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General
The subsurface exploration indicates the site is adaptable for the proposed construction.  The following paragraphs
present more detailed comments and recommendations regarding site development.

Earthwork

The following recommendations are provided regarding site preparation and earthwork.  Please note that these
recommendations assume the site will have fill depths up to 15 feet to achieve the design subgrade elevation for the
building pad.

Stripping
Site preparation should be initiated by clearing and stripping the proposed construction areas of any trees, shrubs,
other plants, topsoil, roots, organics, and other unsuitable foundation supporting material.  Topsoil thicknesses of
approximately 1 inch were measured at hand auger and sounding locations.  Typically, wooded sites in the project
area have numerous roots (ie. rootmat).  As such we recommend assuming a stripping depth of 8 inches.    Lower
lying areas can have deeper areas of topsoil and organics that will require removal during stripping.

Site Preparation
After the required initial site work has been completed, the exposed subgrade soils should be proofrolled under the
observation of a geotechnical engineer or his representative with a 10-ton smooth-drum self-propelled roller
operating in the static mode or a loaded dump truck to locate any areas of soft or otherwise unsuitable surface
conditions.  Proofrolling will help to define the limits of the very loose to loose (tip resistance of 20 to 40 tsf) soils
encountered to a depths of about 2 to 5 feet across the site.  These soils will need to be repaired. Any area that ruts
or pumps should be disced, moisture conditioned to near the soil's optimum moisture content by drying or wetting,
and recompacted with the 10 ton self-propelled vibratory roller.  Areas that cannot be densified and stabilized by
moisture-conditioning and compaction should be undercut and replaced with compacted structural fill.

Based on the soundings and our site observations, we anticipate rolling with the smooth drum vibratory roller will
adequately densify the majority of the very loose to loose near surface soils.  The total amount of undercut will
depend on the design grades, effectiveness of the contractor's dewatering methods and the weather conditions at the
time of grading.  We recommend that the construction contract include an allowance for the undercutting of unstable
or unsuitable soils and replacement with compacted structural fill.

Subgrade Repair and Improvement Methods
The exposed subgrade can deteriorate and lose support when exposed to construction traffic, improper moisture
conditioning, and adverse weather conditions.  Deterioration can occur in the form or rutting, pumping, freezing, or
erosion.  During construction, exposed subgrade surfaces should be moisture conditioned and sealed at the end of
each day or when wet weather is forecast.  Water should not be allowed to pond on exposed subgrades, however,
areas that become dry may require additional moisture conditioning to keep the soils stable.  Heavy rubber-tired
construction equipment should not be allowed to operate on exposed subgrades during wet conditions.

Immediately prior to floor slab or pavement construction, exposed subgrade soils should be evaluated by
proofrolling to determine their stability.  Soils which rut, pump, or deflect under proofrolling should be repaired
prior to ABC stone placement.  Repair measures may include moisture conditioning of dry of optimum moisture
content soils and recompacting, scarifying/drying/recompacting, undercutting, placement of geotextiles, use of
chemical additives, or some combination of these measures.  Actual repair measures will be influenced by project
schedule and weather conditions and can only be determined in the field by the geotechnical engineer.

Excavation Considerations

Temporary construction slopes and excavation shoring should comply with local, state, and federal governing
regulations, including OSHA (29 CFR Part 1926) excavation trench safety standards.  Temporary excavations
should be cut to a stable slope or the excavations should be temporarily braced, depending upon the excavation
depth, nearby site features, and encountered subsurface conditions.  The Contractor's Competent Person will need to
determine the soil type(s) encountered in excavations and the appropriate excavation slope or bracing.

The responsibility for excavation safety, stability of temporary construction excavations, and deflections/settlement
of existing site features lie solely with the contractor.  This information is provided only as a service and under no
circumstance should S&ME be assumed to be responsible for construction site safety, stability of temporary
excavations, or the effectiveness of the contractor's excavation support system.

Management of Shallow Water

Cut areas are not anticipated to extend within 2 feet of observed groundwater levels.  If significant changes to the
grading plan are proposed, S&ME should be provided with a revised drawing to allow for us to review and provide
comments.  Utility excavations which extend near or below groundwater should be dewatered with the contractor
prepared to maintain groundwater levels at least 2 feet below the excavation bottom at all times.

Potential groundwater control methods for the temporary construction excavations include open pumping,
predrainage dewatering, and cutoff/exclusion.  Open pumping utilizes submersible sump pumps in pits or trenches
excavated below the bottom of the excavation and backfilled with No. 57 stone.  Submersible sump pumps placed in
perforated or slotted plastic pipe installed in angled pits backfilled with No. 57 stone below the bottom of the
excavation, called “stingers”, are another type of open pumping.  Pumping can be performed on an intermittent basis
to remove water from the construction excavation, but should be continuous (24 hours a day) to maintain excavation
bottom stability.  Predrainage dewatering requires the installation of temporary wells and/or wellpoints within or
around the excavations, with continuous (24 hours a day) pumping both before excavation and while the excavations
are in use to lower the groundwater adequately beneath the entire excavation areas.  Cutoff or exclusion involves the
installation of sheetpiling completely around the excavations and open pumping from inside the sheeting during
excavation.  Predrainage dewatering outside the sheeting can be implemented to reduce groundwater pressure on the
sheetpiling and potential leakage of the sheeting at joints.

Based on our experience with similar subsurface conditions and similar projects in coastal North Carolina,
predrainage dewatering or open pumping will be necessary for utility, stormwater basin, pipe, or structure
construction that extends below the water table.

The responsibility for dewatering of construction excavations and preventing excessive settlement of existing
structures and other site features due to dewatering should lie solely with the contractor.  This information is
provided only as a service and under no circumstance should S&ME be assumed to be responsible for the
effectiveness of the construction dewatering method(s) selected by the contractor.

Structural Fill and Backfill

A significant amount of new structural fill will be required at this site to construct the building pad.  Structural fill
should have a Unified Soil Classification of  GW, GP, GP-GM, GP-GC, GW-GM, GW-GC, GM, SW, SP, SP-SM,
SP-SC, SW-SM, or SM be used be used.  The fill should be free of organics and debris, be placed in 12-inch
maximum loose lifts in open site areas (more than 10 feet wide and compacted with a 10-ton vibratory smooth drum
roller) and 8-inch maximum loose lifts in trench areas (less than 10 feet wide and compacted with hand operated
equipment).

Structural fill and structural backfill should be compacted to at least 95 percent of the standard Proctor maximum
dry unit weight (ASTM D_698) at depths greater than 12 inches below finish subgrade elevations.  The upper 12
inches of structural fill should be compacted to at least 98 percent of the material's standard Proctor maximum dry
unit weight.  The moisture content of the material should be within 3% of the material's standard Proctor optimum
moisture content for most types of soils.  The acceptable moisture content range can be increased to +/- 5% for
sands and gravels with less than 20% fines, provided the recommended compaction is still achieved.

The contractor should protect the exposed soil fill and subgrades by smooth-rolling and grading the site to promote
surface water runoff.  Exposure to the environment and construction activities will likely weaken the exposed
subgrade soils.  If deterioration of the soil occurs during the construction process due to the contractor's failure to
protect stable subgrades, then addition of water if dry soils are observed or discing and drying if the soils are wet,
re-compaction, densification, and/or undercutting and replacement with structural fill may be necessary.  This work
should be performed by the contractor as recommended by the Geotechnical Engineer of his representative.

Even though silty sands (SM) are satisfactory for use as compacted structural fill and structural backfill, they are
somewhat moisture sensitive and can be difficult to adequately dry and compact, especially during the wetter, cooler
times of the year.  Even if the specified compaction is achieved, the fill surface must be stable prior to placement of
overlying lifts of fill, which can be difficult to achieve for these somewhat moisture-sensitive soils.

Please note that clean sand (SP) and slightly silty sand (SP-SM) with less than 12% fines have very little “binder”
and can be difficult to compact and maintain a stable fill surface upon.  The on-site soils and locally available soils
are predominantly these soil types.  Clean fine sands (SP) are common in the vicinity of the site and are locally
known as “sugar sands”.  These soils typically require the addition of large amounts of water, even during wet, cool
weather conditions, to achieve compaction.  Also, the fill surfaces need to be covered with additional fill or ABC
stone base immediately, as they will tend to degrade upon drying and rut under construction traffic.  Alternatively,
they can be moisture conditioned and re-compacted prior to subsequent fill or pavement material placement.

To confirm that the specified degree of compaction is being obtained, field compaction testing should be performed
in each fill lift by the geotechnical engineer's representative.  Compaction tests should be performed at a minimum
frequency of one test per 2,500 square feet per lift in building areas, 5,000 square feet in pavement areas, and one
test per 100 linear feet per lift of utility trench backfill in structural areas.

Construction of any cut or fill slopes should be no steeper than 3H: 1V.  To prevent shallow surface failures on the
exposed slope faces the soils exposed on all slope faces should be compacted with track-mounted equipment prior to
final seeding and mulching.  Surface water runoff should be directed away from the slopes.  The preliminary
grading plan noted several 2.5:1 slopes.  Because of the relatively clean sandy soils encountered at the site which are
likely to be present in the slopes, surface erosion control measures should be put in place immediately after slope
construction to help reduce the potential for surface erosion and near surface slope failures.

Reuse of On-Site Soil as Structural Fill

The near-surface soils encountered in the shallow hand augers and CPT soundings are suitable for use as structural
fill and backfill.  Groundwater was encountered within 9.5 to 10.3 feet of the existing ground surface in the majority
of the soundings.  Soils excavated from below the water table will most likely require discing and drying prior to
reuse as compacted structural fill.  Any surficial grass, rootmat, and topsoil are unsuitable for reuse as structural fill.

Settlement Due to New Fill and Settlement Monitoring

Structural fill depths of 7 to 15 feet will be required to achieve design subgrade elevations.  The new fill loading on
the near surface very loose to loose sands and clay layer encountered 25 to 30 feet below existing ground in
sounding B-2, B-3 and A-2 will induce settlement on the order of 2 to 3 inches.  When added to the settlement due
to foundation loads (0.7 to 1.0 inches), the total settlement will be greater than tolerable levels.  We anticipate the
settlement due to the fill loading will occur fairly quickly, within 30 days, however, to verify that this settlement has
occurred prior to foundation construction, we recommend that fill settlement monitoring be implemented.  We
recommend that two settlement plates be installed by the contractor at the approximate locations shown on Figure 3.
A settlement plate detail is given on Figure 4.  The project surveyor should measure the elevations of the settlement
plates and/or tops of the metal riser pipes prior to surcharge fill placement.  (If only the elevations of the plates are
measured, the installer of the settlement plates should measure the vertical distance from the plates to the tops of the
riser pipes.).  The settlement plate PVC outer protective pipe should be painted or flagged, and care should be taken
to prevent damage to the settlement plates and pipes during surcharge fill placement.

The elevations of the tops of the metal riser pipes should be measured by the project surveyor every 2 days and the
elevation measurements should be forwarded to S&ME for analysis.  S&ME can determine when sufficient
settlement has occurred and when the fill settlement is substantially complete.

Building Foundation Recommendations

Based on the CPT soundings and assumed structural loads, the building may be supported on shallow spread
footings provided the site is prepared as recommended above and the settlement of the mass fill is substantially
complete prior to footing construction (Section 5.5).  The following sections provide our geotechnical conclusions
and recommendations regarding building foundation support.

Bearing Pressure

Shallow foundations for the building may be designed using a net allowable soil bearing pressure of 3,000 pounds
per square foot.  All foundation excavations should be evaluated by the geotechnical engineer or his representative
prior to concrete placement to confirm the suitability of underlying materials.  This evaluation will include probing
and shallow hand augering with dynamic cone penetrometer testing.  If soft, loose or otherwise unsuitable soils are
encountered, these soils may need to be overexcavated and backfilled with either washed stone (NCDOT No. 57),
suitable structural fill, or lean concrete.  Because the footings will be constructed within compacted structural fill,
only minor footing repair is anticipated. The contractor should be prepared to densify the surface soils in all footing
excavations prior to concrete placement.

If water collects in any excavations it should be removed promptly.  Care should be exercised during construction of
foundations in order not to disturb bearing soils and reduce their bearing strength.  Concrete for the footings should
be placed as soon as practical following excavation.  If concrete placement is delayed, the soils can dry out or
become wet due to unfavorable weather conditions.  The placement of a concrete “mud mat” on exposed bearing
soils should be considered.

Bearing Depth and Dimension

Footings should bear at least 18 inches below exterior grade to avoid frost penetration and develop the design
bearing capacity.  Continuous wall footings should be at least 18 inches wide and isolated column footings should
be at least 24 inches wide.  This recommendation is made to prevent a localized or “punching” shear failure
condition which can occur with very narrow footings.

Settlement

Based on conditions encountered by this exploration, anticipated structural loads, and provided the site is prepared
as recommended above, we expect that maximum total settlements beneath footings will be 1 inch or less.
Differential settlements are expected to be ½ inch or less for footings bearing on similar materials.

Floor Slab

We recommend that at least 6 inches of compacted select granular material be placed beneath all ground floor slabs
to provide a capillary break, provide more uniform slab support, and reduce damage to subgrade soils during
construction.  The select granular fill should classify as SP, SP-SM, SW, or SW-SM in accordance with the Unified
Soil Classification System, which requires that these soils have less than 12 percent passing the No. 200 sieve.
Manufactured materials such as aggregate base course (ABC), processed fill (i.e., screenings), or No. 57 washed
stone meeting this specification can also be used.  A modulus of subgrade reaction value of 180 psi/in may be used
to design floor slab on subgrades consisting of these materials compacted to at least 98 percent of the soil's standard
Proctor maximum dry density.

Exposure to the environment and construction activities will weaken the floor slab subgrade soils.  Therefore, we
recommend that subgrade soils in slab areas be evaluated prior to placement of the select granular fill.  If near
surface deterioration of the soils has occurred, undercutting or reworking of the fill may be necessary.

Based on the results of our exploration and the assumed finish floor elevation, the floor slab will not be below the
exterior grade and will not be subjected to hydrostatic pressure from groundwater.  However, water vapor
transmission through the slab is still a design consideration.  Evaluating the need for and design of a vapor retarder
or vapor barrier for moisture control is outside our scope of services and should be determined by the project
architect/structural engineer based on the planned floor coverings and the corresponding design constraints, as
outlined in ACI 302.1R-04 Guide for Concrete Floor and Slab Construction.  Further, health and environmental
considerations with respect to any potentially harmful vapor transmission are also outside of our scope.

Seismic Site Classification

Seismic Site Class

Based on the shear wave velocities measured by the seismic CPT sounding (B-3A), a Seismic Site Class D
designation is appropriate for seismic design in accordance with Section 1613 of the 2012 North Carolina Building
Code.

Ground Motion Parameters

Based on Seismic Site Class D, the following ground motion parameters should be used for design.

Ground Motion Parameters

Pavements

The pavement analysis was based on an initial serviceability index of 4.2 (4.5 for concrete), a terminal serviceability
index of 2.0 and a 15-year asphalt design life.  We have assumed a 25 year design life for the concrete pavement.

Asphalt Pavement

Based on the field and laboratory testing, and past experience, a design CBR value of 10 percent was used for
pavement design.  This CBR value is based on the subgrade soils consisting of sandy soils as described in section
5.4 and the top 12 inches being uniformly compacted to at least 98% of the soil's standard Proctor MDD.  For the
standard duty pavement an 18-kip equivalent single axle loads (ESAL) value of 30,000 was assumed.  For heavy
duty pavement an ESAL value of 550,000 was assumed.

Recommendations for the standard and heavy duty pavements are provided in the table below.

Recommended Asphalt Sections

Material Type Standard Duty (Parking Stalls) Heavy Duty

Asphalt Surface Course 2 inches SF-9.5A or S-9.5B 1.5 inch SF-9.5B

Asphalt Initial Course - 2 inches I-19.0B

Aggregate Base Course 6 inches 8 inches

All materials and construction methods should conform to the 2012 edition of the NCDOT “Standard Specifications
for Roads and Structures.”  The aggregate base course (ABC) stone should consist of stone meeting the
requirements under Section 520.  ABC stone should be compacted to at least 100 percent of the maximum dry
density as determined by the modified Proctor compaction test, AASHTO T-180 as modified by NCDOT.  To
confirm that the base course stone has been uniformly compacted, in place density tests should be performed by a
qualified soils technician and the area should be thoroughly proofrolled under his observation.

Asphaltic concrete should conform to Section 610 in the 2012 edition of the NCDOT “Standard Specifications for
Roads and Structures.”  Sufficient testing and observation should be performed during pavement construction to
confirm that the required thickness, density, and quality requirements of the specifications are achieved.

Although our analysis was based on traffic loading for a 25-year design life, our experience indicates that pavement
maintenance is necessary due to normal weathering of the asphaltic concrete.  Normal weathering (i.e., oxidation)
causes asphalt to become more brittle resulting in loss of tensional strength.  This loss in strength can cause minor
cracking which provides access for water infiltration into the stone base and subgrade.  As the degree of saturation
of the subgrade increases, the strength of the subgrade decreases leading to pavement failure.  Routine maintenance
in the form of sealing, patching, and maintaining proper drainage is required to increase pavement life.  It is not
uncommon for overlays to be required after 10 to 12 years.

Below Grade Retaining Walls
General recommendations with respect to retaining wall design and construction are provided below along with
specific recommendations for cast-in-place concrete and mechanically stabilized earth (MSE) walls.  Once
additional information is available, S&ME should be contacted for any additions or revisions to the
recommendations that may be appropriate.

Retaining walls must be designed to resist lateral earth pressures from the backfill.  In addition to the lateral stresses
from backfill, the walls may be subjected to surcharge loading from adjacent traffic, stockpiled materials, or stresses
from nearby footings or floor slabs.  If present, these surcharge stresses should be resolved into appropriate lateral
stress distributions and added to the earth pressures outlined below.  External stability of the proposed retaining
walls should be checked during design, including resistance to sliding and overturning.  The wall designer should
consider the impact adjacent utilities, ponds and slopes have on their design.  The wall designer should consider the
need for erosion protection at the wall toe, local bearing capacity issues, global stability issues and wall toe
embedment along slopes.

A drainage medium, such as clean stone (NCDOT No. 57) wrapped in geotextile fabric or a prefabricated
geocomposite drain (Miradrain TM 6000 or equivalent) should be placed immediately behind the wall.  The
drainage medium should be connected to a footing drain or weep holes to reduce potential buildup of hydrostatic
pressure due to surface water, perched water, or utility leaks.

Backfill soils placed behind retaining walls should consist of on-site soils with USCS classifications of SW or SP or
some combination of these.  The retaining wall backfill should be compacted to at least 95 percent of the soil's
standard Proctor maximum dry density (ASTM D 698) and be within 3 percent of optimum moisture.  Operating
heavy compaction equipment within 5 feet behind the retaining structures can create lateral earth pressures far in

excess of those recommended for design.  As such, we recommend that hand-operated equipment be used within 5
feet from walls.

Retaining wall foundations may be designed for an allowable bearing pressure of 3,000 pounds per square foot (psf).

The following soil parameters should be used for below grade wall design, provided that satisfactory structural
backfill is placed and compacted against the walls:

Design Parameters for Below Grade Walls

Cantilever retaining walls should be designed using the active lateral equivalent pressure coefficient given above.
Fixed basement, pit, loading dock-height, or foundation walls should be designed using the at-rest lateral earth
pressure coefficient given above.  The backfill should be properly drained and meet other requirements given in this
report.

Lateral loads applied to the retaining wall footings can be resisted by the friction between the footing concrete and
the foundation bearing soil.  To achieve the recommended friction coefficient, the bearing surface must be free of
mud or loose soil at the time of concrete placement.  In addition to the dead weight of the structure and footing
concrete, the soil backfill above the footing may be included as dead weight in sliding and overturning analyses.

Parameter Value

Soil Effective Friction Angle (phi', degrees) 33

Soil Effective Cohesion (c’) 0 psf

At-Rest Earth Pressure Coefficient (Ko) 0.46

Active Earth Pressure Coefficient (Ka) 0.29

Passive Earth Pressure Coefficient (Kp) 3.39

Moist Unit Weight of Backfill 120 pcf

Friction Coefficient b/w Foundation and Bearing Soil 0.45

Allowable Bearing Pressure on Foundation Soil 3,000 psf

Site Class SDS SD1 PGA

D 0.309 g 0.157 g 0.12 g
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