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GEOTECHNICAL ENGINEERING STUDY
Urban Reserve Development
White Rock Creek at DART Railway
Dallas, Texas

INTRODUCTION
GENERAL
This report presents the results of a geotechnical engineering study for the Urban Reserve
Development located in Dallas, Texas. The development will include approximately 11 acres of grass
and tree covered undeveloped land. The general layout of the site is shown on the Boring and Test Pit
Location Plan, Figure 1. The purpose of this study was to gather information about the general
subsurface conditions using published geological and boring data, evaluate the physical and
engineering properties of the subsurface soils, and to make geotechnical recommendations for use in
design of the proposed site for residential construction.
PROPOSED CONSTRUCTION
The site for the study is located along White Rock Creek at the DART Railway near Jerry Street in
Dallas, Texas. Although specific details for final design are under development, we anticipate that the
foundation loads for the proposed single-family homes will be light and typical of residential
construction. At the time of the field exploration, the site was generally covered by grasses with some
heavy tree presence. Site inspection indicated that much of the site had been previously filled. The
terrane of the site is considered to be rough with piles of fill which contained some concrete debris
and asphalt pavement fragments. No site grading plan had been developed at the time of our
investigation. It is however, understood that pier and beam type foundation systems are planned for
support of the planned structures on this site. If the final proposed construction varies from what is
anticipated at this time, then we should be contacted for further evaluation, as it could affect the
recommendations provided in this report. Site grading will also be necessary to develop this site, and
we should be provided a site grading plan when it is developed. The general layout of the project site
are shown on Figure 1.

SCOPE OF SERVICE
The scope of this study consisted of field exploration, laboratory testing, engineering analysis, and
report preparation. The engineering evaluations conducted and recommendations developed for this
study include the following:
C

General site subsurface stratigraphy conditions;

C

Subsurface material characteristics and their effects on design and construction;

C

Groundwater conditions;

C

Suitable foundation types and foundation design criteria;

C

Recommendations for pavement subgrade support;

C

General geotechnical construction requirements; and

C

Other geotechnical design and construction considerations related to the proposed
construction.

FIELD EXPLORATION AND LABORATORY TESTING

GENERAL
A field exploration and laboratory testing program was completed as a part of this study. The
following sections provide a detailed description of our field and laboratory programs.
FIELD PROGRAM
Twenty-three borings were drilled for this project. Each boring was drilled based on about a 100 foot
or greater spacing. The boring locations were approximately located in the field by our project
engineer based on the site plan provided to us by the client. The boring location coordinates were
recorded with a handheld GPS unit (Figure 4). A dozer was required to clear areas of the site for drill
rig access to the various boring locations. The borings were completed with a truck and also an ATV
mounted drilling rigs using continuous flight augers. The approximate locations of the borings are
shown on the Boring and Test Pit Location Plan, Figure 1. While the dozer was on site, five test pits
were excavated to help evaluate the composition of the fill. The locations of these test pits are also
indicated on Figure 1.

Urban Edge Developers Ltd
Urban Reserve Development
CTL Job No. DA6526

2

Undisturbed samples from the borings were sampled by means of thin walled seamless tube samplers
advanced hydraulically into the ground. The relative consistency of the recovered seamless tube
samples was evaluated with a pocket penetrometer in the field. Cohesionless soil samples were
obtained in the borings by driving a split-spoon sampler 18 inches into the subsurface materials using
a 140-pound hammer free falling 30 inches. The number of blows for each 6 inches of penetration was
recorded and the total number of blows required to drive the second and third 6 inch intervals
constitutes the standard penetration resistance in blows per foot, referred to as the N value. This
value was used to evaluate the engineering properties of the soil layer. After the samples had been
extruded in the field, the samples were visually classified, carefully wrapped, sealed, marked, placed in
wax coated sample boxes, and transported to laboratory for testing.

Evaluation of the weathered and unweathered limestone encountered in some of the borings was
made using the Texas Department of Transportation (TxDOT) Cone Penetrometer test. The TxDOT test
was typically performed at 5-foot intervals by driving a 3-inch diameter cone. The penetration of the
cone resulting from 100 blows of the 170 pound hammer was recorded in each of the borings where
the limestone was encountered.

Logs of all of the test borings, presenting visual descriptions of the subsurface materials encountered
are included as Figures 5 through 27. Sampling information and pertinent field data are also included.
A Soil Classification Chart identifying the different symbols used on the Logs of Borings is included
on Figure 28.

Five test pits were excavated while the dozer was on the site. These test pits were extended to depths
of about 4 feet for the purpose of better evaluating the properties of the existing fill materials. Test pit
locations are also indicated on Figure 1, the Boring and Test Pit Location Plan.
LABORATORY TESTING
Soil samples obtained during the field exploration were visually classified by a geotechnical engineer
in the laboratory.

To aid in classifying the soils and determining their general engineering

characteristics, a testing program was conducted on selected samples in general accordance with the
following standards:
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Laboratory Test

Test Standard

Moisture Content

ASTM D 2216

Atterberg Limits

ASTM D 4318

Percent Passing No. 200 Sieve

ASTM D 1140

Overburden Swell

ASTM D 4546

Unconfined Compression

ASTM D 2166

Standard Proctor

ASTM D 698

Results of the moisture content, dry unit weight, unconfined compression, minus No. 200 sieve and
Atterberg Limits tests are presented on the Logs of Borings, Figures 5 through 27. The results of onedimensional swell tests are shown on Figure 29. Proctor test results are plotted in Figure 30. The fill’s
density and percent compaction of various samples from the borings are presented in Figure 31.

SITE CONDITIONS

SUBSURFACE CONDITIONS
The available geologic mapping indicates that site is underlain by the Austin Chalk Formation. The
Austin Chalk Formation typically consists of clay and calcareous clay strata underlain by tan to light
brown weathered limestone transitioning into the harder gray limestone. Residual surficial soils, of
this formation consist of dark brown changing to light brown and yellow brown calcareous clays
overlying the weathered limestone and the gray limestone. These clays are the product of weathering
of the parent rock. The clay soils may contain some highly expansive clay minerals, which are capable
of causing significant soil volume changes which can result in foundation related movement and
distress. These typical local geologic and soil conditions appear to be supported by the subsurface
conditions identified by the exploratory borings.

Fill was encountered in 18 borings on this site to depths of 2 to 22.5 feet below existing grade. The fill
generally consists of clay, sand, gravel with limestone and concrete pieces and fragments. Large rock
and concrete pieces, steel rebar and pieces of asphalt pavement were observed in the area of boring
B-7, B-20 and Test Pit 5. No records were available at the time of our study which would indicate that
any of the fill was placed with compaction control. If any compaction records are available, they
should be submitted to us for review. Based on the results of the field and laboratory tests conducted
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for this study, the subsurface materials can be grouped into six strata and are summarized in Table 1.
The depth of the various strata indicated on the test borings refers to the depth from the existing grade
or ground surface present at the time of the study. Boundaries between the various soil types are
approximate.

TABLE 1- SUMMARY OF SUBSURFACE CONDITIONS
Stratum

Description

First
Encountered
(ft)

Bottom of
Stratum (ft)

I

FILL, CLAY, with some sand and gravel,
limestone fragments, concrete and
asphalt fragments, dark brown, light
brown, gray

0

2 – 22.5

II

CLAY, calcareous, brown, dark brown,
light brown (CL)

0 – 23.5

2 – – 35(1)

III

CLAY, slightly sandy with calcareous
nodules, light brown, brown (CH)

0 – 22

2 – 35(1)

IV

WEATHERED LIMESTONE, with clay
layers, light brown

2 – 34.5

4 – 35(1)

V

LIMESTONE, gray

4 – 34

10(1) - 35(1)

Notes:

(1)

Indicates bottom of boring penetration

SOIL PROPERTIES
The field and laboratory test results are summarized for each stratum and shown in TABLE 2.
SUMMARY OF FIELD AND LABORATORY TEST.
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TABLE 2
SUMMARY OF FIELD AND LABORATORY TESTS

ENGINEERING
PROPERTIES

MOISTURE
CONTENT (%)
UNIT DRY WEIGHT
(pcf)
LIQUID LIMIT (%)
PLASTIC LIMIT (%)
PLASTICITY INDEX
(%)
MINUS NO. 200
SIEVE (%)
SWELL (%)
UNCONFINED
COMPRESSION (tsf)
POCKET PEN. (tsf)
STANDARD PEN.
TEST (bpf)
TxDOT CONE PEN.
TEST (inches/100
blows)

FILL, CLAY
with sand
and rock
Stratum I
2 – 32

CLAY,
Calcareous
Stratum
II
8 – 25

CLAY
(CH)
Stratum
III
10 – 39

WEATHERED
LIMESTONE
Stratum IV

GRAY
LIMESTONE
Stratum V

23

--

90 – 119

91 – 123

81 – 121

105

--

40 - 65
19 - 25
21 - 40

30 – 48
14 – 21
16 – 28

55 – 73
23 – 27
32 - 46

----

----

22 - 99

56 – 95

85 - 98

--

--

0.0 – 1.1
1.2 – 7.7

0.0 – 1.8
0.6 – 5.6

0.0 – 3.8
0.6 – 12.7

--

---

0.5 – 4.5+
8 - 38

2.0 – 2.75
--

1.5 – 4.5+
--

1.3
4.5+
--

---

12

--

--

0.75 – 7.75

0.2 – 3.25

EXISTING FILL
The existing fill at this site was found to be somewhat variable; however, it generally consisted of
clays with variable amounts of limestone gravel and fragments. The clay soils in the fill were not
found to exhibit high swell potential and some of the fill could be replaced in any areas on the site
requiring new fill.

In some locations large concrete fragments and asphalt fragments were

encountered in the fill, and where these are exposed or otherwise identified they will need to be
removed. It may be possible to place these materials in any low non-structure areas requiring fill
without controlled density. We did not encounter any significant organics or trash in the fill. In most
areas we were able to push steel tube samplers into the fill. Density tests were performed on a
number of the samples and the dry density of the fill ranged from 90 to 119 pcf. This was compared to
a moisture density curve (Figure 30) developed from a representative sample of the fill material. This
curve indicated compaction of the fill samples tested ranged between 83 percent to 107 percent. The
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results of these tests are reported on Figure 31. It should be realized that this only provides a general
indicator of the fill density due to variable characteristics of the fill materials. Some soft intervals were
identified in the fill by the density tests and also by unconfined compression tests and pocket
penetrometer tests performed on representative samples. Generally, the more soft intervals of the fill
were found to be near the lower part of the fill sections.

There is some risk of future settlement of this fill. Residential foundations should not be supported on
the fill. Pavement and flatwork supported on any of the fill will also be expected to experience some
settlement. Based on the findings of this investigation, large settlements are not expected if proof
rolling and observations are made as the work progresses. However, settlements could be sufficient
to cause cracking of pavement and flatwork supported above the fill. Some benefit could be gained by
removing some of the fill during site development which should reduce the future settlement of the
remaining fill soils and also possible settlement of the natural clay soils below the fill. Other problems
associated with the fill include encountering large rock and concrete fragments when drilling piers,
caving of loose gravel and rock fragments during pier drilling, water trapped in the fill, and areas
which contain rocks and concrete fragments encountered during preparation of subgrades for streets
and other flatwork. Additionally, concrete fragments and large rock fragments could be encountered
during the installation of underground utilities and these materials could complicate the excavation of
utility trenches. Large rock or concrete fragments should not be replaced as trench backfill.
GROUNDWATER CONDITIONS
Groundwater was encountered in eight of the borings at the time of this study. The following table
presents groundwater data only for the borings in which groundwater was encountered. Groundwater
encountered in the test borings was measured from existing grade to the top of the groundwater
surface and is tabulated on the following table:
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Boring No.

TABLE 3 - DEPTH FROM EXISTING GRADE TO
GROUNDWATER SURFACE (feet)
At the time of drilling

After drilling completion

B-3

32

30

B-4

32

30

B-5

27.5

27

B-6

33

32.5

B-13

18

18

B-20

35

--

B-22

33.5

33

B-23

34

33.5

Additionally, groundwater measurements were performed five days after drilling completion in boring
B-5 where water was measured at a depth of 23 feet and in boring B-22 where water was measured at a
depth of 28 feet. No groundwater was encountered in boring B-13 when measured five days after
drilling completion. Groundwater levels will fluctuate with seasonal variations in precipitation and
variations in the permeability of the fill. Groundwater levels should be verified prior to any
construction. Seasonal seepage will be encountered in the fill and also is typically encountered within
or on top of the weathered limestone, primarily following periods of seasonal rainfall. Slopes or
excavation cuts into the fill on this site can be subject to seepage at various levels down the slope or
below the bottom of the excavation. Foundation excavations extending into the limestone can also be
subject to seepage.
POTENTIAL VERTICAL MOVEMENT
Potential vertical movement (PVM) caused by the moisture variations in the soils were estimated
based on the method developed by TxDOT (Tex-124-E) and swell test results. Shrink/swell potential is
greater where expansive soils occur in significant thickness from the ground surface. According to
the subsurface conditions encountered in the test borings and our calculations, the site is classified in
four zones and the PVM is calculated to range between 1 and 4 inches based on dry soil moisture
conditions in each zone.

The zones, corresponding boring numbers, and Potential Vertical

Movements (PVM’s) are summarized in the following Table 4:
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TABLE 4 – DESIGNATED PVM ZONES
Zone

Boring No.

I

B-1 and B-2

PVM
(dry)
<1”

B-3, B-4, B-7, B-8, B-9, B-10, B-12, B-13, B-15,

II

B-16, B-17, B-18, B-19 and B-20

2”

III

B-14, B-21, B-22 and B-23

3”

IV

B-4 and B-5

4”

ENGINEERING ANALYSIS AND RECOMMENDATIONS
GENERAL
Fill was encountered in 18 of the borings at depths of 2 to 22.5 feet. Fill encountered in our borings
was assumed to originate from fill placed during the development of the earlier surrounding areas or
hauled to the site from other areas. It is our understanding that there are no compaction records for
placement of this fill. If any such records are available, they should be submitted to our office for
evaluation. These fills consist of sandy clay and clay mixed with gravel and limestone fragments. Due
to the depth of the fill and the possibility of inconsistencies in the fill, structures or pavements
supported on these fills will be subject to differential movements due to variable settlement of the fill
materials. Additionally, the fills contain significant amounts of potentially active clays which could be
subject to expansion or contraction due to seasonal moisture changes. The most positive means of
reducing the effects of these soil movements would consist of supporting the structures on pier and
beam foundation systems which would isolate the foundation from most of the effects of soil volume
changes. Based on our conversation with the client, it is to our understanding that pier and beam type
foundations are planned for the proposed structures. The preferred foundation type would be straight
drilled shafts extending into the gray limestone in order to limit settlement. Where fill depths of 10 feet
or more remain in areas where shafts are installed, the total load on the shaft should be increased by
20 percent to account for downdrag as the fill settles. Driveways, pavements and other flatwork which
will be supported on grade will; however, be subject to differential movement due to settlement of the
fill and also soil volume changes due to swelling or drying of the clays.
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Weathered limestone was encountered at a depth of 2 feet in Borings B-1 and B-2. As an option, the
foundation systems for lots where shallow limestone exists may consist of ground supported
monolithic slab-on-grade foundations. If some potential floor slab movement can be tolerated, then the
building pad can be prepared for the purpose of reducing potential heave below the foundations. Lots
near the listed boring locations may be supported on the foundation systems indicated in Table 5:

TABLE 5 - FOUNDATION SYSTEMS
BORING

MONOLITHIC

STRAIGHT

DRILLED AND UNDERREAMED SHAFT

NO.

SLAB-ON-GRADE

DRILLED SHAFT

(Max Allowable Bearing Pressure at depth)

B-1
•
•
B-2
•
•
B-3
B-4
B-5
B-6
•
B-7
B-8
B-9
•
B-10
•
B-11
•
B-12
•
B-13
•
B-14
•
B-15
•
B-16
•
B-17
B-18
B-19
B-20
B-21
•
B-22
•
B-23
Note: Depth from grade existing when borings were drilled

• / 5,000 at 22’
• / 5,000 at 22’
• / 5,000 at 17’
• / 3,500 at 15’
• / 5,000 at 17’
• / 6,000 at 15’

• / 5,000 at 17’
• / 5,000 at 20’
• / 5,000 at 27’
• / 4,000 at 27’
• / 4,000 at 19’
• / 6,000 at 22’
• / 4,000 at 20’
• / 3,500 at 22’

Design and construction recommendations for the foundation systems are presented in the following
sections.
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STRAIGHT DRILLED SHAFT FOUNDATIONS
Design Recommendations
The straight drilled shafts should extend into the gray limestone to develop both end bearing and side
resistance. The shafts should penetrate a minimum of one foot into the gray limestone before
considering side resistance for compressive loads or uplift pressure. These shafts should be
designed to provide foundation support and also to resist the potential uplift pressures due to live
loads and swell pressures on the shafts resulting from expansion of the overlying clay soils. The
following recommendations are provided for drilled shaft foundation design:

TABLE 6 – FOUNDATION DESIGN STRAIGHT SHAFTS
Design Parameters

Design Values

Bearing Stratum

Gray Limestone (Stratum V)

Maximum Allowable Bearing Pressure

30,000 psf

Maximum Allowable Side Resistance
(axial)

4,000 psf

Maximum Allowable Side Resistance
(Uplift)

3,500 psf

Minimum Penetration into Bearing
Stratum

To Be Determined by Structural
Engineer

The actual penetrations will need to be determined by the project structural engineer during final
structural design. These shafts should be designed to provide foundation support and also to resist
the potential uplift pressures due to live loads and swell pressures on the shafts resulting from
expansion of the overlying clay soils.

Straight drilled reinforced concrete shafts will utilize a

combination of end bearing and side resistance in developing their load carrying capacity. Where
temporary casing is required, no side resistance should be considered above the bottom of the casing.
The first one foot of penetration into the gray limestone should be neglected. Shafts designed based
on the criteria provided should experience settlements of less than1/4 inch.
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Drilled Shaft Group Effects
Two shafts placed side by side should be designed based on one-half of the recommended unit skin
friction. Unit skin friction values for two shafts spaced between 1 and 2.5 diameters apart, measured
center to center of adjacent shafts, can be linearly interpolated between 50 and 100 percent of the
recommended skin friction. Shaft groups of two or more shafts spaced closer than 2.5 diameters
center to center or groups of shafts with uplift loads should be evaluated on a case by case basis by
CTL.
Soil Uplift Loads on Straight Drilled Shafts
Drilled shafts could be subject to uplift as a result of heave in the overlying clays. The potential
magnitude of these loads varies with the shaft diameter, soil parameters, and particularly the in-situ
moisture levels at the time of construction. For design purposes, it is recommended that the shafts be
reinforced for uplift loads exerting a swell pressure of 1,000 psf over the shaft perimeter to a depth of 8
feet or to the top of the limestone stratum.

For straight drilled shafts, the computed uplift load will be resisted by the dead load on the shafts and
shaft side resistance developed in the gray limestone after a minimum penetration of 1 foot into the
gray limestone. The straight drilled reinforced concrete shafts should have sufficient embedment into
the described gray limestone stratum to resist the computed uplift loads. The shafts should have
continuous vertical reinforcing steel to resist the computed uplift loads.
DRILLED AND UNDERREAMED SHAFT FOUNDATIONS
Design Recommendations
Weathered and gray limestone was not encountered in some of the borings. Where the limestone is
deep, structure loads may be supported by underreamed shafts. The following recommendations are
provided for drilled and underreamed shaft foundation design for the structure:
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TABLE 7 – FOUNDATION DESIGN UNDERREAMED SHAFTS
Design Parameters

Design Value

Minimum Depth to Bottom of Underream from
grades existing when borings were drilled, cuts
or fills could require adjustments in shaft depths

See Table 5 - FOUNDATION
SYSTEMS

Bearing Stratum

CLAY (CL, CH) – Stratum II, III and IV

Minimum Underream to Shaft Diameter Ratio

2:1

Maximum Underream to Shaft Diameter Ratio

2.5:1

Maximum Allowable Bearing Capacity

See Table 5 - FOUNDATION
SYSTEMS

The depth to the bearing stratum indicated on the table FOUNDATION SYSTEMS are from the grades
existing at the time the borings were drilled. It is recommended that ground elevations be taken at the
various boring locations before any site grading so that the depth to the recommended bearing
stratum can be determined after site fills or cuts are made during site development. Shaft depths will
change in areas where cuts or fills are made. The recommended allowable bearing pressures
indicated on the table FOUNDATION SYSTEMS, is based on a factor of safety of 3. Foundation
settlements based on the recommended bearing pressures will be primarily elastic with about 50
percent of the settlement occurring during construction. Shaft settlement is estimated to be on the
order of 1 inch or less for the recommended bearing pressures. The settlement response of the
underreamed shafts will be impacted more by the quality of construction than by the response of the
bearing stratum to the final structure loads. The design load on the shaft should be increased by 20
percent where shafts are installed through uncontrolled fill depths greater than 10 feet.

Vertical shaft reinforcing should be computed based on an average upward side pressure due to
swelling of the expansive clay soils of 1,000 pounds per square foot (psf). This uplift pressure should
be uniformly applied over the perimeter of the drilled and underreamed shafts for a maximum depth of
8 feet from the top of the shaft. Permanent structure dead load forces may be considered to resist soil
uplift pressures.
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CONSTRUCTION CONSIDERATIONS FOR DRILLED SHAFTS
Excavations for the shafts must be maintained in the dry. Groundwater was encountered in 8 borings
from depths of 18 to 33.5 feet during the field exploration. Additionally, seepage may be encountered
during installation of any of the shafts, particularly if construction proceeds during a wet period of the
year. Test shafts outside the residence footprints are recommended to confirm groundwater
conditions and to determine if underreams can be properly constructed. In some cases, rapid
placement of steel and concrete will permit shaft installation to proceed; however, the seepage in the
fill materials could be sufficient to require the use of temporary casing for proper installation of either
straight shafts into the limestone or drilled and underreamed shafts extending below the fill into the
underlying clay.

Where straight drilled shafts are installed, it is anticipated the casing will need to extend to the
limestone. Where underreamed shafts are installed and groundwater is encountered in the overlying
fill or caving of loose material in the fill occurs, the casing will need to extend below the fill into the
underlying clays. After the casing is extended through the seepage zone or any sloughing soils or
rock in the fill, water and most loose material should be removed prior to the extending the shaft into
the bearing stratum and belling. Care must be taken that a sufficient head of plastic concrete is
maintained within the casing during extraction.

Some large rock and concrete debris should be anticipated at this site in the fill. This material could
complicate the drilling of the shafts due to sloughing and caving during drilling or possibly
reinforcement in concrete debris. Seasonal groundwater may also be encountered in this fill during
drilling at some locations.

The concrete should have slump within 4 and 6 inches for uncased shafts and 5 and 7 inches for
cased shafts. The concrete must be placed in a manner to avoid striking the reinforcing steel during
placement. Compete installation of individual shafts should be accomplished within an 8 hour period
in dry excavations and preferably as rapidly as possible in order to prevent deterioration of bearing
surfaces.

Allowable bearing capacity recommendations provided in this report are based on proper construction
procedures, including maintaining a dry shaft excavation and proper cleaning of bearing surfaces
prior to placing reinforcing steel and concrete. All drilled shaft installations should be carefully
Urban Edge Developers Ltd
Urban Reserve Development
CTL Job No. DA6526

14

observed by geotechnical personnel to help verify the bearing stratum, the design penetration, and
perform related duties.

In addition to the above guidelines, the specifications from the Association of Drilled Shaft
Contractors Inc., “Standards and Specifications for the Foundation Drilling Industry” or other
recognized specifications for proper installation of drilled shaft foundation systems should be
followed.
GRADE BEAMS
All grade beams should be structurally supported by the drilled shafts and be suspended above the
final subgrade soils using properly placed and protected void carton forms. A minimum 6 inch void
space should be provided between grade beams and the subsoil. Void boxes that become weak due
to moisture should be replaced prior to placing concrete. Concrete should be placed in a manner,
which mitigates overload and collapse of void boxes. The sides of the voids should be protected with
soil retainers so that the soil will not slough beneath the grade beams and thus fill the void after the
cartons are gone. The side of the grade beams should be formed rather than being cast directly
against the soil. In areas, which are landscaped or otherwise not sealed, the exterior of the grade
beams should be backfilled with compacted clay. The clay should be placed in about 9 inch loose lifts
and compacted to a minimum density of 94 percent of the maximum dry density determined by ASTM
D 698 in a moisture range of 2 to 6 percent above the optimum.
SUSPENDED FLOOR SYSTEM
Due to the presence of moderate to high plasticity soil and variable depths of fill, a structurally
supported floor system is recommended, as planned by the client and is considered the most positive
method to reduce floor and structure movement due to settlement or expansion. It is recommended
that a minimum void space of 12 inches be provided between the final bottom of the floor system and
the underlying subgrade. The ground surface beneath the floor system should be graded such that
any water, which infiltrates into the void space will flow to a common collection area and be removed
from underneath the proposed structure. In no instance should any water be allowed to collect or
pond below or around the perimeter of the structure.

Where the building crawl space is below the exterior grades, this condition increases the possibility
that water can infiltrate below the floor system. In order to reduce the possible infiltration of exterior
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surface water into voids, it is preferable that the finish floor and void area below the floor be above the
exterior grades. Areas below structurally supported floor systems should be ventilated to reduce
humidity in the crawl space area
SLAB-ON-GRADE FOUNDATION SYSTEM
Weathered limestone was encountered in borings B-1 and B-2 at a depth of 2 feet below the existing
ground surface. A monolithic slab-on-grade foundation system may be used for the lots in this area if
desired. The slab-on-grade foundation systems must be sufficiently stiffened and reinforced to reduce
differential deflections of the surface of the foundation slab to magnitudes which can be tolerated by
the residential construction materials, brick veneer, sheetrock, etc. The recommendations provided
assume the grade beams will be supported on natural soil or properly compacted fill soil. Based on
the conditions encountered in the borings, the site foundation design criteria are listed on Table 8 as:

TABLE 8
MONOLITHIC SLAB-ON-GRADE DESIGN PARAMETERS – dry condition
Edge Moisture
Differential Swell, ym
Potential
Variation Distance,
(Inches)
Vertical
em, (Feet)
Boring
Movement
Center
Edge
Center
Edge
(Inches)
Lift
Lift
Lift
Lift
B-1 and B-2

1.0

1.0

0.5

5.0

4.5

Based on the conditions encountered in the borings B-1 and B-2, the weighted PI values are listed on
Table 9 as:

TABLE 9 - MONOLITHIC SLAB-ON-GRADE
FOUNDATION DESIGN CRITERIA
Boring

Weighted
PI

Soil Support
Index (c)

Climatic Rating
(Cw)

B-1 and B-2

20

0.95

20

The foundation grade beams should bear a minimum of 12 inches below final exterior grades. We
recommend that a qualified engineering technician working under the direction of the project
geotechnical engineer or structural engineer observe the grade beam excavations and placement of
reinforcing steel prior to placing concrete. The foundation bearing areas should be level and free of
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soft soil, ponded water and debris. The recommendations provided assume grade beams will be
supported on natural soils or properly compacted fill. An allowable grade beam bearing pressure of
1,800 psf may be used for foundation design.

Due to the possible presence of seasonal groundwater in the fill materials and the weathered
limestone below structures, vapor retarders are recommended below floor slabs which will be sealed,
tiled, painted, or will receive any other type of floor covering sensitive to water vapor. Generally, for
residential construction, this vapor retarder will consist of polyethylene sheeting.

Settlements for the slab-on-grade foundation system described in this section are expected to be less
than 1 inch assuming compacted fills less then three (3) feet deep will be required to support the
structures. Settlement response of the foundation system will be influenced more by the quality of
construction and fill placement than by soil-structure interaction. Some settlement is expected to
occur as the foundation is loaded during the construction.
Garage and Exterior Flatwork
Given the depth of the existing fill, garage slabs should be structurally supported above grade as
recommended for the interior residential floor systems where pier and beam foundations are used. In
areas where shallow fill will exist below the garage floor, the fill can be undercut and replaced with
select fill allowing the floor to be placed on the ground. Driveways and sidewalks are normally
constructed as slabs-on-grade. Performance of conventional slabs-on-grade over expansive fill soils
will be erratic due to the potential for not only soil heave but also settlement. Various properties of the
soils and environmental conditions influence magnitude of movement and other performance
characteristics of slabs supported by expansive soils. Increases in the moisture content in expansive
soils will cause heaving and may cause cracking of ground supported flatwork. Slabs and flatwork
around the perimeter of the foundation should be separated from the exterior walls and interior
bearing members with a slip joint, which allows free vertical movement of the slabs and flatwork
without exerting any pressure on the pier supported structure. These joints must be maintained by
homeowners to avoid joint deterioration. Ponding of water around flatwork or driveways should be
avoided and positive drainage should direct water away from these structures to reduce the risk of soil
expansion and movement.
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Given the possibility of settlement, it is recommended that the subgrades for flatwork be inspected by
the geotechnical engineer to determine if any undercutting is required. This will not only include
visual observation, but also proof rolling for the purpose of identifying any soft areas which will need
to be undercut and replaced with properly compacted clean soils. Even with these precautions,
construction of ground supported flatwork over deep fill can experience long term settlements.
PAVEMENT RECOMMENDATIONS
General Considerations
Hand penetrometer tests were performed as the samples were retrieved from the borings and
laboratory testing performed using selected samples indicates that the fill soils were reasonably
dense. Soft intervals which were identified in the fills were generally near the bottom of the fill. As
indicted previously, the fills contains varying amounts of large limestone fragments and gravel, some
concrete and asphalt debris; however, no trash or highly compressible material was found in the
boring locations, and in most locations it was possible to push steel tubes into the fill to obtain
samples. Any pavements supported above the fill will be subject to some long term settlement. Even
17 feet of density controlled fill will experience settlement on the order of 1 to 1.5 inches. Based on
our findings, it is expected that settlement of pavements supported above the on site fills could be
several times greater than settlements normally expected from compacted soils. Due to the variable
properties of the fill, the settlement will not be uniform, that is some areas may settle some and others
may not. The magnitude of settlement will vary with the depth of fill remaining. The only way to
reduce the risk of settlement would require that the fill be removed and replaced to a lesser depth with
density controlled compaction.

Assuming that all of the fill is not removed, some precautions should be undertaken to reduce the risk
of future settlement.

This would include visual inspection of the exposed subgrade by the

geotechnical engineer. Areas of any large rock or concrete fragments should be identified, undercut
and removed and then replaced with clean fill material placed with density controlled compaction.
Once visually unacceptable areas are removed an replaced, the entire exposed subgrade should be
proof rolled with a heavy pneumatic roller. Areas which show pumping or deflection will need to be
undercut and then replaced with clean fill material placed with density controlled compaction. Large
rock or concrete fragments will need to be removed from the pavement subgrades.
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Subgrade Preparation
Once soft or unstable materials are removed and replaced, the subgrade can be prepared to support
the pavement. On site fill soils were found to consist of generally moderately plastic clay soils with
Plasticity Indices in the range of 30 or less. Some higher plasticity soils were however encountered in
some areas and could be encountered in cuts to establish subgrades. Cuts at the south end of the site
in the area of Borings B-1 and B-2 will encounter generally low plasticity natural calcareous clay soils.
Depending on the final site grades, pavement subgrades are anticipated to be very variable.
Additionally, subgrade cuts which extend into the fill soils could also encounter areas of large rock or
concrete fragments which will need to be undercut. Generally, the soils in the fills and the natural clay
soils will provide relatively poor subgrade support for pavements. Lime stabilization of clay soils will
generally improve their support characteristics, in addition to enhancing the workability of the clays
and reducing water infiltration into the underlying subgrade.

Pavements constructed over any dry fill soils could experience movements due to moisture
fluctuations in these soils. To reduce the risk of movement, any unusually dry areas can be undercut
several feet and the soils moisture conditioned within plus 1 to plus 5 percent of the optimum moisture
content and recompacted to a minimum of 95 percent of ASTM D 698 maximum dry density.

After rough grading in planned pavement areas has been performed, it is recommended that all final
soil subgrades be observed by the geotechnical engineer to verify the appropriate action to be taken
to make the subgrade ready for final compaction and placement of the pavement section. At this time
it may be advisable to take samples of the exposed subgrade soils to determine the final requirements
for subgrade preparation. Based on the general soil properties at the site, and for the purpose of
establishing project budgets, it is recommended that the subgrades be treated with a minimum of 6
percent hydrated lime. Additional testing should be performed to verify the plasticity index of exposed
subgrade soils at the time of construction.

The stabilized soils should be compacted to a minimum of 95 percent of the maximum density in a
moisture content range of 0 to +4 percent of the soil/lime mixture's optimum moisture content as
determined by ASTM D 698. A minimum stabilized subgrade depth of 6 inches is recommended below
the bottom of the proposed pavement. Lime treatment of the subgrades should extend at least one
foot outside the perimeter of the pavement.
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When the lime slurry is placed, the soils should be mechanically and uniformly mixed at a minimum of
2 percent above the optimum moisture as determined by ASTM D 698 until visually, there are no
streaks of lime or untreated clay. The mixture may be sealed (by lightly rolling with a rubber-tire roller)
and should be allowed to mellow for a minimum of 24 hours. Water should be intermittently applied to
the surface to maintain the moisture content above the optimum moisture content during the
mellowing period.

After the mellowing period, the soil-lime mixture should be re-mixed and pulverized to achieve the
gradation requirements of 100 percent passing the 1 3/4 inch-sieve and at least 60 percent passing the
No. 4 sieve. After the above gradation requirements have been achieved, the soil-lime mixture should
be brought to a moisture content ranging from 0 to plus 4 percent of the optimum moisture content
and uniformly compacted to at least 95 percent of ASTM D 698. The lime treated subgrade should be
protected and moisture cured or sealed with a bituminous material until the pavement materials are
placed.

Areas with significant rock or concrete fragments cannot be properly mixed with lime as indicated
above. It should be anticipated that such areas will be encountered. A decision will need to be made
to undercut these areas and replace them with more suitable material that can be lime treated or
compact the materials in place without lime treating.

It is important that the soil subgrades, immediately prior to paving, be uniform as practical in both
moisture content and density. In all areas to be paved, subgrade earthwork operations should be
performed under the supervision of qualified contractor personnel working in conjunction with the
project geotechnical or materials testing engineer. Adequate field density tests should be performed
on the final compacted subgrade throughout all areas to be paved.
Pavement Sections
If the streets will be in a dedicated right of ways, it is anticipated that the pavement sections will need
to comply with the City of Dallas Standards. If the streets are private, then they can be constructed of
alternate pavement materials. Pavements such as flexible hot mixed asphaltic concrete would
probably be more easily repaired if settlement does occur, then reinforced concrete pavement. Other
options consist of paver systems on flexible base material which could also be repaired fairly easily in
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localized areas which experience settlement. More specific pavement sections can be developed, if
required, when pavement options are better defined.

GENERAL CONSTRUCTION PROCEDURES

GENERAL
Variations in subsurface conditions will be encountered during construction. Also, some construction
problems, particularly as to degree or magnitude, cannot be anticipated until the course of
construction. The recommendations offered in the following paragraphs are not intended to limit or
preclude other conceivable solutions but rather to provide the client with our observations based on
experience and our understanding of the project characteristics and subsurface conditions.
SITE PREPARATION
All weak or water softened soils, surface vegetation, and foreign materials such as gravel, grass, roots
or debris should be stripped and removed prior to site grading. The exposed subgrades should then
be observed for any deleterious material, organics, weak or loose soils, trash, large rocks or concrete
or asphalt debris. Such material or soils should be overexcavated and replaced with properly
compacted on site or suitable fill material. The roots of any trees and the surrounding desiccated soils
should be completely removed and on site soil should be used to replace the excavated material. The
structural engineer should be advised of trees which will remain, and their proximity to the residential
foundations.

FOUNDATION (CUT) EXCAVATION
Based on the subsurface soil conditions encountered during this study, it is CTL’s opinion that the
excavations for any slab-on-grade foundations which may be considered in the areas of Borings B-1 or
B-2 on the site may be completed using standard excavation equipment. Excavations into the
weathered limestone stratum may require considerably more excavation effort than the overburden
soils, but these materials can typically be excavated with backhoes equipped with rock teeth and
single tooth rippers. We recommend that foundation excavations be observed by the geotechnical
engineer or his representative to verify that the slabs and grade beams will bear on density controlled
well compacted fill or suitable native soil. Loose material and water-softened soils should be removed
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from the bases of all foundation excavations. Suitable foundation subgrade soils, at the bottom of the
excavations, should be protected against detrimental changes in conditions, such as disturbance, rain
or excessive drying. Surface runoff should be drained away from excavations and not allowed to
pond. Concrete for grade beams should be placed as soon as possible after the completion of the
excavations.
FILL PLACEMENT
Fill material used for the support of and/or grade adjustment for general site grading could be clean on
site soils. The placement of highly plastic clay soils should be with careful moisture and density
control if the fill will support future pavements or flatwork. Clay fill is not recommended to be placed
in areas which will support any ground supported residential foundations.

Select fill should be considered in any area where shallow surface fill is required to achieve final
grades below any ground supported foundations in the area of Borings B-1 and B-2. Select fill
material should be a clean, low expansive, free of organic matter, wood, concrete or other foreign and
contain no material larger than 2 inches. The plasticity index of the select fill should be in the range of
4 to 15, its liquid limit should be less than 40 percent. The select fill should classify as clayey sand
(SC) or sandy clay (CL) by the Unified Soil Classification System.

Prior to placing select fill material in the building pad areas, the exposed subgrade should be prepared
properly. The select fill material should be placed and compacted to the recommended density. Each
lift should be observed and tested to verify the in-place thickness and compaction before another lift is
placed. Fill should be placed in maximum 8 inch thick loose lifts and should be compacted to a
minimum of 95 percent ASTM D 698 with compacted moisture contents within minus 1 to plus 3
percent of the optimum moisture content. Each lift of new fill material should be uniform as to material
and water content before beginning compaction. Water required to bring the material to the water
content necessary for proper compaction should be evenly applied through each layer by such
methods as may be necessary. Field density tests, by a qualified soils technician under the direction
of the geotechnical engineer, are recommended to be performed on all new compacted fill materials to
document that adequate compaction is achieved.

Fill required for general site grading which will support pavements or flatwork should be placed with
controlled compaction in order to limit soil settlement or soil expansion. The fill material should be
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free of organic matter, wood or other foreign and contain no asphalt and only rock or concrete
fragments smaller than 3 inches. The soil should be placed in 8 inch loose lifts and re-compacted.
The fill soils should be moistened to between 1 and 5 percent above their optimum moisture content
and compacted to a minimum of 95 percent of ASTM D 698. The exposed subgrade should be
scarified to a depth of 8 inches and recompacted in a similar manner prior to placing the fill soils.
Where fills or subgrades contain significant rock or gravel the moisture requirements may be modified
by the geotechnical engineer.
SURFACE DRAINAGE
The performance of the foundation systems, flatwork and pavements will not only depend upon the
foundation design and the quality of construction, but also upon the long term stability of the moisture
content of the near surface soils. It is also important to maintain the existing and/or constructed
moisture content of the underlying soils to mitigate any long-term settlement related problems. We
recommend that site drainage be developed so that ponding of surface runoff near structures does not
occur. Accumulation of water near structure foundations or pavements may cause significant
moisture variations in the subsurface soils adjacent to these structures, thus increasing the potential
for structural distress. All pavements and sidewalks should be sloped away from the buildings to
reduce ponding of water around the foundations.

Positive surface drainage should be achieved by sloping the ground surface downward away from the
building. A system of gutters and downspouts should carry runoff water a minimum of five (5) feet
from the completed structures. Landscaping should be planned to avoid planting large trees, bushes
or shrubs near any ground supported foundations due to their significant moisture demand upon
maturing. Care should be taken to maintain constant moisture conditions around the edges of the
foundations. Watering of vegetation should be performed in a timely and controlled manner and
prolonged watering should be avoided. Plumbing and waterlines which pass through slabs should be
pressure tested prior to the placement of concrete.
ERODIBILITY
In general, the site soils, when exposed, will be subjected to surface erosion during construction. To
reduce the effects of erosion, proper utilization and placement of hay bales, erosion filter fences,
certain ground covers and construction grading should be considered.
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DESIGN REVIEW AND CONSTRUCTION OBSERVATION
In order to evaluate design consistency it is recommend that CTL be provided the opportunity for a
general review of the final foundation and site preparation plans and specifications, to determine that
the recommendations presented in this geotechnical report have been properly interpreted. To reduce
potential schedule changes this review should be provided when the documents are in the final review
stage.

Construction observation by a geotechnical engineer or experienced geotechnical technician, in CTL’s
opinion, is essential to help verify that the construction is in accordance with the intent of the
recommendations provided in this report and the project plans and specifications. Observations
during construction should include:
C

Verification of bearing strata for installation of proposed foundations;

C

Observation of clean-out of general excavations;

C

Observation of drilled shaft installations;

C

Observation of reinforcement placement;

C

Observation during concrete placement;

C

Testing of concrete;

C

Observation and testing of fill materials; and

C

Observation and testing of subgrade materials.

QUALIFICATION OF RECOMMENDATIONS

The findings and recommendations presented in this report are based on the assumption that the
subsurface conditions are generally defined by the borings. These borings indicated some variation in
the near surface soil conditions. The subsurface information presented in this report does not
constitute a direct or implied warranty that the subsurface conditions at the boring locations can be
directly interpolated or extrapolated. Subsurface conditions which are different from those disclosed
by the borings may be found during construction.
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This report was prepared by CTL to aid in the evaluation of the site and to assist in site preparation
and design of this project. We have developed our conclusions and recommendations in accordance
with generally accepted professional geotechnical engineering principles and practices. We make no
warranty either expressed or implied.

Our conclusions are based on the results of the field

exploration, laboratory testing results, and our interpretation of subsurface conditions. If conditions
prior to or during construction appear different from those described in this report, we should be
notified so that we may review and verify or modify our recommendations.

The reproduction of this report, or any part thereof, supplied to persons or agencies other than the
client should indicate that this study was performed for design purposes only and that verification of
the subsurface conditions for purposes of construction activities (i.e., excavation, groundwater
conditions, etc.) are the responsibilities of others.
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