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limits.

4.0 FOUNDATION SOIL STRATIGRAPHY & PROPERTIES
The soil profile is predominantly soft to very stiff sandy lean clay (CL). A 10' thick zone of
medium dense sandy silt (ML) was encountered in borings Bw 1j 8-2, B-3 &8-6 at 8' to 13'
deep. Atterberg Plasticity Indices of the tested 'soils range from 8 to 27.

4.1 Behavior of Expansive Soils
Moderately expansive soils such as are found In the upper 5' in boring B-6 swell when they
absorb moisture and shrink as they dry. Structures placed on these soils move up and down
with such volume changes of the soil. When expansive soils are covered by an
impermeable surface such as a building slab or pavement, seasonal moisture fluctuation at
the interior of the covered area tends to be reduced or eliminated due to the lack of
exposure to natural wetting and drying conditions (i.e., wind, raIn, sun, vegetative, etc.). At
the edges of the structure. however, the near surface soils are still subject to seasonal
drying and wetting. Where continuously irrigated areas abut a building, the risk of severe
shrinkage due to seasonal evaporative drying effects is low, but excess moisture could lead
to some swelling (especially ifnative clays are dry at the start ofconstruction). Where areas
immediately adjacent to the structure are paved both the risk of swelling due to excess
moisture and shrinkage due to moisture loss are reduced significantly.

The moderately expansive soils found in the upper 5' in boring B-6 are generally moderate in
moisture content. Potential for swelling is considered to be lowto moderate under conditions
at the time ofdrilling. Potential for shrinkage is predicted to be low. As the moisture content
of the soil changes from what it was in our samples, the potential forswelling and shrinkage
will change accordingly.

One method for quantifying the potential for subgrade movement at any given location is to
calculate the Potential Vertical RIse (PVR) (Tex 124 E Modified). This calculation takes into
account the inter-relationship between depth, PI, and fluctuations in soil moisture. The
maximum potential movement of the eXisting subgrade, PVR, due to normal climatological
fluctuations in soil moisture content is predicted to be on the order of 1 inch at the eXisting
grade and less than 1 Inch at the finished slab subgrade near boring B-6 (based on
assumed dry conditions and an estimated annual seasonal moisture fluctuation zone of
approximately 10 feet).

5.0 GROUNDWATER OBSERVATIONS
Groundwater levels and seepage depths were monitored during and upon completion of
drilling as well as at some point fol/owing completion. Seepage was observed at 13 feet
deep. Groundwater depths were measured at 11 to 20 feet deep 30 minutes to 5.5 hours
and after completion of drilling. The phreatic surface is predicted to vary from 11 feet to 13
feet deep, probably confined below the clay soil at 13 feet deep. .

It should be noted, however, that seasonal groundwater conditions mightvary throughout the
year depending upon prevailing climatio conditions. This magnitude of variance will be
largely dependent upon the duration and intensity of precipitation, surface drainage
characteristics of the surrounding area, and significant changes In site topography.
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6.0 FOUNDAnON DESIGN RECOMMENDATIONS
A system of indfvldual and/or continuous shallow spread footings with a monolithic flat slab
is recommended for support of the proposed superstructure loads for both structures. The
risk of distress due to shrink/swell movement of the native soil is considered very low for the
education building and somewhat higher (although still relatively low) for the office building
(due to the native expansive clay seam in boring 8-6 which will remain beneath the
structure). That is, shrink/swell movements of the clay that remains beneath the buildings,
sh.ould they occur, are predicted to be small and, thus, resulting distress would be relatively
minor. A system of shallow footings incorporated in a stiffened slab can be considered as an
option to further reduce the risk of movement and recommendations for this system will be
provided upon request. Recommendations and pertinent design parameters for a shallow
foundation system are presented below. Wtth ground supported floor systems it is essential
that measures be taken to assure subgrade moisture s1Bbiflty (see section 11.2 Site Design)
in order to enhance the chances of satisfactory structure perfolTTlance. Proper site design
that prevents water from soaking Into the subgrade solis around the building is essential to
reduce the potential for excessive movement caused by saturation of foundation soils.

6.1 Shallow Spread Footings
Shallow footings should be designed to bear in undisturbed native subgrade or properly
compacted select fill at a minimum depth of 2 feet below the finished Slab subgrade or
adjacent exterior grade (whichever is deeper). Isolated footings should have a minimum
width of 3 feet and strip footings shOUld be at least 12 inches wide. Footings should be
proportioned for allowable gross bearing pressures of 2,000 pSf for Individual (isolated)
footings and 1,500 psf for continuous (strip) shallow footings. These allowable pressures
incorporate a safety factor relative to shear failure of the soil of at least 3 and may be
increased up to 33% for intermittent loads such as wind. Predicted immediate settlement
due to a loading of 2,000 psf for footing Widths less than 6 feet is less than 1 inch (total) and
0.5 Inch (d.ifferential). Detailed testing for the prediction of long-term consolidation
settlement due to load is beyond the scope of this investigation, but the magnitUde of such
settlement is not anticipated to be significant

7.0 FLOOR SYSTEMS
The floor system for use with a shallovy spread footing system consists of a flat slab that is
either monolithic with, or isolated from, shallow footings.

7.1 Flat Slab
This floor system consists of a cast-in-place concrete, unstiffened, flat slab on prepared
subgrade (according to section 8.0 BUILDING SUBGRADE PREPARATION, below), which
is placed monolithically with shallow footings, or can be isolated from them. ProviSion
should be made to account for the fact tilat a heavily loaded foundation element, which is
monolithic with an unloaded slab, may result in significant stress in the transition zone
between the unloaded slab and the foundation element Reinforcing in the slab is used
primarily to control shrinkage.

8.0 BUILDING SUBGRADE PREPARATION
In order to validate the design assumptions given above regarding allowable foundation
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loads, and, in order to provide a serviceable floor system (within the limitations stateeJ
above), it is imperative that the subgrade of the buJlding be properly prepared. The following
procedures are recommended as a minimum:

• Remove surficial vegetation and topsoil. Cut to proposed subgrade as required.
Proof roll exposed subgrade to detect loose of soft soils, which should be removed
and replaced. Backfill any disturbed areas with property compacted select fill.

• Scarify the exposed subgrade to a depth of 8 Inches, adjust the moisture contentto,
and maintain itwithin a range of optimum to optimum +3 percentand recompact to a
minimum density of95% ofthe maximum density defined by ASTM 0698 (Standard
Proctor).

• Place select fill to finished slab subgrade. Specifications for the placement of select
fill are covered in section 11.3.Select Fill.

A durable moisture barrier should be provided belween the concrete building slab and the
underlying soil subgrade. An Intactmembrane installation with lapped and sealed joints and
which is repaired If damaged during construction will help to Inhibit moisture migration from
the subgrade through the slab.

9.0 CONSTRUCTION CONSIDERATIONS
Surficial soils in most areas may become unstable when wet necessitating stabilization or
removal and replacement of wet soils to facilitate construction.

10.0 PAVEMENT RECOMMENDATIONS
General recommendations for the design of minimal pavement structures are provided
herein for your infonnation. A more detailed pavement analysis would require additional
laboratory tests on bulk samples of the materials to be used in pavement construction and is
beyond the scope of this Investigation.

These recommendations are based on surface soil characteristics inferred from the borings
drilled for the building and at the areas to be paved. Both flexible and rigid pavement
sections are presented. A summary of proposed designs is provided in Tab~es 10.1 and
10.2, below.

10.1 Pavement Subgrade Preparation
As a minimum, strip the native subgrade to remove topsoil and other deleterious materials.
Cut to the proposed sUbgrade elevation as required. Exposed subgrade should be proof
rolled prior to compaction in accordance with TxDOT Item 216 with the exception of roller
size. The use of a 20 ton pneumatic roller or a fully loaded dump truck is recommended.
Unstable areas will need to be cut out and replaced with select fill. Scarify the exposed
subgrade to a depth of 6 inches. adjust the moisture content to within a range of optimum ­
1% to optimum +3%, and recompact to a minimum of 95% of the density as defined by
ASTM D 698 (Standard Proctor). Fill material required to achieve final grade in paving areas
should be selected and placed in accordance with section 11.3 Select Fill with the exception
that only the soil in the top two feet of finished subgrade need meet the material
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requirements for select fill {it should still meet density requirements}, Positive surface
drainage should be provided during construction (especially in low areas) to maintain
pavement 5ubgrade in a dry and stable condition.

Islands and irrigated areas adjacent to pavement edges can be a source of pavement
problems, especially where trave/lanes (as opposed to parking spaces) are adjacent. Over
watering can lead to infiltration (and consequent destabilization) of flexible base material
adjaoent to the area. Where a flexible pavement option is chosen, landscaped areas
subject to over watering (especially sprinklered islands) should be designed to contain all
irrigation water (i.e. prevent leakage out the bottom into adjacent stone base material). An
altemate, but less desirable solution is to place a strip of base material in the immediate
vicinity of the potential infiltration comprised of HMAC base of the same thiokness as the
crushed stone base material in lieu of the crushed stone.

10.2 Light-Duty Pavements
10.2.1 Flexible Pavement
The minimum pavement seetlon (and a section commonly used) for light-dutydriveways and
parking areas consists of 6 inches of crushed stone base with 2 inches of hot mix asphaltic
concrete (HMAC). Crushed stone base Should consist of a stone that meets orexceeds the
requirements of Section 303, Class 7, AHTD Standard Specifications for Highway
Construction. Compaction of the stone base should be to a minimum of95 percentofASTM
D 1557 (modified proctor) maximum denSity at optimum moisture ±3 percent. Asphaltic
concrete surfacing should comply with the requirements of Type 2 orType 3, Section 407 of
the noted AHTD Specifications and should be compacted to a density of 92 to 94 percentof
maximum theoretical density.

10.2.2 Full Depth Asphalt
The minimum full depth asphalt pavement section consists of 3 inches of hot mixed
asphaltic concrete binder course (Type 2) with 2 inches of hot mixed asphaltic concrete
surfacing (Type 2 or 3). Asphaltic concrete surfacing should complywith the requirements of
Type 2 or Type 3, Section 407 of the noted AHTD Specifications and the asphaltic concrete
binder should comply with the requirements of Type 2, Section 406. All HMAC should be
compacted to a density of 92 to 94 percent of maximum theoretical density.

10.2.3 Rigid Pavement
The performance of concrete pavement is dependent on many factors including weight and
frequency of traffic, subgrade oonditions, concrete quality (Which itself is dependent on a
host of factors), joint type and layout, jointing procedures, and numerous oonstruction
practices. A detailed discussion of all of these items is beyond the scope of this report By
way of general guidance, the following recommendations are offe~d:

• Minimum conorete compressive strength of 3,500 psi at 28 days placed with a
maximum slump of 5 inches. The mix should contain 4% - 6% entrained air for
durability.

• Minimum pavement thickness of 5 inches. Concrete thickness may be increased to
6" in lieu .of lime stabilized subgrade.

• Sawcut or preformed control joints at maximum spacing of 12 feet each way. Layout
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ofjoints should form basically square panels. Timing of the cutting ofjoints is critical
to their performance and generally should be within 4 - 18 hours of concrete
placement. Sealing ofjoints and cracks and maintenance ofthe seal are critical for
satisfactory performance.

• Adequate site drainage to prevent pondlng on or near the pavement

• Cure concrete via use of liquid membrane curing compound.

• Concrete quality should be controlled and jointing properly executed. Minimum
reinforcement should consist of 6 x 6 No.6 welded wire fabric or No.3 at 18 inches
each way and should not be continuous through control joints.

• All edges of pavement should be thickened to 9 inches (transitioning back to 5
inches over a minimum distance of 3 feet). °

• Allow a minimum of 7 days curing time before permitting traffic on the pavement

The reader is referred to the American Concrete Institute Publication No. ACI 330R, Guide
for Design and Construction ofConcrete Parking Lots for more detailed information.

10.3 Medium--Duty Pavements
10.3.1 Flexible Pavement
For areas that will be subject to trash or delivery truck parking and traffic, the minimum
recommended flexible pavement section consists of8 inches of crushed stone base (Class
7, Section 303, AHTD Standard Specifications for,Highway Construction) and 3 inches of
asphaltic concrete surfacing (Type 2 or Type 3, Section 407). Paving materials shOUld be
specified as discussed previously.

10.3.2 Full Depth Asphalt
For a medium-duly full depth asphalt section, the minimum recommended section is 6
inches of HMAC paVing consisting of2 inches wearing SUrfacing (Type 2 orType 3, Section
407) over 4 inches of asphaltic binder (Type 2, Section 406). Paving materials should be
specified as discussed previously.

10..3.3 Rigid Pavement ° °

Recommendations for medium-duty concrete paving are the same as for light duty except
that 6 inches of portland cement concrete should be considered the minimum pavement
section and the edges should be thickened to 9 inches. Increase thicknesses by 1" where
subgrade is not lime stabilized or 12" of select fill is not placed for finished sUbgrade.
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HMAC

HMAC

Design
n9 recommendations are derived from years of experience with structures

expansive soils and are considered essential to satisfactory structure
e. especially where the slab is to be placed on grade:

walks should be sloped away from buildings and should not be tied to the
ctures. The joint between the sidewalk and the foundation should be sealed.
walks should not impound water adjacent to the structure. Potential heave of
e ground adjacent to the structure needs to be taken into consideration when
tructing the walk so as to avoid a sidewalk which Impounds water adjacent to
tructure.

ERAL CONSTRUCTION CONSIDERATIONS
ow Footings

excavations should be inspected by qualified personnel to insure that subgrade is
f firm, undisturbed native soil or properly compacted select fill as recommended

rt. Water and/or loose material in footing excavations should be removed prior to
g of the footing excavation and placement of concrete.
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• The ground surface around the building as well as paved areas should be sloped
away from the building on all sides so that waterwill drain away from the structure. A
minimum slope of 5% is recommended for the area 10 feet wide Immediately
adjacent to the structure. Drainage swales should have a minimum longitudinal
slope of 2%. Roof drainage shoUld be conveyed by an appropriate means for a
distance of at least 15 feet from the building before it is allowed to drain into the
subgrade. Water should not be allowed to pond near the bUilding after the floor
system has been placed.

• Trees should not be closer than their mature height to the structure and shrubbery
should not be planted adjacent to the building unless they can be contained in
watertight planter boxes and irrigation waler can be prevented from seeping Into the
subgrade around the building. A horizontal moisture barrier (e.g. Mirafi 1212
reinforced polyethylene permanently sealed to the foundation edge atthe ground line
and sloped away from the bUilding) and placed beneath planting beds is an
alternative to planter boxes provided it is maintained In a wateliight condition (Le.•
joints sealed and punctures repaired). Planting bed edging should not impound
water. A root banier around the entire structure perimeter will provide some added
assurance against desiccation of the soil due to roots growing beneath the structure.
Periodic root pruning may be required to limit drying of soils beneath foundations

due to vegetation. Over irrigation adjaCent to the structure can cause an increase in
subsurface moisture contents that could lead to heawng.

• To help limit surface water infiltration beneath the structure, backfill in the area 10
feet wide adjacent to the sb'ucture should be native lean or fat claysoil compacted to
a minimum density of 95% ofASTM D 698 (Standard Proctor) at a moisture content
of optimum or above. This zone should be at least 2 feet thick. This backfill is not
necessary where pavement abuts the structure and the joint is sealed.

• Backfill for utility line ditches should be carefully controlled and should consist of a
relatively impenneable material (clayey sand or lean clay), especially in the area
beneath and immediately outside of the structure. Old utility lines should be
removed from beneath the structure. Fill in new or old utility trenches shOUld be
placed to the same specifications as select fill. The top 6 inches under paving
should be compacted to a density equal to that specified for the pavement subgrade.

• Utility connections to the building should be flexible to allow for anticipated soil
movements that will be different than the anticipated movement of the structure to
which they are connected (~_g. where a suspended slab is used).

11.3 Select Fill
Select fill shall consist of homogeneous soils (i.e. not sand with clay lumps) free of organic
matterand rocks larger than 6 inches in diameter and possessing an Atterberg PI of8 to 18.
with a liqUid limit of 40 or less. Atterberg limits testing of the fill at a rate of 1 test per every
250 cubic yards of fill placed is recommended to verify that fill specifications are met. The
material should be placed in the following manner.

• Prepare the subgrade in accordance with the recommendations discussed in a
previous section of this report entitled BUILDING SUBGRADE PREPARATION

. PaQe8
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section 8.0. Sites that slope more than about 15% should be benched With 5-foot
wide benches prior to placing fill.

• Place subsequent Itfts of select fill in thin, loose layers not exceeding nine inches In
thickness to the desired rough grade and compact to a minimum of 95% of the
maximum density defined by ASTM 0 698. Maintain moisture within a range of
optimum to optimum +3%. .

• Conduct in-place field density tests at a rate of one test per 3,000 square feet for
every lift with a minimum of 2 tests per lift. Density testing is essential to assure
that the soil, which supports the structure, is properly placed.

• Prevent excessive loss of moisture during construction.

• For select fill placed above the existing groundline, extend the lateral limits of the fill
at least 5 feet beyond the perimeter of the building area, transitioning back to the
existing groundline on a 3:1 (horizontal/verticaJ) slope.

12.0 LIMITATIONS
Geotechnical design work is characterized bythe presence of a calculated risk that soil and
groundwater conditions may not have been fully revealed by the exploratory borings. This
·risk derives from the practical necessity of basing interpretations and"design condusions on
a limited sampling of the subsoil stratigraphy at the project site. The numberofborings and
spacing is chosen in such a manner as to decrease the possibility of undiscovered·
anomalies, while considering the nature of loading, size and cost of the project. The
recommendations given in this report are based upon the conditions that existed at the
boring locations at the time they were drilled. The tenn "existing groundline" or "existing
subgraden refers to the ground elevations and soil conditions at the time of our field
operations.

It is conceivable that soli conditions throughout the site may vary from those observed in the
exploratory borings. If such discontinuities do exist, they may not become evident until
construction begins or possibly much later. Consequently, careful observations by fue
geotechnical engineer must be made of the construction as It progresses to help detect
significant and obvious deviations of actual conditions throughout the project area from
those inferred from the exploratory borings: Should any conditions at variance with those
noted in this report be encountered during cons1ruction, this office should be notified
immediately so that further investigations and supplemental recommendations can be made.

This company is not responsible fur the conclusions, opinions, or recommendations made by
others based on the contents of this report. The purpose of this study is only as stated
elsewhere herein and is not intended to comply with the requirements of 30 TAC 330
Subchapter T regarding testing to determine the presence of a landfill. Our professional
services have been performed, ourfindings obtained, and our recommendations prepared in
accordance with generally accepted geotechnical engineering principles and practices. No
warranties are either expressed or implied.

Paqe9
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APPENDIX

1.0 FIELD OPERATIONS
Subsurface conditions at the site were defined by 10 sample core borings drilled to depths of
5 feet and 25 feel ETIL personnel drilled the borings at locations staked by the client. The
field boring logs were prepared as drilling and sampling progressed and final boring logs are
included in the Appendix. Descriptive tenns and symbols used on the logs are in
accordance with the Unified Soli Classification System (ASTM D 2487). A reference key is
provided on the final page of this report

A truck-mounted rotary drill rig utilizing dry auger drilling procedures was used to advance
the borings. Soils were sampled by means ofsampled by means of a 1 3lB-inch I.D. by 24­
inch long split-spoon sampler driven into the bottom of the borehole in accordance with
ASTM D 1586 procedures. In conjunction with this sampling technique, the Standard
Penetration Test was conducted by recording the N-value, which is the number of blows
required by a 140-pound weight falling 30 inches to drive a split-spoon sampler 1 foot into
the ground. For very dense strata, the number ofblows is limited to a maximum of50 blows
within a 6--inch increment Where possible, the sampler is "seated" 6 inches before the N­
value is detennined. The N-vatue obtained from the Standard Penetration Test provides an
approximate measure of the relative density that correlates wi1h the shear strength of soil.
The disturbed samples were removed from the sampler, logged, packaged, and transported
to the laboratory for further identification and classification.

Soils were also sampled by means of a 3-inch O.D. by 24-inch long thick-walled Shelby
Tube sampler. Using the drilling rig's hydraulic pressure, the samplerwas pushed smoothly
into the bottom of the borehole. The consistency of these samples was measured in the
field by a calibrated pocket penetrometer. These values, recorded in tons per square foot,
are shown on the boring logs. Such samples were extruded in the field, logged, sealed to
maintain in situ conditions. and paCkaged for transport to the laboratory.

Samples obtained during our field studies and not consumed by laboratory testing
procedures will be retained in our Tyler office free of charge for a period of 60 days. To
arrange storage beyond this point in time, please contact the Tyler office.

11.0 LABORATORY TESTING
Upon retum to the laboratory, a geotechnical engineer visually examined all samples and
several specimens were selected for representative identification of the substrata. By
detennining the Atterberg liquid and plastic limits (ASTM 0 43'18) and percentage of fines
passing the No. 200 sieve (ASTM 0 1140), field classification of the various strata was
verified. Also conducted were natural moisture content tests (ASTM D 2216). The results of
these tests are presented on each respective log in this Appendix.

Strength characteristics of the cohesive substrata were evaluated by conducting
unconsolidated, undrained triaxial compression tests (ASTM D 2850) on selected
undisturbed field samples obtained with the Shelby tube sampler. In this type of
compression test, confining pressures were chosen that approximate in situ pressures at the
sample depth below existing ground. The specimens were axially loaded until failure
occurred. The shear strength (or cohesion) is equal to one~half the peak compressive

Page 10
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stress. Moisture content (ASTM 02216) and dry density(A~TM 0 2437) are detennined as
part of this test. The results of these tests are also presented in the indMduallog of boring
provided in this Appendix.
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