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An Equal Opportunity Employer 

 

January 23, 2023 

 

Mr. Billy Hardwick 

Senior Project Manager 

Archer-United Joint Venture 

billy.hardwick@uig.net 

 

Re: Report of Dynamic Pile Testing 

       Bent 4 Pile 11 

       Bridge 36 - Colonial Life Blvd. Ramp B Bridge over I-126, I-126 Ramp & S-287 (Arrowwood Road) 

       Project ID: P039718 

       Richland County, South Carolina 

 

Dear Mr. Hardwick: 

 

The attached results of dynamic pile testing for the subject pile 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 4 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 36, Bent 4, Pile 11 
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Summary of Provided Project and Pile Driving Information 
 

 
Project Description Colonial Life Blvd. Ramp B Bridge over I-126, I-126 Ramp & S-287 (Arrowwood 

Road) 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 4 35+34.51 
HP14x89 

with Pile Tip 
Plumb ICE I-19v2 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 

11 50.0 47.7 N/A 1/18/23 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) 

273 0.65 420 420 +187.0 
 

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

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

Pile Driving Equipment Data Form Provided to ICE ICE I-19v2 Data Hammer Sheet Attached 

in Appendix D 

Strain and Accelerometer Calibrations Attached Yes, Attached in Appendix E 

 

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) +208.0 

Approximate Ground/Mudline Elevation (feet) +207.0 

Approximate Final Pile Penetration Below Reference at End of Initial Drive (feet) 43.1 

Approximate Final Pile Tip Elevation at End of Initial Drive (feet) +164.9 

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 

  
 

 



January 23, 2023  

Page 3  

Report for Dynamic Pile Testing 

Richland County, SC, Bridge 36, Bent 4, Pile 11 

  

   

110 Midlands Court | West Columbia, SC 29169 | 803-822-0333(P) | 803-822-0034(F) | www.ice-eng.com 

An Equal Opportunity Employer 

 

Additional Notes on Pile Installation 

-Pile 11 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 519 RX7 31.1 22.0 26.2 11.6 15.5 6.9 

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 979) 
520 287 / 233 188 8.9 20.6 0.23 0.12 0.19 0.07 3.27 

*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 RX7 (Maximum Case 

Method with J(c)=0.7) solution for the average for 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 979) near the end of the initial drive.  The signal 

matching ultimate capacity near the end of initial drive was above the required driving resistance of 420 kips 

for Bent 4.  
 

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

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: 20-January-2023 Test started: 18-January-2023

CCRP1 Bridge 36 Bent 4 - Pile 11

1 - Template Reference Elevation 208.0

2 - Ground Elevation 207.0

3 - Fuel Setting 1

4 - Fuel Setting 2

5 - Fuel Setting 3

RX9 (kips)

Maximum Case Method Capacity (JC=0.9)

BLC (bl/ft)

Blow Count

0.00

10.00

20.00

30.00

40.00

50.00

0 130 260 390 520

0 50 100 150 200

1
2
3

4

5

EMX (k-ft)

Maximum Energy

STK (ft)

Hammer Stroke

0.0 10.0 20.0 30.0 40.0

0.00 3.00 6.00 9.00 12.00

1
2
3

4

5

CSX (ksi)

Compression Stress Maximum

CSB (ksi)

Compression Stress at Bottom of Pile

0.0 10.0 20.0 30.0 40.0

0.0 10.0 20.0 30.0 40.0

1
2
3

4

5



Pile Dynamics, Inc. Page 1
Case Method & iCAP® Results PDIPLOT2 2017.2.58.3 - Printed 20-January-2023

CCRP1 Bridge 36 Bent 4 - Pile 11 HP 14x89 w tips
OP: ICE Date: 18-January-2023

AR: 26.10 in² SP: 0.492 k/ft³
LE: 47.67 ft EM: 30,000 ksi
WS: 16,807.9 f/s JC: 0.70

RX7: Maximum Case Method Capacity (JC=0.7) 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 RX7 EMX STK CSX CSB TSX DMX DFN BTA
ft bl/ft kips k-ft ft ksi ksi ksi in in (%)

3 2.00 2 AV3 0 11.0 ** 14.1 1.9 10.5 8.02 8.00 93.0
STD 0 3.9 ** 1.0 0.8 0.5 0.03 0.00 5.0
MAX 0 16.4 ** 15.2 3.0 11.2 8.07 8.00 100.0
@BL 1 3 ** 3 3 2 3 1 1

8 5.00 2 AV5 10 17.9 5.81 18.8 3.1 12.5 7.45 7.20 98.0
STD 6 4.5 0.92 3.3 0.4 2.2 0.49 0.00 4.0
MAX 15 25.7 7.10 22.8 3.6 15.0 8.43 7.20 100.0
@BL 6 4 4 4 6 4 4 8 4

14 6.00 6 AV6 49 13.7 4.87 15.0 3.3 9.2 3.21 2.00 97.8
STD 27 7.1 1.56 4.9 0.8 3.7 1.09 0.00 4.8
MAX 109 23.5 7.54 24.0 4.6 16.8 4.64 2.00 100.0
@BL 14 11 11 11 14 11 11 13 9

21 7.00 7 AV7 55 13.3 5.28 15.9 3.1 10.1 2.84 1.71 96.9
STD 15 8.7 1.87 7.1 0.7 5.6 1.18 0.00 5.0
MAX 86 25.1 8.04 26.0 4.1 18.2 4.36 1.72 100.0
@BL 15 19 19 19 15 19 19 17 17

29 8.00 8 AV8 57 13.6 5.17 15.4 3.1 9.3 2.62 1.50 97.4
STD 16 9.3 2.02 6.8 0.8 5.4 1.13 0.00 4.6
MAX 88 27.7 8.30 26.4 4.1 18.5 4.12 1.50 100.0
@BL 22 27 27 27 22 27 27 25 22

37 9.00 8 AV8 70 12.3 5.17 15.2 3.1 9.0 2.29 1.49 97.1
STD 19 9.0 2.18 7.9 1.0 6.1 0.86 0.03 5.0
MAX 90 24.7 8.40 27.5 4.3 18.6 3.71 1.50 100.0
@BL 30 31 35 35 31 35 31 37 30

45 10.00 8 AV8 68 13.2 5.42 16.1 3.2 9.6 2.07 1.47 96.8
STD 19 8.0 2.11 7.0 0.8 5.6 0.57 0.05 5.6
MAX 98 23.6 8.55 26.6 4.3 18.8 3.03 1.50 100.0
@BL 44 44 44 44 38 44 38 42 38

53 11.00 8 AV8 55 7.1 4.20 12.3 3.1 6.4 1.51 1.50 98.6
STD 5 2.4 0.40 2.2 0.3 1.5 0.03 0.00 3.6
MAX 63 10.7 4.84 15.7 3.6 8.5 1.60 1.50 100.0
@BL 49 49 49 49 49 49 49 53 46

61 12.00 8 AV8 69 9.4 4.66 14.5 3.3 7.7 1.56 1.50 100.0
STD 13 2.7 0.60 2.5 0.3 1.9 0.11 0.00 0.0
MAX 96 14.2 5.88 19.1 3.7 11.5 1.83 1.50 100.0
@BL 61 55 55 55 60 55 55 60 54
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CCRP1 Bridge 36 Bent 4 - Pile 11 HP 14x89 w tips
OP: ICE Date: 18-January-2023

BL# Depth BLC TYPE RX7 EMX STK CSX CSB TSX DMX DFN BTA
ft bl/ft kips k-ft ft ksi ksi ksi in in (%)

72 15.00 4 AV11 57 9.1 4.47 13.8 3.3 7.1 3.27 3.27 96.9
STD 6 1.3 0.19 0.9 0.2 0.6 0.00 0.00 5.1
MAX 69 11.9 4.89 15.5 3.9 8.4 3.27 3.27 100.0
@BL 62 69 69 69 62 69 64 64 62

84 16.00 12 AV12 72 8.3 4.53 14.1 3.3 7.1 1.09 1.00 97.0
STD 5 0.7 0.15 0.7 0.2 0.6 0.06 0.01 5.2
MAX 83 9.3 4.77 15.3 3.6 8.3 1.17 1.00 100.0
@BL 75 74 74 74 80 74 74 84 73

97 17.00 13 AV13 82 8.8 4.65 14.6 3.5 7.1 1.08 0.92 97.2
STD 8 0.8 0.17 0.8 0.3 0.7 0.06 0.01 5.1
MAX 96 10.0 4.92 15.8 4.0 8.2 1.18 0.92 100.0
@BL 96 86 91 91 96 91 86 88 86

110 18.00 13 AV13 81 8.7 4.65 14.7 3.6 7.2 1.06 0.92 96.9
STD 7 0.6 0.10 0.5 0.5 0.4 0.06 0.01 4.6
MAX 101 10.1 4.89 15.9 5.1 7.9 1.17 0.92 100.0
@BL 109 108 108 108 109 108 108 104 98

123 19.00 13 AV13 81 9.3 4.75 15.2 3.7 7.2 1.07 0.92 96.7
STD 11 0.5 0.12 0.5 0.3 0.5 0.04 0.00 5.0
MAX 100 9.9 4.90 15.9 4.2 8.1 1.11 0.92 100.0
@BL 115 115 113 123 119 113 119 122 113

135 20.00 12 AV12 75 9.2 4.74 15.2 3.9 6.9 1.03 1.00 96.1
STD 7 0.5 0.11 0.5 0.2 0.3 0.03 0.00 5.6
MAX 88 10.3 4.92 16.0 4.3 7.6 1.10 1.00 100.0
@BL 131 135 135 135 124 135 135 128 125

150 21.00 15 AV15 82 9.1 4.79 15.5 4.0 7.0 0.96 0.80 100.0
STD 6 0.4 0.09 0.4 0.3 0.4 0.04 0.00 0.0
MAX 94 9.9 4.91 16.1 4.7 7.6 1.04 0.80 100.0
@BL 149 142 143 141 149 138 142 144 136

166 22.00 16 AV16 80 8.8 4.80 15.5 4.4 6.6 0.87 0.75 99.3
STD 5 0.5 0.08 0.4 0.2 0.3 0.05 0.00 2.7
MAX 92 9.5 4.90 15.9 4.7 7.2 0.95 0.75 100.0
@BL 158 153 153 154 160 164 153 152 151

185 23.00 19 AV19 86 8.8 4.92 16.0 4.2 6.4 0.76 0.63 97.2
STD 5 0.7 0.10 0.4 0.3 0.3 0.07 0.01 4.8
MAX 99 10.4 5.10 16.7 4.8 7.0 0.94 0.63 100.0
@BL 185 167 167 167 171 167 167 178 167

203 24.00 18 AV18 101 8.7 4.98 16.3 4.2 6.2 0.71 0.66 99.4
STD 9 0.3 0.06 0.2 0.2 0.3 0.02 0.01 2.5
MAX 119 9.3 5.12 16.9 4.7 6.6 0.75 0.67 100.0
@BL 202 198 198 198 188 198 188 186 187

223 25.00 20 AV20 119 8.8 5.05 16.6 4.3 6.0 0.69 0.59 100.0
STD 8 0.4 0.09 0.4 0.5 0.4 0.02 0.01 0.0
MAX 134 9.8 5.25 17.2 5.3 6.9 0.74 0.60 100.0
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CCRP1 Bridge 36 Bent 4 - Pile 11 HP 14x89 w tips
OP: ICE Date: 18-January-2023

BL# Depth BLC TYPE RX7 EMX STK CSX CSB TSX DMX DFN BTA
ft bl/ft kips k-ft ft ksi ksi ksi in in (%)

@BL 220 222 222 207 209 218 222 205 204

242 26.00 19 AV19 125 9.6 5.20 17.2 4.7 6.1 0.71 0.63 100.0
STD 11 1.6 0.30 1.0 0.5 0.7 0.09 0.00 0.0
MAX 144 13.5 5.92 19.7 6.0 7.6 0.93 0.63 100.0
@BL 239 240 240 240 241 241 240 232 224

260 27.00 18 AV18 126 12.7 5.84 19.5 5.2 7.2 0.84 0.66 99.4
STD 11 1.0 0.19 0.6 0.6 0.4 0.06 0.01 2.3
MAX 140 16.1 6.55 21.8 7.0 8.5 1.03 0.67 100.0
@BL 253 243 243 243 254 243 243 245 243

277 28.00 17 AV17 147 12.3 5.83 19.4 5.3 7.1 0.76 0.70 100.0
STD 8 0.4 0.11 0.4 0.5 0.3 0.02 0.01 0.0
MAX 160 13.4 6.11 20.3 6.6 7.6 0.81 0.71 100.0
@BL 268 274 274 274 261 266 262 274 261

299 29.00 22 AV22 164 12.3 5.90 19.7 5.5 6.9 0.71 0.54 100.0
STD 8 1.0 0.23 0.8 0.5 0.7 0.04 0.01 0.0
MAX 181 15.9 6.76 22.6 6.5 9.2 0.85 0.55 100.0
@BL 294 295 295 295 295 295 295 295 278

322 30.00 23 AV23 165 12.0 5.88 19.7 5.6 6.5 0.67 0.52 100.0
STD 5 0.3 0.07 0.3 0.4 0.3 0.02 0.01 0.0
MAX 177 12.8 6.04 20.1 6.8 6.9 0.72 0.52 100.0
@BL 320 308 308 317 320 300 308 316 300

347 31.00 25 AV25 165 12.2 5.97 20.0 6.1 6.1 0.63 0.47 99.6
STD 6 0.3 0.06 0.3 0.5 0.3 0.02 0.01 2.2
MAX 178 12.7 6.10 20.5 6.8 6.5 0.69 0.48 100.0
@BL 328 339 346 346 347 335 323 342 323

373 32.00 26 AV26 185 13.1 6.25 20.9 7.1 5.8 0.60 0.46 100.0
STD 15 0.6 0.16 0.5 0.4 0.3 0.02 0.00 0.0
MAX 221 14.7 6.62 22.2 8.2 6.5 0.64 0.47 100.0
@BL 356 365 365 365 372 348 366 364 348

407 33.00 34 AV34 187 13.0 6.28 21.0 7.6 5.3 0.55 0.35 100.0
STD 10 0.4 0.09 0.4 0.4 0.2 0.02 0.00 0.0
MAX 217 14.0 6.52 21.8 8.5 5.9 0.60 0.36 100.0
@BL 379 390 391 375 384 391 390 400 374

441 34.00 34 AV34 187 12.7 6.22 20.8 7.7 5.0 0.54 0.35 100.0
STD 9 0.5 0.12 0.5 0.5 0.3 0.01 0.00 0.0
MAX 211 13.9 6.52 22.5 9.0 5.7 0.58 0.36 100.0
@BL 414 434 434 434 434 411 411 416 408

474 35.00 33 AV33 194 13.6 6.48 21.6 7.9 5.1 0.55 0.36 100.0
STD 9 0.7 0.16 0.6 0.5 0.4 0.03 0.00 0.0
MAX 221 15.2 6.87 22.8 9.4 6.1 0.60 0.37 100.0
@BL 468 453 453 456 454 453 459 443 442

511 36.00 37 AV37 199 13.5 6.49 21.7 8.4 4.8 0.52 0.32 100.0
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CCRP1 Bridge 36 Bent 4 - Pile 11 HP 14x89 w tips
OP: ICE Date: 18-January-2023

BL# Depth BLC TYPE RX7 EMX STK CSX CSB TSX DMX DFN BTA
ft bl/ft kips k-ft ft ksi ksi ksi in in (%)

STD 5 0.5 0.14 0.5 0.5 0.3 0.02 0.00 0.0
MAX 211 14.7 6.81 22.6 9.6 5.5 0.56 0.33 100.0
@BL 475 507 490 490 493 484 507 486 475

552 37.00 41 AV41 220 14.0 6.70 22.3 9.2 4.4 0.51 0.29 100.0
STD 15 0.6 0.15 0.5 0.8 0.4 0.02 0.00 0.0
MAX 274 15.3 7.00 23.4 11.2 5.3 0.55 0.30 100.0
@BL 549 542 542 542 551 523 542 512 512

598 38.00 46 AV46 277 14.4 6.86 22.7 10.9 2.8 0.48 0.26 100.0
STD 21 0.6 0.16 0.5 0.7 0.6 0.02 0.01 0.0
MAX 346 15.9 7.27 23.9 12.1 3.7 0.52 0.26 100.0
@BL 596 598 590 590 596 562 564 583 553

638 39.00 40 AV40 340 20.2 8.25 26.2 13.6 3.4 0.57 0.30 100.0
STD 19 1.8 0.44 1.1 1.0 0.8 0.04 0.01 0.0
MAX 376 22.3 8.78 27.5 15.2 4.9 0.65 0.30 100.0
@BL 605 613 606 606 631 606 613 636 599

685 40.00 47 AV47 364 20.6 8.40 26.5 16.0 1.8 0.54 0.25 100.0
STD 17 0.7 0.16 0.4 0.8 0.2 0.02 0.01 0.0
MAX 418 22.3 8.81 27.3 17.8 2.3 0.58 0.26 100.0
@BL 663 681 681 681 682 639 671 666 639

759 41.00 74 AV74 389 21.2 8.59 26.9 19.3 2.5 0.53 0.16 100.0
STD 13 0.7 0.17 0.5 1.1 0.3 0.02 0.00 0.0
MAX 416 22.7 8.92 28.3 21.1 3.0 0.56 0.17 100.0
@BL 752 702 702 692 755 752 757 705 686

863 42.00 104 AV104 426 21.9 8.79 27.4 21.7 3.2 0.54 0.11 100.0
STD 8 0.7 0.18 0.6 0.5 0.2 0.01 0.00 0.0
MAX 449 24.4 9.40 29.6 23.0 3.6 0.57 0.12 100.0
@BL 856 765 765 765 840 850 830 832 760

966 43.00 103 AV103 469 21.7 8.79 27.7 23.1 3.9 0.53 0.11 100.0
STD 35 1.0 0.28 1.1 1.3 0.5 0.02 0.00 0.0
MAX 534 24.5 9.58 31.1 26.0 4.9 0.57 0.12 100.0
@BL 958 907 907 897 963 962 869 961 864

981 43.08 188 AV15 519 20.9 8.61 27.1 24.9 5.0 0.52 0.06 100.0
STD 28 3.1 0.75 1.9 1.4 0.2 0.05 0.01 0.0
MAX 543 22.9 9.10 29.6 26.2 5.4 0.60 0.07 100.0
@BL 971 970 973 971 971 979 971 978 967

Average 254 15.5 6.89 22.0 11.6 4.9 0.80 0.52 99.5
Std. Dev. 145 5.3 1.59 4.9 7.4 2.3 0.82 0.79 2.3
Maximum 543 27.7 9.58 31.1 26.2 18.8 8.43 8.00 100.0
@ Blow# 971 27 907 897 971 44 4 1 1

Total number of blows analyzed: 981

BL# Sensors

1-889 F2: [P821] 145.1 (1.00); F4: [S868] 145.1 (1.00); A1: [K12389] 483.2 (1.00);
A3: [K12388] 451.0 (1.00)
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CCRP1 Bridge 36 Bent 4 - Pile 11 HP 14x89 w tips
OP: ICE Date: 18-January-2023

890 F2: [P821] 145.1 (1.00); A1: [K12389] 483.2 (1.00)
891-896 F2: [P821] 145.1 (1.00); F4: [S868] 145.1 (1.00); A1: [K12389] 483.2 (1.00);

A3: [K12388] 451.0 (1.00)
897 F4: [S868] 145.1 (1.00); A3: [K12388] 451.0 (1.00)
898-981 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 208.0
2 Ground Elevation 207.0
3 Fuel Setting 1
242 Fuel Setting 2
598 Fuel Setting 3

Time Summary

Drive 26 minutes 38 seconds 10:40 AM - 11:07 AM BN 1 - 981
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ICE      I-19v2  

Ram Weight       4.01  kips
Efficiency      0.950
Pressure       1431 (90%)  psi

Helmet Weight       2.31  kips
Hammer Cushion      34825  kips/in
COR of H.C.      0.900  

Skin Quake      0.230  in
Toe Quake      0.120  in
Skin Damping      0.190  s/ft
Toe Damping      0.070  s/ft

Pile Length
Pile Penetration
Pile Top Area

     50.00
     42.10
     26.10

  ft
  ft
  in2

Pile Model
Skin Friction
Distribution

Res. Shaft = 55 %
(Proportional)



ICE of Carolinas, PLLC                  20-Jan-2023
CCR 1 Bridge 36 BT4 Pl 11 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

    520.0      28.69       1.40    189.3     8.91    20.61
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Pile Driving Criteria  

Bent 4 
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Recommended Production Pile Driving Criteria 

 

The recommended drive criteria for the up to 50.0 feet long HP 14x89 steel piles in Bent 4 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 ICE I-19v2 hammer driving system. A hammer 

helmet weight of 2.3 kips and a hammer cushion of 2.0 total inches of nylon, 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 4 

 

The up to 50.0 foot HP 14x89 steel piles at Bent 4 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.  

 

1. Practical refusal (20 blows per one inch or ½ inch in 10 blows with at least a stroke of 7.5 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 

8.0 3/4 160 

8.5 1 120 

9.0 1-1/8 107 

9.5 or greater 1-1/4 96 

   

 

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 measurement 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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ICE      I-19v2  

Capacity      420.0  kips
Ram Weight       4.01  kips
Efficiency      0.950
Pressure       1431 (90%)  psi

Helmet Weight       2.31  kips
Hammer Cushion      34825  kips/in
COR of H.C.      0.900  

Skin Quake      0.250  in
Toe Quake      0.150  in
Skin Damping      0.200  s/ft
Toe Damping      0.080  s/ft

Pile Length
Pile Penetration
Pile Top Area

     50.00
     42.00
     26.10

  ft
  ft
  in2

Pile Model
Skin Friction
Distribution

Res. Shaft = 55 %
(Proportional)
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      Maximum      Maximum    
    Ultimate  Compression      Tension    
    Capacity       Stress       Stress        Set       Stroke       Energy

kips ksi ksi in/10 bl ft kips-ft

    420.0      18.76       1.18      0.0     5.50     9.08
    420.0      20.44       1.00      0.1     6.00    10.79
    420.0      22.03       0.80      0.3     6.50    12.53
    420.0      23.48       0.81      0.5     7.00    14.29
    420.0      24.93       0.81      0.6     7.50    16.10
    420.0      26.27       0.78      0.8     8.00    17.91
    420.0      27.54       0.73      1.0     8.50    19.75
    420.0      28.76       0.67      1.2     9.00    21.33
    420.0      29.92       0.61      1.3     9.50    22.86
    420.0      31.06       0.54      1.5    10.00    24.34
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Project Information and Nearby Soil Borings 
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Appendix D 

Pile Driving Hammer Information 

  



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

Hammer

Manufacturer: ICE Model: I-19
Type: Single Act

Diesel
Serial No. TBD

Rated Energy (k-
ft) 46.17 at 11.5 Length of stroke (ft)

Lead Size (in): 26
Modifications
:

None

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): .46
Diameter (in): 22.5 Thickness (in): 4

Hammer
Cushion

Description:
Material

Description
No. of
Layers

Modulus of
Elasticity (ksi)

Thicknes
s (in)

1 MC-904 Blue Nylon 1 175 2
2
Area (sq. in): 398 Total Thickness (in) 2.5
Coefficient of Restitution: .90

Pile Cap
(Helmet)

Dimension: DCB-1 Drive Cap & DCH-1 Cap Insert
Pile Cap Weight (kips): 1.065

Inserts Weight (kips): .78

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:

HP 14X89 and HP14X117
14X89 & 14X117 Reinf. Pile Tips

Total Pile &
Point Length (ft):

BR36
IB2 – 31
IB3 – 43.5
IB4 – 44
EB5 - 67

Exposed Pile
Point Length
(ft): N/A

Pile Cross-Sectional Area
(sq.in):

26.1

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

Ram

Anvil

michael.simpson
Text Box
2.0



 

 

 

 

 

 

Appendix E 

Instrumentation Calibrations 

 

 

 

 

 

 

 

 

 













 

 

 

 

 

 

Appendix F 

PDA Proficiency Certifications 
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