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Carolina Crossroads — Phase 3C
Lexington County, South Carolina
SCDOT Project ID: P043325
F&ME Project No.: G5662.03

Dr. Tupper:

Submitted herein is F&ME Consultants, Inc’s (FME) revised Geotechnical Baseline Report (GBR) for the
Phase 3C portion of the Carolina Crossroads project. Revisions to our previously submitted report, dated
November 19, 2024, include the results from the additional geotechnical and geophysical testing
performed near the proposed sewer force main crossing under 1-20. Included is a summary of the
subsurface data, the subsurface findings, the soil laboratory test results, and our conceptual geotechnical
assessment of the assumed bridge structures, roadway structures, and bridge/roadway embankments. We
note that the GBR is included with the Project Information Package (PIP), which is not contractual in
accordance with the RFP. From the RFP, “SCDOT makes no representations or warranties regarding the
reliability or accuracy of the information contained [in the PIP] and Proposers assume the risk in using this
information”. For contractual geotechnical information, refer to the Geotechnical Subsurface Data Report
(GSDR) provided with Attachment B of the RFP.

Please notify us if there are any questions or if we can be of further assistance.
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F&ME CONSULTANTS
\\ “\\\\lllllllllm, ", W \\\\\“““”"I’”
\ 3 %, \Y %y,
Q\\\Q ..o- n. ,’J’ \\\ ﬂ“ o oon.. ,”
RS % > 4’
g &-, Z i
s 1 =
S i3 No.30374 g | E
ENS -V p= s
=t SO F
?“ [« '//// [7 L/LV ..l'£§ v
W . "§"$‘
- L TR N
( ,,,, ﬁ"‘is \\\\\
f!; c Digitally signed by John Hamilton b

frmmum\\“ Date: 2025.01.20 14:29:20-0500T= .
John F. Hamilton, PE
Geotechnical Design Manager

Attachments

F&ME Consultants, Inc. » 211 Business Park Blvd. » Columbia, South Carolina 29203 » 803-254-4540 » www.fmeconsultants.com

> >


John Hamilton
Stamp

John Hamilton
Stamp


TABLE OF CONTENTS

1. PROJECT DESCRIPTION ....coiriiiiiieriiierieresreeeiresestresseeesseestnesres e sses e ssnesssenessenesanesssmnesesenesmenesanessnnnens 1
2. GEOTECHNICAL SUBSURFACE EXPLORATIONS ...ttt 1
2.1, SEIME INVESTIGATION ...ttt ettt ettt ettt ettt ettt et e st e ettt et e et e e nnneenneeas 1
2.2, AUBIV INVESTIGATION ..ottt ettt ettt ettt 2
2.3, F&IME INVESTIGATION ..ttt ettt ettt ettt ettt e 2
3. GEOPHYSICAL SUBSURFACE EXPLORATION ...ttt sttt et e 3
3.1, SEISMIC REFRACTION L.ttt et ettt ettt et e e e es 3
3.2, ELECTRICAL RESISTIVITY oottt e e 4
4. LABORATORY TESTING SUMMARY ...cccoitiiitiiniiiiiiiiiiiieniiriiieeiiicsineresneesinesssasessesesanessssnesanasesnassssnessns 4
5. SUBSURFACE CONDITIONS .....oeiiiiieeeet ettt e st s sn e s sen e smen e sanesemes 6
5.1, SITE GEOLOGY ..ttt ettt ettt ettt et e e 6
5.2, SOILSTRATIGAPHY L.ttt et ettt ettt e et e e e 8
5.3, GROUNDWIATER ..ottt ettt ettt et ettt et 8
6. REGIONAL SEISMICITY ...oeiierieerrie ettt st et sses e s s st e s esen e san s e snesemenesamenesanesenns 9
6.1. SUBSURFACE SHEAR WAVE VELOCITY ..eiiiiiiiiiiiiiteiie ettt 9
6.2. ACCELERATION DESIGN RESPONSE SPECTRA. ... ittt 10
6.3. GEOTECHNICAL SEISMIC HAZARD POTENTIAL ..ottt 10
7. CONCEPTUAL GEOTECHNICAL ASSESSMENT FOR BRIDGE & ROADWAY DESIGN.......cccceveereerieernene 11
7.1 EMBANKMENTS ..ottt ettt sttt et e e 11
7.1.1. EMBANKMENT SETTLEMENT ...coiiiiiiiiiitei et 11
7.1.1.1. STATIC SETTLEMENT ..ottt 12
7.1.1.2. SEISMIC SETTLEMENT L.t 12

7.1.2.  EMBANKMENT SLOPE STABILITY .oeeiitieitieiret ettt 12
7.1.2.1. STATIC SLOPE STABILITY ..ttt 12
7.1.2.2. SEISMIC SLOPE STABILITY ettt ettt 13

7.1.3. GROUND IMPROVEMENT ..ottt 13

7.2. EARTH RETAINING STRUCTURES ... 14
7.3. BRIDGE FOUNDATIONS. ....cotttitte ittt ettt ettt ettt e 14
7.3.1.  SUBSURFACE STEEL CORROSION & CONCRETE DETERIORATION......cocviriiiiieiiiieiiecen 14
7.3.2. DRIVEN PILE FOUNDATIONS ..ottt 15
7.3.2.1. AXIAL RESISTANCE. ..ot ittt ettt e e 15
7.3.2.2. LATERAL RESISTANCE ..ottt 16
7.3.2.3. DRIVABILITY Lottt ettt e 16

7.3.3.  DRILLED SHAFT FOUNDATIONS ... 17
7.3.3. 1. AXIAL RESISTANCE.....ciiiiteii ettt 17
7.3.3.2. LATERAL RESISTANCE ..ottt 17
7.3.3.3. CONSTRUCTABILITY c ettt ettt et 17

Carolina Crossroads Phase 3C — Geotechnical Baseline Report FME

SCDOT Project ID P043325; FME Project No. G5662.03



7.4. NOISE BARRIER WALLS
7.5. DRAINAGE STRUCTURES
7.6. UTILITIES

APPENDIX

Section 1
Section 2
Section 3
Section 4
Section 5
Section 6
Section 7
Section 8

Section 9

7.7. MISCELLANEOUS STRUCTURES
8. EXISTING PAVEMENT
9. LIMITATIONS OF REPORT

Site Location Plan

Boring Location Plan
Geophysical Test Location Plan
Generalized Subsurface Profile
Geotechnical Exploration Logs
Laboratory Test Results
Geophysical Test Results

Rock Core Photos

SPT Hammer Energy Reports

Carolina Crossroads Phase 3C — Geotechnical Baseline Report
SCDOT Project ID P043325; FME Project No. G5662.03

FME



1. PROJECT DESCRIPTION

The project is located near Columbia, South Carolina. A site location plan is presented in Section 1 of the
Appendix.

The Phase 3C project consists of widening Interstate 20 southwest of the intersection of Interstate 26 and
Interstate 20. The project generally extends approximately two (2) miles along 1-20, from the US 378
interchange to the Bush River Road interchange. Two (2) existing bridges are designated for replacement
within the Phase 3C project corridor to facilitate the interstate widening: the I-20 bridge over the Saluda
River and the 1-20 bridge over CSX Railroad. Based on the conceptual plans, the proposed bridge and
roadway construction will mostly require fill placement, but there are locations where cuts are required to
meet the planned roadway grade. Furthermore, retaining walls, sound walls, drainage structures, and
overhead sign foundations are planned within the project corridor. Each of these roadway structures
contains a component that will require geotechnical design.

Multiple subsurface investigations were performed within the project corridor. The subsurface
investigations were performed in general accordance with the 2022 SCDOT Geotechnical Design Manual
(GDM). The conceptual bridge foundation analyses and the development of conceptual design
recommendations, provided herein, were performed in general accordance with the GDM and/or the
AASHTO LRFD Bridge Design Specifications.

2. GEOTECHNICAL SUBSURFACE EXPLORATIONS

Multiple geotechnical subsurface investigations were performed at the project site. As part of the original
contract, S&ME performed a geotechnical investigation in 2018. The Archer-United-Blythe Joint Venture
(AUBJV) performed a geotechnical investigation in 2023 as part of their pursuit of the Phase 3 design-build
project that has since been re-phased into smaller sections. As a requirement of the Phase 3 RFP, the soil
borings performed by the Design-Build proposers of the Phase 3 project were provided to the SCDOT with
the Technical Proposal submittal, and these soil borings are included herein for information only relative
to the Phase 3C project. In 2024, F&ME performed supplementary soil borings to further refine the
subsurface characteristics at the Phase 3C site.

Due to the quantity of information generated, we have placed the field investigation summary table in
the Appendix.

From January to March, 2018, S&ME performed twelve (12) soil borings at the site. The soil borings
are designated as B-47 through B-51, DH-4, RW-40, P-44, P-45, P-47, P-48, and P-49. The soil borings
were advanced utilizing a Diedrich D-50 track-mounted drill rig and a CME 55 truck mounted drill rig.
The bridge, embankment, and seismic soil borings were advanced using rotary wash drilling techniques.
The pavement soil borings utilized hollow stem auger drilling techniques. Standard Penetration Tests
(SPT) tests were continuously obtained in the top ten (10) feet of each soil boring. Following the
continuous sampling, SPT samples were obtained at regular, five (5) foot intervals throughout the
remaining depths of the borings. SPT samples were performed in general accordance with ASTM D-
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1586 to determine the relative densities and consistencies of the subsurface soils and to collect
subsurface soil samples. An automatic hammer was used to perform the SPTs. The measured energy
ratio for the Diedrich D-50 hammer is 87%, and the measured energy ratio for the CME 55 hammer is
84%.

One (1) offset auger boring (designated at B-50UD) was performed adjacent to soil boring B-50. The
primary purpose of the auger boring was to provide a conduit for collecting intact, Shelby Tube samples
of soft, clay-like soils. In the auger boring, two (2) Shelby Tube samples were collected at approximate
depths of thirteen (13) feet and thirty-five (35) feet.

Three (3) bulk soil samples were collected adjacent to soil borings RW-40, P-44, and P-47. California
Bearing Ratio (CBR) laboratory tests were performed on the bulk samples collected at P-44 and P-47
locations. Ignition Loss laboratory testing was performed on the bulk sample collected at the RW-40
location.

As part of their pursuit of the Phase 3 design-build project that has since been re-phased into smaller
sections, AUBJV performed four (4) soil borings within the Phase 3C project corridor in June 2023. The
soil borings are designated as G-18A, G-44, G-46, and G-49. The soil test borings were advanced
utilizing a Diedrich D50 track-mounted drill rig. The soil borings were advanced using hollow stem
auger drilling techniques. Standard Penetration Tests (SPT) tests were continuously obtained for a
majority of the test depths. An automatic hammer was used to perform the SPTs. The measured
energy ratio for the Diedrich D50 hammer is 81%.

From March to May, 2024, F&ME performed fifteen (15) soil borings at the site. The soil borings are
designated as C3C-B1 through C3C-B7, C3C-W1 to C3C-WS5, and C3C-U1 to C3C-U3. The soil test
borings were performed with a CME 550X ATV mounted drill rig. The soil borings were advanced using
either hollow stem auger (HSA) or rotary wash drilling techniques. Standard Penetration Tests (SPT)
tests were continuously obtained in the top ten (10) feet of each soil boring. Following the continuous
sampling, SPT samples were obtained at regular, five (5) foot intervals throughout the remaining depths
of the borings. SPT samples were performed in general accordance with ASTM D-1586 to determine
the relative densities and consistencies of the subsurface soils and to collect subsurface soil samples.
An automatic hammer was used to perform the SPTs. The measured energy ratio for the CME 550X
hammer is 85%.

In addition, cone penetration tests (CPTs) were performed at three (3) locations. The CPTs are
designated as CPT-1, CPT-2, CPT-2A, CPT-2B, and CPT-3. At the CPT-2 location, CPT advancement
reached a shallow refusal condition at an approximate test depth of five (5) feet. The test location was
offset to two (2) locations near the original test location, with each location reaching a refusal condition
at a similar test depth. We interpret the material on which the CPTs are refusing to be hard/dense
Piedmont Residual soils and not bedrock or boulders. At CPT-1 and CPT-3 test locations, the test depths
extended to approximately twenty (20) feet and forty (40) feet, respectively. At these depths, a
maximum reaction force was of the CPT equipment was observed.
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From December 18-19, 2024, F&ME performed three (3) additional soil borings (designated as C3C-BS,
C3C-B9, and C3C-B10) at the proposed sewer force main location near the 1-20 bridge over the CSX
Railroad. The soil test borings were performed with a CME 550X ATV mounted drill rig. The soil borings
were advanced using hollow stem auger (HSA) drilling techniques. SPT samples were continuously
obtained in the top twenty (20) feet or to a drilling refusal condition. Following the continuous
sampling, SPT samples were obtained at regular, five (5) foot intervals throughout the remaining depths
of the borings. The measured energy ratio for the CME 550X hammer is 90%.

3. GEOPHYSICAL SUBSURFACE EXPLORATION

A geophysical subsurface investigation was performed near the proposed sewer force main location, near
the CSX Railroad crossing. Two (2) geophysical test methods were performed: Seismic Refraction Testing
and Electrical Resistivity (ER) Testing. For each type of geophysical testing, four (4) arrays were performed
along the general alignment of the proposed force main pipe. The ER arrays were limited to the areas
outside of the toes of the existing I-20 embankment. The refraction arrays extended up the existing
embankment side slopes some amount. The locations of the geophysical testing are provided in the
Appendix.

From July 12-16, 2024, seismic refraction geophysical testing was performed near the proposed sewer
force main alignment. A Geometrics ES-3000 - 24 channel seismograph was used to collect the
geophysical data. The refraction testing was generally performed at the same locations as the ER
testing. Multiple energy input locations were performed along each array. At each energy input
location, the striker plate was impacted a minimum of five (5) times, and the data was “stacked” for
processing by the software. “Stacking” is utilized to increase the signal to noise ratio. The field data
processing begins by “picking first breaks”. This initial step involves determining when the
signal/energy from the hammer striking the plate reaches each geophone. This procedure is repeated
for each shot point. A curve is then generated representing arrival times at each geophone. All the
curves from each survey line are then combined. These curves are then processed using the refraction
analysis software. Subsequently, the tomographic method was used to create a two-dimensional
image of seismic velocity.

The results from the seismic refraction testing are provided in the Appendix.
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OnJuly 12, 2024, FME performed Electrical Resistivity (ER) testing at the site. For the ER testing, F&ME
utilized the SuperSting Earth Resistivity System manufactured by Advanced Geosciences, Inc. (AGl). The
system consists of the SuperSting eight-channel resistivity meter and a multi-electrode cable with 42
electrodes at a nine (9) foot spacing and an automatic switching unit. The eight channels allow eight
resistivity measurements to be taken simultaneously. The electrodes are “grounded” at the desired
design electrode spacing utilizing steel spring clips and stakes pushed into the ground subgrade.

The basic principle of electrical resistivity imaging is that all materials have physical characteristics,
which determine how well, or poorly, the material can conduct an electrical current. The current is
injected at two points and then measured at other pre-determined points depending upon the array
arrangement for the selected in-situ measurement methodology. Analysis of the potential electrical
current drops between electrodes using a finite difference algorithm allows a determination of the
resistance of the subsurface material (expressed as ohm-meters).

Resistivity values of soil and rock are affected by mineral composition, porosity, moisture, dissolved
electrolytes, and temperature. Soils generally have low resistivity values, whereas rock has a relativity
high resistivity value. A soil or rock resistivity can vary greatly depending on whether it is wet or dry.
Because of overlap in the range of resistivity for various materials, this method is used in conjunction
with other geotechnical methods to verify data interpretation.

The “resolution” that the ER equipment can detect is a function of the electrode probe spacing. In
general, objects and specific soil strata that are smaller or thinner than one-half the individual electrode
probe spacing may not be easily discernable. The depth of investigation that ER data acquisition is
capable of is a function of the total survey line length. The depth that can be interpreted with a
reasonable resolution is approximately one-fourth to one-fifth of the total survey line length.

The results from the electrical resistivity testing are provided in the Appendix.

4. LABORATORY TESTING SUMMARY

Following completion of the subsurface investigation(s), soil samples were selected for laboratory testing.
The tests were conducted in an AASHTO certified laboratory in accordance with applicable ASTM/AASHTO
standards.

The laboratory testing performed on the soil and rock samples collected by S&ME is summarized in the
table below. Data sheets containing the results from this testing are provided in the Appendix.
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Laboratory Testing Summary Table — S&ME Investigation

Type of Test Quantity Procedure
Moisture Content 39 AASHTO T265 (ASTM D2216)
Atterberg Limits 39 AASHTO T89/T90 (ASTM D4318)
Grain-Size Distribution w/ Wash 200 39 ASTM D6913/AASHTO T11 (ASTM D1140)
Compressive Strength of Rock Cores 20 ASTM D7012
CU Triaxial Shear 2 AASHTO T297 (ASTM D4767)
Standard Proctor 3 AASHTO T99 (ASTM D698)
California Bearing Ratio 2 AASHTO T193 (ASTM D1883)
Ignition Loss 1 SCT-36
pH 6 AASHTO T289/ASTM G51
Resistivity 6 AASHTO T288
Chloride 6 AASHTO T291
Sulfate 6 AASHTO T290 (ASTM C1580)

The laboratory testing performed on the soil samples collected by AUBJV is summarized in the table
below. Data sheets containing the results from this testing are provided in the Appendix.

Laboratory Testing Summary Table — AUBJV Investigation

Type of Test Quantity Procedure
Moisture Content 16 AASHTO T265 (ASTM D2216)
Atterberg Limits 16 AASHTO T89/T90 (ASTM D4318)
Grain-size Distribution w/ Wash 200 16 ASTM D6913/AASHTO T11 (ASTM D1140)

The laboratory testing performed on the soil and rock samples collected by F&ME is summarized in the
table below. Data sheets containing the results from this testing are provided in the Appendix.

Laboratory Testing Summary Table — F&ME Investigation

Type of Test Quantity Procedure
Moisture Content 73 AASHTO T265 (ASTM D2216)
Atterberg Limits 71 AASHTO T89/T90 (ASTM D4318)
Grain-Size Distribution w/ Wash 200 3 ASTM D6913/AASHTO T11 (ASTM D1140)
Wash 200 Grain Size 70 AASHTO T11 (ASTM D1140)
Compressive Strength of Rock Cores 13 ASTM D7012
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5. SUBSURFACE CONDITIONS

5.1. SITE GEOLOGY

The project is situated in the Piedmont Geologic Province, in the South Carolina Fall Line zone. The
Piedmont unit is characterized by gently rolling topography, weathered bedrock, and few hard rock
outcrops. The site subsurface conditions generally consist of existing embankment fill, alluvial soils,
Coastal Plain soils, residual soils, and bedrock. Being so close to the Fall Line, the degree of weathering

and the depth of the bedrock may be highly variable.

The following figure displays the location of the site relative to the Generalized Geologic Map of South
Carolina.

DESCRIPTION OF MAP UNITS

Generalized Geologic Map of South Carolina
2005

Revised by
Willoughby, Howard, and Nystrom, 2005
Original compilation by
Maybin and Nystrom, 1997
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The following geologic strata were encountered in the subsurface investigation(s). The strata are
presented in descending order relative to their age (youngest to oldest).

e  Existing Embankment Fill
e Alluvium (Holocene)

e (Coastal Plain sediments

e Piedmont Residuum

e Bedrock (Phyllite/Schist)

At the Saluda River crossing and surrounding floodplain, Holocene-aged alluvial soils were encountered
below the existing embankment fill. The alluvial soils are generally present under the [-20
embankments from the end of the Saluda River bridge and the beginning of the CSX bridge. Due to
their recent deposition, the relative densities of this material will be lower and their proximity to the
water could potentially lend them to a loss in shear strength from sand-like liquefaction or clay-like
softening. The loss in shear strength from seismic shaking may result in slope instability and/or
additional loads acting on the bridge foundations. In general, SPT N-values suggest loose to medium
dense sands and soft to firm silts and clays. Either Coastal Plain or Piedmont Residual soils were
encountered below the alluvium, where present.

In general, a relatively small deposit of Coastal Plain soils was encountered west of the Saluda River
bridge. These soils are considered Cretaceous-aged. The relative densities of this material will be lower
compared to the underlying residuum. In accordance with the GDM, these Coastal Plain soils have a
low potential for seismic soil shear strength loss due to their relative age. In general, SPT N-values
suggest loose to dense sands and stiff to very stiff clays. Piedmont Residual soils were encountered
below the Coastal Plain soils, where present.

The encountered Piedmont Residuum generally consists of varying amounts of sand, silt, and clay. The
thickness of the residual soils will vary across the project. At some locations, the residuum was on the
order of ten (10) feet thick, and at other locations the thickness was on the order of thirty (30) feet. In
general, SPT N-values suggest loose to dense sands and very stiff to hard silts and clays.

Within the residuum, soils classified as Intermediate Geo-Material (IGM) were identified. IGM is
considered a residual soil deposit that is experiencing a transition from the parent bedrock to
weathered in-place, residuum. Previous definitions of IGM were based on the soil material exhibiting
SPT blow counts greater than 50 bpf. We recognize that SCDOT has revised the definition of IGM to
include compressive strength percent clay fraction laboratory testing. Since none of these laboratory
tests were performed on this material, the IGM terminology may not be used, and the soil is considered
to be a hard/dense residual deposit.

Below the residuum, bedrock was encountered. Rocks of the Carolina Terrane typically consist of
metamorphosed volcanic and sedimentary rocks. The rocks encountered along this project consist of
Phyllite and Schist.
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The soil borings indicate five (5) geologic strata at the site. The following table summarizes the
geologic stratigraphy.

Soil Stratification Table

1 .
Elevation SPT
of Top of USCS
Geology . N-Values
Layer Soil Type (bpf)
(ft-MSL) :
I . SM, SC, SP-SM,
Existing Fill VARIES ML MH, CL, CH 3to 37
Coastal Plain +200 SM, SC, ML, CL 7 to 38
. SM, SC,
Holocene (Alluvium) +175 ML CL CH 2to21
. . SM, SP-SM, ML,
Piedmont Residuum +165 MH, CL, CH 5 to 100+
Bedrock +145 N/A N/A

! Elevations are generalized from the totality of subsurface information collected

Groundwater tables measurements were recorded immediately following completion of the
borings/soundings and/or 24-hours following completion of the boring/sounding. The depth to the
groundwater table is variable along the Phase 3C corridor. The depth to the groundwater table ranged
from approximately zero (0) to twenty-five (25) feet. Groundwater elevations along this project will
fluctuate with climactic events. During and following periods of rainfall, the water table may be
encountered at higher elevations than identified on the field testing logs. In addition, the site is
conducive to perched groundwater conditions. We would expect that water from recent rainfall would
sit atop the denser, fine-grained residuum. Perched groundwater is not indicative of the true, static
groundwater table. The Design-Build team should evaluate the groundwater conditions at discrete
locations and exercise engineering judgement to assign an appropriate groundwater table for design
purposes.
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6. REGIONAL SEISMICITY

Most of the seismic research and discussion in the United States is confined to the western part of the
country, but there are historical records that indicate major seismic events have occurred in the Central
and Eastern United States (CEUS). In 1886, the largest historic seismic event in the southeastern United
States occurred near Charleston, South Carolina. This event had an estimated moment magnitude (My) of
7.3. This seismic event has dominated the development of the design seismic accelerations in South
Carolina. The following sections globally discuss the field investigation procedures used to aid in the
development of the design seismic accelerations and the resulting estimated seismic hazard potential at
the project site.

Downhole geophysical testing was performed at five (5) locations within or near the Phase 3C corridor.
Acceleration Design Response Spectra (ADRS) curves were developed for each of the geophysical test
locations. A project specific ADRS curve was then created that enveloped the five (5) ADRS curve sets.

Following completion of the SPT testing at the locations designated for geophysical testing, the
boreholes were prepared for downhole geophysical testing. Seismic data for the downhole testing was
collected by recording seismic shear-wave velocities directly with a downhole geophone receiver. The
geophysical testing was performed prior to the new GDM requirements for measuring compression
wave velocities. As such, compression wave velocities are not provided with this report.

From the downhole geophysical test data performed at the site, a subsurface shear wave velocity
profile was developed for the borehole depths. For development of the ADRS curves, SCDOT requires
a shear wave velocity profile to at least the Site Class B and Site Class C boundary depth. FME interprets
the B-C boundary to be located at a depth where the shear wave velocities are consistently greater
than 2,500 ft/sec. For this definition, we interpret that the B-C boundary was encountered in each of
the five (5) geophysical test locations, and the SCDOT geophysical testing requirements for ADRS curve
development were achieved.

F&ME submitted each of the five (5) shear wave velocity profiles to SCDOT to generate the design
seismic accelerations. Using their software, SCDOT generated the 3-point ADRS for the project based
on the shear wave velocity profiles provided. The project specific design accelerations indicated by the
ADRS curves are discussed in the following section.
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The following table summarizes the seismic design accelerations from the ADRS curves that were
selected for this project. The ADRS curves were developed by SCDOT using their proprietary software.

Acceleration Design Response Spectra
Design PGA Sos S0
Event

FEE 0.20 0.36 0.10
SEE 0.39 0.82 0.28

Geotechnical seismic hazards consist of a loss in a soil’s shear strength through cyclic ground motions
induced by earthquakes. The GDM classifies this phenomenon with the term Soil Shear Strength Loss
(SSL). Liguefaction is the traditional term used to describe SSL in sand-like soils. Cyclic-softening is the
typical terminology for clay-like soils. Ligquefaction and cyclic softening are considered the most
devastating seismically induced geotechnical hazards.

Liquefaction is the loss of a soil’s shear strength due to a rapid increase in pore water pressure resulting
from seismic shaking. The seismic shaking causes the soil particles to dilate within the soil matrix. The
result is that the soil particles are suspended in the groundwater and the relative strength of the soil is
greatly reduced. Soils most susceptible to liquefaction generally consist of saturated, loose sands.

Cyclic softening from seismic shaking occurs in clay-like soils. The softening effect occurs when seismic-
induced shear stresses exceed the soil’s cyclic shear resistance, which causes an accumulation of micro-
deformations and, thus, strain softening. Soils most susceptible to strain softening generally consists
of saturated, sensitive, moderate to high plasticity silts and clays.

Screening for potential SSL soils was performed based on the results from the soil borings, CPTs, and
laboratory test results. The SSL screening process was performed in accordance with the GDM. Based
on the SSL screening process, the Holocene-aged alluvial soils below the groundwater table are
considered susceptible for SSL, and a full SSL analysis is required. Both sand-like and clay-like SSL is
anticipated. The effects of the predicted sand-like liquefaction and clay-like softening are globally
discussed in the proceeding sections of the report.
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7. CONCEPTUAL GEOTECHNICAL ASSESSMENT FOR BRIDGE &
ROADWAY DESIGN

Based on our understanding of the project, the elements considered for the conceptual geotechnical design
consist of the following:

e Farthen embankments (bridge and roadway embankments);

e Earth Retaining Structures (ERS);

e Bridge foundations;

e Noise Walls;

e Drainage Structures; and,

e Miscellaneous structures (ie. overhead sign foundations and light pole foundations)

A global discussion of the conceptual geotechnical design of the elements noted above is provided in the
proceeding sections.

The GDM separates embankments into two (2) categories: bridge embankments and roadway
embankments. The GDM defines the bridge embankment as “The portion of the approach
embankment that requires an Extreme Event limit state global stability check, unless indicated
otherwise within the GDM. The longitudinal length of Bridge Embankment shall be based on the
specified mitigation method (either geotechnical or structural) that is required to achieve satisfactory
global stability for the Extreme Event limit state check.” At a minimum, the bridge embankment
consists of the front slope and extends to 3.25 times the height of the abutment, measured from the
end of the approach slab (refer to Figure 2-1 & 2-2 of the GDM).

The GDM defines the roadway embankment as “The portion of the embankment that extends beyond
the bridge embankment and extends between the toes of the slopes on either side”.

In general, the GDM requires a static and seismic evaluation of the bridge embankments. Only a static
evaluation is required for the roadway embankments. As such, static and seismic settlement analyses
and static and seismic slope stability analyses should be performed for the bridge embankments. Static
settlement and static slope stability analyses should be performed for the roadway embankments.
Each of these analyses is globally discussed in the following sections.

7.1.1. EMBANKMENT SETTLEMENT

Bridge and roadway embankment settlements are separated into two (2) categories: static
settlement as a result of fill placement and seismic settlement as a result of redistribution effects
following liquefaction of sand-like soils. Each of these conditions is globally discussed in the
following sections.
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Based on the conceptual plans, the proposed I-20 grade generally matches the existing grade
at the roadway centerline. Maximum fill heights on the order of ten (10) feet are expected at
the widened embankment side slope locations near the bridge locations.

Near the Saluda River, the bridge and roadway embankments will bear on alluvial sands and
clays. In the upland areas outside of the Saluda River floodplain, the roadway embankments
will bear on dense/stiff Piedmont residual soils. Regardless of the material on which the
embankments will bear, we anticipate that the static settlements will occur during construction
and will not require soil surcharging, wait periods, or ground improvement. The potential for
long-term consolidation settlement at the site is considered low. The maximum static
settlements along the project corridor will likely occur at the embankments near the Saluda
River crossing.

For the assumed SSL conditions, a subsequent deformation analysis was qualitatively
performed to estimate the vertical settlement from the sand-like soil’s redistribution effects.
Seismic settlement is generally confined to only sand-like soils.

Based on the conceptual SSL screening, the seismic induced deformations are anticipated to
meet the GDM performance limits and performance objectives without ground improvement.
The seismic settlement may induce downdrag loadings on the bridge foundations, which
should be accounted for in the geotechnical design.

7.1.2. EMBANKMENT SLOPE STABILITY

Static and seismic slope stability analyses should be performed on the bridge embankments. Only
static slope stability analyses are required for the roadway embankments. The GDM requires that
Spencer’s method of slope stability be used for determining stability. The conceptual static and
seismic slope stability analyses are qualitatively discussed in the following sections.

From reviewing the boring logs, we anticipate that the static slope stability analyses will
generate resistance factors that meet the GDM criteria without ground improvement. For the
bridge embankment front slopes at the Saluda River crossing, the 100-yr and 500-yr scour
profiles should also be evaluated with the static slope stability analyses. The static slope
stability analyses for the non-scoured and 100-year scour conditions are governed by the
Strength Limit State, and the static slope stability analyses for the 500-year scour conditions
are governed by the Extreme Event limit state.
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The GDM requires that pseudo-static, limit equilibrium slope stability analyses be performed
at bridge embankments. The inertial driving forces from the design seismic event in addition
to the inclusion of the residual soil strength parameters shall be included in the seismic slope
stability analyses.

From the SSL screening process, SSL is predicted at the site within the alluvial soils at the Saluda
River floodplain. In general, we would expect SSL would only be triggered by the SEE design
seismic event. At select locations, SSL may be triggered from both the FEE and SEE design
seismic events. Where SSL is triggered, the residual soil strength parameters determined from
the SSL calculations should be applied in the seismic slope stability analyses. For the estimated
SSL conditions, we would expect the slope stability resistance factors would be in excess of
1.00. For conditions where greater than 1.00 resistance factors are observed, a Newmark
displacement analysis should be performed in accordance with the GDM. The calculated
Newmark displacements should be included in the lateral bridge foundation analyses to
determine compliance in accordance with the GDM Performance Objectives.

The GEOR and SEOR shall determine if geotechnical mitigation (ie. ground improvement) or
structural mitigation is needed at the site. We note that the GDM performance objective for
bridge embankments under the Extreme Event | limit state is that the bridge embankment does
not adversely affect the bridge structure. As such, there are no performance limits provided,
and the bridge embankments are allowed to move so long as the bridge design includes
sufficient structural mitigation to resist the movements relative to the Performance Objectives
of the bridge.

7.1.3. GROUND IMPROVEMENT

Seismic induced soil SSL was identified at this site, and both geotechnical mitigation and structural
mitigation appear feasible. Geotechnical mitigation may consist of in-situ ground improvements,
additional embankment excavation, and/or embankment reinforcement (geogrid or geotextile
fabric). Structural mitigation consists of utilization of the bridge foundations as slope stabilizing
elements. Based on a qualitative review of the soil borings, we would not expect that large-scale
geotechnical or structural ground improvements would be required at the bridge embankments
within the Phase 3C project corridor.
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One (1) Earth Retaining Structures (ERS) is planned within the Phase 3C project corridor. The ERS is
located near I-20 Station 35+00 to 38+00. The ERS type is considered a ‘fill wall’. The primary purpose
of the ERS is to limit the footprint of the proposed embankment widening from migrating onto the
adjacent frontage road. The maximum retained wall height of the ERS is twenty (20) feet. We
anticipate that either a Mechanically Stabilized Earth (MSE) wall or a concrete prefabricated modular
wall will be used. Each of these ERS types uses the shallow foundation design methodology for the ERS
external stability analyses.

The ERS will bear on either compacted fill or Piedmont Residual soils. We anticipate that the ERS will
meet the design criteria and performance limits for external stability, global stability, and settlement
without ground improvement. Standard MSE reinforcement lengths and concrete modular wall stem
lengths are anticipated.

Two (2) existing bridge structures are designated to be replaced within the Phase 3C project corridor:
the 1-20 bridge over the Saluda River and the I-20 bridge over CSX Railroad. Deep foundations are
anticipated for support of the new bridge structures. We assume typical, steel HP pile foundations will
be used at the end bents and drilled shaft foundations will be used at the interior bents. The conceptual
geotechnical assessment of these foundation elements is globally discussed in the following sections.

7.3.1. SUBSURFACE STEEL CORROSION & CONCRETE DETERIORATION

In accordance with AASHTO LRFD Bridge Design Specifications, the following soil or site conditions
are considered indicative of a potential for steel and/or concrete deterioration or corrosion.

Resistivity less than 2,000 ohm-cm;

pH less than 5.5;

Chloride concentrations greater than 500 mg/kg;
Sulfate concentrations greater than 1,000 mg/kg;

The results from the performed corrosion series laboratory testing are summarized in the following
table.
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Corrosion Series Laboratory Test Result Summary

Depth Resistivity Chloride Sulfate
Test ID H
(ft) (ohm-cm) | P (mg/ke) | (me/ke)
DH-4 4.0-10.0 17,420 7.68 9 21
B-47 29.5-36.0 10,050 7.15 138 60
B-50 38.5-45.0 50,920 7.18 3 15
B-51 4.0-8.0 46,230 6.81 12 6
B-52 * 33.5-40.0 36,180 6.57 6 21
B-53 * 33.5-40.0 47,570 6.55 6 3

* These soil borings are located at the Bush River Rd. bridge over I-20, which falls just outside of the Phase
3C project boundary. We have elected to include the corrosion series lab results from these borings, since
they may provide some global information relative to subsurface corrosion on the Phase 3C project.

The corrosion series laboratory testing results are provided in Section 7 of the Appendix. Based on
the lab test results, the subsurface conditions at the site relative to steel corrosion are considered
“non-aggressive”. In addition, subsurface sulfate degradation of concrete elements is not expected
at the site. We note that additional corrosion series laboratory testing is recommended for the
final design.

7.3.2. DRIVEN PILE FOUNDATIONS

Driven pile foundations are anticipated for support of the bridge end bents. Commentary relative
to the design of a driven pile foundation concept is discussed in the following sections.

The Strength limit state axial loading conditions are likely to govern the geotechnical pile
foundation designs at the bridge sites. Drilled pile installation techniques are not anticipated.

Driven piles will develop a majority of the required driving resistance through end bearing on
hard/dense residuum or bedrock. We expect that medium to large size pile hammers will be
required to advance piles through the denser residuum to the bearing stratum. For a majority
of the pile installations, the pile driving termination criteria may consist of driving the piles to
a refusal condition. The Contractor should exercise care to not over-drive, over-stress, and
damage piles on a hard bearing stratum.

If the pile tip elevations are placed above a location where a pile driving practical refusal
condition exists, then the D-B Contractor may elect to perform Pile Dynamic Analyses (PDA)
testing with CAPWAP measurements to monitor pile driving stresses during driving and to
verify the in-place, driven pile resistance. Continuous PDA testing should be considered during
both the initial drive and the re-strikes, as necessary. The number of required PDA tests shall
be in accordance with the GDM.
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For the Strength Limit State, we anticipate that the driven piles will likely develop the required
lateral stability in the soils above weathered rock and/or bedrock. We do not anticipate that
pre-drilling operations will be required to extend the pile foundations to the minimum tip
elevation required for lateral stability.

For the Extreme Event | limit state, the driven piles will also likely develop the required lateral
stability in the soil material above weathered rock and/or bedrock. In accordance with the
GDM, the available bridge abutment backwall passive pressure is on the order of 1.0 ksf for a
5.5 foot high backwall and an assumed sandy, cohesionless backfill material. The remaining
lateral resistance, following use of the bridge abutment backwall resistance, will be carried by
the pile foundations. If the bridge design is such that the end bent foundations are responsible
for absorbing a significant amount of the lateral load, then we anticipate that large piles and/or
multiple rows of piles may be required.

Driven piles will likely use a diesel pile hammer. We anticipate that non-displacement piles (ie.
steel H-piles or steel open-ended pipe piles) will be utilized at the end bents. At the I-20 bridge
over the Saluda River, the anticipated pile lengths could vary from twenty (20) feet to forty (40)
feet per pile. Atthe |-20 bridge over CSX Railroad, the anticipated pile lengths could vary from
sixty (60) feet to seventy (70) feet per pile.

At the bridge sites within the Phase 3C project corridor, we do not expect that boulders would
be located within the fill material or in the alluvium. If boulders are discovered during pile
installations, predrilling and/or rock coring may be required to bypass the impenetrable layer.

Based on the assumed required driving resistances, we anticipate that a medium/large size pile
hammer will be required to advance the piles through the dense residuum to the bearing
stratum. We expect that most piles will be driven to a practical refusal condition on hard
residuum or bedrock. The Contractor should exercise care to not over-drive, over-stress, and
damage piles on a hard bearing stratum after encountering a practical refusal condition.

For a properly selected driving system, we do not anticipate unusual pile driving issues for
successful installation of the driven piles. The selected driving system should address pile
driving compressive and tensile stresses to conform to the SCDOT standard criteria.
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7.3.3. DRILLED SHAFT FOUNDATIONS

Drilled shafts are anticipated for support of the bridge interior bents. We anticipate that drilled
shaft sizes could range from 60 inch to 96 inch diameter shafts. Commentary relative to the design
of a drilled shaft foundation concept is discussed in the following sections.

The Strength Limit State axial loading conditions are expected to govern the geotechnical
design of drilled shaft foundations.

Depending on the approach taken by the Design-Build team, we expect that a majority of the
drilled shafts will develop the required axial resistance through skin friction in residuum, IGM
and bedrock. The drilled shafts may also develop the required axial resistance through only tip
resistance on bedrock. In rock, drilled shafts mobilize side resistance and tip resistance at small
and variable displacements, and it is difficult to predict the load transfer from side resistance
to tip resistance. The Design-Build Team should exercise caution when using a drilled shaft
design including both side resistance and tip resistance for drilled shafts bearing on rock.

Construction casing will be required to facilitate drilled shaft construction. Itis anticipated that
the casing would either be socketed in stable, residual soils or advanced to the top of bedrock.
At each bridge site, we anticipate that casing lengths would be on the order of twenty (20) to
fifty (50) feet long. The drilled shaft design methodology does not allow for development of
axial resistance within the cased portion of the drilled shaft. As such, the drilled shaft design
will generate the required resistance in the uncased portion of the shafts, below the casing tip
elevations. The anticipated drilled shaft lengths below the casing tip elevations may range
from ten (10) feet to fifty (50) feet.

For the Strength Limit State and Extreme Event | Limit State, the drilled shafts will develop most
of the required lateral stability in dense residuum, IGM, and/or rock. At the bridge over the
Saluda River, we expect the scour profiles will be limited by the top of rock profile. The lateral
resistance will be developed below the scour elevation. We expect the drilled shaft axial
loading conditions will govern the geotechnical design. The depths required by the axial
resistance design will provide the sufficient lateral stability requirements.

Drilled shaft construction will likely require excavation of hard soil (SPT N-values in excess of
100 bpf) and/or rock. In general, the measured rock strengths along the project suggest weak
to strong rock conditions. The measured rock strengths for the borings performed within the
Phase 3C project corridor generally vary from 2,000 psi to 15,000 psi. In addition, the rock is
soft and fine-grained at some locations with nearly vertical joints. The vertical jointing will
affect the Contractor’s drilling advancement rate. The Contractor should be prepared to deal
with jointed and fractured rock in their drilled shaft installation plan. Specialized drilling
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equipment may be required to excavate through the dense residuum and into bedrock. This
may include, but not be limited to, rock augers, core barrels, or pneumatic equipment.

Uncased drilled shaft excavations in residuum without using a mineral slurry may result in
sloughing of the sides of the excavation. The sloughed material may fall to the bottom of the
excavation, and, if not properly cleaned prior to concreting, may result in defects or anomalies
at the bottom of the drilled shaft.

One (1) noise barrier wall is planned within the Phase 3C project corridor. The noise wall extends from
[-20 Station 67+00 to the Saluda River. Relative to the direction of increasing I-20 stationing, the noise
wall is located on the right side of 1-20. Noise walls typical use a deep foundation system. The noise
wall construction criteria generally contain a strict adherence to foundation vertical plumbness. As a
result, drilled pile installation techniques are generally preferred over pile driving, since the drilling
process provides a higher degree of control of the pile vertical plumbness during the foundation
installation. Since the noise walls have very little axial loads applied, the geotechnical design is mostly
controlled by the lateral stability requirements. We expect that the lateral stability of the noise wall
foundations will be achieved in the upper (20) feet of the groundline. From the soil borings performed,
bedrock and/or very dense residuum is identified within the zone of foundation embedment.
Predrilling into very dense soils and/or bedrock may be required to meet the design criteria and/or the
desired performance.

In accordance with the GDM, Drainage Structures are considered as reinforced concrete box culverts
and pipe culverts with diameters equal to and greater than forty-eight (48) inches. Within the Phase
3C project corridor, we understand that one (1) drainage structure, in the form of an existing concrete
box culvert, is planned to be extended. The box culvert is located near I-20 Station 77+00. Other
existing drainage structures may exist within the project corridor, but we understand that these
drainage structures will not be extended or replaced.

For box culvert extensions, the primary design objective is for the performance of the extension to best
match the performance of the existing structure. Since the existing structure was not seismically
designed, the extension should also not be seismically designed. Any resulting deformations from
seismic induced SSL would likely result in similar settlements along the box culvert profile, which will
diminish the risk of differential settlements.

A static settlement analysis should be performed to determine the immediate and long-term
settlement potential of the bearing soils supporting the box culvert extension. The results from the
static settlement analysis should be provided to the Hydraulic Engineer of Record (HEOR) to confirm
the hydraulic design is not compromised and the Structural Engineer-of-Record (SEOR) for any
differential settlements that may exceed those limits that would be considered tolerable by the
structure.
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An existing force main sewer pipe runs generally parallel to the CSX Railroad, just inside the railroad
right-of-way, at the I-20 bridge crossing over CSX Railroad. A new section of force main pipe is proposed
coming off the existing pipe. The proposed pipe alignment extends out of the existing railroad right-
of-way, and then turns parallel to the existing pipe, under the 1-20 embankment. On the other side of
the embankment, the pipe turns back and connects to the existing pipe. For the section of pipe
extending under the existing I-20 embankment, trenchless installation techniques are anticipated.

The invert elevation of the proposed force main pipe is approximately +165 ft-NAVD. Based on the sail
borings and geophysical testing performed in the vicinity of the proposed force main location, the top
of very hard residuum (SPT blow counts greater than 100 bpf) elevation varies from approximately
+150 ft-NAVD to +160 ft-NAVD. The top of bedrock varies from approximately +140 ft-NAVD to +150
ft-NAVD.

We interpret the results from the performed geophysical and geotechnical testing to indicate that
weathered rock or bedrock should not be encountered during the trenchless excavation for the
proposed force main sewer pipe. At the worst-case location, we estimate the bottom of the proposed
pipe is approximately three (3) feet above the top of the interpreted very hard residuum elevation. We
should note that the geophysical testing gives an approximation of the subsurface conditions and
should not be used as an absolute indicator.

In this geologic area, we cannot definitively state that boulders or weathered rock will not be
encountered at any point along the proposed pipe profile. In our opinion, we cannot conceivably think
of a pre-construction, investigative technique for which one could state that boulders will not be
encountered. We feel that amount of investigation that has been performed at the proposed sewer
force main location is above and beyond what would typically be performed for a structure of this type
prior to release of the Design-Build Request for Proposals (RFP), and the risks associated with
encountering boulders or weathered rock have been successfully lowered.

Based on our understanding of the project, the foundation design for support of miscellaneous
structures such as overhead signs and light poles will be a function of the final design. The foundations
for these structures will likely utilize drilled shafts. We expect that these foundations will develop the
required axial and lateral resistance in the soils above bedrock. Based on the soils encountered, we
anticipate no constructability issues for the drilled shafts at this site that will support overhead signs
and light poles.
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8. EXISTING PAVEMENT

Five (5) shallow soil test borings were performed at the existing interstate paved outside shoulder locations
within the Phase 3C project corridor. At each soil boring location, an asphalt core of the existing paved
shoulder was collected. The core thicknesses generally range from twelve (12) inches to seventeen (17)
inches.

From the soil borings and subsequent CBR testing, we note that the quality of the subgrade material below
the existing paved shoulders is considered poor to fair relative to interstate pavement structures. The

following table summarizes the conditions at the existing interstate paved shoulders.

Existing Interstate Paved Shoulder Data

Sl Shoulder Pavement CBR @ 95%
Location Thickness (in) Compaction
P-44 [-20 WB Qutside 13 6.6
P-45 [-20 EB Outside 12 N/A
P-47 [-20 EB Outside 17 7.9
P-48 [-20 WB Outside 12 N/A
P-49 [-20 EB Outside 12 N/A

9. LIMITATIONS OF REPORT

This report has been prepared in accordance with generally accepted geotechnical engineering practice for
specific application to the referenced bridge project. The conclusions and recommendations contained
herein are based upon the provided test borings and test result data, contained within, and applicable
standards in this geographic area at the time this report was prepared. No other warranty, expressed or
implied, is made.
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