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1.0  PURPOSE & SCOPE OF SERVICES 
The purpose of the subsurface exploration and geotechnical engineering evaluation was to 
explore the subsurface conditions in the area of the proposed elevated boardwalks and to 
provide geotechnical engineering recommendations that can be used during the design and 
construction phases of the project. 
F&R’s scope of services included the following: 

 Completion of 3 soil test borings (B-1 to B-3) within “Area 1” to depths ranging from 15 to 38.5 feet below the existing ground surface. 
 Advancement of 3 sounding rods (HA-1 to HA-3) within “Area 2” to depths ranging from 17.3 to 20 feet below the existing ground surface.   
 Preparation of typed boring logs, penetrometer (sounding rod) logs, and development of a subsurface profile; 
 Performing a geotechnical engineering evaluation of the subsurface conditions with regard to their suitability for the proposed construction; and 
 Preparation of this report by professional engineers. 

2.0 PROJECT INFORMATION 
We understand that two areas of the existing Third Fork Creek Greenway is to be improved and 
renovated. Two areas of the existing greenway are located in flood-prone areas and are to be 
converted to elevated boardwalks. “Area 1” is located at the greenway’s intersection with MLK Jr. 
Parkway and “Area 2” is located on the greenway between Oriole and Cardinal Drive (see Figure 
Nos. 1 & 1A – Site Vicinity Maps in Appendix I).  
The proposed boardwalks are to be a maximum length of 130 feet each and will be elevated 
approximately 2 feet above existing grades. The boardwalks will be 10 to 12 feet wide with two 
options being considered: typical wooden structures and also the PermaTrak® system. The 
Permatrak system consists of a precast concrete walkway and supporting structure. F&R has been 
informed by PermaTrak that maximum loading for a typical span lengths of 10 to 20 feet will range 
from approximately 5 to 10 tons per foundation. Span lengths up to 40 feet are also available, 
although loads were not provided for spans greater than 20 feet.  
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3.0 EXPLORATION PROCEDURES 
3.1 SUBSURFACE EXPLORATION 
F&R advanced a total of 3 soil test borings (B-1 to B-3) within Area 1 and 3 sounding rods (HA-1 
to HA-3) within Area 2 as part of this exploration and at the approximate locations shown on 
the Boring Location Plans (see Figure Nos. 2 & 2A in Appendix I). The sounding rods were 
performed in lieu of traditional soil test borings due to Area 2 being inaccessible to our drilling 
equipment. Hand auger borings were attempted at sounding rod locations HA-1 and HA-2 but 
were unable to be advanced below depths of 3 and 7 feet, respectively, due to the presence of 
groundwater which caused the soils to cave. 
The soil test borings were advanced to depths ranging from 15 to 38.5 feet and the sounding 
rods were advanced to depths ranging from 17.3 to 20 feet. The test locations were established 
in the field by F&R by making taped measurements from existing site features. Ground surface 
elevations at the test locations were interpolated from the project plans. Given these methods 
of determination, the boring locations and ground surface elevations should only be considered 
approximate.  
The soil test borings were advanced by a trailer-mounted drill rig using 2-1/4” inside diameter 
(I.D.) hollow stem augers and mud rotary drilling techniques for borehole stabilization. 
Representative soil samples were obtained using a standard two-inch, outside-diameter (O.D.), 
split-barrel sampler in general accordance with ASTM D 1586, Penetration Test and Split-Barrel 
Sampling of Soils (Standard Penetration Test).  The number of blows required to drive the split-
barrel sampler three, consecutive 6-inch increments with a manual hammer is recorded, and 
the blows of the last two 6-inch increments are added to obtain the Standard Penetration Test 
(SPT) N-values representing the penetration resistance of the soil. Five (5) Standard Penetration 
Tests were obtained in the top 10 feet and then at a nominal interval of approximately 5 feet 
thereafter.  
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The sounding rod tests consisted of driving ½-inch diameter smooth steel rods into the existing 
ground with a 16 pound hammer weight dropping from a height of 24 inches. Sounding rod 
data is frequently used by NCDOT to: evaluate the consistency of subsurface soils; approximate 
the depth to weathered rock and/or crystalline rock; and to evaluate bearing conditions for 
bridge foundations. However, most commonly, sounding rods are used to determine the 
approximate depth to rock. Correlating sounding rod data to determine the strength 
characteristics of subsurface soils should not be heavily relied upon. 
A representative portion of soil was obtained from each SPT sample or hand auger sample if 
applicable, sealed in a glass jar, labeled, and transported to our laboratory for classification and 
analysis by a geotechnical engineer. The soil samples were classified in general accordance with 
the Unified Soil Classification System (USCS), using visual-manual identification procedures (ASTM 
D2488). A boring log for each test boring is presented in Appendix II.  
Groundwater level measurements were not attempted upon completion of drilling at B-1 
through B-3 due to the introduction of water into the borehole as part of the drilling process. A 
groundwater level measurement was attempted upon completion of the hand auger at HA-2. A 
groundwater level measurement was also attempted after a stabilization period of 
approximately 24-hours at B-3.  
3.2 LABORATORY TESTING 
No laboratory testing was requested or proposed. 
4.0 REGIONAL GEOLOGY & SUBSURFACE CONDITIONS 
4.1 REGIONAL GEOLOGY 
The project site is located within the Triassic Basin of the Piedmont Physiographic Province of 
North Carolina. The Piedmont Province generally consists of hills and ridges that are 
intertwined with an established system of draws and streams. The Triassic basin is filled with 
sedimentary rocks (e.g., Sandstone, Siltstone & Mudstone) that formed approximately 190-200 
million years ago. The basin was formed when differential movement occurred along the 
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Jonesboro Fault in this area. The differential movement resulted in a long narrow northeast 
trending basin, which gradually filled with sediments eroded from upland areas of the 
surrounding topography. The sediments are thought to be several thousand feet deep and have 
resulted in sedimentary rock formations which are often encountered within 5 to 10 feet of the 
ground surface. Based on our review of the map titled Geology and Mineral Resources of Wake 
County, North Carolina (Parker, 1979), the mapped rock formations are described as irregularly 
bedded sandstone, siltstone and mudstone; colors red, buff and dark gray; partly micaceous 
and feldspathic. The sedimentary Triassic Basin rock formations are interspersed with diabase 
dikes and sills that have intruded the sedimentary formations. 
The soils which overlie the weathered rock and bedrock in this area typically consist of silty 
clays and sandy clays, which are often highly plastic, but become less plastic with depth. The 
surface clayey soils typically transition into fine sandy silts and silty sands of increasing density 
to the top of Partially Weathered Rock. This transitional zone termed “Partially Weathered 
Rock” is typically found overlying the parent bedrock. Partially Weathered Rock (PWR) is 
defined, for engineering purposes, as soil material exhibiting Standard Penetration Resistances 
in excess of 100 blows per foot (bpf). The profile of the PWR and hard rock is quite irregular and 
erratic, even over short horizontal distances. It is not uncommon to encounter shallow PWR 
and diabase between boring locations in unexplored areas of the project site. 
4.2 SUBSURFACE CONDITIONS 
4.2.1 General 
The subsurface conditions discussed in the following paragraphs and those shown on the attached 
boring logs represent an estimate of the subsurface conditions based on an interpretation of the 
boring data using normally-accepted, geotechnical engineering judgments. Although individual soil 
test borings are representative of the subsurface conditions at the boring locations on the dates 
shown, they are not necessarily indicative of subsurface conditions at other locations or at other 
times. A subsurface profile has been prepared from the boring data to graphically illustrate the 
subsurface conditions encountered within Area 1. The subsurface profile is presented as Figure 
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No. 3 in Appendix I. Strata breaks designated on the boring logs and subsurface profile 
represent approximate boundaries between soil types. The transition from one soil type to 
another may be gradual or occur between soil samples. This section of the report provides a 
general discussion of subsurface conditions encountered within explored areas of the project 
site at Area 1. Due to the limited subsurface soils information obtained in Area 2, this section of 
the report does not represent the subsurface conditions in that area. More-detailed 
descriptions of the subsurface conditions at the individual test locations are presented on the 
Boring Logs and Penetrometer Logs provided in Appendix II. 
4.2.2 Surficial Materials 
Surficial Organic Soils were encountered at the surface of all of the borings from the ground 
surface to a depth of generally 2 to 5 inches. The Surficial Organic Soils generally consisted of dark-
colored soil material containing roots, fibrous matter, and/or other organic components, and is 
generally unsuitable for engineering purposes. F&R has not performed any laboratory testing to 
determine the organic content or other horticultural properties of the observed Surficial 
Organic Soil materials. Therefore, the term Surficial Organic Soil is not intended to indicate 
suitability for landscaping and/or other purposes. The Surficial Organic Soil depths provided in 
this report are based on driller observations and should be considered approximate. We note 
that the transition from Surficial Organic Soil to underlying materials may be gradual, and 
therefore the observation and measurement of the Surficial Organic Soil depths is subjective. 
Actual Surficial Organic Soil depths should be expected to vary. 
4.2.3 Fill Soils 
Fill soils were encountered below the surficial organic soils at boring B-3 and extended to a 
depth of approximately 6.5 feet. The fill consisted of silty sand with gravel (USCS – SM). 
The fill exhibited SPT N-values ranging from 10 blows per foot (bpf) to 29 bpf. N-values of less 
than 4 bpf are generally indicative of fill with poor compaction while N-values of 5 to 8 bpf are 
generally indicative of fill with moderate compaction. Well-compacted structural fill would 
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generally be expected to exhibit N-values of 9 bpf or greater. In general, it appears that the fill 
was well-compacted.  
4.2.4 Alluvial Soils 
Alluvial soils were encountered below the Surficial Organic Soils at borings B-1 and B-2 and 
extended to boring termination at depths of 15 and 30 feet, respectively. Alluvial soils were 
encountered below the fill at boring B-3 and extended to a depth of 35.7 feet. The alluvial soils 
consisted of variable layers of wet to saturated sands (SC, SM & SP) and sandy and silty clays (CL 
& CH). The alluvial soils typically contained trace amounts of organics. These soils exhibited SPT 
N-values ranging from 1 to 15 bpf. In addition, layers of wood were encountered in boring B-1 
from a depth of 6.5 to 11.5 feet and in boring B-3 from 13.5 to 23.5 feet. 
4.2.5 Partially Weathered Rock (PWR)  
PWR was only encountered in boring B-3 at a depth of 35.7 feet and continued to boring 
termination at 38.5 feet. PWR is defined for engineering purposes as material that exhibits an 
SPT N-value of at least 100 bpf. The SPT N-value in the PWR was measured as 50 blows with no 
penetration of the split spoon (50/0”). The PWR was sampled as gravel/rock fragments.  
4.3 SOIL MOISTURE AND GROUNDWATER CONDITIONS 
Typically, the soil samples were described as moist above the water table and wet to saturated 
below the apparent water table. 
Groundwater level measurements were not attempted upon completion of drilling at B-1 
through B-3 due to the introduction of water into the borehole as part of the drilling process. A 
groundwater level measurement was attempted upon completion of the hand auger at HA-2, 
and groundwater was encountered at a depth of 3.5 feet. A groundwater level measurement 
was also attempted after a stabilization period of approximately 24-hours at B-3, and 
groundwater was encountered at a depth of 3 feet.  
It should also be noted that soil moisture and groundwater levels fluctuate depending upon 
seasonal factors such as precipitation and temperature. As such, soil moisture and groundwater 
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conditions at other times may vary from those described in this report. Due to the presence of 
relatively impervious silty/clayey soils noted on the project site, trapped or perched water 
conditions should be anticipated during periods of inclement weather and during seasonally 
wet periods. 
5.0 ENGINEERING EVALUATION AND RECOMMENDATIONS 
5.1 GENERAL 
The conclusions and recommendations contained in this section of the report are based upon the 
results of the 3 soil test borings and 3 sounding rods performed by F&R, our experience with 
similar projects and subsurface conditions, and the limited information provided to us regarding 
the proposed construction. It is our opinion that the subsurface conditions encountered at the 
project site are generally suitable for the proposed construction from a geotechnical engineering 
perspective provided the recommendations presented in subsequent sections of this report are 
followed throughout the design and construction phases of this project.  
Additional subsurface investigation is recommended within Area 2 in order to investigate the 
composition and consistency of the subsurface soils and identify the potential presence of 
organics. Access to our drilling equipment was not available at the time of our investigation, 
and we should be contacted once the temporary construction entrance has been established.  
5.2 CONVENTIONAL SPREAD FOUNDATIONS  
F&R evaluated the possible use of conventional shallow spread foundations for support of the 
proposed elevated boardwalks. However, loose sand, soft to firm clay, and shallow 
groundwater was encountered in borings B-1 through B-3. These conditions would make 
footing excavations difficult (i.e., potential for excavation shoring & subgrade repairs), require 
dewatering, and cause settlement concerns. In addition, wood was encountered at boring B-1 
at a depth of 6.5 feet, which is potentially at or just below the anticipated footing bearing level 
and between depths of 13.5 to 23.5 feeet in boring B-3. These concentrated organics are a 
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potential long-term settlement concern. Therefore, spread footings are not recommended for 
foundation support at Area 1.  
In addition, due to the lack of specific soil strength data at Area 2 (based on the 3 sounding rod 
tests and limited hand auger borings able to be completed) and anticipated soil conditions 
similar to borings B-1 through B-3, spread footings are also not recommended at Area 2. 
5.3 TIMBER PILE FOUNDATIONS  
F&R recommends timber piles to support the abutments and interior piers of the proposed 
elevated boardwalk. Timber piles with individual ultimate capacities of 20 tons should be 
achieved with a factor of safety of two or more when driven to depths of approximately 35 to 
37 feet in accordance with the North Carolina Building Code formula, Hiley Dynamic Driving 
Formula or other approved driving formula. In the area of boring B-3, it is anticipated that the 
piles will be driven to refusal on weathered rock at a depth of approximately 35 feet. Deeper 
borings were not performed to determine the presence of weathered rock at borings B-1 and B-
2. If refusal has not been achieved during pile driving, the piles should be driven to a minimum 
depth of 37 feet below the existing ground surface. Alternatively, PDA analyses may be 
performed to confirm pile capacity during driving of test piles; however, for relatively light piles 
such as 20 ton timber piles, PDA analyses are not normally required.  
Scour has not been included in development of these pile length recommendations. For piles 
driven to refusal on weathered rock, scour is likely not a concern. However, if scour potential is 
greater than one foot at any of the pier locations, we should be contacted to modify these 
recommendations. 
It is recommended that the timber piles have minimum tip diameter of 8 inches and that at 
least two piles at each site be driven to establish production length requirements prior to 
ordering of production piles, particularly at Area 2 where the subsurface conditions are not 
well-defined. Additionally, it is recommended that the piles have a minimum spacing of 3 pile 
diameters.  
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Due to the presence of relatively thick layers of wood at borings B-1 and B-3, pre-drilling is 
recommended to a minimum depth of 25 feet below existing grades. The pre-drilling should be 
performed at all pile locations within Area 1. If the presence of wood/organics are still apparent 
during predrilling at a depth of 25 feet, the pre-drilling should continue until the organic layer 
has been fully penetrated. Since the presence of organic layers within Area 2 can neither be 
confirmed nor ruled out, pre-drilling is also recommend at all pile locations within Area 2 to a 
minimum depth of 25 feet or deeper if organics are encountered. The predrilled hole should be 
performed with equipment that will result in a maximum hole diameter of 8 inches. Predrilled 
holes greater than 8 inches in diameter would need to be backfilled with grout or concrete, 
although the geotechnical engineer should be contacted prior to implementation of corrective 
measures and backfilling.  
For timber piles, an impact pile driving hammer should have a maximum rated energy of 10,000 
to 15,000 foot pounds unless a wave equation analysis (WEAP) indicates a larger hammer will 
not damage the pile. A vibratory-type pile hammer is not recommended. We will be happy to 
assist the contractor to perform a WEAP analysis and develop the driving criteria once the pile 
hammer has been selected. When the piles have reached the design capacity based on the 
driving criteria at the anticipated depths (based on either the pile driving formulas or PDA 
analyses), driving operations should be stopped to prevent damaging the pile. It is noted that 
the capacity of the pile is developed by both skin friction and end bearing. However, if the piles 
have not reached design capacity based on the driving criteria, restriking/redriving of the piles 
is typically performed a day or more later in order to allow the pile to develop additional 
resistance as the pore water pressures dissipate. Care should be implemented during handling 
and driving operations to prevent damage to the pile.  
Timber piles should meet the ASTM D-25 standard specifications for round timber piles and 
should be pressure treated in accordance with AWPA Standard C1 and C3, preservative 
treatment specifications. 
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Monitoring of the installation of the test piles as well as the production piling should be 
performed by the geotechnical engineer or personnel working under his supervision to verify 
that the piles are properly installed. 
6.0 CONTINUATION OF SERVICES 
As previously discussed, the Geotechnical Engineer of Record should be retained to observe 
foundation construction activities and to report that the recommendations contained in this 
report are completed in a satisfactory manner. Our continued involvement on the project will aid 
in the proper implementation of the recommendations discussed herin. It should be noted that 
the actual soil conditions will vary across this site and thus the presence of the Geotechnical 
Engineer and/or his representative during construction will serve to validate the subsurface 
conditions and recommendations presented in this report. In addition, the geotechnical engineer 
should review the project plans and construction specifications to verify that the 
recommendations presented in this report have been properly interpreted and implemented. 
7.0 LIMITATIONS 
This report has been prepared for the exclusive use of Wildlands Engineering, Inc. and/or their 
agents, for specific application to the referenced project in accordance with generally-accepted 
soil and foundation engineering practices. No other warranty, express or implied, is made. Our 
evaluations and recommendations are based on design information furnished to us, the data 
obtained from the subsurface exploration program, and generally-accepted geotechnical 
engineering practices.  The evaluations and recommendations do not reflect variations in 
subsurface conditions which could exist intermediate of the boring locations or in unexplored 
areas of the site. Should such variations become apparent during construction, it will be necessary 
to re-evaluate our recommendations based upon our on-site observations of the conditions. 
There are important limitations to this and all geotechnical studies. Some of these limitations are 
discussed in the information prepared by GBA, which is included in Appendix III.  We ask that you 
please review this information. 
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Regardless of the thoroughness of a subsurface exploration, there is the possibility that conditions 
between borings will differ from those at the boring locations, that conditions are not as 
anticipated by the designers, or that the construction process has altered the soil conditions.  
Therefore, experienced geotechnical engineers should evaluate earthwork activities to observe 
that the conditions anticipated in design actually exist.  Otherwise, we assume no responsibility for 
construction compliance with the design concepts, specifications, or recommendations. 
In the event that changes are made in the proposed construction, the recommendations 
presented in the report shall not be considered valid unless the changes are reviewed by our firm 
and conclusions of this report modified and/or verified in writing. If this report is copied or 
transmitted to a third party, it must be copied or transmitted in its entirety, including text, 
attachments, and enclosures. Interpretations based on only a part of this report may not be valid.   
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