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EXECUTIVE SUMMARY
Terracon has conducted a geotechnical engineering investigation for the proposed Charleston
County Skatepark to be located in the upland area west of Oceanic Road in Charleston, South
Carolina. We conducted a total of 24 test pits to depths up to 9 feet and two Soil Test Borings
(STBs) to 50 feet below existing grade.
This report provides geotechnical recommendations for design, construction, and site
preparation. The following geotechnical considerations were identified during our investigation:


The site’s upper 5 to 11 feet contain significant uncontrolled fill and debris, primarily consisting
of construction debris such as concrete and brick pieces, cement, lumber, and metal wire and
rebar, but also containing limited branches, general organics, and residential refuse. This is
consistent with our understanding of the site’s historical use as a storage and mobilization area
by Ford’s Redi-Mix Concrete Co., Inc. Below the debris layer exists a soft silt layer to about 37
feet deep. These conditions present a high risk for excessive total and differential settlement.



At most test locations across the entirety of the site, a 4- to 5-inch-thick concrete slab
was encountered about 2 to 4 feet below existing grade. This slab appeared to be
relatively intact; no reinforcing steel was observed in this slab. Significant debris, often
heavily laden with organic material, was encountered below this slab.



Based on conversations with the project owner and team regarding acceptable levels of
risk for total and differential settlement, Terracon recommends the following site
preparation procedures:
Street Course Area—Using the edge of dozer, or similar, sift through material in upper 2 to 4
feet in presence of geotechnical representative to identify and remove debris and organic
material.
Bowl Area—Material within 36 inches of the lowest drainage/pump feature should be removed
and replaced with Controlled Fill or #57 stone; since this will require removal of the existing
concrete slab, the replacement material should be separated from in-situ material with both a
geo-fabric and geo-grid.
Building Pad—Material above the existing concrete slab should be removed and replaced with
Controlled Fill. At the discretion of the on-site geotechnical representative and depending on
the condition of the existing concrete slab, geo-fabric and/or geo-grid may be required before
commencing placement of Controlled Fill.

Each of these areas will be recompacted using the tandem vibrator roller program
described herein, and subsequently be subjected to a surcharge program to mitigate
post-construction settlement.


With implementation of these site preparation procedures, the building can be supported
on a structural-slab mat foundation with an allowable net contact pressure not exceeding
1,000 psf.
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Based on procedures and exemptions outlined in IBC 2012/ASCE 7-10 and the results
of our field testing, the project site will classify as Seismic Site Class D. The structural
engineer should verify that the building proposed for this development meet the
exemption requirements. If not, a Site Specific Seismic Evaluation will be required.

This summary should be used in conjunction with the entire report for design purposes. It
should be recognized that details were not included or fully developed in this section, and the
report must be read in its entirety for a comprehensive understanding of the items and
recommendations contained herein. The section titled GENERAL COMMENTS should be read for
an understanding of the report’s limitations.
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GEOTECHNICAL ENGINEERING REPORT
CHARLESTON COUNTY SKATEPARK
CHARLESTON, SOUTH CAROLINA
Terracon Project No. EN145007
April 16, 2014

1.0

INTRODUCTION

This report presents the results of our geotechnical engineering services performed for the
proposed Charleston County Skatepark to be located in the upland area west of Oceanic Road in
Charleston, South Carolina. The original geotechnical scope of work for this project included
exploring the site with a series of Cone Penetration Tests (CPTs), a Flat Blade Dilatometer Test
(DMT), and Hand Auger Borings (HABs). However, upon mobilizing to the site, we encountered
significant buried debris; each of the in-situ tests encountered refusal within 1 to 2 feet of the
ground surface.
At your request, Terracon re-mobilized on February 10, 2014 with a mini-excavator and dug 10
test pits across the site to begin characterizing the extent and nature of the buried debris. After
discussing the findings with the project team, Hightower Construction provided a back hoe and
operator on February 20, 2014 to dig 14 additional test pits. Terracon also drilled two Soil Test
Borings (STBs) to 50 feet deep to investigate the conditions below the debris zone.
The purpose of this study is to provide subsurface information and preliminary geotechnical
engineering recommendations relative to:






subsurface soil conditions
groundwater conditions
seismic conditions
earthwork
foundation design
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2.0

PROJECT INFORMATION

2.1

Project Description
ITEM

Improvements

DESCRIPTION
We understand the site will be developed with a skatepark with
associated parking and a one-story, wood-frame building. Parking and
drive areas will be loose gravel. The skatepark will include two bowl
features and a street course.
For the one-story building:

Structural Loading

■

Column: 30 kips (assumed)

■

Wall: 1 to 2 kips per foot (assumed)

The bowl structures typically consist of formed soil covered with
reinforced concrete, and the street course pavement consists of 5- to 6inch reinforced concrete.
Fill at the building and street course areas is expected to be about 1 to 2
feet, but Terracon understands that there will be a transition zone
between the bowls and the street course with greater fill heights. The
maximum fill height at the bowls will be about 6 to 8 feet above existing
grade.

Grading

2.2

Site Location and Description
ITEM

Site Location and Layout

DESCRIPTION
The site is the upland area west of Oceanic Road in Charleston,
Charleston County, South Carolina, about 800 feet north of the
intersection with Mechanic Street.
See Appendix A, Exhibits A-1 and A-2 for the Site Location and
Exploration Plan exhibits.
The Halsey Map (Figure 1), a historical map of the Charleston Peninsula,
shows that the site lies within marsh that has been filled to generate
usable land.

Historical Site Use

Based on review of the aerial photography and conversations with
adjacent property owners, Ford’s Redi-Mix Concrete Co., Inc. used this
site as a storage and mobilization area from at least the late 1980s
through about 2006.

Existing Improvements

Two billboards exist on the site.

Current Ground
Conditions

Currently the parcel is covered with unmaintained grass and shrubbery.
Some areas are bare packed ground, concrete, or gravel.
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ITEM

DESCRIPTION

Existing Topography

Based on the provided topographic map dated August 29, 2013, existing
grade is about elevation 9 feet in the northeast corner of the site and
slopes in a southwesterly direction down to about elevation 5 feet (NAVD88).

Site Location

Figure 1. Aerial Photograph of Site with Halsey Map Overlay
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3.0

SUBSURFACE CONDITIONS

3.1

Typical Soil Profile

Based on the field data, the subsurface conditions observed can be generalized as follows:
Table 1. Generalized Soil Profile
Description

Depth below
ground surface

Material Encountered

1

(ft)

0 to 3

Uncontrolled Fill: Silty Sand, Discarded Cement, Significant
Concrete/Lumber/Construction Material Debris

3

4- to 5-inch-thick concrete slab, relatively intact, no steel
reinforcement observed

3 to 11

Uncontrolled Fill: Silty Sand, Discarded Cement, Significant
Concrete/Lumber/Construction Material Debris

Stratum #2

11 to 37

Very Soft to Soft Silt

Stratum #3

37 to 45

Loose to Medium Dense Sand

2

Stratum #1

3

Stratum #4

Sandy to Clayey Silt
45 to termination

(Cooper Marl Formation)

1.

Denotes averages for the individual layers.

2.

In most locations, the excavation equipment could not penetrate the debris layer to native soil. However, the
debris layer appeared to be thinnest (about 3 feet thick) at the southern portion of the site and thickest to the
north, where native soil was not encounter until about 11 feet below grade.

3.

The Cooper Marl Formation is a well-studied and uniform soil stratum consisting of clayey to sandy silt
approximately 100 to 200 feet thick in the greater Charleston area. This soil stratum is a typical bearing layer
for deep foundations as well as the basis for earthquake modeling in the Charleston area.

Conditions encountered at each of the test locations are indicated on the individual sounding
records and are provided in the appendix of this report. Stratification boundaries on this record
represent the approximate location of changes in soil types; in situ, the transition between materials
may be gradual.
The presence of uncontrolled fill and buried debris is a primary geotechnical concern since it
introduces a high risk of variable subsurface conditions, including organic material and voids. The
following photographs show some of the debris encountered. Appendix A includes photographs
taken at each test pit location.
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Figure 2. Representative Test Pit Conditions
The buried, existing concrete slab was encountered at varying depths, but in most test locations
across the site. The following figure shows the approximate depths to the top of the existing slab.
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Figure 3: Approximate Depths to Existing Concrete Slab

3.2

Groundwater Conditions

At the time of our exploration, the water table was encountered between about 2 and 8 feet below
the existing ground surface. However, at several test-pit locations, perched water conditions were
encountered and/or free water was observed deeper than anticipated; this can be attributed to the
discarded cement that has significantly reduced the material’s hydraulic conductivity. These
conditions cause differential hydraulic pressures across the site by impeding the subsurface flow
of water. Other areas, where clean gravel or large concrete debris was encountered, allow
groundwater to move freely.
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The groundwater depth was determined by physical measurement in the test pits and borings.
Due to the proximity to the Ashley River, groundwater fluctuates with the tides. In addition, rainfall
events, drainage constraints, and seasonal weather patterns can vary with time and influence the
level of the groundwater table. As such, the possibility of groundwater fluctuations should be
considered when developing the design and construction plans for the project, especially in the
wetter periods of the year. The groundwater surface should be checked prior to construction to
assess its effect on site work and other construction activities.

4.0

GEOTECHNICAL SEISMIC CONSIDERATIONS

4.1

Seismic Evaluation

According to the International Building Code 2012 (IBC 2012), structures are required to be
designed to a design earthquake from a 50 year exposure period with a 2% Probability of
Exceedance (PE) (i.e. a 2475 year design earthquake). The 2% PE in 50 year design
earthquake has a Moment Magnitude (Mw) of 7.3 and a Peak Ground Acceleration (PGA) of
0.32 g, as determined from data provided in the IBC 2012 Code. The seismic evaluation of the
site identified potentially liquefiable soils (clean to silty sand) located at variable depths within
the study area. According to the IBC 2012 and ASCE 7-10, this potential for liquefaction
classifies the site as Site Class F.
ASCE 7-10 Section 20.3.1 provides an exception to the Seismic Site Classification for a
structure with a fundamental period of vibration equal to or less than 0.5 seconds, which states
that a site can be classified as whatever Site Class it would be without considering liquefaction
to determine spectral accelerations for structural design. Based upon the Site Class exception,
seismic design parameters for the site are as follows:
Code Used

Site Classification

2012 International Building Code

1.

1,2

D

Seismic Design Parameter

Value

Fa

1.03

Fv

1.64

SDS

0.81 g

SD1

0.41 g

Based on average shear wave velocity (Vs) from data collected in the site vicinity in similar soil conditions and
a conservatively assumed shear wave velocity of the Cooper Marl formation of 1,000 ft/sec.

2. Based upon the fundamental period exception outlined in ASCE 7-10 Section 20.3.1. The structural engineer
should verify that this assumption is valid for the structures planned for this site.
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Figure 4 presents the Design Response Spectrum for the structure for Site Class D calculated
by the procedures outlined in IBC 2012/ASCE 7-10. (Note – this is not a Site Specific Seismic
Evaluation).

Figure 4: Site Class D Design Response Spectrum for IBC 2012

4.2

Liquefaction Potential

Due to the high seismicity of the coastal South Carolina area, we performed a liquefaction
potential analysis for the site to evaluate the stability of the soils. Ground shaking at the
foundation of structures and liquefaction of the soil under the foundation are the principal
seismic hazards identified for the design of earthquake-resistant structures. Based on the field
testing, liquefaction-induced settlements may range up 2 inches. If liquefaction-induced
settlements of this magnitude are deemed unacceptable, Terracon can provide
recommendations for remedial action on request.
These liquefaction settlement estimates are based upon the 2,500 year design earthquake as
dictated by the IBC code. Actual liquefaction settlements will be highly dependent on the
magnitude and distance from the source during an actual earthquake event. Therefore, there is
an inherent risk when assessing structure safety under seismic loading conditions. When
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evaluating risk to the proposed building, it should be noted that theoretical liquefaction
calculation methods may provide conservative results1.

5.0

RECOMMENDATIONS FOR DESIGN AND CONSTRUCTION

5.1

Geotechnical Considerations

The subsurface conditions defined by test pits and borings indicate that site soils include
surface sands laden with debris to between about 5 and 11 feet deep underlain by soft silt that
extends down to a sand layer beginning at about 37 feet deep. The Cooper Marl formation
begins at about 45 feet below existing grade, approximate NAVD-88 elevation 52 feet.
The uncontrolled fill and thick, soft silt layer present a high risk for excessive total and
differential settlement. In the uncontrolled fill, degrading organics or shifting debris can create
voids. The soft silt layer is likely currently settling. Adding fill and structural loads will accelerate
settlement. Even after the initial, primary consolidation concludes, the site will continue to settle
on the order of 1 to 2 inches per year for several decades.
The most reliable solution would be to found the proposed improvements on deep foundation
systems bearing in the Cooper Marl formation. Deep foundations would carry the loads below
the uncontrolled fill and soft silt layers, and so eliminate the potential for excessive settlement.
However, we understand deep foundations would be cost-prohibitive, especially given that the
buried debris would make installation problematic. The next most reliable solution would be a
full removal and replacement of the uncontrolled fill. This would eliminate the risk for degrading
organics or shifting debris to cause excessive differential settlement. This option too, though,
would be cost-prohibitive.
As a result, based on conversations with the project owner and team regarding acceptable
levels of risk for total and differential settlement, Terracon has recommended the site
preparation procedures described in Section 5.2—limited removal and replacement in
conjunction with a surcharge program. The proposed improvements will settle over the design
life of the skatepark, requiring regular maintenance to patch gaps and cracks caused by
differential movement. We understand, though, that the structural concrete proposed for the
building mat foundation and the skate areas will be structurally designed to bridge potential
voids and minimize cracking due to differential settlement. Since the uncontrolled fill layer will

1

R. E. S. Moss and H. Hayati, Evaluating Bias of Liquefaction-Induced Settlement Methods for Performance-Based Design, GeoRisk 2011: Risk Assessment and Management, Conference Proceedings, Earthquake Engineering and Soil Dynamics II, pp. 526533.
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not be fully removed, or even explored, there is a risk for sudden settlement of ½ foot or more
caused by shifting debris or voids left by degrading organics.
In finalizing the skatepark design, fill heights should be kept as low as possible. If economically
feasible, lightweight fill should be used to mitigate settlement. Use of lightweight fill could
reduce static settlement by 30%. Furthermore, the skate features should be kept as light as
possible (though at least maintain a 70 pcf density to prevent flotation during flooding).
If
possible, rather than using soil to form molds for skate ramps and features, these should be
constructed out of foam, wood framing, or some other hollow mold to minimize settlement.
Section 5.2.2 includes discussion on lightweight fill and foam materials.
Furthermore, as we proposed in the project team conference calls, we recommend the bowl
features be set as low as feasible below existing grade and sump-pump systems be used to
prevent water from accumulating in the bottom of the bowl. Once final bowl and design flood
elevations are determined, Terracon should be notified to determine whether buoyant forces will
require design for uplift.

5.1.1 Surcharging
Due to the excessive static settlements expected in the proposed building, bowl structures, and
street course, we recommend the footprint of these improvements be surcharged prior to
construction. Surcharging involves mounding the soil above the finished subgrade elevations to
accelerate the settlement.
At the proposed building location, the surcharge program shall consist of placing fill to a
minimum of 5 feet above the finished floor elevation and to a minimum of 5 feet outside the
lateral extent of the building footprints. For the bowl and street course features, the surcharge
shall consist of placing fill to a minimum of 2 feet above the finished subgrade elevation.
Site preparation as described in Section 5.2 of this report should be conducted prior to
implementation of the surcharge program. Controlled Fill shall be placed a minimum of 12
inches above the finished floor/subgrade elevation to minimize the potential for contamination of
fill materials and account for potential settlement. The remaining fill material above this need
not meet the requirements listed in Section 5.2, but shall have an in-place density greater than
100 pcf. This can typically be accomplished with several passes of a D-10 dozer or similar
sized equipment. Upon release of the surcharge by the project engineer, the excess fill material
shall be removed and the top of the building pad and bowl and street course area can be
graded and recompacted to meet the compaction requirements listed in Section 5.2.3.
If implementing site preparation prior to the surcharge program presents scheduling difficulty,
the surcharge program may be conducted prior to site preparation, but the surcharge fill material
must be removed down to the existing grade and the site preparation procedures completed
prior to placing Controlled Fill for construction. Should this be the case, the surcharge fill
Responsive ■ Resourceful ■ Reliable
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material need not meet the requirements listed in Section 5.2, but shall have an in-place density
greater than 100 pcf.
This surcharge program is intended to mitigate post-construction settlement. Due to the
thickness of the soft silt layer, primary and then secondary settlement will likely continue for
more than 25 or 50 years. The intention of this surcharge program is to cause a significant
portion of the primary settlement to occur prior to construction. However, post-construction
settlements are still expected to be significant, as described in Sections 5.3, 5.4, and 5.5.
A time frame of about 3 to 4 months should suffice to achieve the intended purpose of the
surcharge program, but the schedule will depend on the monitored progress of the settlement.
If the estimated post-construction settlements exceed acceptable levels, the surcharge program
can be lengthened, and/or the amount of soil mounded can be increased. Terracon has
decided not to recommend installation of wick drains, which would accelerate consolidation
settlement by adding drainage paths, since the debris layer would cause installation to be
difficult and expensive. Wick drains can be further considered, though, if the estimated
schedule or post-construction settlements are unacceptable.

5.1.2 Surcharge Monitoring
At a minimum, we recommend the following number of settlement plates be installed:
 Bowls area – three settlement plates (total, not per bowl)
 Building footprint – three settlement plates
 Street course – four settlement plates
The settlement plates should be installed prior to filling so that fill-induced settlements can be
monitored during the surcharge program. Using the settlement plates may allow the
geotechnical engineer to end the surcharge program early. Settlement plate specifications can
be found in Appendix B, Exhibit B-3. Terracon can provide settlement plate placement
recommendations upon request. The settlement plates shall be monitored every other week for
the first 6 weeks, and once per week thereafter. To end the surcharge on schedule, it will be
imperative that the settlement plates not be disturbed or damaged during fill placement.

5.2

Earthwork

5.2.1 Site Preparation
The following presents recommendations for site and subgrade preparation and the placement
of Controlled Fill for this project. Subsequent to completion of these site preparation
procedures, the surcharge program as described in Sections 5.1.1 and 5.1.2 should be
implemented.
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Street Course Area
In lieu of deep foundations or a full removal and replacement of the debris zone, the contractor
may sift through the existing material in the upper 2 to 4 feet to identify and remove the debris
and organic material buried above the existing concrete slab. The edge of a dozer bucket, or
similar, may be used to till these upper 2 to 4 feet. The geotechnical engineer or his
representative will be on site to identify exposed debris and organic material for removal.
Debris greater than 6 inches or that could be bridging voids should be removed. Inorganic
material less than 6 inches may be left in place. Two or three passes on two-foot centers would
likely be required, but will be determined by the on-site geotechnical representative based on
conditions encountered.
Once the geotechnical representative is satisfied that the upper soils are sufficiently free of
debris and organic material, the area should be recompacted. Re-compaction should be
accomplished using tandem side-by-side vibratory rollers. The rollers should each weigh a
minimum of 10 tons. Five passes with the tandem roller combination should be performed
within the proposed concrete slab area, including 5 feet outside the lateral limits.
Bowls Area
Once the excavation is greater than 36 inches below the lowest feature and the exposed
material is deemed sufficiently stable by the geotechnical field representative, a layer of geogrid followed by a geo-fabric should be placed. Depending on the final elevation of the bowl and
groundwater depth at the time of construction, temporary dewatering may be required.
This removal and replacement should extend laterally to the edge of the bowl slope. The #57
stone should be used as fill in the sump-pumps’ drainage zone. The #57 stone should be fully
separated both from in-situ material and Controlled Fill with a geo-fabric to prevent migration of
fines into the drainage zone.
After the material is replaced, five passes with the tandem roller combination should be
performed within the bowl footprints, including 5 feet outside the lateral limits.
Building Pad
Since the proposed building will be more sensitive to differential settlement than the skate
areas, Terracon recommends material above the existing concrete slab (about 2 to 4 feet deep)
be removed and replaced with Controlled Fill per Sections 5.2.2 and 5.2.3. Based on the
observed condition of the existing concrete slab once it is exposed, the geotechnical
representative will determine whether geo-fabric and/or geo-grid should be placed prior to
commencing placement of Controlled Fill. After the Controlled Fill is placed, the tandem
vibratory rollers should also make five passes over the building footprint, including 5 feet outside
the lateral limits.
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5.2.2 Material Types
Controlled fill should meet the following material property requirements:
1

Fill Type

USCS Classification

Acceptable Location for Placement

Silty to Clean Sand

SM, SP, SP-SM

All locations and elevations

1.

Controlled fill should consist of approved materials that are free of organic matter and debris. An adequate
number of samples of proposed fill material should be submitted to the geotechnical engineer for evaluation.

Further field and laboratory testing is needed determine the classification and usability of any
proposed on-site borrow soils and should be explored further in the final investigation if on-site
fill sources are proposed.
Lightweight fill may consist of extruded clay such as Gravelite, which has a unit weight ranging
from 50 to 70 pounds per cubic foot (pcf). Alternatively, a geosynthetic EPS GeoFoam or foamed
concrete may also be considered, which have lower unit weights (the EPS GeoFoam is typically
under 10 pcf). However, light weight fills that weigh significantly less than water will tend to float
during flood events. Considerations would have to be given to prevent this, such as the
installation of anchors.

5.2.3 Compaction Requirements
ITEM

DESCRIPTION


8 inches or less in loose thickness when heavy, selfpropelled compaction equipment is used
 6 inches or less in loose thickness when hand-guided
equipment (i.e. jumping jack or plate compactor) is used

Fill lift thickness

Compaction requirements

Moisture content

1.

5.3

1

1

95% of the material’s maximum modified Proctor dry
density (ASTM D1557)
Within the range of 2 percent above to 2 percent below
the optimum moisture content as determined by the
modified Proctor test (ASTM D1557) at the time of
placement and compaction.

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

Shallow Foundation Recommendations

Given that the proposed building will be a lightly-loaded, one-story structure of wood frame
construction, a mat foundation may present the most economical solution. Since the site will
settle over the life of the skatepark, founding the building on deep foundations, which carry the
Responsive ■ Resourceful ■ Reliable
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load below the consolidating material, would create separation between the surrounding grade
and the floor elevation over time. Furthermore, the construction debris in the upper soils would
likely make driving piles and even pre-augering difficult.
Alternatively, a lightly-loaded mat foundation would settlement uniformly with the site. The
primary geotechnical concern in using this shallow foundation design will be static settlement.
As a result, the mat foundation should be limited to a net bearing pressure of 1,000 psf and be
structurally designed to be able to bridge voids caused by degrading organics or shifting debris.
DESCRIPTION
Allowable bearing pressure

COLUMN

1

1,000 psf

Minimum dimensions

N.A.

Minimum embedment below finished grade
Estimated total static settlement after remedial action

12 inches
2

Estimated differential static settlement after remedial action
Subgrade modulus

2

7 to 10 inches
2

2 inches per 50 feet
175 psi/in

1.

The recommended net allowable bearing pressure is the pressure in excess of the minimum surrounding
overburden pressure at the footing base elevation. This assumes any unsuitable fill, debris, or soft soils, if
encountered, will be undercut and replaced with properly compacted Controlled Fill as described in Sections
5.2.2 and 5.2.3. The recommended net allowable bearing pressure

2.

The settlement assumes implementation of the construction considerations and estimates are based on
maximum pressure of 1,000 psf and 2 feet of fill. The foundation settlement will depend upon the variations
within the subsurface soil profile, the structural loading conditions, the embedment depth of the footings, the
thickness of compacted fill, and the quality of the earthwork operations. These settlement magnitudes assume
the foundation subgrade will be prepared as recommended in this report.

5.4

Bowl Features Recommendations

Since static consolidation settlement is a primary issue for this site, fill heights associated with
the bowl features should be minimized. If possible, rather than using soil to form the two bowls,
the full or upper portion of these should be constructed out of lightweight fill, foam, wood
framing, or some other light material to minimize the net pressure on the subsurface. Shotcrete
could then be affixed to the exterior. Section 5.2.2 includes discussion on lightweight fill and
foam materials. Should the bowl be formed with soil and concrete, and be about 6 to 8 feet
above existing grade, we estimate post-construction total settlement of about 5 inches in the
first two to three years, and about 1 to 2 inches per year thereafter. These estimates assume
the recommended site preparation procedures and surcharge program are implemented. The
two bowl features should be constructed so as to allow independent movement between the
bowls to mitigate damage caused by differential settlement.

Responsive ■ Resourceful ■ Reliable

14

Geotechnical Engineering Report
Charleston County Skatepark ■ Charleston, South Carolina
April 16, 2014 ■ Terracon Project No. EN145007

Furthermore, to minimize the fill height required, we recommend the bowl features be set as low
as feasible below existing grade and sump-pump systems be used to prevent water from
accumulating in the bottom of the bowl. Once final bowl and design flood elevations are
determined, Terracon should be notified to determine whether buoyant forces will require design
for uplift.

5.5

Street Course Recommendations

Static consolidation settlement will also be a primary concern in the street course area. Fill
heights under the concrete slab should be minimized to the extent possible. The ramps and
other features should be kept light. The use of lightweight fill, foam, and wood-framing should
be considered to limit loads on the subgrade. Section 5.2.2 discusses lightweight fill and foam
materials.
After implementation of the site preparation procedures and the surcharge program, we
estimate the street course area will settle 5 to 7 inches over the first two to three years, and
about 1 to 2 inches per year thereafter. These estimates assume the recommended site
preparation procedures and surcharge program are implemented. If settlement of this
magnitude is unacceptable, the surcharge schedule may be lengthened, or the height of the
surcharge extended.
The concrete slab should be structurally designed to bridge small voids caused by shifting
buried debris or degrading organics not removed in site preparation. The street course should
be subdivided into as many individual concrete slabs as practical to mitigate damage caused by
differential movement. Since the upper crust of fill material and the existing buried concrete
slab will act to distribute loads and unify movement, we do not anticipate that placing geo-grid
below the concrete slabs in the street course area will improve performance. However, the onsite geotechnical representative will decide whether the geo-grid should be placed based on
conditions after conclusion of the site preparation program.

5.6

Pavement Recommendations

Terracon understands loose gravel is proposed for the parking and drive areas associated with
the skatepark. Since it will minimize maintenance costs associated with settlement of the
parking and drive area, the gravel pavement is well suited for the site.
We recommend the area underlying the parking and drive areas be rough graded and then
thoroughly proof-rolled with a loaded tandem axle dump truck prior to final grading and placement
of gravel. Particular attention should be paid to high traffic areas that were rutted and disturbed
earlier and to areas where backfilled trenches are located. Areas where unsuitable conditions are
located should be repaired by removing and replacing the affected material with properly
compacted fill or gravel.
Responsive ■ Resourceful ■ Reliable
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6.0

GENERAL COMMENTS

Terracon should be retained to review the final design plans and specifications so comments
can be made regarding interpretation and implementation of our geotechnical recommendations
in the design and specifications. Terracon also should be retained to provide observation and
testing services during grading, excavation, foundation construction and other earth-related
construction phases of the project.
The analysis and recommendations presented in this report are based upon the data obtained
from the borings performed at the indicated locations and from other information discussed in
this report. This report does not reflect variations that may occur between borings, across the
site, or due to the modifying effects of construction or weather. The nature and extent of such
variations may not become evident until during or after construction. If variations appear, we
should be immediately notified so that further evaluation and supplemental recommendations
can be provided.
The scope of services for this project does not include either specifically or by implication any
environmental or biological (e.g., mold, fungi, bacteria) assessment of the site or identification or
prevention of pollutants, hazardous materials or conditions. If the owner is concerned about the
potential for such contamination or pollution, other studies should be undertaken.
This report has been prepared for the exclusive use of our client for specific application to the
project discussed and has been prepared in accordance with generally accepted geotechnical
engineering practices. No warranties, either express or implied, are intended or made. Site
safety, excavation support, and dewatering requirements are the responsibility of others. In the
event that changes in the nature, design, or location of the project as outlined in this report are
planned, the conclusions and recommendations contained in this report shall not be considered
valid unless Terracon reviews the changes and either verifies or modifies the conclusions of this
report in writing.

Responsive ■ Resourceful ■ Reliable

16

APPENDIX A
FIELD EXPLORATION

TOPOGRAPHIC MAP IMAGE COURTESY OF THE U.S. GEOLOGICAL SURVEY
QUADRANGLES INCLUDE: CHARLESTON, SC (1/1/1994).
Project Manager:

Project No.

RNK
Drawn by:
Checked by:

RNK
BW

Approved by:

EN145007
Scale:

EN145007.1

Date:

BW

1:24,000

File Name:

4/16/2014

1450 5th St. West
North Charleston, SC 29405

SITE LOCATION

Exhibit

Charleston County Skatepark

A-1

Oceanic Street
Charleston, South Carolina

DIAGRAM IS FOR GENERAL LOCATION ONLY, AND IS
NOT INTENDED FOR CONSTRUCTION PURPOSES
Project Manager:

Project No.

RNK
Drawn by:
Checked by:

RNK
BW

Approved by:

EN145007

EXPLORATION PLAN

Exhibit

Charleston County Skatepark

A-2

Scale:

AS SHOWN

File Name:

EN145007.1

Date:

BW

AERIAL PHOTOGRAPHY PROVIDED
BY MICROSOFT BING MAPS

4/16/2014

1450 5th St. West
North Charleston, SC 29405

Oceanic Street
Charleston, South Carolina

Preliminary Geotechnical Engineering Report
Charleston County Skatepark ■ Charleston, South Carolina
April 16, 2014 ■ Terracon Project No. EN145007

Field Exploration Description
The location of the test locations as indicated on the Exploration Plan should be considered
accurate only to the degree implied by the means and methods used to define them.

Test Pits
Test pits 1 through 10 were excavated using a track-mounted mini-excavator. The remaining
pits were dug using Hightower Construction’s rubber-tire back hoe. The pits were logged and
photographed by Terracon’s field engineer.

Soil Test Borings
The soil borings were performed with a truck-mounted rotary type drill rig equipped with a
hydraulic head employed in drilling and sampling operations. The borings were advanced using
rotary wash drilling.
Soil samples were obtained using spilt-barrel sampling procedures in accordance with ASTM
Specifications D1586. In the split-barrel sampling procedure the number of blows required to
advance a standard 2-inch O.D., 1-3/8-inch I.D spilt-barrel sampler from 6 to 18 inches of
penetration by means of a 140-pound hammer with a free fall of 30 inches is used to obtain the
Standard Penetration Test (SPT) or N-value. The SPT is used to estimate the in-situ relative
density of cohesionless soils and the consistency of cohesive soils.
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GENERAL NOTES
DRILLING & SAMPLING SYMBOLS:
3
SS:
Split Spoon – 1- /8" I.D., 2" O.D., unless otherwise noted
ST:
Thin-Walled Tube - 2" O.D., unless otherwise noted
RS:
Ring Sampler - 2.42" I.D., 3" O.D., unless otherwise noted
DB:
Diamond Bit Coring - 4", N, B
BS:
Bulk Sample or Auger Sample

HS:
PA:
HA:
RB:
WB:

Hollow Stem Auger
Power Auger
Hand Auger
Rock Bit
Wash Boring or Mud Rotary

The number of blows required to advance a standard 2-inch O.D. split-spoon sampler (SS) the last 12 inches of the total 18-inch
penetration with a 140-pound hammer falling 30 inches is considered the “Standard Penetration” or “N-value”.
WATER LEVEL MEASUREMENT SYMBOLS:
WL:
Water Level
WS:
While Sampling
WCI: Wet Cave in
WD:
While Drilling
DCI:
Dry Cave in
BCR:
Before Casing Removal
AB:
After Boring
ACR:
After Casing Removal

N/E:

Not Encountered

Water levels indicated on the boring logs are the levels measured in the borings at the times indicated. Groundwater levels at other
times and other locations across the site could vary. In pervious soils, the indicated levels may reflect the location of groundwater.
In low permeability soils, the accurate determination of groundwater levels may not be possible with only short-term observations.
DESCRIPTIVE SOIL CLASSIFICATION: Soil classification is based on the Unified Classification System. Coarse Grained Soils
have more than 50% of their dry weight retained on a #200 sieve; their principal descriptors are: boulders, cobbles, gravel or sand.
Fine Grained Soils have less than 50% of their dry weight retained on a #200 sieve; they are principally described as clays if they are
plastic, and silts if they are slightly plastic or non-plastic. Major constituents may be added as modifiers and minor constituents may
be added according to the relative proportions based on grain size. In addition to gradation, coarse-grained soils are defined on the
basis of their in-place relative density and fine-grained soils on the basis of their consistency.

CONSISTENCY OF FINE-GRAINED SOILS
Unconfined
Standard Penetration
Compressive
or N-value (SS)
Consistency
Blows/Ft.
Strength, Qu, psf
< 500
0–1
Very Soft
500 – 1,000
2–4
Soft
1,001 – 2,000
4–8
Medium Stiff
2,001 – 4,000
8 – 15
Stiff
4,001 – 8,000
15 – 30
Very Stiff
8,000+
> 30
Hard
RELATIVE PROPORTIONS OF SAND AND GRAVEL
Descriptive Term(s) of other
Constituents
Trace
With
Modifier

Percent of
Dry Weight
< 15
15 – 29
> 30

RELATIVE PROPORTIONS OF FINES
Descriptive Term(s) of other
Constituents
Trace
With
Modifiers

Percent of
Dry Weight
<5
5 – 12
> 12

RELATIVE DENSITY OF COARSE-GRAINED SOILS
Standard Penetration
or N-value (SS)
Blows/Ft.
0–3
4–9
10 – 29
30 – 49
> 50

Relative Density
Very Loose
Loose
Medium Dense
Dense
Very Dense

GRAIN SIZE TERMINOLOGY
Major Component
of Sample
Boulders
Cobbles
Gravel
Sand
Silt or Clay

Particle Size
Over 12 in. (300mm)
12 in. to 3 in. (300mm to 75 mm)
3 in. to #4 sieve (75mm to 4.75 mm)
#4 to #200 sieve (4.75mm to 0.075mm)
Passing #200 Sieve (0.075mm)

PLASTICITY DESCRIPTION
Term
Non-plastic
Low
Medium
High

Plasticity
Index
0
1 – 10
11 – 30
> 30
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UNIFIED SOIL CLASSIFICATION SYSTEM
Soil Classification

Criteria for Assigning Group Symbols and Group Names Using Laboratory Tests

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

Gravels:
More than 50% of
coarse fraction retained
on No. 4 sieve
Sands:
50% or more of coarse
fraction passes No. 4
sieve

Silts and Clays:
Liquid limit less than 50
Fine-Grained Soils:
50% or more passes the
No. 200 sieve
Silts and Clays:
Liquid limit 50 or more
Highly organic soils:

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

GM

Silty gravel F,G,H

Fines classify as CL or CH

GC

Clayey gravel F,G,H

Cu  6 and 1  Cc  3

SW

Well-graded sand I

SP

Poorly graded sand I

SM

Silty sand G,H,I

SC

Clayey sand G,H,I

2

D 10 x D 60
F
G

If soil contains  15% sand, add “with sand” to group name.
If fines classify as CL-ML, use dual symbol GC-GM, or SC-SM.

E

Cu  6 and/or 1  Cc  3
Fines classify as ML or MH
E

Fines classify as CL or CH
PI  7 and plots on or above “A” line
PI  4 or plots below “A” line
Liquid limit - oven dried
Liquid limit - not dried

CL

Lean clay K,L,M

J

ML

Silt K,L,M

 0.75

OL

J

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

PI plots on or above “A” line

CH

Fat clay K,L,M

PI plots below “A” line

MH

Elastic Silt K,L,M

Liquid limit - oven dried
Liquid limit - not dried

I

(D30 )

Well-graded gravel F
Poorly graded gravel F

H

Cc =

GW
GP

B

Cu = D60/D10

Group Name B

Cu  4 and/or 1  Cc  3
Fines classify as ML or MH
E

A

E

Group
Symbol

Cu  4 and 1  Cc  3 E

Primarily organic matter, dark in color, and organic odor

Based on the material passing the 3-in. (75-mm) sieve
If field sample contained cobbles or boulders, or both, add “with cobbles
or boulders, or both” to group name.
C
Gravels with 5 to 12% fines require dual symbols: GW-GM well-graded
gravel with silt, GW-GC well-graded gravel with clay, GP-GM poorly
graded gravel with silt, GP-GC poorly graded gravel with clay.
D
Sands with 5 to 12% fines require dual symbols: SW-SM well-graded
sand with silt, SW-SC well-graded sand with clay, SP-SM poorly graded
sand with silt, SP-SC poorly graded sand with clay

A

 0.75

OH
PT

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

If fines are organic, add “with organic fines” to group name.
If soil contains  15% gravel, add “with gravel” to group name.
J
If Atterberg limits plot in shaded area, soil is a CL-ML, silty clay.
K
If soil contains 15 to 29% plus No. 200, add “with sand” or “with gravel,”
whichever is predominant.
L
If soil contains  30% plus No. 200 predominantly sand, add “sandy” to
group name.
M
If soil contains  30% plus No. 200, predominantly gravel, add
“gravelly” to group name.
N
PI  4 and plots on or above “A” line.
O
PI  4 or plots below “A” line.
P
PI plots on or above “A” line.
Q
PI plots below “A” line.
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