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Diear Mr. RBasu:

We have enclosed our conceptual phase geotechnical report of the proposed project.  The
cxploration was conducted in general accordance with S&ME Proposal No. 1611-3570-04rev3
dated September 15, 2004. The recommendations of the report incorporate all engineering

analyses conducted by our firm to the present time.

The purpose of the exploration was to characterize and provide information about the on-site
subsurface soils based upon the borings and soundings conducted. Information obtained was
then used to provide preliminary recormmendations for the proposed construction including their
potential utility for toundation support, their relative suitability for use as structural fill, and their
lateral carth pressurcs. The enclosed report includes (1) a description of observed site conditions
(2) methods and results of field tests and sampling, (3) laboratory tests of recovered samples, and

(4) our assessment of the soil properties as they relate to design issues.
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EXECUTIVE SUMMARY
The proposed construction consists of replacement of three bridges on US 701 north of
Yauhannah, South Carolina. The bridges consist of two flood plain reliel structures (Pee Dee
Overflow and Yauhannah Lake) lying to either side of the Great Pee Dee River channel, and the
main bridge (Great Pee Dee Bridge) over the channel ifself.

The Pee Dee Overflow and Yauhannah Lake bridges are 1320 and 1440 feef in length. There is
some indication of settlement of one or more bents of both tlood relief structures as well as some
cvident horizontal offsets of several of the slabs, The Great Pee Dee Bridge is a combination
steel and concrete T-beam structure with a total length of 1600 feet, supported by pile bents on
the land approaches and piers bearing on timber piles in and immediately adjacent to the river.
Typical bent spans on the approaches range from 72 to 90 feet, with a central span in the main
channel of 176 feet. The bridge was originally constructed with a steel truss on the central span,
but this was replaced in the 1990°s by a reinforced concrete structure bearing on two new piers
set just inside the original piers at bents, reducing the center span to less than 150 feet.

To briefly summarize the findings of our exploration:

1) Boring data and shear wave velocity profiles conducted to depths up to 65 feet indicate the
Yauhannah Lake Bridge to be Site Class D as defined in Section 3.3.2 of the “SCDOT - Setsmic
Design Specifications for Highway Bridges, October 2001 as amended by the 2002 Interim
Revisions”. The remaining two bridges are Site Class I due to the presence of deep deposits of
liquefiable soils.

2) The bridges are “normal” bridges and Importance Classification III structures as defined by the
“SCDOT - Seismic Design Specifications for Highway Bridges, October 2001 as amended by
the 2002 Interim Revisions”. SEE spectral response accelerations for Sg and S; were provided
by SCDOT for Geologically Realistic Site Conditions. For the provided spectral response
values, the SEE Sps and Sp; values were calculated to be 0.64g and 0.42g, respectively. The
Site Class D peak ground acceleration taken as Sps/2.5 is 0.26g. The Yauhannah Lake Bridge
will be designed as a Seismic Performance Category (SPC) B structure based on these criteria.

3) Due to presence of liquefaction in the soil profile, the main PeeDec River Bridge and the
PeeDee Overflow Bridge are considered to be Site Class F. S&ME performed a site specific
evaluation of the seismic response at these locations using the time history provided by the
SCDOT geotechnical group for geologically realistic site conditions. The SEE Spg and Spy
values were calculated to be 0.79g and 0.29g, respectively. The peak ground acceleration taken
as Sps/2.5 18 0.32g.

4) Since liquefaction appears to be limited to a few isolated scams and pockets, it is our opinion
that liquefaction-related settlements and lateral movement of the slopes will not be a major
factor in design for the Yauhannah Lake Bridge. However, the decp clayey sediments
underlying the embankment at the north end of the Yauhannah Lake Bridge are only
marginally stable for static conditions, particularly under partial flood, and marginally stable
to unstable under the seismic condition. Further definition of the shear strength profile of the
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5)

6)

7

8)

9)

soft clays would be necessary to detenmine whether ground stabilization would be necessary
in this area.

A qualitative assessment of the boring data and recovered samples by our staft revealed
potential for Hguefaction within the recent Quaternary alluvial sand deposits at shallow
depths within the bridge alignments at the Pee Dee River and the Pee Dee Overflow. In
these areas stabilization of the foundation soils at the abuiments, or provision of
supplemental berms or bolsters at the base of the fill slopes, may be required to provide the
required global stability and to limit settlements due to volumetric compaction.

Alluvial deposits are underlain by stiff to very hard Cretaceous silts and clays of the Pee Dee
Formation at a typical depth of about 35 to 65 feet below the flood plain surface. In some
areas the Pec Dee Formation is overlain by about 5 feet of very dense lithified silty sands
with SPT penetration values exceeding 100 bpt. In other areas the PeeDee Formation is
overlain by 15 to 20 feet of dense or very dense river laid sands, also exhibiting SPT values
of 50 to 100 bpf. The dense river laid sands, the “caprock™ and the underlying very hard
clays will likely resist more than a few feet of penetration by high displacement concrete
piles.

Driven piles consisting of H-sections, precast prestressed piles, and open-ended pipe piles
were considered for axial support of bridge elements. All piles appear to generate resistance
to axial load through end bearing on cither the PeeDee caprock, hard indurated seams of
limestone within the PeeDee Formation, or in the overlying very dense river laid sands.

Due to the presence of liquefiable sands or soft clays at depths of up to 40 feet over much of
the flood plain, 18-inch and 24-inch square PSC piles will be essentially unsupported over
lengths approaching 50 feet. They will offer relatively low lateral reststance to applied
displacements of the bridge superstructure if constructed as pile bents with the piles
extending above the ground surface into a cap at the base of the superstructure.

We considered use of driven piles consisting of cither 18-inch or 24-inch square, prestressed
concrete piles or 20-inch diameter open ended pipe piles extended to rigid caps at the ground
surface and modeled as fixed-headed. In this case the piles provided significantly higher
resistance to lateral deflection, but to achieve effective fixity of the pile tips will require that
the 24-inch PSC piles and the 20-inch OF pipe piles penetrate several feet into very dense
soils at the top of the Pee Dee Formation.

10) Drilled shafis are likely preferable for support of interior or intermediate piers. Shafts on

land will typically be installed using the wet method described in Standard Specification 712,
using temporary steel casing to stabilize loose sands of soft clays down to the top of the
PeelDee Formation. It may be necessary to have a bid quantity for a short section of
permanent casing near the surface to prevent contamination of the upper few feet of the
shafts since water levels are so close to the ground surface.  Shafts in the river channel will
bear in water up to 25 fect deep (from normal pool). These shafts will utilize permanent
construction casing through water.

i
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Appendix I-B Phoiographs

Plate 1
Plate 2
Plaie 3
Plate 4
Plate 5
Plate 6
Plate 7
Plate §
Plate 9

View of existing PecDee River Bridge (Bridge 2) from upstream.

View of existing PeeDee Overflow Bridge from near south abutment

View ol sag in bridge deck looking south on PeeDee Overflow bridge.

View of north abutment of the Pee Dee River bridge [rom the marina access road.
View of PeeDee River Bridge looking south from entrance to marina on north bank.
View of south bank from on top of the PeeDee River Bridge.

View of south end of Yauhannah Lake Bridge from bluff

View of south approach to PeeDee River main bridge from Boring B3-2.

View of approach bents on south side of main PeeDee River Bridge.

Appendix II-A Soil Test Borings

Appendix I1-B CPT Soundings

Appendix {1  Laboratory Data
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1.0 INTRODUCTION

The proposed constiuction consists of replacement of three bridges on US 701 north of
Yauhannah, South Carolina. The bridges consist of two flood plain reliel structures (Pee Dee
Overflow and Yauhannah Lake) lying to either side of the Great Pee Dee River channel, and the
main bridge (Great Pee Pee Bridge) over the channel itself.  S&ME, Inc. s to provide
conceptual design information about subsurface conditions at the three bridge locations, which
would include preliminary site preparation and foundation design recommendations for the
proposed bridge replacements. Our services were performed in general conformance with
recommended SCDOT guidelines for structures.

The geotechnical exploration will be conducted in two phases. This initial reconmaissance phase
forms part of conceptual design of the project to develop basic stratigraphy of the flood plain. A
design phase investigation will later be conducted to support preliminary and final design.

The purpose of the conceptual phase exploration was to characterize and provide basic
stratigraphic information about the on-site subsurface soils based upon the borings conducted.
Information obtained was then used to provide general recommendations for conceptual design
of the proposed construction, including site preparation and bridge foundation recommendations.
Our objectives may be summarized as follows:

1. Site description with photographic documentation.

2. Drilling and testing procedures, along with charts illustrating soil classification
terminology and criteria.

3. Microstation compatible boring location plan.

4. Soil test boring and cone penetration sounding logs in gINT (SCDOT template) and in
Microstation-compatible format, indicating sampling depths and soil descriptions.

5. Shear wave velocity profiles(s) and Site Class by bridge.

6. Preliminary discussion of foundation support issues, including recommendations for
feasible pile or drilled shaft configurations and installation methods, discussion of lateral
support under static and earthquake conditions.

7. Preliminary liquefaction evaluation, identification of potentially liquefiable zones, and
discussion of likely remedial strategies.

8. Preliminary discussion of embankment stability, including effects of liquefaction on
stability.
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9. Discussion of site preparation issues, such as undercutting, surface preparation, possible
application of geotextiles, or whether staging of embankment consiruction would be
required.

The enclosed report includes (1) a description of observed site conditions (2) methods and results
of field tests and sampling, (3) laboratory tests of recovered samples, and {4} our assessment of
the soil properties as they relate to specific design issues.
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2.0 PROJECT INFORMATION

Tuhin Basu and Associales 1s responsible for design of roadway and bridge replacements along
US 701, northeast of Georgetown between Horry and Georgetown counties.  Approximately
10,500 feet of roadway will be widened or improved and three bridges will be replaced. Bridges
to be replaced are two flood plain relief structures (Pee Dee Overtlow and Yauhannah Lake)
lying to either side of the Great Pee Dee River channel, and the mamn bridge (Great Pee Dee
Bridge) over the channel itself.  All bridges are currently two lanes with no or very narrow
shoulders and were built in 1952-53, replacing earlier bridges situated just southeast of the
original bridges built in the 1920°s.

The Pee Dee Overflow and Yaohannah Lake bridges are concrete T-beam construction supported
by concrete piles with typical bent spans of about 30 feet. Bridge lengths are 1320 and 1440
feet. There is some indication of settlement of one or more bents of both flood relief structures
as well as some evident horizontal offsets of several of the slabs.

The Great Pee Dee Bridge is a combination steel and conecrete T-beam structure with a total
length of 1600 feet, supported by pile bents on the land approaches and piers bearing on timber
piles in and immediately adjacent to the river. Typical bent spans on the approaches range from
72 to 90 feet, with a central span in the main channel of 176 feet. The bridge was originally
constructed with a steel truss on the central span, but this was replaced in the 1990’s by a
reinforced concrete structure bearing on two new piers set just inside the ortginal piers at bents,
reducing the center span to Iess than 150 feet.

The roadway embankment within the flood plain is typically about 30 feet wide at the top and 20
to 25 feet high, with side slopes ranging from 1.5H:1V to 2.0H:1V. For the most part the ground
surface near the toe of the embankment intermediate of the bridges is wet, undeveloped and in a
natural state, Hardwood swamps extend up to the toes of one or both of the abutments of the Pee
Dee Overflow and Yauhannah Lake bridges, but there is good road access to both abutments of
Great Pee Dee Bridge, as well as most of the approach spans on either side of the Pee Dee River.
Side slopes are typically heavily vegetated, preventing close observation. However, several
areas of the embankment appear to have undergone some sliding or sloughing, particularly on
the south side between the Pee Dee River and the Yauhannah Lake Bridge. It also appears that
some erosion or movement has occurred near the west abutment of the westernmost bridge. All
of the abutiment slopes have been faced with rip rap.

The replacement scheme is not yet known. Replacement structures may either be offset shightly
from their current locations to allow phased construction, or located on an entirely new
alignment, For the purpose of the conceptual phase exploration, we have assumed that the
roadway would be on a new embankment closely paralleling the existing embankment within the
current right of way. Although design has not begun for the new bridges, we understand interior
bents for the main bridge may possibly be supported with drilled shafts while end bents may
likely be supported with driven piles. The new bridges may use one of several construction
techniques, but we understand that span lengths under the new arrangement would likely be
increased to 60 or 70 feet from the current 30 feet.
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From a review of local geologic mapping, we anticipate that the alignment area is underlain by
flavial sediments of the Wando Formation, deposited approximately 90,000 years ago and little
altered since that time. The ground surface retains a distinet ridge and swale patien with point
bar ridges (largely sands), natural levees {sands or clayey sands), and filled in channels or swales
(mostly silts and clays). There may also be some areas of peat or swamp muck of recent origin,
particularly near bridge abutments. Seismic hazards such as liquefaction are potentially present
over much of the alignment, as is typical for coastal South Carolina. Foundation support will
likely be on consolidated sediments of the Pee Dee Formation, a calcareous clay and limestone
sequence typically occurring at depths of 30 to 100 feet below the surface in Horry County.

The bridges are “normal” bridges as specified by SCDOT and classify as Importance Classification
HI structures as defined by the “SCDOT - Seismic Design Specifications for Highway Bridges,
October 2001 with October 2002 Interim Revisions.” SEE and FEE spectral accelerations for Sg
and S| were provided by SCDOT for geologically realistic conditions.
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3.0 SUMMARY OF EXPLORATION PROCEDURES

The American Society for Testing and Materials (ASTM) publishes standard methods to explore
soil, rock and ground water conditions in Practice D-420-98, “Standard Guide to Sile
Characterization for Engineering Design and Consivuciion Purposes.” These methods are then
modified as necessary by the geotechnical engineer to consider the specific geologic or
topographic setting, the proposed construction, and the objectives of the client.

o Reconnaissance of the Project Area

@ Preparation of Exploration Plan

e [ayout and Access to Field Sampling Locations

e Field Sampling and Testing of Earth Materials

e Laboratory Evaluation of Recovered Field Samples

s FEvaluation of Subsurface Conditions

The standard methods do not apply to all conditions or to every site. Nor do they replace
education and experience, which together make up engineering judgment. Finally, ASTM D 420
does not apply to environmental investigations.

In exploring the site, we generally followed the approach described in S&ME, Inc. Proposal No.
1611-3570-04rev3, with certain exceptions. Right-of-entry to perform borings and other
fieldwork on the property was conveyed with acceptance of our proposal.

The exploration plan or drilling assignment sheet consisted of a set of written directions to the
drillers or to other field exploration staff. The plan tabulated the minimum depth of borings,
method of drilling and stabilizing the boring, sampling methods and depths, procedures for
backfilling, and procedures to be followed if certain subsurface conditions were encountered.
The location, number and depth of the borings, the method of drilling, and the method and
depths of sampling were discussed prior to commencement of the exploration and were outlined
in our initial proposal. This scope of work formed the basis of the preliminary exploration plan.

3.1 Configuration and Layout of Borings

Where practical, we reviewed available topographic maps, county soil surveys, reports of nearby
investigations and aerial photographs when preparing the boring and sampling plan. Then we
walked over the site to note land use, topography, ground cover, and surface drainage. We
observed general access to proposed sampling points and noted any existing structures. A total
of 5 soil test borings, and 3 electronic cone penetrometer (CPT) soundings, were faid out on the
site. The three CPT soundings were subsequently re-drilled to depths of 100 feet as soil test
borings after CPT tools refused at depths of 30 to 64 feet.
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Soil test borings were performed at or near the beginning and ending bridge abutments of cach
bridge at locations approved by Tuhin Baso and Associates, Inc. and the SCDOT. Borings and
soundings were extended to depth of refusal of our drilling or sounding cquipment or to at least
ten feet below the anticipated depth of driven pile foundations. Soil test borings were also
conducted at the crest of the embankment overlooking the PeeDee River channel approximately
350 feet from each abutment. In addition, soil test borings performed by Law Engineering in
1996 in the PeeDee River channel were provided by the SCDOT for inclusion in this phase of
exploration.

The Boring Location Plan (included as Figures 2 through 4) and the Subsurface Profiles
(included as Figures 5 through 8) indicate approximate locations of borings and soundings and
the cross-sectional profiles. Borings and soundings were performed at locations indicated on
sketches provided by Tuhin Basu and Associates, Inc. unless offsets were required due to
unavoidable circumstances such as slopes, ditches, overhead power or other obstructions.

3.1.1 Checks for Hazardous Conditions

State law requires that we notify the Palmetto Utility Protection Service (PUPS) before we drill
or excavate at the site. PUPS is operated by the major water, sewer, electrical, telephone,
CATV, and natural gas suppliers of South Carolina. PUPS forwarded our location request to the
participating utilities. Location crews then marked buried lines with colored flags or paint within
72 hours. They did not mark utility lines beyond junction boxes or meters. We checked
proposed sampling points for conflicts with marked utilities, overhead power lines, tree limbs, or
man-made structures during the site walkover.

3.1.2 Staking of Borings

S&ME was provided a scaled half-size plan and profile drawing by Tuhin Basu and Associates,
Inc. prior to commencement of field work. The site plan indicated the general orientation of the
proposed structures in relation to existing features. There is no system of stationing yet available
for the project.

S&ME laid out the borings and soundings by measuring distances from existing site features
with a measuring wheel and by turning rough right angles from existing features marked on the
plan and profile sheets. Interior bent borings were generally located using existing bents on the
bridges for reference points. Boring and sounding locations were marked in the field with small
colored flags with the boring or sounding numbers and depths mscribed, or marked on the bridge
deck or road surface with spray paint. Boring and sounding locations indicated on the attached
“Boring Location Plan” and tabulated below must be considered as approximate.

Necessary offsets trom staked locations are indicated on the Soil Test Boring Records. Boring
locations depicted on the boring location plans arc accurate only to the degree of accuracy used
in boring layout.
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3.1.3 Boring Access

Most of the borings for this exploration were conducted from the ground surface of the flood plam
using all-terrain mounted drill rigs. Boring locations were selected so that no heavy clearing
equipment was necessary to access boring locations. Interior bent borings for the Pee Dee River
Bridge were performed in the flood plain despite wet conditions in and around the boring locations
at the south end of the bridge.

3.1.4 Boring Offsets

Rorings were performed at the staked locations unless offsets were required due to unavoidable
circumstances such as slopes, ditches, overhead power or other obstructions.  Where offsets
from staked locations were required, the distance of the offset north and east of the staked
location was indicated on the field boring records. Offset distances are shown on the final Soil
Test Boring Records and on the attached “Boring Location Plan” in the Appendix.

3.1.5 Boring Elevations

Top-of-ground elevations at borings were interpolated from the plan and centerline profile sheets
provided to S&ME prior to drilling. Interpolation to actual boring locations offset from the
centerline was made using the care and judgment ordinarily exercised in similar work. Bering
elevations must be considered accurate only to the degree that the topographic elevations
portrayed on the plan accurately reflect site topography. Boring elevations must also be
considered accurate only to the degree of accuracy of the boring layout.

3.2 Boring and Sampling Procedures

On December 13, 2004, S&ME, Inc. mobilized to the site to begin the boring and sampling
portion of the field exploration. On December 17, 2004, our contract CPT operator mobilized to
the site to begin the CPT portion of the field exploration. S&ME re-mobilized to the site on
December 27, 2004, to extend boring and sampling at the CPT sounding locations, where refusal
had occurred at shallow depths. During drilling and sampling procedures S&ME maintained a
minimum of one drill rig on site. The field exploration was completed on December 31, 2004,
Presented in Table 1 is a summary of the borings.

3.2.1 Soil Test Boring with Mud Rotary Wash

Soil sampling and penetration testing were performed in general accordance with ASTM D 1586,
“Standard Test Method for Penetration Test and Split Barrel Sampling of Soils. A rotary dnlling
process was uscd to advance the hole and a heavy drilling fluid was circulated in the bore holes
to stabilize the sides and flush the cuttings. At regular intervals, drilling tools were removed and
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soil samples were obtained with a standard 1.4 inch 1. D, two-inch O. D., split barrel sampler.
The sampler was first seated six inches o penetrate any loose cuttings, then driven an additional
12 inches with blows of a 140-pound hammer falling 30 inches. The number of hammer blows
required to drive the sampler through the two final six inch increments was recorded as the
penctration resistance (SPT N) value.  The N-value, when properly interpreted by qualified
professional staff, is an index of the soil strength and foundation support capability.

Table } - Boring Depths and Remarks

Embankment N. of Yauhannah Lake

B2 _ 120 E;‘nbankmcm Boring S. Abulment of Pee Dee
River

B3 _ 100 Bf:m Boring in Flood Plain, S. of Pee Dee
River

B-4 — 130 Embankment Boring N. of Pee Dee River

B-5 -~ 110 Embankment Boring S. of Pee Dee Overflow

B-6 - 120 Extension of CPT-1

B-7 -~ 120 Extension of CPT-3

B-8 -- 120 Extension of CPT-2

C-1 - (CPT) 35 Embankment 5. of Yauhannah Lake

C-2 - (CPT) 60 Embankment Boring N, of Pec Dee River

C-3 - (CPT) 65 Embankment Boring N. of Pee Dee Overflow

3.2.2 Electronic Cone Penetrometer (CPT) Soundings

CPT soundings consist of a conical pointed penctrometer, which is hydraulically pushed into the
soil at a slow, measured rate. Procedures for measurement of the tip resistance and side friction
resistance to push generally follow those described by ASTM D-5778, “Standard Test Method
for Performing Electronic Friction Cone and Piezocone Penetration Testing of Soils.”

A penetrometer with a conical tip having a 60 degree apex angle and a cone base area of 10 cm’
was advanced into the soil at a constant rate of 20 mmy/s. The force on the conical point required
to penetrate the soil was measured electronically every 50 mm penetration to obtain the cone
resisiance q.. A friction sleeve is present on the penetrometer immediately behind the cone tip.
The force exerted on the sleeve was measured electronically at a minimum of every 50 mm
penetration and  divided by the surface area of the sleeve to obtain the friction sleeve resistance
value f; A pore pressure element mounted immediately behind the cone tip was used to measure
the pore pressure induced during advancement of the cone into the soil.

Using this procedure soil samples are not obtained. Soil classification was made on the basis of
comparison of the tip resistance, slecve resistance and pore pressure values to values measured at
other locations in known soil types, using experience with similar soils and exercising
engineering judgment. Sounding plots are attached in the Appendix. Tabular output of sounding
data is archived in the S&ME office.



Report of Conceptual Phase Geotechnical Exploration SE&ME Project No. 161 1-04-569
LS 701 Bridge Replacements over Great Pee Dee River, Pee Dee Overflow, and Yavhennah Lake May 2005

3.2.3 Refusal to CPT Push

Refusal to the cone pencirometer equipment occurred when the reaction weight of the CPT rig
was exceeded by the thrust required to push the conical tip further into the ground. At that point
the rods began to buckle or the rig tended to 1ift off the ground. Refusal may have resulted from
encountering hard cemented or indurated soils, heavily overconsolidated clays, soft weathered
rock, coarse gravel, or thin rock seams. All soundings met refusal before reaching the planned
depth of 100 feet.

3.2.4 Seismic Cone Penetration (SCPT) Measurements

Shear-wave velocity measurements of the near surface soil sequence were made in three
soundings using a cone penetrometer mstrumenied with geophones. The seismic cone
penetrometer test (SCPT) measures the travel times of vibrations generated by an impulsive
force applied to the ground surface. The data was then analyzed to determine shear wave
velocities at approximately three foot increments over the depth of each sounding.

The seismic cone penetrometer measures the travel times of surface gencrated vibrations to
geophones mounted on the penetrometer at various incremental depths in the sounding. At a
given depth, the travel time of the first arrival is measured and corrected for the horizontal offset
of the source at the surface from the sounding. Interval velocities are caleulated by dividing the
difference in vertical distance by the travel times between successive measurement depths.
Measurements are typically made at 1 meter intervals — the length of commonly available CPT
extension rods - unless otherwise noted. SCPT data in the form of interval velocity vs. depth or
travel time vs. depth plots are attached in the Appendix.

3.2.5 Water Level Readings

Water level readings were made in the open boreholes immediately after completing drilling and
withdrawal of the tools. Where feasible, measurements were repeated after an elapsed period of
24 hours to gauge the stabilized water level. Procedures for measurement of liquid levels in
open boreholes are described in ASTM D 4750, “Standard Test Method for Determining
Subsurface Ligquid Levels in a Borehole or Monitoring Well (Observation Well).” A weighted
measuring tape was slowly lowered into cach borehole until the liquid surface was penetrated by
the weighted end. The reading on the tape was recorded at a reference point on the surface and
compared to the reading at the demarcation of the wetted and unwetted portions of the tape. The
difference between the two readings was recorded as the depth of the liquid surface below the
reference point. Measurements made by this method were then repeated until approximately
consistent values were obtained.

CPT penetration pore pressures include the in-situ equilibrium pore pressure, controlled by the

local ground water regime, and the excess pore pressure, generated by insertion of the probe. In
clays and silts, penetration is essentially undrained and recorded pore pressures significantly

9
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exceed in-sifu equilibrium pore pressures. In sands and gravels, penetration is essentially
drained and recorded pore pressures are essentially equal to the in-situ equilibrium pore pressure.
The piezometric surface, defined as the point of zero equilibrium pore pressure, was obtained by
plotting in-situ equilibnum pore pressure vs. depth using only pore pressure data from sand or
gravel soils. Where possible, derived piezometric surface was verified by tape measurement
through the sounding opening after removal of the CPT rod and before collapse of the soils,

3.2.6 Borehole Closure

Following collection of relevant geotechnical data, boreholes were filled by slowly pouring
auger cuttings into the open hole such that minimal “bridging” of the matertal occurred in the
hole. Backfilling of the upper two feet of each hole was tamped as heavily as possible with a
shovel handle or other hand held equipment, and the backfill crowned to direct rainfall away on
the surface. Where boreholes exceeded five feet in depth, a plastic hole plug was firmly tamped
into place within the backfill at a depth of about two feet.

3.3 Preservation and Handling of Recovered Earth Materials

Procedures for preserving soil samples obtained in the field and transportation of samples to the
laboratory generally followed those given in ASTM D 4220, “Standard Practice for Preserving
and Transporting Soil Samples”. Split spoon samples obtained in the borings were handled as
Group B samples as defined in Section 4 of ASTM D4220. Representative samples of the
cuttings or split spoon samples, or representative bulk samples, were placed in suitably
identified, sealed glass jars or plastic containers and transported to the laboratory. Sample
identification numbers on the containers corresponded to sample numbers recorded on field
boring records.

3.4 Laboratory Examination and Archiving of Samples

‘The subsurface conditions encountered during drilling were reported on a field test boring record
by the staff professional. The record contains information about the drilling method, samples
attempted and sample recovery, indications of materials in the borings such as coarse gravel,
cobbles, etc, and indications of materials encountered between sample intervals. Representative
soil samples were placed in glass jars and transported to the laboratory along with the field boring
records. Field boring records are retained at our office. Recovered field samples and field boring
records were reviewed in the laboratory by the geotechnical engineer. Finished Soil Test Boring
Records and other field data are assembled in Appendix 1L

10
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3.4.1 Examination of Spht Spoon Samples
Soil and field boring records were reviewed in the laboratory by a geotechnical staff
professional.  Soils were classified in general accordance with the visual-maanual method
described in ASTM D 2488, “Standard Praciice for Description and Identification of Soils
(Visual-Manual Method)”. The geotechnical staff professional also prepared the final boring
records enclosed with this report.

3.4.2 Sample Retention

Recovered samples not suspected of contamination and not expended in laboratory tests are
commonly retained in our laboratory for 90 days following completion of drilling. Samples are
then disposed of at our convenience. For this project samples will be held until a permanent
storage location is determined.

3.4.3 Preparation of Finished Boring Logs and Cross Sections

The Soil Test Boring Records and Subsurface Profiles enclosed with this report represent our
interpretation of the contents of the field records based on the results of engineering examination
and tests of field samples. Soil test boring records depict conditions at the specific boring
locations at the particular time when drilled. For the purpose of illustration, conditions were
interpolated between the borings on the subsurface profiles using reasonable engineering
judgment. The nature and extent of variations between the borings will not become evident until
construction and are not warranted.

3.5 Laboratory Tests of Seoil Physical Properties

After the soil samples were brought to our laboratory selected samples were subjected to index
laboratory tests to help classify the site soils and formulate our conclusions and recommendations.
Laboratory test data is summarized on the attached Summary of Laboratory Test Data and on the
laboratory data sheets included in Appendix I

3.5.1 Moisture Content Testing of Soil Samples by Oven Drying

Moisture content was determined in general conformance with the methods outlined in ASTM D
2216, “Standard Test Method for Laboratory Determination of Water (Moisture} Content of Soil
or Rock by Mass.” This method is limited in scope to Group B, C, or DD samples of earth
materials which do not contain appreciable amounts of organic material, soluble solids such as
salt or reactive solids such as cement. This method is also limited to samples, which do not
contain contamination.
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A representative portion of the soil was divided from the sample using one of the methods
described in Section @ of ASTM D 2216. The split portion was then placed in a drying oven and
heated to approximately 110 degrees C overnight or until a constant mass was achieved after
repetitive weighing. The moisture content of the soil was then computed as the mass of water
removed from the sample by drying, divided by the mass of the sample dry, times 100 percent,

No attempt was made to exclude any particular particle size from the portion split from the
sample.

3.5.2 Mechanical Sicve Analysis of Samples

The distribution of sand size particle sizes was determined in general accordance with the
procedures described by ASTM D 421, “Standard Practice for Dry Preparation of Soil Samples
for Particle-Size Analysis and Determination of Soil Consiants”, and D 422, “Standard Test
Method for Particle Size Analysis of Soils.” During preparation samples were divided into two
portions. The material coarser than the No. 30 U.S. sicve size fraction was dry sieved through a
nest of standard sieves as described in Article 6. Material passing the No. 30 sieve was
independently passed through a nest of sieves down to the No. 200 size.

3.5.3 Percent Fines Determination of Samples

A selected specimen of soils was washed over a No. 200 sieve after being thoroughty mixed and
dried. This test was conducted in general accordance with ASTM D 1140, “Standard Test
Method for Amount of Material Finer Than the No. 200 Sieve.” Method A, using water to wash
the sample through the sieve without soaking the sample for a prescribed period of time, was
used and the percentage by weight of material washing through the sieve was deemed the
“percent fines” or percent clay and silt fraction.

3.5.4 Liquid and Plastic Limits Testing

Atterberg limits of the soils was determined generally following the methods described by
ASTM D 4318, “Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index of
Soils.” Albert Atterberg onginally defined “limits of consistency” of fine-grained soils in terms
of their relative ease of deformation at various moisture contents. [n current engineering usage,
the liguid limit of a soil is defined as the moisture content, in percent, marking the upper limit of
viscous flow and the boundary with a semi-hiquid state. The plastic limit defines the lower limit
of plastic behavior, above which a soil behaves plastically, below which 1t retains its shape upon
drying. The plasticity index (P} is the range of water content over which a soil behaves
plastically.

Numerically, the PI is the difference between liquid limit and plastic limit values.

Representative portions of fine grained Group A, B, C, or D samples were prepared using the
wet method described in Section 10.1 of ASTM D 4318, The liquid limit of each sample was

12
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determined using the multi-point method (Method A) described in Section 11, The liguid limit 1s
by definition the moisture content where 25 drops ol a hand operated liquid limit device are
required to close a standard width groove cut in a soil sample placed in the device. After each
test, the moisture content of the sample was adjusted and the sample replaced in the device. The
test was repeated to provide a mintmum of three widely spaced combinations of N versus
moisture content. When plotted on semi-log paper, the liguid limit moisture content was
determined by straight-line interpolation between the data points at N equals 25 blows.

The plastic limit was determined using the procedure described in Section 17 of ASTM D 4318.
A selected portion of the soil used in the liquid limit test was kneaded and rolled by hand until it
could no longer be rolled to a 3.2 mm thread on a glass plate. This procedure was repeated until
at least 6 grams of material was accumulated, at which point the moisture conient was
determined using the methods described in ASTM D 2216,

13
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4.0 SITE CONDITIONS

S&ME’s assessment of the geotechnical conditions began with a reconnaissance of the topography
and physical features of the site. To the extent feasible, we consulted available topographic and
geologic maps, soil maps, or SCDOT and South Carolina Geologic Survey boring data for relevant
information. The siie is located in South Carolina just north of Yauhannah on US 701 in
Georgetown County, Flood relief bridges over Yauhannah lLake and the Pee Dec Overflow are
located within the Pee Dee River floodplain north and south of the main Pee Dee River Bridge.
All 3 bridges lic entirely within the floodplain of the Pee Dee River. Topographic relief ranges
from gently sloping to level, with a maxinmum elevation change of about 5 feet along the alignment
within the floodplain. There are bluffs on cither end of the alignment at the edge of the floodplamn,
about 20 feet in height,

The site is located within the Lower Coastal Plain of South Carolina. The floodplain adjacent te
the river has a pooily developed drainage pattern typical of a nearly level plain comprised of
largely sandy soils. Major streams have numerous oxbows and meanders typical of a low-energy
system with very low strcam gradients. Slopes along drainageways arc typically very gentle.
Roads and other improvements mostly lie on more elevated terraces and bluffs out of the flood
plains. Most of the lowlands are wooded. More elevated areas adjacent to the floodplain are
cultivated or used for timber plantations. There appeared to be no cultivated land along the
alignment.

Bottom lands along the rivers in the vicinity are nearly level and typically about one mile wide. At
the proposed bridge locations along the floodplain, maximum floodplain width appears to be
approximately 1 ' miles. Floodplain surface deposits consist mostly of poor to moderately well
drained sandy alluvium.

4.1 Site Reconnaissance

Messrs. John Lessley and Tommy Still of S&ME, Inc. viewed proposed boring locations in the
major arcas of the project on September 13, 2004. At that time conditions were fairly dry
following lower than average rainfall over an extended period of time. The portion of the main Pee
Dee River Bridge north of the river channel is an asphalt-surfaced parkway lot for a pubhc boat-
ramp access. The surface of the floodplain was mostly dry in the areas of the Pee Dee Overtlow
and the main Pee Dee River Bridge of the surface very wet in the land portion of the Yauhannah
Lake Bridge. There were also some very wet areas at the eastern end of the Pec Dee Overflow
Bridge, but they were fairly confined and access was not restricted.

During the initial visits to the site, we checked boring locations for accessibility to the dnlling
equipment scheduled for the project and, where necessary, adjusted locations in the field to
facilitate the work. Surface conditions which could influence design and construction were also
noted. These included presence of ditches or existing overhead or underground utilities in
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construction areas, presence of all fills, ponded water, conditions of surface soils, type of ground
cover and general topography.

4.2 Local Physiographic Conditions and Geeology

The site lies within the Atlantic Flatwoods Region of the Lower Coastal Plain of South Carolina.
The Atlantic Flatwoods comprises most of the Lower Coastal Plain, lying between the Citronelle
and Swrry escarpments, and ranging from 15 to 100 miles inland from the sea. The topography
of this region is dominated by up to six archaic beach terraces, exposed by uplifting of the local
area over the last one million vears. The lower coastal plain terraces are relatively young
features, exhibit only minor surface erosion, and can be traced large distances on the basis of
surface elevation. Each terrace forms a thin venecer over older, underlying Coastal Plain soils.
Materials comprising the terraces typically consist of a strand or beach ridge deposit of clean
sands at the secaward margin. Between the strand and the toe of the next inland terrace are
mainly finely interlayered clays and sands termed backbarrier deposits. Old swamp deposits,
stumps and buried trees have in some areas been covered by the backbarrier deposits and are
usually not evident at the surface.

Most of the Pee Dee River floodplain is comprised of one of several Quaternary age river
terraces that flank the major strcams of the area. These terraces were formed over several
periods in which the Atlantic Ocean intruded up the valley during warm periods of the
Pleistocene Epoch. The more recent terraces are relatively young features, exhibit only minor
erosion, and can be traced large distances on the basis of surface elevation. Older terraces have
been more severely eroded and have less surface expression. Materials comprising high-energy
terraces may consist almost entirely of clean sands. Other terraces deposited under low-flow
conditions more typically consist of medium dense, coarsc-grained red-brown clayey sands or
stiff reddish sandy silts or clays where groundwater levels are sufficiently deep to allow
oxidation and consolidation of the soils to occur. In poorly drained areas, a seasonally high
water table limits oxidation of the soils and the soil matrix assumes a distinctly motiled
appearance. In many cases there are evident bedload features near the base of the terrace soils,
with numerous rounded quartz pebbles, stumps, logs and other debris embedded in the soil
binder.

4.3 Interpreted Stratification of Soils On Site

S&ME’s interpreted subsurface stratification is indicated in the subsurface profiles included as
Figures 3 through 8 in Appendix L. Our borings encountered up to five general strata or horizons
based on visual appearance and apparent geologic origin. A general description of the samples
recovered from each strata is included below, and summarized in Table 2 at the end of this section.

Strata [ — Embankment Fill
Occurrence appears limited to highway embankments constructed as part of the 1952

construction. Typical embankment height ranges from 20 to 25 feet at abutments facing the
Great Pee Dee River, 10 to 22 feet at the Pee Dee Overflow, and about 16 feet at Yauhannah
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Lake. These soils will form the immediate bearing surface for a portion of any new fills placed
to widen the existing roadway, assuming the revised roadway closely parallels or overlaps the
existing alignment.

Three of the soil test borings penetrated the full height of the embankments. Recovered samples
were narrowly graded fine to medium grained sands with trace to no discernable fines,  There
were also a few recovered samples which were found to consist of mixtures of fine sand and
clayey fines. Predominant classification by the Unified Seil Classification was SP based on
visual-manual procedure.

Meaningful thickness of embankment ill was encountered in CPT sounding C-3, at the north
end of the Pee Dee Overflow Bridge. Fill thickness at this location appears to be approximately
14 feet. Soil behavior based on CPT point resistance and friction ratio was typical of sands
containing little to some silty fines.

Moistened samples are tan in color. Samples were generally moist becoming wet or saturated,
containing considerable {ree moisture, near the base of the crubankment. Soil specimens washed
over a No. 200 sieve indicated 0 to 5 percent clay or silt by weight. North of the Pee Dee
Overflow Bridge, the CPT soil index parameter [e in sounding C-2 suggests a fines content of 3
to 6 percent using the relationship by Robertson and Fear (1998).

Field N-value counts before correction for overburden stress ranged from 10 to 20 blows per
foot, typical of medium dense consistency sands. Cone penetrometer tip resistances obtained in
the fill section of sounding C-3 north of the Pee Dee Overflow ranged from 80 to 150 tons per
square foot. Cone penetrometer tip resistances in the fill section of sounding C-1 south of
Yauhannah Lake are substantially lower, typically 30 to 50 tons per sq. ft.  Relative density
estimated using the relationship by Kulhawy and Mayne (1990) range from 42 to 70 percent,
consistent with loose to medium dense sands.

These soils might be subject to some additional compression if the embankment 1s raised or
widened. However, soils in this layer lic mostly above the water table and consist mostly of
sands. Even where fine grained soils are present they will be only partially saturated. Primary
consolidation will for that reason be very rapid and impossible to tell apart from immediate
settlement. Secondary compression will be very small and can be neglected in settlement
estimates.

Stratum 1l — Holocene Alluvial Clays and Silts

These soils were encountered over a limited area near the south bank of the Pee Dee River and
north of the Pee Dee River to the north margin of the flood plain. In this area these soils extend
from the existing ground surface to a depth of about 35 feet below the surface. Based on
drawings indicating the profile of the existing piers, these soils appear to have been completely
penetrated and scoured away within the channel of the Pee Dee River. Local geologic mapping
indicate Holocene age soils not to be present at the surface beyond a short distance south of the
Pee Dee chamnel.
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These soils will form the principal resisting strata for laterally loaded deep ifoundations
supporting the proposed Pee Dec River and Pee Dee Overflow structures. They will also form
the immediate subgrade for new structural fill in widened embankments north of the Pee Dee
River.

These alluvial soils appear to have been recently deposited by river erosion and depositional
processes. Borings and soundings penetrating these soils exhibit a highly interlayered soil fabric
typical of levee type deposits. Boring B-3 penetrated these soils to a depth of 35 feet just south
of the Pee Dee River channel. North of the Pee Dee River, the deposits consist of highly
interlayered sands, silts and clays to a depth of about 15 feet. These highly variable soils appear
to represent a zone of recent scour and redeposition on top of underlying deposits of alluvial
sands and gravels, in the north one-half of the flood plam.

Recovered samples were moderate to high plasticity, clayey fines with considerable dry strength
to a depth of about 12 feet. South of the river these soils were underlain by about 4 feet of loose
clean sands and then about 10 feet of very soft clayey silts. Individual split spoon samples
recovered in this layer contain organic debris.  Soil behavior based on CPT point resistance and
friction ratio was typical of clays or silty clays which exhibit substantially undrained behavior.
Limited thicknesses or zones with CPT soil behavior more typical of sensitive silts or clays
which exhibit very great strength loss when disturbed were also identified. CPT penetration data
imply a highly variable, layered strata consisting of thin (<06 inch) seams of sands and silts or
clays.

Moistened samples are dark brown to black in color. Samples were wet or saturated and
contained considerable free moisture. Soil specimens washed over a No. 200 sieve indicated as
much as 90 percent clay or silt by weight. The CPT soil index parameter Ic suggests soils near
the north bank of the river to have a fines content of 45 to 80 percent using the Robertson and
Fear criteria. The grain size distribution of the minus No. 200 fraction calculated from the time
rate of sedimentation of the various size particles by the hydrometer method was 63 percent silt
and 28 percent clay, for a sample of the organic laden silts obtained in Boring B-3. A similar
test conducted in boring B-4 within this zone resulted in 58 percent silt and 28 percent clay.

Minus No. 40 sieve sizes exhibited liquid limit values of 34 to 49 percent and plastic limit values
ranging from 20 to 25 percent. Plasticity Index values thus ranged from 14 to 24 percent.

Standard penetration test values typically ranged from 3 to 5 blows per foot, typically soft
consistency, with some intervals exhibiting a full 18-inch drop under the weight of the hammer.
Unconfined compressive strength of disturbed fine grained soil samples in the laboratory ranged
from .1 to .5 tsf using a pocket penetrometer. Values are consistent with soft cohesive soils.
Cone penetrometer {ip resistances ranged from 1 to 2 tons per square foot within this zone in
sounding C-2.  The relationship by Robertson & Campanella (1988) gives values of undrained
shear strength ranging from 100 to 300 1bs per square foot, using a cone factor Ny, of 15. This 18
also consistent with soft, cohesive soils.

Undrained shear strength based on CPT tip stresses in sounding C-2 are approximately 0.2 to 0.3
times the vertical effective stresses within this zone. Using the relationship given by Andresen
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et al. (1979) and Ladd (1974) this ratio would be consistent with a fine grained soil which has
been preconsolidated by a factor of only about 1 to 1.2 times the present effective overburden
stress,  This would suggest a maximum prior applied vertical stress approximately equal to the
vertical stress now applied by soil sel-weight.

These soils form a soft layer on top of a profile consisting mostly of hard or densc sandy soils
below., Compression of this stratum will comprise the majority of the settlement experienced
under static load. These soils lie mostly below the water table at this site and most of these soils
will be entirely saturated upon application of load. But consolidation is still likely to be rapid
since the soils tend to be highly stratified horizontally and drainage paths from impervious layers
tend to be very short. Primary consolidation of this layer may thus be to some degree hard to tell
apart from immediate compression. Secondary compression will be very small and can be
neglected in settlement estimates.

Stratum LI — Late Quaternary to Holocene Alluvial Sands and Gravels

These soils occur below the alluvial silts and clays over most of the alignment, but appear to thin
and become absent near the north and south ends of the project. These soils were encountered in
all of the borings conducted within the flood plain, but appeared to be largely absent in borings
B-1 and B-2 at the north and south ends of the Yauhannah Lake Bridge. In most locations south
of the main channel the altuvial soils consisted of fine grained materials which were penetrated
to depths of over 25 feet below the original ground surface, possibly reflecting almost complete
erosion or scouring of the sands. But north of the main channel the overlying clays and silts
appear to thin to less than 10 feet in thickness or become intermittent and the sands comprise
nearly the entire section of the alluvial profile to a depth of about 35 feet below the original
ground surface.

These soils will form an intermediate or deep bearing strata below area fills in the northern
portion of the site. These soils will also form onc of the principal resisting strata for laterally
loaded deep foundations supporting the proposed structures north of the main river channel.

These coarse grained soils appear to represent a zone of high energy deposition characteristic of
a beach or sand bar. Recovered samples were narrowly graded fine to medium grained sands
with trace to no discernable fines. Predominant classification by the Unified Soil Classtfication
was SP based on visual-manual procedure. Soil behavior based on CPT point resistance and
friction ratio was typical of sands containing little to some silty fines. Soil specimens washed
over a No. 200 sieve indicated 2 to 5 percent clay or silt by weight.  The CPT soil index
parameter Ic suggests a fines content of 4 to 5 percent using the relationship by Robertson and
Fear.

Dry sieving of samples obtained at different levels within these soils indicates a significant
coarsening of the soil fabric with depth. Near the top of the layer, representative samples contain
no sigmficant fraction of gravel sizes (plus No. 4 sieve size), 0.3 percent coarse sands (plus No.
10), approximately 10 percent medium sands (plus No. 40) and 80 percent fine sands (plus No.
200). Approximately midway through the layer the percentage medium sand increases to over
60 percent and the percentage fine sands decreases to 35 percent. Near the base of the layer
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samples contained 5 percent fine gravel, 11 percent coarse sands, about 70 percent medium sand,
and only 12 percent fine sands.

Since fines content was less than 12 percent, a coefficient of uniformity Cu and a coefficient of
curvature Ce was computed from the cumulative particle size distribution for each sample. Near
the top of the layer coefficient of uniformity was 2.21, at the middle 2.31, and near the base 4.33.
Coefficient of curvature ranged from 1.12 to 1.26. These data are consistant with a sand that 1s
gap or skip graded in the fine sand size range near the top of the layer and in the medium sand
size range with depth.

Field N-values when corrected for overburden stress ranged from 6 to 14 blows per foot, typical
of loose to medium dense consistency sands. Cone penetrometer tip resistances ranged from
100 to 200 tons per square foot. Relative density estimated using the relationship by Kulhawy
and Mayne (1990) range from 55 to 65 percent, consistent with medium dense sands.

The empirical method by Robertson and Campanella (1983) using uncorrected tip stress and
vertical effective stress indicates a lower bound value of friction angle of 40 degrees. This
method assumes uncemented, unaged, moderately compressible quartz silica sands which exhibit
Robertson soil behavior type 4 or higher.

These soils lie mostly below the water table at this site and most of these soils will be entirely
saturated upon application of load. But compression is still likely to be rapid since the soils are
free draining.

Stratum IV — Late Quaternary Alluvial Clays and Silts (Wando Formation})

These soils form the surface over most of the alignment south of the Pee Dee River, but appeared
to be absent in Sounding C-3 adjacent to the main Pee Dee River channel, and in borings north
of the Pee Dee River. In borings B-1 and B-2 south of the main channel the fine alluvium was
penetrated to depths of 15 feet to as much as 30 feet below a thin surface layer of organic
material. Local geologic maps indicate these arcas to form part of the fluvial facies of the
Wando Formation of late Pleistocene age.

These soils will form the immediate subgrade for new structural fill for any new embankments
within the flood plain. These soils will also form the principal resisting strata for laterally loaded
deep foundations supporting the proposed Yauhannah Lake structure. These alluvial soils form
part of the Late-Quaternary age terrace system of the Carolina Coastal Plain. The base of these
deposits represents a zone of scour and redeposition on top of underlying buried channel sands or
fithified marine sediments.

Recovered split spoon samples were mostly moderate to high plasticity, clayey fines with
considerable dry strength when oven-dried. Individual samples consisting of low plasticity, silty
fines with very litile perceptible dry strength were also obtained. Predominant classification by
the Unified Soil Classification was CH based on visual-manual procedure. There were also a
few recovered samples which were found to consist of CL or MH. This material was not
penetrated by the CPT soundings.
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Moistened samples are gray to dark gray in color. Samples were wet or saturated and contained
considerable free moisture.  Portions of the upper 10 feet of the soils cxhibited essentially
nonliquid- nonplastic behavior. Minus No. 40 sieve sizes exhibited liquid limit values of 26 to
36 percent and plastic limit values ranging from 21 to 28 percent. Plasticity Index values thus
ranged from 5 to & percent. Liquidity Index values determined by comparison of plasticity
indices to in-place moisture content varied from 0.6 to 1.0.

Standard penctration test values typically ranged from weight of hammer to about 8 blows per
foot. Soil consistency was typically firm to stiff near the ground surface and firm within
approximately the middle two-thirds of the layer. SPT N-values obtained in this layer exceed
the confining stress (expressed in tsf) by a factor of about 2 to 4. This is a very rough
indication of soil stress history but consistent with soils which are normally consolidated to
slightly preconsolidated.

These soils form a thick, soft layer within a profile consisting mostly of medium dense sandy
soils at depth. Compression of this stratum will comprise the majority of the scttlement
experienced under static loads. These soils lie mostly below the water table at this site and most
of these soils will be entirely saturated upon application of load. Consolidation is likely to be
relatively slow since the soils may be stratified horizontally to only a limited degree and drainage
paths from impervious layers will tend to be long. Primary consolidation will thus constitute a
distinct phase apart from immediate compression and will require a marked length of time to
occur after load application. Secondary compression may also be significant and would need to
be considered in design.

Stratum V — Deeply Buricd Channel or Terrace Sands

These soils were encountered from 30 to as much as 60 feet below the existing ground surface in
the portion of the flood plain bounded by the south end of the Pee Dee Overflow Bridge and the
north end of the Yavhannah Lake Bridge. These soils appear to thin and become absent at the
margins of the flood plain. Maximum thickness reached was about 30 feet at some sample
points.

These soils extended to refusal to the CPT push at Sounding C-3 at a depth of 65 feet. We note
that refusal of our drilling or sounding tools in this layer may have resulted from the presence of
gravel beds, lenses or scams of cemented or hard soils, boulders or ledges of cemented materials
or highly calcareous materials occurring at the base of this layer. From a review of old bndge
plans, these soils appear to form the principal bearing strata for 18-inch square precast piles
supporting the existing trestle structures.

These soils form part of the Quaternary age terrace system of the Carolina Coastal Plain. Since
they are not calcarcous, they likely represent a terrestrial high energy deposition such as a point

bar or sand bar.

Recovered samples were narrowly graded fine to medium grained sands with trace to no
discernable fines. Predominant classification by the Unified Soil Classification was SP based
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visual-manual procedure. Soil behavior based on CPT point resistance and friction ratio was
typical of frec draining soils with relatively high normalized tip stresses sach as gravelly sand to
medium dense sand, with some zones more typical of heavily overconsolidated or cemented
sands to clayey sands. There were also several areas where CPT soil behavior was more typical
of overconsolidated undrained soils, with very high excess pore pressures, over intervals of 3 to
5 feet. Both SPT and CPT penetration data imply a variable, stratified deposit consisting of
moderately thick (3 to 5 foot) layers of alternating medium dense to dense sands, with occasional
layers of stiff to very stiff clays or silts.

Moistened samples are gray. Samples werc wet or saturated and contained considerable free
moisture.  Soil specimens washed over a No. 200 sieve indicated 5 to 7 percent clay or silt by
weight. The CPT soil index parameter Ic suggests a fines content of 1 to 3 percent using the
relationship by Robertson and Fear (1998).

Field N-values when corrected for overburden stress ranged from 18 to over 50 blows per foot,
typical of medium dense to very dense consistency sands. Cone penetrometer tip resistances
ranged from 150 to 400 tons per square foot. Relative density estimated using the relationship
by Kulhawy and Mayne (1990) range from 80 to 90 percent, consistent with dense sands. The
empirical method by Robertson and Campanella (1983} using uncorrected tip stress and vertical
effective stress indicates a lower bound value of friction angle of 42 to 44 degrees.

A rough estimate of sand compressibility was made using uncorrected CPT tip resistance values.
For the typical range of sand-sized grain sizes, elastic modulus of the soils 1s typically
represented by a value equivalent to 2 to 4 times the tip resistance. In this case, tip resistances
of 150 to 400 tons per square foot likely represent a material with an elastic modulus of 400 to
1200 tons per square foot. These soils would be antictpated to be relatively incompressible
under area fills.

Stratum VI — Coastal Terrace Sands and Clays (Socastee Formation)

Occurrence appears limited to the abutment areas at the extreme north and south ends of the
alignment, at the margins of the Pee Dee River Flood Plain. These soils reached depths of 30 to
35 feet south of Yauhannah Lake, and about 30 feet below original ground surface north of the
Pee Dee Overflow Bridge. These soils become thin or absent in the flood plain portions of the
site.

Local geologic maps indicate these soils to form part of the Socastee Formation, a mostly marine
Coastal Plain deposit of late-Pleistocene age which has been largely eroded through by the Pee
Dee River within the flood plain. These fine grained soils form part of the Quaternary age
terrace system of the Carolina Coastal Plain, mostly tidal but some river deposited sediments
that in some areas were subsequently covered by beach sands and compressed to some degree by
migrating sand dunes. These soils extended to refusal to the CPT push at a depth of 35 feet south
of the flood plain, and to the top of underlying overconsolidated clays and silts at 52 feet at the
north end of the Pee Dee Overflow Bridge.
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Approximately 20 feet of this material was penetrated on the south side of the flood plain in
Sounding C-1. Soil behavior based on CPT point resistance and friction ratio was typical of
sands containing little to some silty fines in the upper onc-half of the layer, with the lower
portion containing lenses or seams of clays or silty clays which exhibit substantially undrained
behavior. CPT penpetration data imply a variable, stratified depostt consisting of moderately
thick (6 inch to 12 inch) layers of alternating sands and clays or silts, particularly below a depth
of 30 feet.

North of the Pee Dee Flood Plain sounding C-3 penetrated roughly the same thickness of
material. But at this location the Coastal Plain soils consisted of about 10 feet of clays or silty
clays which exhibit substantially undrained behavior, underlain by sands containing little to
some silty fines.  Cone penetrometer tip resistances ranged from 14 to 20 tons per square foot in
the upper clayey portion of the zone. The relationship by Robertson & Campanella (1988) gives
values of undrained shear sirength ranging from 1 to 1.5 tons per square foot, using a cone
factor Ny, of 15. Fine grained soil undrained shear strength based on CPT excess pore pressure
ranges from 0.8 to 1.0 tons per square foot using a pore pressure cone factor of 10. These values
would be consistent with stiff, cohesive soils.

Undrained shear strength based on CPT tip stresses are 5 to 8 times the vertical effective stresses
within this zone. Using the relationship given by Andresen et. al. {(1979) and Ladd (1974) this
ratio would be consistent with a clay which has been preconsolidated by a factor of at least 2 to
2.5 times the present effective overburden stress. This would suggest a maximum prior applied
vertical stress of at least 5 to 6 kips per square foot in this layer.

These soils lie mostly below the water table at this site and most of these soils will be entirely
saturated upon application of load. But consolidation is still likely to be rapid since the soils tend
to be highly stratified horizontally and drainage paths from impervious layers tend to be very
short. Primary consolidation of this layer may thus be to some degree hard to tell apart from
immediate compression. Sccondary compression will be very small and can be neglected in
settlement estimates.

Stratum VIl — Caleareous Sands and Fines (Pee Dee Formation)

These soils extend from a depth of 30 feet to termination depth of our exploration at the south
end of the project. These soils have likely been scoured deeply within the flood plain at some
point in geologic history. The upper contact of these soils decreases greatly in altitude
progressively northward from the south end of the project to a low point at about 65 feet below
the level of the flood plain surface near the existing Pee Dee River channel. Near the north end
of the project the upper contact appears to increase somewhat in elevation to about elevation -40
feet.

These soils will form the principal bearing strata for deep foundations supporting the proposed
structures.  These soils form part of the weathered profile of the Cretaceous age Pee Dee
Formation, well consolidated or semi-lithified Coastal Plain sediments indicated on local
geologic maps.
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The upper contact of these soils is marked by a layer ol very dense calcareous sands ranging
from 5 to 10 fect in thickness. These soils cap underlying moderate to high plasticity, clayey
fines with considerable dry strength which then extend to termination of the borings.
Predominant classification of the upper caprock by the Unified Soil Classification was SC based
on visual-manual procedure, or in some areas aliernating seams of SP and CH clays. Underlying
matenials appear to be predominantly CH.  Samples reacted strongly to dilute muratic acid.

Standard penetration test values typically ranged from 12 to over 100 blows per foot, typically
between 20 and 40 blows per foot. Soil consistency based on SPT N-values ranges from stiff to
very hard. Hard layers appear to occur in finite layers or seams 6 to 12 inches in thickness
occurring at irregular intervals. Unconfined compressive strength of disturbed soil samples in
the laboratory ranged from 2 to 4.5 tsf using a pocket penetrometer.

SPT N-values obtained in this layer exceed the confining siress (expressed in tsf) by a factor of
at least 10 in almost every sample interval. This is a very rough indication of soil stress history
but consistent with soils which have been preloaded well in excess of stresses now applied by the
overlying soils. These sotls are consolidated under pressures greatly exceeding those that would
be applied as either area or line loads by foundation elements supporting the structures. For this
reason they may be considered a hard layer below which soils are essentially incompressible for
purpose of practical engineering computations.

23



7T

o] URULEBYNE 4 182U JUS50E
sowi000q pue sunp Jdey wwoind ¢ moge soul
sBmeAy BIEP ] dS DUE SIUDWIAIMSESI AJ00[RA
2ARM JEIUS U0 Paseq ajqeyenbr-uou AjjpodAy

ISALY 93(] 994 2 JO Inos wiasald Ajjriouad 10N
‘ute[d pooy} Sy} JO SUISIRII ) 18 JUSSQE A0S
PU® L[} SPUES 88311 ] "WITIAL[E S0ELINS 183U

Aq peung Apdoep ate yougm spues papsodap 1saLt
aBe Arewsiend; — SN S TANNVILD TEd0d

UB189D Ul PRIIPISUOD 24 0] PIIU

*SOWEEI0 JO

omom pue pivonudis ag osje Aew uotssarduion I9AE[ 20BLINS UYL B MD[2Q 193] () 01 399) §1 Woi UOTIBULID ]
Arepuooag  A[BIGOZLION PRLINEBNS {[aM SIBURI SSADIL |, IRATY 933 294 2y} JO [xiou OpUB AN
0L S1H0S - MOs A[RAREIRL BONRPIDSUC]) 990 asqe I2AIY 29(] 934 U3 JO YINCS 3DBJINS S1) 1B
204 21 JO LINOS SIESUNUBGLID [0 UL anseyd | HIN esal] — (NOLLYINHOd OUNY /M40 ST 1S ANV wnIAN[ Y
3801 281CtoD {] 14 WMRNS SWY) JO HHT A i g ‘IAISAUOD 0] AIRIDPOIA] paiBImes -0 1d% T2 HD CAV I IVIANTIY AdVNEIIVNO HLV E Arewssizndy
‘SPUES WrLipal 03 HUY *3500}
7l = ‘“1g[nBuBqns 0} PIPUNCI-||am Aj[eotdlr sjeLEL
suold uonorjendy] 1427 DAYR] pordwizg - wieid peo(y aif 10 J{BY-oU0 LLou
9,6 = S2UY AFVRAY SUODIPUOD gzoz oUy puB AR 93 894 243 JO jou spues pansodap
aenbiies sapun siqegenbi| aie s2u07 ejdwes palBIes o1y WS 1A = STAAV AL ONY SUNVS IVIAITTIY
aU uL AEmu Aue uilol 01 (1g] sapdwies 1805 SSTIUOIEIOT DUON] [UBEEY sa3uey MS ds ANTSOTOH CL AdYNIALYIO 21V
Juesaid OS[E 012 "squg sdiins T HuBLILDL
2]qB1eBa4 JO UL} 21 U [EUSILIL JLUBTIO oused -oKey0 3118 pue sij1s Apues o1 A94e]o Yos LA
ged gog 0 001 woy Swidue: yiBuens APIRIBPO 1o Apsour unsisuco ‘urepd pooy jo »PIs YHou pue WHEARTY
1E3YS PAUIBIPUN " DIPIOUIL AJIARSY PUE J31RA 0y ansejdion PoIEITIES ¢ 0} () wox WS jo 13ARY 23(] 924 Suoje sysodep juasal AjjpolSojcar) - JUASC|eH
221] BUIIEIIOD "PIIBINGES 219 SO]ALURS ISOJA HALSSOT) piten| 0119 safuey SasUay TN SIS (NY SAV I TVIANTIY amad 0 TOH J\N
‘TjeLws
Laa o (pa uoissaadaos Arepuoag pides
A13A 90 |14 BOUBPI[OSUOD ATBUILL] PIUBpLM oW 1 $7 01 (7 28 PR SIUAUUBGUIS ABMPROL
10 PasikI S IUsUniURGLUS 21 3 uorssasduion FUNSIXD DU} ULIOT 87108 3821 ], "D|QR{IBAE SI [OU0D
[CUOIHPPE 2108 0] 1221q0s o4 31 $]108 3831 | S8A[UOISAYLT $1-01 1dS SuusauSs 10 10y2eduos JO UCHEIIBIINIOR
UONDAIP IBUIPRUBUO] Ui SIIAWRACUL WITHNGE 01 01 AISIYOT NRPOIA] 1810 181001 a5 Ol [aIyAL O] UOPONISU0 83ts snoiaaid spsodap
2OUTISISAL PANLL 3DA0Hd AR 193] [RI2ADS Loddy AfRIIPOIN 01 M07] arfac | -0f W 1dD NS A% | Surwp [y se peoewyd spog - T4 LNTAANY AN SPBUIE R
SUOIAYEEE J LIONTIEIS B e LTINS
GURNA - NOILINGSAg oS COEDOTOES

feiclenle ich:s

sfuipunog pue sfuiiog Ag pojeIjeuad S)U] 10§ [eordA ] — 7 2iqeL

SO0T AN
695-70- 1191 "On 102f0dd TIPS

B YBULBYNE § PUE “MOLDAC 93] 39 “I2AIY 89(] 924 1B910) oA siuawase|day] 29pug 10L S0

roneIo[dxy [EaiuydMean aseyd jenxdaouoy

oday



“snoasestur AN31s ame sajdutes yoe|q
10 AeI8 yIep 51 10[00 [108 JUBUILIOPSL] DUES Aug

"saqd URALIP JO dn 395 onserd HIW 30 S1UNOLUE JOUTW SUIHEINOY S2ULT POIBOOISIP
@A sand austuaoeldsip YSIy Jo UOIIISH PAIMIOTNS 00i< TN ATBTY “pavy] AIaa jO 2FPa] 40 WIBIS MIIU} & S8
SISISRL LIPP0 pUe FUIUIRIP 9215 10U S1I9ABT "BIED Aleys 1S10LL 01 Z7 woy oS o 1mooo snog - (NOIIVINYOd 950G 93d) SIS
140 vo paseq 354 Q0001 — 0008 Aleadiy ng BAISIO] ydiy 01 A1 seBuey WS 10 TNV SAV 10 SNOIov.L5d0 (avH AdaA
uoreuoy
%a(] 92d
1afe] S1U3 1o Jeeq ol Jeedde adpuq
oy geuuEgne A SUESTX uo sopd 180jy FIOE "SNOBDEDILLE (Jrpus
STRIAWE 23]Ip 0f A[Fuons paioeal seydieg e DATSADOUOU 1eUmowos AjjeadAs sie sepdueg unew Agjo sunely)) snsodegy
URULEYNE A JO HLIOW A5G 2U000G §50UNDLL 01 DAISDUOD 01 10 1{1S A308] B 3Im SPUES 2IIUI[OBY ABIS 10 211(m STCROBIA1T}
U1 199§ (3] 01 ¢ "dA] UOHELLIO] 93] 394 JO Apieam Yom 0} [ U0y ‘uy Ajprouad sojdies pareaody - 0 ddv Y =
deo addn Suiuiog spues snoaiesien asuap A2 Apeoidd g 240U O] M0 0 IO safuey uo 28 | 350 3347 SANVS IV IUIS3 2 SN0A0v A4 Mn
a8pLg eag a3d 2115 211 Jo sucmod uiejd pooj 31 ul Ju2sqE 10
ettt 3 sopid Supsine 1sow 10] Suneaq diyg 9qu Ul awo2ag I8pUY MOHRAL) 29(] 394 JC [HOU UOLIEULIO
2o fapun A[qssaadiiony ApaneRl s50g 381 193] () INOGR PUB “2e ] YBULBNRA IO (INCS 28L00g
OOTT 01 00F JO SNINPOW SISR[A e Gilm jeLIdeW SEDIUOLENYOD 199} §€ 01 (3f PoyoEal S0 “JusuwuSe oyl jo
2 ussaidar tsanpea aoumsisal dn 140 Susn Aaeduny UOR palRIMES 05-0% WS d$ | SPuQ JINOS PUB YLOU I8 SEIE JUSENNQE 0] PIJU] 308U [
Anrgissaiduion pues a[geyenbiy 10U sjieg SAVID ANV SANVS 20V ddL TVISVYOD Aeumen()

89V

(somusti03) SSUIPUNOS PUY STUTION AG PoIeoua T SHUA [10 (1A — 7 S19PL

5007 fepy
£05-50-1 191 "ON 100f0id INDS

2B YBUUBYOE & PUR ‘MOIISAQ) 23(] 93] “ISAR] 99(] Sa4 Jeainy 1040 sjuswaoeday 25pug 102 SN

uoneiopdx g (ea1uys0ar) aseyd erdeoucyy

“rodoy




Report of Conceptual Phase Geotechmeal Exploration S&ME Project Ne. 1611-04-569
US 701 Bridge Replacements over Great Pee Dee River, Pec Dee Gvertlow, and Yauhannah Lake May 2005

4.4 Groundwater

Groundwater measurements were obtained in cach boring upon completion of drilling and at
least 24 hours after completion of drilling. The groundwater levels observed at cach boring
location are indicated on the individual Soil Test Boring Records attached and in Table 3 below.

Table 3 - Swmmary of Groundwater Measurements

B-2 21 24 hz, +2.0
B-3 2.5 24 hr. +2.5
B-4 2.5 24 hr, +1.5
B-5 20 24 hr. +2.5
B-6 11 24 hr. +11.5
B-7 13.5 24 hr. +9.0
B-8 3.5 24 hr. +1.5
C-1 15 TOBR +10.0 Derived {rom pore pressures
C-2 5 TOB +0.0 Derived [rom pore pressures
C-3 17 TOB +5.5 Derived from pore pressures

*T.0.B = Time of Boring
24-hr. = Reading made 24-hours afier completing boring
Datum obtained from 1952 SCDOT Bridge Cross Section

We note that groundwater levels are influenced by precipitation, long term climatic variations,
and nearby construction. Groundwater measurements made at different times than our
exploration may indicate groundwater levels substantially different than indicated on the boring
records in Appendix 1I.

Groundwater elevations in soil test borings arc oblained by direct measurement. Sometimes a
direct measurement can be obtained from a CPT push if the hole remains open for a short period
of time after the tools are withdrawn. Otherwise, the piezometric surface was indirectly derived
from a line fitted to the trend of the pore pressure gage measurements from the CPT push data.
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50 EARTHQUAKE DESIGHN I55UES

Seismic induced ground shaking at the foundation is the effect taken into account by “5CDOT —
Seismic Design Specifications for Highway Bridges, October 2001 as revised”. Other etfects,
including landslides or soil liquefaction, are not addressed in the specifications but must also be
considered for certain performance category structures.

Bridge structures on the state highway system have been classified as “normal bridges”,
“essential bridges”, or “critical bridges” in the SCDOT - Seismic Design Specifications. The
bridges in this project are “normal” bridges as specified by the SCDOT.  The bridges classify as
Importance Classification TII structures as defined by Section 3.5 of the SCDOT — Seismic Design
Specifications.  Normal bridges require an evaluation for the Safety Evaluation Earthquake
(SEE) only.

5.1 Ground Motion

The “SCDOT — Seismic Design Specifications for Highway bridges, October 2001 as
subsequently revised” use two different carthquake motions. The Functional Evaluation
Earthquake (FEE) is defined as an carthquake with a 10 percent probability of exceedance in 50
years (474 year return period). The Safety Evaluation Earthquake (SEE) is an earthquake with a
2 percent probability of exceedance in 50 years (2500 year return period).

The South Carolina Department of Transportation has obtained site specific seismic spectral
response accelerations from research conducted around the State of South Carolina for a
seismicity assessment made under a separate contract. S&ME was provided spectral
acceleration values for this site by Ms. Lucera Mesa of the SCDOT to be incorporated into
design. Below are the values provided by the SCDOT specitically for the US 701 Bridges.

Safety Evaluation Earthquake Short Period Spectral Acceleration (Ss.ser) 0.45g
Safety Evaluation Earthquake 1 Second Spectral Acceleration (S, sgg) 021g

Performances required subsequent to each carthquake are tabulated in terms of service levels and
damage levels in Section 3.2.3 of the SCDOT — Seismic Design Specifications. For Normal
bridges, a service level of impaired and a damage level of significant 1s acceptable after the
Safety Evaluation Earthquake. Impaired service signifies extended closurce to the public but open
to emergency vehicles and replacement may be needed. Significant damage mmplies that there 18
minimum risk for collapse, though permanent offsets may occur in structural elements other than
foundations. The damage usually consists of concrete cracking, reinforcement yielding, major
spalling of concrete, and deformations in minor bridge components. This damage may require
closure to repair and partial or complete demolition and replacement may be required in some
cases. For Normal bridges, the functional cvaluation is not required.
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5.2 Site Class Iiffects

We classified the bridge site as one of the Site Classes defined in Section 3.3.2 (Table 3.3.2A) of
the SCDOT - Seismic Design Specifications using the procedures described in Steps 1 through
3. The Site Class is used in conjunction with mapped spectral accelerations Sg and 3 to
determine spectral response Site Coefficients Fa and Fy in Section 3.3.3, tables 3.3.3A and
3.3.3B.

Table 4 — Site Class Definitions Defined in SCDOT - Seismic Design Specifications

AVERAGE PROPERTIES IV TOP 100 FT (30 M}
SOIL SHEAR WAVE VELOCTY STANDARD PENERTRATION UNDEAIMED SHEAR
SOIL _ RIESISTAMNCE STRENGTH
o Ao SOML PROFEE v
CLASS NAME ¥ — —_— —
Nor N, 5
A Hard Rock =5,000 ft/sec {>1500 nv's) Mot applicaldle Mot applicable
B2 Rock 2,500 10 5,000 fiizec Mot applicable Mot applicable
(760 to 1500 m/s} -
c Very dense soil 1,200 10 2,500 Izec =58 = 2,000 psf
and soft rock (360 1o 760 mvs) (= 100kPR)
D Stiff goil 600 1o 1,200 fi/sec ' 151050 1,009 to 2,000 pst (50 to
(180 10 360 n/s) 100k Pa)
E Boft zoi] <600 fps <15 < 1,000 psf
(< 180 m/s) (<50 kPa)
2 Any profile with more than 18 ft (3m) of soft clay defined with: P00, w® » 40 percent; and
Tv“ < 500 psf (25 kPa)
F Any soil profile containing one or more of the following characieristics:
1. Soils vulnerable fo potential failure or cottapse under seismic loading such as liquefiable soils, guick
and highly sensitive clays, collapsible weakly ceroented soils.
2. Peats and/or highly organic clays (H=10 £t [3 m] of peat and/or highly organic clay where H =
thickness of s0il)
3. Very high plasticity clays (H>25 {t {8 m] with it 75
4. Very thick soft/medivm stff clays (H> 120 fL {36 m])

(1) The plasticity index, P1, is determined according 10 ASTM D4318-93,
(2} Moisture content, w, is determined according to ASTM D2216-%2.

Site conditions were initially compared to the three conditions described for Site Class E. These
are soft soils vulnerable to large strains under seismic motion. For classification on Class E,
borings must include at least 10 feet having 1) plasticity index greater than 20, 2) moisture
content greater than 40 percent, and 3) undrained shear strength less than 500 psf. Borings B-1
and B-2 lying between Yauhannah Lake and Pee Dee River penetrated approximately 30 feet of
alluvial silts and clays with plasticity index greater than 20 and with low apparent strength.
However, moisture content of this soil ranged from 24 to 36 percent n five representative
locations within this interval. Since all three of the criteria stated for Site Class E are not present,
Site Class E does not appear justified in this area.
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The next step in site class definition 15 a check for the four conditions described for Site Class F,
which would require a site specific cvaluation to determine site coefhcients Fy and Fy, Soils
vulnerable to potential failure wnder item 1) including guick and highly sensitive clays or
collapsible weakly cemented soils, were not observed i the borings. Three other conditions, 2)
peats and highly organic clays; 3) very high plasticity clays; and 4) very thick soft/medium stitt
clays, were also not evident in the borings performed.

The remaining vulnerability - liquefaction of saturated, cohesionless soils - appears possible at
shallow depths within the Holocene to Quaternary alluvial sands in portions of the bridge
alignment at the Pee Dee River and the Pee Dee Overflow Bridge under the SEE earthquake. In
these areas, river-deposited sandy soils encountered at shallow depth north of the Pee Dee River
appear to contain little tines, lie below the water table, and often exhibit relative density values
of less than 70 percent based on a comparison of SPT N-values with effective overburden stress.
Potentially liqucfiable soils also appear to be to some extent horizontally continuous between
adjacent borings north of the Pee Dee River and also vertically between adjacent sample
intervals. Finally, the geologic setting of the north over-half of the floodplain, Quaternary or
Holocene terrace, is known historically to have experienced liquefaction 1n previous earthquakes.

Potentially liquefiable areas are indicated on the profiles in figures 6, 7 and 8. Very limited
liquefaction potential appears evident near the Yauhannah Lake Bridge. Where liquefaction is
evident, thickness of the liquefaction zone appears to be typically greater than about 10 feet,
occurring near the base of the Quaternary river alluviom. In some borings liquefaction appears
to be present to as deep as 40 feet.  Soils at or below the tips of the existing piles of the PeeDee
Overflow Bridge and the north approach of the main Pee Dee River bridge are typically subject
to liquefaction in this area.

For the above reasons it would be reasonable to expect structural response would be significantly
affected by liquefaction occurrence under the SEE carthquake. Site Classification F, requiring a
specific determination of the site response, appears justified by conditions encountered in the
borings at the Pee Dee River and Pee Dee Overflow bridges.

We believe the intent of the SCDOT Seismic Design Specifications can be met at the Yauhannah
Lake Bridge by using the Site Class D response spectrum for design, while explicitly considering
the consequences of any minor areas of liquefaction in analysis of foundations and
embankments.

5.3 Spectral Response Analysis

5.3.1 Yauhannah Lake

The bridge site was categorized using the method described in Section 3.3.2, Method 1 (Vs
Method), Method 2 (N method) and Method 3 (N, method) of the SCDOT — Seismic Design
Specifications for a 100 foot depth below finished grade. Undrained shear strength of the upper
clays arc assigned for each sampling interval based on inspection of the recovered soils, simple
penetration tests in the laboratory and our experience in similar soils. Site Class based on the Sy
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method is I3 for borings B-1 and B-6. We have selected Site Coethicients ¥y and Iy from tables
333A and 3.3.38 using Site Class D, Site Class D will need to be confumed during the final
exploration by further evaluation of the soil profile at Yauhannah Lake.

Design spectral values Sps and Spy; were obtained by multiplying Site Coetficients Fy and Fy by
the values obtained for the Safety Fvaluation Farthquake for short and I-second periods,
respectively, obtained in Section 5.1. The Seismic Performance Category (SPC} of the strueture
was determined by comparing the values of Sp-SEE above with Table 3.6 in the SCDOT —
Seismic Design Specifications, considering the structure to have an Importance Classification of Tl
for a Normal Bridge. Values of Sps, Spi, Fa, Fy, and SPC are presented below in Table 5.

Table 5~ SCIPOT Design Speetral Response Acceleration Parameters (per SCDOT) Yanhannah Lake

Sesex= 0458

s Peale
Ground.

' Remarls

: S PR SR TRt e | Aceeleration |
C-1 D 144 | 20 | 0edg | 042 0.26g
B-1 D |.44 2.0 0.64g 0.42¢g 0.20g

5.3.2 Site Specific Response Analysis

This site specific seismic response analysis is prepared to meet the SCDOT Seismic Design
requirements. Soil stratigraphy for the site response analysis was based on CPT and shear wave
velocity data at soundings CPT-C1, CPT-C2 and CPT-C3 and comparison to profile drawings.
The Pee Dee Formation was modeled using the peninsular range dynamic soil properties.  Input
motion used in the analyses was provided by the SCDOT Geotechnical Design Section (referred
to as “scaledshake”). The Safety Evaluation Earthquake (SEE) for 2 percent probability of
exceedance in 50 years was used in the analysis. Consultant Geotechnical Seismic Response and
Consultant Seismic Information Request sheets referenced in the analysis are attached. Site
location (longitude and latitude values), a description of site conditions, and seismic information
for the SEE seismic event (and FEE seismic event) are included on these sheets.

The commercially available and widely used computer program, SHAKE2000 was used to
compute the response of the soil deposit at the site to the input seismic motion. The computer
program SHAKE 2000 is used to edit input files and present results of the analyses performed. A
sensitivity analysis consisting of variations in depth to the B-C boundary, soil strata types, shear
wave velocity soil profiles (based on the three separate CPT soundings) and shear wave velocity
values was performed to develop the appropriate response spectrum for design. Results of the
individual analyses performed as part of the sensitivity analysis, and the parameters varied are
presented below.

Variations were inherently created by the fact that three SCPT soundings were performed at the
site, subsequently creating three different shear wave velocity profiles. The three shear wave
velocity profiles included clay layers of various thickness and depths below grade. The “soil
type” within the clay layers was varied by varying the PI for the clay layer at CPT-C1 only. It
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was noted that this did not noticeably affect the response. As such, the P1 of the ¢lay layer was
left at 30 for remaining iterations. Additional iterations were created by varying the location of
the B-C boundary from 150 ft to 175 £t for each iteration sct and each shewr wave velocity
profile.

The measured shear wave velocities were also varied for each profile by decreasing and
increasing their values by 20 percent in all soil fayers located above the Pee Dee Formation, and
for some of the upper layers of the Pee Dee formation as needed to maintain a linear increase in
the shear wave velocity values with depth (up to the 2,500 fps boundary). 1t should be noted that
the shear wave velocity values were increased lincarly from the last value recorded in cach
sounding to the boundary value of 2,500 tps. This was conducted for each profile.

The recommended response spectrum 18 SDS = (.79¢g and Sm = (.28g, giving consideration to

Section 3.4.5.1 of the SCDOT Seismic Code. For comparison purposes, the SCDOT general
procedure response spectrum for a site class D is presented along with the site specific response
spectra in Figure 56. This analysis implies that soil column at the site has a slightly higher
spectral amplitude than the general procedure at relatively high frequencies <0.5 sec. period, but
in the displacement dominated zone of the spectrum the response displays considerably lower
spectral amplitudes than the general procedure. In effect, Sps is somewhat higher than the class
D Sps value obtained using the general procedure, but 5p; 1s a lot lower.

The response values are in the 1.0 - 1.5 second region are sufficiently lower than the general
procedure solution that to use the site specific response spectrum directly would not be allowed
without a third party opinion, as stated in section 3.4.5.1 of the SCDOT seismic manual.
Alternately, the 70 percent of the general procedure valucs (shown as a red dashed line in Figure
56) could be used without a third party opinion.

5.4 Liquefaction

Liquefaction of saturated, cohesionless soils occurs when they are subject to earthquake loading
which causes the pore pressures to increase, and effective overburden stresses to decrease, to the
point where large soil deformation or even transformation from a solid to a liquid state results.

We considered potential for liquefaction of bearing soils using the empirical procedure described
in the 1996 NCEER and 1998 NCEER/NSF workshop semmary report, “Liquefaction Resistance
of Soils,” Jownal of Soil Mechanics and Foundation Division, American Society of Civil
Engineers (2001) vol. 127, SM 10, pp. 817-833. This approach characterizes the stress state of the
soil by a cyclic stress ratio (CSR), the ratio of the average earthquake-induced shear stress to the
effective confining pressure. Cyclic stress ratio plotted against Standard penetration test (SPT) or
cone penetration test (CPT) point stress values indicates in general terms potential for liquefaction
to occur at given elevations in each boring, based on comparison of plotted values for this site to
plotted values for locations where occurrence of hquefaction following earthquakes of known
magnitude is documented in the literature.
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CRR values were then plotted against the Cyclic Stress Ratio computed as above. Corrections to
the CRR were made for carthquake magnitude;, however, no correction was made to the point
stress values to account for the presence of thin clay or silt layers in the soil column.

Earthquake-induced ground surface acceleration at the site was assumed from the SEE design
peak ground acceleration of 0.26g determined assuming Site Class D response factors obtamned
using the general procedure, and 0.31g using site specilic response analyses. This procedure
indicates potential for liquefaction of portions of the clean river laid sands (Layer Aj)
encountered in the borings and soundings between depths of 10 and 15 feet intermittently across
the northern portion of the site. SPT and CPT values were corrected for overburden stress and
fines content using the procedures described by the summary report and plotted against CSR
values at cach depth. A magnitude correction factor for a M = 7.3 earthquake was used for the
SEE earthquake. A factor of safety against liquefaction of 1.1 was considered as the point of
liquefaction initiation.

Several borings performed using an automatic trip hammer likely resulted in low penetration
resistances which needed to be corrected for lower efficiency or striking rate. The automatic
SPT hammer has a transfer efficiency of 90 percent. A hammer correction of 1.5 was made for
these borings to represent a standard 60 percent efficiency. No correction was made for borings
performed using the standard rope and cat head arrangement. Areas subject to liquefaction under
the SEE earthquake are shaded in figures 6, 7 and 8.

5.5 Post-Liquefaction Surface Rupture

Potential impacis of liquefaction often include loss of bearing capacity, loss of lateral support to
piles, lateral spreading of the surface, and post-liquetaction settlement. Our exploration has
identified relatively thick zones of liquefaction prone sands in the upper 10 to 30 feet of the natural
soil profile across the alignment north of the Pee Dee River. Potentially liquefiable layers are
overlain by liquefaction resistant soils to a depth of about 5 feet over much of the alignment. In
other areas muck overlies liquefiable sands and the soil profile would be essentially liquefied from
the ground surface to the base of layer A,.

Assuming full liquefaction of these layers, we estimated {or the potential for surface damage using
the relationship by Ishihara (1985), who also correlated observations of damage to structures
related to liquefaction to the thickness of the surficial layer of non-liquefiable soils and to the
thickness of the liquefiable layer. For a peak ground acceleration of 0.26g at the surface, a surficial
layer 5 feet thick overlying a 20 foot thick liquefiable zone would be likely to experience surface
damage.

5.6 Surface Settlements Due to Volumetric Compaction
Settlement of sands due to volumetric compression of the hiquefied soils depends on the induced

cyclic stresses from the earthquake, the vertical effective stress at the depth of the layer being
examined, and the equivalent clean sand corrected SPT value. Seftlements were in general terms
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evaluated by comparing corrected SP1T and CPT values within the liquefied zone 1o empirical data
developed by K. Tokimatsu and H. B. Seed, “Evaluation of Settlements in Sands for Earthquake
Shaking”, Journal of Soil Mechanics and Foupdation Division, American Society of Civil
Engineers (1987) vol. 113, SM &, pp. 861-879. Tokimatsu and Seed plot volumetiie strain vs. C5R

at sites where liquefaction was observed and deformations monitored.

Data from the site suggest average volumeitric straing within the hquetied zones on the order of 1.0
to 3.0 percent of the thickness of the deposit for the SEE earthquake where full iquefaction occurs.
Limited settlements also occur in sands, which have initially liquefied but remain slightly above
liquetaction safety factor of 1.0. Average volumetric strains under these conditions range from 0.1
to 0.5.  Abutment scttlements at each bridge are totaled below for the SEE earthquake.

SEEpa=031g

Yauhannah Lake, North Abutinent nil.
Yauhannah Lake, South Abutment mk,
Pee Dee Mam, North Abutment T in.
Pee Dec Main, South Abutment 2 in.
Pee Dee Overflow, North Abutment 2 i
Pee Dee Overflow, South Abutment 7.

Our experience is that the above settlements are accepiable for roadway embankments under the
SEE earthquake. But they are only marginally acceptable to the SCDOT for normal bridges
under the SEE earthquake at the north end of the Pee Dee River Bridge and the south end of the
PeeDee Overtlow Bridge. Settlements occurring due to volumetric strains within the liquefied
soils are likely to be variable across any given structure within the site. Differential settlement of
slabs or structures bearing on the surface, though relatively small, are likely to approach the total
cumulative settlement value over short horizontal distances.

5.7 Lateral Spreading

The potential for free-field hquetaction-induced lateral displacements were estimated using the
empirical approach of Bartlett and Youd (1995) developed from regression analyses of United
States and Japanese case histories. Using this approach, potential for lateral displacement
towards a free-face at the river channel would be substantial for a Magnitude 7.3 carthquake,
since most SPT N-values after correction for overburden stress and hammer efficiency are less
than 15 blows per foot, and the free-tace at the river channel approaches 6m.

Potential for free-field liquefaction-induced lateral displacements within the floodplain itself
were estimated using the empirical approach of Bartlett and Youd (1995), reproduced in
“Geotechnical Earthquake Engineering”, FHWA Publication No. HI-99-012. The most recent
update to Youd's body of work on lateral spread displacement prediction is given in Youd, T.
L.;Hansen, C. M.; and Bartlett, S. F.; “Revised Multilinear Regression Equations for Prediction
of Lateral Spread Displacement’, Journal of Geotechnical Engineering, vol. 128, no. 12, pp.
1007-1017 (2002).
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Log(L) = -16.213+1.532M-1.406logR *-
0.012R+0.338log(S) . 54og(T 5143 .41 310g(100-F) — 0.795(log(Dse+0. 1mm)

Where:

M = Farthquake magnitude for controlling earthquake, taken as 7.3.

R = Horizontal distance to earthquake source, i km — deaggregation data not
provided by SCDOT along with spectral values but assumed as 64 km based
on deaggregation plot for Georgetown posted on SCDOT webpage.

R*¥ =R +Rq, where Ry = 0 $9M-5.65)

S = Ground slope in percent, variable but 2 to 5 percent assumed.

This = Thickness of granular soils with corrected blow count less than 15 blows
per foot, taken as & meters (26 ft). This would include non-liquefied clay
sediments of soft consistency.

F = fines content of granular soils in percent, taken as 5 percent.

Dsg = mean grain size of granular soils in liquefied zone, taken as 0.5 mm.

1. = lateral spreading displacement in meters

The thickness of sediments subject to lateral spreading is equal to the worst case observed in any
boring. This set of variables yields a lateral displacement of 0.13 mcters or 5 inches for a ground
slope of 2 percent and a lateral displacement of 7 inches for a ground slope of 5 percent. Either
amount appears satisfactory for roadway or bridge approach sections considering SCDOT
allowable horizontal movement under the SEE earthquake for normal bridges.

A preliminary estimate of the potential for lateral spreading at the banks of the PecDee River was
made using the Bartlett and Youd equation for a free face, given as:

Log(L) = -16.366+1.178M-0.927R-0.13R+0.657log(W)+.348log(H)+0.457log(100-F) —
0.922Ds,

With variables as previously defined. W is the ratio of the height of the free face to the distance
of the free face (L) in percent (100H/L). For a cut exposing a {ree face of 8 meters in saturated
granular soils, movements by lateral spreading towards the river would approach 80 inches
within a few feet of the bank, and would be 3 to 4 inches to a distance up to 300 feet from the
bank on the north side of the river. Lateral spreading is indicated graphically in the soil profiles
on cither side of the river shown in Figures 6 and 7. Lateral spreading vs distance to the river
are indicated graphically in figures 9 and 10.

In practice either formula is more highly dependent on the horizontal distance to the earthquake
than any of the other variables, The 64 km distance to the earthquake for Georgetown may or
may not reflect the actual distance, but seems reasonable given the proximity of this site and the
other assumptions being made in the estimate.

Conventional limit equilibrium analysis was alse used to cvaluate potential for flow sliding at the
abutments, using residual strength values derived from penetration resistance values of the soils
as described below. The steps of the limit equilibrium analysis are described as part of Report
Section 6.1.
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6.0 EMBANKMENT SLOPES

The fellowing paragraphs include our conceptual conclusions and recommendations for site
preparation, fill placement and compaction, design and construction of new or widened approach
embankments. Once the construction scope is further defined, the proposed embankment locations
are set, and conditions arc further explored by additional soil test borings, S&ME, Inc. will review
these data based upon the new information and make any necessary changes.

6.1 Stability Assessment

The source of embankment soils for the project is not presently known. We consider 1t likely that
the fills will be constructed of local materials, so soil parameters assumed for stability analyses are
taken from those assumed representative for fill material comprising the slopes. The predominant
materials indicated by the borings are clean to clayey sands. While shear strength tests were not
performed during the preliminary exploration, correlations in the liierature suggest a negligible
cohesion and an effective stress angle of internal friction of 32 degrees under undrained loading
when compacted to at least 95 percent of maximum dry density. Stability of fill slopes were
assessed assuming compacted embankment material with no intermnal water table. In addition, fills
were assumed to have no significant areas of poor soils or shoulder material within the 2H:1V
envelope.

Abutment slope stability was modeled using the PCSTABLOH computer code developed by
Purdue University. PCSTABL is a computer program writien in FORTRAN 1V source language
for the general solution of slope stability problems by a two-dimensional hmiting equilibrium
method. [t is written for the Microsoft Fortran compiler package. The calculation of the factor of
safety against instability of a slope is performed by the method of slices. The method of slices is
an interactive method that requires computation of the factor of safety against sliding over many
trial surfaces before determining the surface with the minimum safety factor,

Parameters used in preliminary assessment of the stability of the embankments are as presented in
Table 6:
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6.2 Rotational Stability Under Static Conditions

Analyses were performed assuming a circular are failure surface within the foundation and/or
embankments. Factors of safety obtained using this approach where then checked aganst a shiding
block analysis for the same geometry using the Janbu Sliding Block method.

Stability under static conditions was computed at representative locations in the flood plain for
2H:1V side slope heights of 20 feet. Graphical output indicate failure geometry for each case 1s
included in the appendix as Figures 11 - 25. A minimum factor of safety of about 1.3 was
obtained in all locations. This assumes minimal undercuiting and replacement of the upper soils
below the abutment and approach fills as required.

Location Iili Height Slope FS (Static)
Yauvhannah Lake, North Abutment 20 ft ZH:V 1.31
Pee Dee River, North Abutment 20 i 2HAV 1.54
Pee Dee River, South Abutment 20 ft 21V 1.37
Pee Dee Overflow, South Abutment 201 21V 1.40

Static stability exceeds a factor of safety considered adequate for long term static conditions by
only a small amount in several locations, particularly within the flood plain at Yauhannah Lake.
The strength parameters assumed for the thick clays underlying this arca will need to be more
definitively assessed during the final exploration.

6.3 Short Term Stability

Pore pressures within the embankment generated by consolidation of the fill material are
anticipated to be low and are anticipated to be dissipated as the fill is brought to height. Where
embankments are constructed on compressible fine grained soils, which do not drain freely,
consolidation pore pressures in the foundation must be considered in the stability analysis.

As fill is placed, excess pore pressures are built up at the center of the impervious compressible
stratum. Initially they are equal to the total pressure of the applied load. Dissipation then occurs
as the soils consolidate under the applied stress.  Stability was computed for various fill heights
assuming that instantaneous placement of each increment of height.

Computations utilized the Modified Bishop Method circular failure methods using effective stress
parameters, representing the pore pressures generated by a peizometric surface equal to the original
groundwater elevation plus an additional height equal to the applied load divided by the unit
weight of water,

Excess pore pressure at the end of construction assumes instantaneous placement of fill fo the full

height plus 10 fi. surcharge. Factor of safety against rotational failure was computed for a poimnt
immediately after placement of the surcharge layer. For purpose of these computations we
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assumed pore pressure increase to equal nearly the full load ncar the toe of the slope, and excess
pore pressures exceeding 20 fi. of head well beyond the toe. The minimum factor of safety of 1.4
obtained indicates that there probably will not need to be any restriction to rate of fill placement on
the embankments or need for “wait” periods during fill placement.

6.4 Seismic Stability

Dynamic stability of the stopes were estimated using pseudo-static analyses using the unified
approach outlined in FHWA Pub. HI-99-012. The peak average horizontal acceleration applied
to each slice in the method of slices was taken as about 2 of the peak ground acceleration at the
surface for preliminary evaluation of stability, or kg = 0.14g.

We assumed that the soils were fully consolidated under the applied fill loads. Where a factor of
safety equal to or greater than 1.1(SEE) was indicated using the assumed soil strength values and
kmax, the slope is assumed to be stable under carthquake loads with some minor settlement or
displacement.

Deformation analysis using a peak ground acceleration averaged for the centroid of the sliding
mass depends on the vertical component of the allowable movement, since the vector of
movement at the uphill end of a rotational failure surface is almost entirely vertical. Allowable
vertical movement is given as 6 inches for bridge structure (including liquefaction settlements)
and 12 inches for roadways under the SEE earthquake.  Allowable deflections were used to
estimate an average allowable acceleration within the slope for the seismic case, considering
allowable deformation. The average allowable acceleration was then applied to each slice in the
Bishop Method of Slices, to estimate a factor of safety against failure under earthquake loads.

6.4.1 Average Seismic Coefficient for Deformation Analyses

We estimated the maximum transverse or longitudinal crest acceleration to be equal to
approximately 0.60g considering a peak ground acceleration value of 0.30g and using the
graphical relationship given by Harder {1991), represented as Figure 6-4 of FHWA Pub. HI-99-
012. The 0.60g value represents the likely upper bound value of the top of the embankment
based on motions presented in the 2001 specifications for the SEE earthquake.  The resulting
peak acceleration value was then averaged for the centroid of the sliding mass to determine the
average acceleration kmax within the slope using the graphical relationship given in Figure 6-5
of the FHWA publication. Qur computations indicated the minimum stability for sliding masses
to extend well below the existing ground surface to the bottom of the liquefaction zone.
Accordingly, use of a peak horizontal average acceleration equal to 0.35 times the peak
transverse acceleration (pga) value for the sliding mass was deemed appropriate for the driving
earthquake acceleration. The value k., was computed to be 0.60g x 0.35 = 0.21g for the SEE
earthquake.

The Permanent Seismic Deformation Chart prepared by Hynes and Franklin (1984) and

reproduced in FHWA Publication HI-99-012 depicts average, average plus onc standard
deviation and upper bound plots of deformation vs. the ratio of the average applied acceleration
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to the maximum applied acceleration, computed from 348 strong motion records using the
Newmark Sliding Block Analysis. The Hynes and Franklin chart does not differentiate between
earthquake magnitude and source to distance. The upper bound curve would be appropriate for
Magnitude > 7.5 carthquakes located at least 25 kim away. The lower bound “average” curve
would be used for small earthquakes (Magnitude 5.5 or less) or intermediate magnitude
(5.5<M<6.5) earthquakes within 10 kmi. The mean plus one standard deviation curve would be
used for all other earthquakes, including the SEE earthquake at this site.  Assuming no
liquefaction and a maximum permanent vertical displacement component of sliding equal to 6
inches (150 mm), the slope configuration must provide a yield acceleration of at least (.35 times
Kynax 01 0.07g to G.08g.

A similar chait of normalized acceleration vs. permanent displacement 1s provided by Makdisi
and Seed. The Makdisi and Seed chart brackets the range of possible displacements for M = 6.5,
7.5 and 8.5 earthquakes in terms of the acceleration as a function of the peak acceleration. In
this case the SEE earthquake at M=7.3 was taken at the midpoint of the overlap area for the
M=6.5 and M=7.5 earthquakes. Again, assuming no liquefaction and a maximum permanent
vertical displacement component of shiding equal to 6 inches (150 mmy}, the slope configuration
using the Makdisi and Seed chart must provide a yield acceleration of at least 0.45 times K,yqy oF
0.09g to 0.10g.

6.4.2 Computation of Seismic Factor of Safety.

Provided that the slope crest can tolerate some limited lateral movement, global stability
computed using the Modified Bishop Circular Arc method may utilize an average acceleration
lower than the peak average acceleration of 0.21g given by Figure 6-5 of FHWA publication HI-
99-012 considering a peak surface acceleration of 0.30g.

Where a factor of safety less than unity was indicated for an average acceleration of 0.14g, the
analysis was repeated for different acceleration values until a value of Ayield, representing the
acceleration giving a factor of safety equal to 1.1 was determined. This acceleration is the
maximum that could be withstood without substantial permanent displacement of the slope.
Comparing Ayield to kmax in the mean plus one standard deviation curve on the Hynes and
Franklin chart, or to the midpoint of the overlap between M=6.5 and M=7.5 data on the Makdisi
and Seed chart, gives a range of estimated permanent displacement of the slope in millimeters for
the design earthquake.

Considering the allowed displacements under the SEE earthquake, deformation or surface
cracking could be anticipated in the roadway surface but are considered acceptable. Horizontal
displacement would be progressively smaller as the factor of safety is increased.

Circular arc failure analyses for SEE earthquake are tabulated below are yield accelerations and
estimated slope movements based on kne values computed for SEE earthquake events.
Estimated permanent displacements based on correlations presented by Makdist and Seed are
shown in parcntheses.
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Mewmark
Pseudostatic deformation
ks=0.14g kmax=0.21g
Fiil Min Fe=1.1 Min Fs=1.1
Logation Height  Slope (5EE) Ayield {(ST:I) Remarks
Yauhannah Lake, North Abutment 20 ft 2HV Fs= 0.86 0.08g (4in) OK bui marginal
Pee Dee River, North Abutmeril 20 ft 2H:AV Fs=1.09 0.18g (0.51in)  Liguefaclion
settlement adds 2 in.
Pee Dee River, South Abutment 20 ft ZHIY Fs=10.88 0.10g (3-4 in)  Liguefaction governs
Pee Dec Overflow, South Abutment 20 fi 2H:V Fs=1.15 0.20g (nil) Lignefaction governs

*Note: computed Ksmeax for SEE carthquake based on deep seated failure below embankment base.

Embankments in the flood plain do not appear to provide the minimum 1.1 safety factor against
rotational failure for the pseudostatic analysis without supplemental stabilization in some
locations. However, they do appear to provide sufficient resistance to sliding to limit permanent
deformation to values less than allowable by the SCDOT for the SEE carthquake. In two of the
locations evaluated liquefaction settlements exceed allowable settlements stated for normal
bridges by the SCDOT, so the liquefaction case would be said to govern design. Computer plots
of PCSTARBG runs are attached in the appendix for each location above,

6.4.3 Computation of Post-Earthquake Flow Sliding.

The potential for liquefaction-induced flow sliding was analyzed using the method of slices and
employing residual shear strengths to the liquefied layers. In this type of post-carthquake
stability assessment, the seismic coefficient was set equal to zero as recommended in FHWA
Publication HI-99-012.

Location Fill Height Slope I'S Remarks
Yauhannah Lake, North Abutment 20 ft 2HV - No Liquefaction
Pee Dee River, North Abutment 20 f 2H:1V 1.4
Pee Dee River, South Abutment 20 ft 2H: 1V 1.13
FPee Dee Overflow, North Abutment 20 4t 2H IV 1.4
Pee Dee Overflow, South Abutment 20 ft 2H:1V 1.62

FHWA Publication HI-99-012 indicates a factor of saftety of 1.1 to be acceptable when liquefied
soil residual strengths are estimated on the basis of CPT or SPT N-values. Factors of safety of
1.2 or greater obtained using this approach indicate flow sliding not to occur following cessation
of earthquake motion.
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6.5 Embankment Settlements

Widening of existing embankments will result in placement of up to 20 feet of new fill along the
existing slope faces. Embankment consolidation could require the contractor to place additional
fill to attain the planned grades, In addition, the contractor or resident engineer may need to
place fill to a level higher than final finished grade to accommodate time dependent settlements
occurting between completion of rough grading and prior to nitiating trim grading immediately
before paving. Settlements may also occur subsequent to paving which could affect roadway
performance. Borings indicated foundation soils to be generally free-draining sands, with some
layers or pockets of silts or clays, north of the Pee Dec River. South of the Pee Dee River
foundation soils consist of relatively thick, river laid deposits of silts and clays,

6.5.1 Additional Fill Requirement

To estimate the thickness of additional fill required on embankments to compensate for
consolidation in cut/fill balancing of grading operations, we first estimated the consolidation of the
bearing materials below the embankment, considering instantancous placement of an
incompressible fill to full height.  Settlements for each subsurface layer were estimated by
multiplying the increase in overburden stress by the layer thickness and then dividing by the
compression modutus for the material as estimated from CPT and SPT tests as well as our general
experience with similar soils in the coastal plain region.

Distribution of stresses below the stabilized soil mass was estimated by assuming the bearing soils
to constitute a semi-infinite elastic continuum using the Westergaard stress distribution. The filt
mass was assumed to represent a perfectly flexible foundation of infinite length. Settlements were
computed at the new centerline of the proposed embankment, interpreted to be the current shoulder
(column 3), and at the new shoulder (column 2), interpreted to be the point of maximum new fill
height (column 1), using the soil profiles identified in representative nearby borings. We did not
attempt to modify the distribution of stresses to reflect the presence of a multi-layer bearing strata,
Totaled settlements estimated by station are presented in Table 7 below.

Table 7 - Estimated Additienal Fili Height to Compensate for Settlements of Embankment

T o o
L de. New Settlement at New - Settlement-:
. |.Fi Henght -~ Sheulder - - :" New Center |
S S (Feet) _ (Inches) - [ (Inches)
Yauhannah Lake, North Abutment 16 9-% in 6-%4 in
Yauhannah Lake, South Abutment 13 2-}2 in 1-2 in
Pee Dee River, North Abutment 19 6-%2 1n 3-Y4In
Pee Dee River, South Abutment 21 9in 5in
Pee Dee Overtlow, North Abutment 17 I-'%in 1-Y4 in
Pee Dee Overflow, South Abutment 22 4 V5 in 2-%% in
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6.5.2 Twne Dependent Settlements

Since embankment fills will be constructed incrementally, most of the settlements oceurring within
embankments due to fill placement will be built out during construction. The soils just below the
embankments will be mostly below the water table at all three bridge sites. They will be for the
most part entirely saturated. However, foundation soils are almost entirely comprised of sands or
thinly interlayered sands and silts or clays deposited in a flood plain environment. Drainage
distances from the clays to sand seams within the alluvial deposits are likely to be very short.
Primary consolidation will for that reason be rapid. Assuming a reasonable construction rate on
most embankments of approximately 5 feet per weelk, settlements occurring subsequent to topping
out of most slopes will be minor, on the order of 1 inch or less for a 20-foot high embankment. It
is unlikely that significant impact to the construction schedule would occur due to the need for wait
periods to allow primary settlement to occur.

Secondary consolidation will be very small compared to primary consolidation. Assuming a
secondary consolidation coefficient of 0.005, a reasonable preliminary estimate of secondary
consolidation would be ¥ inch or less the first year after construction, with approximately 2
inch after that over the next 5 years. Total secondary consolidation was estimated {o range from
¥ to 1 inch. Secondary compression is unlikely to result in long term settlements exceeding
SCDOT criteria for either roadway or bridge approach sections.

6.5.3 Settlements of Existing Roadway and Approach Structures

Where new embankments closely parallel or partially overlap existing embankments, additional
settlements may be sustained by the existing roadway and structures. This is because of
superposition of the imposed stresses of the widened area load in the compressible strata
underlying the embankments. In some locations this additional settlement may be substantial, on
the order of 6 inches or more, and may require reworking of grades or laying of temporary
asphalt to limit offsets at abutments to maintain traffic.

6.5.4 Settlements Due to Earthquake Forces

Compression of the fill embankments due to pore pressure increase of the foundation materials
under earthquake motion was estimated using the frec field volumetric compaction values
computed at cach abutment. Settlements due to seismic loads in embankment fills are expected
to be on the order of 1 inch for an embankment 15 to 20 teet high, for the SEE earthquake. This
would be in addition to any volumetric compaction of liquefied soils.
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7.0 RECOMMENDATIONS FOR CONCEPTUAL FOUNDATION DESIGN

Structural design for the bridges is as yet in the concepiual stages. In preparation of foundation
recommendations we have assumed that typical foundation loads follow those provided for similar
bridges by the SCIOT on similar projects. We also made the following assumptions:

e No significant scour will be realized at the Pee Dee Overflow and Yauhannah Lake
bridges. Scour depth at the Pee Dee River will reach to elevation -35 {eet in the channel
and -5 feet outside of the channel.

e Drilled shafis are able to rotate at the ground surface (free-head condition).

e Steel pipe piles were assumed to be fixed in pile caps at the surface and were modeled as
fixed headed in cither the transverse or longitudinal directions.

e Steel H-piles were modeled as embedded at the abutment wall base (fixed-head condition)
for loading in the either the transverse or longitudinal directions.

e Precast concrete piles would either be extended to bent caps at the base of the bridge
superstructure (free-headed) or fixed in pile caps at the surface (fixed headed).

7.1 Foundation Alternatives

For our analysis we initially considered prestressed concrete piles as well as driven open-ended
steel pipe piles, driven steel “H” piles and drilled shafts. The relative advantages and
disadvantages of each type are discussed briefly below. In past discussions with bridge consultants
on SCDOT projects, steel H piles were considered more appropriate at abutments with integral
loadings and dritled shafts were considered the preferred foundation alternative for more heavily
loaded interior bents where lateral loads would be applied under seismic conditions and where
lateral support is very low near the surface. Advantages and disadvantages of each type are
presented in the following sections.

7.1.1 Pile Axial Capacity

We estimated static capacity using the Nordlund method outlined in FHWA Publication FHWA-
SA-98-074, “DRIVEN 2.0: A Microsoft Windows Based Program_for Determining Ultimate
Vertical Static Pile Capacity” and similar static capacity methods presented m NAVFACS Design
Manual DM 7.2 (1984). In this case H-piles and open-ended pipe piles were modeled as fully
plugged for long-term conditions.

We analyzed 20-inch diameter open-ended steel pipe piles, HP 12 x 53 and HP 14 x 73 steel piles,
and 18-inch and 24-inch square PSC piles to estimate working axial load vs. depth using a
resistance factor of 0.45 and a A, factor of 1.0. A A, factor of 1.0 represents capacity verification
based on pile driving analyzer measurements and CAPWAP Analyses during production pile
installation and on a representative sclection of production piles (typically 5 percent) periodically
during driving,.

43



Report of Conceptual Phase Geotechinical Dxploration SE&ME Project No. 161 1-04-369
LS 701 Bridge Replacements over Greal Pee Dee River, Pec Dee Overflow, und Yauhannah Lake May 2005

Nearly ail piles develop significant resistance on the Pec Dee caprock south of the Pee Dee River
and on the dense to very dense river laid sands north of the Pee Dec River, Since a large
proportion of the loading resistance is developed through end bearing, undulations or
discontinuitics in the very dense or lithified soil layers will likely result relatively inconsistent
driving depths to achieve design capacities at proposed pile supported foundations in some
portions of the project,

Negative skin friction maybe assumed to be negligible under static conditions at the Pee Diee
Overflow Bridge and at the north abutment of the Pee Dee Bridge, but will be substantial
elsewhere due to the presence of compressible clayey soils to depth of cap to 40 feet below
proposed new embankment fills. In addition, liquefaction settlements at the Pee Dee River Bridge
and the Pee Dee Overtlow would result in substantial magnitude of regative skin friction at the
three locations under the seismic case.

Abutments will receive approximately 15 to 20 feet of new fill to achieve proposed grades at the
bridge crossing. Negative skin friction is the effect of downdrag occurring on piles extending
through a soil deposit undergoing consolidation, in which relative soil-pile movements are
downward. Observations indicate that a relative downward soil movement of 0.6 inches is
sufficient to mobilize the full negative skin friction. The “neutral point” — that point of no
relative movement between the soil and pile — is estimated to be at a depth very close to the
bottom of the soft clays for the soil column indicated in the abutment borings at Yauhannah Lake
and north of the Pee Dee River. Even assuming that piles are wrapped or cased as described
below, negative skin friction would be substantial and would need to be included as a load.

Methods have been developed for reducing negative skin friction on deep foundations, including
predrilling of oversized holes through the compressible material prior to insertion of the pile,
with the annular space filled with bentonite slurry or vermiculite. It may also be feasible to
install casing or sleeving of the pile to prevent direct contact with the soil, or to use coatings to
reduce friction within the fill and allow slippage between the pile and soil. Pile capacity
computations above assume that one of the above approaches will be used, and no allowance for
negative skin friction was made in determining tip elevations.

7.1.2 Pile Lateral Capacity

Soil-pile interaction was analyzed for conceptual design purposes to determine minimum
drawing depths and to assess the relative resistance available for each foundation type. This
preliminary assessment was cartied out using the computer code LPILE developed by Professor
Lyman Reese. Pile loading at the ground surface for cyclical conditions was modeled using
assumed working vertical loads and a range of impose lateral detlections ranging from 0.1 inches
to 4 inches at the pile heads. Coefficients of horizontal subgrade reaction and other soil
parameters for the soils penetrated by the piles are summarized in Table 8 below:
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US 701 Bridge Replacements over Greal Pec Tee River, Pee Dee Overflow, and Yauhannah Lake May 2005

An estimate of pile lateral capacity has been made for each pile type in terms of lateral shear. Pile
lateral deflection was computed using an assumed 200 kip dead load component of the axial load

apphied vertically to the pile head in combination with the lateral load.

Pile top deflection as a function of depth for typical piles is shown in Figures 29 to 41.
Deflection vs. applied shear is shown in Figures 45 to 48. The eritical depth of the piles, beyond
which pile length no longer mfluences pile lateral behavior, is estimated to be 26 feet based on
plastic load parameters provided for the HP 14x73 pile types, respectively, The equivalent pile
length, the length of freestanding pile, fixed against either translation or rotation at the base,
having lateral deflection and bending similar to the embedded pile, is approzimately as follows:

Tabie ¥ - Estimated Lateral Resistance by Pile Type for Conceptnal Design {Bering B-1)

HP 12 x 53 at abutment

24 kips 62 kips (17.5 ft) Strong Orientation Fixed Head

HP 12 x 53 at abutment 12 kips 37 laps (19.0 ) Weak Orientation Fixed Head

HP 14 x 73 at abutment 30 kips 84 kips (18.5 f) Strong Orientation Fixed Head

HP 14 x 73 at abutment 19 kips 50 kips (20.5 i) Weal Orientation Fixed Head

20-in OE Pipe 61 kips 145 kips (34 11) Fixed in cap at ground surface
(interior bent)

14-in PSC 2 kips 5 kips (22 fi) Freeheaded in pile bent cap 12 ft above
ground surface (interter bent)

18-in PSC 20 kips 41 kips (18 fi) Fixed in cap at ground surface
(interior bent)

24-in PSC 3 kips 10 kips (24 11} Freeheaded in pile bent cap 12 ft above
ground surface (interior bent)

24-in PSC 25 kips 60 kips (21 1) Fixed in cap at ground surface

{intcrior bent)

Table 10 — Estimated Lateral Resistance by Pile Type for Conceptual Design {Boring B-5)

HP 12 x 53 at abutment 24 kips 62 kips (10 ft) Strong Orientation Fixed Head

HP 12 x 53 at abutment 12 kips 37 kips (9.5 fi) Weak Orientation Fixed Head

HP 14 x 73 at abutment 30 kips 85 kips (14 ft) Strong Orientation Fixed Head

HP 14 x 73 at abutment 20 kips 52 kips (10 1) Weak Orientation Fixed Head

20-in OF Pipe 100 kips 7200 kips {25 ) Fixed in cap at ground surface
(interior bent)

18-in PSC 1 kip 3 kips (27 11) Freeheaded in pile bent cap 12 ft above
ground surface (interior bent)

18-in PSC 20 kips 58 kips (15 1t} Fixed in cap at ground surface
(interior bent)

24-in PSC 2 kips 8 kips (28 11) Frecheaded in pile bent cap 12 & above

N ground surface (interior bent)
24-in PSC 38 kips 105 kips (17 fi) Fixed in cap at ground surface

{integior bent)
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7.1.3 Imposed Boil Loads due to Lateral Spreading

The soil profile at sounding C-2 was modeled to estimate lateral loads imposed on proposed pile
foundations by lateral spreading of the upper soils towards a free face along the bank of the Pee
Dee River. Lateral spreading computations in report section 5.7 imply movements ranging froim
67 inches to 87 inches in the longitudinal direction at the banks.

Foundations were considered to extend to a height of 15 feet above the ground surface,
embedded into the bridge superstructure and restrained against lateral deflection or rotation at
the top under the movement imposed by the soils. The lateral spreading was represented by soils
having a residual strength value of 400 pst for soft clays and/or liquefied sands comprising the
bottom half of the spreading soil mass. We also assumed an upper, non-liquefied crust of
material displaced by the lateral spreading, consisting of stiff clay with an undrained shear
strength of 1000 psf. Results of analysis are discussed 1 section 7.3.4.

7.2 Driven Piles

Steel H piles will likely be preferred for abutment piers based on cost, constructability and overall
performance issues. Other pile types, open ended pipe piles or prestressed concrete piles, may also
be considered for interior bents. The following paragraphs provide preliminary analysis and
recommendations for the bridges.

7.2.1 Prestressed Concrete Piles

Prestressed concrete piles have the advantage of being durable in almost any environment and are
relatively easy to combine with a concrete superstructure. Generally they are the preferred type on
trestle structures. In this case precast concrete piles were considered to have several disadvantages.
First, since piles will be mainly end bearing on cither the Pee Dee caprock or on the dense sands
which immediately overlie the Pee Dee Formation, length of driving is anticipated to be variable
and short driving will oceur frequently owing to the presence of lenses or seams of dense sands in
portions of the alignment underlain by the buried river channel sands.

18-inch square PSC piles fixed at the surface in a pier cap will achieve fixity just above the PeeDee
caprock at the Yauhannah Lake bridge, but 24-inch square PSC piles will likely require several feet
of penetration into the 100 bpf material to reach fixity. In this layer soil void ratios likely do not
exceed 0.5, so high displacement piles are likely not able to penetrate these soils more than a few
feet without predrilling or use of an H-pile stinger of sufficient length.

Where liquefaction prone sands are present, particularly north of the Pee Dee River, only limited
lateral support will be offered to these piles by the upper 40 feet of strata once liquefaction occurs.
During this period these piles may also be subject to large lateral loads where lateral spreading
occurs adjacent to the Pee Dee River.
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7.2.2 Steel Pipe Piles

Steel pipe piles may be driven open- or closed-ended and may be unfilled or filled with concrete.
Steel pipe piles are advantageous due primarily to their relfatively high vertical capacity and high
scction modulus for lateral loading. Pipe piles have relatively greater cost and are less
convenient to splice than H-piles. Like H-piles, pipe piles are susceptible to corrosion unless
protected and are not suitable in open water foundations unless cofferdams are used o extend
piers below the scour line.

Installation ot closed-ended pipe piles 15 typically highly difficult in dense or very stiff soils
because of the high displacement required. Open-ended piles tend to form a plag in the bottom
when penetrating hard lenses or very stiff cohesive soils and thus may act as closed-ended piles.
In these cases penetration may be limited to shallow depth unless piles are first predrilled or
reamed out duning doving.

7.2.3 Steel H-Piles

Steel “H” piles are advantageous due primarily to their relative cost and ease for pile splicing and
cutting. Piles are commonly paid for on an “in-place” basis and no charge is made for the length
of steel cut off. This is a particular advantage where variable bearing depths may be
encountered. The principal disadvantage associated with steel “H” piles are their relative small
tip areas which results in a relatively small end bearing resistance in sandy soils since formation
of a soil plug cannot be counted on in all cases to help with end bearing capacity development.
Lateral load resistance is relatively low particularly where length to effective fixity of the pile is
relatively long. Steel “H” piles are also more susceptible to corrosion unless sufficiently
embedded below the surface. H-piles are typically more suited to abutments in coastal areas
unless they can be incorporated into piers or caps. We recommend H-piles be equipped with
driving points or shoes to facilitate penetration of the Pee Dee caprock materials.

7.3 Drilled Shafts (Interior Bent)

Drilled shafts socketed into the overconsolidated Pee Dee Formation will be the preferred option
for heavily loaded bridge foundations, particularly where foundations are constructed over water.
Drilled shafts have the advantage of being corrosion resistant and can be readily combined with
the concrete superstructure. In addition, drilled shafts are easily adaptable to length changes and
provide substantial lateral capacity under earthquake loads.

e Typically, relatively high compression capacities per shaft can be achieved in stiff
to hard coastal plain strata.

e The installation of drilled shafts will eliminate the requirement for foundation caps
and may require lighter construction traftfic than steel H-piles,

® Drilled shafts typically require the use of a specialty contractor for installation.

Also, being cast-in-place, they require increased inspection efforts during
nstallation.
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Drilled shafts bearing in coastal marl or limestone profiles offer the general advantages of
generating relatively high axial load capacity (compressive and uplift) and lower cost per ton
supported than driven piles, since less foundation clements are needed to support a given load
and often foundation caps for bridges are reduced in size from those of pile caps. Drilled shafts
also have high individual lateral load capacities, climinating the need for battered foundation
clements. Although it does not appear to be a significant {actor at this site, drilled shatts can be
installed with significantly lower vibration and noise levels than driven piles.

7.3.1 Axial Capacity and Bearing Depth

Structural columns at central bridge piers will generally be supported by individual shafts.
Shafts will be sized for economy of concrete volume to support the relatively large loads over
these bridge spans and to provide a relatively large cross section to resist lateral loads,

Drilled shafis were analyzed utilizing the soil strength properties described in Table 6. Constant
diameter drilled shafts would derive their axial capacity primarily through shear transfer (side
friction) or interlock between the concrete of the shaft and the soil interface, and from end
bearing or point resistance at the base of the shaft in the deeper materials.

The amount of relative movement between the shaft perimeter and the bearing formation
required to fully mobilize the ultimate strength of side shear transfer is usually on the order of 1
percent of the drilled shaft diameter, or % to 1 inch. The end bearing or point resistance,
however, reaches its ultimate load capacity upon tip movements on the order of 5 to 10 percent
of the shaft tip diameter when bearing is i very dense or very hard soils. Settlements of up to 6
to 8 inches would be associated with full development of the end bearing. Consequently, we
have utilized only partial end bearing (1/3 of ultimate value) in calculation of drilled shaft
working capacities.

Ultimate shaft capacities were determined using the computer code SHAFT 4.0 for Windows.
The ultimate capacities computed were then factored using a resistance factor of 0.7. No
allowance was made for negative skin friction in the interior bents. For effective stress
conditions after completion of the project and full dissipation of pore pressures induced by shaft
construction, soils within the Pee Dee Formation were considered as fully drained. End bearing
and side friction values were estimated using the P-relationship for cohesionless soils by Reese
and O’Neill given in Section 4.6.5.1.4 of the Standard Specification for Highway Bridges (15"
Edition).

60, 72 and 84-inch diameter shafis were analyzed for conceptual design. The upper and fower
portion of the shaft corresponding to one shaft diameter was assumed as non-contributing to
shaft skin {riction capacity. All shafts were assumed straight-sided. Internally, the SHAFT
program uses the method specified in FHWA and AASHTO guidelines. The method uses a
formula that assumes a drilled-shaft construction with a concrete slump of 6 in. or higher. The
method also considers that drilling slurry, if employed, should be such that it would not cause a
weak layer of bentonite to develop at the wall of the excavation. The following formula is used

internally to compute § values when using S.1. units:
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B=15-0135z2"

where
{3 emyrnical value, limited (0 1.2 > [3> .25
z & depth below ground surface, 1 units of fi,

Uliimate capacity vs. depth is depicted for representative bents in figures 26 through 28.
Computed shaft capacities suggest generally similar contributions to capacity by end bearing and
side friction within the Pec Dee Formation. Contribution by skin friction is typically on the
order of one-half to two-thirds of total capacity at the ultimate capacity. Depending on capacity,
shatts must extend through the Pee Dee caprock to bear in stiff to hard clayey materials
occurring below a depth of 60 to 70 feet below the ground surface over most of the alignment.
At that depth end bearing values at ultimate capacity computed for drained (effective stress)
loading are typically 70 kips/square foot.

7.3.2 Uplift Capacity

Uplift applied to drilled shafts is expected to be minimal. The result of our compression capacity
analysis was utilized to estimate the shaft uplift capacities. Allowable static shaft uplift
capacities will be equal to some fraction of the available skin frictional component of axial
compressive loads. We have assumed 70 percent of the ultimate shaft side resistance will be
available to resist uplift. Based on our analysis side friction available o resist uplift forces will
be approximately 200 tons for a 72-inch diameter; 90 foot long shaft socketed a minimum of 10
to 20 feet info stiff to hard Pee Dee Formation soils at the Pee Dee River Bridge.

In addition, the estimated self~weight of the shafts may be added to the uplift capacities obtained
from side friction.

7.3.3 Driiled Shaft Foundation Settlement Potential

Settlement of individual drilled shaft foundation elements will be essentially given by elastic
shortening of the concrete shaft under the working static axial loads. Tip movement of the
drilled shaft will be negligible at working loads. For static loads, shaft displacement occurring as
tip movement required to mobilize the shaft side resistance capacity was neglected in load
deflection curves for a 72-inch diameter.

7.3.4 Lateral Loads Applied by Bridge Displacement

Soil-pier interaction was analyzed using the LPILE program developed by Reese and previously
described. The analysis was performed for the 60, 72 and 84-inch diameter shafts considered in
design. Lateral subgrade modulus values presented in the table below were used for lateral load
analyses under static and cyclic loading. All seismic lateral analyses incorporated a stiffness
value (EI) representing an uncracked shaft section.

Shaft loading at the ground surface was modeled using coefficients of horizontal subgrade reaction
for the soils penetrated by the piles as summarized in Table &,
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Shatts were modeled as free headed, applying shear and moment loads at the butt though a range
of butt displacemnent from 0 to 6 inches, and calculating deflection versus applied shear and slope
angle versus applied shear individually.

Table 17 — Estimated Lateral Resistance by Drilled Shafts for Conceptnal Design

. Remarks
{ﬁ) B
60 dia 47 k;ps 60 dm 110 ]\lpH (43 fi)
Yauhannah Lake 72 din 65 kips 72 dia 100 kips (49 ft) Free head at surface
84 dia 90 kips &4 dia 240 kips (50 fi)
e 60 L%m > kl?s 60 d{a 2 kms {ﬁ? f.t) Free head with stickup above ¢, -35
Pee Dee Main River 72 dia 10 kips 72 dia 55 kips {67 1) fect
84 dia 20 kips 84 dia 70 kips {70 It)
- 60 dia 60 kips 60 dia 205 kips (25 (1)
Pee Dee Overflow 72 dia 90 kips 72 dia 300 kips (29 {1) Free head al surface
84 dia 110 kips 84 dia 403 kips (35 1)

Depth to fixity of the shafts was estimated by inspection of load-displacement diagrams. Point-
of-fixity 1s defined as the sccond point of zero deflection of equal load increment curve,
Maximum depth to effective fixity of the tip is estimated to be 60 feet relative to the cut-off
clevation. Assuming the embedded shaft to be represented as an unsupported cantilevered shaft
fixed against translation or rotation at the base, the equivalent length of the cantilevered shafi
giving roughly the same load vs deflection at the top would be 53 to 70 feet below the water
surface depending on diameter.

Imposed soil loads due to lateral spreading were computed for typical drilled shaft using the soil
profile at sounding C-2 as before. Imposed loads ranged from 2200, 2400 to 2700 1b/in for 60-
inch, 72-inch and 84-inch diameters, respectively. This load would be applied per unit length in
mches, at the base of a triangular load in the non-liquefied soils. Within the liquefied zone,
tmposed loads by the residual strength of the liquetfied sands range from 1200, 1400 to 2250
Ib/in, applied as a uniform load per unit length in inches on 60, 72, and 84-inch diameters,
respectively. T.oad vs depth is shown for each shaft diameter in Figure 55.

7.3.5 Installation Recommendations

The wet construction method utilizing either temporary casing or the slurry displacement method
will be applicable at shaft locations on land with high pgroundwater levels, cohesionless
overburden soils, and potentially permeable bearing zones. The wet method utilizes a relatively
thick bentonite or attapulgite clay mineral drilling fluid to stabilize the drilled hole below the
groundwater level. Use of this method should be anticipated by the contractor in all shafts,
particularly in sands encountered to a depth of approximately 40 feet.

In addition, the contractor may need to leave casing permanently in place in all shafts,
particularly if reinforcing steel stick-up restricts ability be withdraw the casing. In this case
proviston should be made for permanent casing in each shaft. We recommend a minimum of 10
feet of permanent casing for estimation of quantities for bid documents.
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8.0 LIMITATIONS OF REPORT

This report has been prepared in accordance with generally accepted geotechnical engineering
practice for specific application to this project. The conclusions and recommendations in this
report are based on the applicable standards of our practice in this geographic area at the time
this report was prepared. No other warranty, express or implied, 1s made.

The analyses and recommendations subimitted herein are based, in part, upon the data obtained
from the subsurface exploration. The nature and extent of variations between the borings will
not become evident until construction. [f variations appear evident, then we will need to re-
evaluate the recommendations of this report. In the event that any changes in the nature, design,
or location of the structures are planned, the conclusions and recommendations contained in this
report will not be considered valid unless the changes are reviewed and conclusions modified or
verified in writing by the submitting engineers.
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PLATE 1 - View of existing PeeDee River Bridge (Bridge 2) from upstream. Bridge is supported by cast-
in-place concrete piers extending below the scour line, in turn supported on timber piles extending
approx. 15-30 ft below the base of the piers. The central span was constructed in about 1996 and is
supported by drilled shafts bearing in Pee Dee Formation at a depth of about 40-50 feet below the
mudline. Piers in river channel beyond the existing bridge were part of old structure that was demolished

when the current bridge was built in 1952.
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PLATE 2 - View of existing PeeDee Overflow Bridge from near south abutment. At time of visit area

beneath bridge structure was almost entirely dry.
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PLATE 3 - View of sag in bridge deck looking south on PeeDee Overflow bridge.
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PLATE 4 - View of north abutment of the Pee Dee River bridge from the marina access road. Boring B-
4 is located nearby. Height of embankment at abutment is approximately 20 feet.
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PLATE 5 - View of PeeDee River Bridge looking south from entrance to marina on north bank.
Approach spans are pile bents supported by 18-inch precast concrete piles which extend

about 30 feet below the surface and terminate in a zone of liquefiable sands which underlie the
alignment north of the river.
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PLATE 6 - View of south bank from on top of the PeeDee River Bridge. Wooded area beyond road is

marshy.
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PLATE 7 - View of south end of Yauhannah Lake Bridge from bluff at south margin of the PeeDee
River floodplain. Pile bents in the foreground extend through waters of Yauhannah Lake.
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PLATE 8 - View of south approach to PeeDee River main bridge from approximate location of Boring
B-2.
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PLATE 9 - View of approach bents on south side of main PeeDee River Bridge. Benis are supported
by 18-in square precast piles which bear in non-liquefiable soils on this side of the river.
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LEGEND TO SOIL CLASSIFICATION AND SYMBOLS

T 4

SOIL TYPES
(Shown in Graphic Log)

Fill

Asphalt

2
il

Concrete

Topsoll

il
‘e O.l.

Gravel

Sand

- Silt

Clay

N

Organic

] Silty Sand
(77
/2/4 Clayey Sand

Sandy Silt

dd Clayey Silt
/ ’

S Sandy ClI
/] Silty CI
9%% ity Clay

Partially Weathered
Rock

/
; 7z Cored Rock

WATERLEVELS

(Shown in Water Level Column)

= Waler Level At Terminalion of Boring
= Waler Level Taken After 24 Hours

= Loss of Dyilling Water

= Hole Cave

CONSISTENCY OF COHESIVE SOILS

STD. PENETRATION

RESISTANCE
CONSISTENCY BLOWS/FOOT
Very Soft Oto2
Soft Jto4
Firm S5to8
Stiff 9to 15
Very Stiff 16 o 30
Hard 311050
Very Hard Over 50

RELATIVE DENSITY OF COHESIONLESS SOILS
STD. PENETRATION

RESISTANCE
RELATIVE DENSITY BLOWS/IFOOT
Very Loose Otod
Loose 5t 10
Medium Dense 1110 30
Dense 31050
Very Dense Over 50
SAMPLER TYPES

{Shown in Samples Column)
B Shelby Tube

Split Spoon

Rock Core

O = X

No Recovery

TERMS

Standard - The Number of Blows of 140 Ib. Hammer Falling
Penetration 30 in. Required to Drive 1.4 in. [.D. Split Spoon
Resistance  Sampler 1 Fool. As Specified in ASTM [D-1588.

REC - Total Length of Rock Recovered in the Core
Barrel Divided by the Total Length of the Core
Run Times 100%.

RQD - Total Length of Sound Rock Segments
Recovered that are Longer Than or Equal to 4"
(mechanical breaks excluded) Divided by the
Total Length of the Core Run Times 100%.

ENGIMEERING - TESTING
ENVIRONMMENTAL SERVICES




NEW LOG 1611-04-569.GPJ WITH CPT.GDT 4/4/05

PROJECT: US 701 Bridges at Yauhannah
BORING LOG B-1
PROJECT NUMBER: 1611-04-569
NOTES:
DATE DRILLED: 12/17/04 ELEVATION: 225 Boring located at East end of bridge, 35 ft right
: f terli f brid i
DRILLING METHOD: Mud Rotary BORING DEPTH:  120.0 af cantoriemw of bricige.on the S8 shoxids.
Water level at 20 ft after 24
LLOGGED BY: P. Skipper WATER LEVEL: hr.
DRILL RIG: CME 45-B
o Lt
> 5 9 % STANDARD PENETRATION TEST DATA u
MATERIAL DESCRIPTION | 2§ |2u (blows/ft 2
i = [ =
Blg | %3 z
= D % 10 20 30 60 80
TOPSOIL / =l
CLAYEY POORLY GRADED SAND (SP-SC)(FILL) - mostly 11 D | 9
medium to fine sands, some fines observed at varying depths, =
tan, wet to saturated, loose to medium dense. o
17.5] 2 14
1 3 D 14
12.5-] 4 10
7 5 5 8
FAT CLAY (CH) - medium to high plasticity fines, trace sands, |
few organics, medium toughness, high dry strength, gray, Y
saturated, very soft to firm. = N
¥ 254°5 ‘
25— 254 7 \ .
30— -7.5— 8 .
. SILTY FAT CLAY (CH) - medium to low plasticity fines, trace |
sands, high toughness, very high dry strength, gray, saturated,
7 very soft fo soft. 19 4
35— / 12,5 /
40—% 75 10 E«M\ WOH
Z |
= SANDY CLAY (CL) -medium to low plasticity fines, some fine =
| sands, medium tough, high dry strength, saturated, gray, firm. |
11 8
NOTES:
Page 1 of 3

1. THIS LOG IS ONLY A PORTION OF A REPORT PREPARED FOR THE NAMED
PROJECT AND MUST ONLY BE USED TOGETHER WITH THAT REPORT.

2. BORING, SAMPLING AND PENETRATION TEST DATA IN GENERAL
ACCORDANCE WITH ASTM D-15886,

3. STRATIFICATION AND GROUNDWATER DEPTHS ARE NOT EXACT.
4. WATER LEVEL IS AT TIME OF EXPLORATION AND WILL VARY.

ENGIMEERING = TESTING
ENVIRONMENTAL SERVICES



Oversite: P. Skipper

Date: 12/17/04

Hole: CPT-C3

Project Title: 701 By-Pass

Client: S&ME, Inc.

ﬁ r _ Job No: 04-2055C

TIME (ms)
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130
1

110

100
1

90
1

80
1

70
1

60
1

40
1
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1

10
1
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i 1

() H1daa

70



PROJECT: US 701 Bridges at Yauhannah
BORING LOG B-1

PROJECT NUMBER: 1611-04-569
NOTES:
DATE DRILLED: 12/17/04 ELEVATION: 225 Boring located at East end of bridge, 35 ft right
DRILLING METHOD: Mud Rotary BORING DEPTH:  120.0 of centerline of bridge on the SB shoulder.
Water level at 20 ft after 24
LOGGED BY: _P. Skipper WATER LEVEL: hr.
DRILLER: DRILL RIG: CME 45-B
1 ]
e |= =13 |2 S|  STANDARD PENETRATION TEST DATA "
= | - o= |
oo g MATERIAL DESCRIPTION z| <85y (blowsft) 2
4 &% 9 Bl gélze <
N <| m < = z
= D g 10 20 30 6080
I f \\L‘n
¢ CLAYEY SAND (5C) - medium to fine sands, some plastic fines, N G
cemented particles, shell fragments, dry to moist, dark gray, I~
very dense. Sample crumbles in hand. 112 D';h 50/
-27.5— "

. D J 50/
s B ald b Y

SANDY FAT CLAY (CH) - medium to high plasticity fines, some N

fine sands, shell observed, cemented particles, medium B

toughness, high dry strength, wet, dark gray, very dense. 5 14 D o 50
-37 .5 I "

N

A
N
o
| |

SANDY FAT CLAY (CH)(Pee Dee Formation) - mostly medium to |
high plasticity fines, trace fine sands, medium toughness, high 15 1
65 dry strength, wet, dark gray, strong reaction to muratic acid, stiff
to very hard, 5
Hard drilling encountered at 65 feet. Approximately 15 inches i
thick. 7]
70 475 ¥ \ 12
4 \\
| o
M
17 T 20/
s 52,51 0"
0 Hard drilling encountered at 75 feet. Approximately 8 inches = /’
S thick. | //
. 1
5 ] /
g s
%‘ 80 575 18 "
=
= i
= _
o 4
o
@ |
w0y
3 es a5 1? Ly
é —
- i
o] =
=
w // 20 17
NOTES:
Page 2 of 3

1. THIS LOG IS ONLY A PORTION OF A REPORT PREFARED FOR THE NAMED
PROJECT AND MUST ONLY BE USED TOGETHER WITH THAT REPORT.

2. BORING, SAMPLING AND PENETRATION TEST DATA IN GENERAL
ACCORDANCE WITH ASTM D-1586.

3. STRATIFICATION AND GROUNDWATER DEPTHS ARE NOT EXACT.
4. WATER LEVEL IS AT TIME OF EXPLORATION AND WILL VARY.

NGINEERING - TESTING
NVIRONMENTAL SERVICES



PROJECT: US 701 Bridges at Yauhannah
BORING LOG B-1
PROJECT NUMBER: 1611-04-569
NOTES:
DATE DRILLED: 12/17/04 ELEVATION: 22.5 Boring located at East end of bridge, 35 ft right
of centerline of bridge on the SB shoulder.
DRILLING METHOD: Mud Rotary BORING DEPTH:  120.0 : seaniesE e
Water level at 20 ft after 24
LOGGED BY: P. Skipper WATER LEVEL: hr.
DRILLER: DRILL RIG: CME 45-B
1 L
= |e % 5 g % STANDARD PENETRATION TEST DATA w
= |T E 3
hElE 8 MATERIAL DESCRIPTION 2| EF|uu (blows/f) 2
e Dlme|st -
<
= | " @ g 10 20 30 6080
_7 SANDY FAT CLAY (CH){Pee Dee Formation) - mostly medium to ] \
high plasticity fines, trace fine sands, medium toughness, high N \
7] dry strength, wet, dark gray, strong reaction to muratic acid, stiff '\\
1 to very hard. Bl "\
. / (continued) [ D N 507
95 / 72.5- ! o
m Hard drilling encounterd at 95 feet. Approximately 10 inches . //
] / thick. | //
100 _% i8] #* < -
] y AN
/ i
s - N
/ . "N 50/
105 _/ 825 2 T
1
N ] o
: % / %
] | 24 rd
110—% -87.5-] 3 ah
_/ 125 & 2
15 —% 92,5 . 6
120 Z o75- %8 [ J 24
wf Boring B-1 terminated at 120 fest.
3
=
Q
o
Q)
T
E
=
o
Q
(2]
3
g
o
(o]
o
o |
2
i
NOTES:

1. THIS LOG IS ONLY A PORTION OF A REFORT PREPARED FOR THE NAMED Page 3 of 3

PROJECT AND MUST ONLY BE USED TOGETHER WITH THAT REFORT.

2. BORING, SAMPLING AND PENETRATION TEST DATA IN GENERAL
ACCORDANCE WITH ASTM D-1586.

3. STRATIFICATION AND GROUNDWATER DEPTHS ARE NOT EXACT.
4. WATER LEVEL IS AT TIME OF EXPLORATION AND WILL VARY.

ENGINEERING - TESTING
ENVIRONMENTAL SERVICES



PROJECT: LUS 701 Bridges at Yauhannah
BORING LOG B-2

PROJECT NUMBER: 1611-04-569
NOTES:
DATE DRILLED: 12/16/04 ELEVATION: 22.5 Boring located 100 ft South from SE comer of
DRILLING METHOD: Mud Rota " | BORING DEPTH:  120.0 Bridge 2 at access road to river. Boring located
- 3 . Water ievel 2121 fiaftor 24 on the SB shouider, 30 ft right of CL.
LOGGED BY: D. Hudspith | WATER LEVEL: hr. -
DRILLER: DRILL RIG: CME 45-B
- L
- e % g 2 E STANDARD PENETRATION TEST DATA w
- = oo )
b o B g MATERIAL DESCRIPTION = = @ u 1 (blows/ft) =
ges 3 ploSI5L =
(0] o« d < <§‘: z
= @ % 10 20 30 6080

TOPSOIL

CLAYEY POORLY GRADED SAND (SP-SC)(FILL) - mostly
medium to fine sands, some fines observed at varying depths, -
tan, wet to saturated, loose to medium dense.

T~

1 ¥
1
~J

75 2 < 6
1:[ 7 17
125- =
15 \ 14

FAT CLAY (CH) - medium to high plasticity fines, trace sands, .
few organics, medium toughness, high dry strength, gray,

saturated, firm. /
-2.5+ ! &

7.5
kv i \
35 / 19

'\\Q:

B SANDY CLAY (CL) - medium to low plasticity, some fine sands, o
saturated, gray, soft.

8
=
~F
|
0|
@
=
5 35 425 2 4
% i o
6?5 | POORLY GRADED SAND (SP) - medium to fine sands, trace i
i | fines, saturated, gray, loose to very dense. i
| 17.5- 10 O >
3 -17.
‘% . il
x - .
s} | i
= - -
2 e 1 7
NOTES:
Page 1 of 3

1. THIS LOG IS ONLY A FORTION OF A REPORT PREPARED FOR THE NAMED
PROJECT AND MUST ONLY BE USED TOGETHER WITH THAT REPORT.

2. BORING, SAMPLING AND PENETRATION TEST DATA IN GENERAL
ACCORDANCE WITH ASTM D-1586.

3. STRATIFICATION AND GROUNDWATER DEPTHS ARE NOT EXACT.
4. WATER LEVEL IS AT TIME OF EXPLORATION AND WILL VARY.

E NEERING « TESTING
ENVIRONMENTAL SERVICES



PROJECT: US 701 Bridges at Yauhannah
BORING LOG B-2

e

NEW LOG 1611-04-569.GPJ WITH CPT.GDT 4/4/05

PROJECT NUMBER: 1611-04-569
NOTES:
DATE DRILLED: 12/16/04 ELEVATION: 22.5 Boring located 100 ft South from SE corner of
; Bridge 2 at access road to river. Boring located
DRILLING METHOD: Mud Rotary BORING DEPTH: 120.0 i . N
Water lovel at 21 ft after 24 on the SB shoulder, 30 fi right of CL.
LOGGED BY: D. Hudspith WATER LEVEL: hr.
DRILLER: DRILL RIG: CME 45-B
. L
- e “EJ & 2 % STANDARD PENETRATION TEST DATA %
E8la g MATERIAL DESCRIPTION 2| £ 8|4y (blows/ft 2
o= P Wl m<|= % >
"y <| @ 5= =
= D % 10 20 30 6080
~
POORLY GRADED SAND (SP) - medium to fine sands, trace ]
fines, saturated, gray, loose to very dense. i
(continued)
i B
2751 12 46
5 5_‘ 13 51
60— 375 9 27

15 16

?V/ FAT CLAY (CH) - medium to high plasicity fines, trace sands, .
4 {

saturated, gray, medium toughness, high dry strength, firm.
16

PR '_- ——
70— " :.| POORLY GRADED SAND with CLAY SEAMS (SP) - medium to -47.5 y
s d fine sands, some clay seams observed, saturated, gray, dense. -

17 32

SANDY FAT CLAY (CH){Pee Dee Formation) - mostly medium to i
high plasticity fines, trace fine sands, medium toughness, high
dry strength, wet, dark gray, strong reaction to muratic acid, 18 13

very soft to very hard. -57.5— \

7
/

19 >

-62.5— 5

. é 1 20 >>,50/

NOTES:

1. THIS LOG IS ONLY A PORTION OF A REPORT PREPARED FOR THE NAMED
PROJECT AND MUST ONLY BE USED TOGETHER WITH THAT REPORT.

Page 2 of 3

2. BORING, SAMPLING AND PENETRATION TEST DATA IN GENERAL
ACCORDANCE WITH ASTM D-1586.

3. STRATIFICATION AND GROUNDWATER DEPTHS ARE NOT EXACT.
4. WATER LEVEL IS AT TIME OF EXPLORATION AND WILL VARY.

ENGINEERING = TESTING
ENVIRONMENTAL SERVICES



PROJECT: US 701 Bridges at Yauhannah
BORING LOG B-2

NEW LOG 1611-04-568.GPJ WITH CPT.GDT 4/4/05

PROJECT NUMBER: 1611-04-569
NOTES:
DATE DRILLED: 12/16/04 ELEVATION: 22.5 Boring located 100 ft South from SE comner of
DRILLING METHOD: Mud Rota BORING DEPTH:  120.0 Bridge 2 at access road to river. Boring located
' K e ST 3T fafiar 37— on the SB shoulder, 30 ft right of CL.
LOGGED BY: D. Hudspith WATER LEVEL: hr.
DRILLER: DRILL RIG: CME 45-B
— Ll
< e % S Q I% STANDARD PENETRATION TEST DATA w
=5 | = =
EglE g MATERIAL DESCRIPTION 2| 8|4y (blows/ft =
e g5 i SlEa =
O z| @ I E: -
= 0 10 20 30 6080
7 . i 5"
. SANDY FAT CLAY (CH){Pee Dee Formation) - mostly medium to N /’
high plasticity fines, trace fine sands, medium toughness, high 11
h dry strength, wet, dark gray, strong reaction to muratic acid, 7] 1~
s very soft to very hard. 1 /
| (continued) R
21 20

100 — -77.5 \
1 ! N
N
| | N
I
23 5 051[.’.’
] g 50/
110 s75- 24 o
| ] v
1 * /]

G528 ( 29

115_, i \\
| 4 N
N
i ) "N
: 5 N 50/
3
120 g7.5 %° aLgEy
Boring B-2 terminated at 120 feet.
NOTES:
-~ Page 3 of 3

1. THIS LOG IS ONLY A PORTION OF A REPORT PREPARED FOR THE NAMED
PROJECT AND MUST ONLY BE USED TOGETHER WITH THAT REPORT.

2. BORING, SAMPLING AND PENETRATION TEST DATA IN GENERAL
ACCORDANCE WITH ASTM D-1586.

3. STRATIFICATION AND GROUNDWATER DEPTHS ARE NOT EXACT.
4, WATER LEVEL IS AT TIME OF EXPLORATION AND WILL VARY.

ENGINEERING = TESTING
ENVIRONMENTAL SERVICES



1.

THIS LOG IS ONLY A PORTION OF A REPORT PREPARED FOR THE NAMED
PROJECT AND MUST ONLY BE USED TOGETHER WITH THAT REPORT.

. BORING, SAMPLING AND PENETRATION TEST DATA IN GENERAL

ACCORDANCE WITH ASTM D-1586,

. STRATIFICATION AND GROUNDWATER DEPTHS ARE NOT EXACT.
. WATER LEVEL IS AT TIME OF EXPLORATION AND WILL VARY.

PROJECT: US 701 Bridges at Yauhannah
BORING LOG B-3
PROJECT NUMBER: 1611-04-569
NOTES:
DATE DRILLED: 12115104 ELEVATION: 5.0
DRILLING METHOD: Mud Rotary BORING DEPTH:  100.0
Water level at 2.5 fi after 24
LOGGED BY: D. Hudspith WATER LEVEL: hr.
DRILLER: DRILL RIG: CME 45-B
— .o
<+ e ”5 B 2 :%L STANDARD PENETRATION TEST DATA w
o | - = ; =
hEle 8 MATERIAL DESCRIPTION x| £ 8|5y (blows/ft) o
4= HENEE z
<
= " o % 10 20 30 6080
o TOPSOIL / Al
*/ FAT CLAY (CH) - medium to high plasticity fines, trace fine ¥ 11 D 10
B / sands, low toughness, moist to wet, gray, firm to stiff. N
i \vi 4 D 3
5 % | o0 2 °
% 1.0 :
10 —% 50 4 D 9
7°-"| POORLY GRADED SAND (SP} - medium to fine sands, trace T
fines, wet, gray, loose. 15 D 5
= ELASTIC SILT with SAND SEAMS (MH) - medium to high .
| plasticity fines, sand seams observed, low toughness, saturated, | M
gray, very soft to soft.
20— 150 © . \WOH|
i i \\h\
1 1 7[0 L
251 200 7 . 3
i | Py
o //
POORLY GRADED SAND (SP) - medium to fine sands, saturated, ]
light gray, medium dense to dense. N D /
250 8 1"
3 _
3 =
<
‘é i
F- 1.0
5 3004 ° :’ w3
I
i i
= i
g. il POORLY GRADED SAND with CLAY SEAMS (SP) - mostly i
=t medium to fine sands, clay seams observed, saturated, gray,
B medium dense. 1 10 D 16
3 -35.0—
‘% -
o _
9 |
= E
i e 11 21
NOTES:
Page 1 of 3

ENGINEERING « TESTING
ENVIRONMENTAL SERVICES



PROJECT: US 701 Bridges at Yauhannah
BORING LOG B-3

PROJECT NUMBER: 1611-04-569
NOTES: T
DATE DRILLED: 12/15/04 ELEVATION: 5.0
1 DRILLING METHOD: Mud Rotary BORING DEPTH:  100.0
Water level at 2.5 ft after 24
LOGGED BY: D. Hudspith WATER LEVEL: hr.
DRILLER: DRILL RIG: CME 45-B
=1 ul
= |2 % 5 g % STANDARD PENETRATION TEST DATA w
o [ = =
h 3 : 2 MATERIAL DESCRIPTION 2| EF| gy (blows/ft 2
= — 1] b= o >
o o 5 = E 3 =
=| v @ G 10 20 30 6080
“.71 POORLY GRADED SAND with CLAY SEAMS (SP) - mostly i
L medium to fine sands, clay seams observed, saturated, gray, |
2l medium dense.
W5 g (continued) -
Wk 45.0— 12D 1
“.-|  POORLY GRADED SAND (SP) - medium to fine sands, trace i
5 °|  fines, saturated, gray, dense to very dense. |
50.0 13D 45
.- '.' o \
s - \
sty N 50/
e s5n-| M D e
aits 1 50/
R 800 ° :” 0"
7 ; ) N LA
o SANDY FAT CLAY (CH)(Pee Dee Formation) - mostly medium to sl ]
high plasticity fines, trace fine sands, medium toughness, high L~
N dry strength, wet, dark gray, strong reaction to muratic acid, 1
= very stiff to very hard. 1
16 16
70— / -65.0— \
] / | \\
. N
/ & \\\i
2 = 50/
75~/ o0 ¥ P o
I.(O’J —5 -3
i . Hard drilling encountered at 76 feet. Approximately 8 inches -
il h / thick. i
é _/ 118 > >‘ S0f
S| 80 / -75.0— ;b
2 5,
& - o
= | % -
o 2
z |
@ _/ Hard drilling encountered from approximately 83 to 100 feet. -
B 19 H{H® 0/
3 85—/ -80.0- 4"
& ] / j /
2 ] / d /
= . / ’ /
Z 4 20 ¢ 46
NOTES:
Page 2 of 3

1. THIS LOG IS ONLY A PORTION OF A REPORT PREPARED FOR THE NAMED
PROJECT AND MUST ONLY BE USED TOGETHER WITH THAT REPORT.

2. BORING, SAMPLING AND PENETRATION TEST DATA IN GENERAL
ACCORDANCE WITH ASTM D-1586.

3. STRATIFICATION AND GROUNDWATER DEPTHS ARE NOT EXACT.
4. WATER LEVEL IS AT TIME OF EXFLORATION AND WILL VARY.

ENGINEERING - TESTING
ENVIRONMENTAL SERVICES



PROJECT: US 701 Bridges at Yauhannah
BORING LOG B-3
PROJECT NUMBER: 1611-04-569
NOTES: 1
DATE DRILLED: 12/15/04 ELEVATION: 5.0 |
DRILLING METHOD: Mud Rotary BORING DEPTH:  100.0
Water level at 2.5 ft after 24
LOGGED BY: D. Hudspith ) WATER LEVEL: hr.
DRILLER: DRILL RIG: CME 45-B
i ww
- e % 5 ) E STANDARD PENETRATION TEST DATA w
= | = 2 =]
hgla 3 MATERIAL DESCRIPTION Sl 53 (8w (blows/ft) 3
we|R - il Il S
® = o = % =
= 9 10 20 30 6080
_I?/ SANDY FAT CLAY (CH)(Pee Dee Formation) - mostly medium to . /
high plasticity fines, trace fine sands, medium toughness, high
N dry strength, wet, dark gray, strong reaction to muratic acid, 7]
B very stiff to very hard. 7]
| / (continued) 4
95% 0.0 2! 33
D /A 9510 2 N
Boring B-3 terminated at 100 feet.
8
=
+
=
9
&
Q)
sy
=
=
o
Q
[}
8
2
o
Q
8
=
LLI|
=z
NOTES:
Page 3 of 3

1. THIS LOG IS ONLY A PORTION OF A REPORT PREPARED FOR THE NAMED
PROJECT AND MUST ONLY BE USED TOGETHER WITH THAT REPORT.

2. BORING, SAMPLING AND PENETRATION TEST DATA IN GENERAL
ACCORDANCE WITH ASTM D-1588,

3. STRATIFICATION AND GROUNDWATER DEPTHS ARE NOT EXACT.
4. WATER LEVEL IS AT TIME OF EXPLORATION AND WILL VARY.

ENGINEERING - TESTING
ENVIRONMENTAL SERVICES



PROJECT: US 701 Bridges at Yauhannah
BORING LOG B-4

PROJECT NUMBER: 1611-04-569
NOTES:
DATE DRILLED: 12114104 ELEVATION: 40 Boring located between Bent 3 & Bent 4 on
= middle bridge, 35 ft right of centerline of brid
DRILLING METHOD: Mud Rotary BORING DEPTH:  110.0 g S?mui o 9 1098
Water level at 2.5 ft after 24 ‘
LOGGED BY: D. Hudspith WATER LEVEL: hr.
DRILLER: DRILL RIG: CME 45-B
ol L
O vl =z oL STANDARD PENETRATION TEST DATA w
£ oz gl 2o|ZF 2
b8l e MATERIAL DESCRIPTION x| <8|Fu (blows/ft) =
W £ ga wlg=|sk >
(0] e d < E z
= D 5 10 20 30 6080
. TOPSOIL / ]
o] CLAYEY SAND (SC) - medium to fine sands, some fines, gray , ! 11 D /. 15
- /7\ wet, very loose. J . g
1 / FAT CLAY (GH) - medium to high plasticity fines, trace sands, ¥ |2 r"’f 3
5— / wet, gray, very soft. -1.0—
7. 1500 ;
CLAYEY SAND (SC) - medium to fine sands, some fines, few N
organics observed, wet, gray, very loose. 1
4 2
-6.0-
POORLY GRADED SAND (SP) - medium to fine sands, trace .
fines, some organics observed, wet, gray, lcose to dense. i
5 '» 12
-11.0+ 7
160 © < 9
-21.0 ¥ l 8
260 8
3 7 \
=i N
<t
o e
@ N
u
& 310 ° LY
]
= m |
= i _
o | ol
O
% - -
3| 40 36.0-{ 1° 29
é -] P
% | N
3 g .
= alah y4s n
u ey 11 18
NOTES:
Page 1 of 3

1. THIS LOG IS ONLY A PORTION OF A REPORT PREPARED FOR THE NAMED
PROJECT AND MUST ONLY BE USED TOGETHER WITH THAY REPORT.

2. BORING, SAMPLING AND PENETRATION TEST DATA IN GENERAL
ACCORDANCE WITH ASTM D-1586.

3. STRATIFICATION AND GROUNDWATER DEPTHS ARE NOT EXACT.
4. WATER LEVEL IS AT TIME OF EXPLORATION AND WILL VARY.

E EERING - TESTING
ENVIRONMENTAL SERVICES



PROJECT: US 701 Bridges at Yauhannah
BORING LOG B-4

NEW LOG 1611-04-569.GPJ WITH CPT.GDT 4/4/05

PROJECT NUMBER: 1611-04-569
NOTES:
DATE DRILLED: 12114104 ELEVATION: 4.0 Boring located between Bent 3 & Bent 4 on
| DRILLING METHOD: Mud Rotary BORING DEPTH:  110.0 ::::I: ;’Si?“:u?;’: i el
Water level at 2.5 ft after 24 ’
LOGGED BY: D. Hudspith WATER LEVEL: hr.
DRILLER: DRILL RIG: CME 45-B
i 1L
= B % 5 £ E STANDARD PENETRATION TEST DATA w
= | T o =
b gla 8 MATERIAL DESCRIPTION ol SF|duy (blows/ft =
(U] o ITJJ < % =z
= D g 10 20 30 6080
] POORLY GRADED SAND (SP) - medium to fine sands, trace _
fines, some organics observed, wet, gray, loose to dense.
7] (continued) N
50— 6.0 12 D 32
55— 51.0- 13D L.
60— 56.0 14 D \\ 37
65— 61.0 *5D 66
SANDY FAT CLAY (CH)(Pee Dee Formation) - mostly medium to - /
high plasticity fines, trace fine sands, medium toughness, high /
dry strength, wet, dark gray, strong reaction to muratic acid, stiff gl
to very hard. 1 16 D ( 2
70 -66.0— <
4 N
N \\
Hard drilling encountered at approximately 72 feet. = \\
N
1 D 100/
75 7104 77 He 6"
' i 50/
80 76.0- 18D . JET
Hard drilling encountered at approximately 83 feet. - 70/
Approximately 12 inches thick. 19 EE v
85 -81.0— 6
- /(
- //
_ Hard drilling encountered at approximately 85 feet. . /
/ Approximately 15 inches thick. 1l /
A 20 D 19
NOTES:
Page 2 of 3

1. THIS LOG IS ONLY A PORTION OF A REPORT PREPARED FOR THE NAMED
PROJECT AND MUST ONLY BE USED TOGETHER WITH THAT REPORT.

2. BORING, SAMPLING AND PENETRATION TEST DATA IN GENERAL
ACCORDANCE WITH ASTM D-1586.

3, STRATIFICATION AND GROUNDWATER DEPTHS ARE NOT EXACT.
4, WATER LEVEL IS AT TIME OF EXPLORATION AND WILL VARY.

ENGIMEERING - TESTING
ENVIRONMENTAL SERVICES



PROJECT: US 701 Bridges at Yauhannah
BORING LOG B-4

NEW LOG 1611-04-569.GPJ WITH CPT.GDT 4/4/05

PROJECT NUMBER: 1611-04-569
NOTES:
DATE DRILLED: 12/14/04 ELEVATION: 4.0 Boring located between Bent 3 & Bent 4 on
middle bridge, 35 ft right of centerli f bri
DRILLING METHOD: Mud Rotary | BORING DEPTH: _ 110.0 i S riige
Water level af 2.5 ft after 24 :
LOGGED BY: D. Hudspith WATER LEVEL: hr.
DRILLER: DRILL RIG: CME 45-B
— L
- e % 3 < % STANDARD PENETRATION TEST DATA W
= | T = o=
EFlz 8 MATERIAL DESCRIPTION AR IEL (blows/f) 2
e e e -
O < | m &=
= 9 » 10 20 30 6080
SANDY FAT CLAY (CH)(Pee Dee Formation) - mostly medium to .
high plasticity fines, trace fine sands, medium toughness, high
dry strength, wet, dark gray, strong reaction to muratic acid, stiff N
to very hard. s
(continued) _
95 91.0- 2! =
100 96.0- %2 23
Hard drilling encountered at approximately 101 feet. ]
Approximately 6 inches thick. |
| 23 26

105 -101.0— \

Boring B-4 terminated at 110 feet.

NOTES:

1. THIS LOG IS ONLY A PORTION OF A REPORT PREPARED FOR THE NAMED
PROJECT AND MUST ONLY BE USED TOGETHER WITH THAT REFORT.

Page 3 of 3

2. BORING, SAMPLING AND PENETRATION TEST DATA IN GENERAL
ACCORDANCE WITH ASTM D-1586.

3. STRATIFICATION AND GROUNDWATER DEPTHS ARE NOT EXACT.
4. WATER LEVEL IS AT TIME OF EXPLORATION AND WILL VARY.

ENGINEERING « TESTING
ENVIRONMENTAL SERVICES



PROJECT: US 701 Bridges at Yauhannah
BORING LOG B-5

NEW LOG 1611-04-569.GPJ WITH CPT.GDT 4/4/05

PROJECT NUMBER: 1611-04-569
NOTES:
DATE DRILLED: 1213104 ELEVATION: 225 Boring located at West end of bridge.
DRILLING METHOD: Mud Rotary BORING DEPTH:  120.0
Water level at 20 ft after 24
LOGGED BY: D. Hudspith WATER LEVEL: hr.
DRILLER: DRILL RIG: CME 45-B
— L
_— “5‘ 5 o % STANDARD PENETRATION TEST DATA w
= |T = o=
b olag MATERIAL DESCRIPTION x| S84y (blows/ft) 3
e s S Wl oSS =
w <| m = =
= @2 @ 10 20 30 6080
TOPSOIL / -
CLAYEY POORLY GRADED SAND (SP-SC)(FILL} - mosHy i [ D 10

medium to fine sands, some fines observed at varying depths, =
tan, wet to saturated, loose to medium dense. ]

17.5- 2 e
. 3D 10
— 13

¥ s
7.5 =
v 25; 6 17

%
7
_// FAT CLAY (CH) - residual soil, medium to high plasticity fines, =
| trace sands, organics observed, medium toughness, saturated,
gray, soft to firm. 5

25% £

POORLY GRADED SAND (SP) - mdeium to fine sands, frace i \

fines, saturated, light gray, loose to very dense.

47 5 10D 15

11 13

NOTES:

1. THIS LOG IS ONLY A PORTION OF A REPORT PREPARED FOR THE NAMED
PROJECT AND MUST ONLY BE USED TOGETHER WITH THAT REFORT.

Page 1 of 3

2. BORING, SAMPLING AND PENETRATION TEST DATA IN GENERAL
ACCORDANCE WITH ASTM D-1586,

3. STRATIFICATION AND GROUNDWATER DEPTHS ARE NOT EXACT.
4. WATER LEVEL IS AT TIME OF EXPLORATION AND WILL VARY.

ENGINEERING - TESTING
ENVIRONMENTAL SERVICES



NEW LOG 1611-04-569.GPJ WITH CPT.GDT 4/4/05

PROJECT: US 701 Bridges at Yauhannah
BORING LOG B-5
PROJECT NUMBER: 1611-04-569
NOTES: T
DATE DRILLED: 12113104 ELEVATION: 225 Boring located at West end of bridge.
DRILLING METHOD: Mud Rotary BORING DEPTH: 1200
Woater level at 20 ft after 24
LOGGED BY: D. Hudspith WATER LEVEL: hr.
DRILLER: DRILL RIG: CME 45-B
=i 1]
+ | % 5 .2, % STANDARD PENETRATION TEST DATA w
o [ =2
E 2 % g MATERIAL DESCRIPTION = g 8 § u (blows/ft) <
= o< = =
2 a2 G 10 20 30 6080
iE * ;'. POORLY GRADED SAND (SP) - mdeium to fine sands, trace u
V| fines, saturated, light gray, loose to very dense.
7] (continued) N
97 5 12 10
39 5] 13 D 16
375 14 7 33
42 5 15 \ 26
w18 | 34
s W 70
57 65— 18 /!,l 72
SANDY FAT GLAY (CH)(Pee Dee Formation) - mostly medium to - /
high plasticity fines, trace fine sands, medium toughness, high
dry strength, wet, dark gray, strong reaction to muratic acid, stiff N
to very hard. 1 19 ( 23
-62.5— |
] N
I
4 I
"N
20 J H)IOOI
NOTES:
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1. THIS LOG IS ONLY A PORTION OF A REPORT PREPARED FOR THE NAMED
PROJECT AND MUST ONLY BE USED TOGETHER WITH THAT REPORT.

2. BORING, SAMPLING AND PENETRATION TEST DATA IN GENERAL
ACCORDANCE WITH ASTM D-1586.

3. STRATIFICATION AND GROUNDWATER DEPTHS ARE NOT EXACT.
4. WATER LEVEL IS AT TIME OF EXPLORATION AND WILL VARY.

ENGINEERING « TESTING
ENVIRONMENTAL SERVICES



PROJECT: US 701 Bridges at Yauhannah
BORING LOG B-5
PROJECT NUMBER: 1611-04-569
NOTES:
DATE DRILLED: 12113104 ELEVATION: 225 Boring located at West end of bridge_
* | DRILLING METHOD: Mud Rotary BORING DEPTH:  120.0
Water level at 20 ft after 24
LOGGED BY: D. Hudspith WATER LEVEL: hr.
DRILLER: DRILL RIG: CME 45-B
-~ Ll
- |o % 5 g IE“ STANDARD PENETRATION TEST DATA w
2 |T = = = 2
hele S MATERIAL DESCRIPTION ARSI (blows/ft) =
UDJ = § — u'_J L?l = % >
(U] | o < = z
= D 10 20 30 6080
_7 SANDY FAT CLAY (CH)(Pee Dee Formation) - mostly medium to = i %
high plasticity fines, trace fine sands, medium toughness, high N //
N dry strength, wet, dark gray, strong reaction to muratic acid, stiff L~
N to very hard. -
. / (continued) _
95— / - - 15
/ y N
i / | N
i / Hard drilling observed at 98 feet. Approximately 6 inches thick. 1 an ::)1 00/
100—/ -77.5 He 1
/ : v
% _ v il
105—% a25- 2 19
11(&% B < Al
: % , 1
™
— B N
—/ 1 |:| " 50/
115/ g25-| & st T
g — o
]
/ . "
) / i //
= Hard drilling observed at 118 feet. Approximately 6 inches thick. i
120 Z s B of =
w0 Boring B-5 terminated at 120 feet.
3
EI
Q
=
&
e
E
=
o
o]
o
B
5
o
©
9
=
2l
NOTES:
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1. THIS LOG IS ONLY A PORTION OF A REPORT PREPARED FOR THE NAMED
PROJECT AND MUST ONLY BE USED TOGETHER WITH THAT REPORT.

2. BORING, SAMPLING AND PENETRATION TEST DATA IN GENERAL
ACCORDANCE WITH ASTM D-1586.

3. STRATIFICATION AND GROUNDWATER DEPTHS ARE NOT EXACT.
4. WATER LEVEL IS AT TIME OF EXPLORATION AND WILL VARY.

ENGINEERING = TESTING
ENVIRONMENTAL SERVICES



PROJECT: US 701 Bridges at Yauhannah
BORING LOG B-6
PROJECT NUMBER: 1611-04-569
NOTES:
DATE DRILLED: 12/27/04 ELEVATION: 225 Boring located at south end of the southernmost
; : th =
DRILLING METHOD: Mud Rotary BORING DEPTH:  120.0 Wy AN
Water level at 11 Teet after approximately 15 feet from the edge of
LOGGED BY: C. Doulton WATER LEVEL: 24 hr. pavement. This boring is a continuance of
sounding C-1 which refused at 35 feet.
DRILLER: Mid-Atlantic Drilling DRILL RIG: CME 45-B
— Ll
. ”EJ 8 e % STANDARD PENETRATION TEST DATA wwi
= | I o =
[ MATERIAL DESCRIPTION Sl EE| Yy (blows/ft 2
% ) § 3 1 ﬁ = % o >
(O] LE ﬁ < E =
= 2 & 10 20 30 6080
. No sampling performed due to previous exploration by CPT rig. |
5 17.5—
10— 12.5
i A 4 4
15— 7.5
- |
20— 2.5
25— -2.5-
30— 7.5
_8‘ — —
= - |
|
il | -
3 BE|
= 1] SILTY SAND (SM) - mostly fine sands, some low plasticity fines, T
& 35 I J\ dark gray, wet. -12.5 L .‘\ 2
o LAY =4
E bl 4 - Hard drilling encountered from approximately 35 to 120 feet \
| 7] due to stratified cemented lenses. 1 \\
& TH ] N
3 4 12 o3 50/
3 40 -17.5-] =i
7 -
= . . L
o i 4 A7
(0]
9 S ek i
= 0 ]
2 % 3 9
NOTES:
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1. THIS LOG IS ONLY A PORTION OF A REPORT PREPARED FOR THE NAMED
PROJECT AND MUST ONLY BE USED TOGETHER WITH THAT REPORT.

2. BORING, SAMPLING AND PENETRATION TEST DATA IN GENERAL
ACCORDANCE WITH ASTM D-1586.

3. STRATIFICATION AND GROUNDWATER DEPTHS ARE NOT EXACT.
4. WATER LEVEL IS AT TIME OF EXPLORATION AND WILL VARY.

ENGINEERING - TESTING
ENVIRONMENTAL SERVICES



NEW LOG 1611-04-568.GPJ WITH CPT.GDT 4/4/05

11 15

PROJECT: US 701 Bridges at Yauhannah
BORING LOG B-6
PROJECT NUMBER: 1611-04-569
NOTES:
DATE DRILLED: 12127104 ELEVATION: 225 Boring located at south end of the southernmost
brid th rth bound side shoul
DRILLING METHOD: Mud Rotary BORING DEPTH: 120.0 ri ge,‘on E‘I;IO c:un side shoulder,
approximately 15 feet from the edge of
Water level at 11 feet after - Ea A
LOGGED BY: C. Doulton WATER LEVEL: 24 hr. pavement. This boring is a continuance of
sounding C-1 which refused at 35 feet.
DRILLER: Mid-Atlantic Drilling DRILL RIG: CME 45-B
= w
- e % - Q % STANDARD PENETRATION TEST DATA w
o= | [ 23
b g ¢ 2 MATERIAL DESCRIPTION x| SE |2y (blows/ft) 3
858 JENEE =
= W 6 10 20 30 6080
N SANDY FAT CLAY (CH)(Pee Dee Formation) - mostly medium to N
| high plasticity fines, trace fine sands, medium toughness, high 1y
dry strength, wet, dark gray, strong reaction to muratic acid, stiff 4 14
50— / to very hard. -27.5-
55 —é 325 5 13
60 % -37.5 . D AN 2
| / i i
1 / . N
| | |
/ b
— = 50/
55—% Agg T T 5
b1
_/ = //
% - (// I
70 % -47.5— & \ =
1 % ] N
- -] B
M
/ 1 o
75— / 52,5 =
B ] A
/ pe
_% ] / i
BD~% -57.5 10D *h

;'b 50/

12

- NOTES:

1. THIS LOG IS ONLY A PORTION OF A REPORT PREPARED FOR THE NAMED
PROJECT AND MUST ONLY BE USED TOGETHER WITH THAT REPORT.

Page 2 of 3

2. BORING, SAMPLING AND PENETRATION TEST DATA IN GENERAL
ACCORDANCE WITH ASTM D-1586.

3. STRATIFICATION AND GROUNDWATER DEPTHS ARE NOT EXACT.
4. WATER LEVEL IS AT TIME OF EXPLORATION AND WILL VARY.

ENGIMNEERING ¢ TESTING
ENVIRONMENTAL SERVICES



PROJECT: US 701 Bridges at Yauhannah
BORING LOG B-6

PROJECT NUMBER: 1611-04-569
_ NOTES:
DATE DRILLED: 12127104 ELEVATION: 22.5 o Boring located at south end of the southernmost
bridge, on the north bound side shoulder,
DRILLING METHOD: Mud Rotary BORING DEPTH:  120.0 applg)ximateiy 15 foek from el of
Water level at 11 feet after : PR :
LOGGED BY: C. Doulton WATER LEVEL: 24 hr. pavel:ent-c :hlshboi:mgf is adcon;::::llce of
sounding C-1 which refused at et.
DRILLER: Mid-Atlantic Drilling DRILL RIG: CME 45-B
1 LU
gl = 28 STANDARD PENETRATION TEST DATA w
E e Ll 2|5k B
h g MATERIAL DESCRIPTION o SE| Y (blows/ft) 2
% = E m == % >
< | £z =
= D % 10 20 30 60 80

=

SANDY FAT CLAY (CH)(Pee Dee Formation) - mostly medium to N
high plasticity fines, trace fine sands, medium toughness, high
dry strength, wet, dark gray, strong reaction to muratic acid, stiff
to very hard.

(continued) ]
13 EE fflc,',"

116 e 2

117 »‘501

-92.5 i

B o 50/
e 4
120 -97.5 8 g I

w0 Boring B-6 terminated at 120 feet.

i

<r

=

a|

his

n

[&]

i o

=

=

o

o

m

B

g

@

0]

]

-t

=

2l

NOTES:
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1. THIS LOG IS ONLY A PORTION OF A REPORT PREPARED FOR THE NAMED
PROJECT AND MUST ONLY BE USED TOGETHER WITH THAT REPORT.

2. BORING, SAMPLING AND PENETRATION TEST DATA IN GENERAL
ACCORDANCE WITH ASTM D-1586.

3. STRATIFICATION AND GROUNDWATER DEPTHS ARE NOT EXACT.
4. WATER LEVEL IS AT TIME OF EXPLORATION AND WILL VARY.

ENGINEERING - TESTING
ENVIRONMENTAL SERVICES



NEW LOG 1611-04-569.GPJ WITH CPT.GDT 4/4/05

PROJECT: US 701 Bridges at Yauhannah
BORING LOG B-7
PROJECT NUMBER: 1611-04-569
NOTES:
DATE DRILLED: 12/30/04 ELEVATION: 225 Boring located at the north end of the
rth t bridge, i
DRILLING METHOD: Mud Rotary BORING DEPTH:  120.0 noghesamost bildge; othe it hoind sids
- shoulder, approximately 30 feet from the edge of
Water level at 13.5 feet after i g y
LOGGED BY: C. Doulton WATER LEVEL: 24 hr. pavement. This boring is a continuance of
sounding C-3, which refused at 65 feet.
DRILLER: Mid-Atlantic Drilling DRILL RIG: CME 45-B
! ]
= lo % 5 g % STANDARD PENETRATION TEST DATA m
&z | T = o
o MATERIAL DESCRIPTION 2| K ®|Yuw (blows/ft) 3
w2 é = bl =Lz q >
] ) = i = = z
® < | m o
= @ @ 10 20 30 6080
" No sampling performed due to previous exploration by CPT rig. _
| i
5 145
10— 12.5—
= ! -]
15— fab—
20— 2.5
25— -2.5-
30— 7.5
35— -12.5
40— -17.5
NOTES:
Page 1 of 3

1. THIS LOG IS ONLY A PORTION OF A REPORT PREPARED FOR THE NAMED
PROJECT AND MUST ONLY BE USED TOGETHER WITH THAT REPORT.

2. BORING, SAMPLING AND PENETRATION TEST DATA IN GENERAL
ACCORDANCE WITH ASTIW D-1586.

3. STRATIFICATION AND GROUNDWATER DEPTHS ARE NOT EXACT.
4. WATER LEVEL IS AT TIME OF EXPLORATION AND WILL VARY.

ESTING
ERVICES



PROJECT: US 701 Bridges at Yauhannah
BORING LOG B-7
PROJECT NUMBER: 1611-04-569
NOTES:
DATE DRILLED: 12/30/04 ELEVATION: 225 Boring located at the north end of the
northernmost bridge, on the north bound sid
| DRILLING METHOD: Miud Rotary BORING DEPTH:  120.0 iy W oy
shoulder, approximately 30 feet from the edge of
Water level at 13.5 feet after 4.0 W i
LOGGED BY: C. Doulton WATER LEVEL: 24 hr. pavement. This boring is a continuance of
sounding C-3, which refused at 65 feet.
DRILLER: Mid-Atlantic Drilling DRILL RIG: CME 45-B
2 L
L e % 5 g % STANDARD PENETRATION TEST DATA w
o T = = -
hTla g MATERIAL DESCRIPTION x| £¥|Fu (blowsifi) 3
R Blge st z
(0] <| P
= D 10 20 30 6080
o] No sampling performed due to previous exploration by CPT rig. ]
| (continued) i
50— -27.5
55— -32.5
60— -37.5—
| _
ﬂ =
SANDY FAT CLAY (CH){Pee Dee Formation) - mostly medium to 71 1 S|4 30/
65 high plasticity fines, trace fine sands, medium toughness, high -42.5— 2
dry strength, wet, dark gray, strong reaction to muratic acid, stiff =
to very hard. ) |
- Hard drilling encountered from approximately 65 to 120 feet =
due to stratified cemented lenses. ] ‘ 50/
70 475- * 1Y o
] 50/
75 o ¥ :’ 0"
2 g 5
| pe
: ! A
o | a4 (/ 18
S| 80 -57.5— L
£ . N
= . N
- : a
a : I 50/
i 85 625 ° ’j) Vg
. . ql
e ]
o i 1
S ) 4
2 / . ’/
e /7 6 22
NOTES:

Page 2 of 3

1. THIS LOG IS ONLY A PORTION OF A REPORT PREPARED FOR THE NAMED
PROJECT AND MUST ONLY BE USED TOGETHER WITH THAT REPORT.

2. BORING, SAMPLING AND PENETRATION TEST DATA IN GENERAL
ACCORDANCE WITH ASTM D-1586,

3. STRATIFICATION AND GROUNDWATER DEPTHS ARE NOT EXACT.
4. WATER LEVEL IS AT TIME OF EXPLORATION AND WILL VARY.

ENGINEERING - TESTING
ENVIRONMENTAL SERVICES



PROJECT: US 701 Bridges at Yauhannah
BORING LOG B-7
PROJECT NUMBER: 1611-04-569
NOTES:
DATE DRILLED: 12/30/04 ELEVATION: 225 Boring located at the north end of the

DRILLING METHOD: Mud Rotary

BORING DEPTH:  120.0

Water level at 13.5 feet after

northernmost bridge, on the north bound side
shouider, approximateiy 30 feet from the edge of
pavement. This boring is a continuance of

1. THIS LOG IS ONLY A PORTION OF A REPORT PREPARED FOR THE NAMED

PROJECT AND MUST ONLY BE USED TOGETHER WITH THAT REPORT.

2. BORING, SAMPLING AND PENETRATION TEST DATA IN GENERAL
ACCORDANCE WITH ASTM D-1586.

3. STRATIFICATION AND GROUNDWATER DEPTHS ARE NOT EXACT.

4. WATER LEVEL IS AT TIME OF EXFLORATION AND WILL VARY.

LOGGED BY: C. Doulton WATER LEVEL: 24 hr.
sounding C-3, which refused at 65 feet.
DRILLER: Mid-Atlantic Drilling DRILL RIG: CME 45-B
i ul
- e % & ) % STANDARD PENETRATION TEST DATA u
EEla 8 MATERIAL DESCRIPTION 2| 23| du (blows/ft =
4z~ Hl L= s & >
2 < | m 5= -
= 9 @ 10 20 30 6080
,7 SANDY FAT CLAY (CH)(Pee Dee Formation) - mostly medium to -
high plasticity fines, trace fine sands, medium toughness, high |
N dry strength, wet, dark gray, strong reaction to muratic acid, stiff
] to very hard. =
| / (continued) 4 D
95—% g25 7 N =
| | N
% N
] / ] ML
| o
_/ . 8 D >4 5"?,[
100 — -77.5— v 1
. = 1
7 1
_ % , e
105 % 825 ° [ « &
:% | \\\
/ \\
] — 50/
110—% 875 2 e 1*
ﬁ/ E 50
115% 925 1 ek, R
A/ 14 50/
120 Z 975 12 8 3
w0 Boring B-7 terminated at 120 feet.
¥
=
a|
b
(&]
&
2
o
0]
[«)]
8
3
&
(V]
9
=
Z
NOTES:
Page 3 of 3

ENGINEERING = TESTING
ENVIRONMENTAL SERVICES



NEW LOG 1611-04-669.GPJ WITH CPT.GDT 4/4/05

PROJECT: US 701 Bridges at Yauhannah
BORING LOG B-8
PROJECT NUMBER: 1611-04-569
NOTES:
DATE DRILLED: 12/31/04 ELEVATION: 5.0 Boring located at Bent 15 beneath the middle
bridge. Thi ingi i f i
DRILLING METHOD: Mud Rotary BORING DEPTH:  120.0 cnz fhic::'fe?u‘:g;ga'fsz ‘;:::'"“ar'“e o sandng
Water level at 3.5 feet after ’ .
LOGGED BY: C. Doulton WATER LEVEL: 24 hr.
DRILLER: Mid-Atiantic Drilling DRILL RIG: CME 45-B
| 18]
- e % o 2 E STANDARD PENETRATION TEST DATA n
o | I = = 2
E @ o 8 MATERIAL DESCRIPTION n‘:‘ E f: § 1 (blows/ft) =
2 <| @ 3z =
= @ &% 10 20 30 6080
o No sampling performed due to previous exploration by CPT rig. <]
el ! Pl
5— 0.0—
10— 5.0
15— -10.0
20— 15.0—
25— -20.0
30— -25.0—
35— -30.0
40— -35.0
NOTES:
Page 1 of 3

1. THIS LOG IS ONLY A PORTION OF A REPORT PREPARED FOR THE NAMED
PROJECT AND MUST ONLY BE USED TOGETHER WITH THAT REPORT.

2. BORING, SAMPLING AND PENETRATION TEST DATA IN GENERAL
ACCORDANCE WITH ASTM D-1586.

3. STRATIFICATION AND GROUNDWATER DEPTHS ARE NOT EXACT.
4. WATER LEVEL IS AT TIME OF EXPLORATION AND WILL VARY.

ENGINEERING - TESTING
ENVIRONMENTAL SERVICES



PROJECT: US 701 Bridges at Yauhannah
BORING LOG B-8

NEW LOG 1611-04-568.GPJ WITH CPT.GDT 4/4/05

PROJECT NUMBER: 1611-04-569
NOTES:
DATE DRILLED: 12/31/04 ELEVATION: 5.0 Boring located at Bent 15 beneath the middle
DRILLING METHOD: Mud Rotary BORING DEPTH:  120.0 telne: Thisboting bv:a centinunnes:of sounding
C-2, which refused at 60 feet.
Water level at 3.5 feet after
LOGGED BY: C. Doulton WATER LEVEL: 24 hr.
DRILLER: Mid-Atlantic Drilling DRILL RIG: CME 45-B
= L
L e % P 2! g STANDARD PENETRATION TEST DATA m
= 1 = oo
b o |0 2 MATERIAL DESCRIPTION = e B | Y w (blows/ft) =
[T S %5 3 m| mElEE =
= @ 10 20 30 6080
u Mo sampling performed due to previous exploration by CPT rig. i
N (confinued) |
50— -45.0—
55— -50.0—
N POORLY GRADED SAND (SP) - medium to fine sands, trace 1 1 @ 9
60— \ fines, tan, saturated. / -55.0+ =
] SANDY FAT CLAY (CH){Pee Dee Formation) - mostly medium to j \\
] high plasticity fines, trace fine sands, medium toughness, high N N
-3 dry strength, wet, dark gray, strong reaction to muratic acid, stiff . \\
to very hard. | "\;‘ 50/

- Hard drilling encountered from approximately 65 to 120 feet T
due to stratified cemented lenses.

s 1l 50/
-65.0- 0"

o

é |

é Sog- * A %(']'l
/

7
85 Z e ] 25
_

13 1§ 50/

NOTES:

1. THIS LOG IS ONLY A PORTION OF A REPORT PREPARED FOR THE NAMED
PROJECT AND MUST ONLY BE USED TOGETHER WITH THAT REPORT.

Page 2 of 3

2. BORING, SAMPLING AND PENETRATION TEST DATA IN GENERAL
ACCORDANCE WITH ASTM D-1586.

3. STRATIFICATION AND GROUNDWATER DEPTHS ARE NOT EXACT.
4. WATER LEVEL IS AT TIME OF EXPLORATION AND WILL VARY.

ENGINEERING « TESTING
ENVIRONMENTAL SERVICES



NEW LOG 1611-04-569.GPJ WITH CPT.GDT 4/4/05

PROJECT: US 701 Bridges at Yauhannah
BORING LOG B-8
PROJECT NUMBER: 1611-04-569
NOTES:
DATE DRILLED: 12131/04 ELEVATION: 5.0 Boring located at Bent 15 beneath the middle
’ ¢ bridge. This boring is a continuance of sounding
DRILLING METHOD: Mud Rotary BORING DEPTH:  120.0 C-2, which refused at 60 feet.
Water level at 3.5 feet after
LOGGED BY: C.Doulton WATER LEVEL: 24 hr.
DRILLER: Mid-Atlantic Drilling DRILL RIG: CME 45-B
] Ll
- O E 5 g I& STANDARD PENETRATION TEST DATA w
= |T = = - =]
E®la g MATERIAL DESCRIPTION | £ 5|8y (blows/ft 2
w & T o i o T % % =
= <| m 5= -
= @ 5 10 20 30 6080
7 x : 2
ﬁ/ SANDY FAT CLAY (CH)(Pee Dee Formation) - mostly medium to . ’/
high plasticity fines, trace fine sands, medium toughness, high | L7
N dry strength, wet, dark gray, strong reaction fo muratic acid, stiff 1
= to very hard. B /
] / (continued) " '/ -
95— % -90.0 B
/ | 24
100 —% 9.0 ° ™~
:% f N
\
_ _ I
/ N
%] N 50/
105/ 100.0-{ 1° 2 o
//
: % ] By
110—% 105.0- ! (\ =
i / i N
| / : N
_ ] I
/ I
_ = N 50/
115—% -1100-| 12 218 T
{5
120 Z a150- 13 ® 5
Boring B-8 terminated at 120 feet.
NOTES:
Page 3 of 3

1. THIS LOG IS ONLY A PORTION OF A REPORT PREPARED FOR THE NAMED
PROJECT AND MUST ONLY BE USED TOGETHER WITH THAT REPORT.

2. BORING, SAMPLING AND PENETRATION TEST DATA IN GENERAL
ACCORDANCE WITH ASTM D-1586.

3. STRATIFICATION AND GROUNDWATER DEPTHS ARE NOT EXACT.
4. WATER LEVEL IS AT TIME OF EXPLORATION AND WILL VARY.

ENGINEERING « TESTING
ENVIRONMENTAL SERVICES



SAMPLES / TESTS

SOIL CLASSIFICATION PLOE)  NM(H) L (R
D AND REMARKS E ” ¥
E 5 : N-COUNT |
L <. L Lo "% e a ® SPT (bpl)
L : E E DTl wwo | C
H |SEE KEY SYMBOL SHEET FOR EXPLANATION N v E |Y =
. OF SYMBOLS AND ABBREVIATIONS BELOW. D - _?1 E =
{ ) E| 2 @
_0) i (” - oM N 10 20 30 40 S0 60 70 80 90 100
GREAT PEE DEE RIVER, (25.0) Rt EEE RS s SR s R RS IR I
B iz
O H
| - =
F ] 3
5o 0.2 ©
4 4 w
0=z
5 . @ H
] i B o
"
r b - o<ac
=10 — 4 B E L.
g 7 T [
| - O bl
= ¥
| - 0
i . e
=15 -9.8 E
I . @
L i E 0.
| . - =
oo
L - - —l=<t
— 20 — 14,8 o
- = {5 s
. O
i i H
- . . ==
| | 5
w
- 25 L
L POORLY GRADED SAND (SP) - mostly woH w @ij
: 1. finc-med sand, very loose, tan; - COASTAL T H =
- 4 v PLAIN RESIDUUM we
= 4 SASBTY AR ADED CAND /S - ol T T T T i |
5 POOR}.Y GRADED SAND, (5F) - mosily §5.9 9-15-6 @
fine-thed sand, firm and dense, light gray - > '6'::'
i | COASTAL PLAIN RESIDUUM o
. m
B ] B -
N ssa 6-30-19 %E
L B o
| o Ll
O
B N 2 .
L b
i = _|ss-4 0o
L . e
L - Ll @
L N N
™
-] o Bl s 5!
45 — S$8-5 -12-15 o
i i =
= s T =
& i
L J = >
4 =
- 50 | $8-6 10-15-14 =
L ] 9p]
| B | 5 R
o T
- €L
I S
= 2T P
L 55 - $5-7 5-12-18 e
| ) 0 i
0 10 20 30 40 50 60 70 80 90 100
DRILLER: J.ALEXANDER
EQUIPMENT: TRI-CONE ROLLER
METHOD: ROTARY WASH iz - \
HOLE DIA..: 5 g PROJECT: US 701 BRIDGE REPLLACEMENT
REMARKS: OFFSET: 24,5000 BORING NO.: B-1
US 701 BRIDGE OVER GREAT PEE DEE RIVER - Boring STATION: 79914.7000 3- /0/
lis located 33.0" West of East abut and 24.0° Norh of center DRILLED: April 3. 1996
line. File No. 22,56961 i ! ’ )
\PROJ. NO.: 30510-6-6549 PAGE 1 OF 2 )

THIS RECORD 1S A REASONABLE INTERPRETATION
OF SOIL CONDITIONS AT THE BORING LOCATION.

SOIL CONDITIONS AT OTHER LOCATIONS MAY DIFFER.

INTERFACES BETWEEN STRATA ARE APPROXIMATE.
TRANSITIONS BETWEEN STRATA MAY BE GRADUAL.




R e e

SOIL CLASSIFICATION SAMPLES / TESTS Pbé%) NM (%) LL (%)
? AND REMARKS L g = e
P G 1 I N-COUNT 0
= - @ SPT (bpf)
T E E D |T g I
H |$EE KEY SYMBOL SHEET FOR EXPLANATION N v A B
" | 'OF SYMBOLS AND ABBREVIATIONS BELOW. D N [Pl ~oao | L
() (ny T |E| 0w Z &
| | — ™ X 10 20 30 40 50 60 70 80 90 100
| | CLAYEY SE/}HEQ__(SC) - mustly fine sand, some j Earle ;
L | méd-plasuc fires, loose, dark gray - COASTAL - |: o ud Z
_ 60 - PLAIN RESIDUUM 222 oH
[ | TCEAN CLAY WITH SAND (CL) - some fine - I ne
sand, mostly med-plastic fines, interhedded | @ W
k 4 with fine cemented sand seams, very hard, dark = Q=2
. i 55-9 50/2" 5 H
65 1 gray - COASTAL PLAIN RESIDUUM b o 8 j
i ) [ O«
- E = W
L €
o
N 55-10 502" i =
- 70 N E
B | 12 T
[ | LEAN CLAY WITH SAND (CL) - some fine i @ T
L 1 sand, mosily med-plastic [ines, very stiff, dack L.
L] grey - COASTAL PLAIN RESIDUUM w5
5 o : K5-11 6-8-9 @
o
i " LEANCLAY WITH SAND (CL) - some fine =
L 1 sand, mostly med-plastic fines, inlerbedded W T
Ja 1" with finc cemented sand seams, very stiff, dark O
) 6-7-10 =
L 80 — 1 grey - COASTAL PLAIN RESTDUUM E
i 1 LEANCLAY WITH SAND (CL) - some fine O
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1 grey - COASTAL PLAIN RESIDUUM ) ~ &
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DRILLER: J.ALEXANDER
EQUIPMENT: TRI-CONE ROLLER L
METHOD: ROTARY WASH Vo e
HOLE DIA.: 2 78" PROJECT: US 701 BRIDGE REPLACEMENT
REMARKS: OFFSET: 24.5000 BORING NO.: B-I
US 701 BRIDGE OVER GREAT PEE DEE RIVER - Boring STATION: 79914.7000 B-/of 1
lis located 33.0° West of East abut and 24.0° North of center DRILLED: s :
: 5 CD: pril 3, 1996
ine. File No, 22.56961
; PROJ. NO.: 30510-6-6549 PAGE 2 OF 2
THIS RECORD IS5 A REASONABLE INTERPRETATION o
OF SOIL CONDITIONS AT THE BORING LOCATION.
SOIL CONDITIONS AT OTHER LOCATIONS MAY DIFFER.
INTERFACES BETWEEN STRATA ARE APPROXIMATE.

TRANSITIONS BETWEEN STRATA MAY BE GRADUAL.



SOIL CLASSIFICATION SAMPLES / TESTS Be B L
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DRILLER: J.ALEXANDER
EQUIPMENT: TRJ-CONE ROLLER :
METHOD: ROTARY WASH ~
HOLE DIA.; 27/8" PROJECT us 701 BRIDGE REPLACEMENT
REMARKS: OFFSET: -22.5000 BORING NO.: B-2
US 701 BRIDGE OVER GREAT PEE DEE RIVER - Boring STATION: §0050.4500 B ,./02.
is located 10.0” East of West abut and 22.5” South of center DRILLED: Anril 5. 1996
line. File No. 22.56961 ; DI

PROJ. NO.:  30510-6-6549 PAGE 1 OF 2,
THIS RECORD 1S A REASONABLE INTERPRETATION
OF SOIL CONDITIONS AT THE BORING LOCATION. -
SOIL CONDITIONS AT OTHER LOCATIONS MAY DIFFER.
INTERFACES BETWEEN STRATA ARE APPROXIMATE.
TRANSITIONS BETWEEN STRATA MAY BE GRADUAL.




SOIL CLASSIFICATION SAMPLES / TESTS RL g_) R S é%)
b AND REMARKS i T - - =
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_ 70 -] RESIDUUM 55-8 6-8-34 -8
- - x H
) ™ 1
|
|- A
g = 1559 35-22-34 o
o
o B [ RN}
5 < = T
e
] it
L ap 55-10 14-22-25 o
80 42 .
5 N o
L A w1
B i =
L . i £ o
P Ts-11 14-50/2.5" o
L 4 g i
L - £ O -
i 4 E H
L i i E EX
— B 3-13-50/5" B
i ] ] I 1]
0
L i & L Ho
L = = L p =
L . N Ll <C
T T §9.8-PS 13 40-30-34 E il
N LEAN CLAY WITH SAND (CL) - some finc "= )
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- ’ o -
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- 1 LEANCLAY WITH SAND (CL) - some fine . b=eh
i 4 sand, mostly med-plastic fines, very stiff, dark b G ~
| jo_L._gry - COASTAL PLAIN RESIDUUM 04 55516 10-12-15 o
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DRILLER: 1. ALEXANDER
EQUIPMENT: TRI-CONE ROLLER
METHOD: ROTARY WASH o
HOLE DIA. - 28" PROJECT: US 701 BRIDGE REPLACEMENT
REMARKS: OFFSET: -22.5000 BORING NO.: B-2
US 701 BRIDGE OVER GREAT PEE DEE RIVER - Boring STATION: §0050.4500 B Jo2.
bs located 10.0° East of West abut and 22.5” South of center . . =
ine. File No. 22.56961 DRILLED:  April 5, 1996
PROJ. NO.:  30510-6-6549 PAGE 2 OF 2 |
THIS RECORD I8 A REASONABLE INTERPRETATION e -
OF SOIL CONDITIONS AT THE BORING LOCATION.
SOIL CONDITIONS AT OTHER LOCATIONS MAY DIFFER.
INTERFACES BETWEEN STRATA ARE APPROXIMATE.

TRANSITIONS BETWEEN STRATA MAY BE GRADUAL.
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Oversite: P. Skipper

Date: 12/17/04

Hole: CPT-C1

Project Title: 701 By-Pass

Client: S&ME, Inc.

ﬁ ’—_ Job No: 04-2058C
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Oversite: P. Skipper

Date: 12/17/04

~ Hole: CPT-C2

Project Title: 701 By-Pass

Client: S&ME, Inc.

Job No: 04-2055C
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Laborstory Record Version 4.2

Teoject #:
« Foject Mame:
Clrent Name:

Client Address

o

Figuid Limig, Plastic

1611-04-569
UR 701 Bridges

Linuit, and Plastic Fndex

Report Date:
Test Datels)

1728705

Bonng #: B-1 sample #; 55-6 sSample Date: 1/11/03
. Depthe 20 fee
sample Description: Gray Blastic st (M N
Pan # o Ligquid Lim:t Plastic Limit
Test # 1 2 3 4 5 6 1 2 3
Tare # .
A Tare Weight
B Wet Soil Weight + A
C Diry Soil Weight -+ A
D Water Weight (B-C)
B Dry Soil Weight (C-A)
F % Moisture Content (D/13)*100
N # OF DROPS Moisture Contents determined
1L LL=F * FACTOR by ASTM D 2216
Ave. Average
ff TO0 g )
3 One Point Liguid Limit
ZE: 65.0 N Factor N Factor
£ ' 20 | 0974 | 26 | 1.005
w 21 0.979 27 1.009
B 0600 —
2 4 B 22 0.985 28 1.014
2 23 | 0990 | 20 | 1.018
Nl TR 24 0.995 30 1.022
- 25 1.000
50.0
10 100
b, w
Notes: Estimate the % Retained on the #40 Sieve
Special Sampling Methods:
Sample Preparation: Wet Preparation [ Dry Preparation 3 Air Dried NP, Non-Plastic X
Liguid iimit Test: Multipoint Method [ One-point Method [ Liquid Limit
Classification: ASTM D 2487 AASHTOM 145 {1 Plastic Limit
Liquid Hmit Test: ASTM D 4318 AASHTO TS89 0 Plastic Index
™agtic limit Test: ASTM D 4318 AASHTOT90 1] Group Symbol
1 echnician Name: E NITZ
Certification i
Technical Responsibility: R FOREST

S&ME, INC.

Sesatie

231 Labonte Street
Conway, SC 29526

Position

B-1,55-8 Limits



Labmvatory Record Vorsion 4.2

Particle Size Analysis of Soils

ARTM 13422

Tost Date(s):

- [ TR o . 1 ITYG
ST RCDOTT Lrdid B TAY

Project #:
e
SOREC INAIHe:

Client Name:
Cliert Address:

Horing #: -1 Sample #; 55-6 Sample Date: I3
h Depth: 24 feet
Sample Description: Light Brown Silty Clavey sand (5C-5M)
. . . . . Moisture Content Natural
Particle Size Analysis / Without Hydrometer Analysis : -
o Tare # 4
Tare Number A Tare Weight 85.50
A |Tare Weight o 855 B Wet Weight + Tare Wi, 226.70
B {Total Sample Dry Wt + Tare Wt. 2014 C Dry Weight + Tare W1, 201.40
C [Total Sample Dry Weight  (B-A) 1159 D Water Wt (B-() 2530
D |Total Sample Wt. After #200 Wash 85.0 E Dry Wi(C-A) 11590
E {Percent Passing #200  (}-D/C)x100 PR.0% Maisture Content (100 x D/E) (%) 21.8%
Sieve Size (mm) Sieve Size Retained Weight Percent Retained Percent Passing
Total Sample
37.50 L.57 8.0%
25.00 i.o" &.0%
19.00 3/4" 0.0%
12.50 172" 0.0%
9.50 3/8” 0.0%
4.75 #4 .04
2.00 #10 06495
0.60 #30 0.0%
0.43 #40 0.0%
0.25 #60 0.0%
0.15 #100 0.0%
0.075 #200 0.0%
Notes: Maxinum Particle Size - Gravel < 75 num and > 4.75 mm (#4) §.0%
Apparent Relative Density - Coarse Sand < 4.75 mm and =200 mm (£10) HYALUE!
Faquad Limat - Fineness Moduolas -- Medium Sand < 2.00 mm and > 0.425 mun (#40) HYALUE!
Plastic Linit - Cu = D&0/D10: - Fine Sand <0425 mam and > 0.075 mm (#200)  #YVALLUE!
Plastic Index - Ce=(D30Y/ (DIOxDGOY. - % Silt and Clay < 0.075 mm
Description of Sand & Gravel Rounded [] Angular [
Hard & Durable [ Soft Weathered & Friable 4
Organic Content
210 = D30 = Dol = D50 = P9 =
ASTM D 422: Particle Size Analysis of Soils Hydrometer portion of test method nof uiifized.
ASTM D 421: Dry Preparation of Seil Samples ASTM 13 854: Specific Gravity of Soils
ASTM D 4318: Liquid Limit, Plastic Limit, & Plastic Index ol Soils
ASTM D 2487: Classilication of Soils for Engineering Purposes (Unihed Soil Classification System)
~chnician Name: ENITZ
Centification !
Technical Responsibility: R FOREST
Signature Position

231 Labonte Street
S&ME, INC. Conway, SC 20525 B-1, §5-6 grain size



Laborarory Record Verston 4.2

Liguid FLimit, Plastic |

Amit, and Plastic Index

Report Date:
Fest Date(s)

161 1-04-569
B 701 Brdges

Teoject #:

1728/05

. roject Name:
Clicnt Name:
Client Address:
B-1 mample # 85-8

Boring #; sampic Date: 1/711/05

Depth: 30 fect

Sample Description: Ciray Fat Clay with Sand (CH)

Pan ¥ Liquid Limit Plastic Limit
Tesi # 1 2 3 4 5 G ] 2 3
Tarc # 18 10 23 LOY . L24 1.6
A Tare Weight 10.8% 11.03 10.82 425 421 4,20
B Wet Soil Weight + A 21.47 20.08 21.22 5,84 6.56 6.39
C Dy Soil Weight + A 17.73 _ 16.78 17.12 5.50 6.05 5.3
D Water Weight (B-C) 374 330 4.10 {34 0514 (.46
E Dry Soil Weight (C-A) 6.85 575 6.30 127 .84 1.73
F % Moisture Content (D/EY*100 S4.6% | 374% | 65.1% 26.8% | 27.7% | 26.46%
N # OF DROPS 33 27 15 Moisture Contents determined
LL LIL.=F *FACTOR by ASTM D 2216
Ave Average 27.0%
( T0.0 : ﬁ}
___________ S ‘ One Point Liquid Limit
E 65.0 N Tactor N Factor
£ ' 20 [ 0974] 26 | 1.005
© S 21 0.979 27 1.009
R R ——
= L — 22 0.985 28 1.014
E [ % 23 0.990 29 1.018
2 Bsso 4 - 24 0.995 30 1.022
.......... 25 1.000
5.0 +
io 168
% .
Notes: Estimate the % Retained on the #440 Sieve
Spocial Sampling Methods:
Sample Preparation; Wet Preparation [ Dry Preparation [ Air Dried X NP, Non-Plastie 1
Liquid limit Test: Multipoint Method [ One-point Method [ Liquid Limit 50
Classification: ASTM P 2487 AASHTOM 145 [ Plastic Limit 27
Liguid it Test: ASTM D 4318 [ AASHTO TS89 [J Plastic Index 32
Mastic limit Test: ASTM D 4318 AASHTO TS990 [I Group Symbol CH
rechnician Name: I NITZ,
Comification ¥
Technical Responsibility: R FOREST

Stenatuire Puosition

231 Labonte Siveet

SE&ME, INC. Conway, 5C 29526 B-1,55-8  Limits



Laboratory Recond Vorsion 4.2

P

Particle Size Analysis of Soils

ASTM 13427

Project #: 1611 Test Date(s)

gject MNama: dEes Report Date: 2805
CHent Nama:
Chent Address:
Boring #: i3-1 Sample # B5-8 Sample Date: RS
o Depth: 30 feet
Sample Description: Creay Elastie it {(MH}
_ _ . . Moisture Content Natural
Particle Size Analysis / Without Hydrometer Analysis S p
Tare Number A Tare Weight 86.60
A |Tare Weight 86.6 B Wet Weight + Tare Wi, 177.50
B [Total Sample Dry Wt. + Tare Wi, 153.0 C Dry Weight + Tare Wr. 153.00
C |Total Sample Dry Weight  (B-A) 604 D Water Wt. (B-C) 2450
D |Total Sample Wt. After #200 Wash 3.1 E Dry Wt.(C-A) 6640
E |Percemt Passing #200  (1-D/Cyx100 95.29% Moisture Content (100 x PVE) (%) 36.9%
Sieve Stze (mm) Bleve Bize Retamed Weight Percent Retained Percent Passing
Total Sample
37.50 1.5" 0.0%
25.00 1.0t {.09%
19.00 3/4" {1.0%
12.50 172" £.0%
550 /8" {.0%
4.75 #4 .09
2.00 H10 {.0%
.60 #30 §.0%
0.43 #40 4.0%
0.25 #60 0.0%
0.15 #100 0.0%
0.075 #200 0.0%
Notes: Maximum Particle Size - Gravel <75 mm and > 4.75 mm (#4) 6.6%,
Apparent Relative Density - Coarse Sand <475 mm and >2.00 mm (#10) HVALYUE!
Liquid Limit = Fineness Modulus Medium Sand < 2,00 mm and = 0.425 mm (#40) Y ALUE!
Plastic Limit -~ Cu= DOO/DILO: -- Fine Sand <0.425 mm and > 0.075 mm (#200)  #VYALUK!
Plastic Index - Co=(D30V (DI0xDEOY: - % Silt and Clay < (L.075 mum
) Description of Sand & Gravel Rounded [} Angular []
Hard & Durable [ Soft [ Weathered & Friahte I
Organic Content
D16 = D30 = Dol = D50 = DOG =
ASTM D 422: Particle Size Analysis of Soils Hydromeiter portion of lesi method not wiilized.
ASTM D 421: Dry Preparation of Soif Samples ASTM D 854: Specific Gravity of Soils
ASTM D 4318 Liquid Limit, Plastic Limit, & Plastic Index of Soils
ASTM 2 2487: Classification of Soils for Engineering Purposes (Unified Soil Classilication System})
~chnician Name: ENITZ
Cerification i
Technical Responsibility: R FOREST
Signatre Positian

231 Labonte Street
S&ME, INC. Conway, SC 20526 B-1, 88-8  grain size



Labaratory Recond Version 4.2

Liguid Limit, Plastic Limit, and Plastic Index

Troject #: TGET-04-560 Report Thate:
. roject Mame: LS 70T Bridges Teat Date(s): 128105

Client Name:
Client Address:
Boring # B-1 Sample #: 5511 sample Bate: /1105

Diepth: 45 {eet

Sample Description: Civay Sandy Lean Clay (OL)
Pan # Liquid Limit Piastic Limit
Test # i 2 3 4 5 6 i 2 3
Tarc # 5 2 3 T4 te | TI2
A Tare Weight 16,95 10.98 11.02 477 4.2 4728
B Wet Soil Weight -+ A 18.89 27.94 26.17 571 5.41 6.30
C Dry Soil Weight + A | 16.85 | 2344 | 2197 | i 539 | 514 | 585
D Water Weight (B-C) 204 | 430 4,20 na2 | o027 045
E Dry Soil Weight (C-A) 300 | 1246 | 1005 Wt (.94 157
F % Moisture Content (IVEY*¥100 | 34.6% | 36.1% | 38.4% 2T A% | ZR77% | 28.7%
N # OF DROPS 34 20 i5 Moisture Contents determined
LL LL=F*FACTOR by ASTM D 2216
Ave, Average . o . 28.2%
' h
IR One Point Liquid Limit
% N Factor N Factor
2 e - ' Co 20 0.974 26 1.005
% 36.0 E o RPN U % % M s e e o . 2} 0979 27 IOO()
2 22 0.985 28 1014
§ B o [ e . S 23 0.990 29 1.018
8 e B R N I 24 (1.995 30 1.022
: 25 1.000
10 15 20 25 30 35 40 . _ 100
b,
Notes: Estimate the % Retained on the #44 Steve
Speetal Sampling Methods:
Sample Preparation: Wet Preparation O Dy Preparation [ Air Dried NP, Non-Plastic [
Ligquid limit Test: Multipoint Method O One-point Method [ Liquid Limit 36
Classilication: ASTM D 2487 AASHTOM 145 O Plastic Limit 28
Liquid limit Test: ASTM D 4318 AASHTOT &9 [ Plastic Index 8
Plastic limit Test: ASTM D 4318 AASHTO T 90 [3 Group Symbol CL
1echnician Name: E NITZ
Corrification §
Technical Responsibility; R FOREST
Signatire Fosition

231 Labonte Street
S&ME, INC. Conway, 5C 29526 B-1,55-11 Limits



{aboratory Record Yersion 4.2

Particle Size Analysis of Solls

ASTM D 422

Project #: 16118

oject MNane:
Client MName:

Client Address:

Test Date(sy;

TH g oot T s d one
1A L'E}Uli Lrale,

Boring #: B-1 Sample #: 538-11 Sample Date: 1701705
.i_"):.ﬁ'p{h.: 45 {eet
Sample Deseription: Gray Sandy Lean Clay (CL)
T, . . ) Maoistare Content Natural
Particle Size Analysis / Without Hydrometer Analysis Tore i 7
Tare Number A Tare Weight 85.80
A |Tare Weight ) 85.8 B Wet Weight + Tare Wt 187.40
B {Total Sample Dry Wt + Tare Wi, 154.4 C Dry Weight + Tare Wt. 154.40
C |Total Sample Dry Weight  {B-A) 6H8.6 D Water WL (B-C) 33.00
I3 |Total Sample Wt. After #200 Wash 24.9 I Pry Wi{C-A) 68.60
E Percent Passing #200  (1-D/C)x100 63.7% Moisture Content (100 x D/E} (%) 48.1%
Sieve Size (mm) Sieve Size Retained Weight Percent Retained Prcwrccm Passing
Fotal Sample
37.50 1.5" 0.0%
25.00 1.0" 0.0%
19.00 3/4" 3.049%
12.50 12" 0.0%
9.50 378" 0.0%
475 #4 0.0%
2.00 #10 0.0
0.60 #30 0.0%
0.43 #40 0.0%
0.25 #60 0.0%
0.15 #100 0.0%
0.075 #200 (.0%
Notes: Maximum Particle Size e Gravel <75 mm and > 4.75 mm (f14) L R EA
Apparent Relative Density o Coarse Sand < 4.75 mm and >2.00 mm (#10) BVALUE!
Liguid Lumnit 36 Fineness Modulus - Medium Sand < 2.00 mm and > 0.425 mm (#40) #YVALUE!
Plastic Limit 38 Cu = DO0/DIO: - Fine Sand < (425 mm and = 0.075 wm (#200)  HVALUFED

Plastic Index & Ce =(D30Y/ (D0xD60): - % Silt and Clay <{.075 mm
Description of Sand & Gravel Rounded 1 Angular [
Hard & Durable [ Soft 3 Weathered & Friable 1
Organic Content
D10 = D30 = D60 = D50 = DO0 =
ASTM D 422: Particle Size Analysis of Soils Hydrometer portion of test method not utilized.
ASTM D 421: Dry Preparation of Scil Samples ASTM D 8§54 Specific Gravity of Soils
ASTM DI 4318: Ligud Limit, Plastic Limit, & Plastic Index of Soils
ASTM D 2487: Classification of Soils for Engincering Purposes (Unitied Soil Classification System)
_ <chnician Name: ENITZ e
Certification &
Technical Responsibility: R FOREST
Signiature Position
231 Labonte 3treet
S&ME, INC, Conaway, SC 20526 B-1, $8-11 grain size



Laboratory Record Vorsion 4.2

Liguid Limit, Plastic Limit, and Plastic Index

“woject #: 161 1-04-569 Report Date:
. roject Name:  US 701 Bridges Test Date(s): FA2RI5

Clent Name:

hent Address:

Boring #: B-1 sample #5815 Sample Bate: 1711705
o Depth: 65 feet

Sample Description: Ciray Silty Clavey Sand (8C-5M)
Pan i Liquid Limit Plastic Limmt
Test # 1 2 3 4 5 6 1 2 3
Tare # 3 20 7 L1 L1G L5
A Tare Weight 1095 | 1075 | 107 | 229 | 423 | 423
B Wet Soil Weight + A 2318 23.90 23.94 6.08 6.13 5.68 .
C Dry Soil Weight + A 2062 | 2112 | 2097 575 | 578 | 540
D Water Weight (B-C) 2.56 278 2.97 .33 .35 0,78
E Dry Soit Weight (C-A) G.67 FO.37 9.40 146 1.55 118
F % Moisture Content (I/EY*100 26.4% 1 268% | 20.9% B2 | 22.8% ) 13.4%
N # OF DROPS 40 27 20 Moismure Contents defermined
Lr LE=F *FACTOR by ASTM [ 2216
Ave, Average 23.0%
r 40.0 ¢ h
s One Point Liquid Limit
g N Factor N Factor
(:53 N 20 3.974 26 1.005
® 21 .979 27 1.009
= £ 22 0.985 28 1.014
Y 23 | 099 | 20 | 1.018
2 - 24 0.995 30 1.022
B : g 25| 1.000
15.0 TR —
Hi i5 28 25 36 35 40 100
Notes: Estimate the % Retained on the #40 Sicve
Special Sampling Mclhods:
Sample Preparation: Wet Preparation Il Dry Preparation  [J Air Dried NP, Non-Plastic 1
Liquid limit Test: Multipoint Method Fl Onc-point Method [ Liquid Limit 28
Chassification: ASTM D 2487 AASHTOM 145 [ Plastic Limit 23
Liquid limit Test: ASTM D 4318 AASHTO TS89 [ Plastic Index 5
Dlastic limit Test: ASTM D 4318 [ AASHTOT90 [I Group Symbol  CL-ML
rechnician Name: ENITZ
Corsification &
Technical Responsibility: R FOREST
Sigaanoe Position

231 Labonte Street
hB&ME, INC. Conway, SC 19526 B-1,55-15 Limiis



Laboratory Record Yersion 4.2

P
=
=,
o
G
1w
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Particle Size Analysis of

ASTHM 13422

Project #: 1611 Test Datc{s):
roject Name 701 Brideos Report Date: 12805
{lient Name:
Chient Address:
Boring #: B-1 Sample #: 5515 Sample Date: HHLAS

Diepily 65 feet
Sample lﬁ)escripﬂ()h‘: Gray Silty Clayey Sand (8C-5M)
L ) Moisture Content Nalural
Particle Bize Analysis / Without Hlydrometer Analysis o .
| Tare Number A Tare Weight 85.940
A [Tare Weight o 859 B Wet Weight + Tare Wt. 1 160.60
B {Total Sample Dry Wi. + Tare Wt. | 143.4 C Diy Weight + Tare Wt 143.40
C {Total Sample Dry Weight  (B-A) 575 D Water Wi. (3-C) 17.20
P |Total Sample Wi, After #200 Wash 40.5 E Dry Wi{C-A) 57.50
£ |Percent Passing #200  (1-D/O)x100 29,69 Moisture Content (100 x IVE) (%) 29,9%
Sicve Size (mm) Sieve Size Retained Weight Percent Retained Pcrcemﬂl’&ssing
Total Sample
37.50 1.5" 0.0%
25.00 1.on 0.0%
19.00 3/4" 0.0%
12.50 12" 0.0%
9.50 378" 0.0%
4.75 #4 0.0%
2.00 #10 (0.0%
0.60 #30 0.0%
0.43 #40 0.0%
0.23 #60 0.6%
0.15 #100 0.0%
0.075 #200 0.0%
Naotes: Maximusn Particle Size - Gravel < 75 mm and = 4.75 mm (#4) 8.0%
Apparent Relative Density Coarse Sand < 4.75 mm and >2.00 mm (#10) EVALYK!
Liquid Limit 28 Fineness Modulus - Medium Sand < 2.00 mm and > 0.425 mm (#40) HY ALK
Plastic Limit 23 Cu = D60/DI1: - Fine Sand < (0425 rom and > 0,073 mm (#200)  #VALUE!
Plastic Index 5 Ce=(D30)7 (D10xD60): - % Silt and Clay < 0.075 mmn
Deseription of Sand & Gravel Rounded 3 Angular []
Hard & Durable [ Seft [1 Weathered & Friable |

Organic Content

D16 = N30 = D60 = D50 ~ D90 =

ASTM D 422: Panticle Size Analysis of Soils

ASTM B 421 Dry Preparation of Soil Samples

ASTM D 4318 Liguid Limit, Plastic Limit, & Plastic Index of Soils
ASTM D 2487 Classification of Suils for Engincering Purposes (Unified Soil Classification System)

Hydrometer portion of test method ot wiilized.
ASTM > 854: Specific Gravity of Soils

schnician Name: ENITZ
Cortification &
Technical Responsibility: R FOREST

Signasure FPosirion

231 Labonte Street

S&ME, INC. Conway, SC 29528 B-1, $5-15 grain size



Laboratory Record Version 4.2

Liguid Limit, Plastic Lionit, and Plastic Index

“voject #: 161104569 Report Date:
. roject Name: L 701 Bridges Test Date(s): 1728705
Chent Name:
{lient Address:
Boring #: B sample # 55-19 sSample Dater 1/11/05
) o T B Depth: 86 Tect

Sample Description: Gray Sandy Lean Clay (U1 o
Pan # Liguid Limit Plastic Limit
Test # ! 2 3 4 4 6 ] 2 3
Tare # 20 4 L6 7| L | T2
A Tare Weighi 10,75 11.06 10.92 431 4.28 4.29
B Wet Soil Weight + A 2108 | 2268 | 2277 584 | 572 | 552
C " Dry Soil Weight + A 1852 | 1968 | 1950 561 | 552 | 534
D Water Weight (B-C) 2.56 | 2.00 118 0.23 690 | 008
E Dry Soil Weight (C-A) 777 5.62 8.67 140 1.24 1.0%
¥ % Moistare Content (D/IN¥100 | 32.9% | 34.8% | 36.7% 16.4% | 16.1% | 1719
N i OF DROPS 33 25 18 Moisiure Contents determined
L1 LL=F * FACTOR by ASTM D 2216
Ave. Average 16.6%
{ 3
. L One Point Liquid Limit
L I e e L e s N T'actor N Tactor
g o 20 | 0974 | 26 | 1.005
b Rl 21 | 0979 | 27 | 1.009
2 ; ‘ : 22 0.985 28 1.014
E o RS — ——— i ‘ : 23 0.990 29 1.018
2 31.0 o [P P NS R : ‘ 24 0.995 10 1027
SR e : e - 25 1.000
26.0 P S—— s —— -
10 15 20 25 30 35 40 100
L y
Noles: Iistimate the % Retamed on the #40 Sieve
Special Sampling Methods:
Sample Preparation: Wet Preparation  [J Dry Preparation  [J Air Dried & NP, Non-Plastic £l
Liquid limit Test: Multipoint Method [ One-point Method [ Liquid Limit 35
Classification: ASTM D 2487 & AASHTO M 145 [0 Plastic Limit t7
Liquid limit Test: ASTM D 4318 AASHTO T 89 [ Plastic Index 18
Plastic limit Test: ASTM D 4318 AASHITOT90 [0 Group Symbol CL
1 echnician Name: ENITZ
Cortification i
Technical Responsibility: RIYOREST .

Signamre Fastrion

231 Labonte Street
S&ME, INC. Conway, SC 29526 B-1,55-19 Limits



Laboratory Record Version 4.2

Particle Size Analysis of Soils

P

ASTM I 422
L6 Test Date(s):
M Bridges Report Date: P800S

Wi AREd

Project #: 161!
oject Name:

Chent Mame;
Clhient Address:

Boring #: i3-1 Sample #: 55-19 Sample Date; 1/11705
Depthe R0 feet
Sample Description: Ciray Bandy Lean O L&} (CL)
_ ) . Moisture Content MNatural
Particle Size Analysis / Without Hydrometer Analysis - po
Tare Number B _ A Tare Weight 84.50
A |Tare Weight 84.5 B Wel Weight + Tare Wi 201,70
B |Total Sample Dry Wt + Tare Wi, 177.9 C Dry Weight + Tare WL 177.50
C {Total Sample Dry Weight  (B-A) 3.4 D Water Wt (B-C) 2380
I3 |Tedal Sample Wt After #200 Wash 41.1 H Bry Wt {C-A) 93.49
I3 |Percent Passing #200  (1-D/C)x100 56.0% Moisture Content {100 x D/I2) (%) 25.5%
Sieve Size (mm) Sieve Size Retained Weight Percent Retamned Percent‘Passmg
Total Sampie
37.50 1.5" 0.0%
25.00 1.0" ) 0.0%
19.00 374" (.09
12.50 2 4.0%
9.50 3/8" (0%
475 #d .04,
2.60 #10 0.0
0.60 #30 0.0%%
0.43 #40 (3.0%
0.25 #60 0.0%
0.15 #100 0.0%
0.075 #200 0.0%
Notes: Maximum Particle Size - Gravel <75 mm and > 4.75 mm (#4) 3.0%
Apparent Relative Density - Coarse Sand < 4,75 mm and >2,00 mm (#10} #Y ALK
Liguid Limit 35 Fineness Modulus - Medium Sand < 2.00 mm and = 0.425 mm {(#40) #VALUE!
Plastic Limit 17 Cu = D60/D - Fine Sand < (.425 mm and > 0.075 mm (#200)  #VALUEK!
Plastic Index 18 Ce=(D30Y/ (D10xD60Y:  — % Silt and Clay < 0.075 mm
Description of Sand & Gravel Rounded T[] Angular ]
Hard & Durable [ Soft [ Weathered & Friable 1
Organic Content
D10 = D30 = D60 = D50 = D9 =
ASTM D 422 Particle Size Analysis of Soils Hydrometer portion of test method not wtifized.
ASTM D 421: Dry Preparation of Soil Samples ASTM D 854: Specific Gravily ol Soils
ASTM D 4318 Liquid Limit, Plastic Limi, & Plastic Index of Soils
ASTM D 2487 Classification of Soils {or Enginecring Purposes (Unilied Soil Classification System)
.chnician Name: FNITYZ S
o nfrrmm 5
Technical Responsibility: R FOREST
Signanere Positian

231 Labonte Street
S&ME, INC. Conway, 5C 29526 B-1, 38-19 grain size



Eaboratory Record Version .2

Particle Size Analysis of Soils

ASTM 1y 422

tect if: Cest Diatels )y
Project # Test Datefs

.eo-;nnd' I%J..—ah«@o BRI R P P R eyt Tiotes

N j@kﬂ LI eEBARR: o CRERY ! S ‘égf.?% 3 E\le.l,)\J’E | A SN LW

Client Name:
Client Address;

Bormg #: B2 Sample #: 58-7 Sample Pate: TS
) Depihs 235 feet
Sample Description: Cray Fat Clay {(CH)
, ) . . Moisture Content Natural
Particle Size Analysis / Without Hydrometer Analysis - .
______ Fare # Matuyal
Tare Number A Tare Weight 86.60
A | Tare Weight 80.6 B Wet Weight + Tare Wi. 215.20
B |Total Sample Dry Wi, -+ Tare Wi. 182.4 C Dry Weight + Tare Wt. 182.40
C |Total Sample Dry Weight  (13-A) 458 D Water Wt (3-C) 3280
D |Total Sample Wt. After #200 Wash 8.1 E Dry Wt.{C-A) 95 80
T |Percent Passing #200  (1-D/Cyxi00 91.5% Moisture Content (100 x D/E} (%) REMAS
Sieve Size (mim) Sieve Size Retained Weight Percent Retained Perceni"?assmg
Fotal Sample
37.50 1.5" 0.0%
25.00 1.0" {1.0%
19.00 3/4" 0.0%
12.50 L 4.0%
9.50 3/8" 0.0%
475 #4 4.0%
2.00 #10 £.0%
0.60 #30 0.0%
0.43 #40 0.0%
0.25 #60 £.0%
0.15 #100 4.0%
0.075 #200 (.0%
Motes: Maximum Particle Size - Gravel < 75 mm and > 4,75 mm (#4) G.6%
Apparent Relative Denstty . Coarse Sand < 4.75 mm and >2.00 mm (£10) EYALUE!
Liquid Limit - Fineness Modulas -- Medium Sand < 2.00 mm and > (425 mm (#40) #YALYE!
Plastic Limit -- Cu=DoG/DI1: - Fine Sand < 0,425 mm and = 0.075 mm (#200)  #YVALUE!

Plastic Index e

Ce=(D36Y"/ (D10xD60Y:

-- % Silt and Clay

< 0.075 mm

Description of Sand & Gravel

Rounded [

Angular [J

Hard & Durable [ Soft [J Weathered & Friable O
Organic Content
D10 = D30 = D60 = D50 = DS0 =

ASTM 1> 422: Particle Size Analysis of Soils Hvdronieier portion of test method not uiilized.
ASTM D 421 Dry Preparation of Soil Samples ASTM D 854: Specitic Gravity of Soils
ASTM D 4318: Liquid Linit, Plastic Limit, & Plastic Index of Soils
ASTM D 2487: Classification of Soils lor Engineering Purposes (Unmified Soit Classification System)

~chnician Narne: E NITZ

Certificetion 5
Technical Responsibility: R FOREST
Signate Pasition

S&ME, INC.

231 Labonts Street
Conway, SC 29526

B8-2, 85-7 graln size




Laboratory Record Version 4.2

Liquid Limit, Plastic Limii, and Plastic {ndex

“eoject # 1611-04-569 Report Date:
roject Name: LIS 701 Bridges Test Date(s): 28/05

Chent Namse:

Client Address:

Boring #: B2 sample #: 55.9 Sample Date: 1/11/05
Liepth: 25 fool

Sample Description: Giray Silty Clayey Sand (8C-5M)
Pan # Liquid Limit Plastic Limit
Test # 1 2 3 4 5 6 1 2 3
Tare#t 2 9 6 LS L7 | i
A Tare Weight 10,97 | 1107 | 1091 x| a2 | 4o
B Wet Soil Wetght + A . 22.06 21.91 249.92 6.09 5.79 583
C Dry Soil Weight + A | 19.82 | 19.67 | 2595 575 | 552 | 5.65
D Water Weight (B-C) 2.24 204 | a7 0.34 0.27 4.8
E Dry Soil Weight (C-A) 9.85 860 | 1504 P52 ¥ 1.dd
F % Moisture Content (D/IY¥100 | 25.3% | 26.0% | 26.4% I24% 1 20068 | 104%
N # OF DROPS 34 25 15 Moisture Contenls determined
LL LL =F * FACTOR by ASTM D 2216
Ave. Average T 2(1.8%
FV LTI, T — A
One Point Liquid Limat
§ 1 N Factor N Factor
§ 25.0 £ —= 20 ] 0974 26 | 1.005
o 21 (0.979 27 1.009
2 22 (.985 28 1.014
S 00 £ 23 1099 | 29 | 1.018
2 24 0.995 30 1.022
25 1.000
16 100
Y, - .
WNotes: Estimate the % Retained on the #40 Sieve
Speeial Sampling Methods:
Sample Preparation: Wet Preparation [ Dry Preparation  [J Air Dried NP, Non-Plastic [
Liguid limit Test; Multipoint Methed [ One-point Melhiod I Liguid Limit 20
Classification: ASTM D 2487 AASHTOM 145 O Plastic Limit 21
Liquid limit Test: ASTM D 4318 AASHTO TS89 [0 Plastic Index 5
Plastic timit Test: ASTM D 4318 AASHTOT 90 [3 Group Symbol  CL-ML
i echnician Name: ENITZ
Centificarion &
Technical Responsibility: R FOREST
Signuime Position

231 Labonte Street
S&ME, INC, Conway, SC 29526 B-2.85.9  Limits



Laboratory Record Version 4.2

4

Particle 5ize Analysis of Soils
ASTM > 422
Project#:  1611-84-569 Test Date(s):

gject Name: Report Date: F28A5
Chent Name:
Chent Address:
Boring # B-2 sample #: 58.9 sample Dates 1105
) Depth: 25 foet
Sample Description: Giray Silty Clavey Sand (SC-5M)
. . Moisture Content atural
Particle Size Analysis / Withont Hydrometer Analysis — -
Tare # &g
TareNumber LA Tare Wedgh 3560
A |Tare Weight 85.6 B Wet Weight + Tarc Wi 248.30
B |Total Sample Dry Wt. + Tare Wt. 216.7 C Dry Weight -+ Tare Wt. 216.70
C |Total Sample Dry Weight  (13-A) i31.1 D Water Wt. (B-C) 3160
D |Total Sample Wt. After #200 Wash £12.6 E Dry We(C-A) 13110
E |Percent Passing #200  (1-D/Cyx100 14.1% Motsture Content (100 x TWE) (%) Z4.1%
Sieve Size (mm) Sieve Size Retained Weight Percent Retained Percent Passing
Total Sample
37.50 [k 0.6%
25.00 1.o" 0.4
19.00 374" 0.0%
12.50 172" 0.8
9.50 3/8" 0.0%
4.75 #4 3.0%
2.60 #10 0.60%
(.60 #30 (3.00%
0.43 #40 0.0%
0.25 #60 0.04%
0.15 #100 0.0%
0.075 #200 (0.0%
MNotes: Maximum Particle Size - Gravel <75 mm and > 4.75 mm {(#4)} EIVA
Apparent Relative Density - Coarse Sand < 4.75 mm and =2.00 mm (#10) #YALUE!
Liquid Limit 26 Fineness Modulug - Medium Sand < 2.00 mm and > 0.425 mm (#40) #VALUE!
Plastic Limit 21 Cu=D6G/DIL0: - Fine Sand < (0425 mm and > 0.075 mm (#200)  #VALUK!
Plastic Index 5 Ce =(D30Y7 (D10xD60): - % Silt and Clay < 0.075 mm
Description of Sand & Gravel Rounded [ Angular [
Hard & Durable [ Soft T Weathered & Friable N
Organic Content
P10 = D30 == D60 = D50 == D90 =
ASTM D 422: Particle Size Analysis of Soils Fhvdromeier portion of test method not wilized.
ASTM D 421 Dy Preparation of Soil Samples ASTM D 854: Specific Gravity of Soils
ASTM D 4318 Liquid Limit, Plastic Limnit, & Plastic Index of Soils
ASTM D 2487 Classification ol Seils for Engineering Purposes (Unilied Soif Classification System}
.chnician Name: ENITYZ,
Certification i
Technical Responsibility: R FOREST
Stgnature Positian
231 Labonte Street
S&ME, INC. Conway, SC 29526 B-2, $5-9 grain size




Laboratory Record Yersion 482

Pariicle Size Analysis of Soils

ASTM 13422

- s . = s h G Tinfed o

Project #: 1 64 Pest Dafe(s):
wa B ey end Tl i mm e HOEB LG I avnmet Thntoe AT
ﬂUj&Jk& A ARAE §OERR AU PCLHILL LAt [ LIAV N

Client Mame:
Client Address:

Bormg #: .7

sample #; 55412

sample Date:

11105

Prepth: 30 Jeet
sample Description: Ciray Poorly Graded Sand with Clay (8P-530)
) _ _ Moisture Content Natural
Particle Size Analysis / Without Hydrometer Analysis Tara 7 v
Tare Number A Tare Weight 85.50
A |Fare Weight 85.5 B Wet Weight + Tare Wi, 229.00
B |Total Sémple Py Wi, + Tare Wt 205.7 C Pry Weight + Tarc W, 205.70
¢ |Total Sample Pry Weight  (B-A) 120.2 D Water Wt. (B-C) 2330
D [Fotal Sample Wt. After #200 Wash 113.7 E Pry Wt.(C-A) 120,20
E |Percent Passing #200  (1-12/C)yx100 5.4% Moisture Content {100 x TV/IE) (%) 19.4%
Sieve Size (mm) Sleve Size Retained Weight Percent Retained Percent Passing
Total Sampie
37.50 1.5" (.0%
25.00 1.0" 0.0%
19.00 374" 0.0%
12,50 12" 0.0%
9.50 3/8" (.0%
4.75 Ha 0.0%
2.00 #10 0.0%
0.60 #30 0.0%
0.43 #40 0.0%
0.25 #60 0.0%
0.15 #100 0.0%
0.075 #2060 0.0%
Motes: Maximum Particle Size — Gravel <75 num and > 4.75 mm (#4) .0%
Apparent Relative Density - Coarse Sand < 4.75 mm and >2.00 mm (#10) #YALUE!
Liquid Limit n- Fineness Modulus - Mediam Sand < 2.00 mm and > 0.425 mm (#40) EVALURE!
Plastic Limit - Cu o= DBO/D10: - Fine Sand < 0.425 mm and = _0.075 mm (#200) #VALUE!

Plastic Index -~ Co=(D30¥ {(D10xD60Y:

% Silt and Clay

< (.075 mmm

Brescriphion of Sand & Gravel

Rounded [}

Anguiar O

Ilard & Durable {3 Soft I Weathered & Triable [
Organic Content
D10 = N3G = D60 = D50 = 090 =

ASTM D 422: Parlicle Size Analysis of Soils
ASTM D 421: Dry DPreparation of Soil Samples

Hydromeier portion of Test method not wlilized.
ASTM D 854: Specilic Gravity of Soils

ASTM D 4318 Liquid Limit, Plastic Limit, & Plastic Index of Soils
ASTM B 2487: Classification of Soils for Engincenng Purposes (Unified Soil Classilication System)

schnician Name: E NITZ
Cerifficaton i
Technical Responsibility: R FOREST

S&ME, INC.

Mephature

231 Labonie Street
Conway, 5C 29526

Fesition

B-2, 8812 grain size




Faboratory Record Yorsion 4.2

E

Particle Size Analysis of Soils
ARTM 3422
Project #: 56° Test Date(s):
roject Mame: U5 701 Bridges Report Date L2805
Client Name;
Client Address:
Boring #: H-2 sample #: 55-14 sample Date: 1A
B ~ Depth: 60 feet
Sample Description: Gray Poorly Graded Sand with Clay (8850
. . Moisture Content Matural
Particle Size Analysis / Without Hydroemeter Analysis - - 3
Tare Number ) A Tare Weight e &6.00
A [Tare Weight , 86.0 B Wet Weighi + Tare Wt. 231.60
B [Total Sample Dry Wt + Tare WL 195.0 C Py Weight + Tare Wi, 19500
C [Total Sample Dry Weight  (B-A) 1094 D Water Wt (B-C) 36.60
D |Total Sample Wt. After #200 Wash 101.2 B Pry Wt.(C-A) 109.00
E |Percent Passing #200  (1-D/C)x100 2% Moisture Content (100 x D/E) (%) 33.6%
Sieve Size (mm) Sieve Size Retained Weight Percent Retained Perceni‘Passing
Total Sampte
37.50 1.5" 3094
25.00 1.o" 0.0%
19.60 3/4" 0.0%
12.50 iz 03.0%
9.50 3/8" (3.0%
4.75 #4 0.0%
2.00 #10 0.0%
6.60 #30 0.0%
0.43 #40 0.0%
.25 #60 0.0%
.15 #100 0.0%
3.075 #200 0.0%
Motes: Maximum Particle Size - Gravel < 75 mm and > 4.75 mm {#4) 3.40%,
Appareni Relative Density e Coarse Sand <475 mm and >2.00 mum (#10) HYVALUE!
Ligquid Limit - Tineness Modulus - Medium Sand < 2.00 mm and > 0.425 mm (#40) HYALUED
Plastic Limit - Cu=Do0/DI1¢: — Fine Sand < 0.425 mum and = 0.075 mm (#200) #VALLUE!
Plastic Index - Ce =(D30)"/ (D10xD60}: - % Silt and Clay < 0.075 mm
Deseription of Sand & Gravel Rounded [} Angular [
Hard & Durable [ Soft T Weathered & Friable 1
Organic Content
DG = D30 = DGO = D50 = DO0 =
ASTM D 422: Particle Size Analysis of Soils [ivdrameter portion of test method not wiilized.
ASTM D 421 Dry Preparation of Sail Samples ASTM D 854: Specific Gravity of Soils
ASTM D 4318 Liguid Limit, Plastic Limit, & Plastic Index of Soils
ASTM D 2487 Classilication ol Soils lor Engincering Purposes (Unified Soil Classification System)
_chnician Name; I NITZ, L -
Cewification &
Techmeal Responsibility: R FOREST
Stgnanive Positian

231 Labonis Street
S&ME, INC. Conway, SC 29526 B-2, 58-14 grain size



Laboratory Record Vorsion 4.2

Particle Size Analysis of Soils

ASTN 13 422

Project #:

raject Mame: US 701 Beidpes Date: 172805
Chent Name:
Client Address:
Boring #: -2 Sample fi: 55-17 Sample Date: I HAS
Depth 75 feet
Samptie Description: Gray Poorty Graded Sand (8P)
3 . . . Moisture Content Natural
Particle Bize Analysis / Without Hydrometer Analysis T # y
Tare Number A Tare Weight 8420
A |Tare Weight 84.2 B Wet Weight + Tare Wi. 229.70
B {Total Sample Dry Wi, + Tare Wi 212.0 C Dry Weight + Tare Wt. | 212.00
C [Total Sample Dry Weight  (B-A) 127.8 D Water Wt (B-C) 1750
D {Total Sample Wt. After #200 Wash 121.7 E Dry Wt (C-A) 127.80
I {Percent Passing #200  (1-D/C)x100 4.8% Moisture Content {100 x D/E) (%) PR
Sieve Size {mm) Sieve Size Retained Weight Percent Retained Percent "Passing
Total Sample
37.50 1.57 0.04%
25.00 100 (.0%
19.00 3/4" 0.0%
12.50 172" 1.0%
9.50 38" 4.0%
4.75 #4 {.0%
2.00 #10 8.09%,
0.60 #30 0.0%
0.43 #40 G.0%
0.25 #60 G.0%
0.15 #100 G.0%
0.075 #200 0.0%
Notes: Maximum Particle Size - Gravel < 75 mm and > 4,75 mm (#4) $.0%
Apparent Relative Density - Coarse Sand < 4.75 mm and >2.00 mm (#10) HVALUE!
Liguid Lunit - Fineness Modulus - Medium Sand = 2,00 num and > 0,425 mamn (#40) #Y AELUE!D
Plastic Limit - Cu = D6/D10: - Fine Sand <0425 mm and > 0.075 mm (#200)  HFYALLUE!
Plastic Index - Ce =(D30)/ (D16xD60): -- % Silt and Clay < (.075 mm
Description of Band & Gravel Rounded £ Angular [
Hard & Durable [ Sofi £l Weathered & Friable 1
Organic Content
D10 = D30 = D60 = D30 = D90 =
ASTM D 422: Particle Size Analysis of Seils Hydrometer portion of test method ot wilized.
ASTM D 421 Dry Preparation of Soil Samples ASTM ) 854: Specific Gravity of Soils
ASTM D 4318: Liguid Limit, Plastic Limit, & Plastic Index ol Soils
ASTM D 2487 Classification of Soils lor Engincening Purposes (Unilied Soil Classilication System}
schnician Name: E NITZ,
Certification I}
Technical Responsibility: R FOREST
Signature Pusition

231 Labontie Street
S&ME, INC. Conway, SC 20526 B-2, 8517 grain size



Laboratory Record Version 4.2

Liguid Limit, Plastic Limit, and Plastic Index

Troject #: i611-04-560 Report Date:
. roject Mame: USE 701 Bridpes Test Date(s): 1728765
Client Name:
{Client Address:
Boring i B-3 Sample # 558-2 Sample Date: 1/11/05
Depth: 5 feet

Sample Description: {iray Lean Clay with Sand (CL)
Pan it Liguid Limit Plastic Limit
Test # j 2 3 4 5 6 1 2 3
Tare & 23 21 10 L7 1.5 120
A Tare Weight 10,85 10.59 11.04 f.28 4,21 4.28
B Wet Soil Weight + A 21.05 18.61 19.88 583 5.85 6.63
C Dry Soil Weight + A 17.76 1591 16.88 5.51 552 6.15
D Water Weight (B-C) 329 | 270 3.00 0.32 033 | 048
D Dry Soil Weight (C-A) 6.91 532 | 5.84 131 131 1.87
I Y% Moisture Content (D/EY¥100 | 47.6% | 50.8% | 51.4% 24.4% | 252% | 257%
N # OF DROPS 31 27 15 Moisture Contents determined
LL LL=F *TFACTOR by ASTM D 2216
Ave. Average 25.1%

510 & NS SO N One Point Liquid Limit
E S \ @ U T R N Factor N Factor
g - N SR A S 20 0.974 26 1.005
(;é \ - TSRO NS S 51 0.979 7 009
g N R N 22 | 0985 )| 28 | 1.014
k N I 23 [ 09% | 29 | 1018
= ] 3 24 0.995 30 1.022
—— - R — 25 1.000
46,0 oo i ——
10 160
\, y
Notes: Estimate the % Retained on th({ #40 Sieve
Special Sempling Methods:
Sample Preparation: Wet Preparation [ Dry Preparation [ Air Dried 1K NP, Non-Plastic 0
Liquid limit Test: Multipoint Method [ Cne-point Method [ Ll'quid Limit 49
Classification: ASTM D 2487 AASHTOM 145 [ Plastic Limit 25
Liquid limit Test: ASTM D 43138 AASHTO T 89 [ Plastic Index 24
Magtic limit Test: ASTM D 4318 AASHTO T 90 [ Group Symbol  CL-ML
1echnician Name: ENITZ
Contification i
Technical Responsibility: R FOREST
Signature Fosition

231 Labonte Street
S&ME, INC. Conway, SC 29526 B-3,85-2 Limits



Laboratory Record YVesion 4.2

Particle Size Analysis of Soils

Project #: Test Datels):
roject Name: Report Date: FIA6/05
Client Name:
Chient Address;
Boring #: .3 Sample #; 55-7 Sample Date: ARV
~ Depth: 5 feet
Sample Description: Crray Fean Clay with Sand (CL)
. ) . . . Moisture Content Natural
Particle Size Analysis / Without Hydrometer Analysis T
Tare Number A Tare Weight
A JTare Weight e 0.0 B Wet Weight + Tare Wt
B {Total Sample Dry Wt. + Tare Wt. 500 C Dry Weight + Tare Wi.
 {Total Sample Dry Weight  (B-A) 0.0 D Water Wt. (B-C)
b {Totat Sample Wt. After #200 Wash 8.3 I Dry Wt.{C-A)
E {Pereent Passing #200  (1-D/C)x100 83.4% Moisture Content (100 x D/E} (%)
Sieve Size (mm) Sieve Size Retained Weight Percent Retained Percent Passing
Total Sample
37.50 1.5" 0.0 0.0% 160.0%
25.00 1.0" 0.00 0.0% 100.0%
19.00 3/4" 0.00 0.0% 150.8Y%
i2.50 /2" 0.00 0.0% 100.0%
9.50 3/8" (.00 0.0% F00.0%
4.75 #4 0.00 0.0%5 F38.8%
2.00 #10 0.00 0.0% 166.0%
0.60 #30 5.00 10.0% 90.6%
0.43 #40 5.00 H0.04% G0.0%,
0.25 #60 1.70 3.4% 26.6%
0.15 #100 3.20 6.4% F1.6%
0.075 #200 8.1¢ 16.2% §3.8%
Notes: Maximum Particle Size - Gravel <75 mm and > 4.75 mm {#4) 8.0%
Apparent Relative Density Coarse Sand < 4.75 mm and >2.00 mm (#10) 8.0%
Liguid Limit 49 Fineness Modulus -- Medium Sand < 2,00 mn and > (0.425 mm {(#40) 10.0%
Plastic Limat 25 Cu = DO0/D1 - Fine Sand <(.425 mm and > 0.075 mum (#200) 6.2%
Plastic Index 24 Ce=(D30)/ (D10xD60): - % Silt and Clay < 0.075 mm 83.8%
Description of Sand & Gravel Rounded [ Angular [
Hard & Durable [ Soft Weathered & Friable [
Organic Content
D10 = D30 = 1360 = D30 = DOO =
ASTM D 422: Particle Size Analysis of Soils Hydrometer portion of test method nor utilized.
ASTM D 421: Dry Preparation of Soil Samples ASTM D 854: Specific Gravity of Soils

ASTM D 4318: Liquid Limit, Plastic Limit, & Plastic Index of Soils
ASTM D 2487: Classification of Soils for Enginecring Purposas {Unified Soit Classification System)

<chnician Name: E NITZ

Certificaiion #

Technical Responsibility: R FOREST

Stgnanere Pusition
231 Labonie Street
SEME, INC. Conway, SC 26526 B8-3, 85-2 grain size
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{aboratory Reeovd Version 4.2

«

Clguid Limit, Plastic Limit, and Plastic Index

Project #: 1611-04-569 Report Date:
coject Name: LIS 701 Bridpes Test Datels): 1/28/05

{Client Napme:

Chient Address:

Boring #; B3 sample #1554 mample Date: 111708
DPepth: 10 feet

Sample Description: Crray Bean Clay with Sand (O1)
Pan #f Ligquid Limit Phastic Limit
Test # 1 2 3 4 5 i) 1 2 3
Tare # 15 5 8 121 12| L1
/\ I Tare Weight 10.84 10.95 11.04 440 4.26 423
B Wet Soil Weight - A 2307 | 2206 | 2087 556 | 526 | 534
C Pry Soil Weight + A 2008 | 1990 | 18.28 b 534 | 500 | 5.16
B Water Weight (B-C) 2.69 3.04 159 0.22 017 0.8
E Dry Soil Weight (C-A) 924 | 895 | 7.4 105 | o082 | 0u3
I % Moisture Content (IM/E)*100 | 32.4% | 34.2% | 358% 200% | 2053% | 194%
N # OF DROPS 40 25 15 Moisture Contents determined
LL LL=F*FACTOR by ASTM D 2216
Ave, Average 20.3%
( 10 ; E h
B T I e T e One Point Liquid Limit
E N Factor N Factor
§ 20 0.974 20 1.005
@ 21 0.979 27 1.009
£ 22 | 0985 28 1.014
£ 23 10990 ] 29 | 1.018
58 24 0.995 30 1.022
— 25 1.000
32.0 ! 4+ s
o fotvrop]
Notes; Estimate the % Retained on the #40 Sieve
Special Sampling Methods:
Sample Preparation: Wet Preparation 3 Dry Preparation [ Air Dried NP, Non-Plastic M
Liquid limit Test: Multipoint Method [ One-point Mcthod [ Liquid Limit 34
Classification: ASTM D 2487 AASHTOM 145 [0 Plastic Limit 20
Liquid limit Test: ASTM D 4318 AASHTO TS89 [ Plastic Index 14
Plastic limit Test: ASTM D 4318 AASHTOT 90 OO Group Symbol CL-ML
v echnician Name: ENITZ
Certification i
Technical Responsibility: R FOREST
Signanae Posirion

231 Labonte Street
S&ME, INC. Conway, SC 29526 B-3,55.4  Limits



Labovatory Record Yersion 4.2

Particle Size Analysis of Soils

ASTM [3 422

Project #: 161104569 Pest Datels):
coject Mame: US 701 Bridges Report Date: F2B/05
Client Name:
Client Address:
Boring #: 53 Sample #: 554 Sample Date: LGS
Diepth: 10 feet
Sample Description: Crray Lean Clay with Sand (UL
. . . . . Moisture Content Matural
Particle Bize Analysis / Without Hydrometer Analysis Taro# —
Tare Number Carla A Tare Weight
A {Tare Weight - 8249 B Wet Weight + Tare Wi,
B |Total Sample Dry Wt +Fare Wi. - 500 C Dry Weight + Tare Wi,
C |Total Sample Dry Weight  (B-A) 50.0 D Water Wt. (B-C)
D (Total Sample Wt. After #200 Wash 4.4 E Dry Wt.(C-A)
E |Percent Passing #200  {1-B/C)x100 71.2% Moisture Content (100 x D/E) (%0)
Sieve Size (mm) Steve Size Retained Weight Percent Retained Pf:wrccntﬁ}’assing
Fotal Sample
37.50 1.5" 1.0 0.0% 100.0%,
25.00 - 1.o" 0.00 .0% 160.8%
19.00 34" 4.00 0.0% 138.0%
12.50 2" .00 0.0% 100.0%
9.50 3/8" .00 0.0%% 160.0%
4.75 fd (.00 0.0% 100.0%
2.00 #10 .00 0.0% 104.0%
0.60 #30 .70 1.4% HR.6%
0.43 #40) 1.00 2.0%, SR.0%
0.25 #60 1.80 3.6% 86.4%
0.15 #1100 4.00 5.40% 892.0%
0.075 #200 14.40 28.8% TE2Y
Notes: Maximum Particle Size - Gravel < 75 mm and > 4.75 mm (#4) 3.0%
Apparent Relative Density - Coarse Sand = 4.75 mm and 2,00 mm (#10) 0.8%
Fiquid Limit 34 Fineness Modulus - Medium Sand < 2,00 mm and > 0,425 mm (#40) 20%
Plastic Limit 20 Cu = D6O/D10: - Fine Sand < 0.425 mm and > 0.075 mm (#200} 26.8%,
Plastic Index 14 Ce=(D30Y/ (D10xDE0): - % Silt and Clay <{0.075 mm 71.2%
Description of Sand & Gravel Rounded [ Angular ]
Hard & Durable I Soft 1 Weathered & Friable |
Organic Content
D10 = D36 = D60 = D5G = DY) =
ASTM D 422: Particle Size Analysis of Soils Hydrometer portion of lexi method not wiilized.
ASTM D 421: Dry Preparation of Soil Samples ASTM 13 854: Specific Gravity of Soils

ASTM [24318: Liguid Limit, Plastic Limil, & Plastic Index of Soils
ASTM [3 2487 Classitication of Soils for Enginecring Purposes (Unified Soil Classification System)

. _chnician Name: E NITZ

Certification #

Technical Responsibility: R FOREST

Signatre Positioi

231 Labonte Street
S&ME, INC. Conway, 5C 29526 B-3, 88-4 grain size
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Laboratory Record Version 4.2

&

Liguid Limit, Plastic Limit, and Plastic Index

“roject i 1611-04-5a0 Heport Bate;
L Toject Name: L8 701 Bridges Test Date(s): 1/2RIOA
Client MName:
Client Address,
Boring #: B-3 Sample # 55-6 Sample Date: 1/11/03
- Depth: 20 feet

Sample Description: Ciray Lean Clay with Sand (C1)
Pan # Liquid Limit ) Plastic Limit
Test # 1 2 3 4 5 6 i 2 3
Tare # (5 18 7 24 | L1 99
A Tare Weight 10.84 | 1008 | 11.07 R 4.9 4.9
B Wet Soil Wpight BA o 19.58 19.01 21.57 5.59 5.50 5.28
C Dry Soil Weight + A 17.02 16.60 19.3 535 5.28 511
D Water Weight (B-C) 2.56 241 2.23 .24 (.22 017
E Dry Soil Weight (C-A) 618 6.52 8.27 LS 1.07 {1.89
F % Moisture Content (D/E)*100 | 414% | 37.0% | 27.0% 20099 1 206% | 19.1%
N # OF DROPS 36 24 20 Moisture Contents determined
LL LL=T*FACTOR by ASTM D 2216
Ave. Average 20.2%
- 4o e }I& S ‘ L e : _ One Point Liquid Timit
E ;’ """ | N Factor N Factor
g = ol ¥ 20 | 0974 | 26 | 1.005
o360 s : -
@ - rd : : ,3 21 0.979 27 1.009
g o /L e 22 | 0985 | 28 | 1.014
g - - RS - y e w . 73 0.990 79 1018
3 Rl = N - ’ — 24 0.995 30 1.022
LS 93 : / i e 55 1000
269 F s (/ o)
10 15 26 25 36 35 40 @:}mﬁ ]
Notes: Estimate the % Retained on the #40 Sieve
Special Sampling Methods:
Sample Preparation: Wet Preparation £ Dry Preparation  [3 Air Dried NP, Non-Plastic i1
Liquid limit Test: Multipoint Method [ One-point Method [3 Liquid Iimit 13
Classification: ASTM D> 2487 AASHTOM 145 [1 Plastic Limit 20
Liquid limit Test: ASTM D 43138 AASHTO T 89 11 Plastic Index i3
Plastic limit Test: ASTM D 4318 AASHTO T 90 1 Group Syn]b()l CL
1 echnician Name: ENITZ L
Conificarion ¥
Technical Responsibility: R FOREST

Stenature Fasiticn
231 Labonte Street
S&ME, INC, Conway, 5C 29526 B-3,55-6  Limits



Laboratory Record Version 4.2

Particle Size Analysis of Soils

ASTM D422

Test Date(s):
E3 meenvd T oo T PRI
i‘sk.zg,)’\.ﬁl Ll PR i

Client MName:
Client Address:

Boring #: B-3 Sample #: 55-6 Sample Date: ELEAGS
e e i st E_}Gﬁm: i
Sample Description: Giray Lean Clay with Sand (C1)
_ . . . . _ ) Moisture Content Natural
Particle Size Analysis / Without Hydrometer Analysis E—
Tare Number (i A Tarc Weight
A |Tare Weight 86.9 B Wet Weight + Tare Wi,
B |Total Sample Dry Wt. + Tare Wi 50.0 C Dry Weight + Tare Wt.
C {Total Sample Dry Weight  (B-A) 50.0 D Water Wi, (B-()
D {Total Sample Wt. After #200 Wash 8.9 E Dry Wi.{(C-A)
E |Percent Passing #200  {1-I/Cx 100 82.2% Moisture Content {100 x D/E) (%)
Sieve Size (mm) Sieve Size Retained Weight Percent Retained Pcn‘cemeassing
Total Sample
37.50 1.5" 0.0 0.0% 106.9%
25.00 1.0" 0.60 0.0% 106.9%
19.00 3/4" 0.60 (3.0% 198.0%
12,50 12" 0.00 0.0%% 188.0%
9.50 3/8" 0.00 (.0% 184.0%
475 #4 0.00 (.0% 100.8%
2.00 #10 0.00 0.0% 100.0%
0.60 #30 0.00 G.0% 168.0%
0.43 #40 .00 0.0% 160.0%
0.25 H#60 2.50 5.0% 95.0%
0.15 #100 6.00 12.0% BE.0%
0.075 #200 8.80 17.6% BL.4%
Notes: Maxtmum Particle Size - Gravel <75 mm and > 4.75 mm (#4) 0.6%
Appareni Relative Density - Coarse Sand < 4.75 mm and >2.00 mm (#10) 0.6%
Liquid Limit 33 Fineness Modulus - Medium Sand < 2.00 mm and > 0.425 mm (#40) 0.4%
Plastic Limit 20 Cu = DEO/DI0: . Fine Sand < 0.425 mm and > 0,075 mm (#200) 1.6%
Plastic Index 13 Ce =(D30Y/ (D10xDEOY: -- % Silt and Clay < 0.075 mun 82.4%
Drescription of Saand & Gravel Rouaded [ Angular [
Hard & Durable ] Soft 1 Weathered & Friable £
Organtc Content
P10 = D30 = D60 = D50 = DA =
ASTM D 422: Particle Size Analysis of Soils Hyvdrometer portion of fest method not ntilized.
ASTM D 421 Dyy Preparation of Soil Samples ASTM D 854: Specitic Gravity ol Soils
ASTM D 4318: Liguid Linit, Plastic Limit, & Plastic index of Soils
ASTM D 2487: Classification of Soils for Engineering Purposes (Unitted Soil Classification System)
_chnician Name: ENITZ o
Cenification #
Technical Responsibility: R FOREST _
Signanure Pastiien

231 Labonte Street
SEME, INC, Conway, SC 28526 B-3, $5-6 grain size
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Laboratory Record Version 4.2

©

Particle Size Analysis of Soils

ASTM B3 4722
Test Date{s)y

Project #:  1611-

roject Name: 115 761 Bridges Report Date: FR2E/05
Client Name:
Chent Address:
Boring #: B-3 Sample # 55-8 sSample Date: s
Depth: 30 feet
sample Description: (iray Poorly Graded Sand (5P)
. . . . . Moisture Countent MNatural
Particle Size Analysis / Withowt Hydrometer Analysis o o
Tare Number b ) A Tare Weight 87.80
A |Tare Weight 87.8 B Wet Weight + Tare W1, 247.80
B |Totat Sample Dry Wt + Tare Wi 2159 C Dry Weight + Tare WH, 21590
C |Total Sample Dry Weight  (B-A) 128 D Water Wt. (B-C) 31.80
D |Total Sample Wt. After #200 Wash 122.2 E Dry Wt.(C-A) 128,10
E |Percent Passing #200  {1.D/C)x100 4.6% Moisture Content (100 x /E} (%) 24.9%
Sieve Size (mm) Sieve Size Retained Weight Percent Retained i’rc}'ccm‘Passing
Fotal Sample
37.50 1.5" 0.0%
25.00 1.0" 0.0%
19.00 3/4" 8.0%
12.50 " 0.0%
9.50 3/8" 3.0%
4.75 H4 6.0%
260 #10 0.0%
0.60 #30 0.0%
0.43 #40 0.0%
(.25 #60 (.0%
0.15 #100 0.0%
0.075 #200 0.0%
Motes: Maximun Particle Size - Gravel <75 mm and > 4.75 mm (#4) 4.0%%
Apparent Relative Density - Coarse Sand < 4,75 mm and >2,00 mm (#10) H#Y ALUE!
Liquid Limit - Fineness Modulus - Medium Sand < 2.00 mm and > 0.425 nun (#40) AV ALUE!
Plastic Limit - Cu=D6/DI10: — Fine Sand < 0.425 mm and > 0.075 mm (#200) #YALUL!

Plastic Index -

Ce =(D30) (DIOXD6D): =

% Silt and Clay <0.075 mm

Description of Sand & Gravel Rounded [ Angular L]

Hard & Durable [ Soft [ Weathered & Triable I

Organic Conlent

D10 = D30 = D60 = D30 = DOg =
ASTM D 422: Particle Size Analysis of Soils Hydromerer portion of test method not wtilized.
ASTM D 421: Dry Preparation of Soif Samples ASTM D 854: Specitic Gravity of Soils
ASTM D 4318: Liguid Limit, Plastic Linut, & Plastic dex of Soils
ASTM [ 2487 Classification ol Soils [or Engineering Purposes (Unified Soil Classification System)
~chnician Name: HNITZ e
Cervificaion #
Technical Responsibility: R FOREST
Signature Fasitian

231 Labonte Street

S&ME, INC. Conway, SC 29525 B-3, 85-8 grain size



{aboratary Record Vorsion 4.2

Particle Size Analysis of Soils

ASTM 13422

Project #: 161564569 Test Date(s):
roject Name: 15 701 Bridges Report Date; 128405
Client Name:
Client Address:
Boring #: 3.3 Sample #: 55-10 Sample Date: LA
Prepth: 40 feet
Sample Description: Ciray Poorly Graded Sand with Clay (5P-3(0)
, . » R , . Motsture Content Natural
Particie Size Analysis / Without Hydremeter Anatysis T = 5
Tare Number A Tare Weight 84.70
A [Tare Weight 84.7 B | Wet Weight+ Tare Wi, | 23170
B [Total Sample Dry Wi. + Tare Wi, 2117 C Dry Wetght + Tare Wi. 211.70
C {Total Sample Dry Weight  (B-A) 12740 D Water Wt. (I3-C) 20,60
D [Total Sample Wt. After #200 Wash 117.8 E Py Wt.(C-A) 127.00
E {Percent Passing #200  (1-D/C)x100 7.2% Moisture Content (100 x D/E) (%4) P57
Sieve Size (mm) Sieve Size Retained Weight Perceni Ketained Percent Passing
Total Sample
37.50 L.5" 0.0%
25,00 1.0" 0.0%
19.60 34" 03.09%
12.50 12" {3.0%
9.50 3/8" 0%
475 #4 8.0%
2.00 #10 0.0%
0.60 #30 (.0%
(.43 #40 0.0%
.25 #60 0.0%
0.15 #100 0.0%
(1075 #200 0.0%
Motes: Maximum Particle Size -- Gravel <75 mm and > 4.75 mm (#4) 0.0%
Apparent Relative Density - Coarse Sand <475 mm and >2.00 mm (#10) HY ALUE!
Liquid Limit - Fineness Modulus - Medium Sand < 2.00 mm and > 0.425 mm (#40) H#YALUE!
Plastic Limit - Cu = DO/D10: -- Fine Sand < (1425 mm and > 0.075 mm (#200) #VALUE!
Plastic Index - Ce=(D30Y/ (DI0xD6G): - % Siit and Clay < 0.075 mm
Description of Sand & Gravel Rounded [] Angular T
Hard & Durable  [J Soft Ul Weathered & Friable 1
Organic Content
DI0= D30 = D60 = D50 = Do =
ASTM D 422: Particle Size Analysis of Soils Hydrometer portion of test mefhod not wiilized.
ASTM D 421: Dry Preparation of Soil Samples ASTM D 854: Speeific Gravity of Soils
ASTM D 4318: Liguid Limit, Plastic Limit, & Plastic Index of Soils
rASTM D 2487 Classilication ol Seils for Engincering Purposes (Unilied Soil Classification System)
chnician Name: E NITZ o
. Centification #
Technical Responsibility: RFOREST
Signanie Position

231 Labonte Street
S&ME, INC. Conway, SC 28526 B-3, $8-10 grain size



faboratory Recovd Yersion 4.2

Liguid Limit, Plastic Limit, and Plastic lndex

roject i 167 1-04-5%60 Report Date:
roject Name: b5 701 Bridges Test Date(s): 1/28/05

Chient Mame:

Client Address:

Boring #: [ sample #1553 sample ate 1711705
Drepth: 7.5 {eel
Sample Description: Crray Lean Clay with Sand (CL)
Pan # Liguid Limit Plastic Limit
Test # 1 2 3 4 5 6 1 2 3
Tere#t 2 16 9 | - 124 | 16 | L99
A Tare Weight 10,96 | 1001 | 11.06 f20 | 420 | 422
B Wet Soil Weight + A | 23.76 | 1998 | 2400 | | - 667 | 576 | 653
C _ o S().i].wcigh[ PN Bevm Ty nr - o .
D Water Weight (B-C) 323 2,40 3.61 0.42 0.27 0.39
E Dry Seil Weight (C-A) 9.37 68,67 9,42 2.05 129 1.92
F % Moisture Content (IVEYF100 | 33.7% | 36.0% | 383% 20.5% | 20.0% | 20.3%
N # OF DROPS 33 21 15 Moisture Contents determined
LL LI.=F * FACTOR by ASTM D 2216
Ave. Average a 20.6%
f"’ h
el T e e One Point Liquid Limit
% R o v S e A < oo < o
5 1
1 DU S— Vg e DO SO PR ISP RS s i o 20 0974 | 26 1.005
@ , N e 21 0.979 27 1.0:09
£ o e || 22 1.985 28 1.014
gl TR L 24 0.995 30 1.022
—— 25 1.000
26.0 } : IR
0 15 20 25 30 35 40 i# ('af.'Dr.(;p. 100
Notes: Estimate the % Retained on the #40 Sieve
Special Sampling Methods:
Sample Preparation: Wet Preparation [ Dry Preparation Tl Air Dried NP, Non-Plastic ]
Liquid limit Test: Multipoint Method 3 One-point Mcthod ] Liquid Limit 36
Classification: ASTM D 2487 AASHTOM 145 O Plastic Limit 20
Liquid limit Test: ASTM D 4318 AASHTO T 89 [I Plastic Index 16
Plastic limit Test: ASTM D 4318 [ AASHTO T90 [ Group Symbol CL
» echnician Name: ENITZ
Certifieation i
Technical Responsibility: R FOREST .
Signanure Position

231 Labonte Street
S5&ME, INC, Conway, SC 29526 B-4,58-3  Limits



Labovatory Recovd Verston 4.2

Particle Size Analysis of Soils

ANTM D422

Project#: 1671 1-04-560 Test Datels):
soject Name: US 701 Bridges Report Date: 12805
Client Mame:
Chent Address;
Boring #: 15-4 sample #: 55-3 sample Date; 1A1/05
ST it Lokl s T Seoth, _ R
Sample Description: Gray Lean Clay with Band (CL)
- Moisture Content Natural
Particle Size Analysis / Without Hydrometer Analysis S
Tare Nunber A Tare Weight
A |Tare Weight §7.4 B Wet Weight + Tare Wt
B [Total Sample Dry Wi, -+ Tare Wt 50.0 C Dry Weight + Tare Wt.
C {Total Sample Dry Weight  (B-A) 50.0 3] Water Wt. (B-C) |
D {Total Sample Wt. Afier #200 Wash 14.0 E Dry Wt.(C-A)
B {Percenl Passing #200  (1-D/C)x100 72.0% Motsture Content (100 x D/E) (%)
Sieve Size (mm) Sieve Size Retained Weight Percent Retained Pref“cent Passing
Total Sample
37.50 1.5" 0.0 0.0% 106.0%
25.00 1.0" 0.00 0.0%% 100.0%
19.00 3/4n 0.00 4.0% 160.0%
12.50 1/2n 0.00 0.0% 1H.0%,
9.50 o 3/8" (.00 .0% 153.0%
4.75 #4 0.00 §.0% 166.9%
2.00 #10 0.60 0.0% 130.9%,
0.60 #30 0.00 0.0% 166.0%
0.43 #40 0.60 0.0% 166.0%
0.25 #60 0.60 P24 98.8%,
0.15 #100 3.30 6.6% 33.4%,
0.075 #2060 13.90 27.5% T2.2%
MNotes: Maximum Particle Size - Gravel <75 mm and > 4.75 mm (#4} IR
Apparent Relative Density - Coarse Sand < 4.75 mm and >2.00 mm (#10) 0.0%
Liquid Limit 36 Fineness Modulus - Medium Sand < 2.00 mun and > 0.425 mum (#40) $.0%
Plastic Limit 20 Cuo = DOY/DI; . Fine Sand < 0.425 mum and > 0.075 mm (#200) 27.8%
Plastic Index 16 Ce=(D30Y (D1OxD60): - % Silt and Clay <0.075 mm T2.2%
Description of Sand & Gravel Rounded {7 Angular 1
Hard & Durable [ Soft [ Weathered & T'riable £l
Organic Contert
D10 = D30 = D60 = D50 = DY =
ASTM I 422: Particle Size Analysis of Soils Hydrometer portion of test method not wiilized,
ASTM D 421: Dry Preparation of Soil Samples ASTM D 854 Speeific Gravity of Soils
ASTM D 4318 Liquid Linsit, Plastic Linit, & Plastic Index of Soils :
'ASTM D 2487: Classification of Soils fur Engineering Purposes (Unified Soil Classification System)
schriician Name: E NITZ
Certification i
Technical Responsibility: RFOREST
Signature Pasition

231 Labonte Sireet
S&ME, INC, Conway, SC 29526 B-4, $8-3 grain size
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Labormiory Becord Yoerston 4.2

Particle Size Analysis

of Soils

ASTM [3 422

Projeci #: 1611

roject Mame: 117
Clienl Name:
{Hent Address:

Hormg #: 3-4

Sample #. 85-3

Vest Date(s):

[ VRS B Y o TR IOV A
AW S ) N B & S LR AT )
sample Date: VA

Drepth: 15 feet
sample Description: Giray Poorly Graded Sand with Clay (5P-5C)
L ) ) . Moisture Content Nataral
Particle Hize Analysis / Without Hydrometor Analysis - :
Fare # Angular
Tare Number A Tare Weight 87.30
A [Tare Weight 87.3 B Wel Weight + Tare Wi, 284.00
B |Total Sample Dry Wi. + Tare Wi, 2358 C Diry Weight + Tare Wt 235.80
C |Total Sample Dry Weight  (B-A) 148.5 D Water Wt {(B-C) 48.20
D {Total Sample Wt. After #200 Wash 136.6 E Dry We(C-A) 148,50
E |Percent Passing #200  (1-D/C)x 100 0% Moisture Content (100 x /1) (%) 372.5%,
Sieve Size (mm) Sieve Size Retained Weight Percent Retained P,?f‘ cemeassing
Yotal Sample
37.50 L.5" 0.0 0.0% 1066.0%
25.00 1.0" 0.00 0.6% 104.0%
19.00 3/40 0.00 0.04% 160.0%
12.50 " 0.00 0.0% F04.0%,
950 3/8" 0.00 0.0% 106.0%
4,75 #4 0.60 0.0% §60.0%
2.00 #10 0.40 3.3% 997,
.60 #30 2.80 1.94% 98.1%,
0.43 #40 15.00 16.1% 82.9%
0.25 #60 90.40 63.9% 35.1%
0.15 #100 129.30 87.1% 12.9%
0.075 #200 136.50 91.9% 8.1%
MNates: Maximum Particle Size - Gravel < 75 mm and > 4.75 mm (#4) §.0%
Apparent Relative Density - Coarse Sand < 4.75 mm and >2.00 mm (#10) 0.3%
Tiguid Timit - Fineness Modutus - Medium Sand < 2.00 mm and > 0.4235 mm (#40) 8%
Plastic Linut -- Cu=Do6/D10: 221 Fine Sand < 0.425 mm and > 0.075 mm (#200) 81.8%
Plastic Index - Ce=(D30Y/ (DI10xD60)y:  1.12 % Silt and Clay < 0.075 mm 8.1%
Deseription of Sand & Gravel Rounded [ Angular L]
Hard & Durable [ Soft 1 Weathered & Friable ]
Organic Content
DiO= 0.14 D30= .22 D60 = 031 P50= 0.29 D90 = (.43
ASTM [ 422: Particle Size Analysis of Souls Hydrometer portion of test method not utilized.
ASTM [ 421: Dry Preparation of Soil Samples ASTM D 854: Specific Gravity of Sails
ASTM D 4318: Liguid Einit, Plastic Limit, & Plastic Index of Soils
ASTM D 2487 Classification of Soils oy Engincering Purposes (Unilicd Soil Classification System)
~chnician Name: E NITZ
Certification ¥
Technical RKesponsibility: R FOREST
Signatire Fosition

SE&ME, INC.

231 Labonte Street
Conway, 5C 29528

B-4, 58-5 grain size




Laboratory Record Version 4.2

Paiticle Slze Analysis of Soils

ARTM 3422
iS00 Test Date{s):

Project #:

roject Mame: Uk 701 Bridges Report Dale: 128705
CHent Name:
Client Address:
Boring if: B-4 Sample #: 558-7 Sample Date: 1A
N Depth: 25 feel
Sample Description: Giray Poorty Graded sand (3P)
L . . ‘ . Moisture Content Matural
Particle Bize Analysis / Without Hydrometer Analysis - i
Tare Number A Tare Weight 84.50
A Ptare Weight 84.5 B3 Wet Weight + Tare Wi, 22380
B [Total Sample Dry Wt. -+ Tare Wi 199.4 C Diry Weight + Tare Wi 199.40
C |Total Sample Dry Weight  (B-A) 114.9 D Water Wt. (B-C) : 24 .49
D |Total Sample Wt. After #200 Wash 112.3 I Dry Wt {C-A) 114,90
E |Percent Passing #200  {(1-13/Cx100 2.3% Moisture Content {100 x I/E) (%) 2E3%
Sieve Size (mm) sieve Size Retamed Weight Percent Retained PF T cent Passing
Fetal Sample
37.50 1.5" 0.0 4.0% 160.0%
25.00 1.0m .00 {.0% 160.0%
19.00 3/4" .00 43.0% 130.0%
12.50 1/2" 0.00 4.0% 100.0%
9.50 378" 0.00 4.04% 100.0%
475 #4 (L00 3.0% 100.0%
2.00 #10 .40 0.3% B9 7%,
0.60 #30 45.30 39.4% 60.6%
0.43 #4() 70.50 614% A8.0%
0.25 #60 104.10 S0.6% 4%
(.15 #100 110.50 26.2% 3.8%
0.075 #200 112.20 97.7% 2.3%
Motes: Maximum Particle Size - Gravel <75 mm and > 4.75 mm (#4) 41.0%
Apparent Relative Density e Coarse Sand < 4.75 mm and >2.00 mm (#10) 3.3%
Liquid Limit -- Fineness Modulus -- Medium Sand < 2.00 mmm and > 0.425 mum (#40) 61.0%
Plastic Limit = Cu = D60/D10: 2.31 Fine Sand < 0.425 mm and > 0.075 mmn (#200) 36.3%
Plastic Index -- Ce (D30 (D10xD60Y:  0.93 % Silt and Clay < 0.075 mm 2.3%
Descriplion of Sand & Gravel Rounded [ Angular []
Hard & Durable [ Soft [ Weathered & Triable I
Organic Content
D10= .26 D30= 0.38 Dal = 0.9 D30 = §.5 D90 == 1.5
ASTM D 422: Particle Size Analysis of Soils Hydrometer portion of test method not wtilized.
ASTM D 421: Dry Preparation of Soil Samples ASTM D 854: Specific Gravity of Suils
ASTM D 4318: Liquid Limit, Plastic Limit, & Plastic Index of Soils
ASTM D 2487 Classification of Soils for Engineering Purposes (Unified Sotl Classification System}
<chnician Name: ENITZ
Certification ¥
Technical Responsibility: R FOREST
Signafure Pasition

231 Labonte Street
B&ME, INC. Conway, SC 29526 B-4, 85-7 grain size



Laboratory Record Yersion 4.2
Particle Size Analysis of soils

ALTM D422

Project #:  1611-04 Fest Date(s)
coject Name: U5 708 Bridges Report Date: LR8G5
Client MName:
Client Address:
Boring #: B-4 Sample #: 55-9 _ Sample Date; LGS
Depth: 35 foet
Samplé Description: Gray Poorly Graded Sand (5F)
) o . Maisture Content Matural
Particle Size Anabysis / Without Hydrometer Analysis - "
Tare Number o A Tare Weight 84.50)
A |Tare Weight o 84.5 B Wet Weight + Tare W1 307.90
B |Total Sample Dry Wi. + Tare Wi, 2751 C Dy Weight + Tare WH. 27510
C [|Total Samplte Dry Weight  (13-A) 100,46 D Water Wt. (B-C) 3280
D [Total Sample Wt After #200 Wash 186.5 E Dry Wt.(C-A) 180,60
E {Percent Passing #200  (1-D/C)x100 2.2% Moisture Content (100 x D/E) (%) 1725
Sieve Size (mm) Sieve Size Retained Weight Percent Retained Percent Passing
Total Sample
37.50 1.5" 0.0 0.0% .09
25.00 .07 (.00 0.0% 103.09%
19.00 3/4" 0.00 0.0% 193.0%
12.50 /2" (.00 0.0% FO8.0%
9.50 3/8" 000 0.0% 100.8%
4.75 #4 10,00 52% 24.8%
2.00 #10 31.80 16.7% 83.3%
0.60 #30 150.20 75.8%% RAIVAA
0.43 #40 162.70 85.4% 14.6%
0.25 #60 177.40 93.1% 6.9%
0.15 #100 183.60 96.3% 3.T%
0.075 #200 186.50 97.8% A
Notes: Maximum Particle Size - Gravel <75 mm and > 4.75 mm {#4) 5.2%
Apparent Relative Density o Coarse Sand < 4.75 mm and >2.00 mm (#10) 11.4%
Liquid Limit - Fineness Modulus - Medium Sand < 2.00 mm and > 0.425 mm (#40) 68.7%
Plastic Limit - Cu=D64/D10:.  4.33 Fine Sand < (1425 mm and > 0.075 mm {#200) 12.5%,
Plastic Index - Ce=(D30Y/ (D10xD60):  1.26 % Silt and Clay < (0.075 mm 2.2%0
Description of Sand & Gravel Rounded I Angular [l
Hard & Durabie [ Soft [ Weathered & Friable 1
Organic Content
D16 = 0.3 D30 = 0.7 D60 = 1.3 D50 = 1 P9g = 2.8
ASTM D 422: Particle Size Analysis of Soils Hydrometer portion of test method not utilized.
ASTM D 421: Dry Preparation of Soil Samples ASTM [ 854 Specilic Gravity ol Soils

ASTM D 4318: Liguid Linit, Plastic Limit, & Plastic Index of Soils
ASTM D 2487 Classification ol Soils for Engincering Purposes (Unitied Soil Classification System)

schnician Name: I NITZ

Certification i

Technical Responsibility: R I'OREEST

Signature

231 Labonie Street

FPositicnt

S&ME, INC. Conway, 5C 20526 B-4, §5-9  grain size




Labaratory Record Version 4.2

Liguid Limdt, Plastie Limit, and Plastic Index

- Teoject # 1611-04-569 Report Date:!
. roject Name: U5 701 Bridges Test Date(s): L/28/05

Client Name:
Client Address:

Roring #: B-5 Sample #: 85-7 sample Dates 1/11/G3
' Diepth: 25 foet
Sample Description: Drark Gray Elastic Silt with Sand (MH)
Pan # Liguid Limit Plastic Limit
Test 1 P 3 4 5 6 1 2 3
Tare 4 13 24 1 T4 o | T2
A Tare Weight 11.06 10.76 10.89 421 4.20 4.28
B Wet Soil Weight + A 1990 | 2093 | 2018 5.64 5.79 6.26
C Dry Soil Weight + A 16.93 17.34 16.78 538 5.49 5.88
D Water Weight (B-C) 2.97 358 3,40 .26 .30 L3R
E Dry Soil Weight (C-A) 387 6.58 5.89 £17 (.29 t.39
F % Moisture Content (DVEY*100 50.6% | 34.6% | 57.7% 222% p 233% | 239%
N # OF DROPS 34 25 17 Moisture Contents determined
LL LL=F * FACTOR by ASTM D 2216
Ave. Average 23.1%
f . 3
o : | Ome Point Liquid Limit
E S N Factor N Factor
§ e 1 R N 0 0974 5 To0s
@ e N \' B ' ; ‘ 21 0.979 27 1.009
= by I 22 0.985 28 1.014
< B N\ b SRR A 23 | 0990 | 290 | 1.018
“:i A e N | : 24 (0.995 30 1.022
’ B \ 25 | 1.000
50.9 ; 5 -
10 160
N — v
Notes: Estimate the % Retained on the #40 Sicve
Special Sampling Methods:
Sample Preparation: Wet Preparation [ Dry Preparation ] Air Dried NP, Non-Plastic i1
Liquid limit Test: Muttipoint Mcthod O One-point Method [ Liq'uid Limat 54
Classification: ASTM D 2487 AASHTOM 145 [J Plastic Limat 23
Liquid limit Test: ASTM D 4318 AASHTOTS9 O Plastic Index 31
Plastic Hmit Test: ASTM D 4318 AASHTO TS0 0O Group Symbol MH
1echnician Name: E NITZ
Corrification it
Technical Responsibility; R FOREST
Sighasne Positios

231 Labonte Street
S5&ME, INC. Conway, SC 29526 B-5,88-7 Limits



Labortory Record Yersion 4.2

Particie Size Analysis of Soils

ABTM D422
Project #6110

Test Datefs)
)

coject Namme: Sridges Repaort Diate: 1126105
€ Hent Name:
Clent Address:
Foring #: i35 sample #: 557 sample Date: HARES
: Drepth: 75 feet
Sample Description: Dark Gray Flastic St with Sand (MH)
_ L Muaisture Content Natural
Particle Size Analysis / Withowt Hydrometer Analysig p-” T
Farc # Haviey
Tare Number R I A Tare Weighi 100.90
A | Tare Weight 100.9 B Wet Weight + Tare Wi, 204.80
B |Total Sampte Dry Wt + Tare Wt. 176.9 C Dry Weight + Tare Wt. 176.90
C {Total Sampte Dry Weight  (B-A) 76.0 D Water Wt. (B-C) 27.90
D {Total Sample Wt. After #200 Wash 7.0 E Dry Wt.(C-A) 76.00
E |Percent Pasgsing #200  {1-D/Cx100 S0.8% Muoisture Content (100 x D/E) (%) 36.7%
Sieve Size (mm) Sieve Size Retained Weight Percent Retained P,e,,{ ccnt*Passing
Fotal Sample
37.50 1.5" 0.6%
25.00 1.07 0.0%
19.00 3/4" 0.0%
12.50 /2" 0.0%
9.50 3/8" 0.0%
4.75 #4 IR
2.00 #10 0.0%
0.60 #30 0.0%
0.43 #40 0.0%
0.25 #60 0.0%%
0.15 #100 4.0%
0.075 #200 {.0%
Motes: Maximum Particle Size - Gravel < 75 mm and > 4.75 mm (#4) §.06%
Appareni Relative Densily e Coarse Sand < 4.75 mm and >2.60 mm (#10) HYALUR!
Liquid Limit 54 Fineness Modulus -~ Medium Sand < 2.00 mm and > 0.425 mm (#40) HVALUE!
Plastic Limit 23 Cu=D6WD10: - Fine Sand <0425 mm and = 0.075 mm (#200)  HFVALUE!
Plastic Index 31 Ce =(D36Y/ (D10xD60): - % Silt and Clay < 0.075 mm
Description of Sand & Gravel Rounded 3 Angular [
Hard & Durable [l Soft [ Weathered & Friable [l
Organic Content
Do = D30 = D60 = D50 = DO =
ASTM D 422: Particle Size Analysis of Soils Hydrometer portion of lest method not wiilized.
ASTM B 421; Dy Preparation of Soil Samples ASTM 13 854: Specilic Gravity of Soils
ASTM 4318 Liguid Limil, Plastic Limit, & Plastic Iclex of Soils
ASTM B 2487: Classificativn of Soils for Engineering Purposes (Unified Soil Classification System)
.chnician Name: I NITZ
Certification
Technical Responsibility: R FOREST
Stenture Pasition

231 Labonte Street
S&ME, INC. Conway, SC 20526 B-5, 88-7 grain size



Laboratory Record Version 4.2

Particle Size Analysis of Soils

ASTM 13422

Project #: 161104 Test Date(s):

‘pject Name: Gridges Report Date: L2805
Client Mame;
Chent Address:
Boring # -5 sample # 55-9 sample Date; LA E/05
Depth: 33 feet
Sample Deseription: Gray Poorly Graded Sand with Clay (SP-5C)
_ Maoisture Conlent Matural
Particle Size Analysis / Without Bydrometer Analysis e
Pare # siidge
Tare Number A Tare Weight 100,50
A {Tare Weight 106.8 it} Wet Weight + Tare Wi, 2449.60
B {Total Sample Dry Wt + Tare Wt 227.0 C Pry Weight + Tare Wi, 227.00
C |Totat Sample Dry Weight  (B-A) _ 1267 D - Water Wt (B-C) 22.60
D |Total Sample Wt. After #200 Wash 118.4 E Dry Wt.(C-A) 12620
F |Percent Passing #200  (1-I/C)xx 100 6.2% Moisture Content (100 x D/IE) (%) 17.9%
Sieve Size (mm) Sieve Size Retained Weight Percent Retained P;ercent ‘Pzwsmg
Total Sample
37.50 1.5 0.0%
25.00 1.o" 0.0
19.00 374" 0.0%
12.50 12" 0.0%
9.50 3/8" 0.0%
4775 #4 0.0%
2.00 #10 0.0%
0.60 #30 0.0%
0.43 #40 0.0%
0.25 #60 0.0%
0.15 #100 (3.0%
0.075 #200 (3.0%
MNotes: Maximum Particle Size - Gravel <75 mm and > 4.75 mm (#4) {5.8%
Apparent Relative Density e Coarse Sand < 4.75 mumn and =2.00 mm (#10) HYALUED
Liguid Lunit — Fineness Modulus - Medium Sand < 2.00 mm and > 0.425 mm (#40} FYALURK!
Plastic Limit -~ Cu = D6U/D10: - Fine Sand <0.425 mm and > 0.075 mm (#200)  #YALLUT!
Plastic Index - Ca =(D30YY (D H0xD60): - % Silt and Clay < (0.075 mm
Description of Sand & Gravel Rounded 3 Angular {7
Iard & Durable [ Soft {1 Weathered & Friable L3
Organic Content
D10 = D30 = DGO = D56 = D90 =
ASTM D 422 Particle Sizc Analysis of Seils Hydrameter portion of test method not widlized.
ASTM D 421: Dry Preparation of Soil Sampies ASTM D 854: Specific Gravity of Soils
ASTM D 4318; Liquid Limit, Plastic Limil, & Plastic Index of Soils
ASTM D 2487; Classification of Sails for Eagineering Purposes {Unificd Soil Classilication System)
. «chnician Name: E NITZ
Certification i
Technical Responsiblity: R FOREST B
Stguatre Fositian

231 Labonte Street
SE&ME, INC. Conway, SC 20526 B-5, 8892 grain size



Eaboratory Record Versiog H2

Particle Size Analysis off Soils

ASTM [y 422
564 Test Datel{s)

Project #: 16110

roject Mame: 25 701 Bridees Report Date: [/28/05
Client Name:
Client Address:
Boring #: B-5 Sample #: 55-11 Sample Date: 1105
T Depth: 45 foel
Sample Deéér'i'pti(m: Gray Poorly Graded Sand (519
. - . Moisture Content Natural
Particle Size Analysis / Without Hydrometer Analysis - ’ —
. B Tare # Oliva
~ {'Tare Number A Tare Weight 102.46G
A [Tare Weight e 102.4 B Wet Weight + Tare Wt 221.50
B |Total Sample Dry Wi. + Tare Wt. 2007 C Dy Weight + Tare Wt 200.70
C |Total Sample Dry Weight  (B-A) 983 D Water Wi. (B-C) 20,80
D |Total Sample Wt. After #200 Wash 95.8 E Bry Wt.(C-A) 98,30
B |Percent Passing #200  (1-D/Cx100 2.5% Moisture Content (100 x IVE) (%) 21.0%
Sieve Size (mm) Sieve Size Retained Weight Percent Retained Pre}'cent Passing
Total Sample
37.50 1.5" 0.0%
25.00 1.o" {.0%
19.00 3/4" 0.0%
12.50 12" {.0%
9.50 378" _ $.0%
4.75 #4 $.0%
2.00 #10 3.0%
0.60 #30 0.0%
0.43 #40 8.0%
0.25 #60 (HL0%
0.15 #100 3.0%
0.075 #200 3.0%
MWotes: Maximuom Particle Size - Gravel <75 mm and > 4.75 mm (#4) 0.6%
Apparent Relative Density - Coarse Sand < 4.75 mm and >2.00 mm (#10) H#YALUET
Liquid Limit - Fineness Modulas - Medium Sand < 2.00 mum and > 0.425 mm (#40) H#VALUE!
Plastic Limit - Cu = D68/D1{x - Fine Sand < 0.425 mm and > 0,675 mm (#200)  #VALI!
Plastic Index - Co=(D3OY (DIOxD60Y:  — % Silt and Clay < (.075 mm
Description of Sand & Gravel Rounded [ Angolar {1
Hard & Durable O Soft L Weathered & Friable ]
Organic Content
blo= D30 = D60 = P50 = D0 =
ASTM D 422: Particle Size Analysis of Soils FHydrometer portion of test method nof utilized.
ASTM D 421: Dry Preparation of Soil Samples ASTM D 854: Specitic Gravily of Scils

ASTM D 4318: Liquid Limit, Plastic Limit, & Plastic Index of Soils
ASTM D 2487 Classification of Soils for Engincering Purpeses {Unified Soil Classification System)

schnician Name: ¥NITZ
Certification §
Technical Responsibility: R FOREST

Signature fosition

231 Labonte Street
SEME, INC. Conway, SC 28526 B-5, 38-11 grain size



Laboratory Record Version 4.2

Particle Size Analysis of Solls

ASTM D427

Project#: 16 Test Date(s):
wject Mame: oEs Report Date: LIAROS
Clicnt Mame:
Chent Address:
Boring #: B-5 sample 4 55-13 Sample Date: P15
s E}me N
Sample Deseription: Giray Poorly Graded Sand (59)
L . . . Morsture Content Natural
Particle Size Analysis / Without Hydvrometer Analysis S
Tare # finda
Tare Number A Tare Weight 89.50
A |Tare Weight 99.5 B Wet Weight + Tare Wt 266.40
I3 |Total Sample Dry Wi+ Tare Wt. 2393 C Dry Weipht + Tare Wt 23930
C |Total Sample Dry Weight  (B-A) 1398 D Water Wi, (B-C) 2710
D [Total Sample Wt. After #200 Wash {330 E Dry Wi.(C-A) 13980
E Percent Passing #200  (1-D/C)x100 4.4% Moisture Content (100 x D/E) (%) 19.4%,
Sieve Size (i) Sieve Size Retained Weight Percent Retained Pref'ccnt1PassiBg
Fotal Sample
37.50 L.5" 0.0%
25.00 1.0" 0.0%
19.00 3/4" {4.0%
12.50 1/2" 0.0%
9.50 3/8" 0.0%
4.75 #4 .0%
2.00 #10 4.0%
0.60 #30 0.0%
0.43 #40 3.0%
0.25 #60 4.0%
0.15 #100 £0.0%
0.075 #200 £4.0%
Notes: Maximum Particle Size - Gravel < 75 mm and > 4.75 mm (#4) §.0%
Apparent Relative Density - Coarse Sand < 4,75 mm and >2.00 mm (#10) H#YVALUE
Liquid Limit - Fineness Modulus - Medim Sand < 2.00 mm and > 0.425 mm (#40) #YALUE!
Plastic Limil - Cu = D60/D10: - Fine Sand < 0425 mm and > 0.075 mm (#200)  #VALUE!?

Plastic Tndex - Ce =(D30YY (D10xD60): -

% Silt and Clay

< (.075 mm

Description of Sand & Gravel

Rounded i1 Angular [

Hard & Durable [

Soft 11 Weathered & Friable [}

Organic Content

D10 = P30 = D60 = D50 = DOG ==

ASTM D 422: Particle Size Analysis of Soils ydrometer portion of test method nof uiilized.
ASTM D 421: Dry Preparation ol Soil Samples ASTM D 834: Specitic Gravity of Soils
ASTM D 4318: Liquid Limit, Plastic Limif, & Plastic Index of Soils
ASTM [ 2487: Classitication of Soils for Engincering Purposcs {Unificd Soit Classification System)

~clmician Name: E NITZ

Certification #
Technical Responsibility: R FOREST
Signanne Pasition

231 Labonie Streef

S&ME, INC.

Conway, SC 29528

8-5, 85-13 grain size




Laborstory Record Yorsion 4.2

Particle Size Analysis of Soils

ASTM 1422

Projeci #:  1611-64-569 Test Date(s):
coject Marge: Uk 701 Heldpes Report Date: FZEAGS
Client Name:
Client Address:
Boring #: H-5 Sample #: 55-15 sample Dater L1705
- Depth: 63 foet
Sample Description: Ciray Poorly Graded Sand (5P
. . . Moisture Content Natural
Particle Size Analysis / Without Hydrometer Analysis — —
8 : Tarc# Lols
Tare Number A Tare Weight 0010
A |Tare Weight _ 100.1 B Wel Weight + Tare W, 230.00
B {Total Sample Dry Wt. + Tare Wt. 203.8 C Dry Weight -+ Tare Wt. 203.80
C |Total Sample Dry Weight  (I3-A) 103.7 D - Water Wt (B-C) 26.20
I3 [Tolal Sample Wt. After #200 Wash 988 E Dry Wi (C-A) 103.70
E |Percent Passing #200  (1-D/Cx100 4.71% Moisture Content (100 x D/E) (%) 25.3%
Sieve Size (mim) Sieve Size Retained Weight Percent Retained Percent Passing
Total Sample
37.50 1.5" 0.0%
25.00 1.0 0.0%
19.00 3/4" 0.04%%
12.50 1/2" 0.84%%
9.50 3/8" 0.0%
4.75 #4 0.68%
2.00 #10 0.0%
0.60 #30 0.04%
(.43 #40 0.6%
0.25 #60 0.0%
0.15 #100 0.0%
0.075 #200 (1.0%
Notes: Maximum Particle Size Gravel < 75 mm and > 4.75 mm (#4) 0.8%
Apparent Relative Density - Coarse Sand < 4.75 mm and >2.00 mm (#10) HYALUE!
Liguid Limit - Fineness Modulus - Medium Sand < 2.00 mum and > 0.425 mm (#40) HYALUEY
Plastic Limit -- Cu = DOO/D1 -~ Fine Sand <0.425 mm and = 0.075 mm (#200)  #FYALUE!
Plastic Index - Ce =(D30Y/ (D10xD60Y: - % Silt and Clay < 0,075 mm
Description of Sand & Gravel Rounded {] Angunlar [
Hard & Durable [ Solt [ Weathered & Friable [
Organic Content
D10 = B30 = P60 = D50 = Doo =
ASTM D 422 Particle Size Analysis of Soils Hydrometer portion of fest method not utilized.
ASTM D 421: Dry Preparation of Soil Samples ARTM I3 854: Specific Gravity of Soils
ASTM D 4318: Ligwid Linnt, Plastic Limit, & Plastic Index of Soils
ASTM D 2487: Classilication of Soils for Engineering Purposes (Unified Seil Classification System)
. wchnician Name: L NITZ
Certificarion
Technical Responsibility: R FOREST
Sgnange Fosition

231 Labonte Street
S&ME, INC. Conway, SC 29526 B-5, 88-15 grain size



Laboratory Record Yepsion 4.2

1611-04-56%
5 701 Bridgoes

Troject #

. rojeet Mame:
Client Name:
Client Address:

Horing 4 sample # 85-19

Liguid Limit, Plastic Limit, and Plastic index

Report Date:
‘Test Pate(s):

[/28/05

sample Date: 1/11/03

i
Piepth: 85 feet

Sample Description: Gray Poorly Graded Sand {(SP)

Pan il Liguid Limit Plastic Limit
Test# 1 2 3 4 5 6 1 2 3
Tare #
A Tare Weight
B Wet Soil Weight + A
C Dry Soil Weight + A
D Water Weight (B-C)
E Dry Soil Weight (C-A)
I % Moisture Content (D/E)*100
N # OF DROPS Moisture Contents determined
LL LL=F * FACTOR by ASTM D 2216
Ave Average
f’ 55.0 h
- One Point Liquid Tamit
% 0 N Factor N Factor
£l 20 | 0974 | 26 | 1.005
o 21 0.979 27 1.009
@J ! 22 0.985 28 1.014
S 23 0990 | 29 | 1.018
=2 ] 24 (.995 30 1.022
A _ 25 | 1.000
45.0 ) 1‘
g otora]
k S— S Aé
Notes: Estimate the % Retained on the #40 Sieve
Special Sampling Methods:
Sample Preparation: Dry Preparation Air Dried  [X] NP, Non-Plastic

Wet Preparation [
[1 One-point Method

AASHTOM 145
AASHTO T 89
AASHTO T 90

Liquid limit Test:

Classification:

Multipoint Method
ASTM D 2487
ASTM D 4318
ASTM D 4318

Liquid limit Test:

ooo®o

Diastic limit Test:

Liquid Limit
Plastic Limit
Plastic Index
Group Symbol

1echnician Name: ENITZ

R FOREST

Certificafion £

Technical Responsibility:

Signaiuee Fosition

231 Labonte Street

S&ME, INC.

Conway, 5C 29526

B-5,55-19  Limits



Laborory Record Yersion 4.2

*article Size Analysis of Soils

B

ASTM [y 422

Pyoject #: 1611 Test Date(s):

ceject Mame: Report Pate: F/25/G5
{lient Name:
Client Address:
Poring #: 35 Sample #: 55-19 Sample Dale: 105

Brepth: BE feet
sSample Description: Giray Poorly Graded Sand (81}
. \ . o . Maoisture Confent Natural
Particle Size Analysis / Without Hydrometer Analysis - —-
_ Tare # Chris
Tare Number A Tare Weight 100.60
A |Tare Weight 100.6 B Wet Weight + Tare Wt 223.50
B |Total Sample Dy Wi + Tare Wt 206.5 C Dy Weight + Tare Wt. 206.50
C {Total Sample Dry Weight  (B-A) 159 b Water Wt, (B-C) 17.00
D |Total Sample Wt. After #2060 Wash H02.6 E Dry Wi (C-A) 13300
E |Percent Passing #200  {1-D/Cx 100 3% Moisture Content (100 x D/E) (%) 16.1%%
Steve Size (mm) Sieve Size Retained Weight Percent Retained Pereent Passing
Total Sample
37.50 1.5" 0.0%
25.00 1.0" 0.65%
19.00 3/4" 0.0%
[2.50 1/2" (.04
9.50 3/8" 0.0%
4.75 #4 0.0%
2.00 #10 03.0%
0.60 #30 0.0%
0.43 #40 0.0%
(.25 #60 3.0%
0.15 #100 0.0%
0.075 #200 £.0%
Motes: Maximun Particle Size Gravel <75 mm and > 4,75 min (#4) 8.6%,
Apparent Relative Density o Coarse Sand <475 mm and >2.00 mm (#10} #VALUE!
Liquid Limit . Fineness Modulus - Medivm Sand < 2.00 mm and > 0,425 mm (#40)} H#YALUERS
Plastic Tamit - Cu = DoO/DI; - Tine Sand < 0.425 mm and > 0.075 mm (#200) HY ALUE!
Plastic Index - Co =(DROYF (D06, - % Silt and Clay <9.075 mm
Description of Sand & Gravel Rounded [ Angutar L]
Hard & Durable [ Soft 1 Weathered & Friable i

Organic Content

P10 = D30 = D60 = D50 = b0 =
ASTM D 422: Particle Sice Analysis of Soils Hydrometer portion of test method nof wiilized.
ASTM D 421: Dry Preparation of Scil Samples ASTM D 854: Specific Gravity of Soils
ASTM D 4318 Liquid Limit, Plastic Limit, & Plastic Index of Sails
ASTM D 2487: Classification of Seils for Engineering Purposes (Unified Soil Classification System)
~chnician Name: E NITZ e
Certificntion #
Technical Responsibility: R FOREST
Sigaame Pasitian

231 Labonte Street

SEME, INC, Conway, SC 20526 B-5, 85-1¢ grain size



Laboratory Record Yersion 4.2

Liguid Livnit, Plastic Limit, and Plastic Indey

Toject # Foli-04-569 Report Date:

. coject Name: UE 701 Bridges Test Patels): 1/725/05
Chient Name:

Client Address:

Borsing #: [3-3 Sample #: 55-21 Sample Date: 1/311/05

tyepth: 95 feat

Sample Description; .’Ch‘a}:’ Saﬁdy Lean Clay (CL)
Pamf | o Liquid Limit Plastic Limil
Test # 1 2 3 4 5 6 1 2 3
Tare # G 18 14 3 13 5
A Tare Weight 1L.06 | 10.88 | 10.84 R (.01 | 1073 | 1095
B Wet Soil Weight + A 2449 | 2448 | 2398 | |1 1336 | 13.06 | 13.24
C Dy Soit Weight + A 20.83 20.69 19.90 13.04 12.776 12.93
D Water Weight (B-C) 166 | 379 | 3.8 032 | 030 | oat
I Dry Soil Weight (C-A) 977 | 0g] 606 203 | 200 o8
I % Moisture Content (D/EY*100 | 37.5% | 38.6% | 42.8% 15.8% | 1489 | 15.7%
N # OF DROPS 36 25 15 Moisiure Contents determined
1L LL=F* FACTOR by ASTM Y 2216
Ave. Average F5.4%
( ase h

One Point Tagud Limit

N Factor N TFactor

40.0 20 0.974 26 1.005

21 0.979 27 1.009

RSN T PSR P 22 0.985 28 1.014

350 +

E% Moisture ContentJ

24 (.995 30 1.022
25 1.000
19 15 20 25 30 35 48 100
‘e &
Notes: Estimate the % Retained on the #40 Sieve
Special Sampling Methods:
Sample Preparation: Wet Preparation [ Dry Preparation [0 Air Dried NP, Non-Plastic |
Liquid limit Test: Multipoint Method [ One-point Method  [3 Liguid Limit 39
Classification: ASTM D 2487 X AASHTOM 145 [3 Plastic Limit 15
Liquid limit Test: ASTM D 4318 AASHTO TS89 0O Plastic Index 24
Plastic limit Test: ASTM D 4318 AASHTOT90 3 Group Symbol CL
rechnician Name: ENIEZ
Cerrificadion #
Technical Responsibility: R FOREST
Sighature FPosilion

231 Labonte Street
S&ME, INC. Conway, SC 29526 B-5,55-21  Limits



Laboratory Becord Version 4.2

Size Analysis of Soils

ASTM 134272
Project #: 1611-04-569
PSS JEUNPEE N R v
E] [ IS ABERe.
Client Name:
Chent Address:

Horing # E-5 Sample #: 53-21 Sample Date: 1105
Depth: 95 foel
Sanmple Descript'idﬁ':” T {mﬁ, S;thki;;? Foan Clay {CL) o
, Moisture Content Matural
Particle Size Analysis / Without Hydrometer Analysis -
Tarce # Haren
Tare Number A Tare Weight i01.80
A |Tare Weight 101.8 B Wet Weight + Tare Wi, 205.50
B |Total Sample Dry Wi, + Tare WH, 184.9 C Bry Weight + Tare Wi, 184.90
C |Total Sample Dry Weight  (B-A) 531 D Water Wt (B-C) 20.60
D {Total Sample Wi, After #200 Wash 318 E Dry Wt.(C-A) 8310
E |Percent Passing #200  (1-D/C)x100 &61.7% Moisture Content (100 x IV/E) (%) 24.8%
Sieve Size (mumn) Sieve Size Retamed Weight Percent Retained [’re‘r cent Passing
Yotal Sample
37.50 1.5" 0.0%
25.00 1.0" 0.0%
15.00 374" 0.04%
12.50 12" 0.0%
$.50 3/8" 0.0%
4.75 #4 0.0%
2.00 #10 0.0%
0.60 #30 0.0%
.43 #40 (3.0%
0.25 #60 0.0%
0.15 #100 0.0%
0.075 #200 4.0%
Notes: Maximum Particle Size - Gravel < 75 mm and > 4.75 mun (#4) $.0%
Apparent Relative Density - Coarse Sand < 4.75 mm and >2.00 mm (#}0) #VALUK!
Liguid Limit 39 Fineness Modulus - Medivem Sand < 2.00 mm and > 0.425 mm (#40) #YALUE!
Plastic Limit 13 Cu = DOW/DLO: - Fine Sand < 0.425 mum and > 0.075 mm (#200) #HVALUE!
Plastic Index 24 Ce =(D30YY (D10xDEGY: - % Silt and Clay < (.075 mm
Description of Sand & Gravel Rounded I Angnlar [}
Hard & Durable [ Soft [ Weathered & Friable [l
. Organic Content
D10 = D30 = D66 = D50 = D%0 =

ASTM D 422: Particle Size Analysis of Soils
ASTM D 421 Dy Preparation of Soil Samples

Hvdvometer portion of test method not ntilized.
ASTM D 854: Specific Gravity of Soils

ASTM D 4318 Liquid Eimit, Plastic Limit, & Plastic Index of Sods
ASTM D 2487 Classification of Soils for Engineering Purposes (Unified Soil Classification System)

<chnictan Name: ENITZ

Certification &
Technical Responsibility: R FORLEST
Signature Fasition
231 Labonte Street
SEME, INC. Conway, SC 29526 B-5, $8-21 grain size



Laboratory Record Yersion 4.2

Particle Size Analysis of Soils

ASTM [ 422

S&ME Project #: i611-04-569 Eeport Date; 1/28/05
oject Name: S 761 Bridges Test Date(s):
Chent Name:
Client Address:
Boring #: B-4 Sample #: 3505 ~ Sample Daie: 1/11/05
o Diepth: 15 feet
Sample Description: Gray Poorly Graded Sand with Clay (8P-5C)
LA W ERATE L Fr e T B #4 #ig #20 #40 #o0 #1160 #200
100% — e S
0%
80%
0%
3
21 60% -
Al
£ | 50%
[T
[
T
40%
30%
20% :
10% :
0% e : - A
190 i¢ i 6.1 6.01
Cobbles <300 mm (12™) and > 75 mm {3"7) Fine Sand < 0.425 mm and > $.075 mm (#200)
Gravel <75 mm and > 4,75 num (#4) Silt < 0.075 and > 0.005 mm
Coarse Sand <475 mm and »2.00 mm HF10) Clay < (.005 mm
Medium Sand < 2.00 mm and > 0.425 mm (#40) Colloids < 0,001 mm
Maximum Particle Size Gravel 0% Medmm Sand 10%
Silt & Clay (% Passing #200) §.1% Coarse Sand (0% Fine Sand 82%
Apparent Relative Dengity - Moisture Conlent 32.5% Organic Conlent
Liquid Limit - Plastic Limit -- Plastic Index -

Description of Sand & Gravel

Rounded [] Angular T Hard & Durable [ Soft O Weathered & Friable [J
References: ASTM D 422: Particle Size Analysis of Soils Hydrometer portian of test method not utilized.
"M 2421 Dry Prepacation of Soil Samples ASTM D 854: Specific Gravity of Soils

oM TY 4318 Liguid Limit, Plastic Limit, & Plastic Index of Soils
ASTM 1> 2487: Classification of Soils for Engineering Purposes (Unified Soil Classification System)

Technical Responsibility: R FOREST

Stgnanue Position

S&MEINC. 3109 Spring Forest Road, Raleigh, NC. 27616 B-4, 55-5 grain size



Faboratory Record Yersion 4.2

cle Size Analysis of Soils
ASTM 11422

S&ME Project #: 161 1-04-569 Eeport Date: 1/28/G5
piect Mante: 15 761 Bridges Test Date(s):
Chent Mama:
Client Address:
Boring #: B-4 mample 7, S5-7 Sample Date: 1/11/05
Depth: 25 feet
Sample Description: Gray Poorly Graded Sand (5P)
| A W1 G TE A P ST A Hd #10 #20 #40 #6060 #1106 H200
100% % +
6%
$0% é
0% |-

| 60%

| 50%

s
W}
wh £
I
B |
=
=g
@ Y
FE
bl
G
s

. 40%

3%

20%

10%

0%
106

1¢ i

Particte Size (mum}

0.G1

0.1

Cobbles <300 mm (12") and > 75 mm (3") Fine Sand < 0.425 mm and > 0.075 mm (#200)
Gravel < 75 mmn and > 4.75 mm {#4) Silt < (.075 and > £.005 mm
Coarse Sand <475 mm and >2.00 mm {(#10) Chay <= {).005 mm
Medium Sand < 2,00 vun and > 0,425 mm (#40) Collotds < 0.001 mm
Maximum Particte Size - Gravel 0% Medium Sand 61%
Silt & Clay (% Passing #200) 2.3% Coarse Sand 0% Fine Sand 36%
Appareni Relative Density - Moisture Content  21.2% Organic Content

Liquid Limat

Description of Sand & Gravel
Reoundsd FJ

Angular [

Plastic Limit

Hard & Durable 1

Plastic Index

Soft T} Weathered & Friable T

References: ASTM D 422: Particle Size Analysis of Soils
™ D421 Diy Preparation of Soil Samyples
..o [M D 4318: Liquid Limit, Plastic Linsit, & Plastic Index of Soils

Hydrometer portion of fest method nor utilized.

ASTM D 854 Specific Gravity of Soils

ASTM D 2487 Chassification of Scils for Engiacening Purposes {(Unified Soil Classification System)

R FOREST

Technical Responsibility:

S&MEINC.

Signanure

3109 Spring Forest Road, Raleigh, NC, 27616

Position

B-4, 55-7 grain size




Labortory Recownt Version 4.2

Particle Size Analysis of Soils

ARTM 13422

S&ME Project #: 1611-064-569 Report Date: 12805
‘sjeet Name: Us 701 Bridges Test Dateds):
Client Name:
Client Address:
Bornng #: 13-4 Sample #: 55-9 Sample Date: 1/11/05
Prepth: 35 feet
Sample Description: Gray Poorly Graded Sand (5P)
LAY L.0734" §1/2V3/8T #4 #16 #20 #40 #60 #1006 200
160% e "
9007, : %
80%
T6%

| 60%

| 0%

%?ergem Passing:

| 10%

30%
20%
18%
0% }
160 16 1 01 0.01
P
Cobbles <300 mm (12" and > 75 mm {3 Fine Sand < {.425 mm and > 0,075 mm (#200)
Gravel <75 mm and > 4.75 mm (#4) Sit < (LO75 and > 0.005 mm
Coarse Sand < 4.75 mm and >2.00 mm (#10) Clay < 0.005 mm
Medium Sand < 2.00 mimn and > 0.425 min (#40) Cotloids < 0,001 mm
Maximum Particle Size - Gravel 5% Medium Sand 69%
Silt & Clay (% Passing #200) 2.2% Coarse Sand 11% Fine Sand 12%
Apparent Relative Density - Moisturc Content 17.2% Organic Content

Liquid Limnit

Description of Sand & Gravel
Rounded [

Angular I

Plastic Limat

Hard & Durable [

Plastic Index --

Soft T Weathered & Friable O

References:

ASTM D 422: Particle Size Analysis of Soils

"M D 421: Dry Preparation of Soil Samples

. .M D 4318: Liquid Limit, Plastic Limit,

ASTM D 2487. Classitication of Soils for Engincering Purposes (Unified Scil Classification System)

& Plastic Index ol Soils

Hvdrometer portion of test method not ufilized.

ASTM D §54: Specitic Gravity of Soils

Technical Responsibility:

S&ME,INC.

R FOREST

Signanire

310% Spring Ferest Road, Raleigh, NC. 27616

Pagition

B-4, 88-9 grain size




