Geotechnical Exploration Report
GSP Airport – New Cargo Ramp
Greer, Spartanburg County, SC
S&ME Project No. 1426-17-019

Prepared for:
W.K. Dickson & Company, Inc.
616 Colonnade Drive
Charlotte, North Carolina 28205
Prepared by:
S&ME, Inc.
48 Brookfield Oaks Drive
Greenville, South Carolina 29607
April 3, 2017

April 3, 2017
W.K. Dickson & Company, Inc.
616 Colonnade Drive
Charlotte, North Carolina 28205
Attention:

Mr. Greg Kershaw, P.E. (e-mail: gkershaw@wkdickson.com)

Reference:

Geotechnical Exploration Report
Greenville-Spartanburg (GSP) Airport – New Cargo Ramp
Greer, Spartanburg County, South Carolina
S&ME Project No. 1426-17-019

Dear Mr. Kershaw:
S&ME, Inc. (S&ME) is pleased to submit this Geotechnical Exploration Report for the referenced project.
The exploration was made in general accordance with our Proposal No. 14-1700119 (dated February 15,
2017), and the Subconsultant Agreement For Professional Services (executed March 5, 2017) between
S&ME and W.K. Dickson & Company, Inc. (WKD). This report presents a description of our understanding
of the project, the exploration results, and our geotechnical conclusions and recommendations regarding
site grading and support for the new Cargo Ramp apron, building and associated pavements.
We appreciate the opportunity to work with W.K. Dickson & Company, Inc. by providing the geotechnical
engineering services for this project. Please contact us should any questions arise regarding the
information in this report or when further services are needed.
Sincerely,
S&ME, Inc.

Tripp Ford, P.E.
Project Engineer
tford@smeinc.com

Gant M. Taylor, P.E.
Senior Engineer
gtaylor@smeinc.com

S&ME, Inc. | 48 Brookfield Oaks Drive, Suite F | Greenville, SC 29607 | p 864.297.9944 | f 864.297.0462 | www.smeinc.com

Geotechnical Exploration Report
GSP Airport – New Cargo Ramp
Greer, Spartanburg County, South Carolina
S&ME Project No. 1426-17-019

Table of Contents
1.0

Project Information ............................................................................................... 1

2.0

Exploration and Testing ....................................................................................... 2

3.0

Site Conditions ...................................................................................................... 5
Surface Features ................................................................................................................ 5
Area Geology..................................................................................................................... 6
Subsurface Conditions ..................................................................................................... 7
Surface Material .................................................................................................................. 7
Existing Fill ......................................................................................................................... 8
Cultivated Soils ................................................................................................................... 9
Residual Soils ...................................................................................................................... 9
Partially Weathered Rock / Auger Refusal ........................................................................ 10
Subsurface Water .............................................................................................................. 10
Laboratory Testing ............................................................................................................ 10

4.0

Site Grading Recommendations....................................................................... 11
Site Preparation ............................................................................................................... 12
Stripping ........................................................................................................................... 12
Drainage ............................................................................................................................ 12
Existing Fill ....................................................................................................................... 13
Silty/Clayey Soils .............................................................................................................. 13
Proofrolling and Subgrade Evaluation .............................................................................. 14
Excavation........................................................................................................................ 15
Fill Placement and Compaction .................................................................................... 16
Use of Excavated Soils as Fill ............................................................................................ 16
Use of Off-Site Borrow Materials as Fill ........................................................................... 17
Fill Slopes .......................................................................................................................... 17
Wet Weather Grading ....................................................................................................... 17

5.0

Structure Recommendations ............................................................................. 18
Spread Foundations ....................................................................................................... 18
Foundation Construction Recommendations .................................................................... 18

April 3, 2017

i

Geotechnical Exploration Report
GSP Airport – New Cargo Ramp
Greer, Spartanburg County, South Carolina
S&ME Project No. 1426-17-019

Settlement .......................................................................................................................... 19
Floor Slab ......................................................................................................................... 19
Seismic Conditions ......................................................................................................... 19
Retaining Walls ............................................................................................................... 20

6.0

Pavement Subgrade Recommendations ......................................................... 20
Subgrade Modulus Values ............................................................................................ 21
General Guidelines ......................................................................................................... 22

7.0

Limitations of Report .......................................................................................... 22

Appendix
Appendix I - Figures
Boring Location Plans (7) – Figures 1 thr. 7
Generalized Subsurface Profiles (6) – Figures 8 thr. 13
Photographs of Field Conditions (3 pages)
Appendix II – Field Data
Legend to Soil Classification and Symbols
Soil Test Boring Logs (37)
Kessler DCP Test Data Tables (4)
Field Test Procedures
Appendix III – Laboratory Testing
Summary of Laboratory Test Data
Laboratory Test Reports (20)

April 3, 2017

ii

Geotechnical Exploration Report
GSP Airport – New Cargo Ramp
Greer, Spartanburg County, South Carolina
S&ME Project No. 1426-17-019

1.0

Project Information

We have prepared this report based on the following:
♦

Telephone conversations and e-mail transmittals between Mr. Greg Kershaw, P.E. of W.K. Dickson
(WKD) and Mr. Gant Taylor, P.E. of S&ME during the period of February 13 through 15, 2017;

♦

Review of the Preliminary Cargo Ramp Schematic - Boring/Coring Location Plan (Site Layout)
figure, provided by Mr. Kershaw as an attachment to the referenced February 13th e-mail, and
updated per our subsequent correspondence on February 15th;

♦

Site reconnaissance visits by Mr. Taylor during the period of March 2 through March 9, 2017;

♦

Review of FAA Advisory Circulars AC-150-5370-10G “Standards for Specifying Construction of
Airports” (dated July 21, 2014), and AC-150-5320-6F “Airport Pavement Design and Evaluation
(dated November 10, 2016);

♦

Review of historical aerial photographs of the site, available from the Google Earth website;

♦

Review of the 1958 and 1983 USGS Topographic Maps, which illustrate historic topographic
contours of the site area; and

♦

Review of historical aerial photographs of the site, available from the Spartanburg County GIS
website (which also illustrates the existing topographic contours and spot elevations).

From review of the referenced information and our conversations with Mr. Kershaw, we understand GSP
Airport plans to construct a new Cargo Ramp near the northeast end of the airport property, located
adjacent/southwest of the existing FedEx Distribution Center. Proposed development will include the
following:
•

Construction of a 200-foot by 800-foot warehouse/distribution building, oriented perpendicularly
to the existing FedEx building;

•

Installation of approximately 500,000 square feet of concrete pavement for the air-side apron;

•

Approximately 160,000 square feet of pavement in front (southeast) of the warehouse building,
which includes approximately 137,000 square feet of heavy-duty apron for truck loading and
parking, and approximately 23,000 square feet of land-side light-duty parking lot;

•

Approximately 1,350 linear feet of shoulder pavement rehabilitation/construction along Taxiway
“Lima”; and

•

Approximately 1,500 linear feet of associated access driveways (which includes an approximately
1,100-ft long 2-lane divided entrance drive that will connect to Gateway Drive).

While detailed structural information was not provided to us at this time, we anticipate the warehouse/
distribution building will be a steel-framed structure with interior columns and perimeter masonry/precast
concrete walls. Column and wall loads will be supported by spread footings, with a concrete slab that will
match the elevation of the adjacent air-side concrete apron pavement. Based on our experience with
similar projects, we anticipate maximum column, wall, and slab loads will be on the order of 100 kips, 5
kips per linear foot (klf), and 250 pounds per square foot (psf), respectively. We are not aware of the
building settlement tolerances, or any settlement-sensitive sections of the building.
The land-side portion of the warehouse/distribution building will have loading dock retaining walls. As
shown on the provided site plan figure, a protective blast wall will be constructed near the northern
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corner of the apron ramp to shield the existing FedEx facility from the jets of reversing planes. We
anticipate the blast wall could be designed as a retaining wall. At this time we are not aware of any other
site retaining walls.
The proposed construction area covers land both inside and outside the existing perimeter security fence.
Inside the fence, the ground surface is relatively level to gently sloping, and covered by maintained grass
and pavements of the taxiway and service road. A sideline drainage swale, approximately 5 feet deep, is
present between the taxiway and service road. Outside of the fence, most of the planned development
area is grassed and generally level (very slightly pitched), except for fill embankment slopes and perimeter
ditching along the southeast side of this previously graded pad. From review of aerial photographs, it
appears this 26-acre portion of the GSP Airport was graded following construction of the FedEx facility in
approximately 2001. Additional observations of the site surface features will be described in further detail
later in Section 3.0 Site Conditions.
We estimate the ground surface topography varies only approximately 5 feet in total relief across the
graded pad. Although a preliminary grading plan is not yet available, we assume estimated maximum
cuts and fills will generally be minor, limited to about 3 feet or less to balance pad grading. A Finished
Floor Elevation (FFE) for the building has not been determined, but we anticipate it will be within about 1
to 2 feet of the current pad grade. Installation of site utilities will require deeper excavations. Also, fill
placement on the order of about 2 to 8 feet will be required to raise grades in the areas of the perimeter
ditches/swales (notably along the northeast end of the proposed building, where the building footprint
extends beyond the crest of the fill embankment slope).
The only topographically different area is an approximately 350-foot wide wooded section located
northeast of the graded pad (between the pad and Gateway Drive). This wooded area is approximately 10
feet higher in elevation than the surrounding areas, and we anticipate site grading will require excavation
of at least 5 feet to enable grade transitions along the entrance driveway between the Cargo Ramp facility
and the tie-in with Gateway Drive. Although this area was previously a portion of an apparent old grassed
runway (and possibly a material laydown yard during construction of the FedEx facility), it appears to have
been planted with rows of pine trees in 2007.

2.0

Exploration and Testing

The field exploration included a site reconnaissance by the Geotechnical Engineer and the performance of
thirty-seven (37) soil test borings. The boring locations were established in the field by our personnel,
using a handheld GPS unit (input with boring coordinates obtained from a geo-referenced site plan) and
by estimating distances from existing site features. The borings were staked near requested locations
shown on the provided figure titled Preliminary Cargo Ramp Schematic - Boring/Coring Location Plan
(updated February 15, 2017). The general locations/areas of the borings are outlined below, and these
areas are referenced within the report. The boring locations are also illustrated on the Boring Location
Plans (Figures 1 through 7) in Appendix I:
♦

Six borings (labeled C-1 through C-6) were performed to explore conditions for the proposed airside ramp entrance. Borings C-1 through C-4 were located along the paved outer shoulder of
Taxiway Lima; Borings C-5 and C-6 were located on the service road that parallels the taxiway;

♦

Two borings (labeled C-7 and C-8) were performed along Gateway Drive near the proposed
entrance driveway intersection tie-in;
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♦

Ten borings (labeled B-1 through B-10) were performed within the area of the air-side apron;

♦

Nine borings (labeled B-11 through B-19) were performed within/near the footprint area of the
proposed warehouse/distribution building; and

♦

Seven borings (labeled B-20 through B-26) were performed within the areas of the land-side
apron, parking and associated driveway pavements, located southeast of the building. Located
within the stand of pine trees, Boring B-26 was shifted slightly north of its planned location to
avoid cutting down any trees.

♦

We performed three additional borings (beyond the proposed scope) to further explore
conditions near three planned boring locations:
•
•

•

Boring B-3A was performed roughly midway between B-3 and B-8 (near the south end of the
proposed blast wall) after we observed conditions at B-3 and B-8 were significantly different;
Boring B-13A was performed near the crest of the fill embankment slope, as a companion to
B-13 (which was located in the bottom drainage swale at the toe of this slope), to help
characterize subsurface conditions in this area of the pad where the existing slope will likely
be extended to accommodate the building footprint; and
Boring B-19A was performed in the bottom of the drainage swale near the inlet of the culvert
pipe (installed below the graded access path between the gravel service drive and the pad;
Boring B-19 was located in the backfill beside this pipe) to help evaluate the loose condition
of eroded sediments in the swale bottom.

As noted above, the graded pad is surrounded by perimeter swales to help drain surface water flow.
Several borings (B-3A, B-8, B-13, B-19A, and B-25) were located near the bottom of the deepest swale
along the eastern portion of the site; two borings (B-1 and B-2) were located near the bottom of the
shallow swale along the northwest side of the pad, and one boring (B-24) was located near the bottom of
the shallow swale along the southeast side of the pad.
S&ME completed the borings during the period of March 6 through 9, 2017. For pavement borings C-1
through C-8, we cored the pavement using a portable rotary coring machine with a 6-inch diameter
barrel. Each core penetrated the asphalt pavement and underlying stone base (if present), and we
measured the thickness of the pavement section layers. In most of the borings (all but C-7), we
performed Kessler Dynamic Cone Penetrometer (DCP) testing in general accordance with ASTM D 6951,
Standard Test Method for Use of the Dynamic Cone Penetrometer in Shallow Pavement Applications, to
depths of approximately 3 to 5 feet below the pavement surface. Kessler DCP testing was also performed
adjacent to most of the borings located in the graded pad area. As presented in the summary table in
Appendix II, the Kessler DCP values were used to help estimate in-situ CBR values and relative stiffness
(and ultimately correlated to a subgrade modulus, k, for pavement design).
Borings were then performed through the coreholes with a truck-mounted CME 55 drill rig, using hollowstem auger techniques to advance the holes to their planned termination depths of 11 feet below the
pavement surface. (Boring C-8 was terminated at 5 feet upon encountering auger refusal, apparently on
rock). Split-spoon samples and Standard Penetration Resistance (N) values were obtained at 2-foot
intervals in the borings. Upon completion of drilling and water level measurements at time of boring, the
boreholes were backfilled with soil cuttings (and a mechanical hole-plug) to the subgrade level. The
coreholes were then filled and patched with high-strength grout.
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Borings B-1 through B-26 were performed with both the CME 55 drill rig and an ATV-mounted CME 750
drill rig, both using hollow-stem auger techniques to advance the holes. (The ATV-mounted rig was
mobilized to the site after we observed the ground surface in the lower areas of the pad were wet and
unstable following rainfall.) Split-spoon samples and Standard Penetration Resistance (N) values were
obtained with an automatic hammer at 2-foot (generally continuous) intervals in the upper 10 feet, and
then at 5-foot intervals thereafter. At twenty-one (21) locations, the borings encountered auger refusal
shallower than the planned depth (20 feet for building borings, and 10 feet for pavement borings). At
most of these shallow refusal locations, we offset approximately 10 feet laterally and performed an
additional offset auger boring to further evaluate the refusal conditions (which generally encountered
similar refusal).
In addition to the SPT sampling, we also collected bulk samples of the auger cuttings (from the upper 3 to
5 feet of soil) from many of the borings. As described later, we evaluated and combined these samples
into seven composite bulk samples, blended by similar soil types (i.e., predominantly sandy, clayey, or silty)
and grouped into general areas, to provide a range of subgrade modulus values for the representative soils
encountered across the site.
After completion of drilling, we measured the depth to subsurface water at the time of boring (TOB).
Although the borings in existing pavement areas (C-1 through C-8) were backfilled immediately, most of
the other boreholes in the pad area were allowed to remain open to measure subsurface water levels the
next day. Where present in the boring, the depth to water was measured and recorded. If water was not
present, the hole cave-in depth was measured and recorded. We then backfilled the boreholes with soil
cuttings, and installed a mechanical hole plug near the surface in each boring to help reduce borehole
settlement.
The split-spoon samples and bulk samples were transported to our laboratory, where the Geotechnical
Engineer visually and manually classified the soils in general accordance with the guidelines of the Unified
Soil Classification System (USCS). The results of the classifications and the field testing results are
presented on the individual Boring Logs in Appendix II. The composite bulk samples were subjected to
laboratory index testing (moisture content, Atterberg limits, and sieve analysis) to aid in the classification
and evaluation of the soil’s engineering properties. We also performed Modified Proctor compaction and
California Bearing Ratio (CBR) testing on the bulk samples to help evaluate the soil’s pavement support
characteristics and suitability for use as structural fill. Appendix III contains the individual laboratory test
reports and Summary of Laboratory Test Data table.
In addition to the Appendix items referenced above, Appendix I also contains six Generalized Subsurface
Profiles (Figures 8 through 13), Photographs of Field Conditions (3 pages) and Time-Elapsed Aerial
Photographs (from the Spartanburg County GIS website); and Appendix II contains a Legend to Soil
Classification and Symbols, the Kessler DCP Test Data Tables (4 pages), and the Field Testing Procedures.
Ground surface elevations shown on the Boring Logs and Generalized Subsurface Profiles were interpolated
from the topographic contour data available on the Spartanburg County GIS website. Based on the
methods used, the boring locations and elevations should be considered approximate.
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3.0

Site Conditions
Surface Features

Some of the surface feature information was initially described above in Section 1.0 Project Information,
and is supplemented in this report section. From our review of historical aerial photographs from the
Google Earth and Spartanburg County websites, in addition to previous research of the GSP Airport
history, the following is an approximate timeline of previous development in the project site vicinity:
♦

Original airport construction was in 1962 (not visible on the 1958 USGS Map, Figure 7);

♦

The 1983 USGS Map (Figure 6) and 1994 aerial photograph (Figure 5) show the former grass
runway terminating near the northeast end of the runway/taxiway;

♦

By 1996, the runway and taxiway had been extended to the northeast, along with construction of
the parallel service road, an apron at the northeast end of the taxiway, and Gateway Drive (these
features were not visible on the 1994 aerial photograph, Figure 5);

♦

Construction of the adjacent FedEx Distribution facility was completed in 2001 (construction
materials testing was performed by S&ME);

♦

The 2004 aerial photograph indicates the grading of the 26-acre area behind (southwest of)
FedEx, herein referenced as the “graded pad”, and associated detention pond had been
completed. We are not aware of any construction records which document the site grading
(observations or density testing during fill placement and compaction);

♦

In 2013, it appears the portion of Gateway Drive from (and including the intersection near) FedEx
to S.C. Highway 101 was re-surfaced or rehabilitated; and

♦

In 2015, a gravel driveway was constructed between the FedEx truck apron and the toe/swale
along the northeastern side of the graded pad, extending from the southern corner of the FedEx
parking lot to the service road. Besides this (and the growth of pine trees in the remaining
portion of old grass runway southeast of FedEx), there did not appear to be any other significant
changes to the surface features of the graded pad or taxiway between 2004 and present day.

The 1994 aerial photograph (Figure 5) indicates possible exposed rock at the ground surface in the
southern portion of the site, as an isolated area not covered by trees. Although not included in the timelapsed photographs in the Appendix, review of historic aerial photographs in Google Earth indicate the
wooded area south and east of the detention pond was clear-cut in approximately 2009. This clearing
revealed several areas of exposed rock at the ground surface, in close proximity to the graded pad (similar
to the 1994 observation within the pad), suggesting shallow rock is prevalent across this vicinity.
Topographic contour data available from the historic USGS Maps and Spartanburg County GIS website
should typically be considered approximate, although review of the data indicates significant grading has
occurred within the project construction area during multiple periods (described above). Currently, the
ground surface elevation of the graded pad varies from approximately 955 feet to 960 feet (pitched gently
from the pad’s central ridge toward perimeter drainage swales). The USGS Maps indicate the original
ground surface elevations within the project area varied from approximately 984 feet to 950 feet,
generally sloping downward from north to south toward drainage features and a creek. Compared to
current grades, it appears the northern half of the pad was excavated (cut) down as much as 20+ feet, and
the southern half of the pad was filled at least 10 feet during previous site grading.
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As shown in the photographs in Appendix I, the pavements of the taxiway shoulder and parallel service
road are in moderate condition, considering their age (at least 20 years). These pavements exhibited
longitudinal cracking (along joints between adjacent “pulls”/”lanes”) and transverse cracks, which had
been sealed. We observed localized greater fatigue cracking on the service road near Boring C-6, which
also had been sealed. The recently resurfaced pavements of Gateway Drive appear in good condition;
however, the older pavement of Gateway Drive (the transition occurs approximately 150 feet southeast of
the intersection, roughly midway between borings C-7 and C-8) is in moderate condition. Review of
Google Earth aerial photographs indicates increased transverse cracking has occurred in the eastern leg of
Gateway Drive over the past 3 to 4 years.
As noted, our first day of field exploration was March 6, 2017. Rainfall occurred on the night before our
arrival. Although the ground surface initially appeared to be generally stable, the tires of the truckmounted rig deeply rutted the ground surface as it approached boring B-17 near the middle of the
graded pad (see photograph). We then observed standing water in several areas in the southern half of
the pad (in the area south of the general delineation of borings B-11/B-14/B-17/B-22). Although most of
the graded pad is covered with grass, we observed other different types of grass vegetation growing in
the southern wetter areas. Refer to the 2005 aerial photograph (Figure 4) in Appendix I which depicts a
difference in ground color, similar to observations during our reconnaissance. These conditions, in
conjunction with very slight pitch of the ground surface, suggest insufficient drainage in this southern
area. Surface drainage for the southern half of the pad is directed south to shallow perimeter drainage
swales that direct flow to a drop inlet (that discharges to the nearby detention pond).
Surface drainage for the northern half of the graded pad is directed north to a shallow perimeter drainage
swale that directs flow to the larger swale along the northeast side of the pad. This primary swale parallels
the 2015 gravel driveway (roughly 2 feet lower than the driveway) and follows along the toe of the pad
embankment. Compared to the grade at the pad slope crest, the depth of the swale bottom increases from
northwest to southeast, from about 1 foot near the north corner of the pad (near boring B-3) to 10 feet
near the east corner (near Boring B-25). The associated slope face, from pad crest to swale toe, is inclined
gently to moderately downward at an inclination shallower than about 5H:1V (horizontal to vertical).
Because the field work occurred over several days during the week of March 6, we were able to observe
changes in subgrade conditions over time, and as affected by prevailing weather. Early in the week, the
weather was cool and rainy, and as noted above, the subgrade conditions were moist/wet and generally
unstable in the southern half of the pad. (Notably, the subgrade conditions in the northern half of the pad
were less affected by the rainy weather, and maintained some stability even following rainfall.) On
Wednesday and Thursday (March 8 and 9), however, the weather improved to warmer near 70 degrees,
with higher speed winds. These conditions promoted drying of the subgrade with improved stability, such
that by Wednesday afternoon, we could drive trucks across the southern half of the pad without rutting.
Also, on Thursday March 9, we observed soil cuttings brought to the ground surface by the drilling augers
dried very quickly when subjected to the warm temperature and high winds.

Area Geology
The project site is in the Piedmont Physiographic Province of South Carolina. The Piedmont
Physiographic Province is a relatively broad strip extending from central Alabama across Georgia and the
Carolinas into Virginia. Rocks of the Piedmont occur in belts that are some of the oldest formations in the
United States. The rock types are primarily metamorphic gneiss and schist with some granite intrusions.
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The major portion of the bedrock in the Piedmont is covered with a varying thickness of residual soil
which has been derived by chemical decomposition and physical weathering of the underlying rock.
Residual soils developed during the weathering of this bedrock consist predominately of micaceous sandy
silts and silty sands which grade to clayey silts and silty clays with nearness to the ground surface. The
thickness of the residual soils can vary from only a few feet to in excess of 100 feet.
The boundary between the residual soil and the underlying bedrock is not sharply defined. Generally, a
transition zone consisting of very hard soil to soft rock, appropriately classified as “partially weathered
rock,” (PWR) is found. Within the transition zone, large boulders or lenses of relatively “fresh” rock which
are generally much harder than the surrounding material often exist. The irregular bedrock surface is
basically a consequence of differential weathering of the various minerals and joint patterns of the rock
mass. It is also common for boulders rock pinnacles to be encountered within the PWR zone.
Portions of the natural geological profile of the site have been modified by past grading activities that
have resulted in the placement of fill and/or disturbance of the upper natural soil. From review of historic
aerial photographs and USGS Maps, it appears the site has been graded at multiple times in the past.
Please keep in mind that existing fill can vary in composition and consistency, and the engineering
characteristics of existing fill can be difficult to predict. Although there is no specific correlation between
the degree of compaction of existing fill and the results of penetration testing, a qualitative assessment of
existing fill can often be made based on visual observation of the fill materials sampled in the borings and
the general magnitude of the penetration test values.
The typical Piedmont soil profile can also be altered through activities such as agricultural farming and
cultivation, which create a disturbed soil layer. These “cultivated” or “disturbed” soils often exist in a loose
or soft condition and are highly sensitive to moisture content changes. Previously cultivated soils may also
contain a higher concentration of roots and organic material. The presence of cultivated soil suggests that
portions of the site were likely used for agricultural farmland prior to its current development.

Subsurface Conditions
The following description of subsurface conditions is relatively brief and general. For more detailed
information, the individual Borings Logs contained in the Appendix should be consulted. Similar soils
were grouped into strata on the logs. The strata contact lines represent approximate boundaries between
soil types; the actual transition between soil types in the field could be gradual in both the horizontal and
vertical directions.

Surface Material
Borings B-1 through B-26 initially penetrated a layer of organic topsoil at the ground surface. Across the
graded pad, the topsoil thickness generally varied from 2 inches to 5 inches. In the perimeter drainage
swales, the topsoil thickness varied from 3 inches to 8 inches (and was generally thicker in the southern
half of the site). The pavement cores at the following eight boring locations encountered asphalt
pavement of variable thickness and underlying material, as tabulated below.
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Table 3-1: Cored Pavement Section Thicknesses
Pavement
Core #

Asphalt
Thickness

Underlying
Material

Total
Section
Thickness

Location Notes

C-1

2-3/4”

10" stone base

12-3/4”

Taxiway shoulder, middle “pull/lane”

C-2

2-5/8”

10-3/8" stone base

13”

Taxiway shoulder, outer “pull/lane”

C-3

2-1/2”

8-1/2" stone base

11”

Taxiway shoulder, outer “pull/lane”

C-4

2-3/4”

9-1/4" stone base

12”

Taxiway shoulder, middle “pull/lane”

8" stone base

11-1/8”

Service Road, south/west-bound lane

7-3/4" stone base

11”

Service Road, north/east-bound lane

3-1/8”

C-5

(2 layers)

3-1/4”

C-6

(2 layers)

C-7

6”

8” cement-treated
base course

14”

Gateway Drive, 2014 resurfaced portion

C-8

3”

9" stone base

12”

Gateway Drive, non-resurfaced portion

The topsoil and pavement section thicknesses will vary beyond the boring locations, in unexplored areas
of the site.

Existing Fill
Existing fill soils were encountered beneath the surficial materials in most of the borings (30 of the 37
total borings), generally extending to depths of about 1 to 9 feet below the existing ground surface. The
sampled fill varied widely in composition, consisting mostly of sandy clay (USCS symbol CL), silty sand
(SM), clayey sand (SC), and sandy silt (ML). Trace (less than 5%) organic roots, gravel, and/or rock
fragments were noted in portions of the fill sampled. Most of the N-values recorded in the fill ranged
from 8 to 38 blows per foot (bpf), suggesting a variable (low to moderately high) degree of compaction
was applied. However, some of these N-values were likely amplified by gravel and rock fragments within
the fill. Boring B-4 encountered a layer of apparent rock cobbles near the bottom of the fill zone between
2 and 3 feet. The lower N-values were also measured near the ground surface, where the near-surface fills
have likely been softened by exposure to standing water (and freeze/thaw cycles) over the past 15 years.
One very low N-value of 3 bpf was measured in the fill in boring B-26; although this condition is likely
indicative of this area being previously used for a material lay-down yard.
Below the taxiway shoulder pavement section, the existing sandy clay fill in borings C-1 through C-4 was
approximately 6 to 12 inches thick and appeared to have been placed as a sub-base course. Although
most of this portion of the taxiway had been apparently “cut” to current grade, it is common for a layer of
compacted select fill to be placed as a sub-base course for pavements. Similarly, although much of the
northern half of the graded pad was apparently in an area of shallow to deep cut (comparing current
grades to historic/original grades), we observed many of the borings in the northern “cut” portion still
encountered a thin (1- to 2-foot thick) layer of fill near the ground surface.
Within pavement borings C-1 through C-8, a total of six Kessler DCP index values were measured within
the sandy clay (CL) fill layer below the existing pavement section. CBR values correlated from DCP index
values were widely scattered, ranging from 4.6 percent (in stiff CL at boring C-8) to 17.9 percent (in stiff CL
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at boring C-1). These low and high CBR values correlate to Modulus of Subgrade Reaction (k) values of
approximately 95 pci and 270 pci, respectively. At borings performed in the graded pad area, a total of
forty-two Kessler DCP index values were measured within the fill layer, and the DCP testing was
performed within a variety of soil types (CL, SM, SC, and ML). CBR values correlated from DCP index
values were widely scattered, ranging from 0.9 percent (in soft, very moist CL at boring B-17 – where
subgrade rutting occurred) to 33.6 percent (in medium dense SM at boring B-7). These low and high CBR
values correlate to Modulus of Subgrade Reaction (k) values of approximately 30 pci and 440 pci,
respectively.
Fill soils tend to become wet due to rainwater runoff infiltrating these type soils and becoming trapped or
“perched” above layers of more consistent residual soils (or shallow partially weathered rock). Additional
fill will likely be present in unexplored areas of the site, such as in deeper sections of the graded pad. The
depth and composition of fill in unexplored areas will vary and could be deeper, erratically compacted,
and/or contain excessive organic matter.

Cultivated Soils
Below the fill at depths varying from approximately 2½ to 9 feet, five borings (B-16, B-18, B-21, B-23, and
B-24) in the southern portion of the site, encountered a ½- to 1-foot thick layer of material resembling
previously cultivated soils. Notably, this material was encountered below the fill, and just above the
partially weathered rock or refusal level in these borings (described below). The sampled cultivated soil
typically consisted of sandy clay (CL) and clayey sand (SC). The cultivated soil contained trace to some
organic roots and gravel, and we observed it was moist to very moist. The N-values recorded in the
cultivated soil ranged from 5 to 18 bpf, although the higher N-values were likely amplified by gravel.
Review of the 1958 USGS Map indicates the southern half of the site could have been used for farming in
the past, as much of the rural land use in this area was previously agrarian.

Residual Soils
Residual soils (residuum) of the type common to the Greer area were encountered beneath the surface
materials or fill in most of the borings (exceptions to this condition were the several borings where
weathered rock was encountered immediately below the fill or cultivated soil). The residuum primarily
consisted of sandy clay (CL), clayey sand (SC), and silty sand (SM); with a lesser proportion consisting of
silty clay (CL), sandy silt (ML), sand with silt (SP-SM), and sand (SP). Some of the residual soil samples
contained rock fragments and variable amounts of mica. The N-values recorded in the residual soils
ranged from 4 to 77 bpf, indicating a soft to very hard consistency for the clays/silts, and a loose to very
dense relative density for the sands. The lower N-values were generally measured in residual soils near
the subsurface water level. Due to widespread shallow weathered rock/refusal conditions (described
below), only ten borings were terminated in residuum at their planned depths of 10 to 20 feet below the
existing ground/pavement surface. These borings (C-1, C-2, C-4 through C-7; and B-1, B-6, B-8, and B-11)
were generally located in the northern and western portions of the site.
Within pavement borings C-1 through C-8, a total of eleven Kessler DCP index values were measured
within the residuum below the fill or existing pavement section, and the DCP testing was performed
predominantly in sandy clay CL (and some SM). CBR values correlated from DCP index values were widely
scattered, with most ranging from 8.7 percent (in stiff CL at boring C-2) to 29.3 percent (in hard CL at
boring C-5). These low and high CBR values correlate to Modulus of Subgrade Reaction (k) values of
approximately 155 pci and 400 pci, respectively. At borings performed in the graded pad area, a total of
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twenty-one Kessler DCP index values were measured within the residuum, and the DCP testing was
performed within a variety of soil types (CL, SM, SP-SM, and ML). CBR values correlated from DCP index
values were widely scattered, ranging from 5.7 percent (in stiff CL at boring B-3) to 81.8 percent (in very
dense SM at boring B-5). These low and high CBR values correlate to Modulus of Subgrade Reaction (k)
values of approximately 110 pci and 890 pci, respectively (although the higher values were likely amplified
by partially weathered rock, and not necessarily representative of the soil consistency).

Partially Weathered Rock / Auger Refusal
Most of the borings (28 of the 37 total borings) encountered partially weathered rock (PWR) and/or auger
refusal at depths shallower than their planned termination depths. Borings B-1, B-5 and C-1 encountered
PWR lenses in the residual soil zone at depths ranging from 2½ to 6 below the ground surface. Borings
B-2 through B-6, and C-3, encountered continuous PWR at depths of 4½ to 9 feet, and penetrated PWR
to their planned termination depths of 10 and 11 feet. Borings B-7, B-9 through B-26, and C-8,
encountered PWR at depths of 1 to 8½ feet, penetrated a relatively thin layer of PWR (ranging in
thickness from a few inches to about 2½ feet) and then encountered auger refusal at depths ranging from
1.2 to 10 feet. At most of these shallow refusal locations, we offset approximately 10 feet laterally and
performed an additional offset auger boring to further evaluate the refusal conditions (which generally
encountered similar refusal). As illustrated on the Generalized Subsurface Profiles (Figures 8 through 13) in
Appendix I, correlating these depths with site elevations indicates PWR as shallow as approximate El. 958
feet, and refusal as shallow as approximate El. 957 feet. For the southern entrance driveway, boring B-26
(located in the currently wooded area) encountered shallow refusal at a depth of approximately 4.5 feet,
near El. 963 feet.
The PWR was generally classified as very dense silty sand (SM), sand (SP), and sand with silt (SP-SM) with
rock fragments. N-values of greater than 50 blows per 6 inches were measured in the PWR zone. Based
on our observation of the drill rig operation at the refusal levels, auger refusal in the borings is apparently
indicative of mass rock.

Subsurface Water
Subsurface water was encountered in five borings (B-1, B-3, B-3A, B-6, and B-8), either at termination of
boring (TOB) or after a period of 24 hours, at depths ranging from 4.6 to 8.0 feet below the ground
surface. As illustrated on the Generalized Subsurface Profiles (Figures 8 through 13) in Appendix I, these
depths correspond with site elevations ranging from approximately El. 950 feet to El. 947 feet. Several
borings indicated hole cave-in depths within this elevation range (in conjunction with observed very moist
soil samples), suggesting that subsurface water could be slightly below the cave-in depth. The presence
of shallow PWR and refusal/rock conditions likely affects the subsurface water level at this site (as
subsurface water can perch above these materials). It should also be noted that subsurface water levels
will fluctuate during the year, due to such things as seasonal variations, precipitation, and construction
activity in the area.

Laboratory Testing
As previously discussed in Section 2.0 Exploration and Testing, we collected bulk samples of the auger
cuttings (from the upper 3 to 5 feet of soil) from many of the borings. We evaluated and combined these
samples into seven composite bulk samples, blended by similar soil types (i.e., predominantly sandy, clayey,
or silty) and grouped into general areas, to provide a range of subgrade modulus values for the
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representative fill and residual soils encountered across the site. In addition to laboratory index testing
(moisture content, Atterberg limits, and sieve analysis) we performed Modified Proctor compaction and
California Bearing Ratio (CBR) testing on the composite bulk samples to help evaluate the soil’s pavement
support characteristics and suitability for use as structural fill. The CBR specimens were remolded to 95
percent of the soil’s maximum dry density, based on the Modified Proctor (ASTM D 1557), in accordance
with the referenced FAA Advisory Circulars. This degree of compaction is not necessarily representative of
the existing/in situ condition; however, we will recommend that that subgrade soils be compacted to at
least this minimum compaction threshold during site preparation and fill placement.
Appendix III contains the individual laboratory test reports and Summary of Laboratory Test Data table,
and the results are summarized below:
♦

The composite samples varied in soil classification from sandy clay (CL), sandy clay (CL) with mica,
clayey sand (SC), and silty-clayey sand (SC-SM). These soil classifications generally represented
the majority of the site soils sampled in the upper 3 to 5 feet;

♦

Percent fines for the CL soils ranged from 60 to 64 percent, and the percent fines for the SC and
SC-SM soils ranged from 40 to 47 percent;

♦

Plasticity Index for the CL soils ranged from 9 to 19 percent, and the Plasticity Index for the SC
and SC-SM soils ranged from 4 to 10 percent;

♦

Modified Proctor Maximum Dry Density (MDD) for the CL soils ranged from 109.1 to 123.1 pcf,
and the MDD for the SC and SC-SM soils ranged from 122.3 to 129.0 pcf;

♦

Modified Proctor Optimum Moisture Content (OMC) for the CL soils ranged from 12.5 to 18.0
percent, and the OMC for the SC and SC-SM soils ranged from 8.0 to 12.4 percent;

♦

In situ Moisture Content for the CL soils ranged from 14.6 to 30.1 percent (roughly 2 to 12
percent over OMC), and the in situ Moisture Content for the SC and SC-SM soils ranged from 13.9
to 16.3 percent (roughly 1 to 6 percent over OMC);

♦

CBR values for the CL soils ranged from approximately 10 to 19 percent, and the CBR values for
the SC and SC-SM soils ranged from approximately 12 to 36 percent;

♦

The percent swell of the CBR specimens (after soaking for 96 hours) ranged from 0.2 percent to
1.2 percent, and averaged 0.8 percent for the six CBR specimens tested.

4.0

Site Grading Recommendations

The boring data indicates most of the site is underlain by some existing fill soils associated with previous
grading of the pad approximately 15 years ago. Primary geotechnical considerations for this project
include:
♦
♦
♦

♦

Installation of a functioning drainage system to help mitigate the destabilizing effects of perched
water (trapped in the relatively thin layer of soil above shallow, very dense PWR/rock);
Thorough evaluation of existing fill soils and stability of exposed silty/clayey soils in both
excavation and fill placement areas;
The potential for difficult excavation conditions due to very shallow partially weathered rock
(PWR) and mass rock, particularly for deep utility trench excavations and grading for the entrance
driveway from Gateway Drive; and
Selection of an appropriate CBR value for design of the site pavements, based on highly variable
field and laboratory CBR test results.
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Our experience indicates silty/clayey soils can become soft and unstable, especially after heavy rainfall and
rubber-tired traffic, requiring some undercutting and/or stabilization with crushed stone. The sampled fill
and residual soils generally appear suitable to be left in place for building and pavement support;
however, the stability of these soils varies greatly with prevailing weather conditions (precipitation and
temperature) at time of grading. With any previously disturbed site, some undercutting of existing fill
should be expected.
Although a final grading plan has not yet been developed, we understand proposed grades will likely be
very close to the current topography of the graded pad. The borings indicated partially weathered rock
(PWR) and mass rock are very shallow in several areas of the site, and difficult excavation conditions could
be encountered (depending on selected final grades).
The following presents our geotechnical recommendations regarding grading for the proposed Cargo
Ramp apron, warehouse/distribution building, and associated pavements. When reviewing this
information, please remember portions of the site have been previously disturbed, developed, and/or
graded. Our experience with sites such as this indicates unexpected conditions, such as deposits of
unsuitable existing fill or low consistency natural soils, could exist between the boring locations and
unexplored areas of the site. Accordingly, field engineering evaluations during construction will be very
important and modifications to our recommendations could be required.
The design and construction team should understand our recommendations are based on the premise
that an S&ME representative will be on-site to observe and document site work, including site
preparation, proofrolling, undercutting, excavation, fill placement, and to perform density testing of fills.
Proper site preparation and maintenance is critical to providing time- and cost-efficient construction. Our
observations and tests can be a vital component in improving the performance and efficiency of the site
work.
Pavements, base course materials, and sub-base materials should be designed and constructed in
accordance with the referenced FAA Advisory Circular 150/5370-10G, “Standards for Specifying
Construction of Airports” (dated July 21, 2014), or otherwise updated.

Site Preparation
Stripping
Site preparation should begin with the removal of all unsuitable surface materials. Stripping should
extend at least 5 to 10 feet outside the proposed construction limits, where practical. This would include
the removal of surface vegetation, organic laden topsoil, and any unstable near-surface soils. Across the
graded pad area, the topsoil thickness generally varied from about 2 to 4 inches; however, in the
perimeter drainage swales, the topsoil thickness was thicker (on the order of 5 to 8 inches) and will require
additional mucking prior to fill placement. In the wooded area (around boring B-26), we anticipate
stripping depths will be greater to remove tree root systems.

Drainage
At the time of the exploration, we observed the upper surficial soils were notably moist from recent
rainfall. We anticipate this condition is indicative of currently poor drainage, caused by a relatively flat
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ground surface, along surface water becoming perched in the fill above the shallow, very dense PWR. As
observed by the subgrade rutting near boring B-17 (where only 2 feet of soil is present above PWR), this
unfavorable condition will likely adversely affect the subgrade and pavement performance. We
recommend that final grades be designed to promote positive drainage of surface water.
Although most of the site will be covered with building and pavements (thus reducing surface infiltration
of water), it is important to incorporate adequate subsurface drainage, in the event water seeps into the
subgrade. This can be accomplished through installation of sub-pavement drainage pipes (within and/or
below the stone base layer), or shallow French drains near low points in the pavement that drain toward
catch basins. Installation of French drains should also extend into areas of shallow PWR/rock, as shown
on the Generalized Subsurface Profiles in Appendix I. These drains, in conjunction with installation of
typical sideline/perimeter underdrains, will help prevent infiltrating water from becoming
perched/trapped in the subgrade above the PWR. Adequate subsurface drainage will be critical for longterm pavement performance. We recommend the French drains be installed as early as practical following
stripping, to promote drying of the subgrade prior to mass grading.
Mass grading activities typically result in areas of soil subgrade being exposed for extended periods. It is
critical the grading contractor protect the exposed soils from becoming soaked during inclement weather.
Positive site drainage must be maintained during all operations, including the initial stripping of the site.
Failure to provide positive site drainage could result in extensive and costly repairs to the exposed
subgrades, as well as construction delays.
Please keep in mind the exposed subgrade soil of both cut and fill areas can deteriorate when exposed to
construction activity and environmental changes such as freezing, erosion, softening from ponded
rainwater, and rutting from construction traffic. We recommend the exposed subgrade surfaces that have
deteriorated be properly repaired by scarifying and recompacting immediately prior to construction. If
this has to be performed during wet weather conditions, it would be worthwhile to consider undercutting
the deteriorated soil and replacing it with crushed stone.

Existing Fill
As previously discussed, existing fill soils were encountered in most of the borings to depths ranging from
about 1 to 9 feet below the existing ground surface. Although we are not aware of any construction
records that document the placement and compaction of the fill at the time of grading, based on the SPT
N-values it appears that the fill was generally placed in a controlled manner with the intent of structural
support. Based on the boring data, the fill soils can likely be left in place below building and pavement
areas, provided they are assessed to be adequately stable by the proofrolling methods discussed in
Section 4.1.5. However, we expect some of these soils will require undercutting, even if grading is
performed in favorable weather. During drier parts of the year, these soils can sometimes be scarified and
densified in-place, while they need to be undercut/replaced during other times. This is typically dictated
by season of the year and weather conditions. Evaluation and undercutting should be closely observed by
an S&ME Geotechnical Engineer or Site Technician.

Silty/Clayey Soils
A consideration with the soils at this site is that the majority of the near-surface soils have a high fines (silt
and clay) content, and do not comply with the material requirements for P-154 Sub-base Course. That is,
the higher fines content of the CL (and some SM/SC) soils in place alter the drainage, stabilization, and
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support characteristics desired for sub-base materials. These soils can generally provide suitable
structural support, but they are sensitive to moisture during grading. This could require close moisture
control, and compaction using both sheepsfoot and pneumatic tire roller type compactors. This can be a
significant consideration if grading is performed during unfavorable weather. Also, these types of soil
tend to degrade quickly, especially when heavy equipment operates on the exposed subgrade during wet
weather conditions. Depending on prevailing weather, drying/scarifying these soils with disc harrows or
mixing crushed stone with them could be needed.

Proofrolling and Subgrade Evaluation
After stripping and removing any near-surface unstable soils (and prior to planned fill placement), the
exposed subgrade should be evaluated by the Geotechnical Engineer to help assess that unsuitable
materials have been removed. Although the split-spoon samples and SPT data suggest the existing fill
appears generally suitable for building and pavement support, our experience indicates the
consistency/quality of fill is inherently variable, and some areas might not be suitable for structural
support. This variability warrants thorough evaluation of the site subgrade prior to fill placement and
building/pavement construction.
To aid the Engineer during the evaluation, the exposed subgrade should be proofrolled with a heavily
loaded tandem-axle dump truck or similar rubber-tired equipment. Proofrolling helps reveal the presence
of disturbed, unstable or otherwise unsuitable surface materials. Areas that are judged to contain
unsuitable soils or that visually yield or “pump”, indicating softer unstable zones, should be undercut or
stabilized in-place as recommended by the Geotechnical Engineer. Depending on the results of the
proofrolling, some shallow test pits and/or hand auger borings with DCP testing could be needed to help
further evaluate the suitability of the subsurface soils.
Proofrolling should only be performed during favorable weather so that otherwise suitable subgrade soils
are not disturbed. The borings indicated the surficial soils were moist, so the upper soils should be
allowed to dry (or be scarified and recompacted) prior to proofrolling and evaluation. After topsoil
stripping, we anticipate the subgrade soils will begin to dry and stabilize if exposed to warm dry weather
(and then protected from seeping/standing water following rain, as recommended).
Where undercutting is recommended (if required, based on observations during proofrolling), it should
extend laterally beyond the building limits to a distance of 5 feet or the undercut depth, whichever is
greater. Undercutting should extend vertically down to stable residual soil or partially weathered rock and
backfilled to plan subgrade elevation with well-compacted structural fill. We recommend having a
sufficient budget contingency to account for repair or improvement of these subgrades by undercutting
or other stabilization measures.
As noted above, any low-lying areas beyond the graded pad (including the perimeter swales, and the
drainage swale between Taxiway Lima and the service driveway) should be cleaned of any loose sediment
deposits, and then compacted/densified to create a stable subgrade. Thorough subgrade preparation
and evaluation (by proofrolling and other means) of these sideline soil areas, and subsequent filling with
compacted structural fill, will be very important to create a uniform pavement subgrade and help avoid
developing a possible differential settlement condition.
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Excavation
The boring data indicates excavation will primarily extend through low to high consistency fill, residual
soils, PWR, and possibly mass rock (depending on selected final grades for utilities and the entrance
driveway). As previously discussed, the borings encountered PWR and rock at depths as shallow as 1 to 2
feet below the surface (near Elevations 957 and 958 feet within the graded pad), although the PWR/rock
depths were variable across the site. For the southern entrance driveway, boring B-26 (located in the
currently wooded area) encountered shallow refusal at a depth of approximately 4.5 feet, near El. 963 feet.
Therefore, difficult excavation conditions should be anticipated and budged accordingly.
Please keep in mind rock in a weathered, boulder, and massive form varies very erratically in depth and
location in the Piedmont Geologic Province. Also, rock lenses and boulders could be encountered within
the PWR zone. Accordingly, there is always a potential that refusal materials could be encountered at
shallower depths in unexplored areas of the site. Prior to construction, we recommend performing several
test pits in the planned excavation areas near the boring locations that encountered PWR and refusal to
help evaluate the anticipated excavation difficulty. If these test pits are performed in the building area,
they should be backfilled with compacted crushed stone.
The following presents our comments regarding excavation of these various materials based on our
experience.
Low To High Consistency Residual Soils
These materials can be excavated by routine earthmoving equipment. That is, mass excavation can be
accomplished by a bulldozer, moderately heavy front end loader, or bulldozer pushed scrapper. Local
excavation for shallow utility trenches can be accomplished by a heavy backhoe or tracked excavator.
Partially Weathered Rock
This material can normally be excavated by very hard ripping or diligently using a heavy front-end loader.
The PWR will cause difficulty to a conventional backhoe requiring the use of a heavy tracked excavator
operating with difficulty, with the possibility of some blasting or hand excavation using pneumatic tools
where boulders or rock lenses are present.
Massive Rock
Refusal to auger advancement was encountered by many of the borings and should be expected
throughout the site, depending on selected final grades. Excavation below the auger refusal level in the
borings should be expected to require the use of rock excavation measures, including pneumatic tools,
hoe ram attachments, and/or blasting. Because of the high potential for encountering massive rock
during local/trench excavation (and possibly mass grading for the entrance driveway), we suggest
the following clauses for rock definition be considered for use in preparing project specifications:
Rock Excavation - Any material that cannot be excavated with a single tooth ripper drawn by a
crawler tractor having a minimum flywheel power rated at not less than 305 horsepower
(Caterpillar D-8N or equivalent), occupying an original volume of at least one cubic yard or more,
and requires blasting or use of pneumatic hammers.
Trench Excavation - Any material which cannot be excavated with a Caterpillar 345 or equivalent,
occupying an original volume of at least ½ cubic yard or more, and which requires blasting or
other rock excavation methods.
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Because rock excavation is a high potential for this site, an important part of the grading contract
negotiations is the method used to measure the volume of any rock excavated. Our experience has found
that excavation of PWR and rock is dependent upon the equipment and methods used by the contractor
and the diligence used for excavation of this material. These items should be agreed upon and
understood by all parties prior to grading.
All excavations should be sloped or shored in accordance with local, state, and federal regulations,
including OSHA (29 CFR Part 1926) excavation trench safety standards. The contractor is solely
responsible for site safety. This information is provided only as a service and under no circumstances
should S&ME be assumed to be responsible for construction site safety.

Fill Placement and Compaction
After excavation and subgrade preparation activities are complete (and any necessary undercutting), atgrade areas and areas requiring fill placement should be moisture-conditioned and densified/compacted
in-place to at least 95 percent of the soil’s maximum dry density, as determined by a laboratory Modified
Proctor compaction test (ASTM D-1557). Then, areas requiring fill placement should be raised to their
design subgrade elevation with soil free of deleterious materials. Any PWR/rock fragments within the new
fill should have a maximum particle size less than 4 inches in diameter. The fill should be uniformly
spread in 6- to 8-inch thick loose lifts and be compacted to at least 95 percent of the soil’s maximum dry
density, as determined by a laboratory Modified Proctor compaction test (ASTM D-1557). The moisture
content should be controlled at plus to minus 3 percent of optimum. Stricter moisture control could be
required to achieve satisfactory compaction of the silty/clayey soils at this site.
Fill placement should be observed by a qualified Materials Technician working under the general direction
of the Geotechnical Engineer. In addition to this visual evaluation, the Technician should perform a
sufficient number of in-place field density tests to confirm the required degree of compaction is attained.
Periodic field “check plugs” should be performed to help determine the correct Proctor data to use.

Use of Excavated Soils as Fill
We expect the existing fill and residual soils should be adaptable for use as structural fill for building and
pavement areas. Based on our observation of the split-spoon samples from the borings, we anticipate
much of the existing fill (minus any debris or deleterious material) will likely be suitable for re-use as
structural fill, although some moisture adjustment could be required to achieve the recommended degree
of compaction. From the laboratory testing, we anticipate some drying of the upper soils will be needed,
as the in-situ moisture content of each of the seven bulk samples was higher than the Optimum Moisture
Content (OMC) determined by its Modified Proctor test. For four of the seven samples, the in-situ
moisture content was 6 to 12 percent higher than the OMC, indicating significant drying effort could be
required. Existing fill materials should be evaluated by our technician during excavation to assess whether
they are suitable for possible re-use. Soils not suitable for use as structural fill can likely be used as fill for
landscaped or other “green” areas.
Most of the PWR will also be suitable for use as structural fill, provided it can be broken down to the
recommended maximum particle size. This material is typically excavated in the form of blocks. Normally,
heavy sheepsfoot type compaction equipment can suitably pulverize these blocks into soil sized to 4-inch
diameter particles.
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The moisture content of the on-site soil, especially those near the surface, will fluctuate with weather
conditions. Depending upon the time grading begins, some drying or wetting could be required to
achieve the required degree of compaction.

Use of Off-Site Borrow Materials as Fill
Imported fill used for site grading should consist of a clean (free of organics and debris), low plasticity soil
(Liquid Limit less than 50, Plasticity Index less than 25), and be evaluated by a Geotechnical Engineer prior
to use. However, to truly gain the benefits of using “select” fill material for improved pavement subgrade
support, we recommend refining the following physical characteristic requirements:
♦
♦
♦
♦

Liquid Limit less than 40, Plasticity Index less than 10;
Percent fines less than 40 percent;
Mica content less than 0.5 percent by weight; and
Modified Proctor maximum dry density greater than 120 pounds per cubic foot.

Note the gradation and plasticity requirements for Sub-Base material, per FAA Section P-154 of the
referenced Advisory Circulars, are more stringent than these values.

Fill Slopes
Although we anticipate only minor new fill across most of the graded pad, significant fill thickness (on the
order of 8 to 9 feet) will likely be required to extend the northeastern side of the pad to accommodate the
length of the proposed building. This will entail extending the crest of the existing slope to the northeast,
and filling the existing drainage swale. Prior to grading the slope, the existing slope face should be
stripped of topsoil, and the bottom of the swale mucked of loose sediment/topsoil and evaluated for
stability. As the new fill slope is graded, the existing slope face should be “benched” in a stepped
configuration to promote a positive bond between the existing slope material and new fill (placed and
compacted in horizontal lifts as “structural fill”). The resulting slope face should be inclined no steeper
than 2H:1V (horizontal to vertical), and preferably flatter.
A similar condition is expected for the filling of the same deep swale near the entrance driveway (near
boring B-25), and filling of the sideline drainage swale along Taxiway Lima (for grading of the air-side
entrance to the cargo ramp area). Therefore, the recommendations for swale subgrade preparation,
benching, and fill placement apply for these slope/embankment areas as well.

Wet Weather Grading
During wet weather, special measures will be necessary for this site. These will include the following:
♦
♦
♦
♦
♦

Excavated ditches to help reduce rainwater runoff from flowing on to the construction area.
The ground surface should be pitched to promote rainwater run-off and help prevent ponding of
surface water.
The exposed ground surface should be sealed at the end of each work day (if inclement weather
is expected) to help reduce rainwater seepage into the soil.
The Contractor should have equipment, such as disk harrows, to help scarify and dry the wet soil.
Some spreading of the soil and aerating could be needed.
Additional undercutting of unstable soil will be needed during wet weather.
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5.0

Structure Recommendations
Spread Foundations

The following footing design recommendations are based on the assumption that our Geotechnical
Engineer (or the Engineer’s representative Field Technician) will be on-site during grading and
construction activities to observe footing excavations and to assess that appropriate bearing soils are
present, as well as to evaluate foundation bearing surfaces are properly prepared prior to footing
construction.
Provided the previous recommendations (regarding site preparation, proofrolling, subgrade evaluation
and preparation, and new fill placement) are followed, shallow foundations consisting of conventional
spread footings may be used to support the planned single-story building. The foundations can be
designed and sized using a maximum net allowable soil bearing pressure of 3000 psf, for foundations
bearing in approved residual soil or well-compacted fill. Although a higher bearing pressure is available
for foundations bearing in PWR (typically 4000+ psf), portions of the building will be supported by 10+
feet of fill/residual soil, so the lower value is recommended to help avoid a potential differential
settlement condition.
The building foundations will span between areas of fill, residual soils, and PWR (and possibly refusal
material, massive rock). To help prevent/reduce potential differential settlements, we recommend
foundations not bear directly on massive rock. If encountered within the foundation excavation,
massive rock should be over-excavated at least one foot below the design bearing level, and a onefoot thick layer of well-compacted fill should be placed over the rock.
The foundations should bear at least 18 inches below grade so they will not be adversely affected by frost
penetration and to develop the design bearing pressure. Continuous strip footings should not be less
than 24 inches wide and isolated column/pedestal footings should not be less than 36 inches wide. This
recommendation is made to help prevent a “localized” or “punching” shear failure condition which could
exist with very narrow footings. Also, the building foundations should be setback at least 10 feet from the
crest of any slope.

Foundation Construction Recommendations
Proper foundation construction procedures can enhance long-term foundation performance. We
recommend the following procedures for use during construction:
♦

All bearing surfaces should be cleaned of wet, loose or soft soils prior to the placement of
concrete or rebar;

♦

The foundation bearing surfaces must be observed and evaluated by our Geotechnical Engineer
or representative prior to placement of reinforcing steel or concrete. Often, excavation results in
disturbance to the bearing soils. Also, unsuitable soil not detected by the proofrolling evaluation
(such as cultivated soil below a relatively thin layer of fill, such as at borings B-16 and B-18) could
underlie some excavation areas. Some localized undercutting or stabilization of low consistency
soil with crushed stone could be necessary in some areas. The Engineer should identify such
areas and can make recommendations for the appropriate repair and/or stabilization;
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♦

Foundation concrete should be placed in the excavation the same day the foundations are
excavated. If an excavation is to remain open overnight, and there is a chance of rain, a 2- to 3inch thick mud mat of lean (2,000 psi) concrete can be placed in the bottom of the excavation to
protect the bearing soils. This will help limit the potential for additional excavation of wet,
softened soils which often results when excavations are exposed to inclement weather;

♦

Undercut excavations should be backfilled with ASTM No. 57 crushed stone under the
observation of the Geotechnical Engineer. It should be placed in maximum 1-foot thick lifts and
tamped thoroughly using a “Wacker Packer” or vibrating sled style compactor; and

♦

Foundation excavations should be “clean cut” and concrete should be placed “neat”, without the
use of forms, where possible.

Settlement
Based on the anticipated structural loads and our experience with similar subsurface conditions, and
sizing the foundations based on the recommended bearing pressure, we estimate maximum column
settlement (due to the weight and live loads from the structure) to be less than 1 inch, with differential
settlement to be on the order of ½ inch.

Floor Slab
The building’s floor slab may be soil supported, provided the recommendations discussed in the sections
entitled 4.1 Site Preparation and 4.3 Fill Placement and Compaction are followed. Based on the boring
results and our experience, a modulus of subgrade reaction (k) of 130 pci (based on the 30-inch diameter
plate method) may be used for floor slab design, provided that a recommended 6-inch thick layer of
crushed stone is installed to separate the floor slab from the compacted subgrade soils. The crushed
stone should consist of Macadam Base Course compacted to at least 100 percent of the material’s
standard Proctor maximum dry density. This layer will help reduce construction downtime during wet
weather conditions and will provide a good leveling course. Also, it will be very important to provide
proper compaction of the subgrade soils and proper drainage around the floor slab to help reduce the
migration of rainwater runoff below the floor slab.
It is our opinion, based on the anticipated floor elevation (and assumed installation of a subgrade
drainage system), a plastic vapor retarder is not required beneath the floor slab for geotechnical
considerations. However, based on our observation of the moist subgrade conditions and potential for
water to become perched/trapped in the soil zone above the dense PWR layer, installation of a vapor
retarder could help prevent moisture transmission through the slab. However, the need for a vapor
retarder will depend on the floor covering design, and the local building code for the type of structure.

Seismic Conditions
Using the general procedure of the International Building Code (IBC), 2015 Edition, Section 1613.3 (which
references Chapter 20 of ASCE 7), the boring data and our experience, it is our interpretation this site has
a seismic Site Class of C. There are no active earthquake fault zones within close proximity to the general
area and thus the site vicinity is not known to be subject to concerns of any major geologic hazards such
as significant ground shaking, liquefaction, seismically induced slope failures, etc.
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Retaining Walls
As previously discussed, retaining walls will be needed for the building’s loading dock walls, and also
possibly for the “blast wall” in the northern corner of the pad. We assume these walls will be constructed
as cast-in-place (CIP) concrete retaining walls. CIP concrete retaining walls must be capable of resisting
lateral earth pressures that will be imposed on them. Lateral earth pressures to be resisted by the walls
will be partially dependent upon the method of construction. Assuming the walls are relatively rigid and
structurally braced against rotation, they should be designed for a condition approaching the "at-rest"
lateral pressure. However, in the event the walls are free to deflect (about ½ to 1 inch for a 10-foot high
wall) during backfilling, as for any exterior walls that are not restrained or rigidly braced, the "active"
pressure conditions will be applicable for design. The following lateral earth pressure parameters are
recommended for design, based on our experience, and assuming a level backfill and a frictionless wall.

Table 5-1: Lateral Earth Pressure Parameters
Lateral Earth Pressure Parameter

Value

At-Rest Coefficient (Ko)

0.53

Active Coefficient (KA)

0.36

Passive Coefficient (KP)

2.8

Unit Weight Of Soil (Moist)
Friction Factor For Foundations and Bearing Soils

115 pcf
0.35

The recommended lateral earth pressure coefficients/parameters do not consider the development of
hydrostatic pressure from such things as rainwater runoff or leaking utilities behind the earth retaining
wall structures. As such, positive wall drainage must be provided for all earth retaining structures. These
drainage systems can be constructed of open-graded washed stone isolated from the soil backfill with a
geosynthetic filter fabric and drained by perforated pipe or weepholes. As an alternative, several wall
drainage products are produced specifically for this application. Lateral earth pressures arising from
surcharge loading or slopes above the wall should be added to the above earth pressures to determine
the total lateral pressure.
The soil backfill placed behind retaining walls and for fill placed in the passive zone should be placed and
compacted in accordance with Section 4.3. We caution that operating compaction equipment directly
behind the retaining structures can create lateral earth pressures far in excess of those recommended for
design. Therefore, bracing of the walls will be needed during backfilling operations.

6.0

Pavement Subgrade Recommendations

Pavement thickness design is primarily based on the supporting subgrade soils, drainage characteristics,
and traffic loading and frequencies of vehicles/aircraft. We understand the proposed pavement section
thicknesses for the ramp apron and driveway will be designed by others. As such, we are not aware of the
anticipated vehicle loading and frequency information, and other input parameters (desired lifetime,
terminal serviceability rating, statistical controls, etc.). We are providing recommendations for pavement
subgrade support value(s) in the section below.
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Subgrade Modulus Values
As previously discussed, the exposed soil at final subgrade elevation should be compacted to densify the
subgrade surface (both prior to, and during, fill placement operations). Per FAA Section P-152 for
Excavation/Subgrade, the Modified Proctor (per ASTM D1557) should be used for comparison, based on
the aircraft weights exceeding 60,000 pounds. We recommend the subgrade soil (and structural fill) be
compacted to at least 95 percent of its Modified Proctor Maximum Density. This densification will help
increase the available subgrade modulus k values of the exposed subgrade soil. It should be noted that
the laboratory CBR testing we performed on bulk samples of the site soils consisted of Modified Proctor
compaction testing (ATM D1557) to comply with the intent of FAA Section P-152. Because our
recommendations are based on the results of the laboratory Modified Proctor/CBR tests, it is critical for
the subgrade and fill placed during grading be compacted to at least this same compactive effort (and
preferably higher).
As indicated by the laboratory CBR test results and field Kessler DCP test results, the soil subgrade
modulus (k) values vary widely for the different soil types at the anticipated subgrade elevation. Because
there appears to be a general demarcation in the soil conditions northwest of the proposed building (for
the air-side ramp apron and taxiway entrance) versus the soil conditions southeast of the building (for the
land-side apron, parking, and driveway pavements), we will address the two areas separately.
For the northwestern air-side apron and taxiway entrance, refer to the Kessler DCP values obtained near
borings C-1 through C-6, and borings B-1 through B-15 (in Appendix II). A very conservative approach
would be to use the lowest measured value (k of 73 pci, correlated from a CBR of 3.3 percent at boring B6); however, this approach might not be deemed economical. Alternatively for a slightly less conservative
approach, the subgrade modulus used for design could be selected to represent the majority of soils
at/below final subgrade elevation. Thus, it is our opinion to use a slightly higher value, such as a
subgrade modulus k of 170 pci (correlated from a CBR of 10.0 percent). Of the fifty-four Kessler
subgrade modulus values measured in the northwestern air-side apron area, forty-seven (87 percent)
were greater than or equal to this value. This value accounts for the less favorable subgrade support
characteristics provided by clayey/silty (CL) soils present near final design subgrade elevation across much
of the site. The six laboratory CBR values had a lower-bound threshold of 10.0 percent, indicating the site
soils can exhibit the suggested subgrade modulus if properly compacted.
For the southeastern land-side pavements, refer to the Kessler DCP values obtained near borings C-8 and
B-16 through B-26 (in Appendix II). In general, the Kessler values for this area were notably lower on
average, as compared to the air-side apron area described above. Even selecting a conservatively modest
subgrade modulus k value of 100 pci (correlated from a CBR of 5.0 percent) accounts for only
seventeen of the twenty-six values (65 percent). However, we conclude that many of the lower values
were likely due to the high moisture content and instability of the wet surficial soils at the time of the
investigation (such as near boring B-17, and other areas with standing water, for example). With proper
drying and compaction, and the resulting stabilization, we expect a larger proportion of the soils for the
southeastern land-side pavements would exhibit a minimum k value of 100 pci (CBR of 5.0 percent).
The conservative recommendation in the paragraph above applies for existing fill soils on the graded pad
that will be exposed near final subgrade elevation. For areas that will receive at least 3 feet of new
compacted fill, or areas (such as the high wooded area near boring B-26) that will be excavated down to
stable residual soil, the higher subgrade modulus k of 170 pci (CBR of 10.0 percent) would apply.
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By selecting a subgrade modulus k value that is greater than the observed low-point threshold, it is
important to recognize the risk (although manageable) associated with this design methodology. Some
areas of pavement subgrade, including areas not explored by the widely spaced borings of this
investigation, could exhibit pavement support characteristics below the k value used in design. To help
mitigate the risk of compromised pavement performance in these statistically lower-bound cases, it is
important that the site preparation and grading recommendations be followed, and the grading and
pavements be constructed in strict accordance with the project specifications (and referenced FAA
Advisory Circulars). As a component of the construction-phase quality control program, we recommend
performing numerous Kessler DCP tests near final subgrade elevation, to check that the minimum design
values for subgrade modulus have been achieved.

General Guidelines
The long-term performance of rigid and flexible pavements will be influenced by a number of factors
including the condition of the subgrade soils at the time of pavement installation, installed thicknesses
and compaction, and properly functioning drainage. Areas adjacent to pavements (embankments,
ditching, etc.) which can drain water should be designed to help reduce water seepage below the
pavements. This may require the use of French drains and underdrains, as previously discussed.
Sufficient testing and monitoring should be performed during pavement installation to confirm that the
required thickness, density, and quality requirements of the specifications are followed. Typically, low
safety factors are used for pavement design. Therefore, it is important that all components of design are
properly installed and that the expected traffic is not exceeded. We recommend against installing
pavements during wet weather, as it will significantly reduce their performance.

7.0

Limitations of Report

This report has been prepared in accordance with generally accepted geotechnical engineering practice
for specific application to this project. The conclusions and recommendations in this report are based on
the applicable standards of our practice in this geographic area at the time this report was prepared. No
other warranty, expressed or implied, is made.
The analyses and recommendations submitted herein are based, in part, upon the data obtained from the
subsurface exploration. The nature and extent of variations between the borings will not become evident
until construction. If variations appear evident, then we will re-evaluate the recommendations of this
report. In the event that any changes in the nature or design of the proposed Cargo Ramp building and
pavements are planned, the conclusions and recommendations contained in this report will not be
considered valid unless the changes are reviewed and conclusions modified or verified in writing.
We recommend that S&ME be provided the opportunity to review the final design plans and
specifications in order that earthwork recommendations are properly interpreted and implemented.
Modifications to our recommendations could be required, depending on selected final grades.
Because of the variable nature of the subsurface conditions and the potential for difficult excavation, we
recommend conducting a pre-construction meeting with W.K. Dickson, GSP, the Contractor, and a
representative of our firm. During this meeting, the recommendations in this report should be discussed
with respect to constructability and how prevailing weather conditions will significantly affect the site soils.
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