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1 Introduction 

This Geotechnical Subsurface Data Report (GSDR) provides a characterization of the 

subsurface conditions to the South Carolina Department of Transportation (SCDOT) for 

the proposed SC 114 Bridge Replacement over Sandy Run Creek, in Union County, South 

Carolina. The proposed bridge intends to replace the existing bridge over Sandy Run 

Creek on Bobby Faucette Rd.  

This Geotechnical Subsurface Data Report was prepared in general accordance with the 

2022 SCDOT Geotechnical Design Manual (GDM). Geotechnical data including standard 

penetration testing (SPT), cone penetration testing (CPT), bulk sampling, rock cores, shear 

wave velocity measurements, and a variety of laboratory tests are presented herein to 

provide geological features and site conditions for the design of the proposed bridge. 

Geotechnical recommendations are not included in this report.  

1.1 Project Description 

The project site is located three and a half miles northeast of Jonesville, approximately a 

half a mile east of the intersection of SC 114 with Union Hwy. It is bound to the northwest 

by Union Hwy and to the southeast by Tump Smith Rd. A Site Vicinity Map is included in 

Appendix A.  

The existing bridge over Sandy Run Creek is approximately 84 feet in length and 26 feet 

wide and will be removed and replaced with a new bridge along the current alignment. The 

proposed multi span replacement bridge will be approximately 170 feet in length and will 

accommodate two 11-foot lanes with 6-foot shoulders. Construction is anticipated to be 

completed with a temporary detour of traffic. 

2 Investigative Procedures 

The geotechnical subsurface exploration at the project site was performed by F&ME 

Consultants in November and December of 2022. The subsurface investigation consisted 

of standard penetration test (SPT) borings, rock core samples, bulk sample soil collection, 

CPTs, and shear wave velocity measurements with MASW testing. 

A test location plan showing all testing locations is included in Appendix A. The boring 

logs, rock core photos, CPT logs, and MASW shear wave velocity profile from the 

subsurface investigation are included in Appendix B.  

2.1 Drilling and Sampling 

A total of two (2) SPT borings were performed during the subsurface investigation, B-50 

and B-51. Auger refusal was encountered in both borings at depths of 33.5 feet and 31.8 

feet, respectively. Advancement of the bridge borings B-50 and B-51 below auger refusal 

was accomplished with NQ rock coring techniques. These were terminated at depths of 

43.5 feet and 46.8 feet.  
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The boring logs from the subsurface investigations are included in Appendix B. The 

borings were advanced by a CME 45B using mud rotary and driven casing drilling 

techniques. Soil sampling and penetration testing was performed in general accordance 

with ASTM D-1586 and ASTM D-1587. SPT’s were typically conducted continuously in the 

top 10 feet of each boring followed by 5-foot intervals thereafter until auger refusal was 

encountered. SPT’s were carried out utilizing a standard 1.4-inch I.D., 2-inch O.D, split 

barrel, or split-spoon sampler. Blow counts recorded at these intervals were produced from 

SPT hammer with energy ratio of 81.4%. The hammer energy ratio is identified on each 

boring log. SPT hammer energy measurements on the CME 45B drill rig were performed 

with a pile driving analyzer (PDA) and the SPT Hammer Energy Calibration Report is 

included in Appendix D. 

One (1) bulk sample was obtained at boring BS-3 collectively from 5 feet below the existing 

ground surface from auger cuttings. The collected rock core samples were evaluated in 

the field and the percentage of core recovery (REC) and Rock Quality Designation (RQD) 

were recorded. 

Recovered SPT, bulk sample, and rock cores were sent to the F&ME laboratory for testing.  

2.2 Cone Penetrometer Testing 

Two (2) cone penetrometer tests (CPT-23 and CPT-24) were performed by F&ME 

Consultants, Inc., one near each end bent of the existing bridge. Upon encountering 

refusal, the CPTs were terminated at depths of 33.6 feet and 28.1 feet. CPT sounding logs 

are included in Appendix B. 

2.3 MASW Survey 

Shear wave velocity measurements were obtained by F&ME Consultants from one (1) 

Multi-Channel Analysis of Surface Waves, MASW-12, performed on the existing bridge 

end where boring B-50 was drilled. Active survey data was obtained by a sledgehammer 

striking an aluminum block and polyethylene block and recording of the resulting 

vibrations. Passive survey data consisted of the collection of ambient background 

vibrations resulting from drilling equipment. The resulting shear-wave data from this 

investigation produced an average shear-wave velocity of 1225.7 ft/sec for the 0 to 100-

foot interval. The MASW survey report is included in Appendix B. 

2.4 Groundwater Conditions 

The stabilized groundwater level recorded approximately 24 hours after completion of 

investigation operations indicated a groundwater depth of 9.6 feet and 8.1 feet for boring 

B-50 and B-51, respectively. These depths correspond to elevations 449.5 feet and 450.9 

feet. 

Groundwater level was recorded at the time of completion of soil drilling and/or rock coring 

at borings B-50 and B-51 at depths of 8.4 feet and 6.3 feet. These depths correspond to 

elevations 450.7 feet and 452.7 feet. 

These reported groundwater levels are interpreted to be dependent upon seasonal 

fluctuations, individual event intensity and/or level of Sandy Run Creek. 
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2.5 Field Testing Summary 

The field testing locations and other pertinent information are summarized in Table 2-1 

below, and are also plotted on the field test location plan included in Appendix A. 

3 Laboratory Test Program 

Laboratory testing was performed by F&ME Consultants on representative samples 

collected from the geotechnical borings to obtain index and engineering properties. 

Geotechnical index property testing included natural moisture content, Atterberg limits, 

#200 wash, and sieve analysis. Engineering property tests included consolidated 

undrained (CU) triaxial compression, unconfined compression of rock, Standard Proctor, 

and corrosion series testing.  

Laboratory testing was performed in general accordance with ASTM or AASHTO test 

procedures. Representative samples were classified in accordance with the AASHTO and 

Unified Soil Classification System (USCS). Table 3-1 summarizes the testing types and 

quantity of each test performed. For detailed laboratory information, refer to Appendix C. 

Table 3-1. Laboratory Testing Summary 

Test Type Quantity 

Natural Moisture Content 11 

Atterberg Limits 10 

Grain Size Analysis with Hydrometer 2 

Grain Size Analysis with #200 Wash 4 

#200 Wash 4 

CU Triaxial 1 

Unconfined Compression of Rock 4 

Standard Proctor  1 

Corrosion Series 1 

Table 2-1. Field Soil Testing Summary 

Test Hole 

No. 
Stationa 

Offset 

(ft) 
Latitude Longitude 

Top of 

Boring 

Elevation (ft) 

Test 

Type 

Total 

Depth 

(ft) 

B-50 205+94 7 LT 34.86956 -81.63198 459.1 SPT/RC 43.5 

B-51 207+09 6 LT 34.86977 -81.63227 459.0 SPT/RC 46.8 

BS-3 206+99 14 RT 34.86979 -81.63220 458.5 BULK 5.0 

CPT-23 206+01 6 LT 34.86957 -81.63199 459.2 CPT 33.6 

CPT-24 207+02 5 LT 34.86976 -81.63225 459.1 CPT 28.1 

MASW-12 near boring B-50 MASW 100.0 

a Stations based on latest SC 114 alignment. 
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3.1 Soil and Rock Properties 

Split spoon soil samples from the preliminary geotechnical subsurface site exploration for 

this bridge site were grouped and classified into AASHTO and USCS soil classifications. 

According to the AASHTO Soil Classification System, the classifications of these samples 

ranged from A-1-b to A-7-6. According to the Unified Soil Classification System, the 

classifications of these samples ranged from well-graded sand with silt (SW-SM) to silt 

with sand (ML). Tested samples yielded liquid limits ranging from 0 to 60 and plasticity 

indices ranging from 0 to 31.  

Corrosion series test were performed on select split spoon samples. Standard proctor 

testing and remolded CU triaxial tests were performed on the collected bulk sample. 

Finally, four (4) unconfined compression tests were performed on recovered rock samples 

with unconfined strength results ranging from 8,330 psi to 11,990 psi. Results of laboratory 

testing are included in Appendix C. 

 

4 Limitations to Report 

This report has been prepared for the exclusive use of the South Carolina Department of 

Transportation or their agent, for specific application to the proposed SC 114 Bridge over 

Sandy Run Creek in Union County, South Carolina in accordance with generally accepted 

soil and foundation engineering practices. No other warranty expressed or implied is made. 

The subsurface investigation logs included herein, do not reflect variations in subsurface 

conditions which could exist intermediate of the boring locations or in unexplored areas of 

the site. Should such variations become apparent during construction, it will be necessary 

to perform additional subsurface exploration based upon on-site observations of the 

conditions. 

 

5 References 

SCDOT (2022) “Geotechnical Design Manual”, Version 3.0; 
https://www.scdot.org/business/pdf/geotech/SCDOT-Geotechnical-Design-
Manual-2022.pdf 

 

  

https://www.scdot.org/business/pdf/geotech/SCDOT-Geotechnical-Design-Manual-2022.pdf
https://www.scdot.org/business/pdf/geotech/SCDOT-Geotechnical-Design-Manual-2022.pdf


 
 

 
 

 
 

Appendix A. Site Vicinity Map, Test Location Plan 
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Appendix B. Boring Logs, Rock Core Photos, CPT 
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Appendix B. Subsurface Investigation 

Boring Logs 
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Appendix B. Subsurface Investigation 

CPT Logs 
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Appendix B. Subsurface Investigation 

Multichannel Analysis of Surface Waves (MASW) 



 

F&ME Consultants, Inc.  ► 1825 Blanding Street  ► Columbia, South Carolina 29201  ►  803-254-4540  ► www.fmeconsultants.com 
 

February 28, 2023 
 
Ms. Lila Leon, P.E., PhD 
South Carolina Geotechnical Lead 
HDR 
1201 Main Street Suite 800 
Columbia, South Carolina 29201 
 
Re: Report of Multi-Channel Analysis of Surface Waves 
  SC-114 Replacement Bridge over Sandy Run Creek 
  Union County, South Carolina 
  F&ME Project No.: G6658.005 
 
Dear Ms. Leon: 
 
On January 19th, 2023, F&ME Consultants performed one (1) Multi-Channel Analysis of 
Surface Waves (MASW) test near the SC-114 bridge over Sandy Run Creek to determine the 
average shear wave velocity to a depth of 100 feet at the location.  A 16-channel Geometrics ES-
3000 seismograph with 4.5 Hz geophones was used for data collection.  Active and Passive 
survey data was obtained using a 225-foot linear array with 16 geophones spaced at 15 feet.   
 
A 16-pound sledge hammer striking an aluminum block and a polyethylene block were used as 
the energy source for the active survey.  Ten (10) active shots were performed at various 
distances (25, 50, and 100 feet) off the array ends.  Resultant vibrations were recorded with a 
sample rate of 0.5 milliseconds and a recording length of 2 seconds after each hammer blow.  
The data was stacked five times at each location to minimize the effect of unknown ambient 
vibrations commonly referred to as noise. The stacking process increases the signal to noise 
ratio. 
 
The passive survey consisted of the collection of ambient background vibrations, which 
consisted of drilling equipment. Fifty (50) recordings with a record length of 32 seconds and a 
sample rate of 2 milliseconds were made during this phase of data acquisition. 
 
Prior to departing the site, the data collected from both the passive and active surveys were 
reviewed and checked for variations from what would be typically expected from the prevailing 
area geology.   
 
After completion of passive and active survey the data was processed and analyzed using 
Geometric’s SeisImager software suite (Pickwin and WaveEq).  This resulted in a one-
dimensional subsurface shear wave velocity curve that is developed utilizing both the passive 
and active survey data.  The data from the active survey defines the near surface shear wave 
velocities, while the passive survey data defines deeper shear wave velocities due to the lower 
frequencies.  The resulting curve represents the average shear wave velocities below the surface 
arrays to a depth of 100 feet.   
 



SC-114 Bridge Replacement over Sandy Run Creek – FME Project No. G6658.005 Page 2   
 

The resulting Shear Wave Velocity Curve, Vs100, for the location defined on Figure 1 of this 
report. The following table summarizes the average shear wave velocity (Vs100) at the 
aforementioned location. 
 

Boring No. Average Shear Wave 
Velocity (Vs100) 

MASW-12 1225.7 ft/sec 
 
It has been a pleasure working for you on this project and we appreciate the opportunity to be of 
service.  Please contact us if you have any questions or concerns. 
 
 
Sincerely, 
 
F&ME CONSULTANTS 

 
 

                                           
  Alex M Chandler, EIT       John F Hamilton, PE 
  Geotechnical Staff Professional     Geotechnical Design Manager  
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Appendix C. Laboratory Testing 
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Laboratory Testing Procedures 

  

 

Grain Size Distribution  

Wash #200 Testing has been conducted following ASTM D1140 Standard Test Methods for Determining 

the Amount of Material Finer that 75-µm (No. 200) Sieve in Soils by Washing. Full grain size analysis 

was conducted on select samples following ASTM D6913 Standard Test Method for Sieve Analysis of 

Fine and Coarse Aggregates.  

  

 

Hydrometer  

Hydrometer grain size analysis for soils was conducted following ASTM D7928 Standard Test Method 

for Particle Size Analysis of Soils.  

  

 

Atterberg Limits  

Atterberg limits testing have been conducted following ASTM D4318 Standard Test Method for Liquid 

Limit, Plastic Limit, and Plasticity Index of Soils.  

  

 

Moisture Content  

Moisture content testing has been conducted following ASTM D2216 Standard Test Method for 

Laboratory Determination of Water (Moisture) Content of Soil and Rock.  

  

 

Standard Proctor  

Standard Proctor testing has been conducted following ASTM D698 Standard Test Methods for 

Laboratory Compaction Characteristics of Soil Using Standard Effort (12,400 ft-lbf/ft 3 (600kN-m/m3)).  

  

 

Consolidated-Undrained Triaxial Test 

CU testing allows the soil specimen to be consolidated under a confining pressure prior to shear and has 

been conducted following ASTM D4767 Standard Test Method for Consolidated-Undrained Triaxial 

Compression Test for Cohesive Soils. The soil specimens in this case were bulk samples that were 

remolded and compacted to 95% of the Standard Proctor.  

 

 

 

 



Corrosion Series   

Corrosion series testing has been conducted including pH, chloride content, sulfate content, and 

resistivity. PH testing was conducted AASHTO T289 Standard Method of Test for Determining pH of 

Soil for Use is Corrosion Testing. Chloride content testing was conducted following AASHTO T291 

Standard Method of Test for Determining Water-Soluble Chloride Ion Content in Soil.  Sulfate content 

testing was conducted following AASHTO T290 Standard Method of Test for Determining Water-

Soluble Sulfate Content in Soil.   Resistivity testing was conducted following AASHTO T288 Standard 

Method of Test for Determining Minimum Laboratory Soil Resistivity.   
 

 

Compressive Strength of Rock Cores   

Compressive strength of rock cores has been conducted following ASTM D7012 Standard Test for 

Compressive Strength and Elastic Moduli of Intact Rock Core Specimens under Varying States of Stress 

and Temperatures. 
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PROJECT: P041239

12/15/2022

TESTED BY: 12/16/2022

WEIGHED BY: 12/19/2022

B-50 B-50 B-50 B-50 B-50

SS-3 SS-5 SS-6 SS-10 SS-13

4.0 - 6.0 8.0 - 10.0 10.0 - 12.0 18.0 - 20.0 24.0 - 26.0

22.4 26.1 52.1 45.9 15.0

BORING NO.

SAMPLE NO.

SAMPLE DEPTH (FT.)

WATER CONTENT, W%

SAMPLE DEPTH (FT.)

WATER CONTENT, W%

BORING NO.

SAMPLE NO.

SAMPLE DEPTH (FT.)

WATER CONTENT, W%

BORING NO.

SAMPLE NO.

SAMPLE DEPTH (FT.)

WATER CONTENT, W%

BORING NO.

SAMPLE NO.

DESCRIPTION OF SOIL: Various

CM & MW DATE SETUP:

DH DATE OF WEIGHING:

F&ME CONSULTANTS, INC.

MOISTURE CONTENT DETERMINATION
(AASHTO T265)

SC 114 RBO Sandy Run Creek SCDOT PROJECT ID:

SAMPLE NUMBER: 22-3371 DATE SAMPLE RECEIVED:     

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

211 Business Park Blvd., Columbia, SC 29203



544 Braddock Avenue  •  East Pittsburgh, PA  15112  •  Phone  (412) 823-7600  •  Fax (412) 823-8999  •  www.geotechnics.net 

   DCN: Data Transmittal Letter   Date: 1/28/05   Rev.: 1 

January 16, 2023 

Project No. 2022-898-001 

Mr. Alex Abernethy 
F&ME Consultants, Inc. 
3112 Devine Street 
Columbia, SC 29205 

Transmittal 
Laboratory Test Results 

Sandy Run Cr. G6658.005 

Please find attached the laboratory test results for the above referenced project. The tests were outlined 
on the Project Verification Form that was transmitted to your firm prior to the testing.  The testing was 
performed in general accordance with the methods listed on the enclosed data sheets. The test results 
are believed to be representative of the samples that were submitted for testing and are indicative only of 
the specimens that were evaluated.  We have no direct knowledge of the origin of the samples and imply 
no position with regard to the nature of the test results, i.e. pass/fail and no claims as to the suitability of 
the material for its intended use. 

The test data and all associated project information provided shall be held in strict confidence and 
disclosed to other parties only with authorization by our Client.  The test data submitted herein is 
considered integral with this report and is not to be reproduced except in whole and only with the 
authorization of the Client and Geotechnics. The remaining sample materials for this project will be 
retained for a minimum of 90 days as directed by the Geotechnics’ Quality Program. 

We are pleased to provide these testing services. Should you have any questions or if we may be of 
further assistance, please contact our office. 

Respectfully submitted, 
Geotechnics, Inc. 

Nathan Melaro 
Director of Operations 

We understand that you have a choice in your laboratory services 
and we thank you for choosing Geotechnics. 



544 Braddock Avenue  •  East Pittsburgh, PA  15112  •  Phone  (412) 823-7600  •  Fax (412) 823-8999  •  www.geotechnics.net 

CHLORIDE ION CONTENT IN SOILS
AASHTO T 291 - 94 (2018) (Method B )

Client: F&ME Consultants, Inc.
Client Reference: SC 114 RBO Sandy Run Cr.
Project No.: 2022-898-001
Lab ID: 2022-898-001-001

Boring No.: B-50
Depth (ft): 6.0-14.0' 
Sample No.: SS-4, SS-5, SS-6 & SS-7 
Description: Brown Soil with Mica

( - # 10 Sieve material )

CHLORIDE STANDARD: CALIBRATION CURVE

STANDARD MILLIVOLTS
(mV)

10.0 mg/L 141.2
100.0 mg/L 84.0
1000.0 mg/L 27.9

MEASUREMENT OF CHLORIDES

Sample Weight (g): 100.0 CONCENTRATION CONCENTRATION
Water added to Sample (ml): 100.0 (mg/L) (mg/kg)
Size of Sample Aliquot (ml): 25.0

Sample Reading (mV): 92.2 72.73 72.73

Notes:  1) Samples and standards were buffered by the addition of an equal volume of the 0.2 M KNO3 solution (1:1 volume).
2) Samples were dried for a minimum of 12 hours at 110 +/- 5

oC.

Notes:

Tested By JAM Date 1/12/23 Checked By JLK Date 1/13/23
page 1 of 1 DCN: CT-S63A  DATE: 6/2/14  REVISION: 1

y = -24.6ln(x) + 197.67
R² = 1

0.0
20.0
40.0
60.0
80.0

100.0
120.0
140.0
160.0

10.0 100.0 1000.0

m
V

mg/L

Chloride Standard - Calibration Curve



REV 03/2021

Project Name:

Sample Location:

Description of Sample:

Tested By:

22-3368

B-50

6.0 - 14.0

5.47

20.7

Date Reviewed: 1/3/2023

F&ME CONSULTANTS
3112 Devine Street

Columbia, South Carolina 29205

pH Determination
(AASHTO T289)

SC 114 RBO Sandy Run Creek SCDOT Project ID: P041239

B-50 Sample Elevation/Depth: 6.0 - 14.0

Various (Composite) Date Sampled: --

Depth (ft.)

pH Value

Temperature (˚C)

Reviewed By: J. Hiers

R. Coldiron Date Tested: 12/30/2023

FME Lab ID No.

Sample ID

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

211 Business Park Blvd., Columbia, SC 29203 Page 1 of 1



REV 09/2022

Project Name: SCDOT Project ID: 

Location: FME Lab ID No.:

Sampled By: Date Sampled:

Soil Description: Date Received:

Tested By: Date Tested:

Date Reviewed: Reviewed By: J. Hiers

CM

1/18/2023

SOIL RESISTIVITY

12/15/2022

1/4/2023

Various (Composite)

(AASHTO T288)

P041239

--

SC 114 RBO Sandy Run Creek

Union County, SC 22-3368

HDR

B-50 6.0 - 14.0 10,120

Sample Depth (ft.)Boring No.
Minimum Soil Resistivity, 

Ω-cm

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

211 Business Park Blvd., Columbia, SC 29203



544 Braddock Avenue  •  East Pittsburgh, PA  15112  •  Phone  (412) 823-7600  •  Fax (412) 823-8999  •  www.geotechnics.net 

Water-Soluble Sulfate Ion Content in Soil
AASHTO T 290-95 (2020)

Client:
Client Reference:
Project No.:

Boring No.: B-50 
Depth (ft): 6.0-14.0' 

Lab ID:

F&ME Consultants, Inc. 
SC 114 RBO Sandy Run Cr. 
2022-898-001
2022-898-001-001

Sample No.: SS-4, SS-5, SS-6 & SS-7 
Soil Description: Brown Soil & Mica

0.0 4.0 10.0 20.0 30.0 40.0 60.0 80.0 100.0

Underrange Underrange 8 18 36 61 126 165 247

(Sample contains 5.0 mL NaCl solution and 0.3 g BaCl2
.2H2O)

Sample Weight (g): 100.0 Sample Moisture Content
Water added to Sample (mL): 300.0 Tare Number: 886
Size of Sample Aliquot (mL): 50.0 Weight of Tare & Wet Sample (g): 222.90

Sample Reading (FAU): 11 Weight of Tare & Dry Sample (g): 222.35
Weight of Tare (g): 109.32

Sample Diluted: No Weight of Water (g): 0.55
Weight of Dry Sample (g): 113.03

Moisture Content (%): 0.49
Sulfate Solution Added (ml): 5

Sample Sulfate Ion Concentration: 16.82 mg/L SO4  (ppm)
Sample Sulfate Ion Content: 50.5 mg/Kg SO4  (not corrected for moisture)
Sample Sulfate Ion Content: 50.7 mg/Kg SO4  (corrected for moisture)

Tested by: JAM Date: 1/13/23 Checked by: BRB Date: 1/16/2023
page 1 of 1 DCN: CT-S87  DATE: 3/5/2020  REVISION: 1

Sulfate Standard - Calibration Curve Spectrophotometer Readings

Sulfate Ion Concentrations (mg/L)

Spectrophotometer Readings (FAU)

Measurement of Barium Chloride Turbidity

y = 2.6696x - 35.238

R² = 0.9814

0
50

100
150
200
250
300

0.0 20.0 40.0 60.0 80.0 100.0

FA
U

mg/L SO4  (ppm)

AASHTO T 290-95 Calibration Curve
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PROJECT: P041239

12/15/2022

TESTED BY: 12/16/2022

WEIGHED BY: 12/19/2022

B-51 B-51 B-51 B-51 B-51

SS-1 SS-3 SS-5 SS-7 SS-8

0.0 - 2.0 4.0 - 6.0 8.0 - 10.0 18.5 - 20.0 23.5 - 25.0

18.0 28.5 38.4 100.9 15.4

BORING NO.

SAMPLE NO.

SAMPLE DEPTH (FT.)

WATER CONTENT, W%

SAMPLE DEPTH (FT.)

WATER CONTENT, W%

BORING NO.

SAMPLE NO.

SAMPLE DEPTH (FT.)

WATER CONTENT, W%

BORING NO.

SAMPLE NO.

SAMPLE DEPTH (FT.)

WATER CONTENT, W%

BORING NO.

SAMPLE NO.

DESCRIPTION OF SOIL: Various

CM & MW DATE SETUP:

DH DATE OF WEIGHING:

F&ME CONSULTANTS, INC.

MOISTURE CONTENT DETERMINATION
(AASHTO T265)

SC 114 RBO Sandy Run Creek SCDOT PROJECT ID:

SAMPLE NUMBER: 22-3373 DATE SAMPLE RECEIVED:     

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

211 Business Park Blvd., Columbia, SC 29203
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Appendix C. Laboratory Testing 

Bulk Samples 

1201 Main Street, Suite 800 Columbia, SC 29201 
T 803.254.5800     
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PROJECT: P041239

12/15/2022

TESTED BY: 12/16/2022

WEIGHED BY: 12/19/2022

BS-3

--

0.0 - 5.0

23.5

F&ME CONSULTANTS, INC.

MOISTURE CONTENT DETERMINATION
(AASHTO T265)

SC 114 RBO Sandy Run Creek SCDOT PROJECT ID:

SAMPLE NUMBER: 22-3373 DATE SAMPLE RECEIVED:     

DESCRIPTION OF SOIL: Sandy Lean CLAY (CL/A-7-6)

CM & MW DATE SETUP:

DH DATE OF WEIGHING:

WATER CONTENT, W%

BORING NO.

SAMPLE NO.

SAMPLE DEPTH (FT.)

WATER CONTENT, W%

BORING NO.

SAMPLE NO.

BORING NO.

SAMPLE NO.

SAMPLE DEPTH (FT.)

WATER CONTENT, W%

SAMPLE DEPTH (FT.)

WATER CONTENT, W%

BORING NO.

SAMPLE NO.

SAMPLE DEPTH (FT.)

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

211 Business Park Blvd., Columbia, SC 29203
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TEST RESULTS

Test Method

SANDY LEAN CLAY (CL/A-7-6)
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AASHTO T99 - Method A



Consolidated Undrained by AASHTO T297

2023-01-09 14:30:54 V 3.2.22.41 1 2023-01-03 15:03:30 V 3.0.19.306

Boring Number: BS-3

Sample Number: 22-3372

Remarks: Max Dry Density=110.6 pcf, OMC=16.2%, Samples Molded at 95%

Location: Union County

Tester: RMC

Test Date: 1/3/2023

Preparation: Remolded

SCDOT Project ID: P041239

Checker: WAP/ WJG

Depth: 0.0' - 5.0'

Elevation: 
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Max. Obliquity

c' = 0.317 psi

φ' = 36.0

tan φ' = 0.73
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Symbol
Sample ID
Depth
Test Number

Height, in
Diameter, in
Moisture Content (from Cuttings), %

        Dry Density, pcf
Saturation (Wet Method), %
Void Ratio
Moisture Content, %

     Dry Density, pcf
Cross-Sectional Area (Method A), in²
Saturation, %
Void Ratio
Back Pressure, psi

Vertical Effective Consolidation Stress, psi
Horizontal Effective Consolidation Stress, psi
Vertical Strain after Consolidation, %
Volumetric Strain after Consolidation, %
Time to 50% Consolidation, min
Shear Strength, psi
Strain at Failure, %
Strain Rate, %/min
Deviator Stress at Failure, psi
Effective Minor Principal Stress at Failure, psi
Effective Major Principal Stress at Failure, psi
B-Value

In
iti

al
F

in
al

22-3372
0.0' - 5.0'

A
6.000
2.800
15.8
105.
72.1

0.587
21.0
107.

6.077
100.0
0.563
101.0
4.947
4.966

0.1254
1.260

0.3500
2.439
4.29

0.05000
4.878
1.315
6.194
0.96

22-3372
0.0' - 5.0'

B
6.000
2.800
15.8
105.
72.0

0.587
20.1
109.

6.008
100.0
0.538
98.00
9.945
9.993

0.6671
3.029

0.4300
3.564
7.34

0.05000
7.127
1.999
9.126
0.94

22-3372
0.0' - 5.0'

C
6.000
2.800
15.8
105.
72.1

0.589
19.1
111.

5.930
100.0
0.511
101.0
14.91
15.00
1.361
5.232
1.700
5.189
9.34

0.05000
10.38
3.230
13.61
0.95

Notes:
- Before Shear Saturation set to 100% for phase calculation.
- Moisture Content determined by ASTM D2216.
- Atterberg Limits determined by ASTM D4318.
- Deviator Stress includes membrane correction.
- Values for c and φ determined from best-fit straight line for the specific test conditions.
 Actual strength parameters may vary and should be determined by an engineer for site
conditions.

Project Name: SC114 RBO Sandy Run Creek

Test Number: ABC

Description: Sandy Lean CLAY (CL/A-7-6)    LL=42, PL=22, PI=20, %200=50.1



Consolidated Undrained by AASHTO T297

2023-01-09 14:30:54 V 3.2.22.41 2 2023-01-03 15:03:30 V 3.0.19.306

Boring Number: BS-3

Sample Number: 22-3372

Remarks: Max Dry Density=110.6 pcf, OMC=16.2%, Samples Molded at 95%

Location: Union County

Tester: RMC

Test Date: 1/3/2023

Preparation: Remolded

SCDOT Project ID: P041239

Checker: WAP/ WJG

Depth: 0.0' - 5.0'

Elevation: 

Sample No. Test No. Depth Tested By Test Date Checked By Check Date Test File

22-3372 A 0.0' - 5.0' RMC 1/3/2023 WAP/ WJG 1/9/2023 BS-3.A.dat

22-3372 B 0.0' - 5.0' WAP/RMC 1/3/2023 WAP/ WJG 1/9/2023 BS-3.B.dat

22-3372 C 0.0' - 5.0' RMC 1/4/2023 WAP/ WJG 1/9/2023 BS-3.C.dat
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Max. Obliquity

c' = 0.317 psi

φ' = 36.0

tan φ' = 0.73

Project Name: SC114 RBO Sandy Run Creek

Test Number: ABC

Description: Sandy Lean CLAY (CL/A-7-6)    LL=42, PL=22, PI=20, %200=50.1



Consolidated Undrained by AASHTO T297

2023-01-09 14:30:54 V 3.2.22.41 3 2023-01-03 15:03:30 V 3.0.19.306

Boring Number: BS-3

Sample Number: 22-3372

Remarks: Max Dry Density=110.6 pcf, OMC=16.2%, Samples Molded at 95%

Location: Union County

Tester: RMC

Test Date: 1/3/2023

Preparation: Remolded

SCDOT Project ID: P041239

Checker: WAP/ WJG

Depth: 0.0' - 5.0'

Elevation: 

Sample No. Test No. Depth Tested By Test Date Checked By Check Date Test File

22-3372 A 0.0' - 5.0' RMC 1/3/2023 WAP/ WJG 1/9/2023 BS-3.A.dat

22-3372 B 0.0' - 5.0' WAP/RMC 1/3/2023 WAP/ WJG 1/9/2023 BS-3.B.dat

22-3372 C 0.0' - 5.0' RMC 1/4/2023 WAP/ WJG 1/9/2023 BS-3.C.dat
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Project Name: SC114 RBO Sandy Run Creek

Test Number: ABC

Description: Sandy Lean CLAY (CL/A-7-6)    LL=42, PL=22, PI=20, %200=50.1



Consolidated Undrained by AASHTO T297

2023-01-09 14:31:18 V 3.2.22.41 1 2023-01-03 15:03:30 V 3.0.19.306

Project Name: SC114 RBO Sandy Run Creek

Boring Number: BS-3

Sample Number: 22-3372

Test Number: ABC

Description: Sandy Lean CLAY (CL/A-7-6)    LL=42, PL=22, PI=20, %200=50.1

Remarks: Max Dry Density=110.6 pcf, OMC=16.2%, Samples Molded at 95%

Location: Union County

Tester: RMC

Test Date: 1/3/2023

Preparation: Remolded

SCDOT Project ID: P041239

Checker: WAP/ WJG

Depth: 0.0' - 5.0'

Elevation: 
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Sample ID
Depth
Test Number

Height, in
Diameter, in
Moisture Content (from Cuttings), %

        Dry Density, pcf
Saturation (Wet Method), %
Void Ratio
Moisture Content, %

     Dry Density, pcf
Cross-Sectional Area (Method A), in²
Saturation, %
Void Ratio
Back Pressure, psi

Vertical Effective Consolidation Stress, psi
Horizontal Effective Consolidation Stress, psi
Vertical Strain after Consolidation, %
Volumetric Strain after Consolidation, %
Time to 50% Consolidation, min
Shear Strength, psi
Strain at Failure, %
Strain Rate, %/min
Deviator Stress at Failure, psi
Effective Minor Principal Stress at Failure, psi
Effective Major Principal Stress at Failure, psi
B-Value

In
iti

al
F

in
al

22-3372
0.0' - 5.0'

A
6.000
2.800
15.8
105.
72.1

0.587
21.0
107.

6.077
100.0
0.563
101.0
4.947
4.966

0.1254
1.260

0.3500
2.439
4.29

0.05000
4.878
1.315
6.194
0.96

22-3372
0.0' - 5.0'

B
6.000
2.800
15.8
105.
72.0

0.587
20.1
109.

6.008
100.0
0.538
98.00
9.945
9.993

0.6671
3.029

0.4300
3.564
7.34

0.05000
7.127
1.999
9.126
0.94

22-3372
0.0' - 5.0'

C
6.000
2.800
15.8
105.
72.1

0.589
19.1
111.

5.930
100.0
0.511
101.0
14.91
15.00
1.361
5.232
1.700
5.189
9.34

0.05000
10.38
3.230
13.61
0.95

Notes:
- Before Shear Saturation set to 100% for phase calculation.
- Moisture Content determined by ASTM D2216.
- Atterberg Limits determined by ASTM D4318.
- Deviator Stress includes membrane correction.
- Values for c and φ determined from best-fit straight line for the specific test conditions.
 Actual strength parameters may vary and should be determined by an engineer for site
conditions.



Consolidated Undrained by AASHTO T297

2023-01-09 14:31:18 V 3.2.22.41 2 2023-01-03 15:03:30 V 3.0.19.306

Boring Number: BS-3

Sample Number: 22-3372

Remarks: Max Dry Density=110.6 pcf, OMC=16.2%, Samples Molded at 95%

Location: Union County

Tester: RMC

Test Date: 1/3/2023

Preparation: Remolded

SCDOT Project ID: P041239

Checker: WAP/ WJG

Depth: 0.0' - 5.0'

Elevation: 

Sample No. Test No. Depth Tested By Test Date Checked By Check Date Test File

22-3372 A 0.0' - 5.0' RMC 1/3/2023 WAP/ WJG 1/9/2023 BS-3.A.dat

22-3372 B 0.0' - 5.0' WAP/RMC 1/3/2023 WAP/ WJG 1/9/2023 BS-3.B.dat

22-3372 C 0.0' - 5.0' RMC 1/4/2023 WAP/ WJG 1/9/2023 BS-3.C.dat
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Max. Obliquity

c = 0.799 psi

φ = 12.5

tan φ = 0.22

Project Name: SC114 RBO Sandy Run Creek

Test Number: ABC

Description: Sandy Lean CLAY (CL/A-7-6)    LL=42, PL=22, PI=20, %200=50.1



Consolidated Undrained by AASHTO T297

2023-01-09 14:31:18 V 3.2.22.41 3 2023-01-03 15:03:30 V 3.0.19.306

Boring Number: BS-3

Sample Number: 22-3372

Remarks: Max Dry Density=110.6 pcf, OMC=16.2%, Samples Molded at 95%

Location: Union County

Tester: RMC

Test Date: 1/3/2023

Preparation: Remolded

SCDOT Project ID: P041239

Checker: WAP/ WJG

Depth: 0.0' - 5.0'

Elevation: 

Sample No. Test No. Depth Tested By Test Date Checked By Check Date Test File

22-3372 A 0.0' - 5.0' RMC 1/3/2023 WAP/ WJG 1/9/2023 BS-3.A.dat

22-3372 B 0.0' - 5.0' WAP/RMC 1/3/2023 WAP/ WJG 1/9/2023 BS-3.B.dat

22-3372 C 0.0' - 5.0' RMC 1/4/2023 WAP/ WJG 1/9/2023 BS-3.C.dat
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Project Name: SC114 RBO Sandy Run Creek

Test Number: ABC

Description: Sandy Lean CLAY (CL/A-7-6)    LL=42, PL=22, PI=20, %200=50.1



 

hdrinc.com  

 1122 Lady Street, Suite 1100 Columbia, SC 29201 
T 803.509.6590    T 803.929.0334     

 

 

 

 

 

Appendix C. Laboratory Testing 

Rock Cores 

1201 Main Street, Suite 800 Columbia, SC 29201 
T 803.254.5800     

 



Project Date 1/17/2023
Project No. Sample Diameter (in.) 1.862 Tested By WAP
SCDOT ID Sample Length (in.) 4.015 Reviewed By WJG
Boring Unit Weight (pcf) 167.3 Core Size NQ
Sample No. L/D Ratio 2.16 Recovery 98%
Depth Load Rate (psi/sec) 30 RQD 98%
Description

Percent of Load Compressive Stress Poisson's

Failure Load Axial Radial (lbs) (psi) Ratio

10% ‐485 43 2,430 892 0.09
20% ‐962 97 4,836 1,776 0.10
30% ‐1392 154 7,237 2,658 0.11
40% ‐1780 213 9,651 3,544 0.12
50% ‐2154 277 12,067 4,432 0.13
60% ‐2533 349 14,572 5,351 0.14
70% ‐2877 422 16,973 6,233 0.15
80% ‐3238 510 19,324 7,097 0.16
90% ‐3679 673 21,768 7,994 0.18
100% ‐4304 2012 24,181 8,880

8,880 4.19E+06

0.14

Elastic range was taken as between 0.0015 and 0.0035 inches of axial strain.  This range was chosen to 

avoid any non‐linear behavior from the initial loading and the inflection point at the end of the elastic 

range.
Comments

Compressive Strength and Elastic Moduli of Intact Rock Core Specimens
ASTM D7012 ‐ Method D / SC‐T‐39

Strain (10‐6)

G6658.005
P041239
B‐50
NQ‐1 / 22‐3371A
33.6' ‐ 33.9'

Elastic Modulus (psi)

Poisson's Ratio in Elastic Range

Black/White/Gray Quartz Monzonite

Test Results

Test Data

SC 114 RBO Sandy Run Creek

Unconfined Compressive Strength (psi)

Sample Photos

Secant Modulus

x106 (psi)
3.68
3.69
3.82
3.98
4.11
4.23
4.33
4.38
4.35

 3112 Devine Street  Columbia, SC 29205

Geotechnical   ∙   Environmental   ∙   Materials Page 1 of 2



Project Date 1/17/2023
Project No. Sample Diameter (in.) 1.862 Tested By WAP
SCDOT ID Sample Length (in.) 4.015 Reviewed By WJG
Boring Unit Weight (pcf) 167.3 Core Size NQ
Sample No. L/D Ratio 2.16 Recovery 98%
Depth Load Rate (psi/sec) 30 RQD 98%
Description

NQ‐1 / 22‐3371A
33.6' ‐ 33.9'
Black/White/Gray Quartz Monzonite

Compressive Strength and Elastic Moduli of Intact Rock Core Specimens
ASTM D7012 ‐ Method D / SC‐T‐39

G6658.005
P041239
B‐50

SC 114 RBO Sandy Run Creek

0

2000

4000

6000

8000

10000

12000

14000

16000

0 0.001 0.002 0.003 0.004 0.005 0.006 0.007

C
o
m
p
re
ss
iv
e
 S
tr
e
ss
 (
p
si
)

Strain (in)

Axial Stress vs. Strain

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

10000

‐0.005 ‐0.004 ‐0.003 ‐0.002 ‐0.001 0 0.001 0.002 0.003

C
o
m
p
re
ss
iv
e
 S
tr
e
ss
 (
p
si
)

Strain (in)

Stress vs. Strain

Axial Strain Radial Strain

 3112 Devine Street  Columbia, SC 29205
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Project Date 1/17/2023
Project No. Sample Diameter (in.) 1.867 Tested By WAP
SCDOT ID Sample Length (in.) 4.267 Reviewed By WJG
Boring Unit Weight (pcf) 167.0 Core Size NQ
Sample No. L/D Ratio 2.29 Recovery 98%
Depth Load Rate (psi/sec) 20 RQD 76%
Description

Percent of Load Compressive Stress Poisson's

Failure Load Axial Radial (lbs) (psi) Ratio

10% ‐729 80 3,280 1,198 0.11
20% ‐1357 172 6,537 2,388 0.13
30% ‐1939 273 9,846 3,596 0.14
40% ‐2431 371 13,116 4,791 0.15
50% ‐2897 475 16,417 5,997 0.16
60% ‐3353 590 19,684 7,190 0.18
70% ‐3812 729 22,952 8,384 0.19
80% ‐4263 925 26,284 9,601 0.22
90% ‐4737 1313 29,559 10,797 0.28
100% ‐5064 4377 32,828 11,991

11,990 4.15E+06

0.17

Elastic range was taken as between 0.002 and 0.004 inches of axial strain.  This range was chosen to avoid 

any non‐linear behavior from the initial loading and the inflection point at the end of the elastic range.

Comments

Compressive Strength and Elastic Moduli of Intact Rock Core Specimens
ASTM D7012 ‐ Method D / SC‐T‐39

Strain (10‐6)

G6658.005
P041239
B‐50
NQ‐2 / 22‐3371B
39.6' ‐ 39.9'

Elastic Modulus (psi)

Poisson's Ratio in Elastic Range

Black/White/Gray Quartz Monzonite

Test Results

Test Data

SC 114 RBO Sandy Run Creek

Unconfined Compressive Strength (psi)

Sample Photos

Secant Modulus

x106 (psi)
3.29
3.52
3.71
3.94
4.14
4.29
4.40
4.50
4.56

 3112 Devine Street  Columbia, SC 29205

Geotechnical   ∙   Environmental   ∙   Materials Page 1 of 2



Project Date 1/17/2023
Project No. Sample Diameter (in.) 1.867 Tested By WAP
SCDOT ID Sample Length (in.) 4.267 Reviewed By WJG
Boring Unit Weight (pcf) 167.0 Core Size NQ
Sample No. L/D Ratio 2.29 Recovery 98%
Depth Load Rate (psi/sec) 20 RQD 76%
Description

NQ‐2 / 22‐3371B
39.6' ‐ 39.9'
Black/White/Gray Quartz Monzonite

Compressive Strength and Elastic Moduli of Intact Rock Core Specimens
ASTM D7012 ‐ Method D / SC‐T‐39

G6658.005
P041239
B‐50

SC 114 RBO Sandy Run Creek
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Project Date 1/17/2023
Project No. Sample Diameter (in.) 1.863 Tested By WAP
SCDOT ID Sample Length (in.) 4.038 Reviewed By WJG
Boring Unit Weight (pcf) 167.6 Core Size NQ
Sample No. L/D Ratio 2.17 Recovery 67%
Depth Load Rate (psi/sec) 20 RQD 53%
Description

Percent of Load Compressive Stress Poisson's

Failure Load Axial Radial (lbs) (psi) Ratio

10% ‐757 62 2,245 824 0.08
20% ‐1435 179 4,569 1,676 0.13
30% ‐2031 320 6,801 2,495 0.16
40% ‐2544 484 9,050 3,320 0.19
50% ‐3074 704 11,366 4,170 0.23
60% ‐3577 958 13,611 4,993 0.27
70% ‐4093 1128 15,836 5,809 0.28
80% ‐4689 1455 18,170 6,666 0.31
90% ‐5401 1773 20,463 7,507 0.33
100% ‐6365 4526 22,699 8,327

8,330 2.69E+06

0.22

Elastic range was taken as between 0.002 and 0.004 inches of axial strain.  This range was chosen to avoid 

any non‐linear behavior from the initial loading and the inflection point at the end of the elastic range.

Comments

Compressive Strength and Elastic Moduli of Intact Rock Core Specimens
ASTM D7012 ‐ Method D / SC‐T‐39

Strain (10‐6)

G6658.005
P041239
B‐51
NQ‐1 / 22‐3373A
35.9' ‐ 36.2'

Elastic Modulus (psi)

Poisson's Ratio in Elastic Range

Black/White/Gray Quartz Monzonite

Test Results

Test Data

SC 114 RBO Sandy Run Creek

Unconfined Compressive Strength (psi)

Sample Photos

Secant Modulus

x106 (psi)
2.18
2.34
2.46
2.61
2.71
2.79
2.84
2.84
2.78

 3112 Devine Street  Columbia, SC 29205
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Project Date 1/17/2023
Project No. Sample Diameter (in.) 1.863 Tested By WAP
SCDOT ID Sample Length (in.) 4.038 Reviewed By WJG
Boring Unit Weight (pcf) 167.6 Core Size NQ
Sample No. L/D Ratio 2.17 Recovery 67%
Depth Load Rate (psi/sec) 20 RQD 53%
Description

NQ‐1 / 22‐3373A
35.9' ‐ 36.2'
Black/White/Gray Quartz Monzonite

Compressive Strength and Elastic Moduli of Intact Rock Core Specimens
ASTM D7012 ‐ Method D / SC‐T‐39

G6658.005
P041239
B‐51

SC 114 RBO Sandy Run Creek
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Project Date 1/17/2023
Project No. Sample Diameter (in.) 1.862 Tested By WAP
SCDOT ID Sample Length (in.) 4.065 Reviewed By WJG
Boring Unit Weight (pcf) 166.9 Core Size NQ
Sample No. L/D Ratio 2.18 Recovery 80%
Depth Load Rate (psi/sec) 20 RQD 45%
Description

Percent of Load Compressive Stress Poisson's

Failure Load Axial Radial (lbs) (psi) Ratio

10% ‐592 75 2,877 1,057 0.13
20% ‐1184 182 5,535 2,033 0.15
30% ‐1726 310 8,333 3,060 0.18
40% ‐2245 464 11,030 4,051 0.21
50% ‐2747 648 13,878 5,097 0.24
60% ‐3230 863 16,678 6,125 0.27
70% ‐3691 1125 19,414 7,130 0.30
80% ‐4171 1496 22,120 8,123 0.36
90% ‐4755 2004 24,979 9,173 0.42
100% ‐5732 3179 27,743 10,188

10,190 3.75E+06

0.26

Elastic range was taken as between 0.002 and 0.004 inches of axial strain.  This range was chosen to avoid 

any non‐linear behavior from the initial loading and the inflection point at the end of the elastic range.

Comments

Compressive Strength and Elastic Moduli of Intact Rock Core Specimens
ASTM D7012 ‐ Method D / SC‐T‐39

Strain (10‐6)

G6658.005
P041239
B‐51
NQ‐3 / 22‐3373
41.9' ‐ 42.2'

Elastic Modulus (psi)

Poisson's Ratio in Elastic Range

Black/White/Gray Quartz Monzonite

Test Results

Test Data

SC 114 RBO Sandy Run Creek

Unconfined Compressive Strength (psi)

Sample Photos

Secant Modulus

x106 (psi)
3.57
3.43
3.55
3.61
3.71
3.79
3.86
3.90
3.86
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Project Date 1/17/2023
Project No. Sample Diameter (in.) 1.862 Tested By WAP
SCDOT ID Sample Length (in.) 4.065 Reviewed By WJG
Boring Unit Weight (pcf) 166.9 Core Size NQ
Sample No. L/D Ratio 2.18 Recovery 80%
Depth Load Rate (psi/sec) 20 RQD 45%
Description

NQ‐3 / 22‐3373
41.9' ‐ 42.2'
Black/White/Gray Quartz Monzonite

Compressive Strength and Elastic Moduli of Intact Rock Core Specimens
ASTM D7012 ‐ Method D / SC‐T‐39

G6658.005
P041239
B‐51

SC 114 RBO Sandy Run Creek
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Report of SPT Hammer Energy

Prepared for: 
Breccia Construction, LLC 
620-B Industrial Way 
Chester, South Carolina 29706 

March 23, 2022



2400 Crownpoint Executive Drive

Suite 800 

Charlotte, NC 28227 

(980) 339-8684

contact@carolinasgeotech.com 

www.carolinasgeotech.com 

March 23, 2022 

Mr. Jarod S. Ford 
Breccia Construction, LLC 
620-B Industrial Way 
Chester, South Carolina 29706 

SUBJECT: Report of SPT Hammer Energy
Breccia Construction, LLC CME 45B Trailer Rig (SN 303304) 
Chester, South Carolina 
CG2 Project No.: 240021095 

Dear Mr. Ford: 

Carolinas Geotechnical Group, PLLC (CG2) has completed the Standard Penetration Test (SPT) energy 

measurements on the automatic hammer mounted on a Breccia Construction, LLC (Breccia) CME 45B 

trailer-mounted drill rig with a serial number of 303304, see attached Drill Rig Photo Log. This service 

was performed by Mr. Robert E. Kral, PE on March 11, 2022. SPT energy testing was performed in 

general accordance with ASTM D4633 and the most recent revision of the North Carolina Department 

of Transportation (NCDOT), Geotechnical Engineering Unit’s requirements. The testing procedures, 

equipment used during testing, and detailed results are presented in this report. 

CG2 recommends Breccia submit this Report of SPT Hammer Energy to the NCDOT Geotechnical 

Engineering Unit for review and approval no later than April 8, 2022. 

DYNAMIC TESTING METHODOLOGY 

Testing was performed using a model SPT (Serial No. 4549 TB) Pile Driving AnalyzerTM (PDA) 

manufactured by Pile Dynamics, Inc. The PDA was used to record and interpret data from two 

piezoresistive accelerometers (Serial Nos. K11957 and K10959) bolted to a 2-foot long AWJ drill rod 

(SN 528AWJ) internally instrumented with two strain transducers. The instrumented AWJ drill rod has 

a cross-sectional area of 1.19 square inches, an outside diameter of approximately 1.75 inches, and 

an inside diameter of 1.25 inches at the gauge location. The accelerometers and strain gauges, which 

are mounted on opposing axis 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. Calibration sheets for the 

PDA, accelerometers, and the instrumented rod are included in the Appendix III. 
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TESTING AND OBSERVATIONS 

CG2 personnel was on site March 11, 2022 to observe and perform high-strain dynamic testing during 

SPT sampling on the CME 45B trailer-mounted drill rig operated by D. Harris of Breccia. The 

measurements were taken during drilling operations at 1817 Lowrys Highway in Chester, South 

Carolina (Chester County). The approximate coordinates (not professionally surveyed) for the test 

location are 34.770585, -81.245517. No Soil Test Boring Log was maintained. SPT energy 

measurements were recorded during three intervals at depths of approximately 28½, 33½, and 38½ 

feet below the existing ground surface. The information presented in the table below summarizes the 

equipment tested and tooling used during the SPT energy measurements. 

Table 1:  SPT Field Data 

Drill Rig Information

Manufacturer CME

Model 45B

Serial Number 303304

Operator D. Harris

Carrier Trailer

Hammer Information

Model / Type CME / Auto

Serial Number N/A

Anvil Height (inches) 11.5

Anvil Diameter (inches) 2.5

Drop Height (inches) 30

Ram Weight (pounds) 140

Ram Serial Number N/A

Drilling and Instrumented Rod Information

Drill Rod Type AWJ

OD (inches) 1.75

ID (inches) 1.25

Cross-Sectional Area (in2) 1.19

Typical Lengths (feet) 5

Instrumented Rod Type AWJ (SN 528)

OD (inches) 1.75

ID (inches) 1.25

Cross-Sectional Area (in2) 1.19

Total Instrumented Rod Length (feet) 2.00

Length Below Gages (feet) 0.70

Split-Spoon Length (feet) 2.85
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DYNAMIC TESTING RESULTS 

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

adding 3.6 feet to the required drill rod length at each sample depth. Based on the test data, the 

automatic hammer on the CME 45B Trailer-mounted drill rig operated at a rate of about 53.2 to 61.4 

blows per minute (BPM) during dynamic testing. The measured transferred hammer energy (EFV) 

ranged from 273.5 to 298.0 foot-pounds, which corresponds to Energy Transfer Ratio (ETR) values of 

78.2 to 85.1%, respectively. 

The SPT Energy Measurement Data Summary tables in the Appendix present the test data from every 

hammer blow at each sampling interval along with representative force and velocity traces for each 

test interval. The reported blow counts, obtained by the drill rig personnel, and a summary of the test 

data and average computed hammer energy and transfer ratio values are provided in Table 2. 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. BLC 

 Penetration vs. FMX 

 Penetration vs. EFV 

 Penetration vs. CSX 

 Penetration vs. VMX 

 Penetration vs. ETR 

 Average ETR vs. Rod Length 

 ETR vs. Rod Length

Table 2:  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 28½ - 30 30 33.6 4-6-7 / 13 SA SILT 53.4 277.5 79.3 

2 33½ - 35 35 38.6 3-5-6 / 11 SA SILT 58.3 291.4 83.3 

3 38½ - 40 40 43.6 4-6-9 / 15 SA SILT 55.5 286.8 81.9 

Overall Average 55.6 285.0 81.4 

The average hammer rate, transferred energy, and transfer ratio were calculated for each depth 

interval. Per ASTM D4633, only the blows from the final foot of each sample interval (i.e., the blows 

that determine the N-value) were included when computing the average values shown in Table 2. The 

overall average transferred hammer energy for the automatic hammer on the CME 45B trailer-

mounted drill rig (for all the depth intervals tested) was 285.0 foot-pounds, with an average ETR of 

81.4%. 
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LIMITATIONS OF REPORT 

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

practice for specific application to this project. The information 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. 

CLOSING 

CG2 is pleased to have the opportunity to provide these services to you. If you have questions 

concerning the content of this report, or if CG2 can be of further service, please contact CG2 at (980) 

339-8684. 

Sincerely,  
Carolinas Geotechnical Group, PLLC 

D. Matthew Brewer, PE  Robert E. Kral, PE 
Senior Project Engineer  Senior Project Engineer 

NC Registration No. 042642 

Appendices: 
• Appendix I - CME 45B Trailer Rig (SN 303304) SPT Energy Measurements Summary 

Plots and Tables 
• Appendix II - SPT Hammer Energy Field Form (Field Log) and Drill Rig Photo Log 
• Appendix III - Instrumented Rod and Accelerometer Calibration Sheets 
• Appendix IV - Certificate of Proficiency 
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Pile Dynamics, Inc. Page 1 of 4
SPT Analyzer Results PDA-S Ver. 2021.34 - Printed: 3/23/2022

CME 45B (SN 303304) B-1
REK Interval start: 3/11/2022
B-1
AR: 1.19 in^2 SP: 0.492 k/ft3
LE: 33.60 ft EM: 30000 ksi
WS: 16807.9 ft/s

Depth: (28.50 - 30.00 ft], displaying BN: 15
F@33.60 ft (50.0 kips)
V@33.60 ft (23.5 ft/s)

TS: 14
TB: 8.36

A3,4
F1,2

F1 : [528AWJ1] 205.26 PDICAL (1) FF1 A3 (PR): [K11957] 407.045 mv/6.4v/5000g (1) VF1
F2 : [528AWJ2] 205.86 PDICAL (1) FF1 A4 (PR): [K10959] 417.27 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

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

28.63 1 4 1.9 23.8 15.1 2.0 20.0 1.5 258.9 74.0
28.75 2 4 52.7 25.1 15.4 1.6 21.1 1.5 269.5 77.0
28.88 3 4 53.1 25.1 15.7 1.6 21.1 1.5 272.5 77.8
29.00 4 4 53.5 24.6 15.4 1.5 20.7 1.5 269.5 77.0
29.08 5 6 53.4 25.0 15.6 1.2 21.0 1.0 273.5 78.2
29.17 6 6 53.3 24.8 15.7 1.1 20.8 1.0 274.5 78.4
29.25 7 6 53.4 24.6 15.7 1.1 20.7 1.0 277.2 79.2
29.33 8 6 53.3 24.7 16.0 1.1 20.8 1.0 274.8 78.5
29.42 9 6 53.4 24.6 16.0 1.1 20.6 1.0 275.4 78.7
29.50 10 6 53.7 24.3 15.9 1.1 20.4 1.0 276.7 79.1
29.57 11 7 53.3 24.6 16.3 1.0 20.7 0.9 281.6 80.4
29.64 12 7 53.3 24.1 16.2 1.1 20.2 0.9 279.6 79.9
29.71 13 7 53.5 23.8 16.1 1.1 20.0 0.9 280.2 80.0
29.79 14 7 53.7 23.7 16.5 1.0 19.9 0.9 278.2 79.5
29.86 15 7 53.2 23.6 16.3 1.0 19.8 0.9 277.1 79.2
29.93 16 7 53.4 23.3 15.7 0.9 19.6 0.9 278.7 79.6
30.00 17 7 53.5 23.2 17.1 0.9 19.5 0.9 280.6 80.2

Average 53.4 24.2 16.1 1.1 20.3 0.9 277.5 79.3
Std Dev 0.1 0.6 0.4 0.1 0.5 0.1 2.4 0.7

Maximum 53.7 25.0 17.1 1.2 21.0 1.0 281.6 80.4
Minimum 53.2 23.2 15.6 0.9 19.5 0.9 273.5 78.2

N-value: 13

Sample Interval Time: 17.92 seconds.
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CME 45B (SN 303304) B-1
REK Interval start: 3/11/2022
B-1
AR: 1.19 in^2 SP: 0.492 k/ft3
LE: 38.60 ft EM: 30000 ksi
WS: 16807.9 ft/s

Depth: (33.50 - 35.00 ft], displaying BN: 12
F@38.60 ft (50.0 kips)
V@38.60 ft (23.5 ft/s)

TS: 14
TB: 8.36

A3,4
F1,2

F1 : [528AWJ1] 205.26 PDICAL (1) FF1 A3 (PR): [K11957] 407.045 mv/6.4v/5000g (1) VF1
F2 : [528AWJ2] 205.86 PDICAL (1) FF1 A4 (PR): [K10959] 417.27 mv/6.4v/5000g (1) VF1

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

33.67 1 3 1.9 27.2 16.3 2.3 22.8 2.0 290.7 83.0
33.83 2 3 60.1 27.7 17.1 2.0 23.2 2.0 300.3 85.8
34.00 3 3 60.9 27.7 17.1 2.0 23.3 2.0 302.3 86.4
34.10 4 5 61.4 27.6 16.8 1.3 23.2 1.2 293.7 83.9
34.20 5 5 58.8 27.3 16.7 1.3 22.9 1.2 286.9 82.0
34.30 6 5 57.9 27.1 16.9 1.2 22.8 1.2 288.5 82.4
34.40 7 5 57.7 27.5 17.0 1.2 23.2 1.2 288.2 82.3
34.50 8 5 57.9 26.7 16.8 1.2 22.5 1.2 292.5 83.6
34.58 9 6 57.8 26.6 17.0 1.1 22.4 1.0 290.0 82.9
34.67 10 6 58.1 26.9 17.0 1.0 22.6 1.0 287.6 82.2
34.75 11 6 58.1 26.6 17.1 1.0 22.4 1.0 288.5 82.4
34.83 12 6 57.8 26.9 17.3 1.0 22.6 1.0 298.0 85.1
34.92 13 6 58.1 26.5 17.2 1.0 22.3 1.0 295.9 84.6
35.00 14 6 58.2 26.2 17.0 1.0 22.0 1.0 295.4 84.4

Average 58.3 26.9 17.0 1.1 22.6 1.1 291.4 83.3
Std Dev 1.0 0.4 0.2 0.1 0.4 0.1 3.7 1.1

Maximum 61.4 27.6 17.3 1.3 23.2 1.2 298.0 85.1
Minimum 57.7 26.2 16.7 1.0 22.0 1.0 286.9 82.0

N-value: 11

Sample Interval Time: 13.30 seconds.
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CME 45B (SN 303304) B-1
REK Interval start: 3/11/2022
B-1
AR: 1.19 in^2 SP: 0.492 k/ft3
LE: 43.60 ft EM: 30000 ksi
WS: 16807.9 ft/s

Depth: (38.50 - 40.00 ft], displaying BN: 17
F@43.60 ft (50.0 kips)
V@43.60 ft (23.5 ft/s)

TS: 14
TB: 8.36

A3,4
F1,2

F1 : [528AWJ1] 205.26 PDICAL (1) FF1 A3 (PR): [K11957] 407.045 mv/6.4v/5000g (1) VF1
F2 : [528AWJ2] 205.86 PDICAL (1) FF1 A4 (PR): [K10959] 417.27 mv/6.4v/5000g (1) VF1

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

38.63 1 4 1.9 26.6 16.9 2.2 22.3 1.5 303.5 86.7
38.75 2 4 59.6 25.2 16.8 1.8 21.2 1.5 301.7 86.2
38.88 3 4 59.9 25.2 16.3 1.5 21.2 1.5 295.2 84.3
39.00 4 4 56.8 24.6 16.3 1.5 20.7 1.5 291.6 83.3
39.08 5 6 55.7 24.9 16.0 1.2 20.9 1.0 290.3 82.9
39.17 6 6 55.5 24.9 16.0 1.2 21.0 1.0 290.4 83.0
39.25 7 6 56.0 24.7 16.2 1.2 20.8 1.0 288.0 82.3
39.33 8 6 55.4 25.2 16.2 1.1 21.2 1.0 287.7 82.2
39.42 9 6 55.7 25.1 15.8 1.0 21.1 1.0 283.1 80.9
39.50 10 6 55.3 24.9 15.8 1.0 21.0 1.0 288.5 82.4
39.56 11 9 55.5 24.5 16.0 0.8 20.6 0.7 286.8 82.0
39.61 12 9 55.7 24.6 16.0 0.8 20.7 0.7 284.4 81.3
39.67 13 9 55.4 24.4 16.2 0.8 20.5 0.7 289.2 82.6
39.72 14 9 55.4 24.4 15.9 0.8 20.5 0.7 283.6 81.0
39.78 15 9 55.3 24.7 15.9 0.8 20.7 0.7 287.0 82.0
39.83 16 9 55.5 24.0 15.6 0.8 20.2 0.7 284.1 81.2
39.89 17 9 55.6 24.8 16.0 0.7 20.8 0.7 283.9 81.1
39.94 18 9 55.6 24.4 15.7 0.7 20.5 0.7 284.9 81.4
40.00 19 9 55.4 24.2 16.2 0.8 20.3 0.7 289.6 82.7

Average 55.5 24.7 16.0 0.9 20.7 0.8 286.8 81.9
Std Dev 0.2 0.3 0.2 0.2 0.3 0.2 2.5 0.7

Maximum 56.0 25.2 16.2 1.2 21.2 1.0 290.4 83.0
Minimum 55.3 24.0 15.6 0.7 20.2 0.7 283.1 80.9

N-value: 15

Sample Interval Time: 19.28 seconds.
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Summary of SPT Test Results

Project: CME 45B (SN 303304), Test Date: 3/11/2022
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 %

33.60 28.50 30.00 4-6-7 13 17 53.4 24.2 16.1 1.1 20.3 0.9 277.5 79.3
38.60 33.50 35.00 3-5-6 11 14 58.3 26.9 17.0 1.1 22.6 1.1 291.4 83.3
43.60 38.50 40.00 4-6-9 15 20 55.5 24.7 16.0 0.9 20.7 0.8 286.8 81.9

Overall Average Values: 55.6 25.1 16.3 1.0 21.1 0.9 285.0 81.4

Standard Deviation: 2.0 1.2 0.5 0.2 1.0 0.2 6.3 1.8

Overall Maximum Value: 61.4 27.6 17.3 1.3 23.2 1.2 298.0 85.1

Overall Minimum Value: 53.2 23.2 15.6 0.7 19.5 0.7 273.5 78.2
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SPT Hammer Energy ETR Plots
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Project: Date:

Project No.: Weather:

Boring No.: Drill Rod Type:

Drilling Company: (A + E)  Impact Surface 

Rig Operator: to Gages Length: ft

Engr/Geologist: (B)  Instr. Rod Length

Client Rep.:  below Gages: ft

Analyzer Oper.: (A) + (B)  Instr. Rod Length: ft

(D)  Spoon Length: ft

(E)  Rod Length Above

Instr. Rod (if applicable): ft

Instr. Rod S/N:

Drill Rig Make/Model: Instr. Rod Outside Dia.: in.

Carrier Type: Instr. Rod Area: in2

Rig Serial No.: PDA Make/Model:

Hammer Type/Model: PDA Serial No.:

Hammer Serial No.: Calib. Pulse Test (y/n):

Hammer Drop System:

Lubrication Condition:

Manufacturer Recommended

Operation Rate (bpm):

Drop Height (in.): A3

Hammer Weight (lbs): A4

Anvil Dimension (in.): F3

Drilling Method: F4

Prepared By (print/signature) Date

3/11/2022

NOTE: (1) Note any unusual hammer operating conditions that affect the hammer performance, or changes in operating conditions (e.g. veritcality, weather, or 

lubrication between trials). (2) Note any changes in rod diameter along drill string and record locations of short rod sections.

Notes:

TESTING PERFORMED AT 1817 LOWRYS HIGHWAY IN CHESTER, SOUTH CAROLINA (CHESTER COUNTY). THE APPROXIMATE COORDINATES ARE 34.770585, -

81.245517.

Y SA SI

38.6

43.640 56 4 6 9 15

Y SA SI

35 SA SI57 3 5 6 11 Y

53 4 6 7 13

11-Mar

28.5 TO 30.0

33.5 TO 35.0

38.5 TO 40.0

0830/0830

0837/0837

0842/0843

30 33.6

11.5

3/11/2022

50's CLOUDY

AWJ

SPT HAMMER ENERGY

240021095

B-1

0.06

1.75

Gage

Gage Info

Strain

303304 (DR-1)

CME

N/A

AUTO

PER MANUFACTURER

Accel.

Serial No.

K11957

2.25 HSA 205.86

K10959

On-site Personnel

Date of Test

6" 12" 18" N-Value

SPT Blow Counts

Avg. Meas. 

Hammer 

Rate 

(BPM)

Drop Height 

in Tolerance

(y/n)

(LE) Length below 

Gages

(ft)

(B) + (C) + (D)

Test Depth 

Increment

(ft to ft)

Test Time Start / 

Stop

(military)

Soil Class.Length of 

Drill String

(ft)

(C)

11-Mar

11-Mar

N/A

R. KRAL

Rig/Hammer Info 528AWJ

Calibration No.

1.19

SPT

4549 TB

Y

CME 45B

2.85

TRAILER

55

528AWJ-1

528AWJ-2

407.00

417.30

205.26

SPT Hammer Energy Field Form

Rod Info

1.36

0.70

2.00

BRECCIA CONSTRUCTION, LLC

D. HARRIS

N/A

30

140



Drill Rig Photo Log 

 

  

  

Figure No. 1: Rear View of Drill Rig Figure No. 2: Side View of Drill Rig 

Figure No. 3: Serial Number Plate Figure No. 4: Automatic Hammer 
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