after construction be removed and replaced. The granular fill
used to form the element should be capped with compacted cohesive soil to prevent surface water
from entering the element. Surface grading should promote runoff of surface water away from
the construction area.
Tests are usually performed on elements when they are installed (e.g., DCP tests on RAP®
elements). We recommend the tops of the elements be compacted from the surface with handoperated compaction equipment when exposed in foundation excavations. We also recommend
additional tests be performed on the elements during construction, particularly if an extended
period of time elapses between element installation and foundation installation. For example, for
RAP® elements, we recommend that records be kept of which elements have the DCP tests
performed during initial installation, and that DCP tests be performed on these same elements
during foundation construction.
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Foundation Construction Considerations
Terracon should be retained to observe and test the bearing materials exposed in all foundation
excavations. If disturbed or otherwise unsuitable bearing materials are encountered in a footing
excavation, the excavation should be extended deeper, as necessary, to suitable materials. The
footing could bear directly on the suitable materials at the lower level or on lean concrete backfill
placed back up to design bearing level. The footings could also bear on approved, properly
compacted backfill extending down to the suitable materials. Overexcavation for compacted
backfill placement below footings should extend laterally at least 8 inches beyond the edges of
the footings for each foot of depth below footing base elevation. The overexcavation should then
be backfilled up to the footing base elevation with approved fill placed and compacted as
recommended in Earthwork. The adjacent figures depict these options.

The clay soils on this site are susceptible to disturbance from construction activities, particularly
if the soils have high natural moisture contents or become wetted by surface water or seepage.
Care should be taken during excavation and construction of footings to avoid disturbing the
bearing soils. The base of all foundation excavations should be free of water and loose material
prior to placement of concrete. Concrete should be placed within a few hours after excavating to
reduce disturbance of the bearing materials. If the materials at bearing level become excessively
dry, disturbed or saturated, the affected material should be removed prior to placing concrete.

SEISMIC CONSIDERATIONS
Based upon the results of the borings, we estimate the project site as “Site Class D” according to
the 2012 International Building Code (IBC), which references Chapter 20 of ASCE-7. This site
class assumes that soils similar to the native soils encountered at the bottom of the cone
soundings continue to a depth of 100 feet. A more detailed and accurate Site Class evaluation
can be achieved by retaining Terracon to perform a deeper soil boring, to perform a cone sounding
with shear wave measurements, or to use the SeisOpt®ReMi™ method to develop the full depth
shear wave profile.
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FLOOR SLABS
Design Recommendations
Location

Item
Floor slab support

Description
Aggregate base underlain by at least 2 feet of reworked
and recompacted clay prepared according to Earthwork

1

Estimated modulus of
Office Slabs

subgrade reaction

100 pounds per square inch per inch (psi/in) for point loads

2

Aggregate base
course/capillary break

Floor slab support
Parking Slabs
(heated)

3

4 inches of free draining granular material
At least 6 inches of granular drainage fill underlain by at
least 24 inches of reworked and recompacted clay
prepared according to Earthwork. Also see Granular
Drainage System below.

1

Estimated modulus of
subgrade reaction

100 pounds per square inch per inch (psi/in) for point loads

2

Aggregate base
course/capillary break

3

6 inches of free draining granular material. See Granular
Drainage System below.

1. Floor slabs should be structurally independent of any building footings or walls to reduce the
possibility of floor slab cracking caused by differential movements between the slab and foundation.
2. Modulus of subgrade reaction is an estimated value based upon our experience with the subgrade
condition, the requirements noted in Earthwork, and the floor slab support as noted in this table. It
is provided for point loads. For large area loads the modulus of subgrade reaction would be lower.
3. Please refer to Earthwork for recommendations regarding granular fill type. Other design
considerations such as cold temperatures and condensation development could warrant more
extensive design provisions .

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.
Saw-cut control joints should be placed in the slab to help control the location and extent of
cracking. For additional recommendations refer to the ACI Design Manual.
Where floor slabs are tied to perimeter walls or turn-down slabs to meet structural or other
construction objectives, our experience indicates that any differential movement between the
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walls and slabs will likely be observed in adjacent slab expansion joints or floor slab cracks that
occur beyond the length of the structural dowels. The structural engineer should account for this
potential differential settlement through use of sufficient control joints, appropriate reinforcing, or
other means.

Granular Drainage System
We understand part of the lower floor of the building will be used for automobile parking. We
recommend the first level parking slab be underlain by a granular drainage layer and drain system.
Drain lines for the interior drain system are recommended along the inside of the building wall,
around the elevator pit, and one line through roughly the center of the building. The slab surface
should slope to drain to area inlets, and finger drains around the area inlets will also help control
any water which seeps through joints and saw-cuts.
The granular drainage layer and drainage system should be installed only immediately prior to
slab construction. The granular drainage layer should have a minimum thickness of 6 inches, but
the thickness should be increased to 24 inches if it is necessary to protect the slab from
movements associated with frost heave.
The permanent drain pipes should consist of 3 or 4-inch diameter schedule 40 PVC drainage
pipes sloped to provide positive drainage to sump pits and pumps. The pipes should be laid in
12-inch wide trenches extending at least 12 inches below the bottom of the granular drainage fill.
A non-woven geotextile such as Contech C60NW, or equivalent, should be used to line the bottom
and sides of the pipe trenches, and the geotextile should extend at least 3 feet on the subgrade
away from each side of the trench. A 2-inch layer of the granular drainage fill material should be
placed over the fabric in the bottom of the trench, and the pipes should be laid directly on the
granular layer. After the drain tile are installed, granular drainage fill should be used to backfill
the trenches and form the granular drainage layer everywhere under the lower level slab. The
pipe slots or perforations should be sized to prevent excessive infiltration of the drainage fill.
Terracon can provide further recommendations and review of the drainage systems as design
progresses. All tile lines should be provided with cleanouts.

Construction Considerations
On most project sites, the floor slab subgrades are generally developed early in the construction
phase. However, as construction proceeds, the subgrade may be disturbed due to utility
excavations, construction traffic, desiccation, rainfall, etc. As a result, the floor slab subgrade may
not be suitable for placement of base rock and concrete and corrective action will be required.
We recommend the floor slab subgrade be rough graded and then proofrolled with a loaded tandem
axle dump truck prior to fine grading and placement of base rock. Particular attention should be
paid to high traffic areas that were rutted and disturbed earlier and to areas where backfilled
trenches are located. Areas where unsuitable conditions are located should be repaired by

Responsive ■ Resourceful ■ Reliable

17

Geotechnical Engineering Report
Multi-Family Development ■ Omaha, Nebraska
September 28, 2020 ■ Terracon Project No. 05205143

removing and replacing the affected material with properly compacted fill. All floor slab subgrades
should be moisture conditioned and properly compacted to the recommendations in this report
immediately prior to placement of the aggregate base course and concrete.

SWIMMING POOL DECK
Due to the potential for excess water and runoff on the swimming pool deck, the pool deck should
be sloped to provide positive drainage and prevent ponding. In addition, a minimum 12-inch thick
layer of free draining aggregate base should be placed beneath pool deck slabs. Subdrains
should be installed at regular intervals below the pool deck slab to collect and remove water from
the free draining aggregate layer, and the subgrade should be sloped to drain to the subdrains.
Subdrains could consist of 4-inch diameter, perforated plastic pipes encapsulated in filter fabric
(Contech C60NW or equivalent) and placed in shallow trenches extending about 4 to 6 inches
below the granular layer. The subdrains should slope to a suitable discharge point. All pool deck
joints should be sealed and maintained to prevent downward migration of water.
We understand the pool deck will be exposed to the elements, and particularly frost in the winter
months. If it is necessary to protect the deck slab from movements caused by frost heave,
consideration should be given to providing at least 3 feet of non-frost susceptible material below
the deck slab.

LATERAL EARTH PRESSURES AND DRAINAGE
Design Parameters
The lateral earth pressure recommendations given in this section are applicable to the design of
rigid retaining walls subject to slight rotation, such as cantilever, or gravity type concrete walls.
These recommendations are not applicable to the design of modular-block retaining walls (also
termed segmental retaining walls).
Reinforced concrete walls with unbalanced backfill levels on opposite sides should be designed
for earth pressures at least equal to those indicated in the following table. Earth pressures will be
influenced by structural design of the walls, conditions of wall restraint, methods of construction
and/or compaction and the strength of the materials being restrained. Two wall restraint
conditions are shown. Active earth pressure is commonly used for design of free-standing
cantilever retaining walls and assumes wall movement. The "at-rest" condition assumes no wall
movement. The recommended design lateral earth pressures do not include a factor of safety
and do not provide for hydrostatic pressure on the walls.
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Earth Pressure Coefficients
Earth Pressure
Conditions
Active (Ka)

At-Rest (Ko)

Passive (Kp)

Coefficient for
Backfill Type

Equivalent Fluid
Density (pcf)

Surcharge
Pressure, p1 (psf)

Earth Pressure,
p2 (psf)

Granular - 0.33

40

(0.33)S

(40)H

Lean Clay - 0.42

50

(0.42)S

(50)H

Granular - 0.46

55

(0.46)S

(55)H

Lean Clay - 0.50

60

(0.50)S

(60)H

Granular - 3.0

360

---

---

Lean Clay - 2.4

290

---

---

Applicable conditions to the above include:
■
■
■
■
■
■
■
■
■
■
■

For active earth pressure, wall must rotate about base, with top lateral movements of about
0.002 H to 0.004 H, where H is wall height
For passive earth pressure to develop, wall must move horizontally to mobilize resistance.
Uniform surcharge, where S is surcharge pressure
In-situ soil backfill weight a maximum of 120 pcf
Horizontal backfill, compacted between 95 and 98 percent of standard Proctor maximum
dry density
No hydrostatic pressure acting on wall
No loading from compaction equipment
No loading from nearby footings or slabs
No dynamic loading
No safety factor included in soil parameters
Ignore passive pressure in frost zone
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Backfill placed against structures should consist of granular drainage fill or low plasticity cohesive
soils. For the granular values to be valid, the granular backfill must extend out from the base of the
wall at an angle of at least 45 and 60 degrees from vertical for the active and passive cases,
respectively. To calculate the resistance to sliding, a value of 0.45 should be used as the ultimate
coefficient of friction between the footing and the underlying soil.
To control the water level behind the retaining wall, we recommend a perimeter drain be installed
behind the wall as described in Drainage of Cantilever Retaining Walls. If this is not possible, then
combined hydrostatic and lateral earth pressures should be calculated using the values shown in the
following table.
Undrained Lateral Earth Pressure Parameters
Backfill Type

Active Condition 1, 2

At-Rest Condition 1, 2

Clay Backfill

85 pcf

96 pcf

Granular Backfill

83 pcf

91 pcf

1.

These pressures do not include the influence of surcharge, equipment, or
floor loading, which should be added.

2.

Calculated using a saturated soil unit weight of 125 pcf.

These pressures do not include the influence of surcharge, equipment or floor loading, which should
be added. Footings and other loads located adjacent to walls may have a significant effect on
lateral pressures. Placement of footings in wall backfill should be avoided unless structural
analyses are performed to evaluate the resulting loads and effects on the wall. To avoid excessive
lateral wall loads, heavy compaction equipment should not be operated within a distance out from
new or existing walls equal to the height above the base of the wall.

Drainage of Cantilever Retaining Walls
A perforated rigid plastic or metal drain line should be installed behind the walls to prevent hydrostatic
loading on the walls. The invert of a drain line around the walls should be at least 6 inches below the
adjacent slabs. The drain line should be sloped to provide positive gravity drainage to a sump or
other suitable outlet. The drain line should be surrounded by free-draining granular material graded
to prevent the intrusion of soil fines into the granular material or the intrusion of the granular material
into the drain pipe perforations. Alternatively, a coarse, clean, free-draining granular material could
be used to surround the pipe if this material is encapsulated with suitable filter fabric.
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At least a 2-foot wide section
of free-draining granular fill is
recommended for backfill
above the drain line and
adjacent to the wall and
should extend up to the slab;
if the drain pipe is around the
exterior of the building, then
a cohesive fill cap should be
installed as shown in the
schematic.
A prefabricated drainage
structure may be used above
a drain line and the
surrounding filter, in lieu of
free-draining granular fill. A prefabricated drainage structure is a plastic drainage core or mesh which
is covered with filter fabric to prevent soil intrusion, and is fastened to the wall prior to placing backfill.

PAVEMENTS
General Pavement Comments
The pavements should be underlain by a layer of compacted fill prepared in accordance with the
recommendations presented in Earthwork. Typical construction in this area is not to place a
granular base below pavements for this type of project. Rather, the pavements are supported
directly on the cohesive subgrade soils. Installing finger drains along low points of pavements and
around intakes should be considered. If the project design results in a granular base being installed
below pavements, Terracon should be retained to provide additional recommendations. For
example, subdrains are recommended in conjunction with a granular base to prevent water from
ponding in the granular base. Installing “finger drains” around area intakes and in low areas of the
pavements will also improve pavement performance.
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Design Recommendations
We recommend the following pavement sections:
■

Standard Duty Pavements: For parking areas subjected to low volumes of automobile
traffic, a full-depth ACC section having a total thickness of at least 6 inches, or a PCC
pavement section having a thickness of at least 5 inches, is recommended.

■

Heavy-Duty Pavements: Entry drives and truck driveways require increased pavement
thicknesses. A minimum 7-inch thick ACC section, or a minimum 6-inch thick PCC
section, is recommended in these areas.

■

Truck Pads: A minimum 7-inch thick PCC section is recommended for aprons in truck
loading docks, delivery truck parking areas, and refuse pick-up areas. Such areas should
have a concrete section wide enough to accommodate the vehicles that would use it.

Terracon has observed dishing in some parking lots surfaced with ACC. Dishing is usually observed
in frequently-used parking stalls (such as near the front of the building), and occurs under the wheel
footprint in these stalls. The use of higher grade asphaltic cement such as PG70-34, or surfacing
these areas with PCC, is recommended. The dishing is exacerbated by factors such as irrigated
islands or planter areas, sheet surface drainage to the front of the building, and placing the ACC
directly on a compacted clay subgrade. The use of lower grade asphalt cement, such as PG64-34
is relatively common in this area and may be considered, but would provide lower reliability against
rutting and creeping during warm weather.
Minimum surface course thicknesses of 2 inches in automobile areas and 3 inches in driveways
are recommended for asphaltic cement concrete pavement sections. An ACC base course
thickness of 4 inches is recommended.
We recommend that ACC and PCC pavement specifications reference Sections 400 and 500,
respectively, of the City of Omaha Standard Specifications for Public Works Construction, 2020
Edition. We recommend a surface mix type SPR for ACC pavements and mix type L65 for PCC
pavements.
Proper joint spacing will also be required to prevent excessive slab curling and shrinkage
cracking. Joints should be sealed to prevent entry of foreign material and dowelled where
necessary for load transfer. The contractor should submit a joint layout plan for approval by the
engineer prior to placement of concrete. The plan should identify the location of all joints in the
pavement which should be designed to avoid acute angles in accordance with the guidance in
ACI 330R-33 sections 3.7, 3.11 and Figure C.1 Typical Joint Layout for Parking Area.
Where practical, we recommend early-entry cutting of crack-control joints in PCC pavements.
Cutting of the concrete in its “green” state typically reduces the potential for micro-cracking of the

Responsive ■ Resourceful ■ Reliable

22

Geotechnical Engineering Report
Multi-Family Development ■ Omaha, Nebraska
September 28, 2020 ■ Terracon Project No. 05205143

pavements prior to the crack control joints being formed, compared to cutting the joints after the
concrete has fully set. Micro-cracking of pavements may lead to crack formation in locations other
than the sawed joints, and/or reduction of fatigue life of the pavement.
We recommend joints be sealed to help prevent moisture infiltration, including a sprayed concrete
sealer and a hot-pour joint sealer. The use of backer rods is not recommended.
In addition to the joint sealing recommendations above, modifying the concrete mix can also be
considered to improve the durability of the concrete. To reduce Alkali Silica Reactivity (ASR) and
help reduce the concrete permeability, consideration should be given to using Type IP or IPF
(Duracem F) cement. Other pozzolans such as slag can also be considered to decrease
permeability. We also recommend a water-reducing admixture be utilized to facilitate a watercement ratio or not more than 0.42, preferably closer to 0.40. A ready-mixed concrete producer,
local to the project, should be consulted regarding mix performance and material availability. In
addition, a mix design prepared in accordance with ACI 211.5R should be submitted for review
by the design team prior to construction.
A formal pavement design has not been completed for this project. The above recommended
pavement sections are typical minimum values and thicker pavement sections could be used to
reduce maintenance and extend the expected service life of the pavements. Periodic maintenance
will also extend the service life of the pavements and should include patching and repair of
deteriorated areas, crack sealing, and surface sealing. We recommend that a California Bearing
Ratio (CBR) test and a formal pavement design be completed if unusually high vehicle loads or
frequencies are anticipated.

Construction Considerations
Construction scheduling often involves grading and paving by separate contractors and can
involve a time lapse between the end of grading operations and the commencement of paving.
Disturbance, desiccation or wetting of the subgrade soils between grading and paving can result
in deterioration of the previously completed subgrade. A non-uniform subgrade can result in poor
pavement performance and local failures relatively soon after pavements are constructed. We
recommend the moisture content and density of the subgrade be evaluated within two days prior
to commencement of actual paving operations. A proof roll using heavy equipment similar to that
required for pavement construction is recommended to verify subgrade stability for pavement
construction. Scarification and recompaction may be required.
Areas not in compliance with the required ranges of moisture or density should be moisture
conditioned and recompacted. If significant precipitation occurs after the evaluation or if the
surface becomes disturbed, the subgrade condition should be reviewed by Terracon personnel
immediately prior to paving.
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Drainage Considerations
Preventing subgrade saturation is an important factor in maintaining the subgrade strength. Water
allowed to pond on or next to pavements could saturate the subgrade and cause premature
pavement deterioration. Positive surface drainage should be provided away from the edges of paved
areas, and all pavements should be sloped to provide rapid surface drainage. Pavements should
drain toward the edges rather than the center, and perimeter subsurface drains should be installed
next to irrigated planters or other areas where surface water could pond.

FROST CONSIDERATIONS
The clayey soils on this site are considered frost susceptible. Grade-supported exterior slabs are
expected to heave. The amount of heave may be reduced by providing surface drainage away
from the buildings and slabs and toward the site storm drainage system. Structural stoops are
recommended adjacent to exterior doors and other movement-sensitive exterior slabs.
Consideration should be made to installing drain-tile around the perimeter of exterior slabs that
connect directly to the storm drainage system to help further reduce the potential for frost heave.

GENERAL COMMENTS
Terracon should be retained to review the final design plans and specifications so comments can
be made regarding interpretation and implementation of our geotechnical recommendations in the
design and specifications. In the event that changes in the nature, design, or location of the
project as outlined in this report are planned, the conclusions and recommendations contained in
this report shall not be considered valid unless Terracon reviews the changes and either verifies
or modifies the conclusions of this report in writing. Terracon also should be retained to provide
observation and testing services during grading, excavation, construction, foundation, and paving,
and other earth-related construction phases of the project. Site safety, excavation support, and
dewatering requirements are the responsibility of others.
The analysis and recommendations presented in this report are based upon our understanding of
the project, the data obtained from the borings performed at the indicated locations and from other
information discussed in this report. This report does not reflect variations that may occur between
borings across the site, or due to the modifying effects of construction or weather. The nature
and extent of such variations may not become evident until during or after construction. If
variations appear, we should be immediately notified so that further evaluation and supplemental
recommendations can be provided.
The scope of services for this project does not include either specifically or by implication any
environmental or biological (e.g., mold, fungi, bacteria) assessment of the site or identification or
prevention of pollutants, hazardous materials or conditions. If the owner is concerned about the
potential for such contamination or pollution, other studies should be undertaken.
Responsive ■ Resourceful ■ Reliable

24

Geotechnical Engineering Report
Multi-Family Development ■ Omaha, Nebraska
September 28, 2020 ■ Terracon Project No. 05205143

Our services and any correspondence or collaboration are intended for the sole benefit and
exclusive use of our client for specific application to the project discussed and are accomplished
in accordance with generally accepted geotechnical engineering practices with no third-party
beneficiaries intended. Any third-party access to services or correspondence is solely for
information purposes to support the services provided by Terracon to our client. Reliance upon
the services and any work product is limited to our client and is not intended for third parties. Any
use or reliance of the provided information by third parties is done solely at their own risk. No
warranties, either express or implied, are intended or made.
Any information we convey prior to the report completion is for informational purposes only and
should not be used for decision-making purposes or final design.

Responsive ■ Resourceful ■ Reliable

25

ATTACHMENTS

Responsive ■ Resourceful ■ Reliable

Geotechnical Engineering Report
Multi-Family Development ■ Omaha, Nebraska
September 28, 2020 ■ Terracon Project No. 05205143

EXPLORATION AND TESTING PROCEDURES
Field Exploration
Boring Layout and Elevations: Terracon personnel completed the boring and CPT sounding
layout. Coordinates of the boring and cone sounding locations were obtained with a handheld
GPS unit (estimated horizontal accuracy of about ±15 feet).
The ground surface elevations indicated on the soil boring logs and CPT sounding data sheets
are approximate and were interpolated from the ALTA surveys of the site. True surface elevations
at these locations could differ due to interpolation, and other differences could occur from
superposing approximate test locations on the topographic plan.
The locations and elevations of the soil borings and cone soundings should be considered accurate
only to the degree implied by the means and methods used to define them.
Subsurface Exploration Procedures: We advanced the borings with a truck-mounted, rotary drill
rig using continuous augers.
Samples were obtained using thin-walled tube sampling methods. In the thin-walled tube sampling
procedure, a thin-walled, seamless steel tube with a sharp cutting edge was pushed hydraulically
into the soil to obtain a relatively undisturbed sample. The samples were placed in appropriate
containers and taken to our soil laboratory for testing and review. We also observed and recorded
groundwater levels during drilling and sampling.
Our exploration team prepared field boring logs as part of the drilling operations. These field logs
included visual classifications of the materials encountered during drilling and our interpretation
of the subsurface conditions between samples. Typed boring logs were prepared from the field
logs, and represent the engineer’s interpretation of the field logs and include modifications based
on observations and tests of the samples in our laboratory.
Three soundings were performed with a piezometric electronic cone penetrometer (CPTU) at the
locations indicated on the attached diagram. CPT testing is conducted in general accordance with
ASTM D5778 "Standard Test Method for Performing Electronic Friction Cone and Piezocone
Penetration Testing of Soils.” This device includes a cone-tipped sounding unit attached to steel
rods with flush joint couplings. The sounding unit has electronic strain gauges that measure point
resistance and sleeve friction, a transducer that measures pore water pressure and an inclinometer
that measures verticality of the sounding unit. The readings from the cone instruments are
transmitted acoustically through the rods to a computer at the surface that stores the data and
provides real-time display of the cone results. A depth encoder device monitors penetration depth
and speed as the rods are pushed slowly into the ground. The cone unit records the measured
values at 2-cm intervals.
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The resistance to penetration can be correlated with soil strength and density properties, and soil
types can be estimated.

Laboratory Testing
Water content tests were performed on the samples, and density determinations were performed on
the thin-walled tube samples. Unconfined compression tests were performed on selected thin-walled
tube samples. The unconfined compressive strength of many samples was estimated with a hand
penetrometer test. In addition, two Atterberg limits tests were completed on selected samples. The
results of these laboratory tests are provided on the boring logs.
One consolidation test was completed on a selected sample. The results from this test are provided
in Exploration Results.
The samples were classified in the laboratory based on visual observation and texture. Additional
laboratory testing could be performed to more accurately classify the samples. The soil descriptions
presented on the boring logs for native soils are in general accordance with the General Notes
and Unified Soil Classification System (USCS), both of which are included in Exploration
Results. The estimated group symbol for the USCS is also shown on the boring logs, and a brief
description of the USCS is included in Exploration Results.
Procedural standards noted above are for reference to methodology in general. In some cases,
variations to methods are applied as a result of local practice or professional judgment.
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1
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2

2
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40

40
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995
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985
This is not a cross section. This is intended to display the Geotechnical Model only. See individual logs for more information.

Model Layer

Layer Name

1

Fill

2

Alluvium

General Description
Fill: Lean Clay, Lean to Fat Clay
Lean Clay, Lean to Fat Clay: Stiff to Soft

LEGEND
Fill
Lean Clay
Lean Clay/Fat Clay

Water Observation
Water Observation

Groundwater levels are temporal. Significant changes are possible over time.
Water levels shown are as measured during and/or after drilling. In some cases,
boring advancement methods mask the presence/absence of groundwater. See
individual logs for details.

NOTES:
Layering shown on this figure has been developed by the geotechnical
engineer for purposes of modeling the subsurface conditions as
required for the subsequent geotechnical engineering for this project.
Numbers adjacent to soil column indicate depth below ground surface.

BORING LOG NO. B-1
PROJECT: Residential Development

CLIENT: J Development Company LLC
Omaha, NE

DEPTH

ELEVATION (Ft.)

DRY UNIT
WEIGHT (pcf)

WATER
CONTENT (%)

UNCONFINED
COMPRESSIVE
STRENGTH (psf)

Approximate Surface Elev.: 1046 (Ft.) +/-

LABORATORY
HP (psf)

Latitude: 41.2595° Longitude: -96.0376°

SAMPLE TYPE

LOCATION See Exploration Plan

WATER LEVEL
OBSERVATIONS

78th and Dodge Street
Omaha, NE
DEPTH (Ft.)

GRAPHIC LOG

MODEL LAYER

SITE:

Page 1 of 1

ATTERBERG
LIMITS

LL-PL-PI

3 in. of asphalt at surface
FILL - LEAN CLAY , trace sand & gravel, olive brown and gray

THIS BORING LOG IS NOT VALID IF SEPARATED FROM ORIGINAL REPORT. GEO SMART LOG-NO WELL 05205143 RESIDENTIAL DEVEL.GPJ TERRACON_DATATEMPLATE.GDT 9/28/20

1

9000+
(HP)
3.0

19.7 107

1043+/-

FILL - LEAN TO FAT CLAY , olive brown and gray

9000+
5730 21.6 107
(HP)

5.0

1041+/-

LEAN CLAY (CL), trace sand, dark gray, stiff, (Possible topsoil)

5
4500
(HP)

2
7.0

30.0

87

1039+/-

Boring Terminated at 7 Feet

Stratification lines are approximate. In-situ, the transition may be gradual.

Advancement Method:
Power Auger

Abandonment Method:
Boring backfilled with soil cuttings upon completion.

Hammer Type: Automatic

See Exploration and Testing Procedures for a
description of field and laboratory procedures
used and additional data (If any).

Notes:

See Supporting Information for explanation of
symbols and abbreviations.

WATER LEVEL OBSERVATIONS
Not encountered while drilling
15080 A Cir
Omaha, NE

Boring Started: 08-24-2020

Boring Completed: 08-24-2020

Drill Rig: 872

Driller: M. Brown

Project No.: 05205143

BORING LOG NO. B-2
PROJECT: Residential Development

CLIENT: J Development Company LLC
Omaha, NE

DEPTH

ELEVATION (Ft.)

THIS BORING LOG IS NOT VALID IF SEPARATED FROM ORIGINAL REPORT. GEO SMART LOG-NO WELL 05205143 RESIDENTIAL DEVEL.GPJ TERRACON_DATATEMPLATE.GDT 9/28/20

3 in. of asphalt at surface
FILL - LEAN CLAY , trace sand, gray
with ferrous staining at 1-3 ft.

6500
(HP)

olive brown and gray at 3-5 ft.

DRY UNIT
WEIGHT (pcf)

WATER
CONTENT (%)

UNCONFINED
COMPRESSIVE
STRENGTH (psf)

Approximate Surface Elev.: 1046 (Ft.) +/-

LABORATORY
HP (psf)

Latitude: 41.2595° Longitude: -96.0374°

SAMPLE TYPE

LOCATION See Exploration Plan

WATER LEVEL
OBSERVATIONS

78th and Dodge Street
Omaha, NE
DEPTH (Ft.)

GRAPHIC LOG

MODEL LAYER

SITE:

Page 1 of 1

ATTERBERG
LIMITS

LL-PL-PI

19.8 105

6500
6050 22.9 102
(HP)

1

5

dark brown and brown at 5-7 ft.

9000+
(HP)

8.0

21.1 101

1038+/-

LEAN CLAY (CL), trace sand, gray, medium stiff

4000
1830 26.2
(HP)

90

1500
1840 30.6
(HP)

91

10
2

15.0

1031+/-

Boring Terminated at 15 Feet

Stratification lines are approximate. In-situ, the transition may be gradual.

Advancement Method:
Hollow Stem Auger

Abandonment Method:
Boring backfilled with soil cuttings upon completion.

Hammer Type: Automatic

See Exploration and Testing Procedures for a
description of field and laboratory procedures
used and additional data (If any).

Notes:

See Supporting Information for explanation of
symbols and abbreviations.

WATER LEVEL OBSERVATIONS
12 ft. while drilling
13 ft. at completion of drilling

15

15080 A Cir
Omaha, NE

Boring Started: 08-24-2020

Boring Completed: 08-24-2020

Drill Rig: 872

Driller: M. Brown

Project No.: 05205143

BORING LOG NO. B-3
PROJECT: Residential Development

CLIENT: J Development Company LLC
Omaha, NE

DEPTH

ELEVATION (Ft.)

DRY UNIT
WEIGHT (pcf)

WATER
CONTENT (%)

UNCONFINED
COMPRESSIVE
STRENGTH (psf)

Approximate Surface Elev.: 1045 (Ft.) +/-

LABORATORY
HP (psf)

Latitude: 41.2595° Longitude: -96.037°

SAMPLE TYPE

LOCATION See Exploration Plan

WATER LEVEL
OBSERVATIONS

78th and Dodge Street
Omaha, NE
DEPTH (Ft.)

GRAPHIC LOG

MODEL LAYER

SITE:

Page 1 of 2

ATTERBERG
LIMITS

LL-PL-PI

3 in. of asphalt at surface
FILL - LEAN CLAY , trace sand & gravel, olive brown and gray
9000+
3760 22.1 104 43-18-25
(HP)

THIS BORING LOG IS NOT VALID IF SEPARATED FROM ORIGINAL REPORT. GEO SMART LOG-NO WELL 05205143 RESIDENTIAL DEVEL.GPJ TERRACON_DATATEMPLATE.GDT 9/28/20

1

dark gray mottled at 3-5 ft.
5.0

1040+/-

LEAN CLAY (CL), trace sand, dark brown, stiff, (Possible topsoil)

8.0

3500
(HP)

24.2

99

2500
(HP)

30.0

85

5000
(HP)

25.4

97

1500
(HP)

32.7

88

1500
1200 32.1
(HP)

88

500
1270 33.3
(HP)

88

5

1037+/-

LEAN CLAY (CL), trace sand, dark gray, very stiff

10

dark grayish brown below 13 ft.

15

2

18.0

1027+/-

LEAN CLAY (CL), trace sand, brown and gray, medium stiff

20

23.0

1022+/-

LEAN CLAY (CL), trace sand, gray, medium stiff to soft

25
Stratification lines are approximate. In-situ, the transition may be gradual.

Advancement Method:
Hollow Stem Auger

Abandonment Method:
Boring backfilled with soil cuttings upon completion.

Hammer Type: Automatic

See Exploration and Testing Procedures for a
description of field and laboratory procedures
used and additional data (If any).
See Supporting Information for explanation of
symbols and abbreviations.

WATER LEVEL OBSERVATIONS
14 ft. while drilling
14 ft. at completion of drilling

Notes:

15080 A Cir
Omaha, NE

Boring Started: 08-24-2020

Boring Completed: 08-24-2020

Drill Rig: 872

Driller: M. Brown

Project No.: 05205143

BORING LOG NO. B-3
PROJECT: Residential Development

CLIENT: J Development Company LLC
Omaha, NE

DEPTH

ELEVATION (Ft.)

DRY UNIT
WEIGHT (pcf)

WATER
CONTENT (%)

UNCONFINED
COMPRESSIVE
STRENGTH (psf)

Approximate Surface Elev.: 1045 (Ft.) +/-

LABORATORY
HP (psf)

Latitude: 41.2595° Longitude: -96.037°

SAMPLE TYPE

LOCATION See Exploration Plan

WATER LEVEL
OBSERVATIONS

78th and Dodge Street
Omaha, NE
DEPTH (Ft.)

GRAPHIC LOG

MODEL LAYER

SITE:

Page 2 of 2

ATTERBERG
LIMITS

LL-PL-PI

THIS BORING LOG IS NOT VALID IF SEPARATED FROM ORIGINAL REPORT. GEO SMART LOG-NO WELL 05205143 RESIDENTIAL DEVEL.GPJ TERRACON_DATATEMPLATE.GDT 9/28/20

LEAN CLAY (CL), trace sand, gray, medium stiff to soft (continued)

500
1250 33.4
(HP)

87

1340 32.8

88

910

86

30

2

35

40.0

1005+/-

Boring Terminated at 40 Feet

Stratification lines are approximate. In-situ, the transition may be gradual.

Advancement Method:
Hollow Stem Auger

Abandonment Method:
Boring backfilled with soil cuttings upon completion.

40

Hammer Type: Automatic

See Exploration and Testing Procedures for a
description of field and laboratory procedures
used and additional data (If any).

Notes:

See Supporting Information for explanation of
symbols and abbreviations.

WATER LEVEL OBSERVATIONS
14 ft. while drilling
14 ft. at completion of drilling

34.6

15080 A Cir
Omaha, NE

Boring Started: 08-24-2020

Boring Completed: 08-24-2020

Drill Rig: 872

Driller: M. Brown

Project No.: 05205143

BORING LOG NO. B-4
PROJECT: Residential Development

CLIENT: J Development Company LLC
Omaha, NE

DEPTH

ELEVATION (Ft.)

DRY UNIT
WEIGHT (pcf)

WATER
CONTENT (%)

UNCONFINED
COMPRESSIVE
STRENGTH (psf)

Approximate Surface Elev.: 1046.5 (Ft.) +/-

LABORATORY
HP (psf)

Latitude: 41.2592° Longitude: -96.0377°

SAMPLE TYPE

LOCATION See Exploration Plan

WATER LEVEL
OBSERVATIONS

78th and Dodge Street
Omaha, NE
DEPTH (Ft.)

GRAPHIC LOG

MODEL LAYER

SITE:

Page 1 of 2

ATTERBERG
LIMITS

LL-PL-PI

3 in. of asphalt at surface
FILL - LEAN CLAY , trace sand, olive brown and gray
9000+
(HP)

THIS BORING LOG IS NOT VALID IF SEPARATED FROM ORIGINAL REPORT. GEO SMART LOG-NO WELL 05205143 RESIDENTIAL DEVEL.GPJ TERRACON_DATATEMPLATE.GDT 9/28/20

1

wood pieces at 3-5 ft.

20.5 105

4000
4640 23.2 102
(HP)

5.0

1041.5+/-

LEAN CLAY (CL), trace sand, dark gray, very stiff

8.0

5
5500
5830 26.3
(HP)

95

2000
1160 30.3
(HP)

89

3500
2970 27.9
(HP)

93

500
(HP)

34.5

86

500
1440 36.8
(HP)

83

1038.5+/-

LEAN CLAY (CL), trace sand, brown, medium stiff

10

13.0

1033.5+/-

LEAN TO FAT CLAY (CL/CH), trace sand, brown, stiff

15

2

18.0

1028.5+/-

LEAN CLAY (CL), trace sand, brown, soft to medium stiff

530

20

25
Stratification lines are approximate. In-situ, the transition may be gradual.

Advancement Method:
Hollow Stem Auger

Abandonment Method:
Boring backfilled with soil cuttings upon completion.

Hammer Type: Automatic

See Exploration and Testing Procedures for a
description of field and laboratory procedures
used and additional data (If any).
See Supporting Information for explanation of
symbols and abbreviations.

WATER LEVEL OBSERVATIONS
19 ft. while sampling
15 ft. at completion of drilling

Notes:

15080 A Cir
Omaha, NE

Boring Started: 08-24-2020

Boring Completed: 08-24-2020

Drill Rig: 872

Driller: M. Brown

Project No.: 05205143

BORING LOG NO. B-4
PROJECT: Residential Development

CLIENT: J Development Company LLC
Omaha, NE

DEPTH

ELEVATION (Ft.)

DRY UNIT
WEIGHT (pcf)

WATER
CONTENT (%)

UNCONFINED
COMPRESSIVE
STRENGTH (psf)

Approximate Surface Elev.: 1046.5 (Ft.) +/-

LABORATORY
HP (psf)

Latitude: 41.2592° Longitude: -96.0377°

SAMPLE TYPE

LOCATION See Exploration Plan

WATER LEVEL
OBSERVATIONS

78th and Dodge Street
Omaha, NE
DEPTH (Ft.)

GRAPHIC LOG

MODEL LAYER

SITE:

Page 2 of 2

ATTERBERG
LIMITS

LL-PL-PI

LEAN CLAY (CL), trace sand, brown, soft to medium stiff (continued)

THIS BORING LOG IS NOT VALID IF SEPARATED FROM ORIGINAL REPORT. GEO SMART LOG-NO WELL 05205143 RESIDENTIAL DEVEL.GPJ TERRACON_DATATEMPLATE.GDT 9/28/20

28.0

1018.5+/-

LEAN CLAY (CL), trace sand, gray, medium stiff
1400 34.1

87

500
1110 35.6
(HP)

87

1500
1370 33.8
(HP)

88

30

2

35

40.0

1006.5+/-

Boring Terminated at 40 Feet

Stratification lines are approximate. In-situ, the transition may be gradual.

Advancement Method:
Hollow Stem Auger

Abandonment Method:
Boring backfilled with soil cuttings upon completion.

Hammer Type: Automatic

See Exploration and Testing Procedures for a
description of field and laboratory procedures
used and additional data (If any).

Notes:

See Supporting Information for explanation of
symbols and abbreviations.

WATER LEVEL OBSERVATIONS
19 ft. while sampling
15 ft. at completion of drilling

40

15080 A Cir
Omaha, NE

Boring Started: 08-24-2020

Boring Completed: 08-24-2020

Drill Rig: 872

Driller: M. Brown

Project No.: 05205143

BORING LOG NO. B-5
PROJECT: Residential Development

CLIENT: J Development Company LLC
Omaha, NE

DRY UNIT
WEIGHT (pcf)

ELEVATION (Ft.)

WATER
CONTENT (%)

DEPTH

UNCONFINED
COMPRESSIVE
STRENGTH (psf)

Approximate Surface Elev.: 1045.5 (Ft.) +/-

LABORATORY
HP (psf)

Latitude: 41.259° Longitude: -96.0374°

SAMPLE TYPE

LOCATION See Exploration Plan

WATER LEVEL
OBSERVATIONS

78th and Dodge Street
Omaha, NE
DEPTH (Ft.)

GRAPHIC LOG

MODEL LAYER

SITE:

Page 1 of 1

3500
(HP)

23.6

95

3000
(HP)

32.5

85

3000
2850 29.9
(HP)

89

3000
(HP)

24.8

95

2000
1520 31.4
(HP)

88

ATTERBERG
LIMITS

LL-PL-PI

5 in. of asphalt at surface
FILL - LEAN CLAY , trace sand, dark brown
1

THIS BORING LOG IS NOT VALID IF SEPARATED FROM ORIGINAL REPORT. GEO SMART LOG-NO WELL 05205143 RESIDENTIAL DEVEL.GPJ TERRACON_DATATEMPLATE.GDT 9/28/20

3.0

1042.5+/-

LEAN CLAY (CL), trace sand, dark gray, stiff, (Possible topsoil)

5

8.0

1037.5+/-

LEAN CLAY (CL), trace sand, gray, with ferrous staining, stiff to medium
stiff

2

10

brown at 13-15 ft.
15.0

1030.5+/-

Boring Terminated at 15 Feet

Stratification lines are approximate. In-situ, the transition may be gradual.

Advancement Method:
Hollow Stem Auger

Abandonment Method:
Boring backfilled with soil cuttings upon completion.

15

Hammer Type: Automatic

See Exploration and Testing Procedures for a
description of field and laboratory procedures
used and additional data (If any).

Notes:

See Supporting Information for explanation of
symbols and abbreviations.

WATER LEVEL OBSERVATIONS
13 ft. while sampling
15080 A Cir
Omaha, NE

Boring Started: 08-25-2020

Boring Completed: 08-25-2020

Drill Rig: 872

Driller: J. McGargill

Project No.: 05205143

BORING LOG NO. B-6
PROJECT: Residential Development

CLIENT: J Development Company LLC
Omaha, NE

DEPTH

ELEVATION (Ft.)

THIS BORING LOG IS NOT VALID IF SEPARATED FROM ORIGINAL REPORT. GEO SMART LOG-NO WELL 05205143 RESIDENTIAL DEVEL.GPJ TERRACON_DATATEMPLATE.GDT 9/28/20

6 in. of asphalt at surface
FILL - LEAN CLAY , trace sand, dark gray

1

DRY UNIT
WEIGHT (pcf)

WATER
CONTENT (%)

UNCONFINED
COMPRESSIVE
STRENGTH (psf)

Approximate Surface Elev.: 1045.5 (Ft.) +/-

LABORATORY
HP (psf)

Latitude: 41.2586° Longitude: -96.0371°

SAMPLE TYPE

LOCATION See Exploration Plan

WATER LEVEL
OBSERVATIONS

78th and Dodge Street
Omaha, NE
DEPTH (Ft.)

GRAPHIC LOG

MODEL LAYER

SITE:

Page 1 of 2

6500
(HP)

22.8 102

5000
(HP)

21.1

97

1000
(HP)

29.2

90

2500
(HP)

27.2

94

300

35.4

85

920

31.0

93

1500
1360 31.0
(HP)

91

ATTERBERG
LIMITS

LL-PL-PI

5

olive brown & gray at 5-7 ft.

8.0

1037.5+/-

LEAN CLAY (CL), trace sand, brown, stiff to soft

10

47-16-31

15
2
18.0

1027.5+/-

LEAN CLAY (CL), trace sand, gray, soft to medium stiff

500
(HP)

20

25
Stratification lines are approximate. In-situ, the transition may be gradual.

Advancement Method:
Hollow Stem Auger

Abandonment Method:
Boring backfilled with soil cuttings upon completion.

Hammer Type: Automatic

See Exploration and Testing Procedures for a
description of field and laboratory procedures
used and additional data (If any).

Notes:

See Supporting Information for explanation of
symbols and abbreviations.

WATER LEVEL OBSERVATIONS
13 ft. while sampling
15080 A Cir
Omaha, NE

Boring Started: 08-25-2020

Boring Completed: 08-25-2020

Drill Rig: 872

Driller: J. McGargill

Project No.: 05205143

BORING LOG NO. B-6
PROJECT: Residential Development

CLIENT: J Development Company LLC
Omaha, NE

DEPTH

ELEVATION (Ft.)

DRY UNIT
WEIGHT (pcf)

WATER
CONTENT (%)

UNCONFINED
COMPRESSIVE
STRENGTH (psf)

Approximate Surface Elev.: 1045.5 (Ft.) +/-

LABORATORY
HP (psf)

Latitude: 41.2586° Longitude: -96.0371°

SAMPLE TYPE

LOCATION See Exploration Plan

WATER LEVEL
OBSERVATIONS

78th and Dodge Street
Omaha, NE
DEPTH (Ft.)

GRAPHIC LOG

MODEL LAYER

SITE:

Page 2 of 2

ATTERBERG
LIMITS

LL-PL-PI

THIS BORING LOG IS NOT VALID IF SEPARATED FROM ORIGINAL REPORT. GEO SMART LOG-NO WELL 05205143 RESIDENTIAL DEVEL.GPJ TERRACON_DATATEMPLATE.GDT 9/28/20

LEAN CLAY (CL), trace sand, gray, soft to medium stiff (continued)

500
1500 34.4
(HP)

87

1500
1220 34.2
(HP)

87

1000
1570 34.1
(HP)

89

30

2

35

40.0

1005.5+/-

Boring Terminated at 40 Feet

Stratification lines are approximate. In-situ, the transition may be gradual.

Advancement Method:
Hollow Stem Auger

Abandonment Method:
Boring backfilled with soil cuttings upon completion.

40

Hammer Type: Automatic

See Exploration and Testing Procedures for a
description of field and laboratory procedures
used and additional data (If any).

Notes:

See Supporting Information for explanation of
symbols and abbreviations.

WATER LEVEL OBSERVATIONS
13 ft. while sampling
15080 A Cir
Omaha, NE

Boring Started: 08-25-2020

Boring Completed: 08-25-2020

Drill Rig: 872

Driller: J. McGargill

Project No.: 05205143

BORING LOG NO. B-7
PROJECT: Residential Development

CLIENT: J Development Company LLC
Omaha, NE

DEPTH

ELEVATION (Ft.)

6 in. of asphalt at surface
FILL - LEAN CLAY , dark brown, brown mottled

THIS BORING LOG IS NOT VALID IF SEPARATED FROM ORIGINAL REPORT. GEO SMART LOG-NO WELL 05205143 RESIDENTIAL DEVEL.GPJ TERRACON_DATATEMPLATE.GDT 9/28/20

1

3.0

DRY UNIT
WEIGHT (pcf)

WATER
CONTENT (%)

UNCONFINED
COMPRESSIVE
STRENGTH (psf)

Approximate Surface Elev.: 1047 (Ft.) +/-

LABORATORY
HP (psf)

Latitude: 41.2585° Longitude: -96.0373°

SAMPLE TYPE

LOCATION See Exploration Plan

WATER LEVEL
OBSERVATIONS

78th and Dodge Street
Omaha, NE
DEPTH (Ft.)

GRAPHIC LOG

MODEL LAYER

SITE:

Page 1 of 1

2000
2000 28.2
(HP)

92

3000
(HP)

25.3

89

4000
(HP)

22.9

95

1500
(HP)

24.3

96

ATTERBERG
LIMITS

LL-PL-PI

1044+/-

LEAN CLAY (CL), trace sand, dark brown, (Possible fill)
5.0

1042+/-

LEAN CLAY (CL), trace sand, brown, stiff to medium stiff

5

2

10.0

1037+/-

Boring Terminated at 10 Feet

Stratification lines are approximate. In-situ, the transition may be gradual.

Advancement Method:
Hollow Stem Auger

Abandonment Method:
Boring backfilled with soil cuttings upon completion.

10

Hammer Type: Automatic

See Exploration and Testing Procedures for a
description of field and laboratory procedures
used and additional data (If any).

Notes:

See Supporting Information for explanation of
symbols and abbreviations.

WATER LEVEL OBSERVATIONS
Not encountered while drilling
15080 A Cir
Omaha, NE

Boring Started: 08-25-2020

Boring Completed: 08-25-2020

Drill Rig: 872

Driller: J. McGargill

Project No.: 05205143

CPT LOG NO. CPT - 1

THIS BORING LOG IS NOT VALID IF SEPARATED FROM ORIGINAL REPORT. CPT REPORT 05205143 RESIDENTIAL DEVEL.GPJ TERRACON_DATATEMPLATE.GDT 9/28/20

PROJECT: Residential Development

Page 1 of 1

CLIENT: J Development Company LLC
Omaha, NE

TEST LOCATION: See Exploration Plan
Approx. Surface Elev: 1045.5 ft +/Latitude: 41.259519483908°
Longitude: -96.037655820974°

SITE: 78th and Dodge Street
Omaha, NE
10
Depth
(ft)
0

100

20
30
Tip Resistance, qt
(tsf)
200

300

40

400

0.1

>>

1

0.2
0.3
0.4
Sleeve Friction, fs
(tsf)
2

3

4

Pore Pressure, u2
(tsf)

Friction Ratio, Fr
(%)
2

4

6

-1

0

1

2

3

4

5

6

7

Material
Description Approx.
Normalized CPT Elev.
Soil Behavior Type (ft)
1 2 3 4 5 6 7 8
1045

5

1040

10

1035

15

1030

20

1025

25

1020

30

1015

35

1010

40

1005

45

1000

50

995

55

990
>>

60

985

CPT Terminated at 60.5 Feet
1
2
3
4
5
6
7
8
9

Sensitive, fine grained
Organic soils - clay
Clay - silty clay to clay
Silt mixtures - clayey silt to silty clay
Sand mixtures - silty sand to sandy silt
Sands - clean sand to silty sand
Gravelly sand to dense sand
Very stiff sand to clayey sand
Very stiff fine grained

See Exploration and Testing Procedures for a description of field and laboratory procedures used and additional data (If any).

CPT sensor calibration reports available upon request.

Probe no. DPG1209 with net area ratio of 0.797
U2 pore pressure transducer location
Manufactured by Vertek; calibrated 10/2/2018
2
2
Tip and sleeve areas of 10 cm and 150 cm
Ring friction reducer with O.D. of 1.75 in

CPT Started: 9/11/2020

CPT Completed: 9/11/2020

Rig: 713

Operator: M. May

15080 A Cir
Omaha, NE

Project No.: 05205143

CPT LOG NO. CPT - 2

THIS BORING LOG IS NOT VALID IF SEPARATED FROM ORIGINAL REPORT. CPT REPORT 05205143 RESIDENTIAL DEVEL.GPJ TERRACON_DATATEMPLATE.GDT 9/28/20

PROJECT: Residential Development

Page 1 of 1

CLIENT: J Development Company LLC
Omaha, NE

TEST LOCATION: See Exploration Plan
Approx. Surface Elev: 1046.5 ft +/Latitude: 41.259147°
Longitude: -96.037007°

SITE: 78th and Dodge Street
Omaha, NE
10
Depth
(ft)
0

100

20
30
Tip Resistance, qt
(tsf)
200

300

40

400

0.1

>>

1

0.2
0.3
0.4
Sleeve Friction, fs
(tsf)
2

3

4

Pore Pressure, u2
(tsf)

Friction Ratio, Fr
(%)
2

4

6

-1

0

1

2

3

4

5

6

7

Material
Description Approx.
Normalized CPT Elev.
Soil Behavior Type (ft)
1 2 3 4 5 6 7 8
1045

5

1040

10

1035

15

1030

20

1025

25

1020

30

1015

35

1010

40

1005

45

1000

50

995

55
60

990
CPT Terminated at 60.6 Feet

985
1
2
3
4
5
6
7
8
9

Sensitive, fine grained
Organic soils - clay
Clay - silty clay to clay
Silt mixtures - clayey silt to silty clay
Sand mixtures - silty sand to sandy silt
Sands - clean sand to silty sand
Gravelly sand to dense sand
Very stiff sand to clayey sand
Very stiff fine grained

See Exploration and Testing Procedures for a description of field and laboratory procedures used and additional data (If any).

CPT sensor calibration reports available upon request.

Probe no. DPG1209 with net area ratio of 0.797
U2 pore pressure transducer location
Manufactured by Vertek; calibrated 10/2/2018
2
2
Tip and sleeve areas of 10 cm and 150 cm
Ring friction reducer with O.D. of 1.75 in

CPT Started: 9/11/2020

CPT Completed: 9/11/2020

Rig: 713

Operator: M. May

15080 A Cir
Omaha, NE

Project No.: 05205143

CPT LOG NO. CPT - 3

THIS BORING LOG IS NOT VALID IF SEPARATED FROM ORIGINAL REPORT. CPT REPORT 05205143 RESIDENTIAL DEVEL.GPJ TERRACON_DATATEMPLATE.GDT 9/28/20

PROJECT: Residential Development

Page 1 of 1

CLIENT: J Development Company LLC
Omaha, NE

TEST LOCATION: See Exploration Plan
Approx. Surface Elev: 1046 ft +/Latitude: 41.2586477017164°
Longitude: -96.0376900976169°

SITE: 78th and Dodge Street
Omaha, NE
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Sensitive, fine grained
Organic soils - clay
Clay - silty clay to clay
Silt mixtures - clayey silt to silty clay
Sand mixtures - silty sand to sandy silt
Sands - clean sand to silty sand
Gravelly sand to dense sand
Very stiff sand to clayey sand
Very stiff fine grained

See Exploration and Testing Procedures for a description of field and laboratory procedures used and additional data (If any).

CPT sensor calibration reports available upon request.

Probe no. DPG1209 with net area ratio of 0.797
U2 pore pressure transducer location
Manufactured by Vertek; calibrated 10/2/2018
2
2
Tip and sleeve areas of 10 cm and 150 cm
Ring friction reducer with O.D. of 1.75 in

CPT Started: 9/11/2020

CPT Completed: 9/11/2020

Rig: 713

Operator: M. May

15080 A Cir
Omaha, NE

Project No.: 05205143

CONSOLIDATION TEST (D2435)
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LABORATORY TESTS ARE NOT VALID IF SEPARATED FROM ORIGINAL REPORT.
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NOTES:

Borehole: B-6 Depth: 13 ft

Specimen #: 5

PROJECT: Residential Development

SITE: 78th and Dodge Street
Omaha, NE

PROJECT NUMBER: 05205143

15080 A Cir
Omaha, NE

CLIENT: J Development Company LLC
Omaha, NE
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CPT General Notes

GENERAL NOTES
DESCRIPTION OF SYMBOLS AND ABBREVIATIONS
GEN ER AL N OTES W ITH ROCK

SAMPLING

WATER LEVEL

FIELD TESTS
(HP)

Water Initially Encountered
Auger

Split Spoon

Hand Penetrometer

(T)

Torvane

(b/f)

Standard Penetration Test (blows per
foot)

(PID)

Photo-Ionization Detector

(OVA)

Organic Vapor Analyzer

(DCP)

Dynamic Cone Penetrometer

Water Level After a Specified Period
of Time
Water Level After a Specified Period

Shelby Tube

Macro Core

Ring Sampler

Rock Core

Grab Sample

No Recovery

of Time
Water levels indicated on the soil boring logs are the levels
measured in the borehole at the times indicated.
Groundwater level variations will occur over time. In low
permeability soils, accurate determination of groundwater
levels is not possible with short term water level
observations.

DESCRIPTIVE SOIL CLASSIFICATION
Soil classification is based on the Unified Soil Classification System. Coarse Grained Soils have more than 50% of their dry weight retained on a #200
sieve; their principal descriptors are: boulders, cobbles, gravel or sand. Fine Grained Soils have less than 50% of their dry weight retained on a #200
sieve; they are principally described as clays if they are plastic, and silts if they are slightly plastic or non-plastic. Major constituents may be added as
modifiers and minor constituents may be added according to the relative proportions based on grain size. In addition to gradation, coarse-grained soils
are defined on the basis of their in-place relative density and fine-grained soils on the basis of their consistency.
LOCATION AND ELEVATION NOTES
Unless otherwise noted, Latitude and Longitude are approximately determined using a hand-held GPS device. The accuracy of such devices is
variable. Surface elevation data annotated with +/- indicates that no actual topographical survey was conducted to confirm the surface elevation.
Instead, the surface elevation was approximately determined from topographic maps of the area.
STRENGTH TERMS
RELATIVE DENSITY OF COARSE-GRAINED SOILS

CONSISTENCY OF FINE-GRAINED SOILS

(More than 50% retained on No. 200 sieve)

(50% or more passing the No. 200 sieve)

Density determined by Standard Penetration
Resistance

Consistency determined by laboratory shear strength testing, field
visual-manual procedures, or standard penetration resistance

Descriptive Term
(Density)

Standard Penetration
or N-Value
Blows/Ft.

Descriptive Term
(Consistency)

Unconfined
Compressive
Strength, Qu, tsf

BEDROCK

Standard
Penetration or NValue

Standard
Penetration or
N-Value

Blows/Ft.

Blows/Ft.

Descriptive
Term
(Consistency)

Very Loose

0–3

Very Soft

Less than 0.25

0–1

< 20

Loose

4–9

Soft

0.25 to 0.50

2–4

20 – 29

Firm

Medium Dense

10 – 29

Medium Stiff

0.50 to 1.00

4–8

30 – 49

Medium Hard

Dense

30 – 50

Stiff

1.00 to 2.00

8 – 15

50 – 79

Hard

Very Dense

> 50

Very Stiff

2.00 to 4.00

15 – 30

> 79

Very Hard

Hard

> 4.00

> 30

RELATIVE PROPORTIONS OF SAND AND GRAVEL
Descriptive term(s) of
other constituents

Weathered

GRAIN SIZE TERMINOLOGY

Percent (%) of dry weight

Major component of
sample

Trace

< 15

Boulders

Over 12 in. (300mm)

With

15 – 29

Cobbles

12 in. to 3 in. (300mm to 75mm)

Modifier

> 30

Gravel

3 in. to #4 sieve (75mm to 4.75mm)

Sand

#4 to #200 sieve (4.75mm to 0.075mm)

Silt or Clay
RELATIVE PROPORTIONS OF FINES
Descriptive term(s) of
other constituents

Particle size

Passing #200 sieve (0.075mm)
PLASTICITY DESCRIPTION

Percent (%) of dry weight

Term

Plasticity Index

Trace

<5

Non plastic

0

With

5 – 12

Low

1 – 10

Modifier

> 12

Medium

11 – 30

High

> 30

UNIFIED SOIL CLASSIFICATION SYSTEM
UNIFIED SOIL C L ASSIFIC AT ION SYST EM

Criteria for Assigning Group Symbols and Group Names Using Laboratory Tests A

Coarse-Grained Soils:
More than 50% retained
on No. 200 sieve

Clean Gravels:
Gravels:
Less than 5% fines C
More than 50% of
coarse fraction
retained on No. 4 sieve Gravels with Fines:
More than 12% fines C

Sands:
50% or more of coarse
fraction passes No. 4
sieve

Clean Sands:
Less than 5% fines D
Sands with Fines:
More than 12% fines D
Inorganic:

Silts and Clays:
Liquid limit less than 50
Organic:

Fine-Grained Soils:
50% or more passes the
No. 200 sieve

Inorganic:
Silts and Clays:
Liquid limit 50 or more
Organic:

Highly organic soils:
A Based

on the material passing the 3-inch (75-mm) sieve.

field sample contained cobbles or boulders, or both, add “with cobbles
or boulders, or both” to group name.
C Gravels with 5 to 12% fines require dual symbols: GW-GM well-graded
gravel with silt, GW-GC well-graded gravel with clay, GP-GM poorly
graded gravel with silt, GP-GC poorly graded gravel with clay.
D Sands with 5 to 12% fines require dual symbols: SW-SM well-graded
sand with silt, SW-SC well-graded sand with clay, SP-SM poorly graded
sand with silt, SP-SC poorly graded sand with clay.

(D 30 )
F

= D60/D10

Cc =

2

D 10 x D 60

If soil contains  15% sand, add “with sand” to group name.

G If

Cu  4 and/or [Cc<1 or Cc>3.0] E

GP

Poorly graded gravel F

Fines classify as ML or MH

GM

Silty gravel F, G, H

Fines classify as CL or CH

GC

Clayey gravel F, G, H

Cu  6 and 1  Cc  3 E

SW

Well-graded sand I

SP

Poorly graded sand I

Fines classify as ML or MH

SM

Silty sand G, H, I

Fines classify as CL or CH

SC

Clayey sand G, H, I

PI  7 and plots on or above “A”
line J
PI  4 or plots below “A” line J
Liquid limit - oven dried
 0.75
Liquid limit - not dried

CL

Lean clay K, L, M

ML

Silt K, L, M

Cu  6 and/or [Cc<1 or

Cc>3.0] E

fines classify as CL-ML, use dual symbol GC-GM, or SC-SM.

OL

Organic clay K, L, M, N
Organic silt K, L, M, O

PI plots on or above “A” line

CH

Fat clay K, L, M

PI plots below “A” line

MH

Elastic Silt K, L, M

Liquid limit - oven dried
Liquid limit - not dried

 0.75

Primarily organic matter, dark in color, and organic odor

B If

E Cu

Cu  4 and 1  Cc  3 E

Soil Classification
Group
Group Name B
Symbol
GW
Well-graded gravel F

H If

OH
PT

Organic clay K, L, M, P
Organic silt K, L, M, Q
Peat

fines are organic, add “with organic fines” to group name.

I

If soil contains  15% gravel, add “with gravel” to group name.

J

If Atterberg limits plot in shaded area, soil is a CL-ML, silty clay.

K If

soil contains 15 to 29% plus No. 200, add “with sand” or “with
gravel,” whichever is predominant.
L If soil contains  30% plus No. 200 predominantly sand, add
“sandy” to group name.
M If soil contains  30% plus No. 200, predominantly gravel, add
“gravelly” to group name.
N PI  4 and plots on or above “A” line.
O PI

 4 or plots below “A” line.

P PI

plots on or above “A” line.

Q PI

plots below “A” line.

CPT GENERAL NOTES
DESCRIPTION OF SYMBOLS AND ABBREVIATIONS
DESCRIPTION OF GEOTECHNICAL CORRELATIONS
DESCRIPTION OF MEASUREMENTS
AND CALIBRATIONS

Normalized Tip Resistance, Qtn
n
Qtn = ((qt - V0)/Pa)(Pa/ 'V0)
n = 0.381(Ic) + 0.05( 'V0/Pa) - 0.15
Over Consolidation Ratio, OCR
1.25
OCR (1) = 0.25(Qtn)
OCR (2) = 0.33(Qtn)
Undrained Shear Strength, Su
Su = Qtn x 'V0/Nkt
Nkt is a soil-specific factor (shown on Su plot)
Sensitivity, St
St = (qt - V0/Nkt) x (1/fs)
Effective Friction Angle, '
-1
' (1) = tan (0.373[log(qt/ 'V0) + 0.29])
' (2) = 17.6 + 11[log(Qtn)]

To be reported per ASTM D5778:
Uncorrected Tip Resistance, qc
Measured force acting on the cone
divided by the cone's projected area
Corrected Tip Resistance, qt
Cone resistance corrected for porewater
and net area ratio effects
qt = qc + u2(1 - a)
Where a is the net area ratio,
a lab calibration of the cone typically
between 0.70 and 0.85

Soil Behavior Type Index, Ic
2
2 0.5
Ic = [(3.47 - log(Qtn) + (log(Fr) + 1.22) ]
SPT N60
(1.1268 - 0.2817Ic)
N60 = (qt/atm) / 10
Elastic Modulus, Es (assumes q/qultimate ~ 0.3, i.e. FS = 3)
Es (1) = 2.6 G0 where = 0.56 - 0.33logQtn,clean sand
Es (2) = G0
(0.55Ic + 1.68)
Es (3) = 0.015 x 10
(qt - V0)
Es (4) = 2.5qt
Constrained Modulus, M
M = M(qt - V0)
For Ic > 2.2 (fine-grained soils)
M = Qtn with maximum of 14
For Ic < 2.2 (coarse-grained soils)
(0.55Ic + 1.68)
M = 0.0188 x 10
Hydraulic Conductivity, k
(0.952 - 3.04Ic)
For 1.0 < Ic < 3.27 k = 10
(-4.52 - 1.37Ic)
For 3.27 < Ic < 4.0 k = 10
Relative Density, Dr
Dr = (Qtn / 350)0.5 x 100

Unit Weight,
= (0.27[log(Fr)]+0.36[log(qt/atm)]+1.236) x water
V0 is taken as the incremental sum of the unit weights
Small Strain Shear Modulus, G0
2
G0 (1) = Vs
(0.55Ic + 1.68)
G0 (2) = 0.015 x 10
(qt - V0)

Pore Pressure, u
Pore pressure measured during penetration
u1 - sensor on the face of the cone
u2 - sensor on the shoulder (more common)
Sleeve Friction, fs
Frictional force acting on the sleeve
divided by its surface area

REPORTED PARAMETERS

Normalized Friction Ratio, Fr
The ratio as a percentage of fs to qt,
accounting for overburden pressure
To be reported per ASTM D7400, if collected:
Shear Wave Velocity, Vs
Measured in a Seismic CPT and provides
direct measure of soil stiffness

CPT logs as provided, at a minimum, report the data as required by ASTM D5778 and ASTM D7400 (if applicable). This
minimum data include qt, fs, and u. Other correlated parameters may also be provided. These other correlated
parameters are interpretations of the measured data based upon published and reliable references, but they do not
necessarily represent the actual values that would be derived from direct testing to determine the various parameters.
To this end, more than one correlation to a given parameter may be provided. The following chart illustrates estimates
of reliability associated with correlated parameters based upon the literature referenced below.

RELATIVE RELIABILITY OF CPT CORRELATIONS
Permeability, k

Sand

Clay and Silt
Clay and Silt
Sand

Constrained Modulus, M
Unit Weight,
Effective Friction Angle,

Sand
Clay and Silt

'

Sensitivity, St

Sand

Clay and Silt

Relative Density, Dr

Small Strain Modulus, G0* and
Elastic Modulus, Es*

Reliability of CPT-predicted N60 values as
commonly measured by the Standard
Penetration Test (SPT) is not provided due
to the inherent inaccuracy associated with
the SPT test procedure.

Clay and Silt

Undrained Shear Strength, Su

Over Consolidation Ratio, OCR

* improves with seismic Vs measurements

Clay and Silt

Sand
Clay and Silt

Sand
Clay and Silt
Sand

Low Reliability

High Reliability

WATER LEVEL
The groundwater level at the CPT location is used to normalize the measurements for vertical overburden pressures and as a result influences the
normalized soil behavior type classification and correlated soil parameters. The water level may either be "measured" or "estimated:"
Measured - Depth to water directly measured in the field
Estimated - Depth to water interpolated by the practitioner using pore pressure measurements in coarse grained soils and known site conditions
While groundwater levels displayed as "measured" more accurately represent site conditions at the time of testing than those "estimated," in either case
the groundwater should be further defined prior to construction as groundwater level variations will occur over time.

The estimated stratigraphic profiles included in the
CPT logs are based on relationships between
corrected tip resistance (qt), friction resistance (fs),
and porewater pressure (u2). The normalized
friction ratio (Fr) is used to classify the soil behavior
type.
Typically, silts and clays have high Fr values and
generate large excess penetration porewater
pressures; sands have lower Fr's and do not
generate excess penetration porewater pressures.
The adjacent graph (Robertson et al.) presents the
soil behavior type correlation used for the logs. This
normalized SBT chart, generally considered the most
reliable, does not use pore pressure to determine
SBT due to its lack of repeatability in onshore CPTs.
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NORMALIZED CONE RESISTANCE, qt / atm
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CONE PENETRATION SOIL BEHAVIOR TYPE
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4 Silt mixtures - clayey silt to silty clay
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5 Sand mixtures - silty sand to sandy silt

4

6 Sands - clean sand to silty sand
7 Gravelly sand to dense sand

3
1

2 Organic soils - clay
3 Clay - silty clay to clay

6

100

1

1 Sensitive, fine grained

8 Very stiff sand to clayey sand
9 Very stiff fine grained

2

atm = atmospheric pressure = 101 kPa = 1.05 tsf

0.1
1
10
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