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May 23, 2023 

 

Mr. Billy Hardwick 

Senior Project Manager 

Archer-United Joint Venture 

billy.hardwick@uig.net 

 

Re: Report of Dynamic Pile Testing 

       Bent 36 Pile 1&5 

       Bridge 35 – I-26 to I-20 Future Ramps and Ramp I-26WB to I-126 EB Bridge over  

Saluda River and CSX R.R. 

       Project ID: P039718 

       Lexington/Richland County, South Carolina 

 

Dear Mr. Hardwick: 

 

The attached results of dynamic pile testing for the subject piles and project includes measurements and analysis performed 

by Infrastructure Consulting & Engineering in accordance with ASTM D4945. Measurements were made with the Pile 

Dynamics, Inc. Model 8G and signal matching analysis was performed with CAPWAP version 2014.  For further information 

on the test method please refer to the ASTM.  

 

Also included are the production pile driving recommendations for Bent 36 of the subject project. The Geotechnical Engineer 

of Record should ultimately make final recommendations for foundation design and construction. 

 

Thank you for the opportunity to provide these services. 

 

Sincerely, 

Infrastructure Consulting & Engineering (ICE), PLLC  

 

 

 

 

 

 

 

 

   

 

Michael J. Simpson, P.E.       Sally G. Thomson, P.E. 

Geotechnical Testing Manager        Geotechnical Designer 

Certified PDA Signatory “Advanced”      Certified PDA Signatory “Advanced”  

South Carolina Registration Number: 35396 

 



 

 

 

 

 

 

Appendix A 

Dynamic Pile Testing, Signal Matching Results, and 

Calibration WEAP 

Bridge 35, Bent 36, Pile 1 
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Summary of Provided Project and Pile Driving Information 
 

 
Project Description I-26 to I-20 Future Ramps and Ramp I-26WB to I-126 EB Bridge over  

Saluda River and CSX R.R., Lexington/Richland County, South Carolina 

Pile Driving Contractor Archer United Joint Venture  

Project ID P039718 

ICE Field Personnel Sally G. Thomson, P.E. 

ICE Responsible Engineer Michael J. Simpson, P.E. 

 

Bent Number Station Pile Type Pile Batter Hammer Used 

Pile Cushion 

Type and 

Thickness 

Bent 36 5424+25.76 
HP14x89 

with Pile Tip 
Plumb APE D30-52 N/A 

Pile Number 
Total Pile Length           

(feet) 

Pile Length 

Below 

Gages 

(feet) 

Pile Splice 

Location(s) 

above Pile 

Tip             

(feet) 

Initial Drive Test 

Date 

Restrike Test 

Date 

1 55.0 52.7 N/A 5/4/23 N/A 

Factored Design 

Load 

 (kips) 

Geotechnical 

Resistance Factor 

Nominal 

Resistance of Pile 

(kips) 

Required Driving 

Resistance of Pile 

(kips) 

Minimum Tip 

Elevation of Pile 

(feet) 

379 0.65 583 656 +163.0 
 

Installation Records Provided to ICE Please Refer to SCDOT Pile Driving Logs 

Project Information and Soil Borings Provided to ICE Yes, Attached in Appendix D 

Pile Driving Equipment Data Form Provided to ICE APE D30-52 Data Hammer Sheet Attached 

in Appendix E 

Strain and Accelerometer Calibrations Attached Yes, Attached in Appendix F 

 

Steel Acceptable Compression Driving Stress Limit (ksi)* 45 

Steel Acceptable Tension Driving Stress Limit (ksi)* 45 
*For steel piles based on Section 711.4.2.2 and a steel yield strength (Fy) of 50 ksi.    

 

Approximate Reference Elevation (feet) +177.1 

Approximate Ground/Mudline Elevation (feet) +176.1 

Approximate Final Pile Penetration Below Reference at End of Initial Drive (feet) 9.8 

Approximate Final Pile Tip Elevation at End of Initial Drive (feet) +167.3 

Approximate Final Pile Penetration Below Reference at End of Restrike (feet) N/A 

Approximate Final Pile Tip Elevation at End of Restrike (feet) N/A 
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Summary of Results 
 

Dynamic Pile Testing Results (Detailed Results in Appendix A) 

Location* Capacity 

(kips) 

Case 

Method 

Max. 

Comp. 

Stress 

(ksi) 

Avg. 

Comp. 

Stress 

(ksi) 

Max. 

Comp. 

Stress at 

Pile Bottom 

(ksi) 

Avg. Comp. 

Stress at 

Pile Bottom 

(ksi) 

Avg. 

Transferred 

Energy           

(k-ft) 

Avg. 

Stroke 

(feet) 

EOD 1254 RAU 51.6 33.5 62.1 33.8 32.2 7.0 

Signal Matching Analyses Results (Detailed Result in Appendix A) 

Location* Rult 

(kips) 

Rside / Rend 

(kips) 

Equiv. 

BPF* 

Stroke 

(ft) 

EMX 

(k-ft) 

Qs 

(in) 

Qt 

(in) 

Ss 

(sec/ft) 

St 

(sec/ft) 

MQN* 

EOD 

 (Blow 24) 
1241 31 / 1210 240 9.1 41.8 0.10 0.14 0.15 0.03 4.95 

*EOD – End of Drive; BPF – Blows per foot; MQN – Match Quality Number 

Dynamic Pile Testing Interpretation and Commentary 
 

The capacity listed in the Summary of Dynamic Pile Testing Results is based on the RAU (Auto Capacity End 

Bearing Piles) solution for the maximum value of the last increment of the initial drive. The summary plot and 

table attached for the dynamic pile testing results are based on the same capacity solution. 
 

Signal matching analysis was performed for a blow (Blow 24) near the end of the initial drive.  The signal 

matching mobilized capacity near the end of initial drive was above the required driving resistance of 656 kips 

for Bent 36.  
 

Compression pile driving stresses exceeded the acceptable limit for the pile tested during the last three 

increments of initial drive. Tension pile driving stresses were below the acceptable limit for the pile tested during 

initial drive. The pile tested did not show any signs of integrity problems below the gage locations based on the 

test results. 
 

 

 

 

 

 

 

 

 

Additional Notes on Pile Installation 

-Pile 1 was monitored with instrumentation for the entire initial drive. 

 

-For additional detailed information on the hammer driving system, bridge plans, and soils information please 

refer to the project documents.   

 

-The blows per foot of penetration for the pile was kept by the PDA operator on the PDA during the initial drive. 

A pile driving log was also maintained by a SCDOT representative. 

 



Pile Dynamics, Inc. - PDIPLOT2 Ver 2017.2.58.3 - Case Method & iCAP® Results

Printed: 23-May-2023 Test started: 04-May-2023

CCRP1 Bridge 35 Bent 36 - Pile 1

1 - Template Reference Elevation +177.1

2 - Ground Elevation +176.1

3 - Fuel Setting 1

4 - Fuel Setting 2 to fire hammer

5 - Hammer not shutting off
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Pile Dynamics, Inc. Page 1
Case Method & iCAP® Results PDIPLOT2 2017.2.58.3 - Printed 23-May-2023

CCRP1 Bridge 35 Bent 36 - Pile 1 HP 14x89 w tips
OP: ICE Date: 04-May-2023

AR: 26.10 in² SP: 0.492 k/ft³
LE: 52.67 ft EM: 30,000 ksi
WS: 16,807.9 f/s JC: 0.90

RAU: Auto Capacity End Bearing Piles TSX: Tension Stress Maximum - Full Record Search
EMX: Maximum Energy DMX: Maximum Displacement
STK: Hammer Stroke DFN: Final Displacement
CSX: Compression Stress Maximum BTA: Integrity Factor (1)
CSB: Compression Stress at Bottom of Pile

BL# Depth BLC TYPE RAU EMX STK CSX CSB TSX DMX DFN BTA
ft bl/ft kips k-ft ft ksi ksi ksi in in (%)

4 5.00 1 AV4 5 35.1 3.52 9.3 1.8 1.5 15.10 15.00 90.5
STD 8 9.6 0.59 2.5 0.6 1.1 0.16 0.00 11.1
MAX 18 48.9 4.10 13.5 2.8 2.9 15.38 15.01 100.0
@BL 1 4 2 4 4 4 1 3 1

8 7.00 2 AV4 33 29.5 3.95 15.4 2.4 7.4 7.26 6.00 94.8
STD 22 15.8 0.90 5.5 0.5 3.2 1.36 0.00 5.3
MAX 54 51.3 5.12 20.3 2.9 10.9 9.25 6.00 100.0
@BL 8 8 5 5 5 5 8 7 5

12 8.00 4 AV4 110 27.4 4.70 20.4 5.5 9.8 3.87 3.00 100.0
STD 44 9.0 0.86 4.2 2.8 2.7 1.40 0.00 0.0
MAX 174 38.6 5.82 24.9 9.9 14.2 6.28 3.00 100.0
@BL 12 9 12 12 12 9 9 11 9

16 9.00 4 AV4 377 36.5 7.21 29.9 20.1 5.9 3.00 3.00 100.0
STD 78 1.8 0.42 1.6 3.4 1.2 0.00 0.00 0.0
MAX 465 38.2 7.78 31.6 24.1 7.9 3.00 3.00 100.0
@BL 16 16 16 16 16 13 16 16 13

20 9.33 6 AV4 617 37.0 7.81 32.3 31.7 8.3 1.88 1.88 100.0
STD 146 1.1 0.26 0.8 3.9 0.6 0.00 0.00 0.0
MAX 771 38.7 8.21 33.6 36.9 8.8 1.88 1.88 100.0
@BL 20 20 20 20 20 20 19 19 17

30 9.67 240 AV10 1,227 43.6 9.34 45.8 53.7 11.7 0.95 0.04 100.0
STD 125 2.9 0.58 4.4 6.2 2.1 0.04 0.01 0.0
MAX 1,368 47.2 10.16 50.4 59.7 14.4 1.01 0.05 100.0
@BL 29 28 29 29 29 29 27 27 21

40 9.71 240 AV10 1,240 36.0 8.44 47.0 54.9 11.7 0.78 0.04 100.0
STD 154 11.2 1.72 4.5 6.6 2.1 0.15 0.01 0.0
MAX 1,388 47.7 10.32 51.6 62.1 14.4 0.96 0.06 100.0
@BL 33 34 34 35 35 35 35 38 31

50 9.75 240 AV10 820 15.2 5.17 31.6 36.0 6.5 0.48 0.04 100.0
STD 271 8.4 1.29 11.3 12.7 2.9 0.19 0.01 0.0
MAX 1,254 30.6 7.49 47.1 53.7 11.1 0.75 0.05 100.0
@BL 44 44 44 44 44 44 44 50 41

Average 749 32.2 6.96 33.5 33.8 8.6 2.93 2.33 98.8
Std. Dev. 500 13.0 2.27 13.9 21.5 3.8 4.09 4.14 4.5
Maximum 1,388 51.3 10.32 51.6 62.1 14.4 15.38 15.01 100.0
@ Blow# 33 8 34 35 35 29 1 3 1

Total number of blows analyzed: 50

Hammer trying to
shut off for last 22
blows
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Case Method & iCAP® Results PDIPLOT2 2017.2.58.3 - Printed 23-May-2023

CCRP1 Bridge 35 Bent 36 - Pile 1 HP 14x89 w tips
OP: ICE Date: 04-May-2023

BL# Sensors

1-50 F2: [P821] 145.1 (1.00); F4: [S868] 145.1 (1.00); A1: [K12389] 483.2 (1.00);
A3: [K12388] 451.0 (1.00)

BL# Comments

1 Template Reference Elevation +177.1
2 Ground Elevation +176.1
3 Fuel Setting 1
4 Fuel Setting 2 to fire hammer
28 Hammer not shutting off

Time Summary

Drive 7 minutes 53 seconds 3:44 PM - 3:52 PM BN 1 - 50













23-May-2023ICE of Carolinas, PLLC                  
GRLWEAP Version 2010CCR 1 Bridge 35 BT36 Pl 1 EOD CAL       

23-May-2023ICE of Carolinas, PLLC                  
GRLWEAP Version 2010CCR 1 Bridge 35 BT36 Pl 1 EOD CAL       
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APE      D 30-52 

Ram Weight       6.62  kips
Efficiency      0.990
Pressure       1638 (115%)  psi

Helmet Weight       2.65  kips
Hammer Cushion      45372  kips/in
COR of H.C.      0.800  

Skin Quake      0.100  in
Toe Quake      0.140  in
Skin Damping      0.150  s/ft
Toe Damping      0.030  s/ft

Pile Length
Pile Penetration
Pile Top Area

     55.00
      8.50

     26.10

  ft
  ft
  in2

Pile Model
Skin Friction
Distribution

Res. Shaft = 2 %
(Proportional)



ICE of Carolinas, PLLC                  23-May-2023
CCR 1 Bridge 35 BT36 Pl 1 EOD CAL       GRLWEAP Version 2010

      Maximum      Maximum    
    Ultimate  Compression      Tension         Blow   
    Capacity       Stress       Stress        Count       Stroke       Energy

kips ksi ksi bl/ft ft kips-ft

   1241.0      52.27       6.25    394.8     9.10    41.76



 

 

 

 

 

 

Appendix B 

Dynamic Pile Testing, Signal Matching Results, and 

Calibration WEAP 

Bridge 35, Bent 36, Pile 5 
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Summary of Provided Project and Pile Driving Information 
 

 
Project Description I-26 to I-20 Future Ramps and Ramp I-26WB to I-126 EB Bridge over  

Saluda River and CSX R.R., Lexington/Richland County, South Carolina 

Pile Driving Contractor Archer United Joint Venture  

Project ID P039718 

ICE Field Personnel Sally G. Thomson, P.E. 

ICE Responsible Engineer Michael J. Simpson, P.E. 

 

Bent Number Station Pile Type Pile Batter Hammer Used 

Pile Cushion 

Type and 

Thickness 

Bent 36 5424+25.76 
HP14x89 

with Pile Tip 
Plumb APE D30-52 N/A 

Pile Number 
Total Pile Length           

(feet) 

Pile Length 

Below 

Gages 

(feet) 

Pile Splice 

Location(s) 

above Pile 

Tip             

(feet) 

Initial Drive Test 

Date 

Restrike Test 

Date 

5 55.0 52.7 N/A 5/5/23 N/A 

Factored Design 

Load 

 (kips) 

Geotechnical 

Resistance Factor 

Nominal 

Resistance of Pile 

(kips) 

Required Driving 

Resistance of Pile 

(kips) 

Minimum Tip 

Elevation of Pile 

(feet) 

379 0.65 583 656 +163.0 
 

Installation Records Provided to ICE Please Refer to SCDOT Pile Driving Logs 

Project Information and Soil Borings Provided to ICE Yes, Attached in Appendix D 

Pile Driving Equipment Data Form Provided to ICE APE D30-52 Data Hammer Sheet Attached 

in Appendix E 

Strain and Accelerometer Calibrations Attached Yes, Attached in Appendix F 

 

Steel Acceptable Compression Driving Stress Limit (ksi)* 45 

Steel Acceptable Tension Driving Stress Limit (ksi)* 45 
*For steel piles based on Section 711.4.2.2 and a steel yield strength (Fy) of 50 ksi.    

 

Approximate Reference Elevation (feet) +177.1 

Approximate Ground/Mudline Elevation (feet) +176.1 

Approximate Final Pile Penetration Below Reference at End of Initial Drive (feet) 13.3 

Approximate Final Pile Tip Elevation at End of Initial Drive (feet) +163.8 

Approximate Final Pile Penetration Below Reference at End of Restrike (feet) N/A 

Approximate Final Pile Tip Elevation at End of Restrike (feet) N/A 
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Additional Notes on Pile Installation 

-Pile 5 was monitored with instrumentation for the entire initial drive. 

 

-For additional detailed information on the hammer driving system, bridge plans, and soils information please 

refer to the project documents.   

 

-The blows per foot of penetration for the pile was kept by the PDA operator on the PDA during the initial drive. 

A pile driving log was also maintained by a SCDOT representative. 

 
 

Summary of Results 
 

Dynamic Pile Testing Results (Detailed Results in Appendix A) 

Location* Capacity 

(kips) 

Case 

Method 

Max. 

Comp. 

Stress 

(ksi) 

Avg. 

Comp. 

Stress 

(ksi) 

Max. 

Comp. 

Stress at 

Pile Bottom 

(ksi) 

Avg. Comp. 

Stress at 

Pile Bottom 

(ksi) 

Avg. 

Transferred 

Energy           

(k-ft) 

Avg. 

Stroke 

(feet) 

EOD 898 RAU 38.5 26.8 44.6 21.5 29.4 6.2 

Signal Matching Analyses Results (Detailed Result in Appendix A) 

Location* Rult 

(kips) 

Rside / Rend 

(kips) 

Equiv. 

BPF* 

Stroke 

(ft) 

EMX 

(k-ft) 

Qs 

(in) 

Qt 

(in) 

Ss 

(sec/ft) 

St 

(sec/ft) 

MQN* 

EOD 

 (Blow 44) 
672 35 / 637 139 7.5 34.1 0.04 0.33 0.06 0.06 4.76 

*EOD – End of Drive; BPF – Blows per foot; MQN – Match Quality Number 

Dynamic Pile Testing Interpretation and Commentary 
 

The capacity listed in the Summary of Dynamic Pile Testing Results is based on the RAU (Auto Capacity End 

Bearing Piles) solution for the average of the last increment of the initial drive. The summary plot and table 

attached for the dynamic pile testing results are based on the same capacity solution. 
 

Signal matching analysis was performed for a blow (Blow 44) near the end of the initial drive.  The signal 

matching mobilized capacity near the end of initial drive was above the required driving resistance of 656 kips 

for Bent 36.  
 

Compression and tension pile driving stresses were below the acceptable limit for the pile tested during initial 

drive. The pile tested did not show any signs of integrity problems below the gage locations based on the test 

results. 
 

 

 

 

 

 

 

 

 



Pile Dynamics, Inc. - PDIPLOT2 Ver 2017.2.58.3 - Case Method & iCAP® Results

Printed: 22-May-2023 Test started: 05-May-2023

CCRP1 Bridge 35 Bent 36 - Pile 5

1 - Template Reference El. +177.1

2 - Ground Elevation +176.1

3 - Fuel Setting 1
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Pile Dynamics, Inc. Page 1
Case Method & iCAP® Results PDIPLOT2 2017.2.58.3 - Printed 22-May-2023

CCRP1 Bridge 35 Bent 36 - Pile 5 HP 14x89 w tips
OP: ICE Date: 05-May-2023

AR: 26.10 in² SP: 0.492 k/ft³
LE: 52.67 ft EM: 30,000 ksi
WS: 16,807.9 f/s JC: 0.90

RAU: Auto Capacity End Bearing Piles TSX: Tension Stress Maximum - Full Record Search
EMX: Maximum Energy DMX: Maximum Displacement
STK: Hammer Stroke DFN: Final Displacement
CSX: Compression Stress Maximum BTA: Integrity Factor (1)
CSB: Compression Stress at Bottom of Pile

BL# Depth BLC TYPE RAU EMX STK CSX CSB TSX DMX DFN BTA
ft bl/ft kips k-ft ft ksi ksi ksi in in (%)

3 5.00 3 AV3 34 25.2 3.62 14.2 2.6 6.4 7.51 4.00 89.0
STD 13 9.3 0.41 3.6 0.7 2.1 2.90 0.00 0.8
MAX 52 34.1 4.03 17.6 3.5 8.2 11.14 4.00 90.0
@BL 1 1 2 2 2 2 1 3 3

6 6.00 3 AV3 60 38.7 4.58 20.8 3.4 9.6 7.27 4.00 92.7
STD 7 9.3 0.50 2.6 0.5 2.0 2.53 0.00 5.2
MAX 66 47.9 5.08 24.2 4.0 12.3 10.60 4.00 100.0
@BL 5 4 5 5 5 5 4 5 6

9 9.00 1 AV3 0 30.6 3.33 15.0 2.8 6.0 12.01 12.01 96.0
STD 0 17.1 0.36 6.1 0.7 3.2 0.00 0.00 5.7
MAX 0 53.9 3.69 22.1 3.3 9.7 12.01 12.01 100.0
@BL 7 9 7 9 7 9 8 8 8

14 10.00 5 AV5 56 23.7 4.13 17.8 3.5 7.8 3.78 2.40 93.0
STD 11 9.8 0.77 4.2 0.5 3.4 1.27 0.00 5.8
MAX 76 43.0 5.63 25.1 4.2 14.0 6.30 2.40 100.0
@BL 10 10 10 10 10 10 10 11 12

18 11.00 4 AV4 91 25.4 4.50 20.3 5.0 7.9 3.18 2.98 100.0
STD 23 3.8 0.16 1.4 0.7 1.3 0.19 0.03 0.0
MAX 129 30.4 4.76 22.7 5.8 9.9 3.40 3.00 100.0
@BL 18 16 16 16 18 16 15 17 15

22 12.00 4 AV4 208 29.0 5.66 25.6 10.9 6.0 3.00 3.00 100.0
STD 24 1.0 0.22 0.9 1.5 1.0 0.00 0.00 0.0
MAX 239 30.0 5.86 26.7 12.8 7.5 3.00 3.00 100.0
@BL 22 22 22 22 22 19 21 21 19

34 13.00 12 AV12 384 29.7 6.39 27.6 17.4 3.3 1.04 1.00 100.0
STD 60 7.7 0.77 2.9 2.9 0.6 0.07 0.00 0.0
MAX 470 41.9 7.67 32.2 21.0 4.7 1.18 1.00 100.0
@BL 31 31 31 31 34 23 31 32 23

63 13.21 139 AV29 650 30.0 6.94 29.8 29.7 5.5 0.80 0.08 100.0
STD 141 8.6 1.04 5.7 7.7 1.9 0.19 0.00 0.0
MAX 829 36.0 7.74 34.9 40.7 8.1 0.97 0.09 100.0
@BL 61 63 61 60 63 60 38 45 35

73 13.25 240 AV10 898 30.2 7.12 34.1 39.2 6.9 0.74 0.05 100.0
STD 126 9.1 1.19 4.9 5.7 2.0 0.17 0.01 0.0
MAX 1,034 37.8 8.09 38.5 44.6 8.6 0.88 0.05 100.0
@BL 68 68 68 68 70 69 69 64 64

Average 468 29.4 6.17 26.8 21.5 5.8 2.29 1.52 98.6



Pile Dynamics, Inc. Page 2
Case Method & iCAP® Results PDIPLOT2 2017.2.58.3 - Printed 22-May-2023

CCRP1 Bridge 35 Bent 36 - Pile 5 HP 14x89 w tips
OP: ICE Date: 05-May-2023

BL# Depth BLC TYPE RAU EMX STK CSX CSB TSX DMX DFN BTA
ft bl/ft kips k-ft ft ksi ksi ksi in in (%)

Std. Dev. 312 9.2 1.48 7.3 13.7 2.5 2.91 2.54 3.7
Maximum 1,034 53.9 8.09 38.5 44.6 14.0 12.01 12.01 100.0
@ Blow# 68 9 68 68 70 10 8 8 6

Total number of blows analyzed: 73

BL# Sensors

1-73 F2: [P821] 145.1 (1.00); F4: [S868] 145.1 (1.00); A1: [K12389] 483.2 (1.00);
A3: [K12388] 451.0 (1.00)

BL# Comments

1 Template Reference El. +177.1
2 Ground Elevation +176.1
3 Fuel Setting 1

Time Summary

Drive 6 minutes 29 seconds 8:37 AM - 8:43 AM BN 1 - 73















18-May-2023ICE of Carolinas, PLLC                  
GRLWEAP Version 2010CCR 1 Bridge 35 BT36 Pl 5 EOD CAL       

18-May-2023ICE of Carolinas, PLLC                  
GRLWEAP Version 2010CCR 1 Bridge 35 BT36 Pl 5 EOD CAL       
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APE      D 30-52 

Ram Weight       6.62  kips
Efficiency      0.990
Pressure       1453 (102%)  psi

Helmet Weight       2.65  kips
Hammer Cushion      45372  kips/in
COR of H.C.      0.800  

Skin Quake      0.040  in
Toe Quake      0.330  in
Skin Damping      0.060  s/ft
Toe Damping      0.060  s/ft

Pile Length
Pile Penetration
Pile Top Area

     55.00
     12.10
     26.10

  ft
  ft
  in2

Pile Model
Skin Friction
Distribution

Res. Shaft = 5 %
(Proportional)



ICE of Carolinas, PLLC                  18-May-2023
CCR 1 Bridge 35 BT36 Pl 5 EOD CAL       GRLWEAP Version 2010

      Maximum      Maximum    
    Ultimate  Compression      Tension         Blow   
    Capacity       Stress       Stress        Count       Stroke       Energy

kips ksi ksi bl/ft ft kips-ft

    672.0      31.91       3.62    139.6     7.50    34.01
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Pile Driving Criteria  

Bent 36 
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Recommended Production Pile Driving Criteria 

 

The recommended drive criteria for the up to 55-feet long HP 14x89 steel piles in Bent 36 is based on the wave 

equation analysis and the dynamic testing results. Please see the attached wave equation outputs for additional 

information.  
 

The driving criteria also only apply to piles driven with the APE D30-52 hammer driving system. A hammer 

helmet weight of 2.7 kips and a hammer cushion of 2.5 total inches of micarta and aluminum, based on the 

project pile installation plan, was used to develop the production pile driving criteria.  A change in the hammer 

driving system, installation procedures, and/or pile type would require re-analysis and likely would warrant 

modifications to the driving criteria. ICE should be notified immediately should any changes occur. 

 

Bent 36 

 

The up to 55-foot HP 14x89 steel piles at Bent 36 may be stopped if one of the following conditions is met, 

provided pile rebound is less than ¼ inch per blow and the minimum tip elevation or minimum penetration 

requirements in the project plans and/or specifications are met.  To keep the pile stresses below the acceptable 

limit during driving, the hammer should be set on Fuel Setting 1 only and the maximum stroke should 

not exceed 8.0 feet. 
 

1. Practical refusal (20 blows per one inch or ½ inch in 10 blows with at least a stroke of 7.0 feet) is reached 

during driving. 

2. The following maximum set per 10 blows is not exceeded for the respective stroke during driving: 

 

Stroke (feet) Maximum Set in inches per 10 

blows 

Minimum Blows Per Foot 

7.5 5/8 171 

8.0 or greater 7/8 134 

 

Piles not meeting the above requirements should be brought to the Engineer’s attention and may require 

additional testing and/or driving to meet the requirements. 

 

Limitations 
 

This report presents test measurements made by ICE.  Interpretations were made based upon the measurements 

made by ICE with the latest techniques available and currently accepted standards of care recognized by 

Geotechnical Engineering professionals.  The Geotechnical Engineer of Record should ultimately make final 

recommendations for foundation design and construction. 
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APE      D 30-52 

Capacity      656.0  kips
Ram Weight       6.62  kips
Efficiency      0.900
Pressure       1425 (100%)  psi

Helmet Weight       2.65  kips
Hammer Cushion      45372  kips/in
COR of H.C.      0.800  

Skin Quake      0.100  in
Toe Quake      0.330  in
Skin Damping      0.150  s/ft
Toe Damping      0.060  s/ft

Pile Length
Pile Penetration
Pile Top Area

     55.00
      8.50

     26.10

  ft
  ft
  in2

Pile Model
Skin Friction
Distribution

Res. Shaft = 5 %
(Proportional)



ICE of Carolinas, PLLC                  23-May-2023
CCR 1 Bridge 35 BT36 Criteria           GRLWEAP Version 2010

      Maximum      Maximum    
    Ultimate  Compression      Tension    
    Capacity       Stress       Stress        Set       Stroke       Energy

kips ksi ksi in/10 bl ft kips-ft

    656.0      25.23       3.20      0.0     5.50    22.24
    656.0      26.51       3.21      0.1     6.00    24.55
    656.0      27.73       3.32      0.3     6.50    26.87
    656.0      28.83       3.43      0.5     7.00    29.12
    656.0      30.36       3.51      0.7     7.50    31.49
    656.0      31.82       3.58      0.9     8.00    33.89
    656.0      33.24       3.60      1.1     8.50    36.27
    656.0      34.57       3.59      1.3     9.00    38.54
    656.0      35.86       3.56      1.5     9.50    40.91
    656.0      37.10       3.50      1.7    10.00    43.17



 

 

 

 

 

 

Appendix D 

Project Information and Nearby Soil Borings 
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6'-0" DIA. ROCK SOCKET (TYP.)

6'-6" DIA. DRILLED SHAFT &

GEOTECHNICAL RESISTANCE FACTOR

 END BENT 1BENT I.D.

PILE SECTION

NOMINAL RESISTANCE (KIPS)

DOWNDRAG (KIPS)

SETTLEMENT INDUCED UNFACTORED

DOWNDRAG (KIPS)

SETTLEMENT INDUCED FACTORED

DOWNDRAG (KIPS)

LIQUEFACTION INDUCED 

REQUIRED DRIVING RESISTANCE (KIPS)

(FEET MSL)

ESTIMATED PILE TIP ELEVATION

STABILITY (FEET MSL)

ELEVATION TO ACHIEVE LATERAL 

REQUIRED MINIMUM TIP 

% SKIN FRICTION

END BENT 1

HAMMER ENERGY RANGE

SKIN QUAKE (QS)

TOE QUAKE (QT)

SKIN DAMPING (SD)

TOE DAMPING (TD)

DISTRIBUTION SHAPE NO.

BENT I.D.

PILE INSTALLATION CHART

 END BENT 36

END BENT 36
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0.65

379

Strength

HP14X89
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0
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23

0

131

150

830

162

163

656

PILE PENETRATION

95-140 kip-ft

97%

Proportional

0

28%

0.15 s/ft

0.20 s/ft

0.10 in

0.10 in

Note: GRLWEAP 2010-7 WAS USED TO PERFORM THE WAVE EQUATION ANALYSIS

60-80 kip-ft

24%

Proportional

0

7%

0.15 s/ft

0.20 s/ft

0.10 in

0.10 in

CONTROLLING LIMIT STATE

GEOTECHNICAL RESISTANCE FACTOR

 END BENT 10BENT I.D.

PILE SECTION

NOMINAL RESISTANCE (KIPS)

(FEET MSL)

ESTIMATED PILE TIP ELEVATION

FACTORED DESIGN LOAD (KIPS)
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1.0

870

Extreme Event 1

HP14X117
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157
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CONTROLLING LIMIT STATE

SCOURABLE SOILS (KIPS)

RESISTANCE FROM DESIGN FLOOD 

SOILS (KIPS)
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PENETRATION (FEET MSL)

ELEVATION TO ACHIEVE CRITICAL

REQUIRED MINIMUM TIP 

0

0

drivability analysis for End Bent 1 and End Bent 36:

The following estimated parameters were used for performing a 

proposed driving system. 

based on a wave equation analysis that accurately reflects the Contractor's 

suitable for driven pile installation. However, final hammer approval is 

A pile hammer having the rated energy as indicated above is considered 

in accordance with the RFP.

pre-construction condition assessment and Earth-borne Vibration Monitoring 

The Contractor shall retain a geotechnical engineering firm to perform the 

Geotechnical Notes for End Bents 1 and 36:

Geotechnical Notes for End Bent 10:
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Notes included in these plans are in addition to the requirements of the Standard Specifications.

Reference the Standard Specifications for Highway Construction for Driven Pile Foundations, Section 711. 

diameter of 20".  For predrilling for piles, see section 711.4.5.2 of the standard specifications.

Bent 36 to an elevation no lower than 163 feet with equipment that will result in a maximum predrilling 

If required minimum tip elevation cannot be achieved by driving alone, predrill pile locations at End 

lengths.  Practical refusal of a pile is defined as 20 blows per inch.

The top of partially weathered rock elevation may vary across each bent and result in varying pile 

in accordance with the manufacturer's installation recommendations.

Reinforced pile tips are required to penetrate partially weathered rock. Install the reinforced pile tips 

driving discontinuances including anticipated time intervals in the Pile Installation Plan. 

Each pile is to be installed in one continuous operation. Include details of any anticipated temporary 

the time between initial driving and any required restrikes.

elevation. Perform PDA testing during the restrike. The Geotechnical Engineer of Record will determine 

grade on the plans to accommodate a restrike while remaining within an allowable plan finished grade 

the least blows per foot. On initial drive, piles shall be stopped at the highest allowable finished 

achieved, restrike one of the production piles. Perform the restrike on the production pile exhibiting 

length to accommodate the initial PDA testing. If a CAPWAP analysis determines that capacity has not been 

first pile driven at each required bent location. Include an additional two feet of (HP14x117 or HP14x89) 

Perform Pile Driving Analyzer (PDA) testing on two (2) index piles per bent. An index pile shall be the 

Installation Chart developed from the analysis will be used to verify the resistance of production piles.

be verified by Pile Driving Analyzer (PDA) and CAPWAP analysis of index pile(s) during driving.  A Pile 

Method of controlling installation of piles and verifying their resistance:  Resistance and stresses will 

to the project.

SCDOT Supplemental Technical Specification SC-M-713 (01/19) shall apply 

01-22

SHORING

TEMPORARY

851'-3" TOTAL BRIDGE LENGTH (ALONG I-26 TO I-20 FUTURE RAMPS)

Stress State

Temporary Shoring Wall Soil Design Parameters

Top/Bottom

Elevation

(psf)

Cohesion, c

(deg)

Internal Friction,

120

140

140

157

157

166

166

190

Effective

Total

Effective

Total

Effective

Total

Effective

Total

0

0

0

0

29

0

32

15

8000

8000

3500

3500

0

500

150

500

Temporary Shoring Notes:

pressure coefficients.

Use the following soil strength parameters for determining earth 

unbalanced water forces in design. Design shall accommodate live loading. 

Designer shall determine appropriate water level and consider all 

Existing Embankment

Alluvial

Residual

PWR

to the requirements of the Standard Specifications.

Foundations (Section 712).  Notes included in these plans are in addition 

Pile Foundations (Section 711) and Drilled Shafts and Drilled Pile 

Reference the Standard Specifications for Highway Construction for Driven 

within a 20-foot radius.

Concrete and backfill at End Bent 10 prior to drilling any adjacent piles 

socket using Class 4000DS concrete. 

concrete the HP 14x117 piling at End Bent 10 in the bottom 10 feet of the 

Specifications for Highway Construction. After installation of the pile, 

Section 712 (Drilled Shafts and Drilled Pile Foundations) of the Standard 

concreting using wet construction method may be required as specified in 

accumulation of water from the excavation. If the hole is a wet hole, 

At End Bent 10 prior to concreting and backfilling, remove (pump) any 

cap including a minimum 10 foot rock socket.

rock elevation, extend the drilled piles at least 20 feet below bottom of 

bent location and may result in varying pile lengths.  Regardless of the 

lateral stability.  The top of rock elevation may be variable across the 

The estimated drilled pile tip elevation for End Bent 10 is controlled by 

 

 
 
 

 
 
 

COUNTY

SHEET NO.

 

 
 
 

 
 
 

REVIEWED

REV.

REV.

REV.

QUAN.

DR.

DES.

BY CHK. DATE

BRIDGE PLANS ID

ROUTE

DEPARTMENT  OF  TRANSPORTATION

SOUTH CAROLINA

6
/
2
0
/
2
0
2
2

Z
:
\

P
r
o
j
e
c
t
s
\
2
0
-
6
1 
C

C
R
 

P
h
 
I\

S
t
r
u
c
t
u
r
e
s
\
0
1_

N
e

w
 

B
r
i
d
g
e
s
\

B
r
i
d
g
e
 

3
5
\
0
4
_
F
i
n
a
l 
P
la

n
s
\
6
2
 

T
H

R
U
 
6
8
_

B
R
ID

G
E
 
3
5
_
F

O
U

N
D

A
T
IO

N
 

L
A

Y
O

U
T
.
d
g
n

9
:
15
:
5
9
 

A
M

I-26

P039718-B35

 

LEXINGTON/RICHLAND

SALUDA RIVER AND CSX R.R.

TO I-126 EB BRIDGE OVER

I-26 TO I-20 FUTURE RAMPS AND RAMP I-26 WBJ. FELKEL

62

R

I
I

F

E
TA

C

T
R

E
C

UAFO

O
H

T

Z
I

N
O

I
T

A

N

O
S

H
T

U

RAC

IL
O

A

INFRASTRUCTURE

CONSULTING &

ENGINEERING,

PLLC

No. 4470

S
O

U
T
H

CARO
L

IN
A

  

L
I

E
N

S
E

D
 

P

R
O
FESSIO

N
A

L
 

E
N

G
I
N

E
E

R

C

No. 29964

REDOY .K 
DI

V
A

D

DKY 06-20-22

RFC PLANS

2022.06.20 

11:27:53-04'00'



C

C

5422+00 5423+00

S 54°59'13" E

S 54°59'13" E

M
A
T

C
H
L
I

N
E
 
"
F
"
 
S
T

A
.
 
5
4
2
0
+
5
0
.
0
0

BL I-126 CONNECTION

5421+00 5424+00 5425+005420+00

-N
-

01°11'46.7"

ACCESS ROAD

S
T

A
.
 
5
4
2
3
+
8
1
.
1
1

TO I-126 EB

L RAMP I-26 WBB

07°06'16.9"

B
E

G
I

N
 
I
-
1
2
6
 

C
O

N
N
E

C
T
I

O
N

02°29'00.7"10+00

11+00

12+00

TIE EQUALITY

L

B

TRACK)

STA. 11+58.94 (C EXISTING

I-26 WB TO I-126 EB) =

STA. 5422+89.25 (L RAMP

TO CSX RR MP 4 

APPROX. 1,625'

FOUNDATION LAYOUT (7)

FOUNDATION LAYOUT

E 1970511.4023

N 796435.0686

STA. 5421+00.43

L BENT 34

E 1970641.2430

N 796336.2802

STA. 5422+63.76

L BENT 35

C

1
5
'
-
6
"

1
5
'
-
6
"

1
5
'
-
6
"

4
'
-
1
•
"

8
6
'
-
6
"

3
3
'
-
0
"

C

C

END BRIDGE

1

2

3

4

5

6

7

6
 
S
P

A
.
 

@
 
9
'
-
0
"
 
=
 
5
4
'
-
0
"

5
'
-
3

Œ
"

5
'
-
3
†
"

1

2

3

4

1

226+00

27+00

6'-0" DIA. ROCK SOCKET (TYP. BENT 34)

6'-6" DIA. DRILLED SHAFT &

9'-6" DIA. ROCK SOCKET (TYP. BENT 35)

10'-0" DIA. DRILLED SHAFT &

L HP14X89 STEEL PILES

L END BENT 36 &

E 1970773.1012

N 796242.2079

STA. 5424+25.76

L END BENT 36

BFS

DKY

DKY

ALP

01-22

01-22

(ALONG RAMP I-26 WB TO I-126 EB)

2,469'-8" TOTAL BRIDGE LENGTH 

 

 
 
 

 
 
 

COUNTY

SHEET NO.

 

 
 
 

 
 
 

REVIEWED

REV.

REV.

REV.

QUAN.

DR.

DES.

BY CHK. DATE

BRIDGE PLANS ID

ROUTE

DEPARTMENT  OF  TRANSPORTATION

SOUTH CAROLINA

6
/
2
0
/
2
0
2
2

Z
:
\

P
r
o
j
e
c
t
s
\
2
0
-
6
1 
C

C
R
 

P
h
 
I\

S
t
r
u
c
t
u
r
e
s
\
0
1_

N
e

w
 

B
r
i
d
g
e
s
\

B
r
i
d
g
e
 

3
5
\
0
4
_
F
i
n
a
l 
P
la

n
s
\
6
2
 

T
H

R
U
 
6
8
_

B
R
ID

G
E
 
3
5
_
F

O
U

N
D

A
T
IO

N
 

L
A

Y
O

U
T
.
d
g
n

9
:
16
:
4
2
 

A
M

I-26

P039718-B35

 

LEXINGTON/RICHLAND

SALUDA RIVER AND CSX R.R.

TO I-126 EB BRIDGE OVER

I-26 TO I-20 FUTURE RAMPS AND RAMP I-26 WBJ. FELKEL

68

R

I
I

F

E
TA

C

T
R

E
C

UAFO

O
H

T

Z
I

N
O

I
T

A

N

O
S

H
T

U

RAC

IL
O

A

INFRASTRUCTURE

CONSULTING &

ENGINEERING,

PLLC

No. 4470

S
O

U
T
H

CARO
L

IN
A

  

L
I

E
N

S
E

D
 

P

R
O
FESSIO

N
A

L
 

E
N

G
I
N

E
E

R

C

No. 29964

REDOY .K 
DI

V
A

D

DKY 06-20-22

RFC PLANS

2022.06.20 

17:42:30-04'00'



BORING LOGS (23)

BFS DKY 01-22

DKY CSB 01-22

FOR INFORMATION ONLY

 
 
 

 
 
 

COUNTY

SHEET NO.

 
 
 

 
 
 

REVIEWED

REV.

REV.

REV.

QUAN.

DR.

DES.

BY CHK. DATE

BRIDGE PLANS ID

ROUTE

DEPARTMENT  OF  TRANSPORTATION

SOUTH CAROLINA

6
/
2
0
/
2
0
2
2

Z
:\

P
r
o
j
e
c
t
s
\
2
0
-
6
1 
C

C
R
 

P
h
 
I\

S
t
r
u
c
t
u
r
e
s
\
0
1_

N
e

w
 

B
r
id

g
e
s
\

B
r
id

g
e
 

3
5
\
0
4
_
F
in

a
l 
P
la

n
s
\
5
0
_

B
R
ID

G
E
 
3
5
_

B
O

R
IN

G
 

L
O

G
S
 
(2

3
).
d
g
n

9
:1
2
:3

6
 

A
M

I-26

P039718-B35

LEXINGTON/RICHLAND

SALUDA RIVER AND CSX R.R.

TO I-126 EB BRIDGE OVER

I-26 TO I-20 FUTURE RAMPS AND RAMP I-26 WBJ. FELKEL

50

DKY 06-20-22

RFC PLANS



 

 

 

 

 

 

Appendix E 

Pile Driving Hammer Information 

  



County: Richland Bridge Plans ID: P039718
Route: S-2963 Road Colonial Life Blvd. Ramp B Bridge 
Description: Carolina Crossroads Phase 1 Bridge 35 End Bent 36
Contractor: Archer United

Hammer

Serial No. TBD
Manufacturer: APE Model: D-30
Type: Single Act

Diesel
Rated Energy (k-
ft)

:
None

74.419 at 11.25 Length of stroke (ft)

Lead Size (in): 26
Modifications

Note:  Attach any hammer modification specifications.  Manufacturer’s Specifications
may be required if hammer is not found in Wave Equation database.
Date of Last Maintenance: TBD
Type of Maintenance: TBD
Performed By: TBD

Striker
Plate

Weight (kips): .628
Diameter (in): 22.5 Thickness (in): 6

Hammer
Cushion

Description:
Material

Description
No. of
Layers

Modulus of
Elasticity (ksi)

Thicknes
s (in)

1 Micarata                             1                                           1
2 Aluminum                           3                     285                      .5
Area (sq. in): 398 Total Thickness (in) 3.5 
Coefficient of Restitution: .8

Pile Cap
(Helmet)

Dimension:    DB-26                                                       
Pile Cap Weight (kips):   1.076

Inserts Weight (kips): .948

Pile
Cushion

Material: N/A
Thickness (in.) N/A Area (sq. in): N/A
Modulus of Elasticity (ksi): N/A
Coefficient of Restitution: N/A

Pile

Pile Type/Size
& Pile Point:
Total Pile &
Point Length (ft): BR35

EB36 – 48

Exposed Pile
Point Length
(ft):

N/A

HP 14X89
14X89 Reinf. Pile Tips

Pile Cross-Sectional Area
(sq.in):

34.4

Pipe Pile Wall Thickness (in): N/A
Pile Tip

Description:
Welded Reinf. Tip

Splice Description: Bevel butt weld per SCDOT Specs
Splice Location From Pile Top (ft): N/A

Concrete Pile Strength, f’c (psi): N/A
Steel Pile Yield Strength, Fy (ksi): 50

Ram

Anvil

26.1



 

 

 

 

 

 

Appendix F 

Instrumentation Calibrations 

 

 

 

 

 

 

 

 

 













 

 

 

 

 

 

Appendix G 

PDA Proficiency Certifications 
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