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1.0

PURPOSE & SCOPE OF SERVICES

The purpose of this subsurface exploration and geotechnical engineering evaluation was to
explore the subsurface conditions in the area of the proposed culvert replacement in order 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:






Review of the boring logs performed by Terratech dated October 2, 2018, which included
3 soil test borings (B‐1 to B‐3) to depths ranging from 17 to 20 feet below the existing
ground surface;
Completion of two soil test borings (B‐4 & B‐5) to depths of 18.5 and 17.5 feet below the
existing ground surface, respectively;
Preparation of typed boring 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

2.1

SITE LOCATION AND DESCRIPTION

The project site is located on Buckingham Road at a point about 200 feet east from its intersection
with Dixon Road in Durham, North Carolina (see Figure No. 1 in Appendix I). Based on
observations made during our site visit, the existing culvert has failed due to severe erosion. The
road is currently closed, and portable barriers have been installed in both travel lanes of
Buckingham Road. The existing culvert dimensions are not known and surface water flows in a
generally northeast to southwest direction.
Generally, the existing ground surface on the northeast side of the culvert is at Elevation (EL) 285
at the top of the streambank and EL 275 at the bottom of the stream. On the southwest side of
culvert, the existing ground surface at the top of the streambank is about EL 282, and the bottom
of the stream is at EL 275.
2.2

PROPOSED CONSTRUCTION

It is our understanding that the existing culvert has failed due to erosion and will be replaced.
Based on the grading and drainage plan provided to F&R, the culvert will be replaced with a
precast concrete box culvert which is 15 feet wide, 6 feet tall, and 58 feet long.
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3.0

EXPLORATION PROCEDURES

3.1

SUBSURFACE EXPLORATION

A previous geotechnical exploration was performed at the project site by Terratech in October
2018 that included 3 soil test borings (B‐1 to B‐3) advanced to depths ranging from 17 to 20 feet
(see Terratech boring logs in Appendix II). For the most recent exploration, F&R advanced two
soil test borings, B‐4 and B‐5, to depths of 18.5 and 17.5 feet, respectively. The approximate
boring locations are shown on the Boring Location Plans presented as Figures 2A and 2B in
Appendix I. F&R’s test boring locations were established in the field using existing site features
as reference. Ground surface elevations were estimated from the Buckingham Road Culvert
Replacement Plan (Drawing P‐1, dated January 11, 2019). Given these methods of determination,
the boring locations and ground surface elevations should only be considered approximate.
F&R’s test borings were advanced by a track‐mounted drill rig using 2‐1/4” inside diameter (I.D.)
hollow stem augers 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 an automatic 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 performed in the top
10 feet and then at a nominal interval of approximately 5 feet thereafter.
A representative portion of the soil was obtained from each SPT sample, sealed in an eight‐ounce
glass jar, labeled, and transported to our laboratory for final 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 measurements were attempted in the borings performed by F&R at the termination
of drilling. Groundwater readings were measured in the Terratech borings B‐1 to B‐3 approximately
1‐hour after completion of drilling. A groundwater reading was recorded again in boring B‐4 after
approximately 2‐hours after completion of drilling. Boring B‐5 was backfilled immediately after
drilling completion. The F&R borings were backfilled with bentonite hole plug. An asphalt cold patch
was placed at the surface of the F&R borings.
3.2

LABORATORY TESTING

Laboratory testing was not performed for this project.
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4.0

REGIONAL GEOLOGY & SUBSURFACE CONDITIONS

4.1
REGIONAL GEOLOGY
The project site is located in the Triassic Geologic Basin of North Carolina. This particular formation
is a unique geologic unit, which developed 160 million years ago when differential movement
occurred along the 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. Bedrock formations of the Triassic Basin consist of typically inter‐bedded claystones,
mudstones, siltstones, sandstones and conglomerates. In addition, dikes and sills of igneous Diabase
rock intruded these Triassic sedimentary rock types. Diabase rock is very hard and typically requires
blasting for removal.
The soils that overlie the weathered rock and bedrock typically consist of silty clays and sandy clays
within the upper portion of the soil profile, which are often highly plastic and become less plastic
with depth. The surface clayey soils typically transition into fine sandy silts and silty sands to the top
of partially weathered rock and rock. The boundary between soil and rock is not sharply defined.
This transitional zone termed “Partially Weathered Rock” is typically found overlying the Triassic
rock formations. Partially Weathered Rock (PWR) is defined, for engineering purposes, as material
exhibiting Standard Penetration Resistances in excess of 100 blows per foot (bpf). Weathering is
facilitated by fractures, joints and by the presence of less resistant rock types. Consequently, the
profile of the partially weathered rock and hard rock is quite irregular and erratic, even over short
horizontal distances. The subsurface conditions encountered at the site are typical of the conditions
found in the Triassic Geologic Basin. PWR was encountered in Terratech borings B‐1 to B‐3 at depths
ranging from 5.5 to 12 feet and in F&R borings B‐4 and B‐5 at depths of 18.5 and 17.5 feet,
respectively.
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 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. Data
from the specific soil test borings are shown on the boring logs presented in Appendix II of this
report.
A subsurface profile has been prepared based on the F&R boring data and is presented as Figure
3 in Appendix I to graphically illustrate the subsurface conditions encountered at the site. Strata
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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 areas of proposed construction at the project site. More‐detailed
descriptions of the subsurface conditions at the individual boring locations are presented on the
boring logs provided in Appendix II. Terratech boring logs are also presented in Appendix II of this
report.
4.2.2 Surficial Materials
The borings encountered 4 to 6 inches of asphalt. Borings B‐1 to B‐3 performed by Terratech
encountered 4 to 7 inches of aggregate base course. F&R encountered 20 to 22 inches of aggregate
base course in borings B‐4 and B‐5.
4.2.3 Fill Soils
Fill soils were encountered in borings B‐1, B‐2, B‐4 and B‐5 to a depth of approximately 12 feet.
Boring B‐3 encountered fill soils to a depth of 5.5 feet. The fill soils consisted of silty and clayey
sands (USCS – SM and SC), low plasticity sandy silts and clays (ML and CL), and high plasticity
clayey silts (ML/MH). A majority of the fill soils in borings B‐1 and B‐5 contained roots and/or
other minor amounts of organics and gravel. Boring B‐4 encountered trace organics from a depth
of 3.5 to 6 feet. The high plasticity silt was encountered in boring B‐2 below the aggregate base
course to a depth of approximately 8 feet.
The fill soils exhibited firm to hard consistency for the silty and clayey soils with SPT N‐values
ranging from 7 to 32 blows per foot (bpf) and very loose to medium dense sands with SPT N‐
values ranging from 2 to 14 bpf. Borings B‐1, B‐4 and B‐5 encountered very loose soils at depths
ranging from 2 to 6 feet to depths ranging from 5.5 to 12 feet. The very loose soil layer was
approximately 2.5 to 6 feet thick. SPT N‐values 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. In general, it appears that the fill varied from being poorly to moderately‐
compacted.
4.2.4 Residual Soils
Residual soils were encountered below the fill soils in borings B‐4 and B‐5 at a depth of 12 feet.
Residual soils were encountered to depths of 18.5 and 17.5 feet in borings B‐4 and B‐5,
respectively. The residual soils consisted of loose and dense silty sand (USCS – SM) with SPT N
values of 9 and 34 in borings B‐5 and B‐4, respectively.
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4.2.5 Partially Weathered Rock (PWR) and Auger Refusal
PWR was encountered in the test borings below the fill or residual soils at depths ranging from
5.5 to 18.5 feet. PWR is defined for engineering purposes as material that exhibits an SPT N‐value
of at least 100 bpf. The SPT N‐values obtained in the PWR was 50 blows with 0” of penetration
(50/0”) to 50/5”. The PWR was sampled as sandy silt, sandy clay and silty sand.
Auger refusal was encountered in boring B‐5 at a depth of 17.5 feet. Auger refusal is a designation
applied to any material that cannot be penetrated by the soil auger and typically includes
boulders, hard rock lenses/ledges, and bedrock. It is F&R’s opinion the auger refusal material
encountered at the boring is likely the upper surface of hard bedrock.
4.3

SOIL MOISTURE AND GROUNDWATER CONDITIONS

The moisture condition of the recovered soil samples in the Terratech borings was not provided on
the boring logs. All of the samples in the F&R borings (B‐4 and B‐5) were observed to be wet.
Groundwater measurements were attempted in the borings performed by F&R at the termination
of drilling. Groundwater readings were measured in the Terratech borings B‐1 to B‐3 approximately
1‐hour after completion of drilling. A groundwater reading was recorded again in boring B‐4 after
approximately 2‐hours had elapsed after completion of drilling. Boring B‐5 was backfilled
immediately after drilling completion. Groundwater was encountered in borings B‐1 to B‐3 at depths
ranging from 13 to 15 feet. After a 2 hour stabilization period, groundwater was encountered at 9
feet in boring B‐4.
It should be noted that groundwater levels fluctuate depending upon seasonal factors such as
precipitation and temperature. As such, soil moisture and groundwater conditions at other times
may vary from those described in this report. F&R notes that due to the presence of PWR and
relatively impervious silty and clayey soils noted on the project site, trapped or perched water
conditions may be encountered during periods of inclement weather and during seasonally‐wet
periods.

5.0

GEOTECHNICAL DESIGN & CONSTRUCTION RECOMMENDATIONS

5.1

GENERAL

The conclusions and recommendations contained in this section of the report are based upon the
results of the three soil test borings previously performed by Terratech, two soil test borings
performed by F&R during this current exploration, our experience with similar subsurface conditions
and projects, and the information provided by McAdams regarding the proposed culvert
replacement. It is our opinion that the subsurface conditions encountered at the project site are
generally suitable for the proposed development, from a geotechnical perspective, provided the
recommendations presented in subsequent sections of this report are followed throughout the
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design and construction phases of this project. It is our understanding that design and construction
of the project will generally conform to the NCDOT Standard Specifications for Roads and Structures,
applicable provisions, notes, and details.
5.2

STRUCTURAL FILL PLACEMENT AND COMPACTION

Based on the current proposed grades, no earth cuts are anticipated across the site, and imported
structural fill will likely be required. Prior to bringing the imported materials to the site, the
proposed fill should be approved by the project geotechnical engineer. Imported structural fill
should meet the NCDOT Statewide Borrow Criteria as described in section 1018‐2, section A of
the NCDOT Standard Specifications. This section states that borrow materials shall consist of
natural earth materials with a Plasticity Index (PI) of 25 or less. Soils with a PI of 26 through 35
are not to be used in the top 3 feet of the embankment and soils with a PI greater than 35 are
not acceptable as borrow.
All structural earth fill should be placed and compacted in accordance with NCDOT specifications.
In addition, the fill should be compacted at a moisture content within +3 percent of the optimum
moisture content (as determined by AASHTO T99 as modified by NCDOT). All structural earth fill
should be placed under the full‐time observation of a qualified engineering technician/NCDOT
inspector, including evaluation of subgrades prior to embankment construction and repair of any
unstable subgrades. The placement and compaction of all fill material should be tested in
accordance with the requirements of the NCDOT Standard Specifications in order to confirm that
the recommended degree of compaction is being obtained and the soils are placed at a moisture
content within the recommended range.
The on‐site soils have sufficient silt/clay content to render them moisture sensitive. The on‐site soils
will become unstable (i.e., pump and rut) during normal construction activities when in the presence
of excess moisture. Soils with a moisture content greater than 3 percent above the optimum
moisture content are generally considered to have excessive moisture. During earthwork and
construction activities, surface‐water runoff must be drained away from the construction areas to
prevent water from ponding on or saturating the soils within excavations or on subgrades.
5.3

PWR EXCAVATION

Based on the results of the test borings, and proposed alignment and grades, F&R does not
anticipate that PWR excavation will be required during construction of the culvert. However, if
PWR is encountered during excavation, removal of softer PWR (i.e., PWR with N‐values of 50/4”
to 50/6”) from confined excavations may be able to be accomplished using a large track hoe (e.g.,
CAT 330 with new rock teeth); however, excavation will likely be slow and light blasting is typically
performed to pre‐loosen the PWR. Removal of harder PWR (i.e., PWR with N‐values of 50/0” to
50/3”) and hard rock in confined excavations will not likely be possible with conventional
equipment and typically requires blasting. The speed and ease of PWR excavation will depend
upon the equipment utilized, experience of the equipment operators, and geologic structure of
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the PWR and rock. It may be possible to utilize a ram‐hoe attachment on a large backhoe in lieu
of blasting to pre‐loosen rock for removal depending on the hardness of the rock and type of
excavation equipment utilized.
5.4

TEMPORARY EXCAVATION RECOMMENDATIONS

Mass excavations and other excavations required for construction of this project must be
performed in accordance with the United States Department of Labor, Occupational Safety and
Health Administration (OSHA) guidelines (29 CFR 1926, Subpart P, Excavations) or other
applicable jurisdictional codes for permissible temporary side‐slope ratios and/or shoring
requirements. The OSHA guidelines require daily inspections of excavations, adjacent areas and
protective systems by a “competent person” for evidence of situations that could result in cave‐
ins, indications of failure of a protective system, or other hazardous conditions. All excavated
soils, equipment, building supplies, etc., should be placed away from the edges of excavations at
a distance equaling or exceeding the depth of the excavation. F&R cautions that the actual
excavation slopes will need to be evaluated frequently each day by the “competent person” and
flatter slopes or the use of shoring may be required to maintain a safe excavation depending
upon excavation‐specific circumstances. The contractor is responsible for providing the
“competent person” and all aspects of site excavation safety. F&R can evaluate specific
excavation slope situations if we are informed and requested by the owner, designer, or
contractor’s “competent person”.
5.5

CULVERT RECOMMENDATIONS

We understand that the existing culvert will be replaced with 15’W x 6’H precast concrete box
culvert. Borings B‐1 through B‐3 were performed on the west side of the culvert. Boring B‐4 was
performed at the center of the culvert approximately 40 feet south from the culvert inlet and B‐
5 was performed approximately 25 feet north from the culvert outlet. Refer to the table below
for a summary of the proposed culvert elevations and information obtained from these borings.
Culvert
Location

Representative
Boring

Invert
Elevation
(ft.)

Top of PWR
Elevation
(ft.)

Inlet
Outlet

B‐4

274.0

267.5

B‐5

273.5

268.5

Based on the results of borings, it is anticipated that the culvert subgrade will mainly consist of
very loose to dense silty sand. Very loose or loose silty sandy soils encountered during the
foundation bearing grade evaluation should be undercut to a depth of at least 2 feet below the
planned bearing grade and replaced with No. 57 washed stone, and encased with a geotextile
filter fabric. Spread foundations bearing on approved structural fill or medium dense to dense
native silty sands can be proportioned for a net allowable soil bearing capacity of 2,000 psf. Final
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foundation sizes should be determined by the culvert designer based on the actual design loads,
building code requirements, and other structural considerations.
We recommend that the foundation excavations and culvert subgrade be observed by a qualified
geotechnical engineer or their representative prior to placement of NCDOT No. 57 washed stone
and/or concrete. The purpose of the engineering observation would be to determine that the
foundations bear on suitable and stable soils and that unsuitable, very loose to loose materials
are undercut and backfilled appropriately. Hand Augers with Dynamic Cone Penetrometer
(HA/DCP) testing may be recommended to verify the consistency of the bearing grade and
underlying soils.
Borings B‐1, B‐4 and B‐5 encountered an approximately 2.5 to 6 feet thick, very loose soil layer
at depths ranging from 2 to 6 feet. If very loose or loose soils are encountered during the
foundation bearing grade evaluation, undercutting and repair will likely be required. If
undercutting is performed, the geotechnical engineer may recommend that the undercut
excavation be backfilled with additional No. 57 washed stone up to the planned bearing grade
and encased with a geotextile filter fabric. The washed stone thickness should not exceed two
feet before the surface of the washed stone is required to be densified with a heavy vibratory
plate compactor to the satisfaction of the geotechnical engineer or their representative.
Exposure to the environment may weaken the soils at the footing bearing level if the excavation
remains open for long periods of time. The foundation bearing surface should be level or suitably‐
benched and free of loose soil, ponded water, and debris. If the bearing soils are softened by
surface water intrusion or exposure, the softened soils must be removed from the foundation
excavation immediately prior to placement of the washed stone and geotextile.
5.6

LATERALLY LOADED WALLS

We expect that the culvert headwalls and wingwalls will consist of conventional cast‐in‐place
concrete cantilever retaining walls. Recommendations for conventional walls are provided
below. If a different wall type is proposed, such as Mechanically Stabilized Earth (MSE), F&R
should be notified so that we can provide recommendations for that specific wall type.
F&R assumes that the walls will be permitted to rotate at the top and therefore should be
designed to resist active lateral earth pressures. Existing very loose to loose fill soils or highly
plastic clayey silt soils (ML/MH) should not be used as backfill material. Assuming the walls will
be backfilled with low plasticity off‐site borrow materials (USCS ‐ ML or SM soils), the walls should
be designed using an active earth pressure coefficient (Ka) of 0.33. Assuming a most unit weight
of 120 pounds per cubic foot (pcf), F&R recommends an active earth pressure equivalent fluid
weight (EFW) of 40 pcf be used in design. For sliding resistance along the base of the foundations,
a friction factor (tan δ) of 0.25 should be utilized for concrete bearing on residual soils. A passive
earth pressure coefficient (Kp) of 1.25 can be used in design where the foundation faces bear
directly against undisturbed, medium dense residual soils; this coefficient incorporates a factor
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of safety of 2.0 to limit the amount of movement to mobilize the passive resistance. Assuming an
in‐situ buoyant density of approximately 60 pcf for native, undisturbed soils, the passive earth
pressure equivalent fluid weight (EFW) would be 75 pcf.
Lateral earth pressures arising from surcharge loading (vehicular traffic), earthquake loading, and
groundwater should be added to the above soil earth pressures to determine the total lateral
earth pressure, which the walls must resist. The wall should be designed assuming a groundwater
elevation of at least EL 277 feet, or higher to account for flood events. Transient loads imposed
on the walls by construction equipment during backfilling should be taken into account during
design. In addition, the toe of the walls should be properly protected from scour/erosion and/or
designed with additional embedment to account for the soil loss.
Excessive compaction near the wall(s) may cause damage to the walls; F&R recommends that
low ground pressure equipment be utilized to compact material to a distance of at least 5 feet
behind the walls.
F&R recommends that all walls be provided with a drainage system to maintain the wall backfill
in a drained condition at all times such that the walls are not subject to hydrostatic pressures.
5.7

GROUNDWATER CONSIDERATIONS

It appears that surface water will be encountered at least 6 to 7 feet above the bottom of the
proposed culvert and wing‐wall footings. As such, excavation dewatering will be required in order
to maintain a drained, stable excavation and to prevent softening/loosening of the excavation
subgrade. The groundwater should be lowered to a depth of at least 3 to 4 feet below the bottom
of the excavation and should be lowered prior to removal of the final 3 to 4 feet of overburden.
Depending upon the prevailing weather conditions during construction and flow in the channel,
pumping from sump pits may be sufficient to maintain a drained excavation. However during
periods of inclement weather, sump pits and pumping may not be sufficient to control both
groundwater and surface water, and more extensive drainage/dewatering measures may be
required. The method of surface water and groundwater control should be determined and
designed by the contractor, but may require well points, creek diversion, coffer dams, sheet piling,
or other means.
It should be noted that if groundwater levels are not effectively maintained below the base of the
excavation during construction, unstable and loosened subgrade conditions could develop, which
may cause excessive settlements to develop beneath the completed structure or require additional
subgrade repair (e.g., densification, undercutting & replacement with washed stone, etc.).
Therefore, efforts should be incorporated in the construction sequence to properly control
groundwater levels during construction. Additionally, it is recommended that only excavation
contractors experienced in similar excavations and groundwater control should be allowed to
perform this work.
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6.0

LIMITATIONS

This report has been prepared for the exclusive use of McAdams 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
previously‐described, subsurface exploration program, and generally‐accepted geotechnical
engineering practice. 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 the Geoprofessional Business Association (GBA), which is
included in the appendix III. We ask that you please review this information.
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, and foundation construction 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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KEY TO SOIL CLASSIFICATION
Correlation of Penetration Resistance with
Relative Density and Consistency
Sands and Gravels

Silts and Clays

No. of
Blows, N

Relative
Density

No. of
Blows, N

Relative
Density

0- 4
5 - 10
11 - 30
31 - 50
Over 50

Very loose
Loose
Medium dense
Dense
Very dense

0- 2
3- 4
5- 8
9 - 15
16 - 30
31 - 50
Over 50

Very soft
Soft
Firm
Stiff
Very stiff
Hard
Very hard

Particle Size Identification
(Unified Classification System)
Boulders:

Diameter exceeds 8 inches

Cobbles:

3 to 8 inches diameter

Gravel:

Coarse - 3/4 to 3 inches diameter
Fine - 4.76 mm to 3/4 inch diameter

Sand:

Coarse - 2.0 mm to 4.76 mm diameter
Medium - 0.42 mm to 2.0 mm diameter
Fine - 0.074 mm to 0.42 mm diameter

Silt and Clay:

Less than 0.07 mm (particles cannot be seen with naked eye)
Modifiers

The modifiers provide our estimate of the amount of silt, clay or sand size particles in the soil
sample.
Approximate
Content
≤ 5%:
5% to 12%:
12% to 30%:
30% to 50%:

Field Moisture
Description

Modifiers
Saturated:
Trace
Slightly silty, slightly clayey,
slightly sandy
Silty, clayey, sandy
Very silty, very clayey, very
sandy

Wet:
Moist:
Dry:

Usually liquid; very wet, usually
from below the groundwater table
Semisolid; requires drying to attain
optimum moisture
Solid; at or near optimum moisture
Requires additional water to attain
optimum moisture

BORING LOG

Froehling & Robertson, Inc.

Boring: B‐4 (1 of 1)

R

Project No: 66W‐0286
Client: McAdams
Project: Buckingham Road Culvert Replacement
City/State: Durham, NC
Elevation

Depth

285.6

0.4

284.0

2.0

282.5

3.5

Elevation: 286 ±
Total Depth: 18.5'
Boring Location: See Boring Location Plan

Description of Materials
(Classification)

Drilling Method: 2.25" ID HSA
Hammer Type: Automatic
Date Drilled: 1/2/19
Driller: Renza, M.

* Sample Sample N‐Value
Depth (blows/ft)
Blows
(feet)

Asphalt
Aggregate Base Course: Silty Fine to Medium
SAND with Trace Fine to Coarse Gravel

17‐12‐4

FILL: Loose, Dark Brown, Wet, Slightly Clayey
Silty Fine to Medium SAND (SM)

3‐4‐4

Loose, Gray, Wet, Clayey Silty Fine to Medium
SAND (SM) with Trace Organics

2‐2‐3

0.0

16
1.5
2.0

Remarks

GROUNDWATER DATA:
0 Hr: Dry
2 HrS: 9.0' inside PVC

8
3.5

5
5.0

280.0

6.0

Very Loose, Gray, Wet, Very Silty Fine SAND (SM)

2‐1‐1

6.5

2
1‐2‐1

8.0
8.5

3
10.0

274.0

12.0

RESIDUAL: Dense, Gray, Wet, Silty Fine to
Medium SAND (SM)
4‐12‐22

13.5

34
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15.0

267.5
267.5

18.5
18.5

PARTIALLY WEATHERED ROCK: Sampled as Tan,
Silty Fine to Medium SAND with Rock Fragments
Boring Terminated at 18.5 feet.

50/0

18.5

100+

*Number of blows required for a 140 lb hammer dropping 30" to drive 2" O.D., 1.375" I.D. sampler a total of 18 inches in three 6" increments.
The sum of the second and third increments of penetration is termed the standard penetration resistance, N‐Value.

BORING LOG

Froehling & Robertson, Inc.

Boring: B‐5 (1 of 1)

R

Project No: 66W‐0286
Client: McAdams
Project: Buckingham Road Culvert Replacement
City/State: Durham, NC
Elevation

Depth

285.6

0.4

283.8

2.2

282.5

3.5

Elevation: 286 ±
Total Depth: 17.5'
Boring Location: See Boring Location Plan

Description of Materials
(Classification)

Asphalt
Aggregate Base Course: Silty Fine to Coarse
SAND with Fine Gravel
FILL: Very Loose, Dark Brown to Gray, Wet, Silty
Clayey SAND (SC) with Trace Fine Gravel
Loose, Gray, Wet, Clayey Silty Fine to Medium
SAND (SM) with Trace Fine Gravel and Roots

Drilling Method: 2.25" ID HSA
Hammer Type: Automatic
Date Drilled: 1/2/19
Driller: Renza, M.

* Sample Sample N‐Value
Depth (blows/ft)
Blows
(feet)

4‐22‐14

0.0

36
4‐1‐3

1.5
2.0

Remarks

GROUNDWATER DATA:
0 Hr: Dry, Caved at 11.8'
Boring Backfilled
Immediately After Drilling

4
1‐2‐3

3.5

5
5.0

280.0

6.0

Very Loose, Dark Brown to Gray, Wet, Slightly
Clayey Silty Fine to Medium SAND (SM) with
Trace Fine Gravel

Noted Trace Roots from 8.5'‐10'

1‐2‐1

6.5

3
1‐2‐1

8.0
8.5

3
10.0

274.0

12.0

RESIDUAL: Loose, Gray, Wet, Silty Fine to
Medium SAND (SM)
1‐4‐5

13.5

9
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15.0

268.5
268.5

17.5
17.5

PARTIALLY WEATHERED ROCK: Sampled as Light
Gray, Silty Fine to Medium SAND with Rock
Fragments
Boring Terminated by Auger Refusal at 17.5 feet.

50/0

17.5

100+

*Number of blows required for a 140 lb hammer dropping 30" to drive 2" O.D., 1.375" I.D. sampler a total of 18 inches in three 6" increments.
The sum of the second and third increments of penetration is termed the standard penetration resistance, N‐Value.
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GBA DOCUMENT

Important Information about This

Geotechnical-Engineering Report
Subsurface problems are a principal cause of construction delays, cost overruns, claims, and disputes.
While you cannot eliminate all such risks, you can manage them. The following information is provided to help.
The Geoprofessional Business Association (GBA)
has prepared this advisory to help you – assumedly
a client representative – interpret and apply this
geotechnical-engineering report as effectively
as possible. In that way, clients can benefit from
a lowered exposure to the subsurface problems
that, for decades, have been a principal cause of
construction delays, cost overruns, claims, and
disputes. If you have questions or want more
information about any of the issues discussed below,
contact your GBA-member geotechnical engineer.
Active involvement in the Geoprofessional Business
Association exposes geotechnical engineers to a
wide array of risk-confrontation techniques that can
be of genuine benefit for everyone involved with a
construction project.
Geotechnical-Engineering Services Are Performed for
Specific Purposes, Persons, and Projects

Geotechnical engineers structure their services to meet the specific
needs of their clients. A geotechnical-engineering study conducted
for a given civil engineer will not likely meet the needs of a civilworks constructor or even a different civil engineer. Because each
geotechnical-engineering study is unique, each geotechnicalengineering report is unique, prepared solely for the client. Those who
rely on a geotechnical-engineering report prepared for a different client
can be seriously misled. No one except authorized client representatives
should rely on this geotechnical-engineering report without first
conferring with the geotechnical engineer who prepared it. And no one
– not even you – should apply this report for any purpose or project except
the one originally contemplated.

Read this Report in Full

Costly problems have occurred because those relying on a geotechnical
engineering report did not read it in its entirety. Do not rely on an
executive summary. Do not read selected elements only. Read this report
in full.

You Need to Inform Your Geotechnical Engineer
about Change

Your geotechnical engineer considered unique, project-specific factors
when designing the study behind this report and developing the
confirmation-dependent recommendations the report conveys. A few
typical factors include:
• the client’s goals, objectives, budget, schedule, and
risk-management preferences;
• the general nature of the structure involved, its size, 		
configuration, and performance criteria;
• the structure’s location and orientation on the site; and
• other planned or existing site improvements, such as 		
retaining walls, access roads, parking lots, and 			
underground utilities.

Typical changes that could erode the reliability of this report include
those that affect:
• the site’s size or shape;
• the function of the proposed structure, as when it’s 		
changed from a parking garage to an office building, or 		
from a light-industrial plant to a refrigerated warehouse;
• the elevation, configuration, location, orientation, or 		
weight of the proposed structure;
• the composition of the design team; or
• project ownership.
As a general rule, always inform your geotechnical engineer of project
changes – even minor ones – and request an assessment of their
impact. The geotechnical engineer who prepared this report cannot accept
responsibility or liability for problems that arise because the geotechnical
engineer was not informed about developments the engineer otherwise
would have considered.

This Report May Not Be Reliable

Do not rely on this report if your geotechnical engineer prepared it:
• for a different client;
• for a different project;
• for a different site (that may or may not include all or a 		
portion of the original site); or
• before important events occurred at the site or adjacent 		
to it; e.g., man-made events like construction or 		
environmental remediation, or natural events like floods,
droughts, earthquakes, or groundwater fluctuations.
Note, too, that it could be unwise to rely on a geotechnical-engineering
report whose reliability may have been affected by the passage of time,
because of factors like changed subsurface conditions; new or modified
codes, standards, or regulations; or new techniques or tools. If your
geotechnical engineer has not indicated an “apply-by” date on the report,
ask what it should be, and, in general, if you are the least bit uncertain
about the continued reliability of this report, contact your geotechnical
engineer before applying it. A minor amount of additional testing or
analysis – if any is required at all – could prevent major problems.

Most of the “Findings” Related in This Report Are
Professional Opinions

Before construction begins, geotechnical engineers explore a site’s
subsurface through various sampling and testing procedures.
Geotechnical engineers can observe actual subsurface conditions only at
those specific locations where sampling and testing were performed. The
data derived from that sampling and testing were reviewed by your
geotechnical engineer, who then applied professional judgment to
form opinions about subsurface conditions throughout the site. Actual
sitewide-subsurface conditions may differ – maybe significantly – from
those indicated in this report. Confront that risk by retaining your
geotechnical engineer to serve on the design team from project start to
project finish, so the individual can provide informed guidance quickly,
whenever needed.

This Report’s Recommendations Are
Confirmation-Dependent

The recommendations included in this report – including any options
or alternatives – are confirmation-dependent. In other words, they are
not final, because the geotechnical engineer who developed them relied
heavily on judgment and opinion to do so. Your geotechnical engineer
can finalize the recommendations only after observing actual subsurface
conditions revealed during construction. If through observation your
geotechnical engineer confirms that the conditions assumed to exist
actually do exist, the recommendations can be relied upon, assuming
no other changes have occurred. The geotechnical engineer who prepared
this report cannot assume responsibility or liability for confirmationdependent recommendations if you fail to retain that engineer to perform
construction observation.

This Report Could Be Misinterpreted

Other design professionals’ misinterpretation of geotechnicalengineering reports has resulted in costly problems. Confront that risk
by having your geotechnical engineer serve as a full-time member of the
design team, to:
• confer with other design-team members,
• help develop specifications,
• review pertinent elements of other design professionals’ 			
plans and specifications, and
• be on hand quickly whenever geotechnical-engineering 			
guidance is needed.
You should also confront the risk of constructors misinterpreting this
report. Do so by retaining your geotechnical engineer to participate in
prebid and preconstruction conferences and to perform construction
observation.

Give Constructors a Complete Report and Guidance

Some owners and design professionals mistakenly believe they can shift
unanticipated-subsurface-conditions liability to constructors by limiting
the information they provide for bid preparation. To help prevent
the costly, contentious problems this practice has caused, include the
complete geotechnical-engineering report, along with any attachments
or appendices, with your contract documents, but be certain to note
conspicuously that you’ve included the material for informational
purposes only. To avoid misunderstanding, you may also want to note
that “informational purposes” means constructors have no right to rely
on the interpretations, opinions, conclusions, or recommendations in
the report, but they may rely on the factual data relative to the specific
times, locations, and depths/elevations referenced. Be certain that
constructors know they may learn about specific project requirements,
including options selected from the report, only from the design
drawings and specifications. Remind constructors that they may

perform their own studies if they want to, and be sure to allow enough
time to permit them to do so. Only then might you be in a position
to give constructors the information available to you, while requiring
them to at least share some of the financial responsibilities stemming
from unanticipated conditions. Conducting prebid and preconstruction
conferences can also be valuable in this respect.

Read Responsibility Provisions Closely

Some client representatives, design professionals, and constructors do
not realize that geotechnical engineering is far less exact than other
engineering disciplines. That lack of understanding has nurtured
unrealistic expectations that have resulted in disappointments, delays,
cost overruns, claims, and disputes. To confront that risk, geotechnical
engineers commonly include explanatory provisions in their reports.
Sometimes labeled “limitations,” many of these provisions indicate
where geotechnical engineers’ responsibilities begin and end, to help
others recognize their own responsibilities and risks. Read these
provisions closely. Ask questions. Your geotechnical engineer should
respond fully and frankly.

Geoenvironmental Concerns Are Not Covered

The personnel, equipment, and techniques used to perform an
environmental study – e.g., a “phase-one” or “phase-two” environmental
site assessment – differ significantly from those used to perform
a geotechnical-engineering study. For that reason, a geotechnicalengineering report does not usually relate any environmental findings,
conclusions, or recommendations; e.g., about the likelihood of
encountering underground storage tanks or regulated contaminants.
Unanticipated subsurface environmental problems have led to project
failures. If you have not yet obtained your own environmental
information, ask your geotechnical consultant for risk-management
guidance. As a general rule, do not rely on an environmental report
prepared for a different client, site, or project, or that is more than six
months old.

Obtain Professional Assistance to Deal with Moisture
Infiltration and Mold

While your geotechnical engineer may have addressed groundwater,
water infiltration, or similar issues in this report, none of the engineer’s
services were designed, conducted, or intended to prevent uncontrolled
migration of moisture – including water vapor – from the soil through
building slabs and walls and into the building interior, where it can
cause mold growth and material-performance deficiencies. Accordingly,
proper implementation of the geotechnical engineer’s recommendations
will not of itself be sufficient to prevent moisture infiltration. Confront
the risk of moisture infiltration by including building-envelope or mold
specialists on the design team. Geotechnical engineers are not buildingenvelope or mold specialists.
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