:IEINFRASTRUCTURE
CONSULTING & ENGINEERING

December 2, 2022

Mr. Billy Hardwick

Senior Project Manager
Archer-United Joint Venture
billy.hardwick@uig.net

Re: Report of Dynamic Pile Testing

Bent 3 Pile 12
Bridge 34 - Colonial Life Blvd. Ramp A Bridge over 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. 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
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Sally G. Thomson, P.E.
Geotechnical Designer
Certified PDA Signatory “Advanced”

Michael J. Simpson, P.E.

Geotechnical Testing Manager

Certified PDA Signatory “Advanced”
South Carolina Registration Number: 35396
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:Zinzt for Dynamic Pile Testing ]EI NFRASTRUCTURE
Richland County, SC, Bridge 34, Bent 3, Pile 12 CONSU LTING & ENGINEER' NG

Summary of Provided Project and Pile Driving Information

Project Description Colonial Life Blvd. Ramp A Bridge over 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.
Pile Cushion
Bent Number Station Pile Type Pile Batter Hammer Used Type and
Thickness
Bent 3 3032+22.00 HP14X89. Plumb ICE I-19v2 N/A
with Pile Tip
Pile Length ]f’;lceafil(’)ﬂf:)
. Total Pile Length Below . Initial Drive Test | Restrike Test
Pile Number above Pile
(feet) Gages Tip Date Date
(feet) (feet)
12 55.0 52.7 N/A 12/2/22 N/A
Factored Design Geotechnical Nominal Required Driving Minimum Tip
Load Resistance Factor | Resistance of Pile | Resistance of Pile Elevation of Pile
(kips) (kips) (kips) (feet)
222 0.65 342 342 “182.5
Installation Records Provided to ICE Please Refer to SCDOT Pile Driving Logs
Project Information and Soil Borings Provided to ICE Yes, Attached in Appendix B
Pile Driving Equipment Data Form Provided to ICE APE D30-52 Data Hammer Sheet Attached
in Appendix C
Strain and Accelerometer Calibrations Attached Yes, Attached in Appendix D
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) 205.0
Approximate Ground/Mudline Elevation (feet) 205.0
Approximate Final Pile Penetration Below Reference at End of Initial Drive (feet) 51.5
Approximate Final Pile Tip Elevation at End of Initial Drive (feet) "153.5
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 12 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 Case Max. Avg. Max. Avg. Comp. Avg. Avg.
(kips) | Method | Comp. | Comp. Comp. Stress at | Transferred | Stroke
Stress | Stress Stress at | Pile Bottom Energy (feet)
(ksi) (ksi) | Pile Bottom (ksi) (k-ft)
(ksi)
EOD 437 RXS5 30.3 26.4 23.2 13.6 20.5 8.2
Signal Matching Analyses Results (Detailed Result in Appendix A)
Location* Rut Rside/ Rena | Equiv. | Stroke | EMX Qs Qt Ss St MQN*
(kips) (kips) BPF* (ft) (k-ft) | (in) (in) | (sec/ft) | (sec/ft)
EOD
(Blow 1251) 444 368/76 75 8.7 20.2 0.10 | 0.30 0.11 0.15 2.90

*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 RX5 (Maximum Case
Method with J(c)=0.5) solution for the maximum value 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 1251) 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 342 kips
for Bent 3.

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.

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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Appendix A

Dynamic Pile Testing, Signal Matching Results, and
Calibration WEAP

Bridge 34, Bent 3, Pile 12



Pile Dynamics, Inc. - PDIPLOT2 Ver 2020.1.60.3 - Case Method & iCAP® Results
Printed: 02-December-2022 Test started: 01-December-2022
CCRP1 Bridge 34 Bent 3 - Pile 12
HP 14x89 w tips

RX5 (kips) EMX (k-ft) CSX (ksi)
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Pile Dynamics, Inc. Page 1

PDIPLOT2 2020.1.60.3 Printed 02-December-2022
Case Method & iICAP® Results

CCRP1 Bridge 34 Bent 3 - Pile 12 HP 14x89 w tips

OP: ICE Date: 01-December-2022

AR: 26.10 in2 SP: 0.492 k/ftd

LE: 52.67 ft EM: 30,000 ksi

WS: 16,807.9 f/s JC: 0.50

RX5: Maximum Case Method Capacity (JC=0.5) TSX: Tension Stress Max-Full Rec Search

EMX: Maximum Energy RA2: Auto Capacity Friction Piles

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 RX5 EMX STK CSX CSB TSX RA2 DFN BTA

ft bl/ft kips k-ft ft ksi ksi ksi kips in (%)

35 8.00 7 AV35 43 9.6 4.37 15.6 28 10.2 21 171 997
STD 14 1.3 0.07 1.2 0.6 11 7 0.00 1.7

MAX 66 123 4.46 16.9 3.7 11.0 41  1.71 100.0

@BL 28 34 33 34 34 14 23 35 1

42  9.00 7 AV7 69 16.1 5.89 17.6 4.0 9.6 38 171 100.0

STD 11 9.2 1.77 5.8 0.9 4.0 19 0.00 0.0
MAX 89 317 8.55 26.7 5.4 15.7 73 1.72 100.0
@BL 39 39 39 39 40 39 42 37 36

49 10.00 7 AV7 72 12.6 5.15 15.6 4.0 7.4 39 1.71 100.0
STD 10 7.6 1.77 6.2 0.8 4.6 9 0.00 0.0
MAX 91 26.2 8.92 28.4 4.6 17.7 52 1.72 100.0
@BL 46 46 46 46 48 46 46 44 43

55 11.00 6 AV6 83 141 5.26 17.2 4.7 8.1 35 200 100.0
STD 8 0.6 0.20 0.8 0.4 0.7 6 0.00 0.0
MAX 95 15.4 5.67 18.8 53 9.3 43  2.00 100.0
@BL 55 55 55 55 52 55 55 54 50

63 12.00 8 AvVS 89 15.1 5.52 18.1 5.0 8.4 54 150 100.0
STD 6 2.5 0.47 1.8 0.3 13 23 0.00 0.0
MAX 97 18.8 6.25 20.7 54 10.5 95 150 100.0
@BL 63 59 59 59 60 59 61 61 56

68 13.00 5 AV5 90 17.1 5.70 18.8 5.2 8.5 52 2.40 100.0
STD 5 2.5 0.45 1.6 0.2 1.2 23 0.00 0.0
MAX 94  20.0 6.22 20.8 55 10.0 97 2.40 100.0
@BL 66 66 67 67 65 67 64 64 64

76 14.00 8 AvVS 98 16.8 5.88 19.5 54 8.8 43 1.50 100.0
STD 5 14 0.32 11 0.5 0.9 5 0.01 0.0
MAX 112 19.8 6.67 22.0 6.1 11.0 50 1.50 100.0
@BL 74 74 74 74 71 74 72 75 69

84 15.00 8 AvVS 100 17.4 6.04 20.2 53 8.8 77 150 100.0
STD 3 0.5 0.05 0.1 0.4 0.2 16  0.00 0.0
MAX 105 18.5 6.11 20.4 5.7 9.1 85 1.50 100.0
@BL 84 83 84 84 83 80 82 84 77

94 16.00 10 AVi10 109 17.7 6.12 20.7 5.8 8.6 95 1.20 100.0
STD 6 0.7 0.13 0.4 0.4 0.4 14 0.00 0.0
MAX 119 19.4 6.43 21.7 6.5 9.3 124 1.20 100.0
@BL 90 90 90 90 89 90 89 86 85
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PDIPLOT2 2020.1.60.3 Printed 02-December-2022
Case Method & iCAP® Results

CCRP1 Bridge 34 Bent 3 - Pile 12 HP 14x89 w tips

OP: ICE Date: 01-December-2022

BL# Depth BLC TYPE RX5 EMX STK  CSX CSB TSX RA2 DEN BTA

ft bl/ft kips k-ft ft ksi ksi ksi kips in (%)

105 17.00 11 Avil 118 18.2 6.28 21.2 5.7 8.4 100 1.09 100.0

STD 5 0.8 0.16 0.5 0.3 0.4 12 0.00 0.0

MAX 126 19.8 6.57 22.2 6.3 8.9 135 1.09 100.0
@BL 103 103 103 103 105 103 101 98 95

115 18.00 10 AVi10 124 18.9 6.44 21.7 5.8 8.2 102 1.20 100.0
STD 5 0.6 0.09 0.3 0.2 0.3 20 0.00 0.0
MAX 132 19.5 6.61 22.2 6.2 8.7 142 1.20 100.0
@BL 114 107 112 112 110 108 106 109 106

127 19.00 12 Avi2 128 19.2 6.60 22.2 5.8 8.0 104 1.00 100.0
STD 7 11 0.22 0.6 0.2 0.4 15 0.01 0.0
MAX 146 22.6 7.29 24.2 6.3 9.3 123 1.00 100.0
@BL 125 125 125 125 118 125 124 126 116

142 20.00 15 AvVi5 133 18.7 6.61 22.3 5.8 7.6 77 0.79 100.0
STD 3 04  0.07 0.3 0.4 0.2 25 0.00 0.0
MAX 139 19.3 6.70 22.6 6.6 7.9 117 0.80 100.0
@BL 141 133 142 129 138 131 139 134 128

154 21.00 12 Avi2 138 195 6.72 22.6 5.8 7.5 113 1.00 100.0
STD 4 0.4 0.05 0.2 0.2 0.2 14  0.00 0.0
MAX 147 19.9 6.84 23.0 6.3 7.8 120 1.00 100.0
@BL 144 149 153 153 151 149 145 146 143

167 22.00 13 AVi13 141 195 6.76 22.8 6.0 7.2 105 0.92 100.0
STD 5 04 011 0.3 0.3 0.3 26 0.01 0.0
MAX 148 20.2 6.95 23.1 6.6 7.8 145 0.93 100.0
@BL 162 156 156 166 158 156 158 156 155

180 23.00 13 Avi3 148 19.5 6.82 22.9 5.8 7.0 88 092 100.0
STD 4 0.6 0.10 0.4 0.3 0.3 31 0.00 0.0
MAX 153 20.6 6.98 23.4 6.4 7.7 161 0.93 100.0
@BL 180 170 170 170 174 170 169 179 168

193 24.00 13 Avi3 159 19.8 6.99 23.4 6.3 7.0 68 092 100.0
STD 6 0.9 0.22 0.6 0.3 0.5 5 0.01 0.0
MAX 169 22.4 7.60 25.2 7.1 8.4 74 092 100.0
@BL 192 185 185 185 185 185 190 184 181

210 25.00 17 Av1Y 168 19.6 7.07 23.7 6.3 7.0 143 0.70 100.0
STD 4 0.9 0.21 0.6 0.3 0.5 45 0.01 0.0
MAX 174 22.2 7.74 255 7.1 8.3 182 0.71 100.0
@BL 210 205 205 205 207 205 210 206 194

223 26.00 13 AVi13 173 20.3 7.18 24.2 6.6 6.7 141 0.92 100.0
STD 3 0.7 0.10 0.3 0.3 0.3 46  0.00 0.0
MAX 181 21.3 7.36 24.6 7.1 7.1 192 0.93 100.0
@BL 220 214 220 215 223 218 216 213 211

237 27.00 14 Avi4 182 20.4 7.36 24.7 6.8 6.6 188 0.85 100.0
STD 5 11 0.23 0.7 0.2 0.4 12 0.00 0.0
MAX 190 23.4 8.05 26.7 7.3 7.5 205 0.86 100.0
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PDIPLOT2 2020.1.60.3 Printed 02-December-2022
Case Method & iCAP® Results

CCRP1 Bridge 34 Bent 3 - Pile 12 HP 14x89 w tips

OP: ICE Date: 01-December-2022

BL# Depth BLC TYPE RX5 EMX STK  CSX CSB TSX RA2 DEN BTA

ft bl/ft kips k-ft ft ksi ksi ksi kips in (%)

@BL 235 236 236 236 230 236 231 235 224

254 28.00 17 Av1Y 193 20.9 7.54 25.2 7.0 6.5 202 0.70 100.0
STD 4 12 0.22 0.6 0.3 0.5 12 0.01 0.0
MAX 199 24.1 8.19 27.0 7.9 7.7 219 0.71 100.0
@BL 244 247 247 247 239 247 250 246 238

271 29.00 17 Av1Y 205 21.0 7.64 255 7.3 6.2 218 0.70 100.0
STD 7 12 0.24 0.7 0.3 0.5 13 0.01 0.0
MAX 218 24.0 8.14 26.8 7.8 7.2 238 0.71 100.0
@BL 270 269 269 268 268 270 264 267 255

293 30.00 22 AV22 217 20.5 7.66 255 7.5 5.7 241 0.54 100.0
STD 7 0.7 0.19 0.5 0.3 0.5 31 0.01 0.0
MAX 228 22.9 8.36 27.2 8.1 7.1 294 0.55 100.0
@BL 292 285 285 285 282 285 292 285 272

311 31.00 18 AvVi8 218 215 7.89 26.1 7.7 5.4 261 0.67 100.0
STD 5 0.8 0.18 0.4 0.4 0.4 11 0.00 0.0
MAX 229 23.2 8.37 27.3 8.8 6.7 283 0.67 100.0
@BL 306 298 298 300 298 298 307 308 294

331 32.00 20 AV20 233 212 7.88 26.1 8.4 4.4 276  0.60 100.0
STD 9 08 0.21 0.6 0.4 0.4 33 0.00 0.0
MAX 255 24.2 8.66 28.1 9.2 5.0 328 0.60 100.0
@BL 331 330 330 330 326 313 331 327 312

357 33.00 26 AV26 253 220 820 27.0 9.1 4.1 242 046 100.0
STD 5 0.7 0.18 0.5 0.2 0.4 26 0.00 0.0
MAX 263 238 871 28.2 9.7 5.0 317 047 100.0
@BL 333 349 349 349 343 349 332 338 332

383 34.00 26 AV26 251 225 8.36 27.4 8.7 4.7 246 0.46 100.0
STD 9 1.2 0.31 0.8 0.4 0.5 24 0.00 0.0
MAX 276 25.1 8.99 28.9 9.6 5.7 329 0.47 100.0
@BL 381 358 368 359 358 368 371 377 358

410 35.00 27  AV27 252 22.6 8.45 27.5 8.6 4.7 249 0.44 100.0
STD 10 1.0 0.28 0.7 0.3 0.4 19 0.01 0.0
MAX 271 24.9 9.07 29.3 9.2 5.8 331 0.44 100.0
@BL 406 406 406 406 408 390 387 400 384

435 36.00 25 AV25 257 22.9 8.53 27.7 9.2 4.2 260 0.48 100.0
STD 8 1.0 0.27 0.7 0.3 0.5 12 0.00 0.0
MAX 278 25.3 9.19 29.3 9.8 55 281 0.49 100.0
@BL 427 419 419 425 434 415 424 412 411

464 37.00 29  AV29 260 22.1 8.43 27.5 9.6 3.9 272 0.41 100.0
STD 9 0.8 0.19 0.5 0.2 0.4 15 0.00 0.0
MAX 280 24.7 9.11 29.0 10.0 4.7 306 0.42 100.0
@BL 450 455 455 455 463 455 460 447 436

493 38.00 29  AV29 269 221 8.47 27.7 10.3 3.5 280 041 100.0



Pile Dynamics, Inc. Page 4

PDIPLOT2 2020.1.60.3 Printed 02-December-2022
Case Method & iCAP® Results

CCRP1 Bridge 34 Bent 3 - Pile 12 HP 14x89 w tips

OP: ICE Date: 01-December-2022

BL# Depth BLC TYPE RX5 EMX STK  CSX CSB TSX RA2 DEN BTA

ft bl/ft kips k-ft ft ksi ksi ksi kips in (%)

STD 12 0.8 0.21 0.5 0.3 0.4 17 0.00 0.0
MAX 325 24.8 9.23 29.7 10.9 4.6 307 0.42 100.0
@BL 468 468 468 468 468 468 482 488 465

526 39.00 33 AV33 282 215 8.42 27.5 10.7 3.1 296 0.36 100.0
STD 5 0.6 0.13 0.3 0.4 0.3 14  0.00 0.0
MAX 292 22.7 8.66 28.2 11.8 3.7 316 0.37 100.0
@BL 525 496 497 520 520 512 519 499 494

567 40.00 41 Av4l 296 215 8.52 27.7 115 2.7 315 0.29 100.0
STD 4 0.9 0.22 0.5 0.3 0.4 10 0.00 0.0
MAX 303 24.8 9.36 29.4 121 4.1 336 0.29 100.0
@BL 563 545 545 565 565 545 562 533 527

605 41.00 38 AV38 312 21.8 8.62 28.1 12.5 2.2 330 0.31 100.0
STD 7 1.0 0.22 0.6 0.5 0.4 11 0.00 0.0
MAX 325 25.0 9.43 29.9 13.7 3.1 355 0.32 100.0
@BL 602 572 572 572 604 572 572 570 568

645 42.00 40 AV40 335 21.0 8.52 27.7 141 1.2 342 0.30 100.0
STD 8 0.6 0.15 0.4 0.5 0.3 15 0.00 0.0
MAX 350 22.5 8.92 28.7 15.2 2.2 374 031 100.0
@BL 645 608 608 608 640 607 637 633 606

691 43.00 46 AV46 352 21.0 8.57 27.9 15.6 0.7 363 0.26 100.0
STD 10 0.5 0.12 0.4 0.4 0.2 8 0.00 0.0
MAX 376 22.7 8.94 28.8 16.4 11 379 0.26 100.0
@BL 691 677 677 677 687 650 667 668 646

742 44.00 51 AVSl 373 211 8.61 28.0 16.7 0.6 376 0.23 100.0
STD 7 0.6 0.17 0.5 0.4 0.1 12 0.00 0.0
MAX 386 22.7 9.01 29.3 17.6 0.8 397 0.24 100.0
@BL 742 733 703 733 736 701 710 695 692

804 45.00 62 AV62 385 211 8.64 28.0 17.6 0.5 393 0.19 100.0
STD 6 0.6 0.16 0.4 0.4 0.1 13 0.00 0.0
MAX 401 22.8 8.99 29.0 18.7 0.8 432 0.20 100.0
@BL 798 799 788 799 800 798 795 761 743

861 46.00 57 AV57 395 213 8.69 28.1 18.3 0.5 406 0.21 100.0
STD 7 0.6 0.14 0.4 0.5 0.1 12 0.00 0.0
MAX 415 22.6 9.04 29.1 19.6 0.7 433 0.21 100.0
@BL 850 816 839 851 861 829 861 860 805

930 47.00 69 AV69 408 21.1 8.72 28.0 19.3 0.4 409 0.17 100.0
STD 22 22 0.66 1.6 1.3 0.0 20 0.00 0.0
MAX 422 23.3 10.48 29.1  20.0 0.5 435 0.18 100.0
@BL 916 902 919 902 915 890 865 881 862

999 48.00 69 AV69 414  21.8 8.92 28.6 19.5 0.5 415 0.17 100.0
STD 5 0.6 0.17 0.4 0.3 0.1 10 0.00 0.0
MAX 425 241 9.56 30.3 20.4 0.7 448 0.17 100.0
@BL 995 980 980 980 995 964 963 999 931
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Case Method & iCAP® Results

CCRP1 Bridge 34 Bent 3 - Pile 12

Page 5

Printed 02-December-2022

HP 14x89 w tips

OP: ICE Date: 01-December-2022
BL# Depth BLC TYPE RX5 EMX STK  CSX CSB TSX RA2 DEN BTA
ft bl/ft kips k-ft ft ksi ksi ksi kips in (%)

1072 49.00 73 AV73 433 21.6 8.87 28.5 20.2 0.4 428 0.16 100.0
STD 6 0.8 0.21 0.5 0.4 0.0 10 0.00 0.0

MAX 445 24.5 9.69 30.3 20.9 0.6 455 0.17 100.0

@BL 1051 1001 1013 1001 1047 1001 1030 1021 1000

1146 50.00 74 AV74 447 21.0 8.84 28.2 20.7 0.3 435 0.16 99.8
STD 27 1.9 0.15 1.7 1.3 0.1 28 0.00 1.4

MAX 477 23.0 9.44 29.6 22.3 0.8 467 0.17 100.0

@BL 1121 1109 1108 1109 1138 1130 1121 1106 1073

1220 51.00 74 AV74 445 19.7 8.56 27.2 20.9 0.4 430 0.16 99.9
STD 43 3.7 0.74 3.1 2.2 0.1 49 0.00 1.2

MAX 484 22.8 9.20 29.2 23.1 1.1 463 0.17 100.0

@BL 1193 1172 1172 1172 1217 1205 1211 1208 1147

1257 51.49 75 AV37 437 20.4 8.57 27.9 21.2 0.5 437 0.16 100.0
STD 35 3.0 0.78 2.8 2.0 0.3 42 0.00 0.0

MAX 456 22.2 9.02 29.2 23.2 2.2 462 0.17 100.0

@BL 1238 1246 1246 1256 1238 1256 1229 1241 1221

Average 309 20.5 8.21 26.4 13.6 3.0 307 0.46 100.0

Std. Dev. 119 2.9 0.93 3.3 6.0 3.1 128 0.43 0.5

Maximum 484 31.7 10.48 30.3 23.2 17.7 467 2.40 100.0

@ Blow# 1193 39 919 1001 1238 46 1121 64 1

BL#
1-242

243
244

245
246-1103

1104
1105-1115

1116
1117-1120

1121
1122-1127

1128
1129

1130
1131-1156

1157
1158-1192

Total number of blows analyzed: 1257

Sensors

F2: [P821] 145.1 (1.00); F4: [S868] 145.1 (1.00); Al: [K12389] 483.2 (1.00);

A3: [K12388] 451.0 (1.00)
F4: [S868] 145.1 (1.00); A3: [K12388] 451.0 (1.00)

F2: [P821] 145.1 (1.00); F4: [S868] 145.1 (1.00); Al: [K12389] 483.2 (1.00);

A3: [K12388] 451.0 (1.00)
F2: [P821] 145.1 (1.00); A1: [K12389] 483.2 (1.00)

F2: [P821] 145.1 (1.00); F4: [S868] 145.1 (1.00); Al: [K12389] 483.2 (1.00);

A3: [K12388] 451.0 (1.00)
F2: [P821] 145.1 (1.00); A1: [K12389] 483.2 (1.00)

F2: [P821] 145.1 (1.00); F4: [S868] 145.1 (1.00); Al: [K12389] 483.2 (1.00);

A3: [K12388] 451.0 (1.00)
F2: [P821] 145.1 (1.00); A1: [K12389] 483.2 (1.00)

F2: [P821] 145.1 (1.00); F4: [S868] 145.1 (1.00); Al: [K12389] 483.2 (1.00);

A3: [K12388] 451.0 (1.00)
F4: [S868] 145.1 (1.00); A3: [K12388] 451.0 (1.00)

F2: [P821] 145.1 (1.00); F4: [S868] 145.1 (1.00); Al: [K12389] 483.2 (1.00);

A3: [K12388] 451.0 (1.00)
F2: [P821] 145.1 (1.00); A1: [K12389] 483.2 (1.00)

F2: [P821] 145.1 (1.00); F4: [S868] 145.1 (1.00); Al: [K12389] 483.2 (1.00);

A3: [K12388] 451.0 (1.00)
F4: [S868] 145.1 (1.00); A3: [K12388] 451.0 (1.00)

F2: [P821] 145.1 (1.00); F4: [S868] 145.1 (1.00); Al: [K12389] 483.2 (1.00);

A3: [K12388] 451.0 (1.00)
F2: [P821] 145.1 (1.00); A1: [K12389] 483.2 (1.00)

F2: [P821] 145.1 (1.00); F4: [S868] 145.1 (1.00); Al: [K12389] 483.2 (1.00);
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PDIPLOT2 2020.1.60.3 Printed 02-December-2022
Case Method & iCAP® Results
CCRP1 Bridge 34 Bent 3 - Pile 12 HP 14x89 w tips
OP: ICE Date: 01-December-2022
A3: [K12388] 451.0 (1.00)
1193 F2:[P821] 145.1 (1.00); Al: [K12389] 483.2 (1.00)

1194-1195 F2: [P821] 145.1 (1.00); F4: [S868] 145.1 (1.00); Al: [K12389] 483.2 (1.00);
A3: [K12388] 451.0 (1.00)

1196 F4: [S868] 145.1 (1.00); A3: [K12388] 451.0 (1.00)

1197-1207 F2: [P821] 145.1 (1.00); F4: [S868] 145.1 (1.00); Al: [K12389] 483.2 (1.00);
A3: [K12388] 451.0 (1.00)

1208 F2: [P821] 145.1 (1.00); Al: [K12389] 483.2 (1.00)

1209-1210 F2: [P821] 145.1 (1.00); F4: [S868] 145.1 (1.00); Al: [K12389] 483.2 (1.00);
A3: [K12388] 451.0 (1.00)

1211 F2: [P821] 145.1 (1.00); Al: [K12389] 483.2 (1.00)

1212 F2: [P821] 145.1 (1.00); F4: [S868] 145.1 (1.00); Al: [K12389] 483.2 (1.00);
A3: [K12388] 451.0 (1.00)

1213-1214 F4:[S868] 145.1 (1.00); A3: [K12388] 451.0 (1.00)

1215-1216 F2: [P821] 145.1 (1.00); F4: [S868] 145.1 (1.00); Al: [K12389] 483.2 (1.00);
A3: [K12388] 451.0 (1.00)

1217 F2: [P821] 145.1 (1.00); Al: [K12389] 483.2 (1.00)

1218 F2: [P821] 145.1 (1.00); F4: [S868] 145.1 (1.00); Al: [K12389] 483.2 (1.00);
A3: [K12388] 451.0 (1.00)

1219 F4: [S868] 145.1 (1.00); A3: [K12388] 451.0 (1.00)

1220-1237 F2: [P821] 145.1 (1.00); F4: [S868] 145.1 (1.00); Al: [K12389] 483.2 (1.00);
A3: [K12388] 451.0 (1.00)

1238 F2: [P821] 145.1 (1.00); Al: [K12389] 483.2 (1.00)

1239-1240 F2: [P821] 145.1 (1.00); F4: [S868] 145.1 (1.00); Al: [K12389] 483.2 (1.00);
A3: [K12388] 451.0 (1.00)

1241 F4: [S868] 145.1 (1.00); A3: [K12388] 451.0 (1.00)

1242-1251 F2: [P821] 145.1 (1.00); F4: [S868] 145.1 (1.00); Al: [K12389] 483.2 (1.00);
A3: [K12388] 451.0 (1.00)

1252 F2: [P821] 145.1 (1.00); Al: [K12389] 483.2 (1.00)

1253-1255 F2: [P821] 145.1 (1.00); F4: [S868] 145.1 (1.00); Al: [K12389] 483.2 (1.00);
A3: [K12388] 451.0 (1.00)

1256 F4: [S868] 145.1 (1.00); A3: [K12388] 451.0 (1.00)

1257 F2: [P821] 145.1 (1.00); F4: [S868] 145.1 (1.00); Al: [K12389] 483.2 (1.00);
A3: [K12388] 451.0 (1.00)

BL# Comments

1 GSE +205ft. /FS 3
1207 Stop driving to move shackle

Time Summary
Drive 51 minutes 19 seconds 3:41 PM - 4:32 PM BN 1 - 1257
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CAPWAP(R) 2014-3

CCRP1 Bridge 34 Bent 3; Pile: Pile 12; HP 14x89 w tips; Blow: 1251 (Test: 01-Dec-2022 16:32:)

Infrastructure Consulting & Eng., PLLC
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CCRP1 Bridge 34 Bent 3; Pile: Pile 12 Test: 01-Dec-2022 16:32
HP 14x89 w tips; Blow: 1251 CAPWAP(R) 2014-3
Infrastructure Consulting & Eng., PLLC OP: ICE
About the CAPWAP Results

The CAPWAP program performs a signal matching or reverse analysis based on
measurements taken on a deep foundation under an impact load. The program is based
on a one-dimensional mathematical model. Under certain conditions, the model only
crudely approximates the often complex dynamic situations.

The CAPWAP analysis relies on the input of accurately measured dynamic data plus
additional parameters describing pile and soil behavior. If the field measurements
of force and velocity are incorrect or were taken under inappropriate conditions
(e.g., at an inappropriate time or with too much or too little energy) or if the
input pile model is incorrect, then the solution cannot represent the actual
soil behavior.

Generally the CAPWAP analysis is used to estimate the axial compressive pile
capacity and the soil resistance distribution. The long-term capacity is best
evaluated with restrike tests since they incorporate soil strength changes
(set-up gains or relaxation losses) that occur after installation. The calculated
load settlement graph does not consider creep or long term consolidation settlements.
When uplift is a controlling factor in the design, use of the CAPWAP results to assess
uplift capacity should be made only after very careful analysis of only good
measurement quality, and further used only with longer pile lengths and with nominally
higher safety factors.

CAPWAP is also used to evaluate driving stresses along the length of the pile.
However, it should be understood that the analysis is one dimensional and does not
take into account bending effects or local contact stresses at the pile toe.

Furthermore, if the user of this software was not able to produce a solution with
satisfactory signal “match quality” (MQ), then the associated CAPWAP results may be
unreliable. There is no absolute scale for solution acceptability but solutions with
MQ above 5 are generally considered less reliable than those with lower MQ values and
every effort should be made to improve the analysis, for example, by getting help
from other independent experts.

Considering the CAPWAP model limitations, the nature of the input parameters,
the complexity of the analysis procedure, and the need for a responsible application
of the results to actual construction projects, it is recommended that at least one
static load test be performed on sites where little experience exists with dynamic
behavior of the soil resistance or when the experience of the analyzing engineer with
both program use and result application is limited.

Finally, the CAPWAP capacities are ultimate values. They MUST be reduced by means
of an appropriate factor of safety to yield a design or working load. The selection
of a factor of safety should consider the quality of the construction control,
the variability of the site conditions, uncertainties in the loads, the importance
of structure and other factors. The CAPWAP results should be reviewed by the Engineer
of Record with consideration of applicable geotechnical conditions including, but not
limited to, group effects, potential settlement from underlying compressible layers,
soil resistances provided from any layers unsuitable for long term support,
as well as effective stress changes due to soil surcharges, excavation or change
in water table elevation.

The CAPWAP analysis software is one of many means by which the capacity of a deep
foundation can be assessed. The engineer performing the analysis is responsible for
proper software application and the analysis results. Pile Dynamics accepts

Analysis: 02-Dec-2022



CCRP1 Bridge 34 Bent 3; Pile: Pile 12 Test: 01-Dec-2022 16:32
HP 14x89 w tips; Blow: 1251 CAPWAP(R) 2014-3
Infrastructure Consulting & Eng., PLLC OP: ICE
no liability whatsoever of any kind for the analysis solution and/or the application

of the analysis result.
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CCRP1 Bridge 34 Bent 3; Pile: Pile 12 Test: 01-Dec-2022 16:32

HP 14x89 w tips; Blow: 1251 CAPWAP(R) 2014-3
Infrastructure Consulting & Eng., PLLC OP: ICE
CAPWAP SUMMARY RESULTS

Total CAPWAP Capacity: 444 _0; along Shaft 368.1; at Toe 75.9 Kkips
Soil Dist. Depth Ru Force Sum Unit unit
Sgmnt Below Below in Pile of Resist. Resist.
No. Gages Grade Ru (Depth) (Area)
ft ft kips kips kips kips/ft ksf
444 .0
1 6.6 5.3 13.9 430.1 13.9 2.61 0.55
2 13.2 11.9 20.9 409.2 34.8 3.17 0.67
3 19.8 18.5 34.7 374.5 69.5 5.27 1.11
4 26.3 25.1 43.6 330.9 113.1 6.62 1.39
5 32.9 31.7 49.7 281.2 162.8 7.55 1.59
6 39.5 38.3 51.1 230.1 213.9 7.76 1.63
7 46.1 44.8 71.1 159.0 285.0 10.80 2.27
8 52.7 51.4 83.1 75.9 368.1 12.62 2.65
Avg. Shaft 46.0 7.16 1.51
Toe 75.9 53.78
Soil Model Parameters/Extensions Shaft Toe
Smith Damping Factor 0.11 0.15
Quake (in) 0.10 0.30
Case Damping Factor 0.87 0.24
Damping Type Viscous Smith
Unloading Quake (% of loading quake) 100 94
Reloading Level & of Ru) 100 100
Unloading Level (% of Ru) 8
Soil Plug Weight (kips) 0.088
CAPWAP match quality = 2.90 (Wave Up Match) ; RSA =0
Observed: Final Set = 0.16 1in; Blow Count = 75 b/ft
Computed: Final Set = 0.16 1in; Blow Count = 75 b/ft
Transducer F2 (P821) CAL: 145.1; RF: 1.00; F4 (S868) CAL: 145.1; RF: 1.00
Al (K12389) CAL:  483; RF: 1.00; A3 (K12388) CAL:  451; RF: 1.00
max. Top Comp. Stress = 28.7 ksi (T= 36.4 ms, max= 1.015 x Top)
max. Comp. Stress = 29.1 ksi (Zz= 6.6 ft, T= 36.6 ms)
max. Tens. Stress = -0.19 ksi (z= 3.3 ft, T= 50.8 ms)

max. Energy (EMX)

1
N
o
N
x
-

7

max. Measured Top Displ. (DMX)= 0.46 in
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CCRP1 Bridge 34 Bent 3; Pile: Pile 12
HP 14x89 w tips; Blow: 1251

Test: 01-Dec-2022 16:32
CAPWAP(R) 2014-3

Infrastructure Consulting & Eng., PLLC OP: ICE
EXTREMA TABLE
Pile Dist. max . min. max . max . max. max. max .
Sgmnt Below Force Force Comp. Tens. Trnsfd. Veloc. Displ.
No. Gages Stress Stress Energy
ft kips kips ksi ksi kip-ft ft/s in
1 3.3 749.3 -5.0 28.7 -0.19 20.2 14.4 0.46
2 6.6 760.6 -5.0 29.1 -0.19 20.1 14.1 0.45
3 9.9 740.9 -0.0 28.4 -0.00 19.1 13.9 0.44
4 13.2 757.9 -0.0 29.0 -0.00 19.0 13.5 0.43
5 16.5 727.1 -0.0 27.9 -0.00 17.6 13.1 0.42
6 19.8 748.1 -0.0 28.7 -0.00 17.5 12.6 0.41
7 23.0 689.8 -0.0 26.4 -0.00 15.5 12.2 0.40
8 26.3 713.4 -0.0 27.3 -0.00 15.3 11.6 0.38
9 29.6 639.2 -0.0 24.5 -0.00 13.0 11.2 0.37
10 32.9 663.6 -0.0 25.4 -0.00 12.8 10.6 0.36
11 36.2 582.0 -0.0 22.3 -0.00 10.5 10.2 0.35
12 39.5 610.6 -0.0 23.4 -0.00 10.4 9.6 0.33
13 42.8 513.6 -0.0 19.7 -0.00 8.2 9.8 0.32
14 46.1 489.0 -0.1 18.7 -0.00 8.1 11.5 0.31
15 49.4 298.6 -0.1 11.4 -0.01 5.2 12.3 0.31
16 52.7 268.1 -0.0 10.3 -0.00 1.8 12.3 0.30
Absolute 6.6 29.1 (T = 36.6 ms)
3.3 -0.19 (T = 50.8 ms)
CASE METHOD
J = 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
RP 761.0 694.4 627.7 561.1 494.4 427.8 361.2 294.5 227.9 161.2
RX 764.9 698.8 634.0 569.5 505.1 444.1 396.5 359.6 330.7 304.0
RU 803.6 741.3 678.9 616.5 554.2 491.8 429.4 367.0 304.7 242.3
RAU = 225.9 (kips); RA2 = 433.5 (kips)
Current CAPWAP Ru = 444_.0 (kips); Corresponding J(RP)= 0.48; J(RX) = 0.50
VMX TVP  VT1*Z FT1 FMX DMX DFN SET EMX QuUS KEB
ft/s ms kips kips kips in in in Kkip-ft kips kips/in
14.7 36.03 686.9 740.4 742.8 0.46 0.16 0.16 20.8 801.9 255
PILE PROFILE AND PILE MODEL
Depth Area E-Modulus Spec. Weight Perim.
ft in2 ksi Ib/fte3 ft
0.0 26.1 30000.0 492.000 4.75
52.7 26.1 30000.0 492.000 4.75
Toe Area 203.2 in?
Top Segment Length 3.29 ft, Top Impedance 47 kips/ft/s

Page 4
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CCRP1 Bridge 34 Bent 3; Pile: Pile 12 Test: 01-Dec-2022 16:32
HP 14x89 w tips; Blow: 1251 CAPWAP(R) 2014-3
Infrastructure Consulting & Eng., PLLC OP: ICE
Wave Speed: Pile Top 16807.9, Elastic 16807.9, Overall 16720.6 ft/s

Pile Damping 1.00 %, Time Incr 0.197 ms, 2L/c 6.3 ms

Total volume: 9.546 ft3: Volume ratio considering added impedance: 1.000

Page 5 Analysis: 02-Dec-2022



ICE of Carolinas, PLLC

CCR 1 Bridge 34 BT3 Pl 12 EOD CAL

02-Dec-2022

GRLWEAP Version 2010

Compressive Stress (ksi)

Ultimate Capacity (kips)

50 50
40 40
30 30
|
20 20
10 10
u
0 0
500 10
400 8
300 6
200 4
100 2
0 0
0 20 40 60 80 100 120

Blow Count (bl/ft)

———— Tension Stress (ksi)

———— Stroke (ft)

ICE  [-19v2

Ram Weight
Efficiency
Pressure
Helmet Weight

Hammer Cushion
COR of H.C.

Skin Quake
Toe Quake
Skin Damping
Toe Damping
Pile Length

Pile Penetration
Pile Top Area

Pile Model

4.01 kips
0.970
1431 (90%) psi

2.31 kips
34825 kips/in
0.900

0.100 in
0.300 in
0.110 s/ft
0.150 s/ft

55.00 ft
51.42 ft
26.10 in2

Skin Friction
Distribution

Res. Shaft = 83 %
(Proportional)




ICE of Carolinas, PLLC
CCR 1 Bridge 34 BT3 Pl 12 EOD CAL

Ultimate
Capacity
Kips

444.0

Maximum
Compression
Stress

Ksi

28.37

Maximum
Tension
Stress

ksi

1.45

Blow
Count
bl/ft

72.0

02-Dec-2022
GRLWEAP Version 2010

Stroke Energy
ft Kips-ft

8.65 20.12
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Project Information and Nearby Soil Borings
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PILE TIP PROTECTION (TYP.) SKEW ANGLES AT END BENT 1 & 4 ARE MEASURED [f [l | 3033400 (4 o 3034400
£ots AT BEGIN AND END BRIDGE RESPECTIVELY. i T [ 110322
ELEV. 1661000 PROPOSED 5' X 5' ! Rev. SOUTH CAROLINA
160 BOX CULVERT EXTENSION EST. PILE TIP (©) 20" =37 MIN. HORIZONTAL CLEARANCE LEST. PUETIP RFC_PLANS
BENT N0, = ©) ELEV, 758,000 ELEV. 159,000 o, T_1___| DEPARTMENT OF TRANSPORTATION
161D BARRIER () 16'-2%" MIN. HORIZONTAL CLEARANCE S CArgr, SRR, nav.
ADJACENT 10 ® S, <z S 2 T
WALL (TL4) (TYP.) EXISTING SIDEWALK TO REMAIN O BE
140 RECONSTRUCTED. SEEROADWAYPLANS. e BRIDGE PLAN AND PROFILE
SECTION ALONG (F) STA, 3032444,12, OFFSET = 14" LT, (B RAWP ) E 2%, ) Reviewed J. FELKEL
EXISTING ARROWWOOD PAVEMENT ELEV. 218.815 o RS gt &S AN T COLONIAL LIFE BLVD. RAMP A BRIDGE OVER
B, RAMP A AU NSO/ E AT e [FS[o[orz] 1126 RAMP & S-287 (ARROWWOOD ROAD)
120 7 10-13.04'00" pes._ | CSB DKYIDFw pr—
3029400 3030400 3031400 3032400 08:10:13-04'00 [ o Jomfonms] " Rickaw | RAWP_A
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\
€ HP14x89 STEEL PILES% o
IN 24" DIA. CASING \)

N

BEGIN BRIDGE
STA. 3029+30.00
N 796404.9073

E 1971073.2197

€ END BENT 1
STA. 3029+32.30
N 796403.1785

E 1971074,7338

& HP14x89
STEEL PILES
NS I ’

SEE DETAIL A

© END BENT 1 &
© BEARING

BEGIN BRIDGE

Reinforced pile tips are required to penetrate
bents. Install the rs\nfcrced pile tips in accor

instal lation recommendatior

Each production pile is to be installed in one
anticipated temporary driving d\sconfwnuqncss
shall be include

he Pile Installation Plan.

— S 4123 g

© END BENT 1 &
© BEARING

BC STA. 3029194, g9

continuous operation.
including anticipated time intervals in

TIE EQUALITY

STA. 3030+33.94 B RAMP
STA. 6030+50.75 B RAMP I ‘\26
WB TO FLYOVER

FOUNDATION LAYOUT

© BENT 2

BRARA —

partiol ly weathered rock/rock at all
rdance with the manufacturer’s

Details of any

Method of controlling instal lation of piles ond verifying their copacity: Capacity
will be verified by pile driving analyzer (PDA) and Case Pile Wave Analysis Program
(CAPWAP) analysis on one production index pile at Bents 1 and 3 during initial
driving. The results of the PDA and CAPWAP onﬂ\ysws will be used to deve\eb pile
driving criteria that relate pile capacity versus driving blow coun

Pile capacity analysis should be performed on the indicated index piles during pile
driving to the estimated tip elevation (after the settlement wait period for snd bent
pilas) before other production piles at that pile bent are driven. If a CAP

analysis determines that the required capacity has not been achieved, wowf 3 days and
re-strike the production pile exhibiting the least blows per foof of driving with b.
CAPWAP analysis to verify capacity.

The minimum tip elevation to achieve lateral stability and the estimated tip
elevation for the bridge bent driven piles on site are presented in the following c.
tables. All piles are HP 14x89 steel piles.

Planned temporary slopes required for pile installation shall be provided to d
GeoEngineers for review prior to construction. ntractor is responsibie for the -
stability of temporary slopes and should follow all SCDOT and Occupational Safety and

Heath Administration (OSHA) temporary slope quidelines.

Temporary dewatering may be required to install the interor Bent 2 piles if e
excavations extend below the groundwater elevation encountered in this location
Reference the Standard Specwfxcufwons for Highway Construction for Driven Pile f.

Foundations. Section 711, est included in these plans are in addition to the

Z:\Projects\20-6ICCR Ph NStructures\Ol_New Bridges\Bridge 34\04_FinalPlans\23_BRIDGE 34_FOLNDATION LAYOUT ().dgn
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DETAIL A
GENERAL NOTES - PILE BEARING:
BENT 1.D. END BENT 1|INT. BENT 2|INT. BENT 3| END BENT 4
PILE SECTION HP14X83 HP14X89 HP14X83 HP14X89
CONTROL LIMIT STATE STRENGTH STRENGTH STRENGTH STRENGTH
FACTORED DESICN LDAD (KIPS) 283 365 222 409
GEOTECHNICAL RESISTANCE FACTOR 0.65 0.65 0.65 0.65
NOMINAL RESISTANCE (KIPS) 435 562 342 629
ESTIMATED SCOUR 0 0 0 0
g ATt Y 0 0 0 0
SETTLEMENT [NDUCED UNFACTORED 0 0 0 0
DOWNDRAG (K IPS)
SETTLEMENT INDUCED FACTORED 0 0 0 0
DOWNDRAG (K IPS)
REQUIRED DRIVING RESISTANCE (KIPS) 435 562 342 629
REQUIRED MINIMUM TIP § E \ \
ELEVATION TO ACHIEVE LATERAL 182.5 165 182.5 204.5
STABILITY (FEET MSL)
ESTIMATED(;EE% ’;éEIELEVATIUN 1667 1582 1592 1752

Notes:
TMinimum Tip Elevation based on Lateral Pile Analysis
2Estimated Tip Elevation Based on Axial Pile Analysis

Bridge end bent piles are to be driven before Mechanical ly Stabilized Earth (MSE)
wal|“and embankment construction. Piles shal| be stopped approximately 10 feet above
the estimated tip elevation during initial driving ond settiement monitoring completed
prior to driving to the estimated tip elevation.

Settlement monitoring shall be completed during MSE wall and embankment construction
in accordance with South Carol ina Department of Transportation (SCDOT) supplemental
technical specwf\cufwon SC-M-203-4 by installing one settlement plate within each
bridge abutment footprint. The location of these settlement plates shall be
coordinated between The contractor and geotechnical engineer of record (EOR) during
construction. The results of this monitoring shall be used by the EOR to determine
when the piles may be dr\ven 1o the final tip elevation. We esfwmofe that a wait
time of one month may be required prior to final pile instal lation.

When driving piles to the estimated tip elevations (aofter the settlement wait period
for end bent piles). piles shall be stopped at the highest allowable finished grade
on the plans to accomodate a restrike while still remaining within an allowable plan
finished grade elevation.

The top of partially weathered rock and bedrock elevation may vary across the each
bent ond result in varying pile iengths. Practical refusal of o pile is defined as 20
blows per inch.

requirements of the S+andurd Specifications.

The following estimoted parameters were used for performing o drivability analysis

for End Bent 1, Interior Bent 2 and 3. ond End Bent 4

ORIVABILITY ANALYSIS
BENT

BRIDGE PLANS ID
P03371

STA. 3031+00.00
N 796289.9708
E 1971197.0482

HP14X89 STEEL
PILES (TYP.)

/ RADIAL
\

A pile hammer hoving the rated energy Gs indicated above is considered suitable for
driven pile installation. [f the Contractor conducts his own Wave Equation Analysis
the Enthru energy provided above moy be used o propose a pile driving hammer.
However, final hommer approval is based on a wave equafwon analysis that accurately
reflects the Confractor's proposed driving system.

END BENT PILE INSTALLATION SEQUENCING

The end bent piles are to be located within or immediately adjacent to the reinforced
areas of the MSE abutments. SCDOT specifies the construction sequence in supplemental
technical specification SC-M-713 (January 2019). Section 411 of this document
stipulgtes that abutment piles placed within reinforced zone are to be cased through
the reinforced backfill. and that the construction sequence will be as follows:

Drive all piles within the reinforced zone prior to MSE wall construction. Piles should be
driven to the initial estimated tip elevation.

Encase each pile in a smooth wall or corrugated galvanized steel (SWCGS) pipe of sufficient
thickness to prevent buckling or distortion during placement and compaction of wall backfill.

External ly stabilize the SWCGS pipe to prevent the pipe from coming in contact with the pile
during backfilling of the wall.

Extend the SWCGS pipe from the bottom of the backfill to 2 inches min. to & inches max. below
the bottom of the bridge abutment cap.

After positioning, seal the top of the SWCGS pipe to prevent debris accumulation during
placement of wall backfill, and keep the pipe sealed until the pipe is filled with granular material.

Unseal the pipe and fill the SWCGS pipe loosely with granular material after completion of the
wall construction.

NOTES:
FOR TYPICAL PILE LAYOUT AT BENT 2, SEE “FOUNDATION LAYOUT (2)” SHEET.

1.0. END BENT 1 INT. BENT 2 INT. BENT 3 END BENT 4
SKIN QUAKE (05) 0.10 in 0.10 in 0.10 in 0.10 in 101
TOE_OUAKE (OT) 0.10 in 0.10 in 0.10 in 0.10 in
SKIN DAMPING (SD) 0.05 s/t 0.05 s/f1 0.05 s/t 0.05 s/f1
TOE DANFING (TD) 0.15 s/t 0.15 s/ft 0.15 s/t 0.15 s/ft
7 SKIN FRICTION 5 0 80 5 t0 80 5 to 80 5 t0 80 v, JREL 0322 SOUTH CAROLINA
% END BEARING 20 to 95 20 to 95 20 10 95 20 to 95 i, i, RFIC PLANS DEPARTMENT OF TRANSPORTATION
DISTRIBUTION SHAPE NO. VARIABLE VARTABLE VARIABLE VAR [ABLE \Q“ ARG, SN ARG, REV.
PILE PENETRATION 40 to 100% 40 to 100% 40 to 100% 40 to 100% ¥
HAMMER RATED ENERGY' 46 ft-Kips/kN 46 f+-kips/kW 46 ft-Kips/kN 46 ft-kips/kW REV. 11 FOUNDATION LAYOUT (1)
HAMVER_ENTHRU ENERGYZ 20 to 30 ft-kips 20 to 30 ft-kips 20 to 30 ft-kips 20 t0 30 ft-kips eveweo J. FELKEL
Notes: QUAN. | COLONIAL LIFE BLVD. RAMP A BRIDGE OVER

'Hammer rated energy is based on GRLWEAP maximum rated energy database for diesel hammers
ZHamer energy is based on wave equation transferred energy (Enthru)

GRLWEAP (2005) was used to perform wave equation analysis.

o TomTorms RICHLAND RAMP A
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@ BENT 3
STA. 3032+

\\/

HP14X89 STEEL i
PILES (WP.J/,T'ﬁ’Z i

22.00
N 796251.5459
E 1971312.0318

© END BENT 4.

% BEARING & \
HP14X89 STEEL PILES

IN 24" DIA. CASING/

© END BENT 4
STA. 3033+15.67
N 796253.4970
E 1971405.3311 STA.

__swer %

END BRIDGE

STA. 3033+17.00
N 796253.7254
E 1971406.6448

TIE EQUALITY
STA. 3032+70.62 & RAWP A = T
STA. 203+72.88 B ARROWNOOD RD \

| —— RADIAL
1

\

FOUNDATION LAYOUT

NOTES:
FOR FOUNDATION NOTES. SEE “FOUNDATION LAYOUT (1)" SHEET.

BRIDGE PLANS ID sueRT No.

P033718-834 24

12'-0"
6'-0" 6'-0"
1'-6" 4'-6" 4'-6" 1°-6"
!
113 15 L8 t
ol 1 1
- " T =
W f T BENT 2
5 < [DR 3
7 L2 L
N N = L
ek
e 1! gl 8 ]
1
R Z v, % SOUTH CAROLINA
r WP14X89 STEEL PILES o, i, T DEPARTMENT OF TRANSPORTATION
(TYP.) S5 EAgo SRR, REV.
TYPICAL PILE LAYOUT REV. L1 FOUNDATION LAYOUT (2)
REVIEWED J. FELKEL
AT BENT 2 & 3§ of I I e e I COLONIAL LIFE BLVD. RAMP A BRIDGE OVER
T KO RSN A% A e |Bro[oe[0522]  I-126 RAMP & S-287 (ARROWWOOD ROAD)
08:13:53-04'00' = D:,V E:: COUNTY R ICHL AND | ROUTE Ranp A




45' 0"

17'-6"

216"

© GIRDER 1C—=—i
1

@ GIRDER 2C—=d
ELASTOMERIC BEARING PAD TYPE 3

‘ ¢ GIRDER 3[3*:

@ GIRDER 4C—=—
1

¢ GIRDER 5[34»1:_

@ GIRDER 1AB—=!
i

¢ GIRDER 2AB—=!
i

| ¢ IRDER 3a8—
I

@ GIRDER 4AB—=!
i

¢ GIRDER 5AB—=!
i

B RAWP A - o !
I [ TTYP. ) FOR DETAILS. SEE ol I 4"-0" DIA. i
I'[ "BEARING DETAILS (2)™ SHEET |z i COLL (TYP.) I T BEARING
| — | |
T — T T —
S Sl o M
e / \ NI / N / (Q BENT
L L ) b L [
\ \ | b~ \ T /
4 / \ / ,;‘ < \ /
~— R ’/( (Nrg ~E \J X
T -
134 ANCHOR BOLT., FOR McHoR Lago0r00.d" e (ZTY; R
BOLT LAYOUT SEE “INTERIOR (Toc s|E ATV
BENT DETAILS (21" SHEET £ 4'g"
¥
36" 9’6" 46" 50" 2 SPA @ 9'-6" = 19'-0" 35" TYP. ALONG € BEARINGS
TAREAD AND BACK STATIOND

BRIDGE PLANS ID

P033718-834 33

sueRT No.

TOP_OF BUILD-UP ELEVATIONS

€ BENT 8 € COLUMNS —
I

i
4'-10"

LOCATION | GIRDER () | GIRDER (2) | GIRDER (3| GIRDER (@) | GIRDER (&)
BACK 230.403 231.165 231.927 232.688 233.450
AHEAD 233.795 | 233.824 | 234.582 | 235.341 | 236.099

NOTES:

TOC - TANGENT OF CURVE

EF-DENOTES EACH FACE

BARS MAY BE SHIFTED SLIGHTLY TO CLEAR COLUMN BARS.

FOR SECTIONS A-A AND B-B. SEE “INTERIOR BENT
DETAILS (1)" SHEET.

FOR BUILD-UP DETAILS, SEE "INTERIOR BENT DETAILS (3)" SHEET.

@ 6-51650 PAIRS WITH J1656 @ 6" MAX. = 2'-3"

AM
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3-J1650 PAIRS WITH 1656 & 12" = 2'-0"
PLAN 2t pigt
150"
L+ DETALLS SYMVETRICAL ABOUT € 13" o
e B RAP A I~ UNLESS OTHERWISE NOTED. e g
176 i 206 3
® = = € BEARING E
3 12" - o8 =14 12 , g
‘ 22-51650 PAIRS WITH J1656 @ 8" = 14'-0 L 12 4‘@ . 4-11650 TOP OF CAP STEP LAH) A
[ p—TOC O LA STER o
(B) ELEV. 231.100 ELEV. 233.913 [® 5.00% ELEV. 236.113 7
! A1650 (EF) | — =
5
= BK)
T-A365 TOP OF CAP 1 MCLTNN pp—
TOP OF CAP STEP ELEV. 233.300 5
. ELEV. 232.513 )
3 S g
N = Ple
TOP_OF CAP © w0
ELEV. 229.700
— BOTTOM OF CAP
. O FLEV. 226.300 ‘
5 <
T =
Tl
M50 (EF) "
<_® 21652 BAR @ !
BOTTOM OF (AP SPACING Ls” ! s’J
ELEV. 224.700 PRI
© BENT & ¢ BRIDGE ©2spae1-1v=2'2
Bl
= L¢ coluw anp i
BES FOOTING( TYF. )
= —
21z e ELEVATION
glHs 18'-0" 18'-0"
gz8
=12
= ~—— 4'-0"@ COLUWN (TYP.)
ELEV. 209.000 t
w7 ——
Plg
Il
s
HP14X89 STEEL PILES
1 1 1 (TP 1 1
Ve 4" e T
(TYP.) (TYP.) (TYP.) _I_RFC TLANS SOUTH CAROLINA
12'-0" et Wi, | .| DEPARTMENT OF TRANSPORTATION
(TYP. 1 S Sako » LARD Y,
com ros. W (D) ® ® L1 INTERIOR BENT 3
ELEVATION e s COLONIAL LIFE BLVD. RAMP A BRIDGE OVER
LCOOKING IN DIRECTION OF STATIONING RTINS o 26 RAMP & S-287 (ARROWWOOD ROAD)
g o 00" €SB [07-22~coomr
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4" 10" BRIDGE PLANS ID suEET NoO.
P039718-834 34
2o e
€ BEARING - 13 @ ANCHOR BOLT.
SEE "GENERAL DETAILS” 4'-10"
REINFORCING MAY BE ADJUSTED L .
SLIGHTLY TO CLEAR 13" @& ANCM 25 25 e
BOLTS -
H € 8-A3650 € BEARING  _ 1'-3 13 134 @ ANCHOR BOLT. . 2 g
a: ( i SEE_"GENERAL DETAILS”
g i i REINFORCING MAY BE ADJUSTED
SLIGHTLY TO CLEAR 1% @ \ .
} } } } AL /EgéLng:Iw.w NOT SHOWN
. - (AH)
‘4‘ ‘4‘ S € 4-A1650_
4 4 i
wl . o+ it H—J1656
Y [
g & o | } Rl
o v . /| ¢ = } |
4 2 e T . .
ol 3 s 3 N 3- A1650 (TYP. EACH FACE)
o . .
2" CLR. % . mi
Y.
KEYED CONSTRUCTION JOINT
. - {Q 4-A3650 I 1§ (86 [
€ 8-A3650
[ i t
$ Il ¢ B-A3650
. 1 N [ | 27" MIN. SPLICE
- o5t } =ty I J1650 PAIR (TYP, —fH (TYP.
<l 534 [ 6y e . !
C |2 e | |es |24, . . OVER COLUMNS) ;
& e e g - :
= 11 =
= l—4'-0" 8 caLumn | g swes0 S N COLUMN AND LONGITUDINAL BENT CAP
4 o o L. . E |1 g REINFORCEMENT NOT SHOWN FOR CLARITY
e TUE 2t ch. a g 2 olR
°1 8 e s s
o - . ° J e (TYP.)
z =& BENT AND COLUMN ©
E
= SECTION A-A . -H € 4-A3650
& CINTERIOR BENT 2)
o { @ B-A3650
=
< 4'-10" 1
w g e £ + + + + + +
& 2’5 2’5 5 o o
2 5% | glrg" 6" | 5% |ve.
g 1 =2t 1 2 1 1 CONSTRUCTION JUINT74T
] - I, s
¥ /?3#5&:&5 CAP NOT SHOWN 417 aly 40" B COLUN
@ ' |~—4'-0" & coLumn
5
&
El =— & BENT AND COLUMN
5 2'-7" MIN. SPLICE
< b=— € BENT AND cOLUMN SECTION B-B
g EQE;UCEMNSVP g | SECTION A-A CINTERIOR BENT 3)
i oLL 1IVN ATA
o i CINTERIOR BENT 3)
e COLUMN AND LONGITUDINAL BENT CAP
5 REINFORCEMENT NOT SHOWN FOR CLARITY
o
& 2" CLR.
® (TYP.)
&
=
o) ~
i
2 L
2
2
5 L—10P OF JOl
5 P
N
+ 4? /\/
&
z CONSTRUCTION JOINT—
< rev., L0322 ] SOUTH CAROLINA
£ 4'-0" @ coLuw —] - | RFC PLANS
x i, i, I DEPARTMENT OF TRANSPORTATION
S TOP OF CAP SLOPING DETAIL SR Casi, S wé/;:,,,/ REv. 1
s (INTERIOR BENT 31 .2 % T
] =& BENT AND COLUMN REV. INTERIOR BENT DETAILS (1)
] REVIEWED J. FELKEL
» -
- SECTION B-B Do 7 COLONIAL LIFE BLVD. RAMP A BRIDGE OVER
o8 (INTERIGR BENT 2) e 2002 T4 A oa. 1-126 RAMP & S-287 (ARROWWOOD ROAD)
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! BRIDGE PLANS 1D sueer No.
i
| € GIRDER——~ P033718-B34 35
€ GIRDER —— {AHEAD) i
i N
2 -8" .y
v i .
oge Vg <
14 14 =
Py | (TvP.) TYP.] TP,
= € 134 @ ANCHOR BOLTS
|
i
90°00°00.0" (TYP, )—
90°00'00.0" (TYP. )— (70 LOCAL TANGENT)
(T LOCAL TANGENT) € BEARING
L) — e
: Tle
< e =
. =
© BENT & = ola € BENT
€ BEARING ~ 1|E
olE -
S a
[} — —|E
€ BEARING
c i
g
8 ¢ 1% @ ANCHOR BOLTS € 1% @ ANCHOR BOLTS
9 g -
= ! (TP | (TYP.]
8 ‘ i
- 2'-6"
& (TYP.)
= .
o ANCHOR BOLT LAYOUT i
S BENT 2 ¢ GIRDER——
w (BACK) i
z
<
&
&
8
z ANCHOR BOLT LAYOUT
@ BENT 3
9
z
@
2
§
[
S
<
e
<
g
°
<
b
0
S
S
o
&
2
3
g ESTIMATED QUANTITIES
g \Tew QUANTITY
. UNIT [7BenT 2 | BENT 3
2 WET & DRY EXCAVATION FOR BRIDGES oY 376 259
5 CONCRETE_FOR STRUCTURES. CLASS 4000 oY 152.2_ | 141.3
> REINFORCING STEEL FOR STRUCTURES (BRIDGE) (1) LBS. | 26,938 | 24.824
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Appendix C

Pile Driving Hammer Information



County: | Richland | Bridge Plans ID: | P039718
Route: Bridge over Ramp 1-126 WB to Flyover and Road S-287 (Arrowwood Rd.)
Description: | Carolina Crossroads Phase 1 Bridge 34 14X89 H-Piles
Contractor: Archer United
Manufacturer: ICE Model: I-19
Type: Single Act Serial No. | TBD
. Diesel
am
]ft\’)ated Energy (k- | 46.17 at | 11.5 | Length of stroke (ft)
Lead Size (in): 26
Modifications | None
7 Hammer | -
Anvil 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
1 Striker | Weight (kips): | .46
Plate | Diameter (in): | 22.5 | Thickness (in): | 4
Description: |
Material No. of Modulus of Thicknes
Hammer Description Layers | Elasticity (ksi) s (in)
Cushion ; MC-904 Blue Nylon 1 175 2
Area (sg. in): | 398 Total Thickness (in) 2.5
Coefficient of Restitution: .90
Dimension: ‘ DCB-1 Drive Cap & DCH-1 Cap Insert
Pile Cap . . R
[\/:G (Helmet) | Pile Cap Weight (kips): | 1.065
Inserts Weight (kips): | .78
Material: | N/A
Pile | Thickness (in.) [ N/A Area (sq. in): | N/A
Cushion | Modulus of Elasticity (ksi): N/A
Coefficient of Restitution: N/A
- Pile Type/Size | 14X89 H-Piles & 14X89 Reinforced pile tips
& Pile Point:
Total Pile & Exposed Pile
Point Length (ft): | BR34 Point Length
EB1-46.5 | (ft):
IB2 - 26 N/A
IB3-47.5
Pile EB4 - 60.5
B Pile Cross-Sectional Area | N/A
(sq.in):
Pipe Pile Wall Thickness (in): | N/A
Pile Tip | N/A
Description:
Splice Description: | N/A




Splice Location From Pile Top (ft): | N/A

Concrete Pile Strength, f'c (psi): | N/A

Steel Pile Yield Strength, Fy (ksi): | 50

Note: Within 30 calendar days after award of contract or no later than 30 days before driving the first pile, submit form and Pile
Installation Plan to the Geotechnical Design Engineer, with copy to the Bridge Construction Engineer and RCE.

SCDOT - Design-Build Section . .
Geotechnical Design Engineer Submitted By- Josh Bennett

P.O. Box 191 . ; ;

Columbia, SC 29202-0191 Title: Project Engineer

Telephone (803) 737-0766 .

FAX (803) 737-9868 Telephone No. (803 )374-9108 Date: | 10/14/2022




Appendix D

Instrumentation Calibrations



Accelerometer Calibration Certificate @
Pile Dynamics, Inc.

Calibrated by Pile Dynamics, Inc.
Calibration performed on OCT’é 2 2021

Serial No: K12388 Temperature: 22.6 °C PDA CALIBRATION FACTOR
Model: PR Humidity: 44% 451.0 mv/5000g
(90.2 pv/g)
Calibrated on: Channel 3 on 8G 5161 LE R72:0.999955 [Chip programmed]
Operator: William Johnson
Ref Acc 1: 69132! Cal on: 09Feb2021
960 g's/volt //
RefAcc2:  69096! Cal on: 27Jan2021 . ’
978 g'sivolt Signed
Reference accelerometer calibrations are traceable to
the United States National Institute of Standards and
Technology (NIST).
K12388: R*2 0.999955
Reference S/N K12388
Velocity Velocity
m/s mi/s
0.741 0.734
o 1.184 1.178
E 1.464 1.459
2 1.744 1.739
3 1.980 1.976
g - H 2.319 2.306
£ o : 3.384 3.388
;-_: H..»-"' : 3.798 3.805
,'(3? 4.147 4.158

0 E i |
0 1 2 3 4 5
Applied Velocity (m/s)

Maximum Acceleration: 919 g's

Version: 2020.30,170 -0.22

t

|



Accelerometer Calibration Certificate E
Pile Dynamics, Inc.

Calibrated by Pile Dynamics, Inc.
Calibration performed on  0CT 2 2 2021

Serial No: K12389 Temperature: 22.8 °C PDA CALIBRATION FACTOR
Model: PR Humidity: 44% 483.2 mv/5000g
(96.6 pvig)
Calibrated on: Channel 3 on 8G 5161 LE R"2:0.999989 [Chip programmed]
Operator: William Johnson
Ref Acc 1: 69132! Cal on: 09Feb2021
960 g's/volt
Ref Acc 2: 69096! Cal on: 27Jan2021 .
978 g'sivolt Signed

Reference accelerometer calibrations are traceable to
the United States National Institute of Standards and

Technology (NIST).
K12389: R*2 = 0.999989

Reference S/IN K12389
Velocity Velocity
m/s m/s
0.730 0.728
) 1.158 1.158
E 3 1.470 1.471
Z 1.748 1.755
o 2.001 2.004
2.326
2.782
3.373
3.807
4.137

Maximum Acceleration: 914 g's

Applied Velocity (m/s)

Version: 2020.30.170 -0.07



Certificate of Calibration
Transducer Model  PDI Transducer

Pie Dynamics, Inc.
Serial Number: P82
PDIGage Factor: 1451  mev
General Gage Facter: 309 memvive
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Specifications
_ PDI Automated Strain Transducer Calibration System (PDI-ASICS)
ASTCS Serial Nomber, s,?DICAI. i1

D ASTCS Software VersonNumber: e
_ASTCS noependat Verficaionpate: ¢ IR MR

| vonderGagetagh  3ichesfeznm -

Rl ScapDisplacementRanoe, L0 ey

Methat for kpplying Displacement ¢ Precision Stepper Motor Cﬂn_f;ec_teﬁmiﬁeaf Stage - -

- xchaton Volage o Calbraion: _________ 28VDC e
. Displcement Measwrements; . Dua Precison LYDTs, Outpi beeraged

Diplacemert Cerffcaonr . NETIAMO e
© o linparity Verfication Technigue: L Ltne&'Csrrefatxfan Coefﬁctentc{}%

~ASICS S) stem Check

Refereic Strain Transducer o B

. RepeatelityVerfaon Tedwioue . ___ | Standard Deviaton < 5% cfmean

Reference Generdl Gage Fattor: B mcos@mA
VOTH SendliyGpcheshety. .
C iTRswtiydepely S8
' StenTenperess sl
DT oflat Sy Check SR

 PDI Strain Transdueer Cometions

T B>
S Geew . E‘dﬁmm - )
mME . Sme B
W S
C GBMRE o S

NIST Reference;

PO certfiesthe above PDIASTCS instrument meels. or exceeds published specfications and has been verfied wsing.
standards and instruments whase accuracies are traceable to the National Institute of Standards and Technology NST).
an acceited value of & natural physical constant of  raio calibration technique, The calibration of tis nstrument was
performed in accordance wif the PDI Qualty Assurance program, Measurements.and information provided an this
report are valid gt the tme of calibration only.

egat R eFAC W LR aulaey
FRFa o wae Ao W BRI



Appendix E

PDA Proficiency Certifications
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