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McAdams 
2905 Meridian Parkway 
Durham, North Carolina 27713 

Attention: Mr. Mark Hamlett, P.E. 

Reference: Geotechnical Engineering Report
Foothills Shooting Range – Access Drive and Parking Lot
Cleveland County, North Carolina 
S&ME Project No. 1305-19-062 
NC PE Firm License No. F-0176 

Dear Mark: 

This report presents the results of the geotechnical exploration performed by S&ME, Inc. (S&ME) for the 
referenced project.  Our geotechnical exploration was completed in general accordance with our Proposal No. 13-
1800334 REV1, dated May 9, 2019.  The purpose of our exploration was to explore and evaluate subsurface 
conditions as they relate to the planned access drive and parking lot for the referenced project.  

This report describes our understanding of the project, presents the results of our field exploration, and our 
recommendations for a pavement section.  A Boring Location Plan, Generalized Subsurface Profile, Boring Logs 
and laboratory test records are appended. 

S&ME appreciates the opportunity to provide our professional engineering services on this project.  Should you 
have any questions concerning this report or if we may be of further assistance, please contact us at your 
convenience. 

Sincerely, 

S&ME, Inc.  

Joseph R. Williamson, P.E. J. Adam Browning, P.E. 
Geotechnical Engineer Senior Project Manager 

Registration No. 034984 
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1.0 Project Information 
Information for this project is based on email correspondence between Mr. Mark Hamlett, P.E. with McAdams and 
Mr. Adam Browning, P.E. with S&ME on July 11 through July 12, 2018, and subsequent email with site grading 
plan provided on May 9, 2019. 

We understand that additional development is planned at the Foothills Shooting Complex of Cleveland County 
located at 283 Fielding Road in Cherryville, North Carolina. We understand the additional development will 
include the following: 

New parking lot south of the proposed skeet/trap fields. Excavation depths on the order of 1 to 10 feet 
are anticipated in this parking lot based on the site grading plan provided. We anticipate this parking lot 
will be gravel paved. 
An approximately 800-feet long access drive from the existing parking lot south of the existing power line 
easement to the proposed new parking lot south of the proposed skeet/trap fields. We understand the 
proposed access drive will cross a drainage feature along the proposed alignment. Maximum excavation 
and fill depths on the order of 4 and 6 feet are anticipated, respectively, based on the site grading plan 
provided.  

Based on our site reconnaissance, the southern portion of the proposed access drive traverses through a wooded 
area.  The northern portion of the access road and the proposed parking lot is currently open, but overgrown with 
light to moderately thick underbrush.  The proposed skeet/trap fields are currently an open field.  Based on the 
topographic information provided, the existing grades at the site range from approximately 848 feet at the 
existing parking lot area to approximately 794 feet at the creek bottom.  The existing grades within the proposed 
parking area are as high as approximately 834 feet.   

2.0 Field Exploration 
S&ME performed six (6) soil test borings including four borings along the proposed access drive (A-1 through A-
4) and two within the proposed parking lot (P-1 and P-2). Borings were drilled using a CME 550X ATV-mounted 
drill rig.  Borings were advanced using 3¼-inch inside-diameter hollow stem augers.  Standard penetration testing 
(SPT) and split-spoon soil sampling were performed in general accordance with ASTM D1586-11 at 2½-foot 
intervals to a depth of 10 feet and at 5 foot intervals thereafter.  Standard penetration testing was conducted with 
an autohammer. A bulk sample of auger cuttings was obtained from below the topsoil to a depth of 5 feet in 
boring P-2. Water levels were measured after completion of drilling.  Borings were then backfilled with soil 
cuttings and a borehole closure appliance.  

Ground surface elevations presented on the boring logs were estimated from the site grading plan provided and 
should be considered approximate. 
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3.0 Regional Geology 
The site is located within the Inner Piedmont Belt of the Piedmont Physiographic Province of North Carolina, as 
shown in Figure 3-1.  The Piedmont Province generally consists of well-rounded hills and ridges, which are 
dissected by a well-developed system of draws and streams.  The Piedmont Province is predominantly underlain 
by metamorphic rock (formed by heat, pressure and/or chemical action) and igneous rock (formed directly from 
molten material), which were initially formed during the Precambrian and Paleozoic eras.  The volcanic and 
sedimentary rocks deposited in the Piedmont Province during the Precambrian eras were the host for the 
metamorphism and were changed to gneiss and schist.  The more recent Paleozoic era had periods of igneous 
emplacement, with at least several episodes of regional metamorphism resulting in the majority of the rock types 
seen today.  The Inner Piedmont Belt is described as a fault bounded stack of thrust sheets containing 
metamorphic and intrusive rock types.  The metamorphic rocks found in this terrain include schist, gneiss, 
metagraywacke and amphibolite.  Intrusive rocks found include granite and diabase dikes. 

Figure 3-1:  Physiographic Provinces of North Carolina 

The topography and relief of the Piedmont Province have developed from differential weathering of the igneous 
and metamorphic rock.  Because of the continued chemical and physical weathering, the rocks in the Piedmont 
Province are now generally covered with a mantle of soil that has weathered in place from the parent bedrock.  
These soils have variable thicknesses and are referred to as residuum or residual soils.  The residuum is typically 
finer grained and has higher clay content near the surface because of the advanced weathering.  Similarly, the 
soils typically become coarser grained with increasing depth because of decreased weathering.  As the degree of 
weathering decreases, the residual soils generally retain the overall appearance, texture, gradation and foliations 
of the parent rock. 

The boundary between soil and rock in the Piedmont is not sharply defined.  A transitional zone termed “partially 
weathered rock” is normally found overlying the parent bedrock.  Partially weathered rock (PWR) is defined for 
engineering purposes as residual material with Standard Penetration Resistances (N-values) exceeding 100 blows 
per foot (bpf).  The transition between hard/dense residual soils and partially weathered rock occurs at irregular 
depths due to variations in degree of weathering.  A graphic depiction of typical Piedmont weathering profiles is 
presented in Figure 3-2. 

APPROXIMATE 

SITE LOCATION
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Figure 3-2:  Typical Piedmont Weathering Profiles (after Sowers/Richardson, 1983) 

Water is typically present in the residual soils and within fractures in the PWR or underlying bedrock in the 
Piedmont.  On upland ridges in the Piedmont, water may or may not be present in the residual soils above the 
PWR and bedrock.  Fluctuations in water levels are typical in residual soils and PWR in the Piedmont, depending 
on variations in precipitation, evaporation and surface water runoff.  Seasonal high water levels are expected to 
occur during or just after the typically wetter months of the year (November through April). 

4.0 Surface & Subsurface Conditions 
General descriptions of encountered soils are presented below.  More detailed information is available on 
individual boring logs.  Please note that changes in soil type with depth is often gradual.  Stratification lines shown 
on boring logs should be considered approximate. 

Topsoil (cultivated soil with organics) was encountered at the surface of all borings, ranging in thickness from 2 to 
3 inches.  Topsoil is typically a dark-colored soil material containing roots, fibrous matter, and/or other organic 
components, and is unsuitable for engineering purposes.  The topsoil depths provided in this report are based on 
measurements made during drilling and should be considered approximate.  We note that the transition from 
topsoil to underlying natural soils may be gradual. 

Existing fill soils were encountered beneath the topsoil in borings A-1 and A-2 to approximate depths of 3 and 1.5 
feet, respectively. Existing fill materials consist of silty sands (USCS classification SM). Trace rock pieces were 
observed in the existing fill sampled from A-2. Standard penetration test (SPT) N-values in the existing fill ranged 
from 6 to 7 blows per foot (bpf) indicating loose relative densities. The fill was visually observed as dry to moist. 

Alluvial (water-deposited) soils were encountered below the topsoil to an approximate depth of 2 feet in A-3. The 
alluvial soils consisted of very loose silty sand (SM) with an SPT N-value of 4 bpf. The alluvial soils were visually 
observed as moist. 
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Residual soils were encountered below the topsoil, fill and alluvial soils to the boring termination depths ranging 
from 10 to 30 feet. Residual soils encountered consist of silty sand (SM), low-plasticity silts (ML), and moderately 
plastic clayey silts (MH). SPT N-values in the residual soils ranged from 3 to 26 bpf indicating loose to medium 
dense relative densities for sands and soft to stiff consistencies for silts. The residual soils were visually observed 
as moist to wet. 

Groundwater level measurements were attempted in all borings at completion of drilling.  Groundwater was 
observed in boring A-3 at a depth of 8 feet after a waiting period of 2 hours. The remaining borings were 
observed dry at termination of boring. Water levels tend to fluctuate with seasonal or climatic variations, and 
proximity to local water features (creeks, streams, swales, etc.).  Therefore, groundwater or perched water may be 
encountered during construction at depths not indicated by the borings. 

5.0 Laboratory Testing 
Split-spoon samples and a bulk sample were returned to S&ME’s Charlotte laboratory for visual classification in 
general accordance with the Unified Soil Classification System (USCS) by a geotechnical professional.  The soil 
samples were visually examined to estimate the distribution of grain sizes, plasticity, organic content, moisture 
condition, color, presence of lenses and seams, and apparent geological origin.  Similar soils were grouped into 
strata on the logs.  The strata contact lines represent approximate boundaries between the soil types; the actual 
transition between the soil types in the field may be gradual in both the horizontal and vertical directions.  The 
results of the classifications are presented on the individual boring logs included in Appendix III. 

Natural moisture content testing on split-spoon and bulk samples indicated moisture contents ranging from 25 to 
38.4 percent. 

Atterberg limits testing was performed on the bulk sample obtained from boring P-2. Testing recorded a liquid 
limit of 40, plastic limit of 36 and plasticity index of 4 indicating low-plasticity soils. Atterberg limits testing was 
also performed on a split-spoon sample obtained from 3.5 to 5 feet in boring A-1. Testing recorded a liquid limit 
of 55, plastic limit of 31, and plasticity index of 24 indicating high-plasticity soils.   

Standard Proctor testing on the bulk sample recovered from P-2 determined a maximum dry density (MDD) of 
100.2 pounds per cubic foot at an optimum moisture content (OMC) of 18.2 percent.  Natural moisture content 
testing on the bulk sample indicated a moisture content of 31.2 percent which is 13 percent wet of its optimum 
value.  

California bearing ratio (CBR) testing was performed on a recompacted specimen from the bulk sample taken 
from P-2. The specimen was recompacted to approximately 98 percent of its standard Proctor maximum dry 
density near its optimum moisture content. The specimen was soaked for 96 hours prior to testing. A CBR value of 
5.8 percent was determined. The sample swelled 2.4 percent during soaking under a surcharge pressure of about 
100 pounds per square foot (psf). 

All laboratory testing was performed in general accordance with applicable ASTM standards.  Individual laboratory 
test results are contained in Appendix III. 



Geotechnical Engineering Report 
Foothills Shooting Range – Access Drive and Parking Lot 
Cleveland County, North Carolina 
S&ME Project No. 1305-19-062 

July 15, 2019 5 

6.0 Conclusions and Recommendations 
The following sections provide geotechnical engineering recommendations regarding site development and 
pavement thickness design.  The recommendations presented herein are based upon review of our field and 
laboratory test data our understanding of the proposed construction, our engineering analyses, and experience 
with similar projects and subsurface conditions.  If subsurface conditions adverse to those indicated by this report 
are encountered during construction, those differences should be reported to us for review and comment. 

6.1 Earthwork 

6.1.1 Site Preparation 

Initial site preparation should consist of stripping the existing topsoil. We recommend surface materials containing 
more than 5 percent organic material be removed. We recommend that stripping operations be performed with 
light, tracked equipment to minimize disturbance and mixing of topsoil into subgrade soils. 

After stripping, the exposed subgrade of areas to receive fill and areas near final grades should be evaluated by 
the geotechnical engineer or their representative.  This evaluation should include proofrolling with a fully loaded 
tandem-axle dump truck or similar rubber-tired construction equipment.  Any areas that deflect excessively and 
cannot be densified by further rolling should be undercut to suitable soils. Low-consistency soils likely requiring 
repair were encountered below the topsoil in borings A-3 and A-4.  Depending on the time of year earthwork is 
performed, subgrade repair may be required due to the near-surface, fine-grained soils’ potential to soften in wet 
conditions. 

A ditch/stream crosses the proposed access drive near boring A-3. We anticipate that a culvert will be installed 
along the stream channel. Loose/soft alluvial (water-deposited) soils are likely to be encountered in the stream 
and/or on either side. Undercut and replacement of loose/soft alluvial soils will likely be required. Where required, 
we recommend a woven geotextile (Mirafi 500x or equivalent) be placed along the bottom of the excavation. 
Washed #57 stone or compacted structural fill (depending on conditions at time of construction) may be placed 
as backfill material above the woven geotextile. If washed stone is utilized, we recommend a non-woven 
geotextile (Mirafi 160N or equivalent) be placed above the washed stone before the structural fill or ABC stone is 
placed above to keep fines from contaminating the washed stone below.  

Site grading will be difficult during periods of extended rainfall that generally occur during the winter and early 
spring months.  Near-surface soils are moisture sensitive, and when wet, will soften and tend to rut and pump 
under rubber-tired traffic and provide poor subgrade support for structures and pavements. To reduce potential 
earthwork problems, site preparation and grading should be scheduled during the typically drier months of May 
through November, if possible.  If winter or early spring grading is attempted, repair of near-surface soils and 
possible use of select off-site borrow will be necessary to adequately prepare subgrades for new construction.  
Heavy rubber-tired construction equipment should not be allowed to operate on exposed subgrades during wet 
conditions.  Even during drier periods of the year, we recommend that exposed subgrades be sloped and sealed 
at the end of each day to promote runoff and reduce infiltration from rainfall. 



Geotechnical Engineering Report 
Foothills Shooting Range – Access Drive and Parking Lot 
Cleveland County, North Carolina 
S&ME Project No. 1305-19-062 

July 15, 2019 6 

6.1.2 Excavations 

Based on subsurface conditions encountered and assumed site grading, low to moderate consistency soils will be 
encountered within anticipated excavation depths at the site.  Past experience indicates that these materials can 
be excavated by routine earth moving equipment.  Local excavations for shallow utility trenches can be 
accomplished by a conventional backhoe or track-mounted backhoe. 

Groundwater was encountered at an approximate depth of 8 feet below the existing ground surface 2 hours after 
drilling in boring A-3.  Groundwater or perched water conditions may be encountered in deeper excavations such 
as utility trenches, particularly during wet periods of the year or after heavy rainfall.  The contractor should be 
prepared to control any water that collects in excavations.  The contractor should be responsible for determining 
water control measures. 

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 usually responsible for site safety.  This 
information is provided only as a service and under no circumstances should we be assumed responsible for 
construction site safety. 

6.1.3 Structural Fill 

Soils having Unified Soil Classifications of SP, SM, SC, ML, CL or any combination of these should be suitable for 
reuse as structural fill provided that the moisture content is properly controlled during placement and 
compaction. Highly plastic soils (CH, MH) may be used as structural fill at depths of at least 2 feet below final 
subgrade elevations. 

Structural fill should contain less than 5 percent organics, be free of trash or other deleterious materials, have a 
maximum particle size of 2 inches or less, and minimum standard Proctor maximum dry density of 100 pounds per 
cubic foot.   

All new structural fill soil should be placed in 8 to 10-inch loose lifts and compacted to at least 95 percent of the 
standard Proctor maximum dry density (MDD) (ASTM D698).  The top 12 inches should be compacted to at least 
98 percent of the materials standard Proctor MDD.  The moisture content of structural fill should be maintained at 
+/- 2% of optimum moisture during compaction.  A qualified soil technician working under the supervision of the 
geotechnical engineer should observe fill placement and compaction.  An appropriate number of soil density tests 
should be conducted to confirm that adequate fill compaction is achieved.  

The moisture condition of near-surface soils will be influenced by prevailing weather conditions.  Some moisture 
conditioning (most likely drying) of on-site soils should be expected.   

6.1.4 Subgrade Repair and Improvement Methods 

The exposed subgrade of both cut and fill areas can deteriorate and lose support when exposed to construction 
traffic and adverse weather conditions.  Deterioration can occur in the form of rutting, pumping, freezing, or 
erosion.   We recommend that, during construction, exposed subgrade surfaces be sealed at the end of each day 
or when wet weather is forecast.  Water should not be allowed to pond in fill or cut areas.  Immediately prior to 
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pavement construction, exposed subgrade soils should be evaluated by proofrolling to determine their stability.  
Soils which rut, pump, or deflect under proofrolling should be repaired prior to ABC stone placement.  Repair 
measures may include scarifying/drying/recompacting, undercutting, placement of geotextiles, or some 
combination of these.  Actual repair measures will be influenced by project schedule and weather conditions and 
can only be determined in the field. 

6.2 Pavements 

6.2.1 Access Drive 

The following sections provide both asphalt and concrete pavement recommendations. Proposed grades for the 
access drive indicate relative steep slopes along portions of the alignment. Compaction of asphalt pavement on 
steep grades is difficult to achieve. Insufficient compaction results in additional air voids in the asphalt mix and 
potential for faster than normal asphalt deterioration. In addition, asphalt has the potential to shove under heavy 
breaking on relatively steep inclinations. Thus, it is our recommendation concrete pavement be utilized where 
possible.   

6.2.1.1 Asphalt Pavement 

Based on laboratory CBR testing and geotechnical experience in this geologic area, a design CBR value of 5 
percent was used for the pavement design. The CBR value is based on the subgrade soils being uniformly 
compacted to at least 98% of the soil’s standard Proctor MDD.  Pavement design procedures are based on 
AASHTO “Guide for Design of Pavement Structures” (1993) and associated literature. Pavement analyses were 
based on an initial serviceability index of 4.2, a terminal serviceability index of 2.0. We have estimated that the 
access drive will be subjected to a maximum of 60,000 18-kip equivalent single-axle loads (ESALs), respectively, 
over a 20-year design life. We recommend the proposed asphalt pavement section consist of the following:  

Table 6-1 Pavement Thickness Recommendations 

Section Type Access Drive 

Asphalt Surface Course (Type S-9.5 B) 
3  

(placed in two, 1.5” lifts) 
Aggregate Base Course (ABC) 6 

All materials and construction methods should conform to the 2018 edition of the NCDOT “Standard 
Specifications for Roads and Structures.”  The aggregate base course (ABC) stone should consist of stone meeting 
the requirements under Section 520.  ABC stone should be compacted to at least 100 percent of the maximum dry 
density as determined by the modified Proctor compaction test, AASHTO T-180 as modified by NCDOT.  To 
confirm that the base course stone has been uniformly compacted, in place density tests should be performed by 
a qualified soils technician and the area should be thoroughly proofrolled under his observation. 
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Asphaltic concrete should conform to Section 610 in the 2018 edition of the NCDOT “Standard Specifications for 
Roads and Structures.”  Sufficient testing and observation should be performed during pavement construction to 
confirm that the required thickness, density, and quality requirements of the specifications are achieved. 

Although our analysis was based on traffic loading for a 20-year design life, our experience indicates that 
pavement maintenance is necessary due to normal weathering of the asphaltic concrete.  Normal weathering (i.e., 
oxidation) causes asphalt to become more brittle resulting in loss of tensional strength.  This loss in strength can 
cause minor cracking which provides access for water infiltration into the stone base and subgrade.  As the degree 
of saturation of the subgrade increases, the strength of the subgrade decreases leading to pavement failure.  
Routine maintenance in the form of sealing, patching, and maintaining proper drainage is required to increase 
pavement life.  It is not uncommon for overlays to be required after 10 to 12 years. 

6.2.1.2 Concrete Pavement 

The concrete pavement design was performed using the same design traffic as in the heavy-duty asphalt 
pavement areas (60,000 ESALs).  The compressive strength of the concrete was assumed to be 4,000 psi.  A 
modulus of subgrade reaction of 125 pci was used for design assuming 6 inches of compacted ABC stone is 
placed beneath the concrete pavement.  We have assumed that load transfer across contraction (saw) joints will 
be handled by aggregate interlock.  ABC should meet the material and compaction requirements stated in the 
“Flexible (Asphalt) Pavement” section above. The table below presents our recommended concrete pavement 
section thickness. 

Table 6-2 – Concrete Pavement Recommendations 

Material Type Concrete Pavement Design 

Air Entrained Concrete (4000 psi) 5 inches 
Aggregate Base Course (ABC) stone 6 inches 
Maximum Joint Spacing 12 feet in all directions 

Saw joints should be cut to a depth of at least ¼ of the thickness of the concrete pavement to promote shrinkage 
cracking along the joint.  The ABC stone should be compacted to at least 98 percent of its modified Proctor 
maximum dry density. 

6.2.2 Parking Lot – Gravel Pavement 

We understand the proposed parking lot will be a gravel section. We anticipate the parking lot will be subjected 
to up to 30,000 ESALs over 20-year design life.   

After the parking lot subgrade has been approved for stone placement, we recommend placing 8 inches of 
compacted ABC stone over the properly prepared subgrade.  In order to reduce disturbance of the subgrade soils 
from construction traffic, we recommend that the stone be end dumped and pushed out onto the subgrade with a 
dozer, and dump truck traffic not be allowed to travel on the subgrade soils but rather on the ABC stone. 
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We recommend that the ABC stone be compacted to at least 100% of its modified Proctor maximum dry density, 
near its optimum moisture content. All materials and construction methods should conform to the 2018 edition of 
the NCDOT “Standard Specifications for Roads and Structures.”  The aggregate base course (ABC) stone should 
consist of stone meeting the requirements under Section 520. 

Prevention of infiltration of water into the subgrade is essential for the successful performance of the gravel 
parking area.  The gravel surface should be sloped to promote surface drainage away from the pavement 
structure. The gravel surface will be susceptible to deterioration (e.g. raveling and rutting) due to exposure to 
weather and traffic.  Routine maintenance including leveling with a motor grader, filling in low or rutted areas with 
ABC stone, and vibratory smooth drum rolling should be anticipated. 

7.0 Limitations of Geotechnical Report 
This report has been prepared in accordance with generally accepted geotechnical engineering practice for 
specific application to this project. The conclusions and recommendations contained in this report are based upon 
applicable standards of our practice in this geographic area at the time this report was prepared. No other 
representation or warranty either express or implied, is made. 

We relied on project information given to us to develop our conclusions and recommendations.  If project 
information described in this report is not accurate, or if it changes during project development, we should be 
notified of the changes so that we can modify our recommendations based on this additional information if 
necessary. 

Our conclusions and recommendations are based on data from a field exploration program.  Subsurface 
conditions can vary widely outside the explored area.  Some variations may not become evident until construction.  
If conditions are encountered which appear different than those described in our report, we should be notified. 
This report should not be construed to represent subsurface conditions for the entire site. 

Unless specifically noted otherwise, our field exploration program did not include an assessment of regulatory 
compliance, environmental conditions or pollutants.  If there is a concern about these items, other studies should 
be performed. S&ME can provide a proposal and perform these services if requested. 

S&ME should be provided the opportunity to review the final plans and specifications to confirm that our 
recommendations are properly interpreted and implemented. The recommendations in this report are contingent 
on S&ME’s review of final plans and specifications followed by observation and monitoring during construction 
activities.
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Appendix II – Boring Logs 
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Appendix III – Laboratory Test Results 
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