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1.0 Introduction 

This report summarizes the results of the geotechnical investigation conducted for the proposed Ramp BA Bridge 

over Interstate 77 portion of the overall Interstate 77 Exit 26 – Scout Interchange project.  The general vicinity of 

the ramp bridge overpass is shown on the Site Location Plan, attached as Figure 1 in Appendix I.  Our scope of 

work relevant to the bridge portion of the project included: 

 Visits to the site by geotechnical personnel, 

 Coordinating clearing activities for drill rig access, 

 Coordinating drilling and coring activities, 

 Performing geotechnical and geophysical subsurface investigations, 

 Conducting laboratory testing, 

 Preparing this report conforming to Section 21 of the GDM. 

2.0 Project Description 

Our understanding of the project is based on review of the following plans provided by RS&H: 

 Microstation file:  P042443_DSN_LCS.dgn, dated June 12, 2023 

 Google Earth kmz file:  P042443_DSN_ALT03_LCS.kmz, dated September 11, 2023 

 Conceptual Roadway Plans Alternate 3, prepared by RS&H, dated August 30, 2023 

 Conceptual I-77 Interchange and Connector Roads Construct Bridge on Ramp BA over I-77, Conceptual 

Bridge Plans, prepared by RS&H, dated December 11, 2023 

From our review of the provided information, we understand the proposed Ramp BA bridge will consist of an 

approximately 318-foot long, two-span structure supported on two end bents and one interior bent.  Driven steel 

H-piles are planned for support of the end bents and drilled shafts are planned for support of the interior bent.  

Due to the up to roughly 34 feet of fill necessary to raise the roadway alignment above the interstate alignment, 

mechanically stabilized earth (MSE) retaining walls of up to roughly 28 feet tall will support the bridge abutment 

embankments at end bents. The finished roadway configuration will consist of one travel lane with appropriate 

shoulders and barrier walls.       

3.0 Objective 

The objective of this project was to explore the subsurface conditions along the proposed bridge alignment as 

they pertain to the proposed improvements, and in conjunction with field and laboratory testing, to provide 

geotechnical data to be utilized for project design.  

4.0 Subsurface Exploration Work 

As requested, representatives of S&ME were present at the above-referenced site between October 9 and 

November 15, 2023, to conduct field activities for the project.  The exploration included the following: 
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 Fourteen (14) Standard Penetration Test (SPT) borings – EB-1RB1 through EB-4RB1, IB-1RB1, IB-2RB1, W-

13 through W-16, W-33, W-34, EM-15, and EM-16, 

 One (1) Down-Hole Shear Wave Velocity Test – conducted in Boring EB-3RB1. 

Testing was conducted at or near the proposed locations shown in the Testing Location Plan provided in Appendix 

I.  Testing locations were modified as necessary due to utilities, terrain, to minimize traffic control impacts, and to 

facilitate safe working conditions.  

4.1 Test Locations 

The test locations were initially established in the field by representatives of S&ME using our hand-held sub-meter 

GPS unit.   

As-built survey of the testing locations was performed by CES Group Engineers, LLC (CES) under subcontract to 

RS&H.  The approximate testing locations are shown on the Testing Location Plan, included as Figure 2 Appendix I.  

A summary of testing locations, including coordinates, elevation, alignment, station and offset, are presented in 

Table 1, Test Location Summary, in Appendix II.  Surveyed coordinates are tabulated in decimal degree latitude 

and longitude as well as South Carolina State Plan northing and easting.  

5.0 Exploration Procedures 

The subsurface exploration for this project to date has included SPT borings, wireline rock coring, and downhole 

shear wave velocity testing.  The following sections summarize the general outline of each test.  The field testing 

data is organized into appendices of this report as follows: 

 Appendix III – Soil Test Boring and Rock Core Records 

 Appendix IV – Rock Core Photographs 

 Appendix V – Downhole Shear Wave Velocity Test Results 

 Appendix VI – SPT Hammer Energy Reports 

5.1 Encroachment Permit 

S&ME applied for encroachment along the Interstate 77 SCDOT right-of-way on June 27, 2023, and received the 

approved encroachment permit No. 269263 on July 25, 2023.  

5.2 Traffic Control 

Traffic control for the project was provided by Area Wide Protective (AWP), under subcontract to S&ME, for 

borings within the existing shoulders and median of I-77. Traffic control was performed in accordance with 

applicable SCDOT Standard Drawings.   

5.3 Site Clearing 

Clearing was performed by Palmetto State Land Management, under subcontract to S&ME, using a skid steer-

mounted forestry grinder to create drill rig access pathways to several of the boring locations located in 



Geotechnical Subsurface Data Report (GSDR), Revision 1 

Ramp BA Bridge over Interstate 77 

Blythewood, Richland County, South Carolina 

S&ME Project No. 23610178A 

3 February 5, 2024 

overgrown fields and wooded areas.  Trails of approximately 12 to 15 feet wide were cleared with trees chipped 

in-place.  No attempt was made to stack or remove downed trees from the site.  Care was taken to limit site 

disturbance during this process. 

5.4 Standard Penetration Test (SPT) Borings 

Fourteen (14) soil test borings with SPT sampling were performed for the project using three (3) drill rigs during 

the exploration, as follows. 

Table 5-1 – S&ME Drilling Equipment Summary 

Rig Make/Model Serial No. Carrier Type 

Average SPT 

Energy 

Transfer Ratio 

(ETR), % 

CME-550X  290593 ATV 91.6% 

CME-550X 293193 ATV 87.6% 

Diedrich D-50 316 Track 96.8% 

 

SPT hammer energy measurements with a Pile Driving Analyzer (PDA) were performed by S&ME at off-site 

locations for the drill rigs used on the project in general accordance with ASTM D4633 Standard Test Method for 

Energy Measurement for Dynamic Penetrometers.  The SPT Energy test results are provided in Appendix VI.  The N-

values indicated on the logs are field values and were not corrected for overburden stress, rod length, borehole 

diameter or hammer efficiency.  Hammer energy ratios are provided on the individual soil test boring records in 

Appendix III. 

Soil test borings with SPT sampling were performed using mud rotary drilling techniques.  The borings were 

performed to termination or drill bit refusal depths ranging from approximately 29.3 to 100 feet below the 

existing ground surface, followed by wireline rock coring where applicable. 

Table 5-2 – SPT Boring Summary 

Boring 

No.  
Purpose 

EB-1RB1 End Bent 3 North 

EB-2RB1 End Bent 3 South 

EB-3RB1 End Bent 1 North 

EB-4RB1 End Bent 1 South 

EM-15 Western Bridge Embankment 

EM-16 Eastern Bridge Embankment 

IB-1RB1 Interior Bent 2 North 

IB-2RB1 Interior Bent 2 South 
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Boring 

No.  
Purpose 

W-13 MSE Abutment Retaining Wall No. 2 South 

W-14 MSE Abutment Retaining Wall No. 2 South 

W-15 MSE Abutment Retaining Wall No. 1 North 

W-16 MSE Abutment Retaining Wall No. 1 South 

W-33 MSE Abutment Retaining Wall No. 2 North 

W-34 MSE Abutment Retaining Wall No. 2 North 

 

Soil sampling and penetration testing were performed in general accordance with ASTM D1586 Standard Test 

Method for Penetration Test and Split Barrel Sampling of Soils.  SPT was performed continuously in the upper 10 

feet in each end bent, interior bent, abutment wall, and embankment boring, followed by approximate 5-foot 

centers, thereafter.  The split-barrel sampler was opened at the drill site and sloughed material was identified and 

separated from the recovered sample.  The recovered sample was visually described and classified by S&ME’s rig 

geologist or engineer.  A selected portion of the sample was placed in a sealed moisture-proof container.  Where 

materials changed over the sample drive length, a sample of each material was retained.  The containers were 

labeled and transported to the S&ME Columbia Office at the end of each workday.     

Water level measurements were attempted immediately after completion of drilling and, where feasible, were 

repeated after a period of roughly 24 hours.  We note that due to the use of drilling fluid additives in mud rotary 

borings, the water level readings recorded in the soil borings may not accurately reflect the ground water 

conditions at the site.  Ground water readings were conducted in general accordance with ASTM D4750 Standard 

Test Method for Determining Subsurface Liquid Levels in a Borehole or Monitoring Well (Observation Well). 

After ground water measurements were complete, the borings were backfilled with bentonite chips, auger 

cuttings, or clean fill to within 20 feet of the existing ground surface then abandoned with Portland 

cement/bentonite grout to the existing ground surface.  Grout quantities were recorded, and grout logs are 

available upon request.   

5.5 Wireline Rock Coring 

At bridge boring locations EB-1RB1 and IB-1RB1, wireline rock coring was performed to termination depths of 67 

and 75.2 feet, respectively, below the existing ground surface to explore the refusal materials in general 

accordance with ASTM D2113 Standard Practice for Rock Core Drilling and Sampling of Rock for Site Exploration.  

Rock coring was performed using an NQ-size core barrel and wireline retrieval system.  The recovered rock cores 

were visually logged by the S&ME rig geologist or engineer.  The rock core samples were placed in cardboard 

core boxes and the boxes were labeled.  Completed core boxes were transported to the S&ME Columbia Office at 

the end of each workday.  The rock cores were preserved, handled, and transported in general accordance with 

ASTM D5079.        



Geotechnical Subsurface Data Report (GSDR), Revision 1 

Ramp BA Bridge over Interstate 77 

Blythewood, Richland County, South Carolina 

S&ME Project No. 23610178A 

5 February 5, 2024 

5.6 Shear Wave Velocity Test by Downhole Method 

Upon completion of drilling activities for bridge boring EB-3RB1, flush-threaded schedule 40 PVC casing was 

installed, and the annulus grouted in place using a cement/bentonite grout mixture to support shear wave velocity 

testing.   

On October 24, 2023, we performed a downhole seismic survey within boring EB-3RB1 in general accordance with 

ASTM D7400 Standard Test Methods for Downhole Seismic Testing, using a Geometrics seismograph and 14 Hz 

downhole triaxial geophone. Energy for the seismic survey was generated by a 16-pound sledgehammer striking 

the end of a wooden plank. Seismic velocities were obtained to a depth of about 97 feet using recorded depth 

intervals of 3 feet. Data analysis was conducted using the OYO Corporation’s SeisImagerTM/SW software 

(PickwinTM) and the resulting shear wave velocity profile for EB-3RB1 is presented in Appendix V. After 

completion of downhole shear wave velocity testing, the top of the PVC casing was cut flush with the ground 

surface and tremie grouted to the ground surface. 

The results of the downhole testing at this bridge, as well as testing conducted at the Connector Road Bridge over 

I-77 and the US-21 Bridge over Norfolk Southern Railroad were provided to the SCDOT Design/Build RPG for the 

purposes of establishing seismic design parameters for the overall project.  The 3-Point Acceleration Design 

Response Spectrum (ADRS) provided by the SCDOT is included as Appendix X. 

Geophysical Limitations 

Regardless of the thoroughness of a geophysical survey, there is always a possibility that actual conditions may 

not match the interpretations. The results should be considered accurate only to the degree implied by the 

method used and the method’s limitations and data coverage. In addition, site activity (e.g., heavy traffic, etc.) and 

overhead powerlines can cause noise/interference in downhole seismic data sets. 

6.0 Classification of Recovered Soil Samples 

Recovered split-spoon samples were initially classified in general accordance with ASTM D2488 Standard Practice 

for Description and Identification of Soils (Visual-Manual Method).  After laboratory testing was completed, 

provisional field classifications were revised as necessary to provide a soil description that generally follows the 

terminology given by ASTM D2487 Standard Practice for Classification of Soils for Engineering Purposes (Unified 

Soil Classification System) and AASHTO M145 Recommended Practice for Classification of Soils and Soil-Aggregate 

Mixtures for Highway Construction Purposes.   

Interpreted subsurface conditions encountered by the SPT borings are shown on the boring records in Appendix 

III.  These records represent our interpretation of the subsurface conditions based on the test data.  Stratification 

lines on the boring records represent approximate boundaries between soil types; however, the actual transition 

may be gradual, and the thicknesses of the strata will vary across the site.  The soil samples will be retained at our 

laboratory for a period of seven years, or until completion of substructure installation, whichever is earlier. 
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7.0 Classification of Recovered Rock Samples 

Recovered rock core samples were reviewed and classified in general accordance with the SCDOT GDM Chapter 6, 

Section 6.3.  Upon return to our laboratory, the rock core samples were reviewed and classified by a Professional 

Geologist (PG).  Recovered cores examined in the laboratory were assigned descriptive terms using Tables 6-16 

through 6-24 of the GDM where applicable to the rock type.  Rock lithologic descriptions, and applicable 

descriptive information are included on the Soil Test Boring Records in Appendix III.  Discontinuities in the 

recovered cores were evaluated using the terminology in GDM Tables 6-25 through 6-31.  The results of the 

discontinuity examination are tabulated on the Soil Test Boring Records included in Appendix III.  After logging, 

selected sections of rock core were removed and prepared for laboratory compressive strength testing. 

Photographs of the rock core are included in Appendix IV. 

After laboratory testing was completed, the Rock Mass Rating (RMR) was computed in general accordance with 

the GDM and Section 10 of the 2012 AASHTO LRFD Bridge Design Specifications.  Additionally, the Geological 

Strength Index (GSI) was determined in general accordance with the 2014 AASHTO LRFD Bridge Design 

Specifications.  A summary of the Rock Core Testing is provided in Appendix VIII. 

Interpreted subsurface conditions encountered during rock coring activities are shown on the boring records in 

Appendix III.  These records represent our interpretation of the subsurface conditions based on the test data.  

Stratification lines on the boring records represent approximate boundaries between rock types; however, the 

actual transition may be gradual, and the thicknesses of the strata will vary across the site.  The rock samples will 

be retained at our laboratory for a period of seven years, or until completion of substructure installation, 

whichever is earlier. 

8.0 Laboratory Physical Tests 

Index property testing consisting of Atterberg limits, particle-size distribution, percent fine #200 sieve, and natural 

moisture content tests was performed on split-spoon samples to assist in classifying the soils. Additionally, 

corrosion series (pH, chloride, sulfate, and resistivity) testing was performed on selected split-spoon samples. 

Finally, unconfined compressive strength testing was performed on selected rock core samples.  The testing was 

performed in general accordance with ASTM or AASHTO test procedures as follows: 

 Atterberg limits – ASTM D4318  

 Particle-size distribution –ASTM D6913  

 Percent-finer 200 sieve – ASTM D1140  

 Natural moisture content – ASTM D2216  

 Corrosion Series: 

- pH – AASHTO T289 

- Chloride – AASHTO T291 

- Sulfate – AASHTO T290 

- Resistivity – AASHTO T288 

 Compressive strength of rock cores – ASTM D7012 

Tables summarizing the laboratory test results are provided in Appendix II as follows: 
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 gINT Summary of Laboratory Test Results 

 gINT Rock Coring Summary  

The laboratory test data sheets are organized into appendices of this report as summarized below: 

 Appendix VII: Laboratory Test Data Sheets – Split Spoon Samples (includes gINT Index Properties vs. 

Depth, Grain Size Distribution, and Atterberg Limits Results) 

 Appendix VIII: Laboratory Test Data Sheets – Rock Cores 

 Appendix IX: Laboratory Test Data Sheets – Corrosion Series 

Electronic data files, including gINT project files and the downhole seismic velocity data are included as Appendix 

XI. 

9.0 Closing 

This data report has been prepared in general accordance with procedures in SCDOT GDM Chapter 21 and with 

generally applicable standards of our practice in this geographic area at the time this report was prepared.  No 

other warranty, express or implied, is made.  The Geotechnical Engineer of Record for the project must review the 

data submitted in this report and develop their own interpretation of the testing results as they apply to design. 

We relied on project information given to us to develop our exploration program.  If project information described 

in this report is not accurate, or if it changes during project development, we should be notified of the changes. 

This report presents data from a limited field exploration program.  Subsurface conditions will vary widely 

between explored areas.  Some variations may not become evident until further exploration or construction.  If 

conditions are encountered which appear different than those described in our report, we should be notified.  This 

report should not be construed to represent subsurface conditions for the entire site. 

Unless specifically noted otherwise, our field exploration program did not include an assessment of regulatory 

compliance, environmental conditions or pollutants or presence of any biological materials (mold, fungi, bacteria).  

If there is a concern about these items, other studies should be performed.
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Geotechnical Subsurface Data Report (GSDR) ‐ Revision 1 
I-77 Exit 26: Ramp BA Bridge over I-77 

Blythewood, Richland County, South Carolina 
Project No. 23610178A 

EB-1RB1 859090.7344 2004482.974 34.19454 -80.98517 447.0 Ramp BA 1744+01.48 54.8

EB-2RB1 859025.9024 2004439.265 34.19437 -80.98532 464.8 Ramp BA 1743+84.96 -21.7

EB-3RB1 858864.7335 2004800.461 34.19392 -80.98412 465.9 Ramp BA 1739+89.14 59.4

EB-4RB1 858808.3117 2004820.384 34.19377 -80.98406 465.3 Ramp BA 1739+46.24 16.6

EM-15 859135.4332 2004405.072 34.19467 -80.98543 461.0 Ramp BA 1744+90.20 25.3

EM-16 858789.3034 2004873.156 34.19372 -80.98388 465.9 Ramp BA 1738+90.34 21.1

IB-1RB1 858930.6778 2004628.163 34.19411 -80.98470 446.6 Ramp BA 1741+78.52 28.5

IB-2RB1 858873.9002 2004644.529 34.19395 -80.98464 447.3 Ramp BA 1741+32.73 -9.3

W-13 858992.0371 2004521.053 34.19427 -80.98505 448.8 Ramp BA 1743+02.74 10.1

W-14 858923.6214 2004536.676 34.19408 -80.98500 448.4 Ramp BA 1742+47.25 -32.2

W-15 858962.3346 2004767.047 34.19419 -80.98423 466.1 Ramp BA 1740+71.08 130.1

W-16 858763.9312 2004839.449 34.19365 -80.98400 464.8 Ramp BA 1739+10.52 -15.9

W-33 859147.1937 2004469.004 34.19470 -80.98522 447.3 Ramp BA 1744+56.58 82.3

W-34 859185.0403 2004455.721 34.19480 -80.98526 447.2 Ramp BA 1744+99.39 95.7

Notes: As-built coordinates and elevation provided by CES.

NA = NOT AVAILABLE 

Station Offset (ft)

Table 1:  Boring Location Summary 

Test ID

SC State 

Plane 

Northing (ft.)

SC State 

Plane 

Easting   (ft.)

Latitude 

(degrees)

Longitude 

(degrees)

Elevation      

(ft-NAVD88)
Alignment

Page 1 of 1



EB-1RB1 0.0 34 26 8 0.075 48 SM 9.5

EB-1RB1 4.0 35 28 7 0.075 71 ML 13.0

EB-1RB1 38.5 45 34 11 0.075 58 ML 29.3

EB-2RB1 0.0 0.075 63 6.8

EB-2RB1 4.0 9.5 18 8.6

EB-2RB1 8.0 29 21 8 0.075 22 SC 11.6

EB-2RB1 18.5 37 21 16 0.075 86 CL 24.2

EB-3RB1 0.0 4.75 22 2.6

EB-3RB1 4.0 52 26 26 0.075 32 SC 18.4

EB-3RB1 13.5 28 15 13 0.075 85 CL 13.8

EB-3RB1 63.5 45 33 12 0.075 70 ML 30.6

EB-4RB1 0.0 19 25 2.8

EB-4RB1 4.0 33 18 15 0.075 27 SC 14.3

EB-4RB1 8.0 22 15 7 0.075 71 CL-ML 10.6

EB-4RB1 18.5 9.5 17 11.7

EB-4RB1 33.5 34 29 5 0.075 62 ML 21.6

EM-15 0.0 NP NP NP 0.075 57 ML 5.7

EM-15 4.0 0.075 38 10.3

EM-15 8.0 42 18 24 0.075 55 CL 13.3

EM-16 0.0 9.5 30 3.8

EM-16 4.0 24 18 6 0.075 70 CL-ML 12.7

EM-16 13.5 34 30 4 0.075 86 ML 23.0

IB-1RB1 0.0 NP NP NP 0.075 30 SM 9.6

IB-1RB1 13.5 46 30 16 0.075 86 ML 32.1

IB-2RB1 0.0 9.5 18 6.7

IB-2RB1 6.0 43 36 7 0.075 63 ML 23.8

IB-2RB1 23.5 44 33 11 0.075 67 ML 26.2

W-13 2.0 24 18 6 0.075 38 SC-SM 8.3

W-13 8.0 35 28 7 0.075 65 ML 25.9

W-14 2.0 NP NP NP 4.75 50 ML 10.7

W-14 6.0 43 30 13 0.075 51 ML 22.1

W-15 0.0 9.5 23 2.2

W-15 6.0 21 15 6 0.075 80 CL-ML 12.4

W-15 18.5 34 29 5 0.075 56 ML 23.2

W-16 0.0 9.5 34 4.6

W-16 2.0 34 19 15 0.075 44 SC 9.0

W-16 6.0 22 14 8 0.075 67 CL 11.2

W-33 2.0 34 28 6 0.075 31 SM 15.1

W-34 0.0 NP NP NP 0.075 13 SM 9.0

W-34 8.0 41 31 10 0.075 55 ML 25.2

Liquid
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Satur-
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(%)
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Ratio

Class-
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Water
Content

(%)

Dry
Density

(pcf)
DepthBorehole

SUMMARY OF LABORATORY RESULTS
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EB-1RB1 RC-1 52.5 47 0

EB-1RB1 RC-2 57.0 88 65

EB-1RB1 RC-3 62.0 100 25 2738 0.94 1080 151 23 15

IB-1RB1 RC-1 49.9 75 30 2786 0.82 770 153 23 5

IB-1RB1 RC-2 54.2 68 8

IB-1RB1 RC-3 59.2 88 26

IB-1RB1 RC-4 64.2 86 52 5644 0.21 6180 169 36 25

IB-1RB1 RC-5 69.2 83 8
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Appendix III – Soil Test Boring and Rock Core Records 
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Gravel
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Silt

Silty Sand

Clayey Sand

Sandy Silt

HC

LEGEND TO SOIL CLASSIFICATION AND SYMBOLS

Silty Clay

Partially Weathered
Rock

(Shown in Water Level Column)

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

-  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%.

SOIL TYPES

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

RELATIVE DENSITY

CONSISTENCY OF COHESIVE SOILS

CONSISTENCY

TERMS

BEDROCK

Standard
Penetration
Resistance

Clayey Silt

Sandy Clay

(Shown in Graphic Log)

WATER LEVELS

REC

Clay

Organic

=  Water Level At Termination of Boring
=  Water Level Taken After 24 Hours
=  Loss of Drilling Water
=  Hole Cave

-  The Number of Blows of 140 lb. Hammer Falling
30 in. Required to Drive 1.4 in. I.D. Split Spoon
Sampler 1 Foot.  As Specified in ASTM D-1586.

Fill
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Loose

Medium Dense
Dense

Very Dense

STD. PENETRATION
RESISTANCE
BLOWS/FOOT

RELATIVE DENSITY OF COHESIONLESS SOILS

STD. PENETRATION
RESISTANCE
BLOWS/FOOT

Very Soft
Soft
Firm
Stiff

Very Stiff
Hard

Very Hard

0 to 2
3 to 4
5 to 8
9 to 15
16 to 30
31 to 50
Over 50
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Figure 6-16,   SCDOT Soil Test Log Descriptors – Rock 
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Figure 6-17,   SCDOT Soil Test Log Descriptors – Rock (con’t) 
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SURFACE MATERIALS - TOPSOIL - 1
inch.

FILL - medium dense, dry, dark grayish
brown, Silty fine to coarse SAND (SM), little
low plasticity fines, trace fine to coarse
crushed stone, trace roots, 2.5Y4/2.

PIEDMONT RESIDUUM - stiff, dry,
mottled olive yellow and white, Silty fine
SAND (SM) (A-4(2)), some low plasticity
fines, 2.5Y6/6, 2.5Y8/1. LL=34, PL=26,
PI=8, NMC=10%, %#200=48

PARTIALLY WEATHERED ROCK (PWR)
- very hard, dry, mottled olive yellow and
white, SILT with Sand (ML), little fine to
coarse, 2.5Y6/6, 2.5Y8/1.

@4 feet - laminated pale brown and yellow,
(A-4(5)), 2.5Y8/2, 2.5Y7/6. LL=35, PL=28,
PI=7, NMC=13%, %#200=71

@8 feet - olive yellow, 2.5Y6/8.

Very hard, dry to moist, pale brown and
yellow, SILT with Sand (ML), little fine to
medium sands, 2.5Y8/2, 2.5Y8/6.

Very hard, dry, pale brown and yellow,
Sandy SILT (ML), some fine to medium
sands, 2.5Y8/2, 2.5Y7/8.
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Very dense, dry to moist, pale brown,
yellow, and light gray, Silty fine to coarse
SAND (SM), some low to medium plasticity
fines, trace fine weathered rock fragments,
2.5Y7/6, 2.5Y8/2, 2.5Y7/2.

PIEDMONT RESIDUUM - hard, moist,
laminated yellowish brown and yellow,
Sandy SILT (ML), some fine to coarse
sands, trace fine weathered rock fragments,
2.5Y7/8, 10YR6/8.

@38.5 feet - very stiff, laminated white and
yellow, (A-7-5(6)), 2.5Y8/1, 2.5Y7/8. LL=45,
PL=34, PI=11, NMC=29%, %#200=58

@43.5 feet - laminated olive yellow and
white, 2.5Y6/8, 2.5Y8/1.

PARTIALLY WEATHERED ROCK (PWR)
- very hard, dry to moist, laminated pale
brown and yellow, Sandy SILT (ML), some
fine to coarse sands, 2.5Y8/1, 2.5Y7/8.

METAMORPHIC BEDROCK - ARGILLITE
- light gray and yellow, foliated, very fine
grained, highly weathered, extremely weak
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67.0

rock, 10YR7/1, 10YR7/6. Hardness: 1

From 52.6 - 52.9 feet - mechanical breaks

@ 53.15 feet - mechanical break

From 53.4 - 54.1 - completely weathered.
Hardness: <1

@ 54.1 feet - highly weathered. Hardness:
1

@ 54.35 feet - mechanical break

From 54.55 - 57 feet - sample not
recovered, possible residual soil that was
washed out

@ 57 feet - highly weathered. Hardness:
1.5

@ 57.1 feet - mechanical break

@ 57.88 feet - mechanical break

@ 58.2 feet - mechanical break

@ 58.72 feet - mechanical break

@ 59.05 feet - mechanical break

@ 59.4 feet - Hardness: 2

From 60.11 - 61.4 feet - highly weathered.
Hardness: 2

@ 60.65 feet - mechanical break

From 60.93 - 61.1 feet - completely
weathered. Hardness: 1.5

@ 62.1 feet - completely weathered,
mechanical break. Hardness: <1

@ 62.11 feet - foliated brownish yellow to
yellowish brown and light gray, highly
weathered, 10YR6/8, 10YR5/8, 10YR7/1.
Hardness: 2.5

@ 62.25 feet - joint: 122° down

@ 62.3 feet - mechanical break

@ 62.43 feet - mechanical break

@ 62.6 feet - foliated light gray and
brownish yellow 10YR7/1, 10YR6/8.

@ 63.1 feet - mechanical break

@ 63.4 feet - foliated light gray and gray,
joint: 92° down, 10YR7/1, 10YR6/1.

@ 63.55 feet - mechanical break

From 63.56 - 64.55 feet - completely
weathered. Hardness: <1

@ 64.55 feet - highly weathered, joint: 94°
down. Hardness: 1.5
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@ 64.83 feet - moderately weathered,
mechanical break. Hardness: 2.5

@ 65.8 feet - mechanical break

@ 66.21 feet - mechanical break

@ 66.6 feet - joint: 127° down

From 66.61 - 67 feet - mechanical breaks

Boring terminated at 67 feet.
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20

28

0.1

3.0
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18.5

23.5

SURFACE MATERIAL - TOPSOIL - 1
inch.

COASTAL PLAIN - hard, dry, very pale
brown with white mottles, Sandy Lean
CLAY (CL), some fine to medium sands,
trace roots, 10YR7/3 to 10YR7/4, 10YR8/1.
NMC=7%, %#200=63

Dense, dry, very pale brown to light gray,
Poorly Graded fine to coarse SAND with
Silt (SP-SM), few low plasticity fines,
10YR7/3 to 10YR7/2.

Dense, moist, reddish yellow to strong
brown, Clayey fine to medium SAND (SC),
little medium plasticity fines, 7.5YR6/6 to
7.5YR5/6. NMC=9%, %#200=18

@6 feet - very dense, mottled yellowish red
and reddish yellow, 5YR5/8 to 5YR6/6.

@8 feet - dry to moist, mottled red,
brownish yellow and light gray, fine to
coarse (A-2-4), trace fine gravel, 2.5YR5/8,
10YR6/6, 10YR7/1. LL=29, PL=21, PI=8,
NMC=12%, %#200=22

@13.5 feet - No Recovery.

PIEDMONT RESIDUUM - hard, dry,
laminated white to light gray, Lean CLAY
(CL) (A-6(14)), few fine to medium sands,
relict rock structure, 10YR8/1 to 10YR7/1.
LL=37, PL=21, PI=16, NMC=24%,
%#200=86

Very hard, dry, laminated white to light gray
and very pale brown, SILT (ML), trace fine
to medium sands, relict rock structure,
10YR8/1 to 10YR7/1, 10YR7/3 to 10YR7/4.
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28.5
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53.5

PARTIALLY WEATHERED ROCK (PWR)
- very hard, dry,  laminated light gray and
gray with pale brown mottles, SILT (ML),
few fine to medium sands, relict rock
structure, 2.5Y7/1 to 2.5Y6/1, 2.5Y8/4.

PIEDMONT RESIDUUM - very hard, dry,
laminated gray and light gray with yellow
mottles, SILT (ML), few fine to medium
sands, relict rock structure, 10YR6/1 to
10YR7/1, 10YR7/6.

PARTIALLY WEATHERED ROCK (PWR)
- very hard, dry, laminated brownish yellow
and gray, SILT (ML), trace fine sands, relict
rock structure, 10YR6/8, 10YR6/1.

Very hard, dry, laminated brownish yellow
and gray to light gray, SILT with Sand (ML),
little fine to coarse sands, relict rock
structure, 10YR6/8, 10YR6/1 to 10YR7/1.

Very hard, dry, laminated light gray and
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50/4"

23

13

23

30

50/2"

58.5

78.5

brownish yellow with dark brown to black
mottles, SILT (ML), few fine to medium
sands, relict rock structure, 10YR7/1 to
10YR6/8, 10YR3/3 to 10YR2/1.

PIEDMONT RESIDUUM - hard, dry,
laminated light gray and brownish yellow to
reddish yellow, SILT (ML), trace fine sands,
relict rock structure, 10YR7/1, 10YR6/8 to
7.5YR6/8.

@63.5 feet - very stiff, trace fine to medium
sands.

@68.5 feet - very hard, laminated light gray
and brownish yellow, 10YR7/1, 10YR6/6 to
10YR6/8.

@73.5 feet - few fine to medium sands.

PARTIALLY WEATHERED ROCK (PWR)
- very hard, dry, laminated light gray and
brownish yellow, Sandy SILT (ML), some
fine to coarse sands, trace fine rock
fragments, relict rock structure, 10YR7/1,
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22
99.7

10YR6/8.

@83.5 feet - laminated light gray, 10YR7/1.

@88.5 feet - No Recovery.

@93.5 feet - No Recovery.

@98.5 feet - laminated strong brown to
dark yellowish brown and light gray, trace
fine rock quartz rock fragments, 7.5YR4/6
to 10YR3/6, 10YR7/1.

Boring Terminated at 99.7 feet.
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33
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2.0

8.0

13.5

18.5

23.5

SURFACE MATERIAL - TOPSOIL - 2
inches.

COASTAL PLAIN - loose, dry, very pale
brown to light gray, Silty fine to medium
SAND (SM) (A-2-4), little low plasticity
fines, trace roots, 10YR7/3 to 10YR7/2.
NMC=3%, %#200=22

Medium dense, dry, mottled brownish
yellow, strong brown and light gray, Clayey
fine to coarse SAND (SC), some medium
plasticity fines, 10YR6/8, 7.5YR5/8,
10YR7/1.

@4 feet - moist, mottled brownish yellow,
red and light gray, (A-2-7(3)), 10YR6/8,
2.5YR5/8, 10YR7/1. LL=52, PL=26, PI=26,
NMC=18%, %#200=32

@6 feet - dense, few fine gravel.

Very hard, dry, brownish yellow and light
gray, SILT with Sand (ML), little fine sands,
10YR6/8, 10YR7/1.

Very hard, dry, light gray with yellow
mottles, Lean CLAY with Sand (CL)
(A-6(9)), little fine sands, 10YR7/1,
10YR7/6 to 10YR7/8. LL=28, PL=15, PI=13,
NMC=14%, %#200=85

Very dense, moist, light gray with yellow
mottles, Silty fine to medium SAND (SM),
some low plasticity fines, 10YR7/1,
10YR7/6 to 10YR7/8.

PIEDMONT RESIDUUM - hard, dry,
laminated light gray to white with yellow
mottles, SILT with Sand (ML), little fine to
medium sands, relict rock structure,
10YR7/1 to 10YR8/1, 10YR7/6.
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Route:
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44

50/4"

50/2"

50/2"

28.5

38.5

48.5

PARTIALLY WEATHERED ROCK (PWR)
- very hard, dry, laminated light gray with
yellow mottles, SILT (ML), few fine to
coarse sands, relict rock structure,
10YR7/1, 10YR7/8.

Very hard, dry, laminated light gray, white
and brownish yellow, SILT with Sand (ML),
little fine to coarse sands, trace fine rock
fragments, relict rock structure, 10YR7/1,
10YR8/1, 10YR6/8.

@43.5 feet - laminated light brown and
brownish yellow, absent rock fragments,
7.5YR6/3, 10YR6/8.

Very hard, dry, laminated brownish yellow
and yellowish brown, SILT (ML), few fine
sands, relict rock structure, 10YR6/8 to
10YR5/8.

@53.5 feet - laminated gray and brownish
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11

20

29

63.5

78.5

yellow with black mottles, few fine to
medium sands, 10YR6/1, 10YR6/8,
10YR2/1.

PIEDMONT RESIDUUM - very hard, dry,
mottled yellowish brown and white with dark
yellowish brown, SILT with Sand (ML)
(A-7-5(9)), little fine sands, relict rock
structure, 10YR5/8, 10YR8/1, 10YR4/6.
LL=45, PL=33, PI=12, NMC=31%,
%#200=70

@68.5 feet - very stiff, laminated yellowish
brown and white, 10YR5/8, 10YR8/1.

@73.5 feet - very hard, laminated and
mottled yellowish brown, 10YR5/6 to
10YR5/8.

PARTIALLY WEATHERED ROCK (PWR)
- very hard, dry, laminated gray and white
with brownish yellow mottles, SILT with
Sand (ML), little fine to coarse sands, relict
rock structure, 10YR6/1, 10YR8/1,
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Drill Method:
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26

50/5"

18

83.5

93.5

98.5

100.0

10YR6/6.

PIEDMONT RESIDUUM - very hard, dry,
yellowish brown with gray mottles, SILT
(ML), trace fine to coarse sands, relict rock
structure, 10YR5/8, 10YR6/1.

@88.5 feet - laminated brownish yellow,
yellow and gray, few fine to medium sands,
10YR6/8, 10YR7/8, 10YR6/1.

PARTIALLY WEATHERED ROCK (PWR)
- very hard, dry, laminated brownish yellow
to yellowish brown with dark brown mottles,
SILT with Sand (ML), little fine to coarse
sands, few fine rock fragments, 10YR6/8 to
10YR5/8, 10YR3/3.

PIEDMONT RESIDUUM - hard, dry,
laminated reddish yellow, strong brown and
light gray, SILT with Sand (ML), little fine to
coarse sands, relict rock structure,
7.5YR6/8, 7.5YR5/6 to 7.5YR5/8, 7.5YR7/1.

Boring Terminated at 100 feet.
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SURFACE MATERIALS - TOPSOIL - 2
inches.

COASTAL PLAIN - dense, dry, very pale
brown to gray, Silty fine to medium SAND
(SM) (A-2-4), little low plasticity fines, trace
roots, 10YR7/3, 10YR6/1. NMC=3%,
%#200=25

Medium dense, dry, mottled yellowish
brown, yellowish red, and light gray, Clayey
fine to coarse SAND (SC), some medium
plasticity fines, 10YR6/6, 5YR5/8, 10YR7/1.

@4 feet - moist, red with yellowish brown
and light gray mottles, fine to medium
(A-2-6(1)), little medium plasticity fines,
2.5YR4/8, 10YR6/6, 10YR7/1. LL=33,
PL=18, PI=15, NMC=14%, %#200=27

Very hard, dry, light gray and yellow, SILT
with Sand (ML), little fine to medium sands,
10YR7/1, 10Y7/6.

@8 feet - (A-4(2)). LL=22, PL=15, PI=7,
NMC=11%, %#200=71

Very hard, dry, light gray with brownish
yellow mottles, SILT (ML), few fine to
medium sands, 10YR7/1, 10YR6/8.

Dense, moist, light gray to white, Silty fine
to medium SAND (SM) (A-2-4), little low
plasticity fines, trace fine gravel, 10YR7/1,
10YR8/1. NMC=12%, %#200=17

PIEDMONT RESIDUUM - very stiff, dry,
laminated and mottled yellow and very pale
brown, SILT (ML), trace fine sands, relict
rock structure, 10YR7/6 to 10YR7/8,
10YR8/2.
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50/2"

50/3"

33.5
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@28.5 feet - hard, laminated brownish
yellow, pink, and light gray, 10YR6/6,
7.5YR7/4, 10YR7/1.

PARTIALLY WEATHERED ROCK (PWR)
- very hard, dry, laminated gray with yellow
mottles, Sandy SILT (ML) (A-4(2)), some
fine to coarse sands, relict rock structure,
10YR6/1, 10YR7/8. LL=34, PL=29, PI=5,
NMC=22%, %#200=62

Very hard, dry, laminated pink and gray with
yellow mottles, SILT with Sand (ML), little
fine to medium sands, relict rock structure,
7.5YR7/4, 10YR6/1, 10YR7/8.

@43.5 feet - laminated gray and white with
brownish yellow mottles, 10YR6/1,
10YR8/1, 10YR6/8.

@48.5 feet - laminated gray and yellow,
10YR7/1, 10YR7/6 to 10YR7/8.

Very hard, dry, laminated brownish yellow
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and light gray, SILT (ML), few fine sands,
relict rock structure, 10YR6/8, 10YR7/1.

Very hard, dry, laminated light gray and
brownish yellow, SILT with Sand (ML), little
fine to medium sands, relict rock structure,
10YR7/1, 10YR6/8.

Very hard, dry, laminated brownish yellow
and very pale brown, SILT (ML), few fine
sands, relict rock structure, 10YR6/8,
10YR7/3.

@73.5 feet - laminated yellow, very pale
brown, and gray, few fine to medium sands,
10YR7/6, 10YR7/3, 10YR6/1.

Very hard, dry, laminated yellow to
brownish yellow and very pale brown, SILT
with Gravel (ML), little fine quartz vein
gravel, few fine to coarse sands, relict rock
structure, 10YR7/6 to 10YR6/8, 10YR7/3.
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26
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PIEDMONT RESIDUUM - very hard, dry,
laminated strong brown, very pale brown,
and gray, SILT (ML), few fine sands, relict
rock structure, 7.5YR5/8, 10YR7/3,
10YR6/1.

PARTIALL WEATHERED ROCK (PWR) -
very hard, dry, laminated strong brown, very
pale brown, and gray with black mottles,
SILT (ML), few fine sands, relict rock
structure, 7.5YR5/8, 10YR7/3, 10YR6/1,
7.5YR2.5/1.

@93.5 feet - laminated strong brown, gray,
and dark yellowish brown, 7.5YR5/8,
10YR6/1 to 10YR5/1, 10YR4/6.

PIEDMONT RESIDUUM - very hard, dry,
laminated strong brown and light gray with
black mottles, SILT (ML), trace fine sands,
relict rock structure, 7.5YR5/8, 10YR7/1,
7.5YR2.5/1.

Boring Terminated at 100 feet.

83.5

88.5

93.5

98.5

78

50/5"

50/5"

52

SS-20

SS-21

SS-22

SS-23

50

50/5"

26

15

27

27

17

Offset: Alignment:

TOB

Y

RWCME-550X

34.193767963

N/A

I-77 Exit 26 Phase I

10/11/2023
10/13/2023

Site Description:

Sampler Configuration Liner Required:

Project ID:

Eng./Geo.:

Core Size:

Date Started:

1s
t 

6"

2n
d 

6"

3r
d 

6"

4t
h 

6"

Total Depth: Date Completed:
Bore Hole Diameter (in):
Drill Machine:

RW
RC

-
-

HSA
CFA
DC

Z. Zelaya

-
-
-

Elev.:

Rotary Wash
Rock Core

Rock Core, 1-7/8"
Cuttings
Continuous Tube

SAMPLER TYPE

-80.984058437

Driller:
Energy Ratio:

1739+46.24

4

16.6

Drill Method:

Proposed

N/A

Soil Depth: Core Depth:

LEGEND

Boring Location:

N/A ft

Hollow Stem Auger
Continuous Flight Augers
Driving Casing

Hammer Type:

Route:

Groundwater: 24HR

Liner Used:

25.6 ft

100 ft
465.3 ft

E
le

va
tio

n
(f

t)

380.3

375.3

370.3

365.3

360.3

D
ep

th
(f

t) MATERIAL DESCRIPTION

S
am

pl
e

D
ep

th
(f

t)

N
 V

al
ue

G
ra

ph
ic

Lo
g

100 ft
Y

S
am

pl
e

N
o.

/T
yp

e

    SPT N VALUE    

RichlandCounty:

DRILLING METHOD
-
-
-

87.6%

NQ
CU
CT

-
-
-

Boring No.:

Split Spoon
Undisturbed Sample
Rock Core, 1-1/8"

P042443 (S&ME 23610178A)
Ramp Bridge

Automatic

EB-4RB1

Soil Test Log

SS
UD
AWG

S. Eubanks

Latitude: Longitude:

    FINES CONTENT (%)

10 20 30 40 50 60 70 80 900

PL LLMC

    RQD (%)     REC (%)

S
C

_D
O

T
  2

36
10

1
78

A
 R

A
M

P
 B

R
ID

G
E

 O
V

E
R

 I-
77

.G
P

J 
 S

C
D

O
T

_D
A

T
A

T
E

M
P

LA
T

E
.G

D
T

  1
/1

0/
2

4

>>

>>

NN



12

18

12

32

7

44

50/5"

50/5"

0.1

4.0

6.0

8.0

13.5

SURFACE MATERIAL - TOPSOIL - 1
inch.

COASTAL PLAIN - very stiff, dry, white
and very pale brown, Sandy SILT (ML)
(A-4(0)), some fine to coarse sands, trace
roots, 7.5YR8/1, 10YR7/3 to 10YR7/4.
LL=NP, PL=NP, PI=NP, NMC=6%,
%#200=57

@2 feet - hard, very pale brown with white
mottles, poor recovery.

Medium dense, moist, mottled grayish
brown and yellowish brown, Silty fine to
medium SAND (SM), some low plasticity
fines, 10YR5/2, 10YR5/6 to 10YR5/8.
NMC=10%, %#200=38

Dense, moist, mottled yellowish brown and
grayish brown with light gray, Clayey fine to
medium SAND (SC), some medium
plasticity fines, 10YR5/8, 10YR5/2,
10YR7/1.

Stiff, moist, mottled light gray, yellowish
brown and strong brown, Sandy Lean CLAY
(CL) (A-7-6(10)), some fine to medium
sands, trace fine gravel, 10YR7/1,
10YR5/8, 7.5YR5/8. LL=42, PL=18,
NMC=13%, %#200=55

PARTIALLY WEATHERED ROCK (PWR)
- very hard, dry, laminated yellow and very
pale brown, SILT (ML), trace fine sands,
relict rock structure, 10YR7/8, 10YR7/3.

@18.5 feet - laminated very pale brown and
pink, 10YR7/3, 7.5YR7/3.

@23.5 feet - laminated white to light gray
with strong brown mottles, few fine sands,
10YR8/1 to 10YR7/1, 7.5YR5/6.
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28.5

30.0

PIEDMONT RESIDUUM - very hard, dry,
laminated light gray to white, SILT (ML),
few fine sands, relict rock structure, 7/N to
10YR7/1, 10YR8/1.

Boring Terminated at 30 feet.
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SURFACE MATERIAL - TOPSOIL - 2
inches.

COASTAL PLAIN - loose, dry, very pale
brown to light gray, Silty fine to medium
SAND (SM) (A-2-4), little low plasticity
fines, few roots, 10YR7/3 to 10YR7/2.
NMC=4%, %#200=30

Medium dense, dry, mottled brownish
yellow, strong brown and light gray, Clayey
fine to coarse SAND (SC), some medium
plasticity fines, 10YR6/6, 7.5YR5/8,
10YR7/1.

Very hard, dry, mottled light gray, brownish
yellow and red, Silty Lean CLAY with Sand
(CL-ML) (A-4-2), little fine to medium
sands, 10YR7/1, 10YR5/8, 2.5YR4/8.
LL=24, PL=18, PI=6, NMC=13%,
%#200=70

Very hard, dry to moist, light gray with
yellow mottles, Sandy Lean CLAY (CL),
some fine to medium sands, 10YR7/1,
10YR7/6 to 10YR7/8.

PIEDMONT RESIDUUM - hard, dry,
laminated white to light gray with yellow
mottles, SILT (ML) (A-4(4)), few fine sands,
relict rock structure, 10YR8/1 to 10YR7/1,
10YR7/6. LL=34, PL=30, PI=4, NMC=23%,
%#200=86

PARTIALLY WEATHERED ROCK (PWR)
- very hard, laminated white to light gray
with yellow mottles, SILT (ML), few fine
sands, relict rock structure, 10YR8/1 to
10YR7/1, 10YR7/6.
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50/5"

28.5

29.4
Very hard, dry, laminated light gray with
yellow mottles, SILT (ML), trace fine sands,
relict rock structure, 10YR7/1, 10YR7/8.

Boring Terminated at 29.4 feet.
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SURFACE MATERIAL - TOPSOIL - 0.5
inches.

COASTAL PLAIN - medium dense, dry to
moist, yellow and very pale brown, Silty fine
to medium SAND (SM) (A-2-4), some
nonplastic fines, trace organics, 10YR7/8,
10YR8/3. LL=NP, PL=NP, PI=NP,
NMC=10%, %#200=30

PIEDMONT RESIDUUM - very stiff, moist,
laminated yellow and very pale brown, SILT
with Sand (ML), little fine to medium sands,
10YR7/8, 10YR8/8, 10YR8/3.

@4 feet - laminated reddish yellow, pink
and white, 7.5YR8/6, 7.5YR8/3, 7.5YR8/1.

@6 feet - pink, reddish yellow and brownish
yellow, 7.5YR8/4, 7.5YR8/6, 10YR6/8.

@8 feet - hard, pink and reddish yellow,
7.5YR8/4, 7.5YR7/8, 7.5YR6/8.

Very stiff, moist, gray, yellow and white,
SILT with Sand (ML) (A-7-5(16)), little fine
to medium sands, 10YR5/1, 10YR8/8,
10YR8/1. LL=46, PL=30, PI=16,
NMC=32%, %#200=86

Hard, moist, gray, dark grayish brown, dark
yellowish brown and yellow, Sandy Lean
CLAY (CL), some fine to medium sands,
10YR5/1, 10YR4/2, 10YR4/6, 10YR7/8.

@23.5 feet - very stiff, gray with yellow and
white laminations, 10YR5/1, 10YR7/8,
10YR8/8, 10YR8/1.
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4

28.5

Drill Method:

Proposed

NQ

Soil Depth: Core Depth:

LEGEND

Boring Location:

75.2 ft

Hollow Stem Auger
Continuous Flight Augers
Driving Casing

Hammer Type:

Route:

Groundwater: 24HR

Liner Used:

6.7 ft

75.2 ft
446.6 ft

E
le

va
tio

n
(f

t)

441.6

436.6

431.6

426.6

421.6

D
ep

th
(f

t) MATERIAL DESCRIPTION

S
am

pl
e

D
ep

th
(f

t)

N
 V

al
ue

G
ra

ph
ic

Lo
g

49.9 ft
Y

S
am

pl
e

N
o.

/T
yp

e

    SPT N VALUE    

RichlandCounty:

DRILLING METHOD
-
-
-

96.8%

NQ
CU
CT

-
-
-

Boring No.:

Split Spoon
Undisturbed Sample
Rock Core, 1-1/8"

P042443 (S&ME 23610178A)
Ramp Bridge

Automatic

IB-1RB1

Soil Test Log

SS
UD
AWG

F. Crane

    FINES CONTENT (%)

10 20 30 40 50 60 70 80 900

PL LLMC

    RQD (%)     REC (%)

Latitude: Longitude:

S
C

_D
O

T
  2

36
10

1
78

A
 R

A
M

P
 B

R
ID

G
E

 O
V

E
R

 I-
77

.G
P

J 
 S

C
D

O
T

_D
A

T
A

T
E

M
P

LA
T

E
.G

D
T

  1
/1

1/
2

4

NN



9

7

23

21

23

33.5

49.9

@28.5 feet - some fine to coarse sands.

Stiff, moist, laminated gray, yellow, white
and strong brown, Sandy SILT (ML), some
fine to coarse sands, 10YR6/1, 10YR7/8,
10YR8/1, 7.5YR5/6.

@38.5 feet - hard.

@43.5 feet - dark grayish green and
grayish green, slightly concreted, 5GY4/2,
5GY5/2.

NQ rock coring start at 49.9 feet. Installed
casing to 50.7 feet.

METAMORPHIC BEDROCK - ARGILLITE
- dark gray to gray, foliated, very fine
grained, completely weathered, extremely
weak rock, 10YR4/1 to 10YR5/1. Hardness:
1.5
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75.2

From 50 - 50.2 feet- completely weathered
to residual soil, mechanically broken.
Hardness: 1

@ 50.21 feet - highly weathered, joint: 130°
down, very weak rock. Hardness: 2.5

@ 50. 58 feet - mechanical break

@ 50.75 feet - joint: 118° down

@ 50.95 feet - joint: 106° down

@ 51.1 feet - mechanical beak

@ 51.68 feet - mechanical break

@ 51.75 feet - joint: 115° down

From 52.1- 52.4 feet - mechanical break,
completely weathered, extremely weak
rock. Hardness: 1

@ 52.41 feet - moderately weathered, very
weak rock. Hardness: 2.5

@ 52.97 - mechanical break

From 52.98 - 54.2 feet - completely
weathered, mechanically broken, extremely
weak rock. Hardness: 1

From 54.2 - 56 feet - completely weathered,
mechanically broken, very weak rock.
Hardness: 2.5

@ 56.15 feet - moderately weathered, joint:
144° down. Hardness: 2.5

@ 56.35 feet - joint: 158° down

From 56.9 - 57.55 feet - completely
weathered, mechanically broken, very weak
rock. Hardness: 2

From 57.56- 59.2 - moderately weathered,
weak rock, joint: 92° down. Hardness: 2.5

@ 59.2 feet - mechanical break, joint: 93°
down

@ 59.4 feet - mechanical break, joint: 88°
down

@ 60.3 feet - mechanical break, joint: 94°
down

@ 61.2 feet - moderately weathered,
medium strong rock. Hardness: 4.5

@ 61.7 feet - mechanical break, joint: 116°
down

@ 62.3 feet - mechanical break

@ 62.8 feet - joint: 114° down

@ 63.1 feet - dark gray to dark bluish gray
10YR4/1 to 4/10B
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@ 63.35 feet - mechanical break

@ 63.85 feet - joint: 135°

@ 64.2 feet - mechanical break

From 64.5 - 64.9 feet - mechanical breaks
around joint: 113° down

@ 65.05 feet - mechanical break

From 65.63 - 66.15 feet - mechanical
breaks around joint: 132° down

@ 66.55 feet - mechanical break

@ 66.85 feet - joint: 131° down

@ 66.85 feet - mechanical breaks

@ 67.25 feet - joint: 112° down

@ 67.9 feet - mechanical break

@ 68.2 feet - mechanical break

From 69.2 - 70.28 - mechanical breaks
around joint: 95° down

From 70.55 - 71.4 feet - mechanical breaks
around joint: 100° down

From 71.42 - 72.58 feet - mechanical
breaks around joint: 97° down

@ 72.59 feet - mechanical break

@ 73.1 feet - mechanical break

@ 73.5 feet - joint: 112° down

@ 73.27 feet - joint: 112° down

@ 73.48 feet - joint: 116° down

From 73.49 - 73.68 feet - mechanical
breaks

@ 73.9 feet - joint: 125° down

@ 74.4 feet - mechanical break

@ 74.64 feet - mechanical breaks around
joint: 103° down

Boring terminated at 75.2 feet.
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SURFACE MATERIALS - TOPSOIL - 0.5
inches.

COASTAL PLAIN - dense, moist, yellow
and very pale brown, Silty fine to medium
SAND (SM) (A-2-4), little low plasticity
fines, 10YR7/8, 10YR8/4. NMC=7%,
%#200=18

PIEDMONT RESIDUUM - very hard,
moist, laminated yellow and very pale
brown, SILT with Sand (ML), little fine to
medium sands, trace fine to coarse quartz
rock fragments, 10YR8/6, 10YR7/8,
10YR8/3.

PARTIALLY WEATHERED ROCK (PWR)
- very hard, moist, laminated yellow, very
pale brown, and white, Sandy SILT (ML),
some fine to medium sands, 10YR8/6,
10YR7/8, 10YR8/3, 10YR8/1.

@6 feet - laminated reddish yellow and
pink, (A-5(5)), 7.5YR8/6, 7.5YR7/8,
7.5YR8/4. LL=43, PL=36, PI=7, NMC=24%,
%#200=63

@8 feet - some fine to coarse sands.

@18.5 feet - white with brownish yellow and
yellow speckles, some fine to medium
sands, 10YR8/1, 10YR6/8, 10YR8/8.

PIEDMONT RESIDUUM - very hard,
moist, white, brownish yellow, yellow, and
reddish yellow, Sandy SILT (ML) (A-7-5(8)),
some fine to medium sands, 10YR8/1,
10YR6/8, 10YR8/8, 10YR7/8, 7.5YR8/6.
LL=44, PL=33, PI=11, NMC=26%,
%#200=67
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@28.5 feet - laminated reddish yellow and
pink, some fine to coarse sands, 7.5YR8/6,
7.5YR8/4, 7.5YR8/3.

@33.5 feet - laminated yellow, very pale
brown, and brownish yellow, 10YR8/8,
10YR8/4, 10YR6/6.

@38.5 feet - hard, reddish yellow with white
and strong brown mottles, trace fine rock
fragments, 7.5YR7/8, 7.5YR8/6, 7.5YR8/1,
7.5YR4/6.

@43.5 feet - very stiff, trace fine to coarse
rock fragments.

@49 feet - laminated greenish gray and
light greenish gray, some fine to medium
sands, trace mica, absent rock fragments,
5BG6/1, 10BG7/1.

@53.5 feet - trace fine to coarse rock
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58.5

78.5

fragments.

PARTIALLY WEATHERED ROCK (PWR)
- very hard, moist, laminated greenish gray
and light greenish gray, Sandy SILT (ML),
some fine to medium sands, trace mica,
5BG6/1, 10BG7/1.

@63.5 feet - light bluish gray and light
greenish gray, some fine to coarse sands,
5B8/1, 5BG7/1.

@73.5 feet - greenish gray and light
greenish gray, trace fine weathered rock
fragments, 5BG6/1, 10BG8/1.

Very dense, moist, greenish gray, light
greenish gray, and light bluish gray, Silty
fine to coarse SAND (SM), some low
plasticity fines, trace fine weathered rock
fragments, 5BG6/1, 10BG8/1, 5PB8/1.
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98.5

@83.5 feet - bluish gray and greenish gray,
some low to medium plasticity fines, few
fine to coarse weathered rock fragments,
10B5/1, 5BG6/1.

Boring Terminated at 98.5 feet.
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32

17

32

50/5"

50/3"

0.1
1.0

2.0

4.0

6.0

SURFACE MATERIAL - TOPSOIL - 1
inch.

FILL - medium dense, dry, black gray and
grayish brown, Silty fine to coarse SAND
with Gravel (SM), some low plasticity fines,
little fine coarse crushed stone, 10YR2/1 to
10YR5/1 to 10YR5/2.

COASTAL PLAIN - stiff, dry, white and
brownish yellow, Lean CLAY with Sand
(CL), little fine to medium sands, 10YR8/1
to 10YR6/6.

PARTIALLY WEATHERED ROCK (PWR)
- very dense, dry, mottled light gray and
brownish yellow, Silty, Clayey fine to
medium SAND (SC-SM) (A-4(0)), some low
to medium plasticity fines, 10YR7/1 to
10YR6/6 to 10YR6/8. LL=24, PL=18, PI=6,
NMC=8%, %#200=38

PIEDMONT RESIDUUM - hard, dry,
laminated yellow with white mottles, SILT
(ML), few fine to medium sands, relict rock
structure, 10YR7/8, 10YR8/1.

PARTIALLY WEATHERED ROCK (PWR)
- very hard, dry, laminated white to light
gray and yellow, Sandy SILT (ML), some
fine sands, trace fine rock fragments
(quartz), relict rock structure, 10YR8/1 to
10YR7/1 to 10YR7/8.

@8 feet - laminated white to light gray,
(A-4(4)), 10YR8/1 to 10YR7/1. LL=35,
PL=28, PI=7, NMC=26%, %#200=65

@13.5 feet - laminated light gray to white,
10YR7/1 to 10YR8/1.

@23.5 feet - laminated gray and white with
brownish yellow mottles, 10YR5/1,
10YR8/1, 10YR6/8.
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50/4"39.3

@28.5 feet - laminated white to gray with
brownish yellow mottles, 10YR8/1,
10YR6/1, 10YR6/6.

@33.5 feet - laminated gray and brownish
yellow, 10YR6/1, 10YR6/6.

@38.5 feet - laminated yellow to brownish
yellow, 10YR7/8 to 2.5Y7/8, 10YR6/8.

Boring Terminated at 39.3 feet.
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29

50/4"

13

30

50/2"
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SURFACE MATERIAL - TOPSOIL - 1.5
inches.

FILL - medium dense, dry, black, grayish
brown and gray, Silty fine to coarse SAND
with Gravel (SM), some low plasticity fines,
little fine to coarse crushed stone, 10YR2/1
to 10YR5/2 to 10YR5/1.

COASTAL PLAIN - very stiff, dry, mottled
white and brownish yellow, Lean CLAY with
Sand (CL), little fine to medium sands,
10YR8/1, 10YR6/6.

PARTIALLY WEATHERED ROCK (PWR)
- very hard, dry to moist, white with yellow
mottles, Sandy SILT (ML) (A-4(0)), some
fine sands, 10YR8/1, 10YR7/6. LL=NP,
PL=NP, PI=NP, NMC=11%, %#200=50

@4 feet - mottled light gray and brownish
yellow, some fine to medium sands,
10YR7/1, 10YR6/6.

PIEDMONT RESIDUUM - hard, dry,
laminated very pale brown and brownish
yellow, Sandy SILT (ML) (A-7-5(5)), some
fine to medium sands, relict rock structure,
10YR7/3, 10YR6/6. LL=43, PL=30, PI=13,
NMC=22%, %#200=51

PARTIALLY WEATHERED ROCK (PWR)
- very hard, dry, laminated brownish yellow
and very pale brown, SILT (ML), few fine to
coarse sands, relict rock structure,
10YR6/6, 10YR7/3.

@18.5 feet - laminated brownish yellow to
yellow with gray mottles, 10YR6/6 to
10YR7/8, 10YR6/1.

@23.5 feet - laminated brownish yellow to
yellowish brown with gray mottles, trace
fine sands, 10YR6/8 to 10YR5/8, 10YR6/1.
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11

23

28.5

38.5

40.0

PIEDMONT RESIDUUM - very stiff, dry,
laminated light gray and brownish yellow
with gray mottles, SILT (ML), few fine to
medium sands, relict rock structure,
10YR7/1 to 10YR6/8, 10YR6/1.

@33.5 feet - laminated gray and dark
yellowish brown, trace fine to coarse sands,
few fine rock fragments, 10YR6/1, 10YR4/6
to 10YR3/6.

Very hard, dry, laminated dark yellowish
brown and gray, SILT with Sand (ML), little
fine to medium sands, relict rock structure,
10YR4/6, 10YR6/1.

Boring Terminated 40 feet.
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13.5

18.5

23.5

SURFACE MATERIAL - TOPSOIL - 1
inch.

COASTAL PLAIN - medium dense, dry,
very pale brown, Silty fine to medium SAND
(SM) (A-2-4), little low plasticity fines, few
roots, 10YR7/3. NMC=2%, %#200=23

Medium dense, dry, very pale brown and
strong brown, Clayey fine to coarse SAND
(SC), some medium plasticity fines,
10YR7/3, 7.5YR5/8.

Very dense, dry to moist, light gray with
yellow mottles, Silty fine to coarse SAND
(SM), some low plasticity fines, 10YR7/1,
10YR7/6.

Very stiff, dry to moist, light gray with yellow
mottles, Silty Lean CLAY with Sand
(CL-ML) (A-4(2)), little fine to medium
sands, 10YR7/1, 10YR7/6. LL=21, PL=15,
PI=6, NMC=12%, %#200=80

Very hard, dry, light gray with brownish
yellow and yellowish red mottles, SILT
(ML), few fine to medium sands, 10YR7/1,
10YR6/6, 7.5YR6/8.

Very dense, moist, yellowish brown to dark
yellowish brown, Silty fine to medium SAND
(SM), some low plasticity fines, 10YR5/8 to
10YR4/6.

PIEDMONT RESIDUUM - hard, dry,
laminated very pale brown with light gray
and yellow mottles, Sandy SILT (ML)
(A-4(2)), some fine to medium sands, relict
rock structure, 10YR8/2, 10YR7/1,
10YR7/6. LL=34, PL=29, PI=5, NMC=23%,
%#200=56

Hard, dry, laminated very pale brown and
white, SILT (ML), trace fine to medium
sands, relict rock structure, 10YR7/3,
10YR8/1.
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Continuous Tube

SAMPLER TYPE

-80.984234729

Driller:
Energy Ratio:
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Drill Method:

Proposed

N/A

Soil Depth: Core Depth:

LEGEND

Boring Location:
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Continuous Flight Augers
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Hammer Type:

Route:

Groundwater: 24HR
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Ramp Bridge
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20

24

38.5

40.0

@28.5 feet - laminated very pale brown and
yellow, 10YR7/3, 10YR7/6 to 10YR7/8.

@33.5 feet - laminated yellow and very pale
brown, 10YR7/6 to 10YR7/8, 10YR7/3.

Very hard, dry, laminated yellowish brown
and dark gray, SILT with Sand (ML), little
fine to coarse sands, trace fine rock
fragments, relict rock structure, 10YR5/8 to
10YR5/6, 10YR4/1.

Boring Terminated at 40 feet.
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Continuous Tube

SAMPLER TYPE
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Driller:
Energy Ratio:
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Drill Method:

Proposed

N/A

Soil Depth: Core Depth:
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Boring Location:
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Hollow Stem Auger
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Route:

Groundwater: 24HR
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50/4"

48

22
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50/2"

0.2

2.0

4.0

8.0

13.5

18.5

SURFACE MATERIAL - TOPSOIL - 2
inches.

COASTAL PLAIN - medium dense, dry,
pale brown to brownish yellow, Silty fine to
medium SAND (SM) (A-2-4), some low
plasticity fines, trace coarse sands, trace
roots, 10YR7/3 to 10YR6/6. NMC=5%,
%#200=34

Medium dense, dry, brownish yellow and
pale brown, Clayey fine to coarse SAND
(SC) (A-6(3)), some medium plasticity fines,
10YR6/6 to 10YR7/3. LL=34, PL=19, PI=15,
NMC=9%, %#200=44

Very hard, dry to moist, light gray with
brownish yellow and yellowish red mottles,
Sandy Lean CLAY (CL), some fine sands,
10YR7/1, 10YR6/6, 5YR5/8.

@6 feet - (A-4(2)). LL=22, PL=14, PI=8,
NMC=11%, %#200=67

Very dense, dry to moist, light gray and
yellowish red, Clayey fine to medium SAND
(SC), some medium plasticity fines,
10YR7/1, 5YR5/8.

PIEDMONT RESIDUUM - very hard, dry,
laminated light gray and yellow, SILT (ML),
few fine to medium sands, relict rock
structure, 10YR7/1, 10YR7/6.

PARTIALLY WEATHERED ROCK (PWR)
- very hard, dry, laminated light gray and
yellow, SILT (ML), few fine to medium
sands, relict rock structure, 10YR7/1,
10YR7/6.

@23.5 feet - laminated very pale brown and
light gray with yellow mottles, few fine to
coarse sands, trace fine rock fragments,
10YR8/3 to 10YR7/1, 10YR7/6.
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Driller:
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Drill Method:
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N/A

Soil Depth: Core Depth:
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Route:

Groundwater: 24HR
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50/5"

50/3"

28.5

33.5

38.5

39.3

Very hard, dry, laminated very pale brown
and light gray, SILT with Sand (ML), little
fine to coarse sands, relict rock structure,
10YR8/3, 10YR7/1.

Very hard, dry, pink with light gray mottles,
SILT (ML), few fine to medium sands, relict
rock structure, 7.5YR7/4, 10YR7/1.

Very hard, dry, laminated light gray, gray
and weak red, SILT with Sand (ML), little
fine to coarse sands, trace fine quartz rock
fragments, relict rock structure, 10YR7/1,
10YR6/1, 10R5/4.

Boring Terminated at 39.3 feet.
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Continuous Tube
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Driller:
Energy Ratio:
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Drill Method:
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Boring Location:
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36

50/3"

50/1"

0.1
1.0

2.0

13.5

18.5

23.5

SURFACE MATERIAL - TOPSOIL - 1
inch.

FILL - medium dense, dry, grayish brown
and light olive brown, Silty fine to coarse
SAND (SM), little low to medium plasticity
fines, few mica, few fine crushed stone,
trace roots, 2.5Y5/2, 2.5Y5/4.

PIEDMONT RESIDUUM - very stiff, dry,
yellow, white and light olive brown, Sandy
SILT (ML), some fine sands, 2.5Y7/8,
2.5Y8/1, 2.5Y5/4.

PARTIALLY WEATHERED ROCK (PWR)
- very hard, dry, olive yellow and pale
brown, Silty fine to medium SAND (SM)
(A-2-4), some low plasticity fines, 2.5Y6/6,
2.5Y8/4. LL=34, PL=28, PI=6, NMC=15%,
%#200=31

@6 feet - very dense, olive yellow, fine to
coarse, some low to medium plasticity
fines, 2.5Y6/6.

@8 feet - laminated olive yellow and pale
brown, 2.5Y6/8, 2.5Y7/3.

Very hard, dry, laminated pale brown and
yellowish brown, Sandy SILT (ML), some
medium to coarse sands, 2.5Y7/3,
10YR5/6.

Very hard, dry, pale brown, SILT (ML), few
fine sands, 2.5Y7/3.

Very hard, dry, mottled light gray and olive
yellow, Sandy SILT (ML), some fine to
medium sands, 2.5Y7/2, 2.5Y6/6.
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Appendix IV – Rock Core Photographs 



 Ramp BA Bridge over Interstate 77  

I-77 Exit 26 Scout Interchange 

Blythewood, Richland County, South Carolina 

 SCDOT Project ID P042443 (S&ME Project No. 23610178A) 

 

Rock Core Photo Log 

Page 1 of 1 

January 18, 2024 

Boring: EB-1RB1 Box: 1 of 2 Date: 11/13/2023 Driller: L. Shrader Geologist: Z. Zelaya 

Run: RC-1 Length: 4.5 Depth Int: 52.5-57.0 Recovery: 47% RQD: 0% 

Run: RC-2 Length: 5.0 Depth Int: 57.0-62.0 Recovery: 88% RQD: 65% 

Run: RC-3 Length: 5.0 Depth Int: 62.0-67.0 Recovery: 100% RQD: 25% 

 

 

 

 

 

 

 

 

 

Boring: EB-1RB1 Box: 2 of 2 Date: 11/13/2023 Driller: L. Shrader Geologist: Z. Zelaya 

Run: RC-3 (cont.) Length: 5.0 Depth Int: 62.0-67.0 Recovery: 100% RQD: 25% 

 

52.5’ 

 64.5 

64.5’ 

 67.0’ 

57.0’ 

62.0’ 

EB-1RB1/RS-1 

removed from 

box for testing 

after photo. 



Ramp BA Bridge over Interstate 77 

I-77 Exit 26 - Scout Interchange 

Blythewood, Richland County, South Carolina 

 SCDOT Project ID P042443 (S&ME Project No. 23610178A) 

Rock Core Photo Log 

Page 1 of 2 

January 18, 2024 

Boring: IB-1RB1 Box: 1 of 3 Date: 11/8/2023 Driller: F. Crane Geologist: Z. Zelaya 

Run: RC-1 Length: 4.3 Depth Int: 49.9-54.2 Recovery: 74% RQD: 30% 

Run: RC-2 Length: 5.0 Depth Int: 54.2-59.2 Recovery: 68% RQD: 8% 

Run: RC-3 Length: 5.0 Depth Int: 59.2-64.2 Recovery: 88% RQD: 26% 

 
 

Boring: IB-1RB1 Box: 2 of 3 Date: 11/8/2023 Driller: F. Crane Geologist: Z. Zelaya 

Run: RC-3 (cont.) Length: 5.0 Depth Int: 59.2-64.2 Recovery: 88% RQD: 26% 

Run: RC-4 Length: 5.0 Depth Int: 64.2-69.2 Recovery: 86% RQD: 52% 

 
 

 

49.9’ 

 59.4’ 

59.4’ 

 67.2’ 

61.2’ 

64.2’ 

54.2’ 

59.2’ 

IB-1RB1/RS-2 

removed from 

box for testing 

after photo. 



Ramp BA Bridge over Interstate 77 

I-77 Exit 26 - Scout Interchange 

Blythewood, Richland County, South Carolina 

 SCDOT Project ID P042443 (S&ME Project No. 23610178A) 

Rock Core Photo Log 

Page 2 of 2 

January 18, 2024 

Boring: IB-1RB1 Box: 3 of 3 Date: 11/8/2023 Driller: F. Crane Geologist: Z. Zelaya 

Run: RC-4 (cont.) Length: 5.0 Depth Int: 64.2-69.2 Recovery: 86% RQD: 52% 

Run: RC-5 Length: 5.0 Depth Int: 69.2-74.2 Recovery: 83% RQD: 8% 

  
 

67.2’ 

 74.2’ 

69.2’ 

IB-1RB1/RS-3 

removed 

from box for 

testing after 

photo. 



 

 

 

Appendix V – Downhole Shear Wave Velocity Test Results 



EB-3RB1 S&ME Project Number: 23610178A

Casing Stickup: 1.83 Feet Date: 24-Oct-23

8.00 Feet Rig: CME-550X

Test Geophone Waveform Incremental Characteristic Incremental Interval Interval d i /v si
Poissons

Depth Depth Ray Path Distance Arrival Time Time Interval Velocity Depth

(feet) (feet) (feet) (feet) (seconds) (seconds) (ft/s) (feet)

1.17 1.17 8.09 8.09 0.0060

4.17 4.17 9.02 0.94 0.0078 0.0018 516.5 2.67 0.00517 0.35

7.17 7.17 10.74 1.72 0.0088 0.0009 1817.2 5.67 0.00165 0.23

10.17 10.17 12.94 2.20 0.0097 0.0009 2319.0 8.67 0.00129 0.27

13.17 13.17 15.41 2.47 0.0106 0.0009 2793.3 11.67 0.00107 0.33

16.17 16.17 18.04 2.63 0.0118 0.0012 2263.4 14.67 0.00133 0.40

19.17 19.17 20.77 2.73 0.0132 0.0014 1949.4 17.67 0.00154 0.41

22.17 22.17 23.57 2.80 0.0148 0.0016 1746.8 20.67 0.00172 0.43

25.17 25.17 26.41 2.84 0.0163 0.0015 1885.1 23.67 0.00159 0.42

28.17 28.17 29.28 2.87 0.0174 0.0012 2492.1 26.67 0.00120 0.38

31.17 31.17 32.18 2.90 0.0184 0.0010 2917.1 29.67 0.00103 0.39

34.17 34.17 35.09 2.91 0.0193 0.0008 3498.4 32.67 0.00086 0.34

37.17 37.17 38.02 2.93 0.0202 0.0009 3206.5 35.67 0.00094 0.39

40.17 40.17 40.96 2.94 0.0210 0.0009 3365.5 38.67 0.00089 0.37

43.17 43.17 43.90 2.95 0.0219 0.0009 3375.2 41.67 0.00089 0.38

46.17 46.17 46.86 2.95 0.0228 0.0009 3383.0 44.67 0.00089 0.39

49.17 49.17 49.82 2.96 0.0237 0.0009 3389.4 47.67 0.00089 0.38

52.17 52.17 52.78 2.96 0.0245 0.0009 3394.8 50.67 0.00088 0.37

55.17 55.17 55.75 2.97 0.0255 0.0010 3045.8 53.67 0.00098 0.31

58.17 58.17 58.72 2.97 0.0270 0.0015 1983.9 56.67 0.00151 0.40

61.17 61.17 61.69 2.97 0.0286 0.0016 1838.4 59.67 0.00163 0.42

64.17 64.17 64.67 2.98 0.0302 0.0016 1910.8 62.67 0.00157 0.42

67.17 67.17 67.64 2.98 0.0315 0.0013 2290.7 65.67 0.00131 0.43

70.17 70.17 70.62 2.98 0.0330 0.0015 1996.3 68.67 0.00150 0.46

73.17 73.17 73.61 2.98 0.0347 0.0017 1761.0 71.67 0.00170 0.47

76.17 76.17 76.59 2.98 0.0365 0.0018 1637.4 74.67 0.00183 0.48

79.17 79.17 79.57 2.98 0.0380 0.0015 1998.7 77.67 0.00150 0.46

82.17 82.17 82.56 2.99 0.0396 0.0016 1890.5 80.67 0.00159 0.46

85.17 85.17 85.54 2.99 0.0412 0.0016 1812.4 83.67 0.00166 0.45

88.17 88.17 88.53 2.99 0.0426 0.0014 2105.7 86.67 0.00142 0.44

91.17 91.17 91.52 2.99 0.0438 0.0012 2596.0 89.67 0.00116 0.43

94.17 94.17 94.51 2.99 0.0450 0.0012 2510.7 92.67 0.00119 0.43

97.17 97.17 97.50 2.99 0.0463 0.0013 2274.3 95.67 0.00132 0.45

Sounding ID:

Source Offset:

I-77 Exit 26 Phase I

Blythwood, South Carolina

Shear Wave Velocity Calculations

S-WAVE
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Appendix VI – SPT Hammer Energy Measurements 



Report of SPT Energy Measurements 

S&ME CME-550X ATV 

(Serial No. 290593) 

 Blythewood, South Carolina 

PREPARED FOR: 

North Carolina Department of Transportation 

Geotechnical Engineering Unit 

1589 Mail Service Center 

Raleigh, North Carolina 27699 

PREPARED BY: 

S&ME, Inc. 

8848 Red Oak Boulevard, Suite A 

Charlotte, North Carolina 28217 

December 27, 2023 



S&ME, Inc. | 8848 Red Oak Boulevard, Suite A | Charlotte, NC 28217 | p 704.523.4726 | www.smeinc.com 

December 27, 2023 

North Carolina Department of Transportation  

Geotechnical Engineering Unit 

1589 Mail Service Center 

Raleigh, North Carolina 27699 

Attention: Mr. Greg Bodenheimer, P.E. 

Cc: Ms. Cheryl A. Youngblood, L.G.  

Ms. Christina M. Bruinsma, L.G. 

Reference: Report of SPT Energy Measurements

S&ME CME-550X ATV (Serial No. 290593)

Blythewood, South Carolina 

NC PE Firm License No. F-0176 

Dear Mr. Bodenheimer: 

We have completed the Standard Penetration Test (SPT) energy measurements on the automatic hammer used 

with our CME-550X ATV-mounted drill rig (Serial No. 290593).  This service was performed by Mr. Joseph 

Williamson, P.E. of our firm on November 17, 2023, in general accordance with ASTM D4633 and the most recent 

revision of the North Carolina Department of Transportation (NCDOT) Geotechnical Engineering Unit’s 

requirements. Review of the data quality and analyses was performed by Mr. Williamson.  A copy of the Certificate 

of Proficiency issued by Pile Dynamics based on the Dynamic Measurement and Analysis Proficiency Test for Mr. 

Williamson is included in Appendix I.  The testing procedures, equipment used during testing, and detailed results 

are presented in this report. 

1.0 Dynamic Testing Methodology 

Testing was performed using a model PAX (Serial No. 3726L) Pile Driving Analyzer TM (PDA) manufactured by Pile 

Dynamics, Inc.  The PDA was used to record and interpret data from two piezoresistive accelerometers (Serial Nos. 

K4664 and K4665) bolted to a 2.0-foot long AWJ drill rod (Serial No. 203) internally instrumented with two strain 

transducers.  Calibration sheets for the accelerometers and the instrumented rod are included in Appendix II.  The 

instrumented AWJ drill rod has a cross-sectional area of 1.22 square inches and an outside diameter of 

approximately 1¾ inches.  Therefore, we calculate the inside diameter to be approximately 1¼ inches at the 

gauge location.  The accelerometers and strain gauges, which are diametrically opposed near the middle of the 

instrumented rod, monitor acceleration and strain for each hammer blow.  The analyzer converts the data to 

velocities and forces and computes the maximum transferred hammer energies with the “EFV” method described 

in ASTM D4633.  Preliminary results are recorded and displayed in real time for each blow. 
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2.0 Testing and Observations 

S&ME personnel were on site November 17, 2023, to observe and perform high-strain dynamic testing during SPT 

sampling on the CME-550X ATV-mounted drill rig operated by Larry Shrader of S&ME.  The measurements were 

taken during drilling of a test hole adjacent to a previous soil test boring at an S&ME project site in Blythewood, 

South Carolina.  SPT energy measurements were recorded during four sampling intervals that generally met the 

NCDOT testing requirements.  Two of the samples do not specifically meet the required N-value or rod length 

interval.  However, analysis of the test data indicates the data from these samples generally agrees with the two 

samples that do meet the testing requirements.  Preliminary test results were shared with Mr. Bodenheimer on 

December 19, 2023 for review.  Mr. Bodenheimer agreed that, collectively the four samples provide an appropriate 

evaluation of the hammer energy transfer.  The information presented in the tables below summarizes the 

equipment and tooling used during the SPT energy measurements.  The SPT Energy Evaluation Form and the Soil 

Test Boring Log from the adjacent boring are included in Appendix III. 

Table 2-1:  Drill Rig Information 

Manufacturer CME 

Model 550X 

Serial Number 290593 

Operator L. Shrader 

Carrier ATV 

Table 2-2:  Hammer Information 

Model / Type CME / Auto 

Serial Number 290593 

Typical Drop Height (inches) 30 

Typical Ram Weight (pounds) 140 

Ram Serial Number N/A 
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Table 2-3:  Drilling and Instrumented Rod Information 

Instrumented Rod Type AWJ (Serial No. 203) 

        OD (inches)1 1¾ 

        ID (inches)2 1¼ 

        Cross-Sectional Area (in2)3 1.22 

    Total Instrumented Rod Length (feet)1 2.0 

        Length Below Gages (feet)1 0.7 

Typical Rod Lengths (feet) 5 

Split-Spoon Length (feet)1 2.85 

3.0 Dynamic Testing Results 

The total rod length from the instrumentation to the tip of the split-spoon sampler was determined by adding 

3.55 ft to the drill rod length at each sample depth.  The SPT Energy Measurement Data Summary tables in 

Appendix IV present the test data from every hammer blow at each sampling interval, along with representative 

force and velocity traces for each test interval.  Per ASTM D4633, only the blows from the final foot of each sample 

interval (i.e. the blows that determine the N-value) are considered when computing the average measurement 

values of each test interval.   

The reported blow counts obtained by the drill rig personnel, a summary of the test data, and average computed 

hammer energy and transfer ratio values are provided in Table 3-1.  Based on the test data, the automatic 

hammer on the CME-550X operated at an average rate of about 59 blows per minute (bpm) during dynamic 

testing.  The measured average transferred hammer energy (EFV) of the four sample intervals tested ranged from 

316 to 326 ft-lbs, which corresponds to Energy Transfer Ratio (ETR) values of 90.3 to 93.2%, respectively.  Plots and 

tables of the following are also included in the Appendix and present the test data with depth for each test 

interval:

 Penetration vs. BLC4

 Penetration vs. FMX5

 Penetration vs. EFV6

1 Measured with engineer’s tape measure. 
2 Calculated using measured OD and Area from instrument rod calibration record. 
3 From instrument rod calibration record.
4 BLC - Blow Count per 6-in. increment 
5 FMX - Maximum Compressive Force 
6 EFV – Maximum Transferred Energy 
7 CSX – Maximum Compressive Stress 
8 VMX – Maximum Velocity 
9 ETR – Energy Transfer Ratio – Ratio of Calculated Energy to Theoretical Energy of 140 lb hammer falling 30 inches

 Penetration vs. CSX7

 Penetration vs. VMX8

 Penetration vs. ETR9

 ETR vs. Rod Length 

 Average ETR vs. Rod Length 
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Table 3-1:  Summary of Dynamic Testing Results 

Data 

Set 

ID 

Sample 

Depth 

(ft) 

Drill Rod 

Length 

(ft) 

Instrumentation 

to Sampler Tip 

Length 

(ft) 

Blows per 6” 

Increment / 

N-value 

Soil Sample 

Description 

(Piedmont 

Residual) 

Avg. 

BPM 

Avg. 

EFV 

(ft-lbs) 

Avg. 

ETR (%) 

1 48.5 – 50.0   50.0 53.55 6-8-13 / 21 SANDY SILT 58.6 316 90.3 

2 53.5 – 55.0  55.0 58.55 6-11-17 / 28 SANDY SILT 58.7 326 93.2 

3 56.0 – 57.5  57.5 60.55 7-9-17 / 26 SANDY SILT 58.6 320 91.3 

4 58.5 – 60.0  60.0 63.55 15-27-44 / 71 SANDY SILT 58.8 320 91.4 

Overall Average 58.7 321 91.6 

The overall average transferred hammer energy for the automatic hammer on the CME-550X ATV-mounted drill 

rig (SN 290593) was 321 foot-pounds, with an average ETR of 91.6%. 

4.0 Limitations of Report 

This report has been prepared in accordance with generally accepted geotechnical engineering practice for 

specific application to this project.  The conclusions contained in this report were based on the applicable 

standards of our profession in this geographic area at the time this report was prepared.  No other warranty, 

express or implied, is made. 
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5.0 Closing 

S&ME appreciates the opportunity to provide this report to the North Carolina Department of Transportation, 

Geotechnical Engineering Unit.  Please let us know if you have any questions concerning this report. 

Sincerely, 

S&ME, Inc.

Joseph R. Williamson, P.E. Gregory J. Canivan, P.E. 

Project Manager Technical Principal 

N.C. Registration No. 42168

Appendices: 

 Appendix I - Certificates of Proficiency  

 Appendix II - Instrumented Rod and Accelerometer Calibration Sheets  

 Appendix III - SPT Energy Evaluation Form (Field Log) 

 Appendix IV - CME-550X ATV (SN 290593) SPT Energy Measurements Summary Plots and Tables 
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Appendix IV – SPT Energy Measurement Plots and Tables 



Pile Dynamics, Inc. - PDIPLOT2 Ver 2022.1.62.0 - Case Method & iCAP® Results
Printed: 20-December-2023 Test started: 17-November-2023

CME-550X SN 290593 - 48.5-50.0 FEET
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S&ME, Inc. Page 1 of 10
SPT Analyzer Results PDA-S Ver. 2022.35.2 - Printed: 12/19/2023

CME-550X SN 290593 48.5-50.0 FEET
JRW Interval start: 11/17/2023
TEST HOLE A
AR: 1.22 in^2 SP: 0.492 k/ft3
LE: 53.55 ft EM: 30000 ksi
WS: 16807.9 ft/s

Depth: (48.50 - 50.00 ft], displaying BN: 23
F@53.55 ft (50 kips)
V@53.55 ft (23.0 ft/s)

TS: 25
TB: 0

A1,2
F1,2

F1 : [203 AWJ-1] 208.46 PDICAL (1) FF1 A1 (PR): [K4664] 376.6 mv/6.4v/5000g (1) VF1
F2 : [203 AWJ-2] 208.57 PDICAL (1) FF1 A2 (PR): [K4665] 375.3 mv/6.4v/5000g (1) VF1

BPM: Blows/Minute CSX: Compression Stress Maximum
FMX: Maximum Force DFN: Final Displacement
VMX: Maximum Velocity EFV: Maximum Energy
DMX: Maximum Displacement ETR: Energy Transfer Ratio - Rated

BL# LP BC BPM FMX VMX DMX CSX DFN EFV ETR
ft /6" bpm kips ft/s in ksi in ft-lb %

1 48.58 6 1.9 32 16.7 1.00 26.4 1.00 317 90.6
2 48.67 6 58.6 31 17.2 1.03 25.7 1.01 321 91.7
3 48.75 6 58.1 32 17.6 1.00 26.3 1.00 324 92.6
4 48.83 6 58.6 32 17.6 1.00 26.2 1.00 326 93.1
5 48.92 6 57.9 32 17.2 1.00 26.0 1.00 325 92.8
6 49.00 6 58.8 33 18.1 1.00 26.9 1.00 337 96.2
7 49.06 8 58.1 32 16.8 0.76 26.1 0.75 324 92.5
8 49.13 8 59.0 33 18.2 0.75 26.7 0.75 332 94.8
9 49.19 8 58.1 31 17.2 0.78 25.7 0.75 330 94.3

10 49.25 8 58.7 32 18.1 0.78 26.3 0.75 334 95.4
11 49.31 8 58.5 30 16.4 0.81 24.4 0.75 321 91.8
12 49.38 8 58.9 31 17.3 0.75 25.5 0.75 335 95.7
13 49.44 8 58.5 33 18.1 0.77 27.4 0.75 335 95.8
14 49.50 8 58.7 33 18.3 0.77 27.2 0.75 338 96.6
15 49.54 13 58.6 28 14.3 0.55 23.3 0.47 302 86.3
16 49.58 13 58.5 26 12.8 0.57 21.6 0.46 296 84.7
17 49.62 13 59.0 32 16.7 0.52 25.9 0.46 311 88.8
18 49.65 13 58.4 26 13.3 0.55 21.5 0.46 299 85.4
19 49.69 13 58.8 30 15.4 0.51 24.6 0.46 303 86.5
20 49.73 13 58.8 31 16.7 0.54 25.7 0.46 313 89.3
21 49.77 13 58.3 30 15.3 0.55 24.2 0.46 311 88.9
22 49.81 13 59.0 27 13.9 0.52 21.8 0.46 297 84.8
23 49.85 13 58.3 31 15.9 0.55 25.1 0.46 318 90.9
24 49.88 13 59.1 27 13.8 0.52 21.8 0.46 300 85.7
25 49.92 13 58.3 32 17.1 0.55 26.2 0.46 323 92.3
26 49.96 13 58.8 30 16.2 0.52 24.6 0.46 310 88.6
27 50.00 13 58.3 30 16.9 0.51 24.8 0.46 309 88.1



S&ME, Inc. Page 2 of 10
SPT Analyzer Results PDA-S Ver. 2022.35.2 - Printed: 12/19/2023

Average 58.6 30 16.1 0.63 24.8 0.57 316 90.3
Std Dev 0.3 2 1.6 0.12 1.8 0.14 14 3.9

Maximum 59.1 33 18.3 0.81 27.4 0.75 338 96.6
Minimum 58.1 26 12.8 0.51 21.5 0.46 296 84.7

N-value: 21

Sample Interval Time: 26.58 seconds.



Pile Dynamics, Inc. - PDIPLOT2 Ver 2022.1.62.0 - Case Method & iCAP® Results
Printed: 20-December-2023 Test started: 17-November-2023
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S&ME, Inc. Page 3 of 10
SPT Analyzer Results PDA-S Ver. 2022.35.2 - Printed: 12/19/2023

CME-550X SN 290593 48.5-50.0 FEET
JRW Interval start: 11/17/2023
TEST HOLE A
AR: 1.22 in^2 SP: 0.492 k/ft3
LE: 58.55 ft EM: 30000 ksi
WS: 16807.9 ft/s

Depth: (53.50 - 55.00 ft], displaying BN: 21
F@58.55 ft (50 kips)
V@58.55 ft (23.0 ft/s)

TS: 25
TB: 0

A1,2
F1,2

F1 : [203 AWJ-1] 208.46 PDICAL (1) FF1 A1 (PR): [K4664] 376.6 mv/6.4v/5000g (1) VF1
F2 : [203 AWJ-2] 208.57 PDICAL (1) FF1 A2 (PR): [K4665] 375.3 mv/6.4v/5000g (1) VF1

BL# LP BC BPM FMX VMX DMX CSX DFN EFV ETR
ft /6" bpm kips ft/s in ksi in ft-lb %

1 53.58 6 1.9 29 17.9 1.15 23.8 1.01 320 91.4
2 53.67 6 58.7 28 17.2 1.01 23.3 1.00 329 94.0
3 53.75 6 58.6 28 15.1 1.01 23.1 1.00 329 94.1
4 53.83 6 58.5 28 17.4 1.00 23.2 1.00 339 96.9
5 53.92 6 58.4 27 15.7 1.01 21.9 1.00 333 95.2
6 54.00 6 58.9 30 18.1 1.00 24.6 1.00 344 98.3
7 54.05 11 58.2 28 17.4 0.78 23.2 0.55 337 96.3
8 54.09 11 59.3 30 18.5 0.68 24.6 0.55 337 96.2
9 54.14 11 58.4 28 17.0 0.67 22.9 0.54 335 95.7

10 54.18 11 58.9 29 18.4 0.65 23.6 0.55 338 96.7
11 54.23 11 58.6 26 16.0 0.62 21.5 0.55 327 93.4
12 54.27 11 58.9 27 16.8 0.61 21.9 0.54 329 93.9
13 54.32 11 58.9 26 14.2 0.60 21.1 0.55 316 90.3
14 54.36 11 58.7 26 15.5 0.63 21.6 0.54 326 93.1
15 54.41 11 58.9 29 19.2 0.61 23.4 0.54 331 94.6
16 54.45 11 58.5 29 19.6 0.60 23.7 0.55 337 96.3
17 54.50 11 59.1 29 19.3 0.60 23.4 0.54 329 94.0
18 54.53 17 58.6 29 20.0 0.53 23.5 0.35 332 94.9
19 54.56 17 59.0 28 19.6 0.53 23.1 0.35 323 92.2
20 54.59 17 58.6 27 18.2 0.53 22.4 0.35 322 91.9
21 54.62 17 58.6 29 19.7 0.51 23.7 0.35 327 93.3
22 54.65 17 58.9 29 19.6 0.52 23.7 0.35 328 93.7
23 54.68 17 58.6 28 19.0 0.51 23.1 0.35 327 93.5
24 54.71 17 59.2 28 19.4 0.50 23.3 0.35 320 91.5
25 54.74 17 58.4 29 19.5 0.51 23.5 0.35 331 94.6
26 54.76 17 59.1 29 19.5 0.50 23.7 0.35 321 91.8
27 54.79 17 58.4 29 18.8 0.49 23.4 0.35 319 91.0
28 54.82 17 58.9 29 19.4 0.48 23.9 0.35 322 91.9
29 54.85 17 58.7 29 19.3 0.49 23.8 0.35 324 92.6
30 54.88 17 58.5 30 19.4 0.48 24.2 0.35 322 92.1
31 54.91 17 58.9 29 19.0 0.48 23.6 0.35 317 90.6
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32 54.94 17 58.5 29 19.3 0.48 23.4 0.35 320 91.4
33 54.97 17 59.1 30 19.2 0.47 24.2 0.35 317 90.6
34 55.00 17 58.4 28 16.6 0.48 22.6 0.35 316 90.2

Average 58.7 28 18.5 0.55 23.2 0.43 326 93.2
Std Dev 0.3 1 1.5 0.08 0.8 0.09 7 1.9

Maximum 59.3 30 20.0 0.78 24.6 0.55 338 96.7
Minimum 58.2 26 14.2 0.47 21.1 0.35 316 90.2

N-value: 28

Sample Interval Time: 33.66 seconds.



Pile Dynamics, Inc. - PDIPLOT2 Ver 2022.1.62.0 - Case Method & iCAP® Results
Printed: 20-December-2023 Test started: 17-November-2023
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CME-550X SN 290593 48.5-50.0 FEET
JRW Interval start: 11/17/2023
TEST HOLE A
AR: 1.22 in^2 SP: 0.492 k/ft3
LE: 60.55 ft EM: 30000 ksi
WS: 16807.9 ft/s

Depth: (56.00 - 57.50 ft], displaying BN: 17
F@60.55 ft (50 kips)
V@60.55 ft (23.0 ft/s)

TS: 25
TB: 0

A1,2
F1,2

F1 : [203 AWJ-1] 208.46 PDICAL (1) FF1 A1 (PR): [K4664] 376.6 mv/6.4v/5000g (1) VF1
F2 : [203 AWJ-2] 208.57 PDICAL (1) FF1 A2 (PR): [K4665] 375.3 mv/6.4v/5000g (1) VF1

BL# LP BC BPM FMX VMX DMX CSX DFN EFV ETR
ft /6" bpm kips ft/s in ksi in ft-lb %

1 56.07 7 1.9 29 17.1 1.01 24.1 0.86 319 91.1
2 56.14 7 58.0 29 15.9 0.87 23.6 0.86 335 95.6
3 56.21 7 58.3 29 16.3 0.87 23.8 0.86 337 96.3
4 56.29 7 58.3 27 14.7 0.89 21.8 0.86 331 94.5
5 56.36 7 58.8 28 15.5 0.88 22.6 0.86 327 93.4
6 56.43 7 58.3 28 15.6 0.88 22.8 0.86 335 95.8
7 56.50 7 58.6 28 14.6 0.87 23.0 0.86 333 95.2
8 56.56 9 58.4 31 17.2 0.75 25.3 0.66 335 95.7
9 56.61 9 58.9 28 15.8 0.73 23.1 0.67 325 93.0

10 56.67 9 58.3 30 17.3 0.75 24.7 0.66 331 94.6
11 56.72 9 58.8 28 15.7 0.74 23.1 0.67 322 92.0
12 56.78 9 58.3 30 16.7 0.76 24.5 0.67 331 94.6
13 56.83 9 58.6 30 17.2 0.75 24.8 0.67 331 94.5
14 56.89 9 58.7 29 16.0 0.74 23.5 0.67 320 91.4
15 56.94 9 58.4 28 16.0 0.73 23.1 0.67 316 90.4
16 57.00 9 58.8 30 16.9 0.67 24.4 0.67 320 91.4
17 57.03 17 58.5 29 16.3 0.63 23.5 0.36 319 91.1
18 57.06 17 58.8 29 16.8 0.61 23.9 0.35 322 92.0
19 57.09 17 58.4 30 18.1 0.60 24.9 0.35 325 92.9
20 57.12 17 58.9 30 17.0 0.57 24.2 0.35 321 91.6
21 57.15 17 58.5 29 17.1 0.56 24.1 0.36 320 91.4
22 57.18 17 58.8 30 17.0 0.55 24.4 0.35 321 91.7
23 57.21 17 58.7 28 16.1 0.50 23.3 0.35 314 89.8
24 57.24 17 58.7 30 16.9 0.49 24.7 0.35 318 90.8
25 57.26 17 58.9 30 17.3 0.48 24.8 0.35 317 90.5
26 57.29 17 58.5 27 13.5 0.48 21.9 0.35 306 87.3
27 57.32 17 59.1 31 17.5 0.47 25.7 0.35 316 90.4
28 57.35 17 58.3 30 17.7 0.46 24.9 0.35 321 91.7
29 57.38 17 58.9 31 17.3 0.46 25.2 0.35 315 90.1
30 57.41 17 58.6 31 17.6 0.46 25.6 0.35 318 91.0
31 57.44 17 58.5 28 14.6 0.45 22.8 0.36 309 88.3
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32 57.47 17 58.7 26 14.3 0.45 21.5 0.35 303 86.5
33 57.50 17 58.7 29 16.6 0.45 23.8 0.35 317 90.5

Average 58.6 29 16.6 0.59 24.1 0.46 320 91.3
Std Dev 0.2 1 1.1 0.12 1.1 0.15 7 2.1

Maximum 59.1 31 18.1 0.76 25.7 0.67 335 95.7
Minimum 58.3 26 13.5 0.45 21.5 0.35 303 86.5

N-value: 26

Sample Interval Time: 32.73 seconds.



Pile Dynamics, Inc. - PDIPLOT2 Ver 2022.1.62.0 - Case Method & iCAP® Results
Printed: 20-December-2023 Test started: 17-November-2023
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CME-550X SN 290593 48.5-50.0 FEET
JRW Interval start: 11/17/2023
TEST HOLE A
AR: 1.22 in^2 SP: 0.492 k/ft3
LE: 63.55 ft EM: 30000 ksi
WS: 16807.9 ft/s

Depth: (58.50 - 60.00 ft], displaying BN: 33
F@63.55 ft (50 kips)
V@63.55 ft (23.0 ft/s)

TS: 25
TB: 0

A1,2
F1

F1 : [203 AWJ-1] 208.46 PDICAL (1) FF1 A1 (PR): [K4664] 376.6 mv/6.4v/5000g (1) VF1
F2 : [203 AWJ-2] 208.57 PDICAL (1) FF1 A2 (PR): [K4665] 375.3 mv/6.4v/5000g (1) VF1

BL# LP BC BPM FMX VMX DMX CSX DFN EFV ETR
ft /6" bpm kips ft/s in ksi in ft-lb %

1 58.53 15 1.9 29 19.5 0.82 23.9 0.40 348 99.4
2 58.57 15 58.1 29 18.4 0.63 24.2 0.40 341 97.5
3 58.60 15 58.8 32 19.6 0.57 26.0 0.40 334 95.4
4 58.63 15 58.4 32 17.9 0.58 26.0 0.40 338 96.6
5 58.67 15 59.0 29 17.4 0.56 24.0 0.40 329 94.1
6 58.70 15 59.1 28 19.3 0.54 23.3 0.40 327 93.5
7 58.73 15 58.3 26 15.0 0.53 21.1 0.40 312 89.2
8 58.77 15 59.2 30 16.8 0.52 24.4 0.40 324 92.5
9 58.80 15 58.4 28 16.6 0.52 23.0 0.40 316 90.2

10 58.83 15 59.4 29 15.2 0.51 23.7 0.40 314 89.7
11 58.87 15 58.4 28 18.8 0.49 23.0 0.40 321 91.7
12 58.90 15 58.9 32 19.2 0.50 26.5 0.40 337 96.3
13 58.93 15 59.1 28 19.4 0.48 23.2 0.40 318 90.9
14 58.97 15 58.7 33 19.5 0.48 27.4 0.40 333 95.2
15 59.00 15 59.2 28 19.4 0.49 22.7 0.40 322 92.1
16 59.02 27 58.3 28 18.4 0.48 22.7 0.22 314 89.8
17 59.04 27 59.4 30 19.4 0.48 24.3 0.22 328 93.6
18 59.06 27 58.2 29 17.5 0.47 23.4 0.22 313 89.5
19 59.07 27 59.1 31 18.2 0.48 25.5 0.22 327 93.3
20 59.09 27 58.7 30 20.1 0.46 24.3 0.22 323 92.3
21 59.11 27 59.0 32 18.2 0.46 26.3 0.22 319 91.1
22 59.13 27 58.7 26 20.5 0.44 21.0 0.22 314 89.7
23 59.15 27 58.7 31 17.9 0.45 25.5 0.22 321 91.7
24 59.17 27 59.1 30 20.3 0.44 24.9 0.22 316 90.3
25 59.19 27 58.4 30 19.1 0.46 24.7 0.22 326 93.0
26 59.20 27 58.9 28 17.7 0.43 22.8 0.22 305 87.2
27 59.22 27 58.7 30 18.0 0.44 24.8 0.22 317 90.7
28 59.24 27 58.9 29 19.3 0.43 23.8 0.22 319 91.2
29 59.26 27 58.6 27 21.2 0.44 22.1 0.22 322 92.1
30 59.28 27 59.0 32 17.8 0.41 26.1 0.22 316 90.4
31 59.30 27 58.5 28 21.8 0.42 22.8 0.22 324 92.7
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32 59.31 27 58.7 31 19.1 0.40 25.4 0.23 328 93.6
33 59.33 27 59.0 30 18.4 0.40 24.6 0.23 320 91.3
34 59.35 27 58.5 27 21.0 0.39 22.1 0.22 320 91.5
35 59.37 27 58.9 30 18.5 0.39 24.2 0.22 324 92.6
36 59.39 27 58.6 26 19.9 0.39 21.3 0.22 318 91.0
37 59.41 27 59.2 30 18.4 0.38 25.0 0.22 320 91.5
38 59.43 27 58.3 28 20.4 0.38 22.6 0.22 327 93.4
39 59.44 27 59.1 28 16.6 0.38 22.7 0.22 308 88.1
40 59.46 27 58.7 30 20.3 0.39 24.4 0.22 333 95.0
41 59.48 27 58.8 29 17.8 0.38 23.8 0.22 315 90.1
42 59.50 27 59.2 27 18.5 0.39 22.4 0.23 315 89.9
43 59.51 44 58.6 30 19.5 0.40 24.7 0.13 333 95.2
44 59.52 44 59.2 29 19.3 0.38 23.9 0.14 317 90.5
45 59.53 44 58.2 29 19.2 0.38 24.1 0.14 324 92.6
46 59.55 44 59.2 28 19.3 0.38 23.2 0.13 324 92.5
47 59.56 44 58.5 28 18.6 0.38 23.2 0.14 317 90.6
48 59.57 44 58.9 27 19.6 0.38 22.5 0.13 315 90.1
49 59.58 44 58.9 29 18.6 0.39 23.8 0.14 324 92.7
50 59.59 44 58.6 30 19.4 0.38 24.8 0.14 317 90.5
51 59.60 44 59.0 28 18.1 0.38 23.0 0.14 308 88.1
52 59.61 44 58.6 29 18.3 0.39 23.7 0.14 324 92.7
53 59.63 44 58.9 28 18.9 0.39 23.2 0.14 322 92.1
54 59.64 44 58.3 30 19.4 0.37 24.2 0.14 314 89.7
55 59.65 44 59.0 28 20.2 0.37 22.8 0.14 315 90.0
56 59.66 44 58.2 28 19.6 0.38 22.7 0.14 321 91.7
57 59.67 44 59.0 30 19.7 0.38 24.2 0.14 320 91.5
58 59.68 44 58.7 27 15.9 0.37 22.5 0.14 306 87.4
59 59.69 44 58.7 30 19.2 0.38 24.5 0.14 325 92.7
60 59.70 44 59.1 29 19.7 0.38 23.4 0.14 323 92.4
61 59.72 44 58.4 30 16.8 0.37 24.2 0.14 311 89.0
62 59.73 44 59.1 31 18.3 0.38 25.6 0.14 319 91.3
63 59.74 44 58.4 30 18.4 0.37 24.6 0.13 322 92.1
64 59.75 44 58.9 29 17.4 0.38 23.5 0.14 313 89.3
65 59.76 44 58.6 28 15.2 0.37 22.8 0.14 304 87.0
66 59.77 44 58.9 28 19.4 0.37 23.0 0.14 317 90.5
67 59.78 44 58.6 28 16.9 0.38 23.0 0.14 309 88.2
68 59.80 44 58.6 29 19.2 0.38 24.1 0.13 332 94.9
69 59.81 44 58.9 29 19.8 0.37 23.7 0.14 322 92.0
70 59.82 44 58.6 27 21.2 0.38 21.9 0.14 321 91.6
71 59.83 44 59.0 31 19.9 0.38 25.0 0.14 326 93.1
72 59.84 44 58.4 29 18.0 0.38 24.1 0.14 317 90.6
73 59.85 44 59.3 32 17.4 0.38 26.5 0.14 319 91.1
74 59.86 44 58.4 26 20.3 0.37 21.6 0.14 318 90.9
75 59.88 44 59.1 31 20.2 0.38 25.7 0.14 326 93.1
76 59.89 44 58.6 27 17.6 0.38 22.2 0.14 312 89.1
77 59.90 44 58.6 32 18.2 0.38 26.6 0.14 323 92.3
78 59.91 44 58.8 28 20.6 0.37 23.1 0.13 320 91.4
79 59.92 44 58.5 28 20.3 0.38 23.0 0.14 327 93.6
80 59.93 44 59.1 29 19.4 0.38 23.5 0.14 323 92.3
81 59.94 44 58.4 26 18.7 0.37 21.3 0.13 312 89.2
82 59.95 44 59.1 28 19.9 0.38 23.2 0.14 326 93.2
83 59.97 44 58.5 28 20.8 0.37 23.4 0.14 324 92.5
84 59.98 44 58.7 31 19.8 0.37 25.4 0.14 330 94.1
85 59.99 44 58.8 28 21.1 0.39 22.9 0.13 330 94.3
86 60.00 44 58.7 31 20.2 0.39 25.1 0.14 337 96.1

Average 58.8 29 19.0 0.40 23.8 0.17 320 91.4
Std Dev 0.3 2 1.3 0.03 1.3 0.04 7 1.9

Maximum 59.4 32 21.8 0.48 26.6 0.23 337 96.1
Minimum 58.2 26 15.2 0.37 21.0 0.13 304 87.0

N-value: 71
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Sample Interval Time: 86.68 seconds.
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Summary of SPT Test Results

Project: CME-550X SN 290593, Test Date: 11/17/2023
BPM: Blows/Minute CSX: Compression Stress Maximum
FMX: Maximum Force DFN: Final Displacement
VMX: Maximum Velocity EFV: Maximum Energy
DMX: Maximum Displacement ETR: Energy Transfer Ratio - Rated

Instr. Start Final Blows N N60 Average Average Average Average Average Average Average Average
Length Depth Depth Applied Value Value BPM FMX VMX DMX CSX DFN EFV ETR

ft ft ft /6" bpm kips ft/s in ksi in ft-lb %

53.55 48.50 50.00 6-8-13 21 32 58.6 30 16.1 0.63 24.8 0.57 316 90.3
58.55 53.50 55.00 6-11-17 28 42 58.7 28 18.5 0.55 23.2 0.43 326 93.2
60.55 56.00 57.50 7-9-17 26 39 58.6 29 16.6 0.59 24.1 0.46 320 91.3
63.55 58.50 60.00 15-27-44 71 108 58.8 29 19.0 0.40 23.8 0.17 320 91.4

Overall Average Values: 58.7 29 18.1 0.49 23.9 0.33 321 91.6

Standard Deviation: 0.3 2 1.8 0.12 1.3 0.19 9 2.5

Overall Maximum Value: 59.4 33 21.8 0.81 27.4 0.75 338 96.7

Overall Minimum Value: 58.1 26 12.8 0.37 21.0 0.13 296 84.7
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December 27, 2023 

North Carolina Department of Transportation  

Geotechnical Engineering Unit 

1589 Mail Service Center 

Raleigh, North Carolina 27699 

Attention: Mr. Greg Bodenheimer, P.E. 

Cc: Ms. Cheryl A. Youngblood, L.G. 

Ms. Christina M. Bruinsma, L.G. 

Reference: Report of SPT Energy Measurements

S&ME CME-550X ATV Rig (Serial No. 293193)

Blythewood, South Carolina  

NC PE Firm License No. F-0176 

Dear Mr. Bodenheimer: 

We have completed the Standard Penetration Test (SPT) energy measurements on the automatic hammer used 

with our CME-550X ATV-mounted drill rig (Serial No. 293193).  This service was performed by Mr. Joseph 

Williamson, P.E. of our firm on November 17, 2023, in general accordance with ASTM D4633 and the most recent 

revision of the North Carolina Department of Transportation (NCDOT) Geotechnical Engineering Unit’s 

requirements. Review of the data quality and analyses was performed by Mr. Williamson.  A copy of the Certificate 

of Proficiency issued by Pile Dynamics based on the Dynamic Measurement and Analysis Proficiency Test for Mr. 

Williamson is included in Appendix I.  The testing procedures, equipment used during testing, and detailed results 

are presented in this report. 

1.0 Dynamic Testing Methodology 

Testing was performed using a model PAX (Serial No. 3726L) Pile Driving Analyzer TM (PDA) manufactured by Pile 

Dynamics, Inc.  The PDA was used to record and interpret data from two piezoresistive accelerometers (Serial Nos. 

K4664 and K4665) bolted to a 2.0-foot long AWJ drill rod (Serial No. 203) internally instrumented with two strain 

transducers.  Calibration sheets for the accelerometers and the instrumented rod are included in Appendix II.  The 

instrumented AWJ drill rod has a cross-sectional area of 1.22 square inches and an outside diameter of 

approximately 1¾ inches.  Therefore, we calculate the inside diameter to be approximately 1¼ inches at the 

gauge location.  The accelerometers and strain gauges, which are diametrically opposed near the middle of the 

instrumented rod, monitor acceleration and strain for each hammer blow.  The analyzer converts the data to 

velocities and forces and computes the maximum transferred hammer energies with the “EFV” method described 

in ASTM D4633.  Preliminary results are recorded and displayed in real time for each blow. 
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2.0 Testing and Observations 

S&ME personnel were on site November 17, 2023, to observe and perform high-strain dynamic testing during SPT 

sampling on the CME-550X ATV-mounted drill rig operated by Sam Eubanks of S&ME.  The measurements were 

taken during drilling of a test hole adjacent to a previous soil test boring at an S&ME project site in Blythewood, 

South Carolina.  SPT energy measurements were recorded during three sampling intervals that met the NCDOT 

required blow count criteria.  The information presented in the tables below summarizes the equipment and 

tooling used during the SPT energy measurements.  The SPT Energy Evaluation Form and the Soil Test Boring Log 

from the adjacent boring are included in Appendix III. 

Table 2-1:  Drill Rig Information 

Manufacturer CME

Model 550X

Serial Number 293193

Operator S. Eubanks

Carrier ATV

Table 2-2:  Hammer Information 

Model / Type CME / Auto

Serial Number 293193

Typical Drop Height (inches) 30

Typical Ram Weight (pounds) 140

Ram Serial Number N/A

Table 2-3:  Drilling and Instrumented Rod Information 

Instrumented Rod Type AWJ (Serial No. 203) 

        OD (inches)1 1¾ 

        ID (inches)2 1¼ 

        Cross-Sectional Area (in2)3 1.22 

    Total Instrumented Rod Length (feet)1 2.0 

        Length Below Gages (feet)1 0.7 

Typical Rod Lengths (feet) 5 

Split-Spoon Length (feet)1 2.85 

1 Measured with engineer’s tape measure. 
2 Calculated using measured OD and Area from instrument rod calibration record. 
3 From instrument rod calibration record.
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3.0 Dynamic Testing Results 

The total rod length from the instrumentation to the tip of the split-spoon sampler was determined by adding 

3.55 ft to the drill rod length at each sample depth.  The SPT Energy Measurement Data Summary tables in 

Appendix IV present the test data from every hammer blow at each sampling interval, along with representative 

force and velocity traces for each test interval.  Per ASTM D4633, only the blows from the final foot of each sample 

interval (i.e. the blows that determine the N-value) are considered when computing the average measurement 

values of each test interval. 

The reported blow counts obtained by the drill rig personnel, a summary of the test data, and average computed 

hammer energy and transfer ratio values are provided in Table 3-1.  Based on the test data, the automatic 

hammer on the CME-550X operated at an average rate of about 55 blows per minute (bpm) during dynamic 

testing.  The measured average transferred hammer energy (EFV) of the three sample intervals ranged from 301 to 

312 ft-lbs, which corresponds to Energy Transfer Ratio (ETR) values of 86.1 to 89.3%, respectively.  Plots and tables 

of the following are also included in Appendix III and present the test data with depth for each test interval:

 Penetration vs. BLC4

 Penetration vs. FMX5

 Penetration vs. EFV6

 Penetration vs. CSX7

 Penetration vs. VMX8

 Penetration vs. ETR9

 ETR vs. Rod Length 

 Average ETR vs. Rod Length 

Table 3-1:  Summary of Dynamic Testing Results 

Data 

Set 

ID 

Sample 

Depth 

(ft) 

Drill 

Rod 

Length 

(ft) 

Instrumentation 

to Sampler Tip 

Length 

(ft) 

Blows per 6” 

Increment / 

N-value 

Soil Sample 

Description 

Avg. 

BPM 

Avg. 

EFV 

(ft-lbs) 

Avg. 

ETR 

(%) 

1 43.5 – 45.0 45 48.55 8-15-20 / 35 Elastic SILT 55.2 304 86.9 

2 48.5 – 50.0 50 53.55 5-7-11 / 18 Elastic SILT 55.2 301 86.1 

3 53.5 – 55.0 55 58.55 8-14-18 / 32 Elastic SILT 55.0 312 89.3 

Overall Average 55.1 307 87.6 

The overall average transferred hammer energy for the automatic hammer on the CME-550X ATV-mounted drill 

rig (SN 293193) was 307 foot-pounds, with an average ETR of 87.6%. 

4 BLC - Blow Count per 6-in. increment 
5 FMX - Maximum Compressive Force 
6 EFV – Maximum Transferred Energy 
7 CSX – Maximum Compressive Stress 
8 VMX – Maximum Velocity 
9 ETR – Energy Transfer Ratio – Ratio of Calculated Energy to Theoretical Energy of 140 lb hammer falling 30 inches
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4.0 Limitations of Report 

This report has been prepared in accordance with generally accepted geotechnical engineering practice for 

specific application to this project.  The conclusions contained in this report were based on the applicable 

standards of our profession in this geographic area at the time this report was prepared.  No other warranty, 

express or implied, is made. 

5.0 Closing 

S&ME appreciates the opportunity to provide this report to the North Carolina Department of Transportation, 

Geotechnical Engineering Unit.  Please let us know if you have any questions concerning this report. 

Sincerely, 

S&ME, Inc.

Joseph R. Williamson, P.E. Gregory J. Canivan, P.E. 

Project Manager Technical Principal 

N.C. Registration No. 42168  

Appendices: 

 Appendix I - Certificate of Proficiency  

 Appendix II - Accelerometer and Instrumented Rod Calibration Sheets  

 Appendix III - SPT Energy Evaluation Form (Field Log) 

 Appendix IV - CME-550X ATV (SN 293193) SPT Energy Measurement Summary Plots and Tables 
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Appendix IV – SPT Energy Measurement Plots and Tables 



Pile Dynamics, Inc. - PDIPLOT2 Ver 2022.1.62.0 - Case Method & iCAP® Results
Printed: 14-December-2023 Test started: 17-November-2023

CME-550X SN 293193 - 43.5-45.0 FEET
TEST HOLE B
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S&ME, Inc. Page 1 of 7
SPT Analyzer Results PDA-S Ver. 2022.35.2 - Printed: 12/21/2023

CME-550X SN 293193 43.5-45.0 FEET
JRW Interval start: 11/17/2023
TEST HOLE B
AR: 1.22 in^2 SP: 0.492 k/ft3
LE: 48.55 ft EM: 30000 ksi
WS: 16807.9 ft/s

Depth: (43.50 - 45.00 ft], displaying BN: 12
F@48.55 ft (50 kips)
V@48.55 ft (23.0 ft/s)

TS: 25
TB: 0

A1,2
F1,2

F1 : [203 AWJ-1] 208.46 PDICAL (1) FF1 A1 (PR): [K4664] 376.6 mv/6.4v/5000g (1) VF1
F2 : [203 AWJ-2] 208.57 PDICAL (1) FF1 A2 (PR): [K4665] 375.3 mv/6.4v/5000g (1) VF1

BPM: Blows/Minute CSX: Compression Stress Maximum
FMX: Maximum Force DFN: Final Displacement
VMX: Maximum Velocity EFV: Maximum Energy
DMX: Maximum Displacement ETR: Energy Transfer Ratio - Rated

BL# LP BC BPM FMX VMX DMX CSX DFN EFV ETR
ft /6" bpm kips ft/s in ksi in ft-lb %

1 43.56 8 1.9 24 22.4 0.96 19.6 0.75 321 91.7
2 43.63 8 56.0 26 19.9 0.75 21.3 0.75 294 84.0
3 43.69 8 55.4 25 21.8 0.91 20.5 0.75 329 93.9
4 43.75 8 55.5 25 20.4 0.75 20.8 0.75 293 83.8
5 43.81 8 55.6 26 20.5 0.75 21.1 0.75 298 85.2
6 43.88 8 55.4 27 20.7 0.75 22.5 0.75 305 87.1
7 43.94 8 55.6 27 20.3 0.75 22.0 0.75 300 85.8
8 44.00 8 55.1 26 20.7 0.75 21.3 0.75 300 85.6
9 44.03 15 55.7 25 20.6 0.64 20.6 0.40 301 85.9

10 44.07 15 55.1 25 19.6 0.54 20.9 0.40 283 80.8
11 44.10 15 57.1 26 20.5 0.50 21.6 0.40 275 78.7
12 44.13 15 55.5 25 19.3 0.60 20.6 0.40 304 86.8
13 44.17 15 53.9 27 20.8 0.52 22.1 0.40 293 83.8
14 44.20 15 55.3 26 21.7 0.53 21.2 0.40 302 86.3
15 44.23 15 55.5 26 21.5 0.50 21.4 0.40 298 85.2
16 44.27 15 55.3 26 19.9 0.51 21.1 0.40 300 85.7
17 44.30 15 55.3 27 21.6 0.48 22.3 0.40 316 90.3
18 44.33 15 55.4 26 19.8 0.46 21.0 0.40 296 84.6
19 44.37 15 57.2 27 20.5 0.46 21.8 0.40 311 89.0
20 44.40 15 53.8 27 21.2 0.45 22.0 0.40 321 91.7
21 44.43 15 55.2 27 20.8 0.44 22.3 0.40 315 90.0
22 44.47 15 55.1 27 21.3 0.46 22.0 0.40 308 88.0
23 44.50 15 55.1 28 21.8 0.42 23.1 0.40 314 89.6
24 44.53 20 55.2 27 20.5 0.38 21.8 0.30 288 82.3
25 44.55 20 55.2 27 20.4 0.37 21.8 0.30 286 81.6
26 44.58 20 54.9 27 21.7 0.41 22.4 0.30 310 88.7
27 44.60 20 55.1 27 20.9 0.40 21.9 0.30 306 87.3
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28 44.63 20 55.0 26 20.5 0.39 21.0 0.30 300 85.7
29 44.65 20 55.1 27 21.5 0.42 22.4 0.30 314 89.8
30 44.68 20 55.0 25 20.1 0.40 20.8 0.30 303 86.4
31 44.70 20 55.1 25 20.4 0.43 20.8 0.30 316 90.2
32 44.73 20 54.9 25 20.3 0.39 20.5 0.30 293 83.6
33 44.75 20 55.0 26 20.4 0.41 21.5 0.30 307 87.8
34 44.78 20 55.0 27 21.0 0.44 21.9 0.30 328 93.8
35 44.80 20 55.1 27 21.0 0.41 22.1 0.30 311 88.9
36 44.83 20 54.9 27 21.0 0.40 21.8 0.30 308 88.0
37 44.85 20 56.5 25 20.3 0.39 20.6 0.30 289 82.4
38 44.88 20 53.9 27 21.0 0.44 21.8 0.30 326 93.1
39 44.90 20 54.9 26 20.3 0.41 21.6 0.30 306 87.3
40 44.93 20 54.8 27 20.5 0.38 22.3 0.30 296 84.6
41 44.95 20 56.4 25 21.3 0.41 20.7 0.30 302 86.4
42 44.98 20 53.6 27 21.0 0.39 22.4 0.30 307 87.9
43 45.00 20 54.9 26 21.5 0.41 21.2 0.30 313 89.4

Average 55.2 26 20.8 0.45 21.6 0.34 304 86.9
Std Dev 0.8 1 0.6 0.06 0.7 0.05 12 3.3

Maximum 57.2 28 21.8 0.64 23.1 0.40 328 93.8
Minimum 53.6 25 19.3 0.37 20.5 0.30 275 78.7

N-value: 35

Sample Interval Time: 45.56 seconds.



Pile Dynamics, Inc. - PDIPLOT2 Ver 2022.1.62.0 - Case Method & iCAP® Results
Printed: 14-December-2023 Test started: 17-November-2023

CME-550X SN 293193 - 48.5-50.0 FEET
TEST HOLE B
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CME-550X SN 293193 43.5-45.0 FEET
JRW Interval start: 11/17/2023
TEST HOLE B
AR: 1.22 in^2 SP: 0.492 k/ft3
LE: 53.55 ft EM: 30000 ksi
WS: 16807.9 ft/s

Depth: (48.50 - 50.00 ft], displaying BN: 9
F@53.55 ft (50 kips)
V@53.55 ft (23.0 ft/s)

TS: 25
TB: 0

A1,2
F1,2

F1 : [203 AWJ-1] 208.46 PDICAL (1) FF1 A1 (PR): [K4664] 376.6 mv/6.4v/5000g (1) VF1
F2 : [203 AWJ-2] 208.57 PDICAL (1) FF1 A2 (PR): [K4665] 375.3 mv/6.4v/5000g (1) VF1

BL# LP BC BPM FMX VMX DMX CSX DFN EFV ETR
ft /6" bpm kips ft/s in ksi in ft-lb %

1 48.60 5 1.9 28 18.2 1.65 22.9 1.20 312 89.2
2 48.70 5 56.2 31 19.5 1.20 25.1 1.20 307 87.8
3 48.80 5 55.4 29 18.6 1.20 23.9 1.20 301 86.1
4 48.90 5 55.1 28 19.0 1.20 23.2 1.20 306 87.3
5 49.00 5 55.2 29 18.9 1.20 23.8 1.20 302 86.4
6 49.07 7 55.1 31 19.3 0.94 25.4 0.86 303 86.7
7 49.14 7 55.2 27 18.8 0.99 21.8 0.86 312 89.2
8 49.21 7 55.4 30 18.7 0.94 24.6 0.86 311 88.8
9 49.29 7 55.1 29 19.0 0.86 23.9 0.86 303 86.5

10 49.36 7 55.2 29 18.9 0.86 23.7 0.86 299 85.4
11 49.43 7 55.1 28 18.7 0.86 23.3 0.86 299 85.3
12 49.50 7 55.6 30 19.2 0.86 24.4 0.86 311 88.7
13 49.55 11 55.1 27 18.6 0.84 22.1 0.55 306 87.3
14 49.59 11 55.0 30 18.9 0.66 24.3 0.54 295 84.4
15 49.64 11 56.4 26 17.5 0.56 21.2 0.54 275 78.6
16 49.68 11 55.4 27 17.7 0.55 22.0 0.55 286 81.7
17 49.73 11 53.9 28 18.2 0.55 23.1 0.55 297 84.9
18 49.77 11 56.7 28 17.8 0.55 22.7 0.55 282 80.6
19 49.82 11 54.0 28 18.3 0.56 22.9 0.55 308 88.0
20 49.86 11 55.2 29 19.1 0.55 23.5 0.55 308 88.0
21 49.91 11 55.1 27 18.7 0.57 22.2 0.55 318 90.7
22 49.95 11 56.8 29 19.1 0.55 23.5 0.55 298 85.2
23 50.00 11 53.6 30 18.8 0.57 24.3 0.55 313 89.3

Average 55.2 28 18.6 0.71 23.3 0.67 301 86.1
Std Dev 0.8 1 0.5 0.17 1.1 0.15 11 3.1

Maximum 56.8 31 19.3 0.99 25.4 0.86 318 90.7
Minimum 53.6 26 17.5 0.55 21.2 0.54 275 78.6

N-value: 18
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Sample Interval Time: 23.95 seconds.



Pile Dynamics, Inc. - PDIPLOT2 Ver 2022.1.62.0 - Case Method & iCAP® Results
Printed: 14-December-2023 Test started: 17-November-2023

CME-550X SN 293193 - 53.5-55.0 FEET
TEST HOLE B

BLC (bl/6in)
Blow Count

CSX (ksi)
Compression Stress Maximum
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CME-550X SN 293193 43.5-45.0 FEET
JRW Interval start: 11/17/2023
TEST HOLE B
AR: 1.22 in^2 SP: 0.492 k/ft3
LE: 58.55 ft EM: 30000 ksi
WS: 16807.9 ft/s

Depth: (53.50 - 55.00 ft], displaying BN: 29
F@58.55 ft (50 kips)
V@58.55 ft (23.0 ft/s)

TS: 25
TB: 0

A1,2
F1,2

F1 : [203 AWJ-1] 208.46 PDICAL (1) FF1 A1 (PR): [K4664] 376.6 mv/6.4v/5000g (1) VF1
F2 : [203 AWJ-2] 208.57 PDICAL (1) FF1 A2 (PR): [K4665] 375.3 mv/6.4v/5000g (1) VF1

BL# LP BC BPM FMX VMX DMX CSX DFN EFV ETR
ft /6" bpm kips ft/s in ksi in ft-lb %

1 53.56 8 1.9 29 20.3 1.10 23.4 0.75 308 88.1
2 53.63 8 56.4 26 19.8 0.89 21.1 0.75 298 85.0
3 53.69 8 55.0 27 20.3 0.83 22.5 0.75 310 88.5
4 53.75 8 55.5 27 19.8 0.77 22.3 0.75 301 86.1
5 53.81 8 55.0 28 21.3 0.75 22.7 0.75 327 93.4
6 53.88 8 55.3 27 20.3 0.75 21.8 0.75 319 91.1
7 53.94 8 55.1 29 21.0 0.75 23.7 0.75 318 91.0
8 54.00 8 55.2 29 20.3 0.76 23.5 0.75 313 89.6
9 54.04 14 55.3 27 19.9 0.56 22.0 0.43 296 84.6

10 54.07 14 56.9 26 19.4 0.55 21.1 0.43 287 82.1
11 54.11 14 53.3 26 20.5 0.58 21.6 0.43 321 91.7
12 54.14 14 55.5 28 21.3 0.55 22.6 0.43 322 92.0
13 54.18 14 55.1 28 20.8 0.53 23.2 0.43 312 89.2
14 54.21 14 56.6 26 19.6 0.51 21.5 0.43 286 81.7
15 54.25 14 53.6 27 20.8 0.53 22.1 0.43 317 90.6
16 54.29 14 56.7 26 19.8 0.50 21.1 0.43 293 83.7
17 54.32 14 53.9 29 21.2 0.51 24.1 0.43 319 91.3
18 54.36 14 54.7 29 21.3 0.47 23.5 0.43 313 89.3
19 54.39 14 55.1 29 21.4 0.49 23.4 0.43 319 91.3
20 54.43 14 55.2 30 21.8 0.47 24.4 0.43 317 90.5
21 54.46 14 54.9 30 21.1 0.47 24.2 0.43 319 91.2
22 54.50 14 55.1 29 21.1 0.48 23.8 0.43 320 91.3
23 54.53 18 56.6 28 21.1 0.45 22.6 0.33 300 85.8
24 54.56 18 53.5 28 20.1 0.45 22.6 0.33 295 84.3
25 54.58 18 55.1 28 21.0 0.46 23.0 0.33 307 87.7
26 54.61 18 55.1 27 20.9 0.44 22.5 0.33 305 87.1
27 54.64 18 55.0 28 21.2 0.46 22.6 0.33 314 89.8
28 54.67 18 55.1 30 21.7 0.47 24.4 0.33 319 91.0
29 54.69 18 55.1 28 21.4 0.46 23.3 0.33 313 89.5
30 54.72 18 54.8 27 20.9 0.48 22.1 0.33 323 92.3
31 54.75 18 55.1 28 21.4 0.48 22.6 0.33 324 92.6
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32 54.78 18 55.1 27 21.1 0.46 22.3 0.33 319 91.2
33 54.81 18 54.9 29 20.9 0.45 23.8 0.33 321 91.6
34 54.83 18 55.0 29 21.7 0.46 23.6 0.33 316 90.2
35 54.86 18 55.0 27 20.3 0.42 22.1 0.33 300 85.7
36 54.89 18 54.9 30 21.7 0.44 24.5 0.33 323 92.2
37 54.92 18 55.1 28 21.2 0.44 22.7 0.33 321 91.6
38 54.94 18 54.7 28 21.3 0.42 22.8 0.33 322 92.0
39 54.97 18 54.8 27 21.6 0.41 22.4 0.33 317 90.7
40 55.00 18 54.6 27 21.1 0.42 22.4 0.33 317 90.7

Average 55.0 28 21.0 0.48 22.8 0.38 312 89.3
Std Dev 0.8 1 0.6 0.04 0.9 0.05 11 3.1

Maximum 56.9 30 21.8 0.58 24.5 0.43 324 92.6
Minimum 53.3 26 19.4 0.41 21.1 0.33 286 81.7

N-value: 32

Sample Interval Time: 42.36 seconds.
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Summary of SPT Test Results

Project: CME-550X SN 293193, Test Date: 11/17/2023
BPM: Blows/Minute CSX: Compression Stress Maximum
FMX: Maximum Force DFN: Final Displacement
VMX: Maximum Velocity EFV: Maximum Energy
DMX: Maximum Displacement ETR: Energy Transfer Ratio - Rated

Instr. Start Final Blows N N60 Average Average Average Average Average Average Average Average
Length Depth Depth Applied Value Value BPM FMX VMX DMX CSX DFN EFV ETR

ft ft ft /6" bpm kips ft/s in ksi in ft-lb %

48.55 43.50 45.00 8-15-20 35 51 55.2 26 20.8 0.45 21.6 0.34 304 86.9
53.55 48.50 50.00 5-7-11 18 26 55.2 28 18.6 0.71 23.3 0.67 301 86.1
58.55 53.50 55.00 8-14-18 32 46 55.0 28 21.0 0.48 22.8 0.38 312 89.3

Overall Average Values: 55.1 27 20.4 0.51 22.4 0.42 307 87.6

Standard Deviation: 0.8 1 1.1 0.14 1.1 0.15 12 3.5

Overall Maximum Value: 57.2 31 21.8 0.99 25.4 0.86 328 93.8

Overall Minimum Value: 53.3 25 17.5 0.37 20.5 0.30 275 78.6
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Memorandum 

 Purpose 

In accordance with the project specifications, we have completed the Standard Penetration Test (SPT) energy 

measurements on the automatic hammer used with our Diedrich D-50 track-mounted drill rig (Serial No. 316).  

This testing was performed prior to the beginning of our field exploration services for this project.  This service 

was performed by Mr. Joseph Williamson, P.E. (NC and SC) of S&ME on June 8, 2023, in general accordance with 

ASTM D4633.  Review of the data quality and analyses was performed by Mr. Williamson.  A copy of the Certificate 

of Proficiency issued by Pile Dynamics based on the Dynamic Measurement and Analysis Proficiency Test for Mr. 

Williamson is included in the attachments.  The testing procedures, equipment used during testing, and detailed 

results are presented in this memorandum. 

 Dynamic Testing Methodology 

Testing was performed using a model PAX (Serial No. 3733L) Pile Driving AnalyzerTM (PDA) manufactured by Pile 

Dynamics, Inc.  The PDA was used to record and interpret data from two piezoresistive accelerometers (Serial Nos. 

K4664 and K4665) bolted to a 2.0-foot long AWJ drill rod (Serial No. 203) internally instrumented with two strain 

transducers.  Calibration sheets for the accelerometers and the instrumented rod are included in the attachments.  

The instrumented AWJ drill rod has a cross-sectional area of 1.21 square inches (verified during equipment 

calibration) and an outside diameter of approximately 1-⅞ inches.  Therefore, we calculate the inside diameter to 

be approximately 1.23 inches at the gauge location.  The accelerometers and strain gauges, which are 

diametrically opposed near the middle of the instrumented rod, monitor acceleration and strain for each hammer 

blow.  The analyzer converts the data to velocities and forces and computes the maximum transferred hammer 

energies with the “EFV” method described in ASTM D4633.  Preliminary results are recorded and displayed in real 

time for each blow. 

  

To: File – S&ME Project No.: 22350835A – TVA CRN Geotechnical Investigation, Oak Ridge, TN 

From: Joseph R. Williamson, P.E. (NC & SC) and Jason S. Reeves, P.E. 

Cc: 

Date: 

Subject: 

Julie P. Robertson, P.G. 

June 14, 2023 

Summary of SPT Energy Measurements – S&ME Diedrich D-50 Track (Serial No. 316) – Tested 

6/8/23 

6/14/23

6/14/23
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 Testing and Observations 

S&ME personnel were on site June 8, 2023, to observe and perform high-strain dynamic testing during SPT 

sampling on the Diedrich D-50 track-mounted drill rig operated by Frank Crane of S&ME.  The measurements 

were taken during drilling and sampling of a test hole (Test Hole 2) at our office in Louisville, Tennessee.  SPT 

energy measurements were recorded during four sample intervals that met the N-value requirements of ASTM 

D4633.  The information presented in the tables below summarizes the equipment and tooling used during the 

SPT energy measurements.  The SPT Energy Evaluation Form is included in the attachments. 

Table 1:  Drill Rig Information 

Manufacturer Diedrich 

Model D-50 

Serial Number 316 

Operator F. Crane 

Carrier Track 

Table 2:  Hammer Information 

Type / Model Auto / Diedrich 

Drop Height from Calibration Record (inches) 30.0 

Calibration Hammer Weight (pounds) 139.66 

Table 3:  Drilling and Instrumented Rod Information 

Drill Rod Type AWJ 

        OD (inches)1 1.75 

        ID (inches)1 1.25 

        Cross-Sectional Area (in2)2 1.18 

        Typical Lengths (feet) 5 

Instrumented Rod Type AWJ (Serial No. 203) 

        OD (inches)3 1-⅞ 

        ID (inches)4 1.23 

        Cross-Sectional Area (in2)5 1.21 

        Total Instrumented Rod Length (feet)3 2.0 

        Length Below Gages (feet)3 0.75 

Split-Spoon Length (feet)3 

 

 

 

 

2.84 

 
1 Per manufacturer’s specifications. 
2 Calculated using OD and ID from manufacturer’s specifications. 
3 Measured with engineer’s tape measure at top of instrumented rod. 
4 Calculated using typical drill rod OD and Area from instrument rod calibration record. 
5 From instrument rod calibration record. 



 

3 

 Dynamic Testing Results 

The total rod length from the instrumentation to the tip of the split-spoon sampler was determined by adding 

3.59 ft to the drill rod length at each sample depth.  The SPT Energy Measurement Data Summary tables in the 

attachments present the test data from every hammer blow at each sampling interval, along with representative 

force and velocity traces for each test interval.  Per ASTM D4633, only the blows from the final foot of each sample 

interval (i.e. the blows that determine the N-value) are considered when computing the average measurement 

values of each test interval. 

The reported blow counts obtained by the drill rig personnel, a summary of the test data, and average computed 

hammer energy and transfer ratio values are provided in Table 4.  Based on the test data, the automatic hammer 

on the Diedrich D-50 operated at an average rate of about 51 blows per minute (bpm) during dynamic testing.  

The measured average transferred hammer energy (EFV) of the four sample intervals tested ranged from 335 to 

344 ft-lbs, which corresponds to Energy Transfer Ratio (ETR) values of 95.7 to 98.2%, respectively, based on a 

typical theoretical maximum energy of 350 ft-lbs.  Plots and tables of the following are also included in the 

Appendix and present the test data with depth for each test interval:

• Penetration vs. BLC6 

• Penetration vs. FMX7 

• Penetration vs. EFV8 

• Penetration vs. CSX9 

• Penetration vs. VMX10 

• Penetration vs. ETR11 

• ETR vs. Rod Length 

• Average ETR vs. Rod Length 

Table 4:  Summary of Dynamic Testing Results 

Data 

Set 

ID 

Sample 

Depth 

(ft) 

Drill Rod 

Length 

(ft) 

Instrumentation 

to Sampler Tip 

Length 

(ft) 

Blows per 6” 

Increment / 

N-value 

Soil Sample 

Description 

(Residual) 

Avg. 

BPM 

Avg. 

EFV 

(ft-lbs) 

Avg. 

ETR (%) 

1 31.0 – 32.5 32.0 35.59 5-14-19 / 33 Lean Clay 50.2 340 97.2 

2 33.5 – 35.0 34.0 37.59 4-11-16 / 27 Lean Clay 50.4 336 96.1 

3 36.0 – 37.5 36.0 39.59 7-12-19 / 31 Lean Clay 50.7 344 98.2 

4 38.5 – 40.0 39.0 42.59 5-11-17 / 28 Lean Clay 50.7 335 95.7 

Overall Average 50.5 339 96.8 

 

The overall average transferred hammer energy for the automatic hammer on the Diedrich D-50 track-mounted 

drill rig was 339 foot-pounds, with an average ETR of 96.8%. 

 
6 BLC - Blow Count per 6-in. increment 
7 FMX - Maximum Compressive Force 
8 EFV – Maximum Transferred Energy 
9 CSX – Maximum Compressive Stress 
10 VMX – Maximum Velocity 
11 ETR – Energy Transfer Ratio – Ratio of Calculated Energy to Theoretical Energy of 140 lb hammer falling 30 inches 



 

 

 

 

Attachments 

Certificate of Proficiency 

Instrumented Rod and Accelerometer Calibration Sheets 

SPT Energy Evaluation Form 

Diedrich D-50 Track (SN 316) SPT Energy Measurements Summary Plots and Tables 

 































JRW 
6/9/23
See note 
below.

30.0 JRW 6/12/23

139.66 JRW 6/12/23(lbs)
(ft) 2.4 JRW 6/12/23

~1-1/4 JRW 6-12-23�

6/13/23 06/14/2023



S&ME, Inc. - PDIPLOT2 Ver 2022.1.62.0 - Case Method & iCAP® Results
Printed: 13-June-2023 Test started: 08-June-2023
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DIEDRICH D-50 (SN 316) SN 316 SPT Energy Measurements
JRW Interval start: 6/8/2023
TEST HOLE 2
AR: 1.21 in^2 SP: 0.492 k/ft3
LE: 35.59 ft EM: 30000 ksi
WS: 16807.9 ft/s

Depth: (31.00 - 32.50 ft], displaying BN: 18
F@35.59 ft (50 kips)
V@35.59 ft (23.2 ft/s)

TS: 25
TB: 3.16

A1,2
F1,2

F1 : [203 AWJ-1] 210.3 PDICAL (1) FF1 A1 (PR): [K4664] 371.8 mv/6.4v/5000g (1) VF1
F2 : [203 AWJ-2] 210.14 PDICAL (1) FF1 A2 (PR): [K4665] 371.2 mv/6.4v/5000g (1) VF1

BPM: Blows/Minute CSX: Compression Stress Maximum
FMX: Maximum Force DFN: Final Displacement
VMX: Maximum Velocity EFV: Maximum Energy
DMX: Maximum Displacement ETR: Energy Transfer Ratio - Rated

BL# BC LP BPM FMX VMX DMX CSX DFN EFV ETR
/6" ft bpm kips ft/s in ksi in ft-lb %

1 5 31.10 1.9 36 23.6 1.88 30.0 1.22 306 87.5
2 5 31.20 49.3 37 21.1 1.24 30.5 1.20 334 95.4
3 5 31.30 49.9 37 21.5 1.22 30.2 1.20 343 97.9
4 5 31.40 50.8 37 20.6 1.20 30.5 1.19 351 100.4
5 5 31.50 51.0 36 20.5 1.20 29.9 1.20 345 98.4
6 14 31.54 50.2 36 19.9 0.63 29.6 0.42 311 88.8
7 14 31.57 50.4 37 20.5 0.57 30.7 0.43 325 92.8
8 14 31.61 50.5 38 20.5 0.53 31.1 0.43 326 93.1
9 14 31.64 50.3 37 20.5 0.50 30.9 0.43 323 92.2

10 14 31.68 50.0 38 20.7 0.51 31.7 0.43 334 95.4
11 14 31.71 50.4 39 20.8 0.47 32.0 0.41 334 95.4
12 14 31.75 50.3 39 20.9 0.44 31.9 0.43 334 95.4
13 14 31.79 50.1 39 20.9 0.46 31.9 0.43 340 97.1
14 14 31.82 50.0 38 20.6 0.46 31.3 0.39 339 96.7
15 14 31.86 50.8 38 20.7 0.45 31.3 0.44 334 95.5
16 14 31.89 50.3 36 20.2 0.46 30.0 0.39 338 96.5
17 14 31.93 51.0 38 20.5 0.44 31.1 0.43 338 96.4
18 14 31.96 49.6 37 20.5 0.44 30.7 0.42 340 97.2
19 14 32.00 50.5 37 20.6 0.46 30.5 0.43 348 99.3
20 19 32.03 50.1 38 21.3 0.41 31.6 0.32 344 98.2
21 19 32.05 50.8 37 20.5 0.41 30.7 0.32 335 95.6
22 19 32.08 49.8 38 21.2 0.42 31.3 0.31 339 97.0
23 19 32.11 50.9 37 21.2 0.42 30.9 0.32 345 98.6
24 19 32.13 49.2 37 20.8 0.44 30.9 0.31 345 98.5
25 19 32.16 50.2 38 21.8 0.40 31.4 0.32 349 99.7
26 19 32.18 50.2 38 21.6 0.40 31.6 0.32 347 99.3
27 19 32.21 50.3 36 20.6 0.41 30.0 0.31 342 97.8
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28 19 32.24 49.5 38 21.7 0.40 31.7 0.32 354 101.1
29 19 32.26 50.3 36 20.8 0.41 30.1 0.31 344 98.1
30 19 32.29 50.5 36 20.4 0.39 29.5 0.31 334 95.5
31 19 32.32 49.6 37 20.9 0.40 30.5 0.32 345 98.5
32 19 32.34 50.7 38 22.0 0.40 31.8 0.32 353 100.9
33 19 32.37 49.9 38 22.0 0.40 31.6 0.32 359 102.5
34 19 32.39 50.3 36 20.7 0.39 30.0 0.31 345 98.5
35 19 32.42 50.0 37 21.0 0.38 30.7 0.32 348 99.5
36 19 32.45 50.6 36 20.1 0.37 29.5 0.32 333 95.0
37 19 32.47 49.8 37 21.1 0.40 30.7 0.32 360 102.9
38 19 32.50 49.8 37 21.3 0.36 30.7 0.32 341 97.3

Average 50.2 37 20.9 0.44 30.9 0.36 340 97.2
Std Dev 0.4 1 0.5 0.06 0.7 0.05 10 2.9

Maximum 51.0 39 22.0 0.63 32.0 0.44 360 102.9
Minimum 49.2 36 19.9 0.36 29.5 0.31 311 88.8

N-value: 33

Sample Interval Time: 44.14 seconds.



S&ME, Inc. - PDIPLOT2 Ver 2022.1.62.0 - Case Method & iCAP® Results
Printed: 13-June-2023 Test started: 08-June-2023
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DIEDRICH D-50 (SN 316) SN 316 SPT Energy Measurements
JRW Interval start: 6/8/2023
TEST HOLE 2
AR: 1.21 in^2 SP: 0.492 k/ft3
LE: 37.59 ft EM: 30000 ksi
WS: 16807.9 ft/s

Depth: (33.50 - 35.00 ft], displaying BN: 14
F@37.59 ft (50 kips)
V@37.59 ft (23.2 ft/s)

TS: 25
TB: 3.16

A1,2
F1,2

F1 : [203 AWJ-1] 210.3 PDICAL (1) FF1 A1 (PR): [K4664] 371.8 mv/6.4v/5000g (1) VF1
F2 : [203 AWJ-2] 210.14 PDICAL (1) FF1 A2 (PR): [K4665] 371.2 mv/6.4v/5000g (1) VF1

BL# BC LP BPM FMX VMX DMX CSX DFN EFV ETR
/6" ft bpm kips ft/s in ksi in ft-lb %

1 4 33.63 1.9 42 19.6 1.65 34.7 1.48 278 79.5
2 4 33.75 50.3 40 21.4 1.50 33.5 1.50 342 97.7
3 4 33.88 51.2 42 20.6 1.50 34.7 1.50 364 104.1
4 4 34.00 50.7 39 19.7 1.50 32.6 1.50 340 97.2
5 11 34.05 50.4 42 18.5 0.64 35.0 0.55 332 94.8
6 11 34.09 50.7 40 18.1 0.64 32.8 0.55 317 90.7
7 11 34.14 50.4 42 18.3 0.63 34.5 0.54 332 94.9
8 11 34.18 50.4 41 18.0 0.63 33.9 0.54 331 94.7
9 11 34.23 51.3 39 17.2 0.64 32.0 0.55 322 92.1

10 11 34.27 49.7 39 17.8 0.61 32.0 0.55 336 96.0
11 11 34.32 50.8 41 17.7 0.58 33.5 0.54 336 96.0
12 11 34.36 50.9 42 18.2 0.56 34.8 0.54 326 93.2
13 11 34.41 50.0 42 18.2 0.57 34.7 0.54 341 97.6
14 11 34.45 50.6 42 18.1 0.55 34.5 0.54 336 96.1
15 11 34.50 51.2 40 17.6 0.62 32.7 0.55 337 96.2
16 16 34.53 49.6 43 18.8 0.52 35.2 0.37 339 96.8
17 16 34.56 50.4 43 18.1 0.54 35.1 0.37 349 99.6
18 16 34.59 50.3 42 18.3 0.53 34.4 0.37 355 101.4
19 16 34.63 50.7 41 17.9 0.45 33.7 0.38 329 94.0
20 16 34.66 50.7 40 17.7 0.49 32.9 0.37 339 96.9
21 16 34.69 50.0 40 17.7 0.45 32.7 0.37 327 93.5
22 16 34.72 50.3 40 17.6 0.49 32.7 0.38 354 101.2
23 16 34.75 50.4 41 17.8 0.48 33.5 0.37 339 96.7
24 16 34.78 50.6 39 17.4 0.48 32.3 0.37 335 95.8
25 16 34.81 51.1 38 17.0 0.46 31.1 0.37 318 91.0
26 16 34.84 50.0 40 17.9 0.49 33.4 0.37 345 98.5
27 16 34.88 50.8 41 18.2 0.47 34.0 0.37 342 97.7
28 16 34.91 50.3 39 17.4 0.43 31.9 0.37 330 94.2
29 16 34.94 49.7 39 17.4 0.42 31.9 0.37 333 95.0
30 16 34.97 50.7 41 18.3 0.44 34.1 0.37 348 99.5
31 16 35.00 50.1 39 18.0 0.44 32.3 0.37 352 100.5
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Average 50.4 40 17.9 0.53 33.4 0.44 336 96.1
Std Dev 0.4 1 0.4 0.07 1.2 0.08 10 2.8

Maximum 51.3 43 18.8 0.64 35.2 0.55 355 101.4
Minimum 49.6 38 17.0 0.42 31.1 0.37 317 90.7

N-value: 27

Sample Interval Time: 35.60 seconds.



S&ME, Inc. - PDIPLOT2 Ver 2022.1.62.0 - Case Method & iCAP® Results
Printed: 13-June-2023 Test started: 08-June-2023

DIEDRICH D-50 (SN 316) - 36.0-37.5 FEET
TEST HOLE 2

BLC (bl/6in)
Blow Count

CSX (ksi)
Compression Stress Maximum

36.0

36.5

37.0

37.5

38.0

0 8 16 24 32

0 10 20 30 40

FMX (kips)
Maximum Force

VMX (f/s)
Maximum Velocity

0 10 20 30 40 50

0 10 20 30 40 50

EFV (ft-lb)
Maximum Energy

ETR (%)
Energy Transfer Ratio - Rated

0 100 200 300 400

0 30 60 90 120



S&ME, Inc. Page 5 of 9
SPT Analyzer Results PDA-S Ver. 2022.35.2 - Printed: 6/13/2023

DIEDRICH D-50 (SN 316) SN 316 SPT Energy Measurements
JRW Interval start: 6/8/2023
TEST HOLE 2
AR: 1.21 in^2 SP: 0.492 k/ft3
LE: 39.59 ft EM: 30000 ksi
WS: 16807.9 ft/s

Depth: (36.00 - 37.50 ft], displaying BN: 17
F@39.59 ft (50 kips)
V@39.59 ft (23.2 ft/s)

TS: 25
TB: 3.16

A1,2
F1,2

F1 : [203 AWJ-1] 210.3 PDICAL (1) FF1 A1 (PR): [K4664] 371.8 mv/6.4v/5000g (1) VF1
F2 : [203 AWJ-2] 210.14 PDICAL (1) FF1 A2 (PR): [K4665] 371.2 mv/6.4v/5000g (1) VF1

BL# BC LP BPM FMX VMX DMX CSX DFN EFV ETR
/6" ft bpm kips ft/s in ksi in ft-lb %

1 7 36.07 1.9 38 19.7 1.10 31.6 0.86 287 82.0
2 7 36.14 50.6 39 19.8 0.97 32.5 0.86 332 95.0
3 7 36.21 51.8 40 19.0 0.88 32.8 0.86 323 92.3
4 7 36.29 49.9 38 18.3 0.87 31.2 0.86 320 91.6
5 7 36.36 50.7 41 18.6 0.86 33.6 0.86 328 93.6
6 7 36.43 50.5 42 20.0 0.86 34.4 0.86 343 98.1
7 7 36.50 50.9 41 20.3 0.86 33.6 0.86 333 95.2
8 12 36.54 50.9 42 19.4 0.63 34.3 0.50 326 93.1
9 12 36.58 50.3 42 20.7 0.71 34.8 0.50 332 94.9

10 12 36.63 50.6 43 19.8 0.74 35.6 0.50 342 97.6
11 12 36.67 50.8 43 19.0 0.72 35.3 0.50 344 98.3
12 12 36.71 50.8 39 18.7 0.70 32.4 0.50 350 100.0
13 12 36.75 49.7 41 19.5 0.68 34.3 0.50 359 102.6
14 12 36.79 51.4 40 18.4 0.65 32.7 0.50 335 95.8
15 12 36.83 51.1 39 18.2 0.68 32.4 0.50 336 96.0
16 12 36.88 50.2 34 17.1 0.58 28.4 0.50 326 93.3
17 12 36.92 50.5 38 17.8 0.64 31.3 0.50 343 98.1
18 12 36.96 50.7 40 18.3 0.57 33.4 0.50 347 99.2
19 12 37.00 51.0 38 17.7 0.62 31.5 0.50 346 98.9
20 19 37.03 50.1 38 18.5 0.55 31.4 0.32 355 101.3
21 19 37.05 51.0 37 17.8 0.54 30.7 0.32 356 101.8
22 19 37.08 51.6 35 17.1 0.58 28.9 0.32 344 98.3
23 19 37.11 50.1 38 17.8 0.51 31.3 0.32 342 97.7
24 19 37.13 50.6 37 18.0 0.53 30.2 0.32 346 98.7
25 19 37.16 50.7 35 17.7 0.49 28.9 0.32 336 96.1
26 19 37.18 50.7 39 17.7 0.48 32.2 0.32 345 98.5
27 19 37.21 51.1 37 18.0 0.45 30.3 0.32 336 96.0
28 19 37.24 50.5 37 17.9 0.46 30.8 0.32 343 98.0
29 19 37.26 49.9 40 19.1 0.50 32.8 0.32 366 104.6
30 19 37.29 51.7 37 17.6 0.44 30.8 0.32 334 95.4
31 19 37.32 50.2 35 17.3 0.46 28.5 0.32 345 98.7
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32 19 37.34 50.1 38 17.7 0.47 31.2 0.32 352 100.5
33 19 37.37 51.1 37 18.0 0.44 30.3 0.32 347 99.0
34 19 37.39 50.1 36 18.1 0.38 30.1 0.31 339 96.7
35 19 37.42 51.0 37 18.2 0.45 30.3 0.32 346 98.9
36 19 37.45 50.3 36 18.1 0.38 29.7 0.31 333 95.0
37 19 37.47 50.8 33 17.8 0.54 27.7 0.32 353 100.9
38 19 37.50 51.2 34 17.9 0.53 27.7 0.32 355 101.4

Average 50.7 38 18.2 0.55 31.3 0.39 344 98.2
Std Dev 0.5 3 0.8 0.10 2.1 0.09 9 2.6

Maximum 51.7 43 20.7 0.74 35.6 0.50 366 104.6
Minimum 49.7 33 17.1 0.38 27.7 0.31 326 93.1

N-value: 31

Sample Interval Time: 43.73 seconds.



S&ME, Inc. - PDIPLOT2 Ver 2022.1.62.0 - Case Method & iCAP® Results
Printed: 13-June-2023 Test started: 08-June-2023

DIEDRICH D-50 (SN316) - 38.5-40.0 FEET
TEST HOLE 2
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DIEDRICH D-50 (SN 316) SN 316 SPT Energy Measurements
JRW Interval start: 6/8/2023
TEST HOLE 2
AR: 1.21 in^2 SP: 0.492 k/ft3
LE: 42.59 ft EM: 30000 ksi
WS: 16807.9 ft/s

Depth: (38.50 - 40.00 ft], displaying BN: 16
F@42.59 ft (50 kips)
V@42.59 ft (23.2 ft/s)

TS: 25
TB: 3.16

A1,2
F1,2

F1 : [203 AWJ-1] 210.3 PDICAL (1) FF1 A1 (PR): [K4664] 371.8 mv/6.4v/5000g (1) VF1
F2 : [203 AWJ-2] 210.14 PDICAL (1) FF1 A2 (PR): [K4665] 371.2 mv/6.4v/5000g (1) VF1

BL# BC LP BPM FMX VMX DMX CSX DFN EFV ETR
/6" ft bpm kips ft/s in ksi in ft-lb %

1 5 38.60 1.9 41 19.4 1.43 34.2 1.20 322 92.0
2 5 38.70 50.6 41 20.0 1.50 33.9 1.20 327 93.5
3 5 38.80 50.4 39 19.6 1.36 32.5 1.20 331 94.5
4 5 38.90 50.4 42 20.2 1.20 34.4 1.20 343 98.0
5 5 39.00 51.7 39 19.8 1.20 32.5 1.20 335 95.8
6 11 39.05 49.9 41 19.5 0.72 34.2 0.53 334 95.3
7 11 39.09 50.6 40 19.8 0.67 32.9 0.54 332 94.9
8 11 39.14 51.3 38 19.5 0.67 31.6 0.55 334 95.5
9 11 39.18 50.8 39 19.9 0.65 32.3 0.55 329 93.9

10 11 39.23 50.6 38 19.8 0.62 31.6 0.54 327 93.5
11 11 39.27 50.7 38 19.7 0.64 31.5 0.55 336 95.9
12 11 39.32 51.4 37 19.5 0.63 30.6 0.54 333 95.0
13 11 39.36 50.5 38 19.7 0.65 31.4 0.54 333 95.0
14 11 39.41 50.5 36 19.4 0.64 30.0 0.55 342 97.7
15 11 39.45 51.0 35 19.1 0.60 29.1 0.53 337 96.2
16 11 39.50 51.0 36 19.3 0.61 30.0 0.55 335 95.8
17 17 39.53 50.7 34 18.7 0.61 28.1 0.36 333 95.2
18 17 39.56 50.8 36 19.0 0.55 29.9 0.35 326 93.0
19 17 39.59 50.8 35 18.5 0.58 28.9 0.38 342 97.6
20 17 39.62 50.3 35 18.5 0.57 28.9 0.34 341 97.4
21 17 39.65 50.7 36 19.2 0.54 30.1 0.36 342 97.8
22 17 39.68 50.8 36 18.8 0.48 30.1 0.36 324 92.5
23 17 39.71 50.6 37 18.3 0.50 30.4 0.35 328 93.8
24 17 39.74 50.4 36 18.4 0.49 29.7 0.36 328 93.6
25 17 39.76 50.0 37 19.1 0.50 30.2 0.35 337 96.2
26 17 39.79 50.8 34 18.1 0.51 27.9 0.36 339 96.9
27 17 39.82 50.8 32 17.6 0.55 26.5 0.35 343 98.0
28 17 39.85 50.5 32 17.6 0.52 26.4 0.35 338 96.5
29 17 39.88 49.8 33 18.0 0.53 27.2 0.35 345 98.6
30 17 39.91 51.1 31 17.6 0.49 25.6 0.35 327 93.4
31 17 39.94 50.5 33 18.3 0.50 26.9 0.36 337 96.3
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32 17 39.97 50.3 33 18.5 0.51 27.5 0.35 345 98.4
33 17 40.00 51.3 32 17.7 0.52 26.2 0.35 330 94.3

Average 50.7 36 18.8 0.57 29.5 0.43 335 95.7
Std Dev 0.4 3 0.7 0.07 2.1 0.09 6 1.7

Maximum 51.4 41 19.9 0.72 34.2 0.55 345 98.6
Minimum 49.8 31 17.6 0.48 25.6 0.34 324 92.5

N-value: 28

Sample Interval Time: 37.81 seconds.
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Summary of SPT Test Results

Project: DIEDRICH D-50 (SN 316), Test Date: 6/8/2023
BPM: Blows/Minute CSX: Compression Stress Maximum
FMX: Maximum Force DFN: Final Displacement
VMX: Maximum Velocity EFV: Maximum Energy
DMX: Maximum Displacement ETR: Energy Transfer Ratio - Rated

Instr. Blows Start Final N N60 Average Average Average Average Average Average Average Average
Length Applied Depth Depth Value Value BPM FMX VMX DMX CSX DFN EFV ETR

ft /6" ft ft bpm kips ft/s in ksi in ft-lb %

35.59 5-14-19 31.00 32.50 33 53 50.2 37 20.9 0.44 30.9 0.36 340 97.2
37.59 4-11-16 33.50 35.00 27 43 50.4 40 17.9 0.53 33.4 0.44 336 96.1
39.59 7-12-19 36.00 37.50 31 50 50.7 38 18.2 0.55 31.3 0.39 344 98.2
42.59 5-11-17 38.50 40.00 28 45 50.7 36 18.8 0.57 29.5 0.43 335 95.7

Overall Average Values: 50.5 38 19.0 0.52 31.2 0.40 339 96.8

Standard Deviation: 0.5 3 1.3 0.09 2.1 0.09 10 2.7

Overall Maximum Value: 51.7 43 22.0 0.74 35.6 0.55 366 104.6

Overall Minimum Value: 49.2 31 17.0 0.36 25.6 0.31 311 88.8



 

 

 

Appendix VII – Laboratory Test Data Sheets – Split-Spoon Samples 
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Appendix VIII – Laboratory Test Data Sheets – TestingRock Cores 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



I-77 Exit 26 Interchange

Shape

Length Diameter (See Key)

RC-3 65.2 - 65.6 4.54 1.99 A 3.11 31 8,515 2,738 0.9

RC-1 51.4 - 51.8 4.07 1.95 B 2.99 39 8,329 2,786 5.4

RC-4 67.8 - 68.2 4.10 1.98 B 3.08 54 17,382 5,644 1.4

0.0 #DIV/0! #DIV/0! #DIV/0! #DIV/0! 0 #DIV/0! #DIV/0!

NOTES: Effective (as received) unit weight as determined by RTH 109-93.

Loading rates were selected to target reaching failure between 2 and 15 minutes.

Test results for specimens not meeting the requirements of ASTM D4543-19 may differ from a test specimen that meets the requirements of ASTM D4543.

A

B

C

D

E Test specimen measurements met the desired shape tolerances of ASTM D4543-19 for end flatness and end perpendicularity to axis.  Specimen did not meet the desired tolerance for side 

straightness and parallelism.  Specimen prepared to closest tolerances practicable.

Form No. TR-43-D7012C-02

Revision No. : 0

Revision Date: 08/22/18

January 3, 2024

23610178A Reviewed By:

S&ME, Inc. - Knoxville 1413 Topside Road, Louisville, TN 37777

Project Name:

Project Number:

Report Date:

Moisture 
(%)

Loading Rate 
(psi/sec)

Maximum 
Load (lbs)

Dimensions, in.Sample 
No.

Victoria Igoe

Boring No.

EB-1RB1

perpendicularity to axis.  Specimen prepared to closest tolerances practicable.

SHAPE KEY

ASTM D4543-19 Standard Practice for Preparing Rock Core as Cylindrical Test Specimens and Verifying Conformance to Dimensional and Shape Tolerance Section 1.2 - "Rock is a complex engineering material that can 

vary greatly as a function of lithology, stress history, weathering, moisture content and chemistry, and other natural geologic processes. As such, it is not always possible to obtain or prepare rock core specimens that satisfy 

the desirable tolerances given in this practice. Most commonly, this situation presents itself with weaker, more porous, and poorly cemented rock types and rock types containing significant or weak (or both) structural 

features. For rock types which are difficult to prepare, all reasonable efforts shall be made to prepare a specimen in accordance with this practice and for the intended test procedure. However, when it has been determined 

by trial and error that this is not possible, prepare the rock specimen to the closest tolerances practicable and consider this to be the best effort and report it as such and if allowable or necessary for the intended test, 

capping the ends of the specimen as discussed in this practice is permitted."

Test specimen measurements met the desired shape tolerances of ASTM D4543-19 (side straightness, end flatness & parallelism, and end perpendicularity to axis)

Test specimen measurements met the desired shape tolerances of ASTM D4543-19 for end flatness & parallelism, and end perpendicularity to axis.  Specimen did not meet the desired tolerance for side 

Test specimen measurements met the desired shape tolerances of ASTM D4543-19 for end flatness & parallelism.  Specimen did not meet the desired tolerances for side straightness and end 

UNCONFINED COMPRESSION       

(ASTM D7012 Method D)

Strength 
(psi)

151.0

Unit Weight             

(lbs/ft3)

152.6

Depth             
(ft)

Area         

(in2)

IB-1RB1

IB-1RB1

#DIV/0!

This report shall not be reproduced, except in full, without the written approval of S&ME, Inc.

169.0

Test specimen measurements met the desired shape tolerances of ASTM D4543-19 for end flatness.  Specimen did not meet the desired tolerances for side straightness, parallelism and end  

straightness.  Specimen prepared to closest tolerances practicable.

perpendicularity to axis.  Specimen prepared to closest tolerances practicable.

S&ME, Inc. - Corporate
 3201 Spring Forest Road

Raleigh, NC 27616

Rock Core Workbook.xls
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Project: I-77 Exit 26 Interchange Diameter (in): Date: 12/18/2023

Project No.: 23610178A Length (in): Tested by: Ryan Skinner

Boring Id: EB-1RB1 Reviewed by: Victoria Igoe

Sample No.: RC-3

Depth (ft): 65.2 - 65.6

Deviation From Straightness (Procedure S1)

Is the maximum gap ≤ 0.02 in.? YES Straightness Tolerance Met? YES

End Flatness and Parallelism Readings (Procedure FP1)

Position End 1 End 1(90) End 2 End 2(90) Difference between max and min readings, in.:

- 7/8 0.0016 0.0020 0.0015 0.0014 End 1, 0o:

- 6/8 0.0011 0.0017 0.0013 0.0014

- 5/8 0.0011 0.0014 0.0011 0.0012

- 4/8 0.0011 0.0010 0.0007 0.0002

- 3/8 0.0010 0.0005 0.0007 0.0002

- 2/8 0.0009 0.0004 0.0007 0.0002

- 1/8 0.0001 0.0000 0.0003 0.0000

0 0.0000 0.0000 0.0000 0.0000

1/8 -0.0004 -0.0004 -0.0003 -0.0003

2/8 -0.0013 -0.0004 -0.0006 -0.0004

3/8 -0.0013 -0.0004 -0.0008 -0.0010

4/8 -0.0013 -0.0006 -0.0013 -0.0017

5/8 -0.0015 -0.0010 -0.0014 -0.0019

6/8 -0.0016 -0.0013 -0.0014 -0.0020

7/8 -0.0020 -0.0016 -0.0019 -0.0021

Flatness Tolerance Met? YES

End 1: Slope of Best Fit Line: -0.00217

Angle of Best Fit Line: -0.12409

End 2: Slope of Best Fit Line: -0.00195

Angle of Best Fit Line: -0.11164

Max Angular Difference: -0.01

Difference Divide by Meets 

End 1: Slope of Best Fit Line: -0.00189 b/w max & min Diameter Tolerance

Angle of Best Fit Line: -0.10853 End 1 Diam 1 0.0036 0.0018 YES

End 2: Slope of Best Fit Line: -0.00209 End 1 Diam 2 0.0036 0.0018 YES

Angle of Best Fit Line: -0.11967 End 2 Diam 1 0.0034 0.0017 YES

Max Angular Difference: 0.01 End 2 Diam 2 0.0035 0.0018 YES

Parallelism Tolerance Met? YES Perpendicularity Tolerance Met? YES

Parrallelism Diameter 2

0.9

Parallelism is met when the angular difference between best fit lines on 

opposing ends is ≤ 0.25o.

Parrallelism Diameter 1

Perpendicularity (Procedure P1) is met when the difference between 

max and min readings along each line divided by the diameter is                                           

≤ 0.0043.

Flatness is met when the difference at any point between a smooth curve 

drawn through points and a visual best fit line is ≤ 0.001 in. 

Moisture Content (%):

PREPARING ROCK CORE AS CYLINDRICAL TEST SPECIMENS AND VERIFYING 

CONFORMANCE TO DIMENSIONAL AND SHAPE TOLERANCES

(ASTM D4543)

1413 Topside Road, Louisville, TN  37777

1.99

4.54

151.0Unit Weight (pcf):
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Project: I-77 Exit 26 Interchange Diameter (in): Date: 12/18/2023

Project No.: 23610178A Length (in): Tested by: Ryan Skinner

Boring Id: IB-1RB1 Reviewed by: Victoria Igoe

Sample No.: RC-1

Depth (ft): 51.4 - 51.8

Deviation From Straightness (Procedure S1)

Is the maximum gap ≤ 0.02 in.? NO Straightness Tolerance Met? NO

End Flatness and Parallelism Readings (Procedure FP1)

Position End 1 End 1(90) End 2 End 2(90) Difference between max and min readings, in.:

- 7/8 -0.0007 0.0017 -0.0012 0.0020 End 1, 0o:

- 6/8 -0.0007 0.0008 -0.0010 0.0018

- 5/8 -0.0007 0.0008 -0.0007 0.0018

- 4/8 -0.0007 0.0008 -0.0007 0.0018

- 3/8 -0.0007 0.0008 -0.0006 0.0015

- 2/8 -0.0004 0.0007 -0.0006 0.0009

- 1/8 0.0000 0.0006 0.0000 0.0004

0 0.0000 0.0000 0.0000 0.0000

1/8 0.0002 0.0000 0.0000 0.0000

2/8 0.0002 -0.0002 0.0001 -0.0003

3/8 0.0002 -0.0003 0.0001 -0.0008

4/8 0.0002 -0.0003 0.0001 -0.0012

5/8 0.0003 -0.0005 0.0005 -0.0015

6/8 0.0008 -0.0005 0.0009 -0.0017

7/8 0.0011 -0.0005 0.0012 -0.0019

Flatness Tolerance Met? YES

End 1: Slope of Best Fit Line: 0.00098

Angle of Best Fit Line: 0.05615

End 2: Slope of Best Fit Line: 0.00117

Angle of Best Fit Line: 0.06695

Max Angular Difference: -0.01

Difference Divide by Meets 

End 1: Slope of Best Fit Line: -0.00114 b/w max & min Diameter Tolerance

Angle of Best Fit Line: -0.06515 End 1 Diam 1 0.0018 0.0009 YES

End 2: Slope of Best Fit Line: -0.00247 End 1 Diam 2 0.0022 0.0011 YES

Angle of Best Fit Line: -0.14160 End 2 Diam 1 0.0024 0.0012 YES

Max Angular Difference: 0.08 End 2 Diam 2 0.0039 0.0020 YES

Parallelism Tolerance Met? YES Perpendicularity Tolerance Met? YES

PREPARING ROCK CORE AS CYLINDRICAL TEST SPECIMENS AND VERIFYING 

CONFORMANCE TO DIMENSIONAL AND SHAPE TOLERANCES

(ASTM D4543)

1413 Topside Road, Louisville, TN  37777

1.95

4.07

152.6Unit Weight (pcf):

Parrallelism Diameter 2

5.4

Parallelism is met when the angular difference between best fit lines on 

opposing ends is ≤ 0.25o.

Parrallelism Diameter 1

Perpendicularity (Procedure P1) is met when the difference between 

max and min readings along each line divided by the diameter is                                           

≤ 0.0043.

Flatness is met when the difference at any point between a smooth curve 

drawn through points and a visual best fit line is ≤ 0.001 in. 

Moisture Content (%):
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Project: I-77 Exit 26 Interchange Diameter (in): Date: 12/18/2023

Project No.: 23610178A Length (in): Tested by: Ryan Skinner

Boring Id: IB-1RB1 Reviewed by: Victoria Igoe

Sample No.: RC-4

Depth (ft): 67.8 - 68.2

Deviation From Straightness (Procedure S1)

Is the maximum gap ≤ 0.02 in.? NO Straightness Tolerance Met? NO

End Flatness and Parallelism Readings (Procedure FP1)

Position End 1 End 1(90) End 2 End 2(90) Difference between max and min readings, in.:

- 7/8 0.0025 0.0021 0.0027 0.0003 End 1, 0o:

- 6/8 0.0021 0.0018 0.0020 0.0003

- 5/8 0.0017 0.0018 0.0019 0.0003

- 4/8 0.0012 0.0015 0.0008 0.0003

- 3/8 0.0012 0.0015 0.0000 0.0002

- 2/8 0.0007 0.0012 0.0000 0.0000

- 1/8 0.0007 0.0008 0.0000 0.0000

0 0.0000 0.0000 0.0000 0.0000

1/8 0.0000 0.0000 0.0000 0.0000

2/8 -0.0004 -0.0007 -0.0018 0.0000

3/8 -0.0015 -0.0015 -0.0020 0.0000

4/8 -0.0021 -0.0020 -0.0020 0.0000

5/8 -0.0027 -0.0025 -0.0026 -0.0002

6/8 -0.0030 -0.0030 -0.0026 -0.0003

7/8 -0.0032 -0.0030 -0.0026 -0.0003

Flatness Tolerance Met? YES

End 1: Slope of Best Fit Line: -0.00333

Angle of Best Fit Line: -0.19104

End 2: Slope of Best Fit Line: -0.00309

Angle of Best Fit Line: -0.17680

Max Angular Difference: -0.01

Difference Divide by Meets 

End 1: Slope of Best Fit Line: -0.00325 b/w max & min Diameter Tolerance

Angle of Best Fit Line: -0.18597 End 1 Diam 1 0.0057 0.0029 YES

End 2: Slope of Best Fit Line: -0.00035 End 1 Diam 2 0.0051 0.0026 YES

Angle of Best Fit Line: -0.01981 End 2 Diam 1 0.0053 0.0027 YES

Max Angular Difference: -0.17 End 2 Diam 2 0.0006 0.0003 YES

Parallelism Tolerance Met? YES Perpendicularity Tolerance Met? YES

Parrallelism Diameter 2

1.4

Parallelism is met when the angular difference between best fit lines on 

opposing ends is ≤ 0.25o.

Parrallelism Diameter 1

Perpendicularity (Procedure P1) is met when the difference between 

max and min readings along each line divided by the diameter is                                           

≤ 0.0043.

Flatness is met when the difference at any point between a smooth curve 

drawn through points and a visual best fit line is ≤ 0.001 in. 

Moisture Content (%):

PREPARING ROCK CORE AS CYLINDRICAL TEST SPECIMENS AND VERIFYING 

CONFORMANCE TO DIMENSIONAL AND SHAPE TOLERANCES

(ASTM D4543)

1413 Topside Road, Louisville, TN  37777
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4.1

169.0Unit Weight (pcf):

y = -0.0033x - 0.0002

-0.0040
-0.0030
-0.0020
-0.0010
0.0000
0.0010
0.0020
0.0030
0.0040

-1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00

D
ia

l 
G

a
g

e
 R

e
a
d

in
g

 
(i

n
)

Diameter (in)

End 1 Diameter 1

y = -0.0032x - 0.0001

-0.0040
-0.0030
-0.0020
-0.0010
0.0000
0.0010
0.0020
0.0030
0.0040

-1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00

D
ia

l 
G

a
g

e
 R

e
a
d

in
g

 
(i

n
)

Diameter (in)

End 1 Diameter 2

y = -0.0031x - 0.0004

-0.0040
-0.0030
-0.0020
-0.0010
0.0000
0.0010
0.0020
0.0030
0.0040

-1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00

D
ia

l 
G

a
g

e
 R

e
a
d

in
g

 
(i

n
)

Diameter (in)

End 2 Diameter 1

y = -0.00035x + 0.00004

-0.0040
-0.0030
-0.0020
-0.0010
0.0000
0.0010
0.0020
0.0030
0.0040

-1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00

D
ia

l 
G

a
g

e
 R

e
a
d

in
g

 
(i

n
)

Diameter (in)

End 2 Diameter 2



Project: I-77 Exit 26 Interchange Diameter, in.: 1.99 Date: 12/21/2023

Project No.: 23610178A Length, in.: 4.54 Tested by: Ryan Skinner

Boring Id: EB-1RB1 Unit Weight, pcf: 151.0 Reviewed by: Victoria Igoe

Sample No: RC-3 Moisture Content, %: 0.9

Depth (ft): 65.2 - 65.6 Load Rate, psi/sec: 31

Data Strain (10-6) Load Compressive Secant Modulus Poisson's Remarks

Point axial radial (lb) Stress (psi) x 106 (psi) Ratio Failure

1 0 0 0 0 0.00 0.00

2 -476 180 1,000 322 0.68 0.38

3 -901 370 2,000 643 0.71 0.41

4 -1,445 703 3,000 965 0.67 0.49

5 -1,793 1,028 4,000 1,286 0.72 0.57

6 -2,034 1,916 5,000 1,608 0.79 0.94

7 -1,969 6,000 1,929 0.98 0.00 Note 1

8 -2,090 7,000 2,251 1.08 0.00

9 8,515 2,738 #DIV/0! #DIV/0! Failure

10 9,000 2,894 #DIV/0! #DIV/0!

11 10,000 3,215 #DIV/0! #DIV/0!

12 12,000 3,859 #DIV/0! #DIV/0!

13 14,000 4,502 #DIV/0! #DIV/0!

14 16,000 5,145 #DIV/0! #DIV/0!

15 18,000 5,788 #DIV/0! #DIV/0!

16 20,000 6,431 #DIV/0! #DIV/0!

17 22,000 7,074 #DIV/0! #DIV/0!

18 24,000 7,717 #DIV/0! #DIV/0!

19 26,000 8,360 #DIV/0! #DIV/0!

20 28,000 9,003 #DIV/0! #DIV/0!

21 30,000 9,646 #DIV/0! #DIV/0!

22 32,000 10,289 #DIV/0! #DIV/0!

23 36,000 11,576 #DIV/0! #DIV/0!

24 40,000 12,862 #DIV/0! #DIV/0!

25 44,000 14,148 #DIV/0! #DIV/0!

26 48,000 15,434 #DIV/0! #DIV/0!

27 52,000 16,720 #DIV/0! #DIV/0!

28 56,000 18,006 #DIV/0! #DIV/0!

TNR - Test Not Requested

Comments: Loading rate was selected to target reaching failure between 2 and 15 minutes.

Test specimen measurements met the desired shape tolerances of ASTM D4543-19 (side straightness, end flatness & 

parallelism, and end perpendicularity to axis)

Note 1: Radial Gauge failed prior to core failure

(ASTM D7012 Method C and D)

UNCONFINED COMPRESSION WITH YOUNG'S MODULUS AND POISSON'S RATIO

1413 Topside Road, Louisville, TN  37777
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Strain (10-6)

Stress vs. Strain

Axial Strain Radial Strain



Project: I-77 Exit 26 Interchange Diameter, in.: 1.95 Date: 12/21/2023

Project No.: 23610178A Length, in.: 4.07 Tested by: Ryan Skinner

Boring Id: IB-1RB1 Unit Weight, pcf: 152.6 Reviewed by: Victoria Igoe

Sample No: RC-1 Moisture Content, %: 5.4

Depth (ft): 51.4 - 51.8 Load Rate, psi/sec: 39

Data Strain (10-6) Load Compressive Secant Modulus Poisson's Remarks

Point axial radial (lb) Stress (psi) x 106 (psi) Ratio Failure

1 0 0 0 0 0.00 0.00

2 -248 35 1,000 334 1.35 0.14

3 -533 87 2,000 669 1.26 0.16

4 -750 140 3,000 1,003 1.34 0.19

5 -1,069 199 4,000 1,338 1.25 0.19

6 -1,589 456 5,000 1,672 1.05 0.29

7 -2,033 2,667 6,000 2,007 0.99 1.31

8 -2,783 2,981 7,000 2,341 0.84 1.07

9 -3,456 2,834 8,000 2,676 0.77 0.82

10 8,329 2,786 #DIV/0! #DIV/0! Failure

11 10,000 3,344 #DIV/0! #DIV/0!

12 12,000 4,013 #DIV/0! #DIV/0!

13 14,000 4,682 #DIV/0! #DIV/0!

14 16,000 5,351 #DIV/0! #DIV/0!

15 18,000 6,020 #DIV/0! #DIV/0!

16 20,000 6,689 #DIV/0! #DIV/0!

17 22,000 7,358 #DIV/0! #DIV/0!

18 24,000 8,027 #DIV/0! #DIV/0!

19 26,000 8,696 #DIV/0! #DIV/0!

20 28,000 9,365 #DIV/0! #DIV/0!

21 30,000 10,033 #DIV/0! #DIV/0!

22 32,000 10,702 #DIV/0! #DIV/0!

23 36,000 12,040 #DIV/0! #DIV/0!

24 40,000 13,378 #DIV/0! #DIV/0!

25 44,000 14,716 #DIV/0! #DIV/0!

26 48,000 16,054 #DIV/0! #DIV/0!

27 52,000 17,391 #DIV/0! #DIV/0!

28 56,000 18,729 #DIV/0! #DIV/0!

TNR - Test Not Requested

Comments: Loading rate was selected to target reaching failure between 2 and 15 minutes.

Test specimen measurements met the desired shape tolerances of ASTM D4543-19 for end flatness & parallelism, and end

perpendicularity to axis.  Specimen did not meet the desired tolerance for side straightness.  Specimen prepared to closest 

tolerances practicable.

(ASTM D7012 Method C and D)

UNCONFINED COMPRESSION WITH YOUNG'S MODULUS AND POISSON'S RATIO

1413 Topside Road, Louisville, TN  37777
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Project: I-77 Exit 26 Interchange Diameter, in.: 1.98 Date: 12/21/2023

Project No.: 23610178A Length, in.: 4.10 Tested by: Ryan Skinner

Boring Id: IB-1RB1 Unit Weight, pcf: 169.0 Reviewed by: Victoria Igoe

Sample No: RC-4 Moisture Content, %: 1.4

Depth (ft): 67.8 - 68.2 Load Rate, psi/sec: 54

Data Strain (10-6) Load Compressive Secant Modulus Poisson's Remarks

Point axial radial (lb) Stress (psi) x 106 (psi) Ratio Failure

1 0 0 0 0 0.00 0.00

2 -57 14 1,000 325 5.70 0.25

3 -109 25 2,000 649 5.95 0.23

4 -159 37 3,000 974 6.13 0.23

5 -210 48 4,000 1,299 6.19 0.23

6 -270 61 5,000 1,623 6.01 0.23

7 -329 74 6,000 1,948 5.92 0.22

8 -374 90 7,000 2,273 6.08 0.24

9 -417 104 8,000 2,597 6.23 0.25

10 -463 120 9,000 2,922 6.31 0.26

11 -505 137 10,000 3,247 6.43 0.27

12 -599 172 12,000 3,896 6.50 0.29

13 -714 119 14,000 4,545 6.37 0.17

14 -841 173 16,000 5,195 6.18 0.21

15 17,382 5,644 #DIV/0! #DIV/0! Failure

16 20,000 6,494 #DIV/0! #DIV/0!

17 22,000 7,143 #DIV/0! #DIV/0!

18 24,000 7,792 #DIV/0! #DIV/0!

19 26,000 8,442 #DIV/0! #DIV/0!

20 28,000 9,091 #DIV/0! #DIV/0!

21 30,000 9,740 #DIV/0! #DIV/0!

22 32,000 10,390 #DIV/0! #DIV/0!

23 36,000 11,688 #DIV/0! #DIV/0!

24 40,000 12,987 #DIV/0! #DIV/0!

25 44,000 14,286 #DIV/0! #DIV/0!

26 48,000 15,584 #DIV/0! #DIV/0!

27 52,000 16,883 #DIV/0! #DIV/0!

28 56,000 18,182 #DIV/0! #DIV/0!

TNR - Test Not Requested

Comments: Loading rate was selected to target reaching failure between 2 and 15 minutes.

Test specimen measurements met the desired shape tolerances of ASTM D4543-19 for end flatness & parallelism, and end

perpendicularity to axis.  Specimen did not meet the desired tolerance for side straightness.  Specimen prepared to closest 

tolerances practicable.

(ASTM D7012 Method C and D)

UNCONFINED COMPRESSION WITH YOUNG'S MODULUS AND POISSON'S RATIO

1413 Topside Road, Louisville, TN  37777
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Appendix IX – Laboratory Test Data Sheets – Corrosion Series 
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29990 Technology Dr, Suite 13, Murrieta, CA  92563   Tel: 213-928-7213  Fax: 951-226-1720 

www.projectxcorrosion.com 

Results Only Soil Testing 

for  

I-77 Exit 26 Interchange - 

Ramp Bridge over I-77 

 
December 5, 2023 

 

Prepared for:  

 
Matt Cooke 

S&ME, Inc. 

134 Suber Road 

Columbia, SC 29210 

mcooke@smeinc.com 

 

Project X Job#: S231204G 

Client Job or PO#: 23610178A 
 
 

Respectfully Submitted, 

 

 

 

 

 

Eduardo Hernandez, M.Sc., P.E.               

Sr. Corrosion Consultant                                                        

NACE Corrosion Technologist #16592 

Professional Engineer  

California No. M37102 

ehernandez@projectxcorrosion.com 

mailto:ehernandez@projectxcorrosion.com
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 Corrosion Control – Soil, Water, Metallurgy Testing Lab 

 

 

29990 Technology Dr., Suite 13, Murrieta, CA  92563   Tel: 213-928-7213  Fax: 951-226-1720 

www.projectxcorrosion.com 

 

Soil Analysis Lab Results
Client: S&ME, Inc. 

Job Name: I-77 Exit 26 Interchange - Ramp Bridge over I-77 

Client Job Number: 23610178A 

Project X Job Number: S231204G 

December 5, 2023 

 

Method AASHTO 

T289

Bore# / 

Description

Depth pH

(ft) (mg/kg) (wt%) (mg/kg) (wt%) (Ohm-cm) (Ohm-cm)

EB-2-RB1  SS-10 33.5-35 26.9 0.0027 65.2 0.0065 100,500 80,400 6.6

EB-3RB1  SS-8 23.5-25 32.9 0.0033 73.8 0.0074 87,100 67,000 6.4

IB-1RB1  SS-5  8-10 8.1 0.0008 11.1 0.0011 93,800 73,700 7.0

AASHTO T288AASHTO T290 AASHTO T291

Resistivity 

As Rec'd  | Minimum

Sulfates

SO4
2-

Chlorides

Cl
-

 
 

 

 
Cations and Anions, except Sulfide and Bicarbonate, tested with Ion Chromatography 

mg/kg = milligrams per kilogram (parts per million) of dry soil weight 

ND = 0 = Not Detected | NT = Not Tested | Unk = Unknown 

Chemical Analysis performed on 1:3 Soil-To-Water extract 
PPM = mg/kg (soil) = mg/L (Liquid) 

 
Note: Sometimes a bad sulfate hit is a contaminated spot.  Typical fertilizers are Potassium chloride, ammonium sulfate or ammonium sulfate nitrate (ASN).  So this is another reason why testing full corrosion 

series is good because we then have the data to see if those other ingredients are present meaning the soil sample is just fertilizer-contaminated soil. This can happen often when the soil samples collected are simply 

surface scoops which is why it's best to dig in a foot, throw away the top and test the deeper stuff. Dairy farms are also notorious for these items. 
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Appendix X – 3-Point ADRS Curve 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Project ID: Latitude: Designer:
Route: County: Longitude: Date:

Project:

Design EQ PGA SDS SD1 MW R PGV Da5-95 T 'o
g g g - km inches/sec sec sec Damping: 5%

FEE 0.20 0.32 0.06 7.30 126.93 2.14 37.10 0.17
SEE 0.41 0.77 0.16 7.28 125.90 6.06 36.64 0.16

South Carolina Piedmont

0.5*T0 2.0*T0 ft/sec ft (4*H)/V*s,H (6*H)/V*s,H
0.00 0.00 2101.56 96.70 0.14 0.28
0.00 0.00

T Sa T Sa

0.00 0.200 0.00 0.409
0.01 0.221 0.01 0.469
0.01 0.241 0.01 0.530
0.02 0.262 0.02 0.590
0.02 0.283 0.03 0.650
0.03 0.304 0.03 0.710

To 0.03 0.324 To 0.04 0.771
0.05 0.324 0.06 0.771
0.06 0.324 0.07 0.771
0.07 0.324 0.08 0.771
0.08 0.324 0.10 0.771
0.09 0.324 0.11 0.771
0.10 0.324 0.12 0.771
0.12 0.324 0.14 0.771
0.13 0.324 0.15 0.771
0.14 0.324 0.17 0.771
0.15 0.324 0.18 0.771
0.16 0.324 0.19 0.771

Ts 0.17 0.324 Ts 0.21 0.771
0.34 0.166 0.37 0.430
0.51 0.111 0.54 0.298
0.67 0.084 0.70 0.228
0.84 0.067 0.86 0.185
1.01 0.056 1.03 0.155
1.17 0.048 1.19 0.134
1.34 0.042 1.36 0.118
1.50 0.038 1.52 0.105
1.67 0.034 1.69 0.095
1.84 0.031 1.85 0.086
2.00 0.028 2.01 0.079
2.17 0.026 2.18 0.073
2.34 0.024 2.34 0.068
2.50 0.023 2.51 0.064
2.67 0.021 2.67 0.060
2.83 0.020 2.84 0.056
3.00 0.019 3.00 0.053

3-Point Acceleration Design Response Spectrum
SCDOT v3.2 - 12/12/2023

34.1939 N. Harman - SupportP042443

New Exit 26 Interchange

Geologic Condition: SCP

80.9843 12/12/202340 - RichlandI-77

H = B-C Boundary

Geologically Realistic (Q = 100)*

ADRS Location within Soil Column: At Ground Surface

*Same Geologic Condition as used in SCENARIO_PC (2006)
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Appendix XI – Electronic Data Files  

gINT® Project Files 

Excel® Downhole Seismic Velocity File 
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