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REPORT SUMMARY

A geotechnical exploration has been performed for the proposed Sonic Restaurant to be located in
Fort Worth, Texas.  Five borings were advanced to depths of approximately 5 to 20 feet below the
existing ground surface at the site.  The following geotechnical considerations were identified:

˂ Surface material consists of concrete pavement ranging in thickness from 4 to 5 inches.
Fill materials consisting of fat clays were encountered below the surface material in
borings B-1, B-2, P-1, and P-3 to depths of about 2 feet.  Overburden soils consist of fat
clays with varying amounts of gravel.  Tan limestone was encountered in borings B-1 and
B-2 at depths of about 8.5 to 11 feet.  Gray Limestone was encountered between 15 to 16
feet in the building borings.

˂ Expansive soils are present on this site.  At the time of our field operations on November
13, 2018, the overburden soils were at an average to dry state.  Our laboratory absorption
swell test results indicate 2.9% for samples tested.  Based on the Plasticity Index (PI) of
the soils, the potential vertical rise (PVR) of the site soils is estimated to be on the order
of 5 inches.  The PVR is estimated utilizing the TxDOT method TEX-124-E and based on
dry soil conditions.

˂ Two foundation options will be considered for this site.  Straight-sided drilled shafts
situated in the gray limestone stratum present at depths of about 15 to 16 feet below
existing grades.  The second option is to support the building on a monolithic slab-on-
grade foundation with a modified subgrade.

˂ Grade beams used in conjunction with drilled shaft foundations should be supported by
the drilled shafts, and a void space of 10 inches should be provided between the grade
beam and the underlying clay soils. The void can be decreased to 4 inches in areas where
moisture conditioning has been performed.

˂ The near-surface soils are active and prone to volume change with variations in moisture
level.  If movements on the order of one inch is acceptable, the floor slab can be supported
on a moisture conditioned subgrade and capped with a 1-foot layer of select fill or flexible
base.  If movements of less than one inch are required, Terracon should be contacted for
recommendations for a structural slab.

˂ The 2015 International Building Code seismic site classification for this site is C.

˂ Portland cement concrete and asphaltic concrete pavement can be used for this site.  If
asphaltic concrete is used, the subgrade should be modified with lime.  Portland cement
concrete pavements can be placed on a compacted subgrade with or without lime.  These
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pavements are not equal in performance.  The Portland cement concrete pavement is
expected to require less maintenance

This summary should be used in conjunction with the entire report for design purposes.  It should
be recognized that details were not included or fully developed in this section, and the report must
be read in its entirety for a comprehensive understanding of the items contained herein.  The section
titled GENERAL COMMENTS should be read for an understanding of the report limitations.

The General Comments section provides an understanding of the report limitations.



Geotechnical Engineering Report
Sonic Restaurant ƴ Fort Worth, Tarrant County, Texas
November 30, 2018 ƴ Terracon Project No. 95185204

Responsive ƴ Resourceful ƴ Reliable PHOTOGRAPHY LOG 1 of 3

INTRODUC TION

Geotechnical Engineering Report
Sonic Restaurant

9560 Clifford Street
Fort Worth, Tarrant County, Texas

Terracon Project No. 95185204
November 30, 2018

INTRODUCTION

This report presents the results of our subsurface exploration and geotechnical engineering
services performed for the proposed Sonic Restaurant to be located at 9560 Clifford Street in Fort
Worth, Tarrant County, Texas. The purpose of these services is to provide information and
geotechnical engineering recommendations relative to:

˂ Subsurface soil (and rock) conditions ˂ Floor slab design and construction

˂ Groundwater conditions ˂ Seismic site classification per IBC

˂ Site preparation and earthwork ˂ Pavement design and construction

˂ Foundation design and construction

The geotechnical engineering Scope of Services for this project included the advancement of five
test borings to depths ranging from approximately 5 to 20 feet below existing site grades.

Maps showing the site and boring locations are shown in the Site Location and Exploration
Plan sections, respectively. The results of the laboratory testing performed on soil samples
obtained from the site during the field exploration are included on the boring logs and as separate
graphs in the Exploration Results section.

SITE CONDITIONS

The following description of site conditions is derived from our site visit in association with the
field exploration.

Item Description

Parcel Information

The project is located at 9560 Clifford Street in Fort Worth, Tarrant County,
Texas.

32.7634°N, 97.4840°W (approximate)

See Site Location
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Item Description

Existing
Improvements

Existing Sonic Restaurant

Current Ground
Cover

Concrete pavement, grass, and scattered trees

Existing Topography Relatively flat

We also collected photographs at the time of our field exploration program. Representative photos
are provided in our Photography Log.

PHOTOGRAPHY LOG

P-1 Looking South P-2 Looking South
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B-1 Looking South B-2 Looking West

P-3 Looking South
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PROJECT DESCRIPTION

Our initial understanding of the project was provided in our proposal and no comments have been
made by the design group/client and our final understanding of the project conditions is as follows:

Item Description

Project Description
We understand that the project will consist of a new 1,608 SF restaurant with
associated pavement and drive lanes.

Building Construction Unknown

Finished Floor
Elevation

±743.2 feet

Maximum Loads
˂ Columns:  100 kips
˂ Walls:  2 to 3 kips per linear foot (klf)
˂ Slabs:  150 pounds per square foot (psf)

Grading/Slopes Final slope angles of as steep as 4H:1V (Horizontal: Vertical) are expected.

Below Grade
Structures

None anticipated

Free-Standing
Retaining Walls

Retaining walls are not expected to be constructed as part of site
development to achieve final grades.

Pavements

We assume both rigid (concrete) and flexible (asphalt) pavement sections
should be considered. Please confirm this assumption.

Typical pavement traffic for a design period of 20 years is as follows:

˂ 45,000 18-kip ESALs for Light Duty Pavement
˂ 100,000 18-kip ESALs for Medium Duty Pavement

Please confirm these assumptions.

GEOTECHNICAL CHARACTERIZATION

We have developed a general characterization of the subsurface conditions based upon our
review of the subsurface exploration, laboratory data, geologic setting and our understanding of
the project. This characterization, termed GeoModel, forms the basis of our geotechnical
calculations and evaluation of site preparation and foundation options. Conditions encountered at
each exploration point are indicated on the individual logs. The individual logs can be found in the
Exploration Results section and the GeoModel can be found in the Figures section of this report.

As part of our analyses, we identified the following model layers within the subsurface profile. For
a more detailed view of the model layer depths at each boring location, refer to the GeoModel.

Model Layer Layer Name General Description

1 Surface Concrete
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2 Fill Fat Clay and base

3 Clay Fat Clay

4 Weathered Bedrock Tan Limestone

5 Bedrock Gray Limestone

The conditions noted in the GeoModel were consistent with those anticipated in the Stage 1
GeoReport®.

EARTHWORK

The following sections provide recommendations for use in the preparation of specifications for
the work. Recommendations include critical quality criteria as necessary to render the site in the
state considered in our geotechnical engineering evaluation for foundations, floor slabs, and
pavements.

Existing Fill

Fill materials were present in borings B-1, B-2, P-1 and P-3 to a depth of about 2 feet. The fills
contained fat clay.  The possibility of deeper fills at this site and under compacted zones of soil or
debris within the fill materials exists.  Under compacted zones and debris could lead to
unacceptable settlements of building foundations, floor slabs, and pavements.

Excavating the fills and replacing them in a controlled manner is the most positive method of
controlling settlement.  Proof rolling, as discussed in the Site Preparation section below, can be
considered in lieu of complete removal of the fill in pavement areas provided the risk of pavement
settlement and cracking can be tolerated. Proof rolling is intended to represent a reasonable
approach for treatment of fill; however, it will not eliminate the risk of unexpected movements in
some areas.

The excavated soils, free of debris or rock greater than 4 inches in dimension, can be used to
backfill the excavated areas.

Site Preparation

The existing restaurant will be demolished.  All foundation elements and utilities should be
removed.  Additional site preparation for the proposed project should include removing the
existing vegetation, existing fill and any other unsuitable surface materials from the areas of new
construction.  The exposed subgrade should be proofrolled prior to placing any fill.  The
proofrolling should be performed with a fully loaded, tandem-axle dump truck or other equipment
providing an equivalent subgrade loading.  A minimum gross weight of 20 tons is recommended
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for the proofrolling equipment.  The proofrolling should consist of several overlapping passes in
mutually perpendicular directions over a given area.  Any soft or pumping areas should be
modified using one of the methods outlined below.

Methods of subgrade improvement, as described below, could include scarification and
recompaction at the proper moisture content, chemical treatment (lime), or removal of unstable
materials and replacement with granular fill (with or without a geogrid).  The appropriate method
of improvement, if required, would be dependent on factors such as schedule, weather, the size
of the area to be stabilized, and the nature of the instability.  More detailed recommendations can
be provided during construction as the need for subgrade modification occurs.  Performing site
grading operations during warm seasons and dry periods would help to reduce the amount of
subgrade stabilization required.

n Scarification and Compaction – It may be feasible to scarify, dry, and compact the exposed
soils.  The success of this procedure would depend primarily upon favorable weather and
sufficient time to dry the soils.  Stable subgrades likely would not be achievable if the thickness
of the unstable soil is greater than about 2 feet, if the unstable soil is at or near groundwater
levels, or if construction is performed during a period of wet or cool weather when drying is
difficult.

n Chemical Treatment – Improvement of subgrades with lime could be considered for
improving unstable soils.  Chemical modification should be performed by a prequalified
contractor having experience with successfully stabilizing subgrades in the project area on
similar sized projects with similar soil conditions.  The hazards of chemicals blowing across
the site or onto adjacent property should also be considered.  Additional testing would be
needed to develop specific recommendations to improve subgrade stability by blending
chemicals with the site soils.  Additional testing could include, but not be limited to, evaluating
various admixtures, the optimum amounts required and the presence of sulfates in the soil.

Further evaluation of the need and recommendations for subgrade treatment can be provided
during construction as the geotechnical conditions are exposed.

Suitable Fill Material Types

The following soil materials are discussed in the coming sections of this report.  The following
table summarizes their nomenclature, detailed descriptions, and appropriate usage in the context
of this project.
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Soil Type Technical Description Appropriate Use

On-site soils
Free of vegetation, organic material,
debris, and rocks greater than 4
inches in maximum dimension. 1) General site grading

2) Building pad
3) Pavement subgrades (natural or lime

treated)
4) Utility trench backfill

Imported fill

Clean clay soil (free of deleterious
material and debris) with a liquid limit
(LL) less than 60 percent and no
rock greater than 4 inches in
maximum dimension

Select fill
Sandy clay to clayey sand with a
liquid limit (LL) of less than 35
percent and a plasticity index (PI)
between 6 and 15 1) Upper 1 foot of the building pad

Flexible base
TxDOT Item 247, Type D, Grade 1 or
2.  Recycled concrete meeting this
gradation is acceptable.

*TxDOT – Texas Department of Transportation

Compaction Requirements

Recommendations for compaction are presented in the following table. We recommend that
engineered fill be tested for moisture content and compaction during placement.  Should the
results of the in-place density tests indicate the specified moisture or compaction limits have not
been met, the area represented by the test must be reworked and retested as required until the
specified moisture and compaction requirements are achieved.

Item Structural Fill General Fill

On-site soils or
imported fills outside
the moisture

conditioned zone1

A minimum of 95% maximum standard
Proctor dry density (ASTM D698)

At a minimum of 2 percentage
points above optimum moisture

Moisture conditioned

soils 1

In the range of 92% to 98% maximum
standard Proctor dry density (ASTM D
698)

At a minimum of 4 percentage
points above optimum moisture

Select fill / flexible

base 1
A minimum of 95% maximum standard
Proctor dry density (ASTM D 698)

As required to achieve min.
compaction requirements

Clay backfill for
exterior face of grade

beam1

A minimum of 92% to 98% maximum
standard Proctor dry density (ASTM D
698)

At a minimum of 4 percentage
points above optimum moisture
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Item Structural Fill General Fill

Pavement subgrades2 A minimum of 95% maximum standard
Proctor dry density (ASTM D 698)

In the range of 0 to +3 percentage
points of optimum moisture
content

1. Fills should be placed in maximum loose lifts of 9 inches or less.
2. The compaction criteria in fire lanes and roadways must meet the requirements, if any, as prescribed by

the local governing authority.

Utility Trench Backfill

Utility trenches are a common source of water infiltration and migration. Utility trenches
penetrating beneath the building should be effectively sealed to restrict water intrusion and flow
through the trenches, which could migrate below the building. The trench should provide an
effective trench plug that extends at least 5 feet from the face of the building exterior. The plug
material should consist of cementitious flowable fill or low permeability clay. The trench plug
material should be placed to surround the utility line. If used, the clay trench plug material should
be placed and compacted to comply with the water content and compaction recommendations for
fill stated previously in this report.

Grading and Drainage

All grades must provide effective drainage away from the building during and after construction
and should be maintained throughout the life of the structure. Water retained next to the building
can result in soil movements greater than those discussed in this report. Greater movements can
result in unacceptable differential floor slab and/or foundation movements, cracked slabs and
walls, and roof leaks. The roof should have gutters/drains with downspouts that discharge onto
splash blocks at a distance of at least 10 feet from the building or on pavement.

Exposed ground should be sloped and maintained at a minimum 5 percent away from the building
for at least 10 feet beyond the perimeter of the building. Locally, flatter grades may be necessary
to transition ADA access requirements for flatwork. After building construction and landscaping,
final grades should be verified to document effective drainage has been achieved. Grades around
the structure should also be periodically inspected and adjusted as necessary as part of the
structure’s maintenance program. Where paving or flatwork abuts the structure, a maintenance
program should be established to effectively seal and maintain joints and prevent surface water
infiltration.

Earthwork Construction Considerations

Shallow excavations, for the proposed structure, are anticipated to be accomplished with
conventional construction equipment.  Upon completion of filling and grading, care should be
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taken to maintain the subgrade water content prior to construction of floor slabs, monolithic slab
foundation and pavements.  Construction traffic over the completed subgrades should be avoided.
The site should also be graded to prevent ponding of surface water on the prepared subgrades
or in excavations. Water collecting over, or adjacent to, construction areas should be removed. If
the subgrade freezes, desiccates, saturates, or is disturbed, the affected material should be
removed, or the materials should be scarified, moisture conditioned, and recompacted, prior to
floor slab construction.

Based upon the subsurface conditions determined from the geotechnical exploration, unstable
subgrade soils may be encountered during construction.  The stability of the subgrade may also
be affected by precipitation, repetitive construction traffic, closeness to the groundwater seepage,
or other factors.  If unstable conditions develop, workability may be improved by scarifying and
drying.  Lightweight excavation equipment may be required to reduce subgrade pumping.  The
use of remotely operated equipment, such as a backhoe, would be beneficial to perform cuts and
reduce subgrade disturbance.

As a minimum, excavations should be performed in accordance with OSHA 29 CFR, Part 1926,
Subpart P, “Excavations” and its appendices, and in accordance with any applicable local, and/or
state regulations.

Construction site safety is the sole responsibility of the contractor who controls the means,
methods, and sequencing of construction operations. Under no circumstances shall the
information provided herein be interpreted to mean Terracon is assuming responsibility for
construction site safety, or the contractor's activities; such responsibility shall neither be implied
nor inferred.

Construction Observation and Testing

The earthwork efforts should be monitored under the direction of a representative of the
Geotechnical Engineer. Monitoring should include documentation of adequate removal of
vegetation and top soil, proofrolling and mitigation of areas delineated by the proofroll to require
mitigation.

Each lift of compacted fill should be tested, evaluated, and reworked as necessary until approved
by the Geotechnical Engineer’s representative prior to placement of additional lifts. Each lift of fill
should be tested for density and water content at a frequency of at least one test for every 2,500
square feet of compacted fill in the building areas and 5,000 square feet in pavement areas.  One
density and water content test for every 50 linear feet of compacted utility trench backfill.

In areas of foundation excavations, the bearing subgrade should be evaluated under the direction
of the Geotechnical Engineer’s representative. In the event that unanticipated conditions are
encountered, the Geotechnical Engineer should prescribe mitigation options.
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In addition to the documentation of the essential parameters necessary for construction, the
continuation of the Geotechnical Engineer’s representative into the construction phase of the
project provides the continuity to maintain the Geotechnical Engineer’s representative evaluation
of subsurface conditions, including assessing variations and associated design changes.

DEEP FOUNDATIONS

Drilled Shaft Design Parameters

Soil design parameters are provided below in the Drilled Shaft Design Summary table for the
design of drilled shaft foundations. The values presented for allowable side friction and end
bearing include a factor of safety.

Design Parameter Recommendations

Bearing stratum Gray Limestone

Allowable end bearing 45,000 psf

Allowable skin friction – compression 6,500 psf

Allowable skin friction – tension 5,200 psf

Minimum penetration to develop end bearing 2 feet or 1 shaft diameter, whichever is greater

Penetration to develop skin friction
Below the surface of the limestone or below any
temporary casing set in the limestone, whichever is
deeper.

Minimum center to center spacing to develop full
skin friction

2 times the diameter of the larger shaft.  Closer
spacing may require some reductions in skin
friction and/or changes in installation sequences.
Closely spaced shafts should be examined by
Terracon on a case by case basis.  As a general
guide, the design skin friction will vary linearly from
the full value at a spacing of 2 diameters to 50
percent of the design value at 1.0 diameter.

Groups of 3 or more shafts placed closer than 3
shaft diameters

Should be evaluated on a case by case basis by
Terracon.  Alternative installation sequences may
be needed to allow for a minimum of 48 hours
concrete curing time, before installation of adjacent
shafts.

Minimum shaft diameter 18 inches

Settlement
Less than ½ inch for column loads of 100 kips or
less
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Drilled Shaft Lateral Loading

The following table lists input values for use in LPILE analyses. LPILE will estimate values of kh

and E50 based on strength; however, non-default values of kh should be used where provided.
Since deflection or a service limit criterion will most likely control lateral capacity design, no
safety/resistance factor is included with the parameters.

Soil Type
Moisture

Conditioned Clay
Soils

Undisturbed Fat Clay Gray Limestone

LPILE Material
Type

Soft Clay Stiff clay w/o free water Weak Rock (Reese)

Effective Soil Unit
Weight (pcf)

120 125 135

Undrained
cohesion, c (psf)

500 1,500 N/A

Friction Angle, ὲ
(degrees)

N/A N/A N/A

Strain Factor, ʻ50 0.02 0.005 N/A

Stiffness
coefficient, k (pci)

N/A N/A N/A

Young’s Modulus,
Er (psi)

N/A N/A 34,000

Uniaxial
Compressive
Strength (psi)

N/A N/A 340

Rock Quality
Designation, RQD
(%)

N/A N/A 85

Krm N/A N/A 0.0005

Uplift

The drilled shafts will be subject to uplift as a result of heave in the overlying clay soils.  The
magnitude of these loads varies with the shaft diameter, soil parameters, and particularly the in-
situ moisture levels at the time of construction.  The shafts must contain sufficient continuous
vertical reinforcing and embedment depth into the shale stratum to resist the net tensile load.

For the conditions encountered at this site, the uplift load can be approximated by assuming a
uniform uplift of 1,800 psf over the shaft perimeter for a depth of 10 feet.  If the subgrade is
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moisture conditioned as discussed in section Floor Slabs, a uniform uplift of 500 psf can be used
in the moisture conditioned zone.

Drilled Shaft Construction Considerations

The construction of all drilled shafts should be observed by experienced geotechnical personnel
during construction to confirm: 1) the bearing stratum; 2) the minimum bearing depth; 3) that
groundwater seepage, if encountered, is correctly handled; and 4) that the shafts are within
acceptable vertical tolerance.

Recommendations for drilled shaft construction are presented in the following table.

Item Recommendation

Drilled shaft installation
specification

Current version of American Concrete Institute’s “Standard Specification for
the Construction of Drilled Piers” ACI 336.

Top of shaft completion
Enlarged (mushroom-shaped) top in contact with the clays should not be
allowed.

Time to complete
Drilled shaft construction should be completed within 8 hours in a continuous
manner to reduce side wall and base deterioration.

Installation methods

Shaft excavations should be installed using dry methods.  The concrete should
have a slump of 6 inches plus or minus 1 inch and be placed in a manner to
avoid striking the reinforcing steel during placement.  Care should be taken to
not disturb the sides and bottom of the excavation during construction. The
bottom of the shaft excavation should be free of loose material before concrete
placement. Concrete should be placed as soon as possible after the
foundation excavation is completed, to reduce potential disturbance of the
bearing surface.

Groundwater control

Groundwater seepage was not observed in any of the borings.  Groundwater
could be encountered during installation of the straight drilled shafts. Rapid
placement of steel and concrete may permit shaft installation to proceed;
however, if seepage rates are too high, the use of temporary casing for
installation of the straight shafts may be necessary. The casing should be
seated below groundwater with all water and most loose material removed
prior to beginning the design penetration. Care must then be taken that a
sufficient head of plastic concrete is maintained within the casing during
extraction.

Special Conditions
The gray limestone is a relatively hard rock and can be difficult to penetrate.
A contractor experienced and capable of drilling hard rock formations should
be retained for this project.

The drilled shaft installation process should be performed under the direction of the Geotechnical
Engineer. The Geotechnical Engineer should document the shaft installation process including
soil/rock and groundwater conditions encountered, consistency with expected conditions, and
details of the installed shaft.
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Grade Beams/Pier Caps

In conjunction with drilled shafts, all grade beams or wall panels should be supported by the drilled
shafts.  A minimum void space of 10 inches is recommended between the bottom of grade beams,
pier cap extensions or wall panels and the subgrade.  The void can be decreased to 4 inches in
areas where moisture conditioning has been performed. This void will serve to minimize distress
resulting from swell pressures generated by the clay soils.  Structural cardboard forms are one
acceptable means of providing this void beneath cast-in-place elements.  Soil retainers should be
used to prevent infilling of the void.

The grade beams should be formed rather than cast against earth trenches.  Backfill against the
exterior face of grade beams, wall panels and pier caps should be using on site clay soils placed
and compacted as described in section Fill Compaction Requirements.

FLOOR SLABS

Lightly loaded floor slabs and flatwork placed on-grade will be subject to movement as a result of
moisture induced volume changes in the active soils that can occur following construction.  The
soils expand (heave) with increases in moisture and contract (shrink) with decreases in moisture.
The movement typically occurs as post construction heave.  Moreover, the existing fill material
encountered at this site has the possibility of under-compacted zones of soil or debris within the
fill materials. Under-compacted fill could lead to unacceptable settlements of foundations, floor
slabs, and pavements that exceed the estimated movements in this report.

The potential magnitude of the moisture induced, and under-compacted fill movements is rather
indeterminate.  It is influenced by the soil properties, the placement method of the existing fill
material, overburden pressures, and to a great extent by soil moisture levels at the time of
construction.  Based on the soil types encountered in the borings, movements in slabs placed on
grade are estimated to be on the order of 5 inches for dry soil moisture conditions that can exist
prior to construction.  Differential movements could be greater than 3 inches if one edge of the
slab is lifted due to soil swell and an opposite edge is subject to shrinkage due to moisture loss.

A structural slab is recommended if foundation movements are to be limited to less than one inch.
The building slabs can be supported on a modified subgrade that has been prepared to reduce
soil movements to about one inch.  Note that movements of ½ inch can result in uneven floors,
sticking doors, and cracking of floor slabs and wall partitions.  If the risk of these movements is
unacceptable, the floor slab should be structurally supported above the active clays.

Structural Floor System

The building floor slab should be structurally supported above the subgrade if movements are to
be limited to less than one inch.  A minimum void space of 6 inches is recommended beneath the
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slab.  The minimum void space can be provided by the use of cardboard carton forms, or a deeper
crawl space.  The bottom of the void should preferably be higher than adjacent exterior grades.
A ventilated and drained crawl space is preferred under the building for several reasons, including
the following:

˂ Ground movements will affect the project utilities, which can cause breaks in the lines and
distress to interior fixtures.

˂ A crawl space permits utilities to be hung from the superstructure, which greatly reduces
the possibility of distress due to ground movements.  It also can provide ready access in
the event repairs are necessary.

˂ Ground movements are uneven.  A crawl space can be positively drained preventing the
ponding of water and reducing the possibility of distress due to unexpected ground
movements.

Floor Slabs/Flatwork on Modified Subgrade

Slab on grade construction should only be considered if slab movements on the order of one inch
are considered acceptable.  Reductions in anticipated movements can be achieved by using
methods developed in this area to reduce on-grade slab movements.  A suitable method for this
site consists of moisture conditioning the on-site clays and capping them with select fill or flexible
base material.  Moisture conditioning can be accomplished using excavation and replacement as
described below.

If movements on the order of 1 inch are acceptable,  the floor slabs can be placed on grade provided
the building pad and sensitive flatwork areas (i.e. adjacent sidewalks and pavement) is moisture
conditioned to 10 feet, or top of limestone, and capped with a 1-foot layer of select fill or flexible base.
The select fill or flexible base cap is not required outside the building lines.

The moisture conditioned soils should extend at least 5 feet beyond the building perimeter and
include entrances, abutting sidewalks and other flatwork areas sensitive to movement.  The
excavated soils, except for deleterious materials or rock greater than 4 inches, can then be placed
in accordance with section Compaction Requirements for moisture conditioned clays.  The
select fill or flexible base material must be placed above the moisture conditioned soils in a
reasonable period of time (i.e. within 48 hours) following completion of the moisture conditioning
process to prevent the loss of soil moisture.  If the surface of the moisture conditioned soils is
allowed to desiccate prior to placement of the cap, the desiccated soils should be reworked and
placed in a moisture conditioned state.

The use of a vapor retarder should be considered beneath concrete slabs on grade that will be
covered with wood, tile, or carpet with a water-soluble adhesive.  A vapor retarder should be used
for other moisture sensitive coverings, impervious coverings, or when the slab will support
equipment sensitive to moisture.  When conditions warrant the use of a vapor retarder, the slab
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designer and slab contractor should refer to ACI 302 and/or ACI 380 for procedures and cautions
regarding the use and placement of a vapor retarder.

It should be noted that excessive water from any source could result in movements greater than
1 inch.  For example, should leaks develop in underground water or sewer lines or the grades
around the structure allow ponding of water, unacceptable slab movements could develop.  The
area around the structure must be well drained, landscape beds must not be over watered or
allow ponding of water, and utility leaks are promptly repaired.  Trees should be planted at least
one-mature tree height from the building.  Root barriers should be installed if trees are planted
closer.

Floor Slab Design Parameters

Item Description

Floor Slab Support 1 Prepared with moisture conditioned soils to 10 feet and a one-foot cap of
select fill or flexible base as discussed above in section Floor Slabs.

Estimated Modulus of

Subgrade Reaction 2 100 pounds per square inch per inch (psi/in) for point loads

1. Floor slabs should be structurally independent of 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.

The use of a vapor retarder should be considered beneath concrete slabs on grade 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. Joints or cracks should
be sealed with a water-proof, non-extruding compressible compound specifically recommended
for heavy duty concrete pavement and wet environments.

Where floor slabs are tied to perimeter walls or turn-down slabs to meet structural or other
construction objectives, our experience indicates differential movement between the walls and
slabs will likely be observed in adjacent slab expansion joints or floor slab cracks beyond the
length of the structural dowels. The Structural Engineer should account for potential differential
settlement through use of sufficient control joints, appropriate reinforcing or other means.
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Settlement of floor slabs supported on existing fill materials cannot be accurately predicted, but
could be larger than normal and result in some cracking. Mitigation measures, as noted in
Existing Fill within Earthwork, are critical to the performance of floor slabs. In addition to the
mitigation measures, the floor slab can be stiffened by adding steel reinforcement, grade beams
and/or post-tensioned elements.

Floor Slab Construction Considerations

Finished subgrade, within and for at least 10 feet beyond the floor slab, should be protected from
traffic, rutting, or other disturbance and maintained in a relatively moist condition until floor slabs are
constructed. If the subgrade should become damaged or desiccated prior to construction of floor
slabs, the affected material should be removed and structural fill should be added to replace the
resulting excavation. Final conditioning of the finished subgrade should be performed immediately
prior to placement of the floor slab support course.

The Geotechnical Engineer should approve the condition of the floor slab subgrades immediately
prior to placement of the floor slab support course, reinforcing steel, and concrete. Attention should
be paid to high traffic areas that were rutted and disturbed earlier, and to areas where backfilled
trenches are located.

MONOLITHIC SLAB-ON-GRADE FOUNDATION

Monolithic Slab-on-Grade – Design Recommendations

A conventionally reinforced or post-tensioned slab-on-grade foundation system may be
considered to support the proposed structure.  Monolithic slab foundations are typically designed
with interior and exterior grade beams to resist soil movement.  The slab, superstructure,
architectural finishes, and entrances must be designed to accommodate potential differential
movements from active soils.  If differential movement cannot be tolerated, the building should be
supported on a drilled shaft foundation system as described in previous sections.  The design
parameters provided below are based on the building pad being prepared as described in section
Floor Slabs/Flatwork on Modified Subgrade.

Recommendations provided below are based on “Design of Slab-on-grade Foundations” (August
1981) and “Design of Slab-on-grade Foundations – An Update” (March 1996) prepared for Wire
Reinforcement Institute (WRI). The design parameters were developed based on WRI procedure
and recommended ground modification.

Design Parameter
Recommendations

Moisture conditioned Subgrade

Design Plasticity Index (PI) 45
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Design Parameter
Recommendations

Moisture conditioned Subgrade

Climatic rating (Cw) 18

Cantilever distance (lC) 8.5 feet

Allowable net bearing capacity 1,000 psf

Minimum bearing depth (inches) 24

Consideration can also be given to supporting the structure on a post-tensioned slab-on-grade
foundation.  The slab, superstructure, architectural finishes, and entrances must be designed to
accommodate potential differential movements from active soils.

Design parameters are presented in the table below for differential swell (ym) using the
Post-Tensioning Institute's (PTI) slab-on-grade design method (Third Edition, 2004).  The table
below provides design parameters for PTI slab-on-grade designed to be supported on 5 and 10
feet of moisture conditioned soils capped with 1 foot of select fill or flexible base material as
described above in this section. The moisture conditioned soils should extend at least 5 feet
beyond the building perimeter.  Moisture conditioned and select fill soils should be placed as
described in the section Floor Slabs/Flatwork on Modified Subgrade.

PTI Slab Design Parameters

Subgrade Treatment
Estimated

PVR
inch

Center Lift Edge Lift

em

feet
ym

inch
em

feet
ym

inch

Untreated subgrade 5 5.1 3.0 4.1 5

1’ Select Fill/Flexible base over 5’
of Moisture Conditioned Soils

3 5.1 1.5 4.1 2.0

1’ Select Fill/Flexible base over 10’
of Moisture Conditioned Soils

1 5.1 1.0 4.1 1.0

The grade beams of the slab-on-grade foundation system bearing in natural, undisturbed clay
soils or properly compacted fill should exert a maximum bearing pressure of 1,000 psf. These
beams should extend a minimum of 24 inches below finished exterior grade.

It should be noted that excessive water from any source could result in movements greater than
the slab was designed to accommodate.  For example, should leaks develop in underground
water or sewer lines or the grades around the structure allow ponding of water, unacceptable slab
movements could develop.
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The use of a vapor retarder should be considered beneath concrete slabs on grade that will be
covered with wood, tile, or carpet with a water-soluble adhesive.  A vapor retarder should be used
for other moisture sensitive coverings, impervious coverings, or when the slab will support
equipment sensitive to moisture.  When conditions warrant the use of a vapor retarder, the slab
designer and slab contractor should refer to ACI 302 and/or ACI 360 for procedures and cautions
regarding the use and placement of a vapor retarder.

The design parameters provided are based on assumptions that the area around the structure
will be well drained, landscape beds are not over-watered, and utility leaks are promptly repaired.

SEISMIC CONSIDERATIONS

The seismic design requirements for buildings and other structures are based on Seismic Design
Category. Site Classification is required to determine the Seismic Design Category for a structure.
The Site Classification is based on the upper 100 feet of the site profile defined by a weighted
average value of either shear wave velocity, standard penetration resistance, or undrained shear
strength in accordance with Section 20.4 of ASCE 7 and the International Building Code (IBC).
Based on the soil/bedrock properties encountered at the site and as described on the exploration
logs and results, it is our professional opinion that the Seismic Site Classification is C.
Subsurface explorations at this site were extended to a maximum depth of 20 feet. The site
properties below the boring depth to 100 feet were estimated based on our experience and
knowledge of geologic conditions of the general area. Additional deeper borings or geophysical
testing may be performed to confirm the conditions below the current boring depth.

PAVEMENTS

Pavement Subgrades

Subgrade materials at this site will most likely consist of clay soils.  The clay soils are subject to
loss in support value with the moisture increases which occur beneath pavement sections.  They
react with hydrated lime to improve and maintain their support value.  Lime treatment is
recommended beneath flexible (asphalt) pavement sections.  On-site, rigid (concrete) pavements,
may be placed on an unmodified, properly compacted subgrade.  The pavement subgrades
should be proofrolled as discussed in section Site Preparation.

For budgeting purposes, a minimum of 8 percent hydrated lime (TxDOT Item 280), by dry weight,
is estimated.  The lime application rate should be determined by laboratory testing once the
pavement subgrade is rough graded.  The lime should be thoroughly mixed and blended with the
top 6 inches of the subgrade for on-site pavement.  Lime treatment should extend a minimum of
one foot beyond the edge of the pavement.
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The soils in this region may contain high level of sulfates.  Sulfates can react with lime to form
ettringite crystals that can lead to heave of pavements and premature pavement failure.  If lime
treatment of the pavement subgrade is performed, the surface soils should be tested for sulfates
after final grading is complete.  When the sulfate concentrations are less than 3,000 ppm, the
subgrade soils are considered to be suitable for lime treatment in the conventional manner using
a single lime application.  When sulfate concentrations are higher than about 3,000 ppm, there is
risk of lime/sulfate induced heave occurring.  If lime treatment is planned, sulfate testing should
be performed on rough graded subgrade soils.

The modified or natural subgrade should be uniformly compacted to the criteria described in
section Fill Compaction Requirements.  It should then be protected and maintained in a moist
condition until the pavement is placed.  Pavement subgrades should be graded to prevent
ponding and infiltration of excessive moisture on or adjacent to the pavement subgrade surface.

Site grading is generally accomplished early in the construction phase.  However, as construction
proceeds, the subgrade may be disturbed due to utility excavations, construction traffic,
desiccation, or rainfall.  As a result, the pavement subgrade may not be suitable for pavement
construction and corrective action will be required. The subgrade should be carefully evaluated
at the time of pavement construction for signs of disturbance or excessive rutting.  If disturbance
has occurred, pavement subgrade areas should be reworked, moisture conditioned, and properly
compacted to the recommendations in this report immediately prior to paving.

Support characteristics of subgrade for pavement design do not account for shrink/swell
movements of an expansive clay subgrade, such as soils encountered on this project. Thus, the
pavement may be adequate from a structural standpoint, yet still experience cracking and
deformation due to shrink/swell related movement of the subgrade.

Pavement Traffic

Traffic patterns and anticipated loading conditions were not available; however, typical pavement
sections with subgrade modification alternatives for 20-year design life are provided. These
represent a total of 45,000 18-Kip Equivalent Single Axle Loads (ESALs) for Light Duty pavement
and 100,000 18-Kip ESALs for the Medium Duty pavement.  The Light Duty pavement is intended
for passenger car and pickup trucks and occasional delivery trucks.  The Medium Duty pavement
is intended for passenger car, pickup trucks, small delivery trucks, and occasional fire trucks.

If the pavements are subject to heavier loading and higher traffic counts than the assumed values,
this office should be notified and provided with the information so that we may review these
pavement sections and make revisions if necessary.
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Pavement Section Thickness

Both asphalt and concrete pavement sections are presented in the following table for on-site
pavements.  They are not considered equal.  Over the life of the pavement, concrete sections
would be expected to require less maintenance.

Pavement Section

Pavement Thickness, Inches

Light Duty
45,000 18-kip

ESALs

Medium Duty
100,000 18-kip

ESALs

Dumpster
Area

Portland Cement
Concrete

Concrete 5 6 7

Compacted Subgrade 6 6 6

Total Pavement Section 11 12 13

Full Depth

Asphaltic Concrete

Asphaltic Concrete
TxDOT Item 340

Type D
2 2 -

Asphaltic Concrete
TxDOT Item 340

Type A or B
3 4 -

Lime Modified Subgrade 6 6 -

Total Pavement Section 11 12 -

*All materials should meet the TxDOT Standard Specifications for Highway Construction.

The concrete should have a minimum 28-day compressive strength of 3,000 psi in Light Duty
areas and 3,500 psi in Medium Duty and dumpster areas.  It should contain a minimum of 4.5±1.5
percent entrained air.  As a minimum, the section should be reinforced with No. 3 bars on 18-inch
centers in both directions.  Refer to ACI 330 “Guide for Design and Construction of Concrete
Parking Lots” for additional information concerning joint spacing, joint depth, joint location, etc.

Pavements will be subject to differential movement due to heave in the site soils.  We estimate
the potential vertical heave to be as much as 2 inches for this site.  Terracon should be contacted
for additional recommendations should it be desired to reduce the potential vertical heave in
pavement areas.  Flat grades should be avoided with positive drainage provided away from the
pavement edges.  Backfilling of curbs should be accomplished as soon as practical to prevent
ponding of water.



Geotechnical Engineering Report
Sonic Restaurant ƴ Fort Worth, Tarrant County, Texas
November 30, 2018 ƴ Terracon Project No. 95185204

Responsive ƴ Resourceful ƴ Reliable 18

Openings in pavement, such as landscape islands, are sources for water infiltration into
surrounding pavements.  Water collects in the islands and migrates into the surrounding subgrade
soils thereby degrading support of the pavement.  This is especially applicable for islands with
raised concrete curbs, irrigated foliage, and low permeability near-surface soils.  The civil design
for the pavements with these conditions should include features to restrict or to collect and
discharge excess water from the islands.  Examples of features are edge drains connected to the
storm water collection system or other suitable outlet and impermeable barriers preventing lateral
migration of water such as a cutoff wall installed to a depth below the pavement structure.

Pavement Maintenance

The pavement sections represent minimum recommended thicknesses and, as such, periodic
maintenance should be anticipated. Therefore, preventive maintenance should be planned and
provided for through an on-going pavement management program. Maintenance activities are
intended to slow the rate of pavement deterioration and to preserve the pavement investment.
Maintenance consists of both localized maintenance (e.g., crack and joint sealing and patching)
and global maintenance (e.g., surface sealing). Preventive maintenance is usually the priority
when implementing a pavement maintenance program. Additional engineering observation is
recommended to determine the type and extent of a cost-effective program. Even with periodic
maintenance, some movements and related cracking may still occur and repairs may be required.

Pavement performance is affected by its surroundings. In addition to providing preventive
maintenance, the civil engineer should consider the following recommendations in the design and
layout of pavements:

˂ Final grade adjacent to paved areas should slope down from the edges at a minimum 2%.
˂ Subgrade and pavement surfaces should have a minimum 2% slope to promote proper

surface drainage.
˂ Install below pavement drainage systems surrounding areas anticipated for frequent

wetting.
˂ Install joint sealant and seal cracks immediately.
˂ Seal all landscaped areas in or adjacent to pavements to reduce moisture migration to

subgrade soils.
˂ Place compacted, low permeability backfill against the exterior side of curb and gutter.
˂ Place curb, gutter and/or sidewalk directly on clay subgrade soils rather than on unbound

granular base course materials.

GENERAL COMMENTS

Our analysis and opinions are based upon our understanding of the project, the geotechnical
conditions in the area, and the data obtained from our site exploration. Natural variations will occur
between exploration point locations or due to the modifying effects of construction or weather.
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The nature and extent of such variations may not become evident until during or after construction.
Terracon should be retained as the Geotechnical Engineer, where noted in this report, to provide
observation and testing services during pertinent construction phases. If variations appear, we
can provide further evaluation and supplemental recommendations. If variations are noted in the
absence of our observation and testing services on-site, we should be immediately notified so
that we can provide evaluation and supplemental recommendations.

Our Scope of Services 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.

Our services and any correspondence or collaboration through this system 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.

Site characteristics as provided are for design purposes and not to estimate excavation cost. Any
use of our report in that regard is done at the sole risk of the excavating cost estimator as there
may be variations on the site that are not apparent in the data that could significantly impact
excavation cost. Any parties charged with estimating excavation costs should seek their own site
characterization for specific purposes to obtain the specific level of detail necessary for costing.
Site safety, and cost estimating including, excavation support, and dewatering
requirements/design are the responsibility of others. If changes in the nature, design, or location
of the project are planned, our conclusions and recommendations shall not be considered valid
unless we review the changes and either verify or modify our conclusions in writing.
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EXPLORATION AND TESTING PROCEDURES

Field Exploration

Number of Borings Boring Depth (feet) Planned Location

2 20 feet Building area

3 5 to 8 feet Pavement and canopy area

Boring Layout and Elevations: Unless otherwise noted, Terracon personnel provided the boring
layout. Coordinates were obtained with a handheld GPS unit (estimated horizontal accuracy of
about ±10 feet) and approximate elevations were obtained by interpolation from the USGS
Topographic Map. If elevations and a more precise boring layout are desired, we recommend
borings be surveyed following completion of fieldwork.

Subsurface Exploration Procedures: We advance the borings with a truck-mounted, rotary drill
rig using continuous flight augers (solid stem and/or hollow stem as necessary depending on soil
conditions).  In the thin-walled tube sampling procedure, a thin-walled tube is pushed hydraulically
into the soil to obtain a relatively undisturbed sample.  The load-carrying capacity of bedrock is
evaluated in place by the Texas Department of Transportation (TxDOT) cone penetration test. The
samples were placed in appropriate container, taken to our laboratory for testing, and classified
under the direction of a geotechnical engineer. In addition, we observe and record groundwater
levels during drilling and sampling. For safety purposes, all borings are backfilled with auger
cuttings after their completion.

Our exploration team prepares field boring logs as part of the standard drilling operations. These
field logs include visual classifications of the materials encountered during drilling and our
interpretation of the subsurface conditions between samples. Final boring logs are prepared from
the field logs. The final boring logs represent the geotechnical engineer's interpretation of the field
logs and include modifications based on observations and tests of the samples in our laboratory.

Laboratory Testing

The project engineer reviewed the field data and assigned laboratory tests to understand the
engineering properties of the various soil and rock strata, as necessary, for this project.
Procedural standards noted below are for reference to methodology in general. In some cases,
variations to methods were applied because of local practice or professional judgment. Standards
noted below include reference to other, related standards. Such references are not necessarily
applicable to describe the specific test performed.

˂ Water (Moisture) Content of Soil
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˂ Liquid Limit, Plastic Limit, and Plasticity Index of Soils
˂ Material Finer than 75-ɛm (No. 200) Sieve
˂ Absorption Swell Tests

Absorption swell tests are performed on selected samples.  These tests are used to quantitatively
evaluate volume change potential at in-situ moisture levels.  The results of these tests are
presented in the table below.

SWELL TEST RESULTS

Boring
No.

Depth
(feet)

Liquid
Limit
(%)

Plasticity
Index
(%)

Initial
Moisture

(%)

Final
Moisture

(%)

Surcharge
(psf)

Swell
(%)

B-2 2-4 74 48 30.1 32.1 360 2.9
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