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1 Introduction 

This Geotechnical Baseline Report (GBR) provides a characterization of the subsurface 

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

S-04-294 Bridge Replacement over Wilsons Creek, in Anderson County, South Carolina. 

The proposed bridge intends to replace the existing bridge over Wilsons Creek on E. Broad 

Street.   

This Geotechnical Baseline Report was prepared in general accordance with the 2022 

SCDOT Geotechnical Design Manual (GDM) and PCDM-11 Supplemental Design Criteria 

for Low Volume Bridge Replacement Projects. Geotechnical data including standard 

penetration testing (SPT), bulk samples, rock cores, and a variety of laboratory tests are 

presented herein to provide geological features and site conditions for the design of the 

proposed bridge. Preliminary geotechnical considerations for construction are also 

included in this report.   

1.1 Project Description 

The project site is located east of the Town of Iva, approximately a half mile east of the 

intersection of S-04-294 with Norwood Road. It is bound to the west by Norwood Road 

and to the east by Lake Secession Road. It is placed within an area experiencing a low 

volume of traffic. A Site Vicinity Map is included in Appendix A.  

The existing bridge over Wilsons Creek is approximately 75 feet in length and 26 feet wide 

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

proposed multi span replacement bridge will be approximately 130 feet in length and will 

accommodate two 11-foot lanes with 4-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 July 2022. The subsurface investigation consisted of standard penetration 

test (SPT) borings, rock core samples, and bulk sample soil collection.  

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

and rock core photos 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-17 

and B-18. Auger refusal was encountered in both borings at depths of 50.5 feet and 21.0 

feet, respectively. Advancement of the bridge borings B-17 and B-18 below auger refusal 

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

66.0 feet and 31.0 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-1 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 Groundwater Conditions 

Stabilized groundwater levels recorded approximately 24 hours after completion of 

investigation operations indicated groundwater depths of 12.3 feet and 10.9 feet. These 

depths correspond to elevations of 517.9 feet and 518.5 feet. 

These reported groundwater levels are interpreted to be dependent upon seasonal 

fluctuations, individual event intensity and/or level of Wilsons Creek. 

2.3 Field Testing Summary 

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

below, and are also plotted on the 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. 

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-17 21+46 5 LT 34.29564 -82.61897 530.2 SPT/RC 66.0 

B-18 20+19 4 RT 34.29554 -82.61938 529.4 SPT/RC 31.0 

BS-1 21+42 5 LT 34.29564 -82.61899 530.1 BULK 5.0 

a Stations based on latest S-04-294 alignment. 
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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 8 

Atterberg Limits 5 

Grain Size Analysis with Hydrometer 1 

Grain Size Analysis with #200 Wash 7 

CU Triaxial 1 

Unconfined Compression of Rock 4 

Standard Proctor  1 

Corrosion Series 1 

 

3.1 Soil and Rock Properties 

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-2-4 to A-4. According to the Unified Soil Classification System, the classifications 

of these samples ranged from clayey sand (SC) to silty sand (SM). Tested samples yielded 

liquid limits ranging from NP to 24 and plasticity indices ranging from NP to 10.  

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 15,040 psi and 31,380 psi. Results of 

laboratory testing are included in Appendix C. 

  

4 Subsurface Conditions 

4.1 Regional Geology 

The bridge site is located on State Road S-04-294 between the towns of Iva and Antreville 

in Anderson County, South Carolina and crosses over Wilson Creek which is part of the 

Savannah River watershed (DHEC, 2016). The site is situated in the Piedmont 
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Physiographic Province of South Carolina. The Piedmont Physiographic Province is 

bounded by the Blue Ridge Physiographic Province to the west and the Coastal Upper 

Coastal Plain Province to the east. With elevations ranging from 300 feet to 1,400 feet, the 

Piedmont Province is characterized by gently rolling topography, deeply weathered 

bedrock, few rock outcrops and complex geology with a multitude of rock types formed 

during the Paleozoic Era (250 to 570 MYA). The geology of this region is further 

complicated by the Alleghanian orogeny (325 to 260 MYA), the mountain building event 

which contributed to the formation of the present-day Appalachian Mountain chain, and 

subsequent deformation/metamorphism of the region (Butler, 1991). Soils overlying 

bedrock in the Piedmont are typically considered to be residual soils (soils weathered in 

place from bedrock). The contact between soil and bedrock is not strongly defined and is 

often marked by an intermediate transition zone. The materials of this zone can be soil, 

partially decomposed rock, and fragments of the underlying bedrock. Wilson Creek 

provides a transport mechanism for soil eroded from higher elevations to be carried 

downstream and deposited along the banks of the creek including the proposed bridge 

site. The Piedmont Province lies far from the tectonic boundaries associated with seismic 

activity but does have a record of seismic events. Published geological maps of the region 

show the site is located within the mapped boundary of the Six Mile thrust sheet. The Six 

Mile thrust sheet is described as a variety of unnamed rock units including mica schist, 

sillimanite-mica schist, felsic and quartzofeldspathic gneiss, among many other types of 

rock units. 

4.2 Soil and Rock Stratification 

In general, the soil profile is dominated by silty sands and clayey sand. These comprise 

the residual soil overlying the partially weathered rock (PWR) layer of variable thickness 

developed upon the metamorphosed gneiss, biotite gneiss and mica schist bedrock. 

Bedrock was intercepted within a depth of 21.0 feet to 50.5 feet from the existing ground. 

Residual soil consisting of silty sands, clayey sand and poorly-graded sand was interpreted 

to range from a depth of 0.3 feet to 50.5 feet of the profile, ranging from very loose to 

dense. The thickness of the residual zone ranged from 20.2 feet to 50.2 feet between 

borings B-18 and B-17, respectively. PWR is found underlying the residual soils in B-18 

as rock fragments with a thickness of approximately 0.5 feet and represents the transitional 

zone between soil and rock. Gneiss, biotite gneiss and mica schist make up the bedrock 

underlying the project site. Gneiss and mica schist was found in boring B-17 while biotite 

gneiss and mica schist were found in boing B-18. Recovered rock core was in general 

fresh to highly weathered. Discontinuities were spaced close to very close, with irregular, 

slightly rough to rough joint surfaces. Rock core recovery ranged from 60 to 97 percent, 

RQD ranged from 0 to 84 percent, and rock unconfined compression testing revealed 

strong to very strong rock with values ranging from 15,040 psi to 31,380 psi. 

A summary of the main strata intercepted by the soil test borings is provided in Table 4-1 

below. A subsurface profile developed based on the collected soil and rock information is 

included in Appendix A. 
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5 Design and Construction Considerations 

5.1 Foundations 

Driven steel H-piles are anticipated to be the most feasible foundation type for the 

proposed bridge abutments. Based on Table 9-3 in SCDOT GDM 2022, assuming 

redundant piles, a resistance factor of 0.5 will be used for design if wave equation is applied 

for verification and a resistance factor of 0.65 will be used assuming Dynamic Monitoring 

(PDA) with wave equation analysis. It is anticipated that foundation piles will be installed 

following the approach embankment construction. If for any reason foundation piles will 

already be in-place when the approach embankment construction begins, foundation pile 

design must account for any downdrag loads subjected to the piles.  

Due to the variability in the rock surface or thickness of weathered rock underlying the site, 

tip elevations are also anticipated to exhibit variability across the site. For piles driven to 

practical refusal in PWR or rock, their resistance will be limited by their structural 

resistance. Reinforced pile tips will be required to penetrate to PWR and rock. The wave 

equation analysis should be performed for predicting the drivability of piles along with 

estimating stresses during driving and, in general, verifying the ability of the Contractor’s 

selected hammer to drive the piles to the desired penetration while preventing 

overstressing. 

For the bridge interior bents, drilled shafts appear to be the most appropriate foundation 

type due to the shallow rock or PWR anticipated conditions. Drilled shaft diameters should 

be a minimum of 6 inches larger than the column and the rock socket diameters. 

Installation of permanent casing will be required for the construction of the drilled shafts. 

Permanent casing will need to extend into rock or PWR to ensure sufficient support is 

provided while advancing the drilled shaft excavation through the overlying saturated soils. 

For the design of the drilled shafts with rock sockets, a resistance factor of 0.60 for both 

side friction and end bearing will be used in accordance with Table 9-4 of the SCDOT GDM 

2022, assuming redundant drilled shafts are used. It must be noted that side resistance 

along the cased length of the drilled shaft, will not be considered int the calculated axial 

resistances. 

 

Table 4-1. Soil and Rock Stratification 

Geology 
Top of Layer 

Elev. (ft) 
USCS Soil 

Type 
SPT-N (1) 

Plasticity 
Index(1) 

Fines 
Content(1)  

REC / RQD 

Residuum 530-527 
SC, SP-SM, 

SM 
3-50 
(18) 

NP-10 
(2.5) 

9.8-41.4 
(26.2) 

- 

PWR 509 - 100+ - - - 

Rock 508-480 - - - - 
60-97% / 0-84% 
(82%) / (41%) 

(1) Values in parentheses indicate the average of the values in the range 
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5.2 Corrosion Potential Results 

Corrosion testing of a representative split spoon sample was performed by F&ME 

Consultants and the results are included in Appendix C. The full corrosion and 

deterioration testing results included pH, resistivity, chlorides and sulfates content and are 

summarized in Table 5-1 below. 

Table 5-1. Corrosion Series Laboratory Testing Summary 

Test Hole 
No. 

Alignment Station Offset Sample 
Depth (ft) 

Chloride 
(ppm) 

Sulfate 
(ppm) 

pH  Resistivity 
(ohm·cm) 

B-18 S-04-294 20+19 4 RT 13.5-21.0 14.1 17.5 6.4 8,630 

Based on the criteria set forth in section 7.18 in SCDOT GDM v3.0, the environmental 

classification of the project site is non-aggressive. Interpretation of these data shall be 

communicated with the structural engineer for the project. 

5.3 Embankment Construction 

Some fill quantities may be required for construction of the embankments on this project. 

Assuming that the majority of embankment construction will utilize the available on-site 

materials, a bulk sample obtained from the top 5 ft of existing embankment material along 

the alignment was used to provide a better characterization of the material locally 

available. The bulk sample was tested for soil classification and was also remolded and 

compacted to 95% of the Standard Proctor prior to being tested under CU Triaxial 

Compression. Results are summarized in Table 5-2 below. 

Table 5-2. Bulk Sample Testing Summary  

Sample 
No. 

Station 
Offset 

(ft) 
Sample 

Depth (ft) 
USCS 

Soil Type 

Compaction Shear Strength 

Optimum 
Moisture 

(%) 

Max Dry 
Density 

(pcf) 

c’ 
(psf) 

φ’ 

(°) 

c 
(psf) 

φ  

(°) 

BS-1 21+42 5 LT 0.0-5.0 SM 18.0 106.2 31 38.4 203 13.1 

6 Limitations to Report 

This report has been prepared in general accordance with procedures in SCDOT GDM 

Chapter 21 and generally accepted soil and foundation engineering practices for specific 

application to the proposed S-04-294 Bridge over Wilsons Creek in Anderson County, 

South Carolina. No other warranty expressed 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. 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 
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to perform additional subsurface exploration based upon on-site observations of the 

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

B-17 

Box 1 of 2 (50.5’ to 61.0’) 

 

 
 

 

B-17 

Box 2 of 2 (61.0’ to 66.0’) 
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31.0
NQ-2: %REC=60, RQD=37, qu=29,350 psi,
RMR=43 , GSI=6-7

26.9-29.7': Weathered to soil

Boring Terminated at 31.0' (Elev. 498.4')
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Rock Core Photos 

B-18 

Box 1 of 1 (21.0’ to 31.0’) 
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Appendix C. Laboratory Testing 
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B-17 NQ-1 50.5 67 0

B-17 NQ-2 51.0 82 0 13

B-17 NQ-3 56.0 92 40 15920 0.36 9760 179 57 48

B-17 NQ-4 61.0 97 82 15040 0.33 1080 180 76 88

B-18 NQ-1 21.0 92 84 31380 0.25 9110 167 84 7

B-18 NQ-2 26.0 60 37 29350 0.22 6230 167 43 7
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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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1201 Main Street, Suite 800 Columbia, SC 29201 
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PROJECT: P041156

7/19/2022

TESTED BY: 7/26/2022

WEIGHED BY: 7/27/2022

B-17 B-17 B-17 B-17

SS-4 & SS-5 SS-6 SS-9 SS-12

6.3 - 10.3 13.5 - 15.0 28.5 - 30.0 43.5 - 45.0

18.6 24.9 42.0 14.8

F&ME CONSULTANTS, INC.

MOISTURE CONTENT DETERMINATION
(AASHTO T265)

S-04-294 RBO Wilsons Creek SCDOT PROJECT ID:

SAMPLE NUMBER: 22-2222 DATE SAMPLE RECEIVED:     

DESCRIPTION OF SOIL: Various

CM DATE SETUP:

AP 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. 

3112 Devine St., Columbia, SC 29205
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4.76

19
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GRAIN SIZE IN MILLIMETERS

coarse fine

Classification

D100 D60 D30 D10 %Gravel
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0.163
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B-18

B-18

coarse
SILT OR CLAY

1/2
HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

1403 4 20 406 601.5 8 143/4 3/8
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PROJECT NAME S-04-294 RBO Wilsons CreekPROJECT ID P041156

PROJECT COUNTY Anderson, SC
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PROJECT: P041156

7/19/2022

TESTED BY: 7/26/2022

WEIGHED BY: 7/27/2022

B-18 B-18 B-18

SS-3 SS-5 SS-7

4.3 - 6.3 8.3 - 10.3 18.5 - 20.0

12.7 13.4 22.9

F&ME CONSULTANTS, INC.

MOISTURE CONTENT DETERMINATION
(AASHTO T265)

S-04-294 RBO Wilsons Creek SCDOT PROJECT ID:

SAMPLE NUMBER: 22-2223 DATE SAMPLE RECEIVED:     

DESCRIPTION OF SOIL: Various

CM DATE SETUP:

AP 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. 

3112 Devine St., Columbia, SC 29205



REV 09/2022

Project Name:

Sample Location:

Tested By:

22-2223

B-18

SS-6, SS-7 
& SS-8

13.5 - 21.0

6.42

21.4

Date Reviewed: 9/12/2022

Sample No.

Sample Depth (ft.)

pH Value

Temperature (˚C)

Reviewed By: J. Hiers

R. Coldiron Date Tested: 9/6/2022

FME Lab ID No.

Boring ID

Anderson County, SC Sample Depth (ft.): 13.5 - 21.0

F&ME CONSULTANTS
3112 Devine Street

Columbia, South Carolina 29205

pH Determination
(AASHTO T289)

S-04-294 RBO Wilsons Creek FME Project No.: C8747

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

3112 Devine St., Columbia, SC 29205



REV 09/2022

Project Name: 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

W. Pitts

9/8/2022

B-18 13.5 - 21.0 8,630

SOIL RESISTIVITY

9/2/2022

9/8/2022

Silty SAND (SM)

(AASHTO T288)

P041156

9/2/2022

S-04-294 RBO Wilsons Creek

Anderson County, SC 22-2543

A. Chandler

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. 

3112 Devine St., Columbia, SC 29205



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. Boring No.: B-18
D th (ft) 13 5 21 0'CliClientt RRefference: SS-0404-294294 WilWilsons CCr. G6656G6656.001001 Depth (ft): 13.5-21.0'

Project No.: 2022-639-001 Sample No.: Composite
Lab ID: 2022-639-001-001 Description: Brown Soil

( - # 10 Sieve material )

CHLORIDE STANDARD: CALIBRATION CURVE

STANDARD MILLIVOLTSSTANDARD MILLIVOLTS
(mV)

10.0 mg/L 149.3
100.0 mg/L 89.6
1000.0 mg/L 30.1

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): 140.4 14.09 14.09

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.

y = -25.88ln(x) + 208.87
R² = 1

160.0

Chloride Standard - Calibration Curve

40.0
60.0
80.0

100.0
120.0
140.0
160.0

m
V

Notes:

0.0
20.0
40.0

10.0 100.0 1000.0

mg/L

Tested By JAM Date 9/13/22 Checked By KC Date 9/13/22
page 1 of 1 DCN: CT-S63A  DATE: 6/2/14  REVISION: 1



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: Boring No.: B-18
Client Reference: Depth (ft): 13.5-21.0'
Project No.: Sample No.: Composite
Lab ID:

F&ME Consultants, Inc. 
S-04-294 Wilsons Cr. G6656.001 
2022-639-001
2022-639-001-001 Soil Description: Brown Soil

0.0 4.0 10.0 20.0 30.0 40.0 60.0 80.0 100.0

Underrange Underrange 6 22 47 68 129 179 241

(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: 785
Size of Sample Aliquot (mL): 50.0 Weight of Tare & Wet Sample (g): 190.63

Sample Reading (FAU): 15 Weight of Tare & Dry Sample (g): 189.90
Weight of Tare (g): 84.90

Sample Diluted: No Weight of Water (g): 0.73
Weight of Dry Sample (g): 105.00

Moisture Content (%): 0.70
Sulfate Solution Added (ml): 0

Sulfate Standard - Calibration Curve Spectrophotometer Readings

Sulfate Ion Concentrations (mg/L)

Spectrophotometer Readings (FAU)

Measurement of Barium Chloride Turbidity

Sample Sulfate Ion Concentration: 17.47 mg/L SO4  (ppm)
Sample Sulfate Ion Content: 52.4 mg/Kg SO4  (not corrected for moisture)
Sample Sulfate Ion Content: 52.8 mg/Kg SO4  (corrected for moisture)

Tested by: JAM Date: 9/13/22 Checked by: BRB Date: 9/13/22
page 1 of 1 DCN: CT-S87  DATE: 3/5/2020  REVISION: 1

y = 2.5815x - 30.101
R² = 0.9899

0
50

100
150
200
250
300
350

0.0 20.0 40.0 60.0 80.0 100.0

FA
U

mg/L SO4  (ppm)

AASHTO T 290-95 Calibration Curve



 

hdrinc.com  

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

 

 

 

 

 

Appendix C. Laboratory Testing 

Bulk Samples 

1201 Main Street, Suite 800 Columbia, SC 29201 
T 803.254.5800     
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0.191

coarse
SILT OR CLAY
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HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

1403 4 20 406 601.5 8 143/4 3/8
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ATTERBERG LIMITS' RESULTS
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SILTY SAND (SM/A-7-6)

PROJECT NAME S-04-294 RBO Wilsons CreekPROJECT ID P041156

PROJECT COUNTY Anderson, SC
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PROJECT: P041156

9/2/2022

TESTED BY: 9/2/2022

WEIGHED BY: 9/6/2022

BS-1

--

0.0 - 5.0

14.5

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: Silty SAND (SM/A-7-6)

CM DATE SETUP:

AP DATE OF WEIGHING:

F&ME CONSULTANTS, INC.

MOISTURE CONTENT DETERMINATION
(AASHTO T265)

S-04-294 RBO Wilsons Creek SCDOT PROJECT ID:

SAMPLE NUMBER: 22-2543 DATE SAMPLE RECEIVED:     

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

3112 Devine St., Columbia, SC 29205
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Curves of 100% Saturation
for Specific Gravity Equal to:
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Source of Material

Description of Material

106.2

18.0

BS-1          5.0

MOISTURE-DENSITY RELATIONSHIP

Optimum Water Content

Maximum Dry Density PCF

%

LL PL PI
16

TEST RESULTS

Test Method

SILTY SAND (SM/A-7-6)

PROJECT NAME S-04-294 RBO Wilsons CreekPROJECT ID P041156

PROJECT COUNTY Anderson, SC
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AASHTO T99 - Method A



Consolidated Undrained by AASHTO T297

2022-09-12 13:48:40 V 3.0.19.306 1 2022-09-07 15:42:21 V 3.0.19.306

Project Name: S-04-294 RBO Wilsons Creek

Boring Number: BS-1

Sample Number: 22-2543

Test Number: ABC

Description: Silty SAND (SM/A-7-6) LL=45, PL=29, PI=16, %200=49.5

Remarks: Max Dry Density=106.2 pcf, OMC=18.0%, Samples Molded at 95% of Max Dry Density

Location: Anderson, SC

Tester: RMC

Test Date: 9/7/2022

Preparation: Remolded

Project Number: P041156

Checker: WAP/ WJG

Depth: 0.0' - 5.0'

Elevation: 
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Max. Obliquity

c' = 0.216 psi

φ' = 38.4

tan φ' = 0.79
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 p

si

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

22-2543
0.0' - 5.0'

A
6.000
2.800
17.8
97.9
67.3

0.709
25.8
98.8

6.111
100.0
0.693
97.99
4.980
4.996

0.2341
1.083

0.3700
3.068
2.71

0.0005000
6.136
1.688
7.824
0.95

22-2543
0.0' - 5.0'

B
6.000
2.800
17.8
101.
72.7

0.656
22.7
104.

6.010
100.0
0.607
98.00
9.986
10.01

0.4231
2.502

0.3700
5.017
9.84

0.0005000
10.03
2.574
12.61
0.94

22-2543
0.0' - 5.0'

C
6.000
2.800
17.7
101.
72.4

0.656
21.4
106.

5.929
100.0
0.574
101.0
14.92
15.00
1.196
4.667

0.6000
5.990
5.97

0.0005000
11.98
3.516
15.50
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

2022-09-12 13:48:40 V 3.0.19.306 2 2022-09-07 15:42:21 V 3.0.19.306

Boring Number: BS-1

Sample Number: 22-2543

Remarks: Max Dry Density=106.2 pcf, OMC=18.0%, Samples Molded at 95% of Max Dry Density

Location: Anderson, SC

Tester: RMC

Test Date: 9/7/2022

Preparation: Remolded

Project Number: P041156

Checker: WAP/ WJG

Depth: 0.0' - 5.0'

Elevation: 

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

22-2543 A 0.0' - 5.0' RMC 9/7/2022 WAP/ WJG 9/12/2022 BS-1.A.dat

22-2543 B 0.0' - 5.0' RMC 9/7/2022 WAP/ WJG 9/12/2022 BS-1.B.dat

22-2543 C 0.0' - 5.0' RMC 9/8/2022 WAP/ WJG 9/12/2022 BS-1.C.dat
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Max. Obliquity

c' = 0.216 psi

φ' = 38.4

tan φ' = 0.79

Project Name: S-04-294 RBO Wilsons Creek

Test Number: ABC

Description: Silty SAND (SM/A-7-6) LL=45, PL=29, PI=16, %200=49.5



Consolidated Undrained by AASHTO T297

2022-09-12 13:48:40 V 3.0.19.306 3 2022-09-07 15:42:21 V 3.0.19.306

Boring Number: BS-1

Sample Number: 22-2543

Remarks: Max Dry Density=106.2 pcf, OMC=18.0%, Samples Molded at 95% of Max Dry Density

Location: Anderson, SC

Tester: RMC

Test Date: 9/7/2022

Preparation: Remolded

Project Number: P041156

Checker: WAP/ WJG

Depth: 0.0' - 5.0'

Elevation: 

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

22-2543 A 0.0' - 5.0' RMC 9/7/2022 WAP/ WJG 9/12/2022 BS-1.A.dat

22-2543 B 0.0' - 5.0' RMC 9/7/2022 WAP/ WJG 9/12/2022 BS-1.B.dat

22-2543 C 0.0' - 5.0' RMC 9/8/2022 WAP/ WJG 9/12/2022 BS-1.C.dat
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Project Name: S-04-294 RBO Wilsons Creek

Test Number: ABC

Description: Silty SAND (SM/A-7-6) LL=45, PL=29, PI=16, %200=49.5



Consolidated Undrained by AASHTO T297

2022-09-12 13:49:30 V 3.0.19.306 1 2022-09-07 15:42:21 V 3.0.19.306

Boring Number: BS-1

Sample Number: 22-2543

Remarks: Max Dry Density=106.2 pcf, OMC=18.0%, Samples Molded at 95% of Max Dry Density

Location: Anderson, SC

Tester: RMC

Test Date: 9/7/2022

Preparation: Remolded

Project Number: P041156

Checker: WAP/ WJG

Depth: 0.0' - 5.0'

Elevation: 

0 5 10 15 20 25 30

p, psi

0

5

10

15

20

q,
 p

si

Max. Obliquity

c = 1.41 psi

φ = 13.1

tan φ = 0.23

0 5 10 15 20 25

Axial Strain, %

0

5

10

15

20

D
ev

ia
to

r 
S

tr
es

s,
 p

si

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

22-2543
0.0' - 5.0'

A
6.000
2.800
17.8
97.9
67.3

0.709
25.8
98.8

6.111
100.0
0.693
97.99
4.980
4.996

0.2341
1.083

0.3700
3.068
2.71

0.0005000
6.136
1.688
7.824
0.95

22-2543
0.0' - 5.0'

B
6.000
2.800
17.8
101.
72.7

0.656
22.7
104.

6.010
100.0
0.607
98.00
9.986
10.01

0.4231
2.502

0.3700
5.017
9.84

0.0005000
10.03
2.574
12.61
0.94

22-2543
0.0' - 5.0'

C
6.000
2.800
17.7
101.
72.4

0.656
21.4
106.

5.929
100.0
0.574
101.0
14.92
15.00
1.196
4.667

0.6000
5.990
5.97

0.0005000
11.98
3.516
15.50
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: S-04-294 RBO Wilsons Creek

Test Number: ABC

Description: Silty SAND (SM/A-7-6) LL=45, PL=29, PI=16, %200=49.5



Consolidated Undrained by AASHTO T297

2022-09-12 13:49:30 V 3.0.19.306 2 2022-09-07 15:42:21 V 3.0.19.306

Boring Number: BS-1

Sample Number: 22-2543

Remarks: Max Dry Density=106.2 pcf, OMC=18.0%, Samples Molded at 95% of Max Dry Density

Location: Anderson, SC

Tester: RMC

Test Date: 9/7/2022

Preparation: Remolded

Project Number: P041156

Checker: WAP/ WJG

Depth: 0.0' - 5.0'

Elevation: 

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

22-2543 A 0.0' - 5.0' RMC 9/7/2022 WAP/ WJG 9/12/2022 BS-1.A.dat

22-2543 B 0.0' - 5.0' RMC 9/7/2022 WAP/ WJG 9/12/2022 BS-1.B.dat

22-2543 C 0.0' - 5.0' RMC 9/8/2022 WAP/ WJG 9/12/2022 BS-1.C.dat
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Max. Obliquity

c = 1.41 psi
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tan φ = 0.23

Project Name: S-04-294 RBO Wilsons Creek

Test Number: ABC

Description: Silty SAND (SM/A-7-6) LL=45, PL=29, PI=16, %200=49.5



Consolidated Undrained by AASHTO T297

2022-09-12 13:49:30 V 3.0.19.306 3 2022-09-07 15:42:21 V 3.0.19.306

Boring Number: BS-1

Sample Number: 22-2543

Remarks: Max Dry Density=106.2 pcf, OMC=18.0%, Samples Molded at 95% of Max Dry Density

Location: Anderson, SC

Tester: RMC

Test Date: 9/7/2022

Preparation: Remolded

Project Number: P041156

Checker: WAP/ WJG

Depth: 0.0' - 5.0'

Elevation: 

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

22-2543 A 0.0' - 5.0' RMC 9/7/2022 WAP/ WJG 9/12/2022 BS-1.A.dat

22-2543 B 0.0' - 5.0' RMC 9/7/2022 WAP/ WJG 9/12/2022 BS-1.B.dat

22-2543 C 0.0' - 5.0' RMC 9/8/2022 WAP/ WJG 9/12/2022 BS-1.C.dat
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Project Name: S-04-294 RBO Wilsons Creek

Test Number: ABC

Description: Silty SAND (SM/A-7-6) LL=45, PL=29, PI=16, %200=49.5
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Appendix C. Laboratory Testing 

Rock Cores 

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

 



Project Date 8/27/2022
Project No. Sample Diameter (in.) 1.871 Tested By WAP
SCDOT ID Sample Length (in.) 4.154 Reviewed By WJG
Boring Unit Weight (pcf) 178.5 Core Size NQ
Sample No. L/D Ratio 2.22 Recovery 92%
Depth Load Rate (psi/sec) 20 RQD 40%
Description

Percent of Load Compressive Stress Poisson's

Failure Load Axial Radial (lbs) (psi) Ratio

10% ‐307 135 4,372 1,590 0.44
20% ‐597 242 8,759 3,186 0.41
30% ‐910 350 13,127 4,774 0.38
40% ‐1252 462 17,571 6,391 0.37
50% ‐1586 575 21,779 7,921 0.36
60% ‐1961 700 26,260 9,551 0.36
70% ‐2341 828 30,588 11,126 0.35
80% ‐2740 966 35,014 12,735 0.35
90% ‐3240 1129 39,374 14,321 0.35
100% ‐4378 1326 43,769 15,919

15,920 9.76E+06

0.36

Elastic range was taken as between 0.001 and 0.003 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)

G6656.001
P041156
B‐17
NQ‐3 / 22‐2222A
58.4' ‐ 58.7'

Elastic Modulus (psi)

Poisson's Ratio in Elastic Range

Black/Gray Gneiss & Mica Schist

Test Results

Test Data

S‐294 RBO Wilsons Creek

Unconfined Compressive Strength (psi)

Sample Photos

Secant Modulus

x106 (psi)
10.37
10.68
10.49
10.21
9.99
9.74
9.51
9.30
8.84

 3112 Devine Street  Columbia, SC 29205

Geotechnical   ∙   Environmental   ∙   Materials Page 1 of 2



Project Date 8/27/2022
Project No. Sample Diameter (in.) 1.871 Tested By WAP
SCDOT ID Sample Length (in.) 4.154 Reviewed By WJG
Boring Unit Weight (pcf) 178.5 Core Size NQ
Sample No. L/D Ratio 2.22 Recovery 92%
Depth Load Rate (psi/sec) 20 RQD 40%
Description

NQ‐3 / 22‐2222A
58.4' ‐ 58.7'
Black/Gray Gneiss & Mica Schist

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

G6656.001
P041156
B‐17

S‐294 RBO Wilsons Creek
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 3112 Devine Street  Columbia, SC 29205
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Project Date 8/27/2022
Project No. Sample Diameter (in.) 1.872 Tested By WAP
SCDOT ID Sample Length (in.) 4.126 Reviewed By WJG
Boring Unit Weight (pcf) 179.7 Core Size NQ
Sample No. L/D Ratio 2.20 Recovery 97%
Depth Load Rate (psi/sec) 20 RQD 82%
Description

Percent of Load Compressive Stress Poisson's

Failure Load Axial Radial (lbs) (psi) Ratio

10% ‐300 96 4,173 1,516 0.32
20% ‐557 156 8,261 3,001 0.28
30% ‐825 231 12,465 4,529 0.28
40% ‐1093 324 16,522 6,003 0.30
50% ‐1375 430 20,645 7,501 0.31
60% ‐1674 575 24,813 9,015 0.34
70% ‐1975 754 28,860 10,486 0.38
80% ‐2301 1078 33,102 12,027 0.47
90% ‐2586 1586 37,179 13,508 0.61
100% ‐2748 4092 41,386 15,037

15,040 1.08E+07

0.33

Elastic range was taken as between 0.001 and 0.002 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)

G6656.001
P041156
B‐17
NQ‐4 / 22‐2222B
63.2' ‐ 63.5'

Elastic Modulus (psi)

Poisson's Ratio in Elastic Range

Black/Gray Gneiss & Mica Schist

Test Results

Test Data

S‐294 RBO Wilsons Creek

Unconfined Compressive Strength (psi)

Sample Photos

Secant Modulus

x106 (psi)
10.12
10.78
10.97
10.98
10.91
10.77
10.62
10.45
10.45

 3112 Devine Street  Columbia, SC 29205

Geotechnical   ∙   Environmental   ∙   Materials Page 1 of 2



Project Date 8/27/2022
Project No. Sample Diameter (in.) 1.872 Tested By WAP
SCDOT ID Sample Length (in.) 4.126 Reviewed By WJG
Boring Unit Weight (pcf) 179.7 Core Size NQ
Sample No. L/D Ratio 2.20 Recovery 97%
Depth Load Rate (psi/sec) 20 RQD 82%
Description

NQ‐4 / 22‐2222B
63.2' ‐ 63.5'
Black/Gray Gneiss & Mica Schist

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

G6656.001
P041156
B‐17

S‐294 RBO Wilsons Creek
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Project Date 8/27/2022
Project No. Sample Diameter (in.) 1.872 Tested By WAP
SCDOT ID Sample Length (in.) 4.083 Reviewed By WJG
Boring Unit Weight (pcf) 166.9 Core Size NQ
Sample No. L/D Ratio 2.18 Recovery 60%
Depth Load Rate (psi/sec) 30 RQD 37%
Description

Percent of Load Compressive Stress Poisson's

Failure Load Axial Radial (lbs) (psi) Ratio

10% ‐1244 294 8,046 2,923 0.24
20% ‐2218 455 16,164 5,873 0.20
30% ‐3042 626 24,292 8,826 0.21
40% ‐3788 807 32,330 11,746 0.21
50% ‐4498 1001 40,202 14,606 0.22
60% ‐5232 1231 48,468 17,610 0.24
70% ‐5965 1505 56,590 20,561 0.25
80% ‐6710 1869 64,566 23,459 0.28
90% ‐7522 2477 72,755 26,434 0.33
100% ‐8606 3378 80,783 29,351

29,350 6.23E+06

0.22

Unconfined Compressive Strength (psi)

Sample Photos

Secant Modulus

x106 (psi)
4.70
5.30
5.80
6.20
6.49
6.73
6.89
6.99
7.03

Elastic range was taken as between 0.002 and 0.006 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)

G6656.001
P041156
B‐18
NQ‐2 / 22‐2223B
28.5' ‐ 28.8'

Elastic Modulus (psi)

Poisson's Ratio in Elastic Range

Black/White/Gray Biotite Gneiss & Mica Schist

Test Results

Test Data

S‐294 RBO Wilsons Creek

 3112 Devine Street  Columbia, SC 29205

Geotechnical   ∙   Environmental   ∙   Materials Page 1 of 2



Project Date 8/27/2022
Project No. Sample Diameter (in.) 1.872 Tested By WAP
SCDOT ID Sample Length (in.) 4.083 Reviewed By WJG
Boring Unit Weight (pcf) 166.9 Core Size NQ
Sample No. L/D Ratio 2.18 Recovery 60%
Depth Load Rate (psi/sec) 30 RQD 37%
Description

NQ‐2 / 22‐2223B
28.5' ‐ 28.8'
Black/White/Gray Biotite Gneiss & Mica Schist

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

G6656.001
P041156
B‐18

S‐294 RBO Wilsons Creek
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Project Date 8/27/2022
Project No. Sample Diameter (in.) 1.871 Tested By WAP
SCDOT ID Sample Length (in.) 4.097 Reviewed By WJG
Boring Unit Weight (pcf) 167.0 Core Size NQ
Sample No. L/D Ratio 2.19 Recovery 92%
Depth Load Rate (psi/sec) 30 RQD 84%
Description

Percent of Load Compressive Stress Poisson's

Failure Load Axial Radial (lbs) (psi) Ratio

10% ‐704 185 8,632 3,140 0.26
20% ‐1383 337 17,264 6,279 0.24
30% ‐2055 506 25,777 9,376 0.25
40% ‐2744 691 34,510 12,552 0.25
50% ‐3430 874 43,136 15,689 0.25
60% ‐4140 1051 51,777 18,832 0.25
70% ‐4866 1232 60,350 21,950 0.25
80% ‐5642 1415 69,095 25,131 0.25
90% ‐6479 1562 77,662 28,247 0.24
100% ‐7362 1116 86,274 31,379

31,380 9.11E+06

0.25

Elastic range was taken as between 0.001 and 0.005 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)

G6656.001
P041156
B‐18
NQ‐1 / 22‐2223A
24.7' ‐ 25.0'

Elastic Modulus (psi)

Poisson's Ratio in Elastic Range

Black/White/Gray Biotite Gneiss & Mica Schist

Test Results

Test Data

S‐294 RBO Wilsons Creek

Unconfined Compressive Strength (psi)

Sample Photos

Secant Modulus

x106 (psi)
8.91
9.08
9.12
9.15
9.15
9.10
9.02
8.91
8.72

 3112 Devine Street  Columbia, SC 29205

Geotechnical   ∙   Environmental   ∙   Materials Page 1 of 2



Project Date 8/27/2022
Project No. Sample Diameter (in.) 1.871 Tested By WAP
SCDOT ID Sample Length (in.) 4.097 Reviewed By WJG
Boring Unit Weight (pcf) 167.0 Core Size NQ
Sample No. L/D Ratio 2.19 Recovery 92%
Depth Load Rate (psi/sec) 30 RQD 84%
Description

NQ‐1 / 22‐2223A
24.7' ‐ 25.0'
Black/White/Gray Biotite Gneiss & Mica Schist

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

G6656.001
P041156
B‐18

S‐294 RBO Wilsons Creek
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Appendix D. SPT Hammer Energy Calibration 
Report 
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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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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

30.0

35.0

40.0

45.0

70 75 80 85 90 95 100

R
o

d
 L

e
n

gt
h

 (
ft

)

ETR (percent)

ETR versus Rod Length
CME 45B Trailer (SN 303304)

28.5 TO 30.0

33.5 TO 35.0

38.5 TO 40.0

30.0

35.0

40.0

45.0

70 75 80 85 90 95 100

R
o

d
 L

e
n

gt
h

 (
ft

)

ETR (percent)

Average ETR versus Rod Length ± 1 Standard Deviation
CME 45B Trailer (SN 303304)

28.5 TO 30.0

33.5 TO 35.0

38.5 TO 40.0



APPENDIX II



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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