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FOREWORD 

This report, Determination of Pile Driveability and Capacity from Penetration Tests, is 
comprised ofthree volumes. Volume II (FHWA-RD-96-180), contained here, describes the data 
bank that has been assembled as part of the study and contains dynamic and static load test data. 
Volume I (FHW A-RD-96-179) summarizes the design and experimental use of a method that 
extracts dynamic soil resistance parameters as the Standard Penetration Test is being performed. 
Extensive correlations with full scale load tests were made based on these results. Volume III 
(FHW A-RD-96-181) documents the results oa literature study and summarizes available 

information on dynamic soil models•::~•~_:_/ 

&~~ ~rs, P.E. 
Office of Engineering 

Research and Development 

NOTICE 

This document is disseminated under the sponsorship of the Department of Transportation in 
the interest of information exchange. The United States Government assumes no liability for 
its contents or use thereof. This report does not constitute a standard, specification, or 
regulation. 

The United States Govern..ment does not endorse products or manufacturers. Trade and 
manufacturers' names appear in this report only because they are considered essential to the 
object of the document. 
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APPENDIX A 

WAVE EQUATION ANALYSIS RESULTS 

A.1 INTRODUCTION 

The wave equation analyses were performed with GRLWEAP™, Version 1.993-1. Two types of 

analysis were performed: bearing graph analysis and driveability analysis. This appendix 

presents the GRLWEAP summary results for six correlation study sites and three verification sites 

which are discussed in chapters 6 and 7, respectively. For each site, several analyses were 

performed with different distributions and magnitudes of soil resistance, and with a number of 

different dynamic soil parameters. These analyses were identified as summarized in the 

following (see chapter 6.3 for detail discussion). 

STD-ST: soil resistance from "Modified SPT STATIC" analysis and standard GRLWEAP 

soil parameters. 

MDF-ST: soil resistance from "Modified SPT STATIC" analysis, standard shaft GRLWEAP 

soil parameters; toe damping (J1) as per SPT-ST (except Portland: J1= .01 s/ft). 

SPT-ST: soil resistance from "Modified SPT STATIC" analysis; soil parameters from the 

"static" analysis of the Modified SPT data. 

SPT-DYN: soil resistance from "Modified SPT DYNAMIC" analysis; soil parameters from 

the "dynamic" analysis of the Modified SPT data. 

MDF-Cap-STD: modified shaft resistance (see chapter 6.3), toe resistance from "Modified SPT 

STATIC" analysis; standard GRLWEAP soil parameters. 

MDF-Cap-SPT: modified shaft resistance (see chapter 6.3), toe resistance from "Modified SPT 

STATIC" analysis; soil parameters from the "static analysis" of the Modified SPT 

data. 

STD (FHWA): soil resistance from the FHWA method (see chapter 6.1); standard GRLWEAP 

soil parameters. 

A.2 Bearing Graph Analysis 

The bearing graph analysis results for nine sites are presented in figures A.1 through A.52 and 
are summarized in table A.1. 

A.3 Driveability Analysis 

The driveability analysis results for nine sites are presented in figures A.53 through A.104 and 

are summarized in table A.2. 

1 



Table A.1: Summary of Bearing Graph Analysis Results 

Sites Parameters Type Figure 

St. Mary, OH STD-ST A.1 

SPT-ST A.2 

SPT-DYN A.3 

MDF-ST A.4 

Portland, ME STD-ST A.5 

SPT-ST A.6 

SPT-DYN A.7 

MDF-ST A.8 

MDF-Cap-STD A.9 

MDF-Cap-SPT A.10 

C&D Canal, Pier 17, DE STD-ST A.11 

SPT-ST A.12 

SPT-DYN A.13 

MDF-ST A.14 

MDF-Cap-STD A.15 

MDF-Cap-SPT A.16 

C&D Canal, Pier 21, DE STD-ST A.17 

SPT-ST A.18 

SPT-DYN A.19 

MDF-ST A.20 

MDF-Cap-STD A.21 

MDF-Cap-SPT A.22 

White City Bridge, FL STD-ST A.23 

SPT-ST A.24 

SPT-DYN A.25 

Apalachicola, FL STD-ST A.26 
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Table A.1: Summary of Bearing Graph Analysis Results (continued) 

Sites Parameters Type Figure 

Apalachicola, FL SPT-ST A.27 

(continued) SPT-DYN A.28 

MDF-ST A.29 

MDF-Cap-STD A.30 

MDF-Cap-SPT A.31 

Aucilla, FL STD-ST A.32 

STD-DYN A.33 

SPT-ST A.34 

SPT-DYN A.35 

MDF-ST A.36 

MDF-DYN A.37 

STD (FHWA) A.38 

Vilano - East, FL STD-ST A.39 

STD-DYN A.40 

SPT-ST A.41 

SPT-DYN A.42 

MDF-ST A.43 

MDF-DYN A.44 

STD (FHWA) A.45 

Vilano - West, FL STD-ST A.46 

STD-DYN A.47 

SPT-ST A.48 

SPT-DYN A.49 

MDF-ST A.50 

MDF-DYN A.51 

STD (FHWA) A.52 
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Table A.2: Summary of Driveability Analysis Results 

Sites Parameters Type Figure 

St. Mary, OH STD-ST A.53 

SPT-ST A.54 

SPT-DYN A.55 

MDF-ST A.56 

Portland, ME STD-ST A.57 

SPT-ST A.58 

SPT-DYN A.59 

MDF-ST A.60 

MDF-Cap-STD A.61 

MDF-Cap-SPT A.62 

C&D Canal, Pier 17, DE STD-ST A.63 

SPT-ST A.64 

SPT-DYN A.65 

MDF-ST A.66 

MDF-Cap-STD A.67 

MDF-Cap-SPT A.68 

C&D Canal, Pier 21, DE STD-ST A.69 

SPT-ST A.70 

SPT-DYN A.71 

MDF-ST A.72 

MDF-Cap-STD A.73 

MDF-Cap-SPT A.74 

White City Bridge, FL STD-ST A.75 

SPT-ST A.76 

SPT-DYN A.77 

Apalachicola, FL STD-ST A.78 
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Table A.2: Summary of Driveability Analysis Results (continued) 

Sites Parameters Type Figure 

Apalachicola, FL SPT-ST A.79 

(continued) SPT-DYN A.80 

MDF-ST A.81 

MDF-Cap-STD A.82 

MDF-Cap-SPT A.83 

Aucilla, FL STD-ST A.84 

STD-DYN A.85 

SPT-ST A.86 

SPT-DYN A.87 

MDF-ST A.88 

MDF-DYN A.80 

STD (FHWA) A.90 

Vilano - East, FL STD-ST A.91 

STD-DYN A.92 

SPT-ST A.93 

SPT-DYN A.94 

MDF-ST A.95 

MDF-DYN A.96 

STD (FHWA) A.97 

Vilano - West, FL STD-ST A.98 

STD-DYN A.99 

SPT-ST A.100 

SPT-DYN A.101 

MDF-ST A.102 

MDF-DYN A.103 

STD (FHWA) A.104 
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St.Mary, Bearing Graph, STD Parm. Static 10/07/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 50.0 25.472 6.904 6.7 5.00 20.63 
2 100.0 25.489 1 .072 12.7 5.00 20.64 
3 150.0 25.506 2.168 18.7 5.00 20.31 
4 200.0 25.523 3.573 28.2 5.00 19.78 
5 250.0 25.540 1. 898 45.7 5.00 19.51 
6 275.0 25.548 2.084 61.5 5.00 19.38 
7 300.0 25.555 1. 750 88.7 5.00 19.27 
8 325.0 25.578 1 .842 146.6 5.00 19 .15 
9 350.0 25.599 1.994 347.3 5.00 19.05 

10 375.0 25.607 2.051 6925.8 5.00 18.95 

Goble Rausche Likins~ Associates, Inc. GRLWEAP<TM) Version 1.993-1 

St.Mary, Bearing Graph, STD Parm. Static 10/07/94 
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Figure A.1: Bearing Graph STD-ST Analysis for St. Mary, OH 
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St.Mary, Bearing Graph, SPT Parm. Static 10/07/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 50.0 25.481 11.686 4.7 5.00 20.64 
2 100.0 25.508 6.009 8.8 5.00 20.62 
3 150.0 25.538 4.083 13.2 5.00 20.49 
4 200.0 25.568 2.253 18 .1 5.00 20.17 
5 250.0 25.598 2.353 25.9 5.00 19.69 
6 275.0 25.613 2.337 30.5 5.00 19.57 
7 300.0 25.628 2.419 38.0 5.00 19.44 
8 325.0 25.642 2.779 50.5 5.00 19.32 
9 350.0 25.657 2.433 73.6 5.00 19.21 

10 375.0 25.672 2.637 113.0 5.00 19.09 

Goble Rausche Likins & Associates, Inc. GRLWEAP(TM) Version 1.993-1 

St.Mar~, Bearing Graph, SPT Parm. Static 10/07/94 
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Figure A.2: Bearing Graph SPT-ST Analysis for St. Mary, OH 
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St.Mary, Bearing Graph,SPT Parm, Dynamic 10/07/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 50.0 24.953 8.163 6.9 5.00 19.76 
2 100.0 24.962 2.817 13.3 5.00 19.58 
3 150.0 24.970 1 .463 20.0 5.00 19 .16 
4 200.0 24.978 2.072 31.3 5.00 18.92 
5 250.0 24.989 1 .942 54.1 5.00 18.70 
6 275.0 24.995 2.143 77.3 5.00 18.60 
7 300.0 25.000 2.290 124.2 5.00 18.50 
8 325.0 25.006 2.414 265.5 5.00 18.40 
9 350.0 25.011 2.494 1289.8 5.00 18.31 

10 375.0 25.016 2.508 9999.0 5.00 18.23 

Goble Rausche Likins~ Associates, Inc, GRLWEAP(TM) Version 1,993-1 

St.Mary, Bearing Graph,SPT Parm, Dynamic 10/07/94 
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Figure A.3: Bearing Graph SPT-DYN Analysis for St. Mary, OH 
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St.Mary, Bearing Graph, MDF Parm. Static 10/07/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 50.0 25.472 9.718 5.7 5.00 20.58 
2 100.0 25.489 4.548 10.8 5.00 20.62 
3 150.0 25.506 2.291 16.0 5.00 20.38 
4 200.0 25.523 2.882 23.3 5.00 19.88 
5 250.0 25.540 3.706 36.3 5.00 19.51 
6 275.0 25.548 2.532 47.8 5.00 19.38 
7 300.0 25.557 2.740 67 .1 5.00 19.27 
8 325.0 25.565 2.586 106.3 5.00 19 .15 
9 350.0 25.573 2.297 211 .3 5.00 19.05 

10 375.0 25.582 2.036 494.8 5.00 18.95 

Goble Rausche Likins & Associates, Inc. GRLWEAP(TM) Uersion 1.993-1 

st.Mar!,), Bearing Graph, MDF Parm. Static 10/07/94 
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Figure A.4: Bearing Graph MOF-ST Analysis for St. Mary, OH 
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Portland, Bearing Graph, STD, Static 10/07/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 50.0 .000 .000 -1.0 .oo .oo 
2 100.0 15.298 .000 4.5 4.56 42.00 
3 150.0 17.719 . 132 7.5 5.00 37.31 
4 200.0 18.824 .718 11.0 5.21 33.89 
5 250.0 20.700 .866 14.8 5.65 32.86 
6 300.0 21.926 .954 18.8 5.87 31.75 
7 325.0 22.935 .989 21.0 5.98 31.40 
8 350.0 23.650 1 .103 23.5 6.04 30.98 
9 375.0 24.791 1.206 26.0 6.21 31 .16 

10 400.0 25.574 1.347 28.7 6.30 31.20 

Goble Rausche LIKlns ~ Associates, Inc. GRL~EAP<TM> Uerslon 1.993-1 
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Figure A.5: Bearing Graph STD-ST Analysis for Portland, ME 
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Portland, Bearing Graph, SPT, Static 10/07/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 50.0 10. 981 .000 2.9 3.93 44.99 
2 100.0 15.593 .000 6.7 4.72 37.38 
3 150.0 18.352 .000 11 . 0 5.30 34.34 
4 200.0 21 .405 .000 15.9 5.59 32.00 
5 250.0 24 .140 .000 20.9 5.95 31 .56 
6 300.0 25.718 .000 26.8 6 .12 31 .03 
7 325.0 26.477 .210 30.2 6.21 30.86 
8 350.0 27.557 .550 33.5 6.40 31 .27 
9 375.0 28.263 .694 37.6 6.50 31 .52 

10 400.0 28.728 .-699 42.3 6.54 31.56 

Goble Rausche Likins~ Associates, Inc. GRLWEAP<TM) Version 1,993-1 

Portland, Bearing Graph, SPT, Static 10/07/94 
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Figure A.6: Bearing Graph SPT-ST Analysis for Portland, ME 
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Portland, Bearing Graph, SPT, Dynamic 10/07/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 50.0 10.910 .000 2.9 3.93 44.96 
2 100.0 15.534 .000 6.7 4.72 37.25 
3 150.0 18.375 .000 11 . 1 5.30 34.30 
4 200.0 21.345 .000 16 .1 5.60 31.95 
5 250.0 23.850 .000 21.2 5.94 31.55 
6 300.0 25.461 .000 27.2 6 .11 31 .12 
7 325.0 26 .186 .208 30.7 6.20 30.99 
8 350.0 27.371 .463 34.1 6.40 31.55 
9 375.0 28.085 .590 38.3 6.51 31.67 

10 400.0 28.607 .558 43.2 6.56 31.75 

Goble Rausche LiKlns & Associates, Inc. GRL~EAP(TM> Version 1.993-1 

Portland, Bearing Graph, SPT, D~namlc 10/07/94 
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Figure A.7: Bearing Graph SPT-DYN Analysis for Portland, ME 
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Portland, Bearing Graph, MDF, Static 10/07 /94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 50.0 .000 .000 -1.0 .00 .00 
2 100.0 .000 .000 -1.0 .00 .00 
3 150.0 14.687 .000 4.0 4.19 41.53 
4 200.0 15.991 .399 5.9 4.51 38.34 
5 250.0 17.512 2.580 8.0 4.89 36.97 
6 300.0 19.089 1. 717 10.1 5.26 35.97 
7 325.0 19.421 2.542 11 . 5 5.31 34.76 
8 350.0 20.279 1 .934 12.6 5.53 34.62 
9 375.0 20.737 1 .343 14.2 5.65 34.12 

10 400.0 21 .023 2.407 16.2 5.70 33.45 

Goble Rausche LiKins & AssociaTes, Inc. GRLWEAP(TM) Version 1.993-1 

PorTland, Bearing Graph, MDF, STaTic 10/07/94 

KOBE K 45 
Comp STr Tens STr 

Efficienc!,) 0.450 
Ksi Ks; ______ 

HelmeT 3.25 Kips 

22.5 H Cushion 79982 K/in 
~ 

.. " a " " 
15.0 

< -
Q = 0.100 0.150 in 

7.5 J = 0.050 0.010 s/fT 

D 

" 
0 .. D Pi le LengTh 59.90 fT 

UIT Cap " STroKe 
.. P-Top Area 27.50 in2 

Kigs fT _______ 
<> 

320 - 8.0 .. PILE MODEL SF DISTRIB 

D 

240 
" " 

6.0 .. .. a 

" ' 
160 

~ 

4.0 ~ 

80 2.0 

0.0 6.0 12.0 18.0 Blows/fT EB= 87 ~ 

Figure A.8: Bearing Graph MDF-ST Analysis for Portland, ME 
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Portland, Bearing Graph, MDF-Cap-STD, ST 10/07/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 50.0 .000 .000 -1.0 .oo .00 
2 100.0 15.463 .000 4.6 4.58 41.71 
3 150.0 18.003 .212 7.7 5.02 37.15 
4 200.0 19 .123 .499 11.3 5.24 33.68 
5 250.0 21.039 .635 15 .1 5.69 32.85 
6 300.0 23.497 .690 19.2 5.91 31.73 
7 325.0 24.662 .770 21.4 6.03 31.60 
8 350.0 25.504 .886 23.9 6.08 31.26 
9 375.0 26.737 1 .013 26.3 6.27 31.46 

10 400.0 27.554 1. 221 29.1 6.36 31.40 

Goble Rausche LiKins & Associates, Inc. GRLWEAP(TM) Version 1.993-1 

Portland, Bearing Graph, MDF-Cap-STD, ST 10/07/94 
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Figure A.9: Bearing Graph MDF-Cap-STD Analysis for Portland, ME 
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Portland, Bearing Graph, MDF-Cap-SPT, ST 10/07/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 50.0 11 . 001 .000 3.0 3.93 44.23 
2 100.0 16.034 .000 7.0 4.72 36.44 
3 150.0 19.546 .000 11. 5 5.40 33.69 
4 200.0 23.516 .000 16.6 5.74 31 .83 
5 250.0 25.544 .000 22.2 5.91 30.88 
6 300.0 28.015 .195 28 .1 6.26 31.32 
7 325.0 29.176 .265 31 .3 6.43 31 .68 
8 350.0 29.948 .175 35.3 6.52 31.79 
9 375.0 30.434 .201 39.9 6.57 31 .83 

10 400.0 31.584 .294 44.2 6.75 32.51 

Goble Rausche LiKins & Associates, Inc. GRLWEAP(TM) Version 1,993-1 

Portland, Bearing Graph, MDF-Cap-SPT, ST 10/07/94 
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Figure A.10: Bearing Graph MDF-Cap-SPT Analysis for Portland, ME 
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C&D P17, Bearing Graph, STD Parm, ST 10/07/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 100.0 2.607 1. 753 4 .1 7 .15 43.53 
2 200.0 2.672 1.477 9.8 7.34 37.24 
3 300.0 2.813 1 .295 17.3 7.81 34.53 
4 400.0 2.894 1 .108 25.1 8.04 32.86 
5 500.0 2.924 .923 36.2 8.15 31.87 
6 600.0 2.985 .772 50.9 8.42 31.70 
7 700.0 3.018 .617 67.8 8.55 32 .18 
8 800.0 3.031 .500 78.3 8.62 32.21 
9 900.0 3.036 .349 89.7 8.65 31.92 

10 1000.0 3.096 .244 100.4 8.86 32.42 

Goble Rausche Lil<.lns & Associates, Inc. GRL~EAP<TM> Version 1.993-1 

C&D P17, Bearing Graph, STD Parm, ST 10/07/94 
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Figure A.11: Bearing Graph STD-ST C&D Canal, Pier 17, DE 
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C&D P17, Bearing Graph, SPT Parm, ST 10/07/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 100.0 2.713 1.809 5.0 7 .15 41 .20 
2 200.0 2.866 1.585 11. 7 7.63 36.40 
3 300.0 2.927 1 .314 19.9 7.87 33.98 
4 400.0 3.037 1 . 118 27.8 8.25 33 .10 
5 500.0 3.098 .907 39.7 8.44 32.34 
6 600.0 3 .131 .691 53.0 8.54 31.49 
7 700.0 3 .199 .509 59.6 8.78 31.86 
8 800.0 3.236 .325 67.8 8.90 31.70 
9 900.0 3.252 .245 77.9 8.96 31.63 

10 1000.0 3.270 .173 90.0 8.99 31.63 

Goble Rausche LIKins & Associates, Inc. GRLWEAP<TM> Version 1.993-1 

C&D P17, Bearing Graph, SPT Parm, ST 10/07/94 
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Figure A.12: Bearing Graph SPT-ST C&D Canal, Pier 17, DE 
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C&D P17, Bearing Graph, SPT Parm, DYN 10/07/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 100.0 2.734 1 .887 4.5 7 .15 41.74 
2 200.0 2.837 1 .642 10.3 7.56 37.07 
3 300.0 2.964 1.455 17.4 7.96 34.60 
4 400.0 3.036 1 .241 24.5 8.17 32.98 
5 500.0 3.067 1 .020 33.6 8.27 32.04 
6 600.0 3.136 .842 43.5 8.53 32.15 
7 700.0 3.173 .658 51.7 8.66 32.02 
8 800.0 3.195 .475 57.8 8.73 31 .67 
9 900.0 3.204 .301 65.1 8.76 31.09 

10 1000.0 3.208 .199 73.5 8.78 30.85 

Goble Rausche LiKins & Associates, Inc. GRLWEAP<TM) Uersion 1.993-1 

C&D P17, Bearing Graph, SPT Parm, DYN 10/07/94 
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Figure A.13: Bearing Graph SPT-DYN C&D Canal, Pier 17, DE 
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C&D P17, Bearing Graph, MDF Parm, ST 10/07/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 100.0 2.567 1 . 811 3.6 6.83 43.79 
2 200.0 2.709 1 .689 8.2 7.28 38.58 
3 300.0 2.851 1. 581 14.4 7.73 35.46 
4 400.0 2.924 1 .425 21.6 7.95 33.65 
5 500.0 2.953 1 .238 29.5 8.07 32.48 
6 600.0 3.024 1 .098 40.0 8.33 32.29 
7 700.0 3.053 .939 52.6 8.46 32.62 
8 800.0 3.075 .787 64.6 8.52 32.81 
9 900.0 3.078 .642 72.6 8.55 32.62 

10 1000.0 3.082 .512 82 .1 8.57 32.27 

Goble Rausche LiKins & Associates, Inc. GRLWEAP<TM> Version 1,993-1 
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Figure A.14: Bearing Graph MDF-ST C&D Canal, Pier 17, DE 
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C&D P17, Brng.G, STD Parm, MDF Capacity 10/07/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 100.0 2.447 1 .623 4.3 7 .15 40.50 
2 200.0 2.529 1.406 10.4 7.41 34.17 
3 300.0 2.664 1.266 18.5 7.87 31.35 
4 400.0 2.728 1 .085 26.8 8.10 29.58 
5 500.0 2.753 .900 39.3 8.21 28.58 
6 600.0 2.808 .750 55.0 8.44 28.48 
7 700.0 2.837 .599 70.0 8.56 28.73 
8 800.0 2.848 .452 79.8 8.61 28.45 
9 900.0 2.857 .326 91.9 8.64 27.96 

10 1000.0 2.930 .288 102.4 8.91 28.40 

Goble Rausche LiKins & Associates, Inc. GRL~EAP(TM) Version 1.993-1 

C&D P17, Brng.G, STD Parm, MDF Capacity 10/07/94 
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Figure A.15: Bearing Graph MDF-Cap-STD C&D Canal, Pier 17, DE 
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C&D P17, Brng.G, SPT Parm, MDF Capacity 10/07/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 100.0 2.480 1 .553 6.0 7 .15 35.86 
2 200.0 2.637 1 .345 14.0 7.74 31.73 
3 300.0 2.714 1. 114 23.8 8.03 29.29 
4 400.0 2.804 .918 35.5 8.35 28.04 
5 500.0 2.851 .715 52.3 8.51 26.77 
6 600.0 2.879 .524 64.0 8.58 26.24 
7 700.0 2.948 .379 73 .1 8.85 26.41 
8 800.0 2.976 .227 85.2 8.99 26.46 
9 900.0 3.003 .087 99.8 9.05 26.61 

10 1000.0 3.011 .038 119 .3 9.09 26.56 

Goble Rausche Likins & AssociaTes, Inc. GRLWEAP(TM) Version 1.993-1 

C&D P17, Brng.G, SPT Parm, MDF CapaciT~ 10/07/94 
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Figure A.16: Bearing Graph MDF-Cap-SPT C&D Canal, Pier 17, DE 
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C&D P21, Bearing Graph, STD Parm, ST 10/10/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 100.0 2.583 1 .820 4.0 7 .15 43.65 
2 250.0 2.753 1 .594 13. 1 7.59 34.84 
3 400.0 2.893 1 .370 24.6 8.06 32.26 
4 550.0 2.966 1 .125 42 .1 8.30 31.02 
5 700.0 2.999 .912 59.8 8.41 30.76 
6 850.0 3.104 .765 69.3 8.75 31 .31 
7 1000.0 3.167 .632 82.6 8.92 30.98 
8 1150.0 3.211 .514 100.2 9.00 31.14 
9 1300.0 3.229 .408 124.8 9.04 31.05 

10 1500.0 3.307 .292 163.7 9.27 31.95 

Goble Rausche Likins & Associates, Inc. GRLWEAP<TM) Uersion 1.993-1 

C&D P21, Bearing Graph, STD Parm, ST 10/10/94 

Comp Str 

ksi 

3.0 

2.0 

1.0 

Ult Cap 

kips 

1200 

900 

600 

300 

0 

_,,.,,,-
.. ,,._ 

-. .. -....._ 
....... ~ .. ... ___ 

....... _ 

v-..,,,__~ ~---0-
- ,. .. -- / 

.,,.. ✓ V .. 
/ 

I 
./ 

/ 
/ 

I 
60 120 

~-• 
V ~· 

Tens Str 

ksi -----· 

Stroke 

f"t -------

8.0 

6.0 

4.0 

2.0 

180 B I ows/f"t 

DELMAG D 46-32 

Ef"f"iciency 

Helmet 

H Cushion 

P Cushion 

Q = 0.100 

J = 0.150 

Pi le Length 

P-Top Area 

0.860 

3.57 kips 

58170 k/in 

6912 k/in 

0.200 in 

0 .150 5/f"t 

75 .00 f"t 

576.00 in2 

PILE MODEL SF DISTRIB 

EB= 24;: 

Figure A.17: Bearing Graph STD-ST, C&D Canal, Pier 21, DE 
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C&D P21, Bearing Graph, SPT Parm, ST 10/10/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 100.0 2.616 1 .968 3.3 7 .15 42.97 
2 250.0 2.738 1. 819 9.7 7.47 35.12 
3 400.0 2.906 1. 733 18.2 8.01 31.94 
4 550.0 2.983 1 .577 26.6 8.27 30.75 
5 700.0 3.026 1 .395 36.0 8.41 30 .11 
6 850.0 3.057 1 .215 45.7 8.48 29.85 
7 1000.0 3.072 1 .033 51 .6 8.51 29.38 
8 1150. 0 3 .137 .897 57.2 8.77 29.63 
9 1300.0 3.167 .754 64.3 8.90 30.13 

10 1500.0 3.193 .602 77.4 8.96 30 .12 

Goble Rausche Likins & Associates, Inc. GRLWEAP(TM) Version 1.993-1 

C&D P21, Bearing Graph, SPT Parm, ST 10/10/94 
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Figure A.18: Bearing Graph SPT-ST, C&D Canal, Pier 21, DE 
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C&D P21, Bearing Graph, SPT Parm, Dyn 10/10/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 100.0 2.629 2.004 3.2 7 .15 42.65 
2 250.0 2.760 1 .892 9.8 7.53 34.37 
3 400.0 2.910 1 .822 17.9 8.03 31.59 
4 550.0 2.986 1. 691 25.6 8.29 30.66 
5 700.0 3.030 1 .528 35.0 8.41 29.82 
6 850.0 3.053 1.363 44.2 8.48 29 .14 
7 1000.0 3 .113 1 .237 48.8 8.69 29.39 
8 1150. 0 3 .174 1 .098 54.3 8.80 29.89 
9 1300.0 3 .197 .955 61.2 8.85 30 .14 

10 1500.0 3.206 .745 74.5 8.88 30.06 

Goble Rausche Likins~ Associates, Inc. GRLWEAP<TM> Version 1,993-1 

C~D P21, Bearing Graph, SPT Parm, Dyn 10/10/94 
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Figure A.19: Bearing Graph SPT-DYN, C&D Canal, Pier 21, DE 
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C&D P21, Bearing Graph, MDF Parm, ST 10/10/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 100.0 2.504 1. 777 3.9 6.86 42.51 
2 250.0 2.753 1 .674 12.4 7.58 34.98 
3 400.0 2.863 1.463 23.8 7.94 31.66 
4 550.0 2.969 1.263 38.9 8.32 31.05 
5 700.0 3.023 1. 051 56.2 8.51 31.11 
6 850.0 3.065 .877 66.6 8.60 30.60 
7 1000.0 3 .163 .757 77.2 8.90 30.95 
8 1150.0 3.216 .638 92.0 9.05 31.26 
9 1300.0 3.250 .526 112. 1 9.13 31.43 

10 1500.0 3.279 .398 151.1 9.17 31.48 

Goble Rausche Likins & Associates, Inc. GRLWEAP<TM> Uersion 1,993-1 

C&D P21, Bearing Graph, MDF Parm, ST 10/10/94 
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Figure A.20: Bearing Graph MDF-ST, C&D Canal, Pier 21, DE 
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C&D P21, B.G, STD Parm, MDF Capacity 10/10/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 100.0 2.582 1 .846 4.0 7 .15 43.46 
2 250.0 2.770 1. 671 13. 1 7.63 34.55 
3 400.0 2.901 1 .470 24.4 8.09 32.00 
4 550.0 2.981 1 .248 41 .0 8.32 30.75 
5 700.0 3.016 1 .027 56.6 8.43 30.27 
6 850.0 3 .131 .887 65 .1 8.79 30.78 
7 1000.0 3.202 .742 76.7 8.97 31.06 
8 1150.0 3.241 .616 92.2 9.06 31.24 
9 1300.0 3.264 .509 113.0 9.10 31 .26 

10 1500.0 3.288 .377 152.6 9.13 31 .17 

Goble Rausche LiKins & AssociaTes, Inc. GRLWEAP<TM) Version 1.993-1 

C&D P21, B,G, STD Parm, MDF CapaciTy 10/10/94 
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Figure A.21: Bearing Graph MDF-Cap-STD, C&D Canal, Pier 21, DE 
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C&D P21, B.G, SPT Parm, MDF Capacity 10/10/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 100.0 2.628 1 .996 3.3 7 .15 42.72 
2 250.0 2.751 1 .876 9.7 7.49 34.74 
3 400.0 2.919 1 .821 18. 1 8.03 31.68 
4 550.0 2.998 1 .691 26.2 8.29 30.53 
5 700.0 3.038 1 .532 35.0 8.43 29.79 
6 850.0 3.075 1 .378 44.1 8.49 29.47 
7 1000.0 3.087 1. 214 50 .1 8.53 28.80 
8 1150.0 3 .142 1 .100 55.6 8.78 29.52 
9 1300.0 3 .197 .982 61. 7 8.90 30.21 

10 1500.0 3.212 .801 74.5 8.97 30.27 

Goble Rausche Likins & Associates, Inc, GRLWEAP(TM) Uersion 1,993-1 

C&D P21, B,G, SPT Parm, MDF Capacit!,) 10/10/94 
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Figure A.22: Bearing Graph MDF-Cap-SPT, C&D Canal, Pier 21, DE 
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WHITE CITY, Bearing Graph, STD Parm, ST 10/10/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 50.0 1.504 .750 2.4 5.96 36.57 
2 100.0 1 .566 .663 5 .1 6 .18 30.80 
3 200.0 1. 779 .574 13.9 6.94 23.54 
4 300.0 1. 881 .454 28.0 7.32 19.87 
5 400.0 1 .921 .383 44.8 7.50 18.42 
6 500.0 1 .930 .286 77.1 7.60 17 .11 
7 550.0 1.974 .264 103.2 7.84 16.96 
8 600.0 1 .998 .233 127.9 7.96 16.58 
9 650.0 2.010 .205 157 .1 8.02 16.38 

10 700.0 2.019 .226 181. 5 8.05 16.46 

Goble Rausche LiKins & Associates, Inc. GRLWEAP(TM) Version 1,993-1 

WHITE CITY, Bearing Graph, STD Parm, ST 10/10/94 
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Figure A.23: Bearing Graph STD-ST, White City Bridge, FL 
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WHITE CITY, Bearing Graph, SPT Parm, ST 10/10/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 50.0 1 .458 .770 2.0 5.79 36.89 
2 100.0 1 .509 .750 3 .1 5.94 33.99 
3 200.0 1. 754 .829 8.8 6.71 25.59 
4 300.0 1 .840 .736 16.4 7 .10 22 .15 
5 400.0 1 .869 .587 25.8 7.29 19.89 
6 500.0 1 .897 .494 37.7 7.39 18.34 
7 550.0 1 .945 .467 45.2 7.64 18.05 
8 600.0 1 .970 .502 56.7 7.76 17.33 
9 650.0 1. 985 .654 71.0 7.82 16.50 

10 700.0 2.001 .793 83.8 7.85 15.76 

Goble Rausche Likins & Associates, Inc, GRLWEAP<TM) Version 1,993-1 

WHITE CITY, Bearing Graph, SPT Parm, ST 10/10/94 
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Figure A.24: Bearing Graph SPT-ST, White City Bridge, FL 
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WHITE CITY, Bearing Graph, SPT Parm, DYN 10/10/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 50.0 1.473 .753 2.2 5.86 37.33 
2 100.0 1 .532 .689 4 .1 6.07 32.78 
3 200.0 1. 706 .643 11. 2 6.72 25.54 
4 300.0 1. 810 . 611 23.3 7.04 20.95 
5 400.0 1.907 .612 38.8 7.44 19 .18 
6 500.0 1.943 .560 63.9 7.64 18 .18 
7 550.0 1 .963 .533 85.6 7.74 17 .80 
8 600.0 1.966 .492 126.2 7.79 17 .18 
9 650.0 1 .973 .453 167.7 7.81 16.62 

10 700.0 2.002 .436 223.4 7.99 16.32 

Goble Rausche LiKins & Associates, Inc. GRLWEAP(TM) Version 1.993-1 

WHITE CITY, Bearing Graph, SPT Parm, DYN 10/10/94 
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Figure A.25: Bearing Graph SPT-DYN, White City Bridge, FL 
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APALACHICOLA, STD, STATIC, BEARING GRAPH 10/10/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 100.0 2.001 1 .179 7.4 3.00 22.84 
2 200.0 2.007 .892 15.2 3.00 22.41 
3 300.0 2.014 .653 23.5 3.00 22.03 
4 400.0 2.020 .453 33.0 3.00 21.89 
5 500.0 2.026 .299 41.0 3.00 21 .52 
6 600.0 2.031 .429 51.6 3.00 21 .03 
7 700.0 2.037 .419 67.0 3.00 20.34 
8 800.0 2.042 .367 89.9 3.00 19.76 
9 900.0 2.048 .374 123.6 3.00 19.43 

10 1000.0 2.054 .362 178.6 3.00 19 .13 

Goble Rausche LiKins & AssociaTes, Inc. GRLWEAP(TM) Version 1,993-1 

APALACHICOLA, STD, STATIC, BEARING GRAPH 10/10/94 
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Figure A.26: Bearing Graph STD-ST, Apalachicola, FL 
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APALACHICOLA, SPT, STATIC, BEARING GRAPH 10/10/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 100.0 1.999 1 .236 7 .1 3.00 22.99 
2 200.0 2.005 .977 13.8 3.00 22.51 
3 300.0 2.010 .738 21.2 3.00 22.16 
4 400.0 2.014 .513 29.7 3.00 21. 91 
5 500.0 2.018 .378 36.7 3.00 21.88. 
6 600.0 2.023 .418 45.5 3.00 21 .42 
7 700.0 2.028 .446 58.1 3.00 20.76 
8 800.0 2.032 .445 77.8 3.00 20.15 
9 900.0 2.036 .451 113. 1 3.00 19.87 

10 1000.0 2.040 .460 186.3 3.00 19.58 
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Figure A.27: Bearing Graph SPT-ST, Apalachicola, FL 
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APALACHICOLA, SPT, DYN, BEARING GRAPH 10/10/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 100.0 1 .999 1 .246 6.6 3.00 23.74 
2 200.0 2.005 .995 13.4 3.00 22.54 
3 300.0 2.010 .760 20.6 3.00 22.22 
4 400.0 2.014 .535 29 .1 3.00 22.00 
5 500.0 2.018 .351 36.6 3.00 21.80 
6 600.0 2.023 .444 45.3 3.00 21.46 
7 700.0 2.028 .419 58 .1 3.00 21.07 
8 800.0 2.032 .396 78.5 3.00 20.42 
9 900.0 2.036 .384 115. 9 3.00 20.06 

10 1000.0 2.040 .384 198.5 3.00 19.79 

Goble Rausche LIKlns & Associates, Inc. GRLWEAP<TM) Version 1,993-1 
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Figure A.28: Bearing Graph SPT-DYN, Apalachicola, FL 
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APALACHICOLA, MDF, STATIC, BEARING GRAPH 10/10/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 100.0 2.001 1.249 6.9 3.00 22.81 
2 200.0 2.007 1.008 13.6 3.00 22.37 
3 300.0 2.013 .786 21.0 3.00 21.98 
4 400.0 2.020 .587 29.8 3.00 21.89 
5 500.0 2.026 .408 37.5 3.00 21.32 
6 600.0 2.032 .469 46.7 3.00 21.02 
7 700.0 2.037 .534 59.9 3.00 20.42 
8 800.0 2.043 .521 80.4 3.00 19.78 
9 900.0 2.048 .537 111 . 5 3.00 19.45 

10 1000.0 2.054 .517 160.6 3.00 19 .13 
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Figure A.29: Bearing Graph MDF-ST, Apalachicola, FL 
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APALACHICOLA, MODIFIED CAPACITY, STD, BG 10/10/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 100.0 2.009 1 .212 7.4 3.00 22.88 
2 200.0 2.013 .915 15.5 3.00 22.54 
3 300.0 2.018 .675 24.3 3.00 22 .19 
4 400.0 2.022 .483 34.5 3.00 21.97 
5 500.0 2.026 .432 43.7 3.00 21.92 
6 600.0 2.031 .439 55.6 3.00 21.49 
7 700.0 2.036 .418 73.4 3.00 20.87 
8 800.0 2.040 .439 102.6 3.00 20.29 
9 900.0 2.044 .442 152.8 3.00 20.02 

10 1000.0 2.048 .446 247.4 3.00 19.75 

Goble Rausche Likins & Associates, Inc. GRLWEAP<TM) Version 1.993-1 

APALACHICOLA, MODIFIED CAPACITY, STD, BG 10/10/94 

UULCAN UUL 020 
Comp Str Tens Str 

Efficienc!,) 

Helmet 

0.670 
ksi 

3.0 

2.0 

1.0 

Ult Cap 

kips 

800 

600 

400 

200 

0 

.. .. .... •-..-~- -•--- -~-- - - - --

~ 
i.----

/ 

/ 
I 

I 

·f-· ------ ---- -•-- ----

I 

90 180 

ksi _____ _ 

--• 
Stroke 

ft------· 

8.0 

6.0 

4.0 
--a 

2.0 

270 B I ows/ft 

H Cushion 

P Cushion 

Q = 0.100 

J = 0.150 

Pi le Length 

P-Top Area 

5.20 kips 

8712 k/in 

2787 k/in 

0.200 in 

0.150 s/ft 

93.25 ft 

463.00 in2 

PILE MODEL SF DISTRIB 

EB= 32 % 

Figure A.30: Bearing Graph MDF-Cap-STD, Apalachicola, FL 
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APALACHICOLA, MODIFIED CAPACITY, SPT, BG 10/10/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 100.0 2.009 1.286 6.9 3.00 22.88 
2 200.0 2.013 1 .037 13.3 3.00 22.49 
3 300.0 2.018 .801 20.4 3.00 22.16 
4 400.0 2.022 .580 28.6 3.00 21. 91 
5 500.0 2.026 .413 35.8 3.00 21.86 
6 600.0 2.031 .449 44.1 3.00 21.45 
7 700.0 2.036 .482 55.8 3.00 20.97 
8 800.0 2.040 .490 74.0 3.00 20.25 
9 900.0 2.044 .489 105.8 3.00 19.98 

10 1000.0 2.048 .497 169.5 3.00 19. 71 
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Figure A.31: Bearing Graph MDF-Cap-SPT, Apalachicola, FL 
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Aucilla, Bearing Graph, STD, Static 10/10/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 100.0 1.642 .589 13.0 3.00 12.49 
2 300.0 1 .695 .298 45.8 3.00 11. 45 
3 400.0 1. 719 .226 70.5 3.00 10.73 
4 500.0 1. 741 .167 123.5 3.00 9.81 
5 600.0 1. 763 .090 290.0 3.00 9.01 
6 700.0 1. 784 .100 1214.6 3.00 8.33 
7 800.0 1 .804 .155 9999.0 3.00 7.77 

Goble Rausche LiKins & Associates, Inc. GRLWEAP<TM) Uersion 1.993-1 
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Figure A.32: Bearing Graph STD-ST Analysis for Aucilla, FL 
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Aucilla, Bearing Graph, STD, Dynamic 10/10/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 100.0 1.644 .607 12.9 3.00 12.46 
2 300.0 1. 701 .304 45.6 3.00 11 .36 
3 400.0 1. 726 .255 70.1 3.00 10.58 
4 500.0 1. 750 .205 122.7 3.00 9.61 
5 600.0 1. 772 .125 286.1 3.00 8.76 
6 700.0 1. 794 .133 1182.9 3.00 8.09 
7 800.0 1 .815 .175 9999.0 3.00 7.52 
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Figure A.33: Bearing Graph STD-DYN Analysis for Aucilla, FL 
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Aucilla, Bearing Graph, SPT, Static 10/10/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 100.0 1 .639 .687 10.8 3.00 12.55 
2 300.0 1 .685 .360 36.0 3.00 11. 60 
3 400.0 1. 707 .306 51.1 3.00 11 .05 
4 500.0 1. 727 .196 80.1 3.00 10 .17 
5 600.0 1. 747 .161 158.5 3.00 9.45 
6 700.0 1. 765 .256 583.5 3.00 8.84 
7 800.0 1. 784 .301 9999.0 3.00 8.33 
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Figure A.34: Bearing Graph SPT-ST Analysis for Aucilla, FL 
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Aucilla, Bearing Graph, SPT, Dynamic 10/10/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 100.0 1 .645 .639 12.3 3.00 12.45 
2 300.0 1. 702 .329 40.8 3.00 11.27 
3 400.0 1. 728 .262 60.7 3.00 10.27 
4 500.0 1. 752 .245 101. 9 3.00 9.31 
5 600.0 1. 774 .283 230.7 3.00 8.66 
6 700.0 1. 796 .292 1929 .1 3.00 8.05 
7 800.0 1 .817 .278 9999.0 3.00 7.47 
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Figure A.35: Bearing Graph SPT-DYN Analysis for Aucilla, FL 
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Aucilla, Bearing Graph, MDF, Static 10/10/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 100.0 1 .639 .681 11. 0 3.00 12.55 
2 300.0 1 .684 .334 38.9 3.00 11. 62 
3 400.0 1. 706 .287 57 .1 3.00 11. 05 
4 500.0 1. 726 .189 93.0 3.00 10.39 
5 600.0 1. 746 .067 194.3 3.00 9.66 
6 700.0 1. 764 .058 564.9 3.00 8.96 
7 800.0 1. 782 .109 9999.0 3.00 8.37 
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Figure A.36: Bearing Graph MDF-ST Analysis for Aucilla, FL 
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Aucilla, Bearing Graph, MDF, Dynamic 10/10/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 100.0 1 .644 .706 11 . 4 3.00 12.45 
2 300.0 1. 701 .346 40.4 3.00 11. 29 
3 400.0 1. 726 .303 59.5 3.00 10.61 
4 500.0 1. 750 . 211 98.9 3.00 9.68 
5 600.0 1. 772 .139 211.5 3.00 8.82 
6 700.0 1. 794 .168 635.8 3.00 8.09 
7 800.0 1 .815 .191 9999.0 3.00 7.52 
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Figure A.37: Bearing Graph MDF-DYN Analysis for Aucilla, FL 
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Aucilla, Bearing Graph, STD Method 10/10/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 100.0 1. 621 .387 13.2 3.00 12.94 
2 300.0 1 .636 .205 45.0 3.00 12.75 
3 400.0 1 .642 .204 69.5 3.00 12.57 
4 500.0 1 .800 .300 113. 5 3.00 12.37 
5 600.0 1 .923 .278 223.4 3.00 12 .15 
6 700.0 1 .959 .252 688.8 3.00 11. 93 
7 800.0 1 .965 .233 9999.0 3.00 11. 70 
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Figure A.38: Bearing Graph STD (FHWA) Analysis for Aucilla, FL 
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Vilano-East, Bearing Graph, STD, Static 10/ 10/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 100.0 1. 707 .093 4.7 4.48 36.33 
2 200.0 1 .934 .000 11.8 5.20 28.79 
3 300.0 2 .113 .032 21.3 5.69 26.04 
4 400.0 2.369 .000 28.9 5.93 25.24 
5 500.0 2.617 .055 39.2 6.18 24.03 
6 550.0 2.743 .096 45.7 6.31 23.43 
7 600.0 2.847 .105 54.0 6.37 22.70 
8 650.0 2.980 .084 61.9 6.62 22.63 
9 700.0 3.089 .060 73.1 6.74 22.25 

10 750.0 3 .183 .047 87.3 6.80 21.92 
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Figure A.39: Bearing Graph STD-ST Analysis for Vilano - East, FL 
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Vilano-East, Bearing Graph, STD, Dynamic 10/10/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 100.0 1. 706 .097 4.6 4.48 36.39 
2 200.0 1 .933 .000 11. 7 5.20 28.85 
3 300.0 2 .106 .049 21.1 5.68 26.02 
4 400.0 2.361 .000 28.7 5.92 25.24 
5 500.0 2.611 .069 38.8 6.17 24.02 
6 550.0 2.736 .125 45.1 6.29 23.41 
7 600.0 2.841 .158 53.4 6.35 22.68 
8 650.0 2.975 .150 61.3 6.58 22.56 
9 700.0 3.083 .134 72.5 6.70 22 .16 

10 750.0 3 .178 .126 87 .1 6.75 21 .76 
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Figure A.40: Bearing Graph STD-DYN Analysis for Vilano - East, FL 
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Vilano-East, Bearing Graph, SPT, Static 10/10/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 100.0 1. 710 .091 4.7 4.49 36.24 
2 200.0 1.938 .000 11. 9 5.21 28.70 
3 300.0 2 .118 .031 21.5 5.70 26.02 
4 400.0 2 .371 .000 29.3 5.94 25.13 
5 500.0 2.618 .051 39.8 6.20 23.90 
6 550.0 2.744 .093 46.4 6.32 23.33 
7 600.0 2.847 .102 54.9 6.39 22.60 
8 650.0 2.979 .083 63.2 6.62 22.50 
9 700.0 3.084 .061 75.0 6.74 22 .10 

10 750.0 3.178 .050 89.8 6.80 21.79 

Goble Rausche LiKins & AssociaTes, Inc. GRLWEAP<TM) Uersion 1.993-1 
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Figure A.41: Bearing Graph SPT-ST Analysis for Vilano - East, FL 
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Vilano-East, Bearing Graph, SPT, Dynamic 10/10/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 100.0 1. 706 .097 4.6 4.48 36.39 
2 200.0 1 .933 .000 11 . 7 5.20 28.85 
3 300.0 2 .106 .049 21 . 1 5.68 26.02 
4 400.0 2.361 .000 28.7 5.92 25.24 
5 500.0 2.611 .069 38.8 6.17 24.02 
6 550.0 2.736 .125 45 .1 6.29 23.41 
7 600.0 2.841 .158 53.4 6.35 22.68 
8 650.0 2.975 .150 61 .3 6.58 22.56 
9 700.0 3.083 .134 72.5 6.70 22 .16 

10 750.0 3 .178 .126 87.1 6.75 21 .76 

Goble Rausche LiKins & Associates, Inc. GRLWEAP<TM) Version 1,993-1 
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Figure A.42: Bearing Graph SPT-DYN Analysis for Vilano - East, FL 
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Vilano-East, Bearing Graph, MDF, Static 10/10/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 100.0 1.649 .297 2.5 4.35 43 .13 
2 200.0 1. 790 .146 6.9 4.64 31.71 
3 300.0 1 .932 .050 12.4 5.21 27.62 
4 400.0 2.006 .320 18.7 5.49 25.63 
5 500.0 2 .191 .161 24.3 5.64 25.44 
6 550.0 2.288 .144 27.5 5.71 25.15 
7 600.0 2.422 .195 30.6 5.93 25.29 
8 650.0 2.529 .223 34.7 6.04 24.91 
9 700.0 2.631 .289 40.0 6.09 24.23 

10 750.0 2.760 .319 44.8 6.32 24.13 

Goble Rausche LiKins ~ Associates, Inc. GRLWEAP<TM) Version 1,993-1 
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Figure A.43: Bearing Graph MDF-ST Analysis for Vilano - East, FL 

48 



Vilano-East, Bearing Graph, MDF, Dynamic 10/10/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 100.0 1. 651 .294 2.5 4.35 43.01 
2 200.0 1. 793 .143 7.0 4.65 31.66 
3 300.0 1 .934 .073 12.5 5.21 27.56 
4 400.0 2.007 .336 18.8 5.49 25.58 
5 500.0 2.195 .158 24.5 5.64 25.39 
6 550.0 2.292 .180 27.7 5.71 25.09 
7 600.0 2.426 .234 30.8 5.93 25.21 
8 650.0 2.533 .239 34.9 6.04 24.82 
9 700.0 2.640 .316 40.2 6.09 24.15 

10 750.0 2.769 .358 45.4 6.30 23.95 

Goble Rausche Likins & Associates, Inc. GRLWEAP(TM) Version 1.993-1 
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Figure A.44: Bearing Graph MDF-DYN Analysis for Vilano - East, FL 
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Vilano-East, Bearing Graph, STD Method 10/10/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 100.0 1. 707 .091 4.7 4.48 36.34 
2 200.0 1 .935 .000 11 . 8 5.20 28.81 
3 300.0 2 .118 .034 21 .3 5.69 26.06 
4 400.0 2.373 .000 28.9 5.93 25.26 
5 500.0 2.622 .061 39 .1 6.18 24.06 
6 550.0 2.746 .101 45.6 6.31 23.43 
7 600.0 2.852 .106 53.9 6.37 22.74 
8 650.0 2.984 .085 61.8 6.62 22.66 
9 700.0 3.093 .061 73.0 6.74 22.27 

10 750.0 3.183 .047 87.2 6.80 21.94 

Goble Rausche LiKins & AssociaTes, Inc. GRLWEAP<TM) Version 1.993-1 

Vi lano-EasT, Bearing Graph, STD MeThod 10/10/94 
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Figure A.45: Bearing Graph STD (FHWA) Analysis for Vilano - East, FL 
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Vilano-West, Bearing Graph, STD, Static 10/10/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 100.0 2.073 .544 4.6 5.44 38.80 
2 200.0 2.233 .399 12. 1 5.89 29.62 
3 250.0 2.297 .329 17. 7 6.12 27.36 
4 300.0 2.337 .249 22 .1 6.23 26.23 
5 350.0 2.392 .178 25.2 6.45 26.06 
6 400.0 2.427 .130 29.1 6.56 25.41 
7 450.0 2.451 .076 33.9 6.61 24.92 
8 500.0 2.468 .000 39.9 6.64 24.40 
9 550.0 2.514 .000 46 .1 6.84 24.45 

10 600.0 2.543 .009 54.6 6.94 24.18 

Goble Rausche LiKins & Associates, Inc. GRLWEAP<TM) Version 1.993-1 
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Figure A.46: Bearing Graph STD-ST Analysis for Vilano - West, FL 
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Vilano-West, Bearing Graph, STD, Dynamic 10/10/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 100.0 2.072 .553 4.6 5.44 38.81 
2 200.0 2.236 .417 12.0 5.89 29.58 
3 250.0 2.301 .351 17.7 6 .12 27.31 
4 300.0 2.342 .274 22 .1 6.23 26.12 
5 350.0 2.396 .206 25.3 6.45 25.90 
6 400.0 2.431 .139 29.2 6.55 25.22 
7 450.0 2.455 .082 34.0 6.61 24.70 
8 500.0 2.475 .000 40.0 6.63 24.21 
9 550.0 2.522 .000 46.3 6.84 24.23 

10 600.0 2.553 .010 54.8 6.94 23.96 

Goble Rausche LiKins & Associates, Inc. GRLWEAP<TM) Version 1.993-1 
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Figure A.47: Bearing Graph STD-DYN Analysis for Vilano - West, FL 

52 



Vilano-West, Bearing Graph, SPT, Static 10/10/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 100.0 2.034 .569 3.6 5.32 41.27 
2 200.0 2 .179 .448 9.4 5.70 31. 51 
3 250.0 2.256 .395 12.8 6.05 29.74 
4 300.0 2.302 .330 17 .9 6.22 27.69 
5 350.0 2.335 .285 20.9 6.31 27 .14 
6 400.0 2.354 .264 23.7 6.35 26.65 
7 450.0 2.370 .204 26.9 6.38 26.06 
8 500.0 2.410 .170 30.0 6.57 26.03 
9 550.0 2.436 .083 33.9 6.67 25.90 

10 600.0 2.453 .032 38.8 6.72 25.58 

Goble Rausche Likins & Associates, Inc. GRLWEAP<TM) Version 1.993-1 
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Figure A.48: Bearing Graph SPT-ST Analysis for Vilano - West, FL 
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Vilano-West, Bearing Graph, SPT, Dynamic 10/10/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 100.0 2.072 .553 4.6 5.44 38.81 
2 200.0 2.236 .417 12.0 5.89 29.58 
3 250.0 2.301 .351 17.7 6 .12 27.31 
4 300.0 2.342 .274 22 .1 6.23 26.12 
5 350.0 2.396 .206 25.3 6.45 25.90 
6 400.0 2.431 .139 29.2 6.55 25.22 
7 450.0 2.455 .082 34.0 6.61 24.70 
8 500.0 2.475 .000 40.0 6.63 24.21 
9 550.0 2.522 .000 46.3 6.84 24.23 

10 600.0 2.553 .010 54.8 6.94 23.96 

Goble Rausche LiKins & Associates, Inc. GRLWEAP(TM) Version 1,993-1 
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Figure A.49: Bearing Graph SPT-DYN Analysis for Vilano - West, FL 
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Vilano-West, Bearing Graph, MDF, Static 10/10/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 100.0 2.050 .641 3.7 5.35 40.59 
2 200.0 2.211 .562 9.7 5.77 30.85 
3 250.0 2.290 .526 13.3 6 .11 29.01 
4 300.0 2.340 .467 18.5 6.28 26.93 
5 350.0 2.374 .396 21.6 6.36 26.07 
6 400.0 2.398 .352 24.7 6.40 25.49 
7 450.0 2.414 .267 28.4 6.42 24.77 
8 500.0 2.456 .230 32 .1 6.60 24.64 
9 550.0 2.483 .143 37.0 6.68 24.34 

10 600.0 2.501 .164 43.4 6.72 23.91 

Goble Rausche Likins & Associates, Inc. GRLWEAP(TM) Version 1,993-1 
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Figure A.50: Bearing Graph MDF-ST Analysis for Vilano - West, FL 
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Vilano-West, Bearing Graph, MDF, Dynamic 10/10/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 100.0 2.055 .662 3.8 5.36 40.37 
2 200.0 2.220 .598 9.8 5.79 30.53 
3 250.0 2.285 .559 13.9 6.00 28.07 
4 300.0 2.350 .511 18.9 6.26 26.53 
5 350.0 2.390 .449 21.8 6.39 25.73 
6 400.0 2.420 .378 24.9 6.46 25 .19 
7 450.0 2.441 .298 28.6 6.49 24.48 
8 500.0 2.458 .234 33 .1 6.50 23.85 
9 550.0 2.502 .157 37.8 6.69 23.79 

10 600.0 2.531 . 181 44 .1 6.79 23.47 

Goble Rausche LiKins & Associates, Inc. GRLWEAP(TM) Uersion 1,993-1 
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Figure A.51: Bearing Graph MDF-DYN Analysis for Vilano - West, FL 
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Vilano-West, Bearing Graph, STD Method 10/10/94 

No. Ultimate Max C. Max T. Blow Stroke Energy 
Capacity Stress Stress Count 

kips ksi ksi BPF ft k-ft 

1 100.0 2.077 .596 4.6 5.45 38.72 
2 200.0 2.241 .478 12 .1 5.90 29.43 
3 250.0 2.303 .416 17.8 6.13 27.09 
4 300.0 2.343 .342 22.2 6.24 25.88 
5 350.0 2.395 .276 25.5 6.45 25.60 
6 400.0 2.427 .199 29.6 6.55 24.83 
7 450.0 2.451 .117 34.5 6.60 24.30 
8 500.0 2.469 .030 40.7 6.63 23.73 
9 550.0 2.516 .000 47.4 6.84 23.69 

10 600.0 2.547 .000 56.3 6.95 23.40 

Goble Rausche Likins & Associates, Inc. GRLWEAP<TM) Uerslon 1,993-1 
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Figure A.52: Bearing Graph STD (FHWA) Analysis for Vilano - West, FL 
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St.Mary, Driveability, STD Parm. Static 10/07/94 

Friction Loss/Gain Factor 1 .000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
10.0 .0 .0 .o .0 .000 .000 .0 .0 
15.0 .0 .0 .0 .o .000 .000 .o .0 
20.0 .o .0 .0 .0 .000 .000 .o .o 
25.0 7.0 4.4 2.6 2.4 24.578 17.254 60.0 18.7 
30.0 16.3 11 . 1 5.2 3 .1 24.578 14.414 60.0 18.8 
35.0 25.7 18.8 6.8 4 .1 24.609 11.865 60.0 18.8 
40.0 28 .1 24.3 3.9 4.5 24.648 11.369 60.0 18.8 
45.0 64.4 41 .2 23.3 9.4 24.772 3.275 60.0 19.0 
50.0 93.4 65.7 27.7 13.4 24.824 1 .846 60.0 19. 1 
55.0 108.3 87.9 20.4 15.4 24.835 1. 707 60.0 19. 1 
60.0 150.5 115. 0 35.5 22.6 24.850 4.278 60.0 18.8 
65.0 173.5 144.3 29.2 28.3 24.846 5.201 60.0 18.6 
70.0 188.2 160.8 27.3 32.5 24.816 5.431 60.0 18.4 
75.0 192.5 167 .1 25.4 33 .1 24.777 5.059 60.0 18.3 
80.0 209.3 174.9 34.4 38.9 24.756 5.397 60.0 18.2 
85.0 208.9 182.3 26.5 37.5 24.748 5 .141 60.0 18. 1 
90.0 196.0 186 .1 9.8 31.4 24.732 3.858 60.0 18.0 
95.0 198.4 188.5 9.9 31.3 24.720 2.991 60.0 17.9 

100.0 237.5 195.8 41. 7 48.6 24.700 3.331 60.0 17. 8 
105.0 308.6 208.3 100.3 186.7 24.688 3.642 60.0 17 .8 

Total Driving Time 37.38 min. for 60.0 bl/min 

Blow Rate: 50 bl/min 40 bl/min 30 bl/min 
Total Driving Time: 44.86 min 56.07 min 74.76 min 

St.Marv, Driveabi I itv, STD Parm. Static 10/07/94 

Goble Rausche Likins & Associates, Inc. Friction Factor= 1.000 GRLWEAP(TM) Version 1.993-1 
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Figure A.53: Driveability Graph STD-ST Analysis for St. Mary, OH 
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St.Mary, Driveability, SPT Param. Static 10/07/94 

Friction Loss/Gain Factor 1 .000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
10.0 .0 .0 .o .0 .000 .000 .o .0 
15.0 .0 .0 .o .0 .000 .000 .0 .0 
20.0 .0 .0 .0 .0 .000 .000 .0 .0 
25.0 6.6 4.2 2.4 2.2 25 .160 18.600 60.0 19.3 
30.0 16.0 10.9 5 .1 2.6 25 .162 16.780 60.0 19.4 
35.0 25.7 18.8 6.8 3.2 25 .164 14.895 60.0 19.4 
40.0 27.5 24.0 3.5 3.5 25 .166 14. 143 60.0 19.4 
45.0 64.0 41 .1 22.9 6.3 25.375 9.443 60.0 19.7 
50.0 93.3 65.6 27.7 9.2 25.443 4.966 60.0 19.7 
55.0 108.8 87.9 20.9 11. 1 25.487 2.306 60.0 19.7 
60.0 150.3 114. 9 35.5 15.3 25.516 1 . 981 60.0 19.7 
65.0 173.5 144.3 29.2 18.7 25.545 2.912 60.0 19.5 
70.0 188.2 160.7 27.5 21 . 1 25.553 3.348 60.0 19.3 
75.0 192.7 167.0 25.7 21.8 25.537 3.592 60.0 19.2 
80.0 213.3 175.0 38.3 25 .1 25.524 4.448 60.0 18.9 
90.0 195.5 185.9 9.6 21.4 25.445 4.380 60.0 18.6 

100.0 237.2 195.7 41.5 27.7 25.358 4.406 60.0 18.5 
105.0 308.5 208.2 100.3 55.0 25.315 2.935 60.0 18.5 

Total Driving Time 21 .95 min. for 60.0 bl/min 

Blow Rate: 50 bl/min 40 bl/min 30 bl/min 
Total Driving Time: 26.34 min 32.93 min 43.90 min 

St.Mar~, Driveabi I it~, SPT Param. Static 10/07/94 

Goble Rausche Likins & Associates, Inc, Friction Factor= 1.000 GRLWEAP<TM) Uersion 1.993-1 
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Figure A.54: Driveability Graph SPT-ST Analysis for St. Mary, OH 
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St.Mary, Driveability, SPT Parm, Dynamic 10/07/94 

Depth 
feet 
10.0 
15.0 
20.0 
25.0 
30.0 
35.0 
40.0 
45.0 
50.0 
55.0 
60.0 
65.0 
70.0 
75.0 
80.0 
85.0 
90.0 
95.0 

100.0 
105.0 

Ultimate 
Capacity 

kips 
.o 
.0 
.0 

6.7 
16.0 
25.6 
27.6 
63.9 
93.3 

108.8 
150.3 
173.5 
179.5 
190.9 
213.0 
221 .3 
219.9 
224.7 
256.8 
316.3 

Total Driving Time 

Blow Rate: 

Friction Loss/Gain Factor 1.000 

Skin 
Friction 

kips 
.o 
.0 
.0 

4.2 
10.9 
18.8 
24 .1 
41.0 
65.7 
87.9 

114. 9 
144.3 
163.4 
175.7 
191. 0 
206.0 
214 .1 
218.9 
231.6 
255.9 

End 
Bearing 

kips 
.0 
.0 
.0 

2.4 
5 .1 
6.8 
3.5 

22.9 
27.7 
20.9 
35.5 
29.2 
16. 1 
15.2 
22.0 
15.4 
5.8 
5.8 

25.2 
60.4 

Blow 
Count 
bl/ft 

.0 

.0 

.o 
2.2 
2.8 
3.5 
3.7 
7.6 

10.9 
12.6 
17.7 
21.5 
22.4 
24.2 
29.4 
31 .1 
29.6 
30.0 
41.1 
84.1 

Max C. 
Stress 

ksi 
.000 
.000 
.000 

25.024 
25.026 
25.103 
25 .110 
25.287 
25.341 
25.376 
25.415 
25.438 
25.440 
25.432 
25.405 
25.375 
25.328 
25.283 
25.250 
25.224 

27.60 min. for 60.0 bl/min 

50 bl/min 40 bl/min 
Total Driving Time: 33.12 min 41.40 min 

St.Mary, Driveabi I ity, SPT Parm, Dynamic 

Max T. 
Stress 

ksi 
.000 
.000 
.000 

18.226 
15.978 
13.879 
13.646 

6.441 
1. 610 
1 .974 
2.670 
3.754 
4.034 
4.537 
4.923 
5.205 
5.162 
4.855 
4.721 
3.677 

Blow 
Rate 

bpm 
.0 
.0 
.o 

60.0 
60.0 
60.0 
60.0 
60.0 
60.0 
60.0 
60.0 
60.0 
60.0 
60.0 
60.0 
60.0 
60.0 
60.0 
60.0 
60.0 

30 bl/min 
55.20 min 

ENTHRU 
kip-ft .o 

.0 

.0 
19.3 
19.4 
19.4 
19.4 
19.7 
19.7 
19.7 
19.6 
19.3 
19.2 
18.9 
18.8 
18.7 
18.6 
18.5 
18.4 
18.4 

Goble Rausche Likins & Associates, Inc. Friction Factor= 1.000 GRLWEAP(TM) Version 1.993-1 
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Figure A.55: Driveability Graph SPT-DYN Analysis for St. Mary, OH 
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St.Mary, Driviability, MDF Param. Static 10/07/94 

Friction Loss/Gain Factor 1 .000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
10.0 .0 .0 .0 .0 .000 .000 .o .o 
15.0 .0 .0 .0 .0 .000 .000 .0 .o 
20.0 .o .0 .0 .0 .000 .000 .0 .0 
25.0 6.7 4.3 2.4 2.2 24.578 18. 185 60.0 18.7 
30.0 16.2 11 . 0 5. 1 2.7 24.578 16 .195 60.0 18.7 
35.0 25.7 18.8 6.8 3.4 24.592 14.224 60.0 18.8 
40.0 27.6 24 .1 3.5 3.8 24.626 13.394 60.0 18.8 
45.0 64 .1 41.2 22.9 7.0 24.750 8.378 60.0 19.0 
50.0 93.4 65.7 27.7 10.5 24.803 3.915 60.0 19. 1 
55.0 108.9 88.0 20.9 12.8 24.816 2.907 60.0 19. 1 
60.0 150.5 115. 0 35.5 17.9 24.834 3.029 60.0 19. 1 
65.0 173.5 144.3 29.2 22.5 24.829 3.473 60.0 18.9 
70.0 188.4 160.8 27.5 25.7 24.800 4.199 60.0 18.7 
75.0 192.8 167 .1 25.7 26.5 24.766 5.192 60.0 18.6 
80.0 213.3 175 .1 38.3 31.0 24.738 5.712 60.0 18.4 
85.0 209.2 182.3 26.8 29.6 24.731 5.345 60.0 18.2 
90.0 195.7 186 .1 9.6 25.9 24.715 4.209 60.0 18 .1 
95.0 198 .1 188.5 9.6 25.8 24.706 3.453 60.0 17.9 

100.0 237.3 195.8 41.5 35.9 24.686 2.976 60.0 17.9 
105.0 308.6 208.3 100.3 73.4 24.655 3.255 60.0 17 .9 

Total Driving Time 26.57 min. for 60.0 bl/min 

Blow Rate: 50 bl/min 40 bl/min 30 bl/min 
Total Driving Time: 31 .88 min 39.85 min 53 .14 min 

St.Mar~, Driviabi I it~, MDF Param. Static 10/07/94 

Goble Rausche Likins & Associates, Inc. Friction Factor= 1.000 GRLWEAP<TM) Uersion 1.993-1 
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Portland, Driveability, STD Parm, Static 10/07/94 

Friction Loss/Gain Factor 1 .000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
5.0 .0 .0 .0 .0 .000 .000 .o .0 

10.0 .6 .0 .6 -1.0 .000 .000 95.9 .0 
15.0 4 .1 . 1 4.0 -1.0 .000 .000 95.4 .0 
20.0 8.4 .4 8.0 -1 . 0 .000 .000 94.6 .0 
25.0 12.8 1.1 11 . 7 -1. 0 .000 .000 93.5 .o 
30.0 18.0 2.4 15.7 -1.0 .000 .000 83.3 .o 
35.0 112. 4 5.2 107.2 5.4 15.586 .000 55 .1 39.2 
40.0 207.5 7.8 199.7 11. 9 19.876 .478 50.6 33.7 
42.0 208.6 8.9 199.8 12.0 19.860 .503 50.6 33.7 
45.0 193.7 10.6 183.2 10.7 19.700 .518 50.9 34.8 
51.0 162.5 14.5 148.0 8.6 17. 841 .542 52.6 35.8 
53.0 147.0 15.8 131. 2 7.4 17 .666 .000 53 .1 37.4 

Total Driving Time 3.65 min. only if hammer runs continuously 

Portland, Driveabi I ity, STD Parm, Static 

Goble Rausche LiKins ~ Associates, Inc. Friction Factor= 1.000 GRLWEAP(TM) Uersion 1,993-1 
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Figure A.57: Driveability Graph STD-ST Analysis for Portland, ME 
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Portland, Driveability, SPT Parm, Static 10/07/94 

Friction Loss/Gain Factor 1 .000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
5.0 .0 .0 .0 .0 .000 .000 .o .0 

10.0 .6 .0 .6 -1 . 0 .000 .000 95.9 .0 
15.0 4 .1 . 1 4.0 -1.0 .000 .000 95.4 .0 
20.0 8.4 .4 8.0 -1 . 0 .000 .000 94.6 .0 
25.0 12.8 1 . 1 11 . 7 -1 . 0 .000 .000 93.5 .0 
30.0 18.0 2.4 15.7 -1 . 0 .000 .000 81 .9 .0 
35.0 112. 4 5.2 107.2 5.4 15.222 .000 55.2 39.3 
40.0 207.5 7.8 199.7 11 . 9 19.394 .414 50.8 34.0 
42.0 208.6 8.9 199.8 11 . 9 19.353 .420 50.8 33.9 
45.0 193.7 10.6 183.2 10.6 19 .108 .396 51 . 1 35.2 
51 .0 162.5 14.5 148.0 9.8 17.745 .336 51.9 34.9 
53.0 147.0 15.8 131.2 10.9 18.584 .000 51 . 1 34.2 

Total Driving Time 3.80 min. only if hammer runs continuously 

Portland, Driveabi I ity, SPT Parm, Static 10/07/94 

Goble Rausche LiKins & Associates, Inc. Friction Factor= 1 .000 GRLWEAP<TM) Version 1.993-1 
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Figure A.58: Driveability Graph SPT-ST Analysis for Portland, ME 
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Portland, Driveability, SPT Parm, Dynamic 10/07/94 

Friction Loss/Gain Factor 1.000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
5.0 .0 .0 .0 .0 .000 .000 .o .o 

10.0 2.6 .0 2.6 -1.0 .000 .000 95.7 .0 
15.0 11 . 1 . 1 11. 0 -1 . 0 .000 .000 78.9 .0 
20.0 35.4 .7 34.7 -1. 0 .000 .000 78.7 .o 
25.0 58.8 1. 7 57 .1 2.4 11.335 .000 59.9 47.5 
30.0 83.0 3.2 79.8 3.7 14.027 .000 57 .1 43.7 
35.0 166.4 5.3 161 . 1 8.9 18.350 .346 52.3 35.4 
40.0 251 .5 7.8 243.7 15.2 21 .456 .524 49.4 32.5 
42.0 234.6 8.9 225.7 13.6 21.013 .530 49.7 33.6 
45.0 220.7 10.6 210.1 14.7 21.583 .364 49.5 32.3 
51.0 179.5 14.5 164.9 14.3 21 .590 .000 49.7 32.9 
53.0 157.0 15.9 141.1 12.0 18.819 .000 50.8 33.4 

Total Driving Time 5.87 min. only if hammer runs continuously 

PorTland, Driveabi I iTy, SPT Parm,Dynamic 10/07/94 

Goble Rausche Likins~ AssociaTes, Inc. FricTion FacTor= 1.000 GRLWEAP(TM) Uersion 1.993-1 
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Figure A.59: Driveability Graph SPT-DYN Analysis for Portland, ME 
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Portland, Driveability, MDF Parm, Static 10/07/94 

Friction Loss/Gain Factor 1 .000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
5.0 .0 .0 .o .0 .000 .000 .0 .0 

10.0 .6 .0 .6 -1 . 0 .000 .000 96 .1 .0 
15.0 4.1 . 1 4.0 -1 . 0 .000 .000 96.3 .0 
20.0 8.4 .4 8.0 -1 . 0 .000 .000 96.6 .0 
25.0 12.8 1.1 11. 7 -1.0 .000 .000 96.9 .0 
30.0 18.0 2.4 15.7 -1.0 .000 .000 76.8 .0 
35.0 112. 4 5.2 107.2 2.7 13 .129 .000 59.3 45.5 
40.0 207.5 7.8 199.7 5.8 16.640 .320 54.7 39.7 
42.0 208.6 8.9 199.8 5.9 16.640 .328 54.6 39.5 
45.0 193.7 10.6 183.2 5.3 16.446 .222 55 .1 41.0 
51 .o 162.5 14.5 148.0 4.5 15 .128 .000 56.7 40.5 
53.0 147.0 15.8 131.2 3.8 14.825 .429 57.2 42.6 

Total Driving Time 1.68 min. only if hammer runs continuously 

Portland, Driveabi I it~, MDF Parm, Static 10/07/94 

Goble Rausche Likins & Associates, Inc. Friction Factor= 1.000 GRLWEAP<TM) Version 1.993-1 
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Figure A.60: Driveability Graph STD-ST Analysis for Portland, ME 
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Portland, Drvblty, MDF-Cap-STD, Static 10/07/94 

Friction Loss/Gain Factor 1.000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
5.0 8.9 .0 8.9 -1.0 .000 .000 94.4 .o 

10.0 17 .6 .0 17.6 -1.0 .000 .000 87.5 .0 
15.0 25 .1 .2 25.0 -1 . 0 .000 .ooo 84.4 .0 
20.0 33.4 .7 32.7 -1 . 0 .000 .ooo 79.1 .0 
25.0 41.8 1. 6 40.2 -1.0 .000 .000 80.4 .0 
30.0 51.0 3.0 48.0 -1.0 .000 .ooo 65.7 .0 
35.0 273.4 5.4 267.9 17.3 22.929 . 511 48.9 31 .9 
40.0 495.5 8.0 487.5 41.4 32.971 1.698 44.5 33.3 
42.0 496.6 9 .1 487.5 41. 7 32.911 1. 725 44.5 33.3 
45.0 457.7 10.8 446.9 36.4 30.943 1 .558 45.3 32.4 
51.0 377.5 14.8 362.6 26.7 27.235 1 .028 46.9 31.5 
53.0 338.0 16.3 321.7 22.6 25.516 .835 47.6 31.5 

Total Driving Time 13.70 min. only if hammer runs continuously 

Portland, Drvblty, MDF-Cap-STD, Static 

Goble Rausche Likins & Associates, Inc. Friction Factor= 1.000 GRL~EAP(TM) Uersion 1.993-1 
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Figure A.61: Driveability Graph MDF-Cap-STD Analysis for Portland, ME 
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Portland, Drvblty, MDF-Cap-SPT, Static 10/07/94 

Friction Loss/Gain Factor 1 .000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
5.0 8.9 .o 8.9 -1.0 .000 .000 94.4 .0 

10.0 17.6 .0 17.6 -1 . 0 .000 .000 87.5 .0 
15.0 25 .1 .2 25.0 -1.0 .000 .000 84.4 .0 
20.0 33.4 .7 32.7 -1.0 .000 .000 78.9 .0 
25.0 41.8 1. 6 40.2 -1.0 .000 .000 80.8 .0 
30.0 51.0 3.0 48.0 2 .1 9.701 .000 61.4 47.6 
35.0 273.4 5.4 267.9 17.3 22.720 .485 49.0 31.9 
40.0 495.5 8.0 487.5 41 .6 32.245 1 .480 44.6 33.6 
42.0 496.6 9 .1 487.5 41.8 32 .198 1 .500 44.6 33.6 
45.0 457.7 10.8 446.9 36.5 30 .146 1. 351 45.5 32.6 
51.0 377.5 14.8 362.6 31.3 28 .195 .581 46.5 31.8 
53.0 338.0 16.3 321 .7 34.0 29.569 .189 46.4 31.3 

Total Driving Time 14.55 min. only if hammer runs continuously 

Portland, Drvblt~, MDF-Cap-SPT, Static 

Goble Rausche Likins & Associates, Inc. Friction Factor= 1.000 GRLWEAP<TM) Version 1.993-1 
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Figure A.62: Driveability Graph MDF-Cap-SPT Analysis for Portland, ME 
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C&D P17, Driveability, STD Parm, ST 10/07/94 

Friction Loss/Gain Factor 1 .000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
5.0 80.8 6.8 74.0 3.4 2.498 1.657 45.5 44.1 

10.0 33.0 11.3 21. 7 2.3 2.431 1.794 46.3 46.9 
15.0 26.6 13.2 13.4 2.2 2.389 1. 783 46.6 46.6 
20.0 26.8 16.3 10.5 2.2 2.393 1. 788 46.5 46.3 
25.0 6 .1 6 .1 .0 2.2 2 .381 1.840 46.8 45.7 
30.0 108 .1 36.8 71 .4 4.6 2.474 1 .567 45.4 41 .o 
35.0 95.6 44.4 51 .3 4.0 2.475 1 .657 45.5 41 .8 
40.0 168.9 60.2 108.7 7.8 2.640 1 .544 43.9 39.3 
45.0 198.2 78.4 119. 8 9.6 2.686 1.494 43.5 38 .1 
50.0 657.9 114. 1 543.9 62.3 3.036 .685 40.4 33.4 
55.0 634.6 179.2 455.4 57.7 3.013 .686 40.5 32.9 
60.0 633.8 265.8 368.1 56.2 3.021 .645 40.5 32.8 
65.0 630.8 335.3 295.5 55.0 3.015 .662 40.6 32.5 
66.0 627.8 348.2 279.7 54.3 3.021 .675 40.6 32.5 

Total Driving Time 30.76 min. only if hammer runs continuously 

C&D P17, Driveabi I ity, STD Parm, ST 

Goble Rausche LiKins & Associates, Inc. Friction Factor= 1.000 
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Figure A.63: Driveability Graph STD-ST Analysis for C&D Canal, Pier 17, DE 
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C&D P17, Driveability, SPT Parm, ST 10/07/94 

Friction Loss/Gain Factor 1 .000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
5.0 80.8 6.8 74.0 2.8 2.633 1 .946 45.4 43.7 

10.0 33.0 11 . 3 21.7 2.2 2.540 1 .948 46.2 47.9 
15.0 26.6 13.2 13.4 2 .1 2.495 1. 916 46.5 48 .1 
20.0 26.8 16.3 10.5 2 .1 2.496 1. 916 46.5 47.9 
25.0 6 .1 6 .1 .0 2.0 2.363 1 .824 47.3 47.9 
30.0 108 .1 36.8 71.4 3.8 2.735 1. 963 44.6 42.7 
35.0 95.6 44.4 51.3 3.6 2. 711 1. 991 44.8 43 .1 
40.0 168.9 60.2 108.7 6.5 2.876 1. 965 43.5 38.9 
45.0 198.2 78.4 119. 8 8.0 2.887 1 .885 43 .1 38 .1 
50.0 657.9 114. 1 543.9 36.5 3 .133 .909 40.8 33.5 
55.0 634.6 179.2 455.4 41.5 3 .164 .646 40.6 33 .1 
60.0 633.8 265.8 368.1 47.3 3.218 .461 40.2 33.5 
65.0 630.8 335.3 295.5 51.5 3.227 .419 40 .1 33.0 
66.0 627.8 348.2 279.7 53.9 3.226 .423 40.1 33.0 

Total Driving Time 23.71 min. only if hammer runs continuously 

C&D P17, Driveabi I ity, SPT Parm, ST 10/07/94 

Goble Rausche Likins & Associates, Inc. Friction Factor= 1.000 GRLWEAP(TM> Uersion 1.993-1 
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C&D P17, Driveability, SPT Parm, DYN 10/07/94 

Friction Loss/Gain Factor 1 .000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
5.0 65.0 6.4 58.7 2.6 2.608 1 .959 45.6 44.9 

10.0 26.6 10.2 16.4 2 .1 2.536 1 .964 46.3 48.4 
15.0 22.4 12. 1 10.2 2 .1 2.503 1 .939 46.6 48.2 
20.0 24.8 16.0 8.8 2 .1 2.505 1 .933 46.5 47.8 
25.0 7 .1 7 .1 .0 2.0 2.350 1 .809 47.4 48.0 
30.0 96 .1 36.5 59.6 3.4 2.685 1 .958 44.9 43.4 
35.0 87.6 44.1 43.5 3.4 2.677 1 .975 44.9 43.3 
40.0 154.2 61.5 92.7 6 .1 2.870 1 .960 43.6 39.6 
45.0 183.0 81 .0 101. 9 8 .1 2.920 1 .903 43.0 37.7 
50.0 477.7 116. 5 361.2 24.4 3.097 1 .220 41 .4 33.3 
55.0 553.4 182.2 371 .2 33.4 3.134 .860 40.9 33.2 
60.0 585.6 269.0 316.6 39.0 3 .164 .711 40.6 33 .1 
65.0 592.6 338.6 254.0 41.8 3 .178 .707 40.5 32.8 
66.0 592.6 351 .6 241.0 42.8 3 .180 .717 40.5 32.7 

Total Driving Time 19.04 min. only if hammer runs continuously 

C&D P17, Driveabi I it~, SPT Parm, DYN 

Goble Rausche Likins & Associates, Inc. Friction Factor= 1,000 GRLWEAP(TH) Version 1.993-1 
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Figure A.65: Driveability Graph SPT-DYN Analysis for C&D Canal, Pier 17, DE 
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C&D P17, Driveability, MDF Parm, ST 10/07/94 

Friction Loss/Gain Factor 1 .000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
5.0 80.8 6.8 74.0 2.8 2.549 1 .859 45.7 45.7 

10.0 33.0 11 . 3 21.7 2.2 2.386 1. 794 46.9 46.3 
15.0 26.6 13.2 13.4 2 .1 2.437 1 .857 46.7 48.6 
20.0 26.8 16.3 10.5 2 .1 2.446 1 .868 46.6 48.3 
25.0 6 .1 6 .1 .0 2 .1 2.347 1.809 47.3 47.4 
30.0 108 .1 36.8 71.4 3.7 2.523 1. 761 45.6 43.3 
35.0 95.6 44.4 51.3 3.4 2.525 1. 814 45.6 43.8 
40.0 168.9 60.2 108.7 6 .1 2.656 1. 782 44.3 40.9 
45.0 198.2 78.4 119. 8 7.6 2.712 1. 753 43.9 39.5 
50.0 657.9 114. 1 543.9 39.5 3.051 1 .168 40.9 33.2 
55.0 634.6 179.2 455.4 39.5 3.039 1 .097 40.9 33.2 
60.0 633.8 265.8 368.1 41.9 3.056 1 .000 40.9 33.2 
65.0 630.8 335.3 295.5 43.2 3.056 .964 40.8 32.9 
66.0 627.8 348.2 279.7 43.2 3.061 .967 40.8 32.9 

Total Driving Time 22.03 min. only if hammer runs continuously 

C&D P17, Driveabi I it~, MDF Parm, ST 

Goble Rausche Likins & Associates, Inc. Friction Factor= 1.000 GRLWEAP<TM) Version 1.993-1 
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C&D P17, Drvblty, STD Parm, MDF Capacity 10/07/94 

Friction Loss/Gain Factor 1 .000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
5.0 90.4 13.4 77.0 3.7 2.603 1. 713 45.5 45.2 

10.0 56.3 28.0 28.4 2.7 2.603 1 .870 45.8 47 .1 
15.0 56.8 37.0 19.7 2.7 2.605 1. 881 45.7 46.8 
20.0 61.9 46.2 15.6 2.8 2.604 1 .874 45.7 46.7 
25.0 43.2 43.2 .0 2.6 2.554 1 .878 45.9 48.2 
30.0 154 .1 77.6 76.5 6.7 2.733 1. 700 44.2 41.6 
35.0 157.0 100.5 56.5 6.9 2.747 1. 756 44.1 41 .o 
40.0 242.9 129.7 113. 2 12.0 2.901 1.577 42.9 38 .1 
45.0 288.7 164.8 123.9 15.6 2.964 1. 513 42.4 36.7 
50.0 775.3 229.0 546.2 79.9 3.214 .632 40.1 35.6 
55.0 812 .1 354.0 458 .1 78.5 3.210 .563 40.1 35.5 
60.0 889.8 519.5 370.3 81 . 1 3.217 .397 40.0 35.0 
65.0 949.8 652.5 297.3 80.4 3.272 .274 39.7 35.2 
66.0 957.8 676.7 281.1 80.3 3.278 .268 39.7 35.0 

Total Driving Time 43.31 min. only if hammer runs continuously 

C&D P17, Drvblty, STD Parm, MDF Capacity 

Goble Rausche LiKins & Associates, Inc. Friction Factor= 1.000 GRLWEAP(TM) Uersion 1.993-1 

,... .... 
<,. 
V 

.t:. .... 
Q. w 
"' 

- - - - Capacity (Kips) Com.Stress (Ksi) 

200 400 600 800 1000 0.80 1.60 2.40 3.20 4.00 

i \ T 

' ,I 
I 
f 14 I 

t 
.L ~ 
I I 

~' 

\t \ 
't 

'!..~ 
f"--... :---. 

28 

42 

' 
} T 

~ 
\ 

' 
/ l, 

[ 
\, 

\ 

11. 

56 

I t 
70 

20 40 60 80 100 0.80 1.60 2,40 3.20 4.00 

Blow Count (BPF) Ten.Stress <Ksi) 

ENTHRU <K-ft) 

10 20 30 40 50 

. 
/1, 

I 

' .L 
\ ,. 

✓ 

I 
lr' 

.! j 

,I, ; 
I ,. 
l 
r .. 
I 
I 

10 20 30 40 50 

B I • Rte . < 8/m i n) 

Friction <)::) 

50 100 

..._ 

' 
\ 
'\ 
!. 

\ 

) 

\ ,. 
! 
~ 

I 

" \ .. 

' ~ 

Figure A.67: Driveability Graph MDF-Cap-STD Analysis for C&D Canal, Pier 17, DE 

72 



C&D P17, Drvblty, SPT Parm, MDF Capacity 10/07/94 

Friction Loss/Gain Factor 1 .000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
5.0 90.4 13.4 77.0 3.0 2.683 1 .964 45.3 44.0 

10.0 56.3 28.0 28.4 2.6 2.651 1. 980 45.5 45.7 
15.0 56.8 37 .1 19.7 2.6 2.656 1. 973 45.5 45.5 
20.0 61.9 46.2 15.6 2.8 2.661 1 .966 45.4 44.7 
25.0 43.2 43.2 .0 2.7 2.645 1 .982 45.5 45.5 
30.0 154 .1 77.6 76.5 6.2 2.915 1 .973 43.6 39.9 
35.0 157.0 100.5 56.5 6.9 2.915 1. 971 43.5 38.6 
40.0 242.9 129.7 113 .2 10.9 3.027 1 .892 42.5 36 .1 
45.0 288.7 164.8 123.9 14.3 3.023 1. 743 42.3 34.4 
50.0 775.3 229.0 546.2 51 .1 3.281 .632 40.3 33.9 
55.0 812 .1 354.0 458 .1 62 .1 3.374 .238 39.6 34.2 
60.0 889.8 519.5 370.3 77.3 3.386 . 181 39.5 32.7 
65.0 949.9 652.5 297.3 87.7 3.427 .136 39.2 33.3 
66.0 957.8 676.7 281 .1 89.7 3.432 .108 39.2 33 .1 

Total Driving Time 37.80 min. only if hammer runs continuously 

C&D P17, Drvblty, SPT Parm, MDF Capacity 

Goble Rausche LiKins & Associates, Inc. Friction Factor= 1.000 GRLWEAP<TM) Uersion 1.993-1 
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Figure A.68: Driveability Graph MDF-Cap-SPT Analysis for C&D Canal, Pier 17, DE 
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C&D P21, Driveability, STD Parm, ST 10/10/94 

Friction Loss/Gain Factor 1 .000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
15.0 .o .0 .0 .o .000 .000 .o .0 
20.0 75.5 15.2 60.3 3.2 2.420 1 . 611 45.9 43.8 
25.0 78.4 37.0 41.4 3.3 2.425 1 .612 45.9 43.4 
30.0 168.3 74.6 93.6 7.7 2.598 1. 421 44.1 39.7 
35.0 142 .1 100.7 41.4 6.2 2.576 1 .535 44.4 40.6 
40.0 304.4 137.4 167 .1 17.3 2.780 1 . 113 42.5 35.4 
45.0 372.6 192.9 179.7 22.5 2.858 .991 42.0 33.9 
50.0 514.9 282.7 232.2 36.6 2.952 .753 41.2 32.8 
55.0 483.0 356.6 126.4 32.4 2.944 .923 41 .3 32.5 
60.0 564.6 417 .1 147.4 43.2 2.974 .845 40.9 31.6 
65.0 609.5 481.0 128.5 48.9 2.996 .925 40.7 31.4 
70.0 727.5 558.3 169.2 60.8 3.036 .833 40.4 31.3 
72.0 785.0 595.4 189.6 63.3 3 .113 .795 40.0 32.2 

Total Driving Time 33.31 min. only if hammer runs continuously 

C~D P21, Driveabi I it~, STD Parm, ST 

Goble Rausche Likins~ Associates, Inc. Friction Factor= 1.000 GRLWEAP<TH) Version 1.993-1 

- - - - Capacit~ (Kips) Com.Stress (Ksi) ENTHRU < K-ft > Friction OD 
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C&D P21, Driveability, SPT Parm, ST 10/10/94 

Friction Loss/Gain Factor 1 .000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
15.0 .0 .0 .0 .0 .000 .000 .0 .0 
20.0 75.5 15.2 60.3 2.9 2.464 1. 791 45.8 41.7 
25.0 78.4 37.0 41.4 2.8 2.464 1.808 45.8 41 .6 
30.0 168.3 74.6 93.6 5.6 2.650 1. 768 44.2 39.5 
35.0 142 .1 100.7 41 .4 4.3 2.609 1. 841 44.6 40.8 
40.0 304.4 137.4 167 .1 11 . 8 2.842 1.588 42.6 35.0 
45.0 372.6 192.9 179.7 15.7 2.888 1 .439 42 .1 34 .1 
50.0 514.9 282.7 232.2 25.9 2.974 1 .093 41 .4 32 .1 
55.0 483.0 356.6 126.4 25.5 2.991 1 . 211 41 .4 32.0 
60.0 564.6 417 .1 147.4 33.5 3.023 1.103 41.0 30.9 
65.0 609.5 481 .0 128.5 36.5 3.050 1 .186 40.8 30.4 
70.0 727.5 558.3 169.2 44.1 3.079 1 .175 40.5 30 .1 
72.0 785.0 595.4 189.6 47.6 3.086 1 .128 40.4 30 .1 

Total Driving Time 24.58 min. only if hammer runs continuously 

C&D P21, Driveabi I ity, SPT Parm, ST 

Goble Rausche Likins & Associates, Inc. Friction Factor= 1.000 GRLWEAP<TH) Version 1.993-1 

- - - - Capacity (kips) Com.Stress (ksi) ENTHRU ( k-ft) Friction (X) 
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Figure A.70: Driveability Graph SPT-ST Analysis for C&D Canal, Pier 21, DE 
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C&D P21, Driveability, SPT Parm, DYN 10/10/94 

Friction Loss/Gain Factor 1 .000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
15.0 .0 .0 .0 .0 .000 .000 .o .0 
20.0 59.6 14.6 45.0 2.5 2.441 1 . 811 46.1 43.3 
25.0 69.8 37.3 32.6 2.6 2.461 1 .830 45.9 42.3 
30.0 151 .4 76.8 74.6 4.8 2.624 1 .817 44.5 40.3 
35.0 138.8 105.0 33.9 4 .1 2.604 1.860 44.7 41.0 
40.0 298.3 162.8 135.5 10.9 2.842 1.657 42.7 35.2 
45.0 388.0 241 .8 146.2 16.3 2.899 1 .448 42 .1 33.5 
50.0 525.6 336.6 189.0 26.2 2.987 1 .122 41.4 32.0 
55.0 517.3 414.8 102.5 27.8 3.011 1 .187 41.2 31.5 
60.0 597.6 478.3 119 .3 35.4 3.042 1 .136 40.9 30.5 
65.0 646.5 542.4 104 .1 38.8 3.066 1.268 40.6 29.9 
70.0 754.0 616.4 137.6 45.2 3.084 1.279 40.4 29.6 
72.0 805.8 651.9 153.9 47.4 3.098 1.247 40.3 29.7 

Total Driving Time 25.37 min. only if hammer runs continuously 

C&D P21, Driveabi I it~, SPT Parm, DYN 

Goble Rausche Likins & Associates, Inc. Friction Factor= 1.000 GRLWEAP<TM) Version 1.993-1 
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C&D P21, Driveability, MDF Parm, ST 10/10/94 

Friction Loss/Gain Factor 1 .000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
15.0 .0 .0 .o .o .000 .000 .o .0 
20.0 75.5 15.2 60.3 2.9 2.419 1 .697 46 .1 44.5 
25.0 78.4 37.0 41 .4 3 .1 2.425 1 .670 46.0 43.9 
30.0 168.3 74.6 93.6 6.7 2.582 1 .533 44.3 40.2 
35.0 142 .1 100.7 41.4 5.8 2.562 1 .583 44.5 40.8 
40.0 304.4 137.4 167. 1 15. 1 2.773 1 .306 42.6 35.5 
45.0 372.6 192.9 179.7 20.3 2.859 1 .197 42.0 34.2 
50.0 514.9 282.7 232.2 32.6 2.921 .926 41 .4 32.5 
55.0 483.0 356.6 126.4 30.3 2.941 1 .053 41 .4 32.4 
60.0 564.6 417 .1 147.4 40.0 2.969 .970 41.0 31 .5 
65.0 609.5 481 .0 128.5 45.5 3.000 1 .058 40.8 31.4 
70.0 727.5 558.3 169.2 57.8 3.036 .991 40.5 31 .2 
72.0 785.0 595.4 189.6 61 . 1 3.071 .925 40.3 31.3 

Total Driving Time 30.67 min. only if hammer runs continuously 

C&D P21, Driveabi I iTV, MDF Parm, ST 10/10/94 

Goble Rausche Likins & AssociaTes, Inc. FricTion FacTor= 1.000 GRLWEAP(TM) Version 1.993-1 

- - - - CapaciTV (kips) -- - - Com.STress (ksi) - - - - ENTHRU (k-fT) FricTion (%) 
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C&D P21, Drvblty, STD Parm, MDF Capacity 10/10/94 

Friction Loss/Gain Factor 1 .000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
15.0 .0 .0 .o .0 .000 .000 .o .0 
20.0 95.9 31 . 1 64.9 4.0 2.424 1 .534 45.7 42.2 
25.0 126.6 79.6 46.9 5.4 2.547 1 .536 44.8 41 .6 
30.0 247.9 149.4 98.6 12.6 2.712 1 .240 43.0 37.0 
35.0 251 .4 206.7 44.8 12.9 2.772 1.306 42.8 36.3 
40.0 438.4 267.3 171 . 1 27.8 2.921 .847 41.6 33.2 
45.0 557 .1 373.8 183.3 41 .9 3.018 .677 41.0 32.4 
50.0 779 .1 544.0 235 .1 68.6 3. 111 .610 40.3 33 .1 
55.0 815.7 687.4 128.2 65.5 3 .155 .443 40 .1 32.7 
60.0 949.1 800.2 148.9 75.0 3.198 .419 39.7 31.8 
65.0 1050.7 921 .1 129.6 81.6 3.235 .596 39.4 31.3 
70.0 1235.4 1065.5 169.9 102.7 3.269 .496 39 .1 31.5 
72.0 1324.9 1134. 8 190.2 116. 1 3.296 .425 39.0 31.7 

Total Driving Time 60.88 min. only if hammer runs continuously 

C&D P21, Drvbltv, STD Parm, MDF CapacitV 

Goble Rausche Likins & Associates, Inc. Friction Factor= 1.000 

10/10/94 

GRLWEAP<TM) Version 1.993-1 
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C&D P21, Drvblty, SPT Parm, MDF Capacity 10/10/94 

Friction Loss/Gain Factor 1. 000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
15.0 .o .0 .0 .0 .000 .000 .0 .0 
20.0 95.9 31 . 1 64.9 3.2 2.563 1 .855 45 .1 42.3 
25.0 126.6 79.6 46.9 3.8 2.592 1 .849 44.8 41.4 
30.0 247.9 149.4 98.6 8.6 2.783 1. 716 43.2 37 .1 
35.0 251 .4 206.7 44.8 8.4 2.798 1. 774 43.2 36.9 
40.0 438.4 267.3 171 . 1 18. 1 2.964 1 .428 41 .8 32.4 
45.0 557 .1 373.8 183.3 25.6 3.020 1 .212 41 .4 31 .6 
50.0 779 .1 544.0 235 .1 45.6 3 .138 .723 40.5 31.7 
55.0 815.7 687.4 128.2 49.5 3 .179 .697 40.3 31.2 
60.0 949.1 800.2 148.9 56.9 3.215 .622 39.9 30.4 
65.0 1050.7 921. 1 129.6 60.8 3.244 .821 39.7 30.5 
70.0 1235.4 1065.5 169.9 69.7 3.234 .763 39.5 30.5 
72.0 1324.9 1134.8 190.2 77.7 3.206 .667 39.7 29.8 

Total Driving Time 42.53 min. only if hammer runs continuously 

C&D P21, Drvblty, SPT Parm, MDF Capacity 10/10/94 

Goble Rausche Likins & Associates, Inc, Friction Factor= 1 .000 GRLWEAP(TM) Version 1.993-1 

- - - - Capacity (kips) -- - - Com.Stress (ksi) - - - - ENTHRU < k-ft) Friction(%) 
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Figure A.74: Driveability Graph MDF-Cap-SPT Analysis for C&D Canal, Pier 21, DE 
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WHITE CITY, Driveability, STD Parm, ST 10/10/94 

Friction Loss/Gain Factor 1 .000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
3.0 122.2 .0 122.2 6.7 1 .652 .674 46.3 29.2 
6.0 108.2 .0 108.2 5.6 1.647 . 711 46.5 30.9 
9.0 94.2 .0 94.2 4.7 1 .567 .676 47.4 31.5 

12.0 128.3 .0 128.3 7.2 1 .644 .649 46.3 28.4 
15.0 146.3 .0 146.3 8.8 1 .655 .608 46.0 26.4 
18.0 37.3 .0 37.3 2 .1 1.443 .720 49.3 37 .1 
21.0 23.3 .o 23.3 1. 7 1 .367 .678 50.0 39 .1 
24.0 168.3 .o 168.3 10.8 1. 732 .614 45.2 25.5 
27.0 90.3 .0 90.3 4.5 1 .558 .680 47.5 31.9 
30.0 107 .1 .6 106.5 5.7 1 .563 .636 47.2 29.7 
33.0 495.0 4.4 490.5 72.4 1. 981 .324 42 .1 17. 8 
35.0 533.2 8.5 524.6 92 .1 1 .980 .286 42.0 17 .3 
37.2 620.2 13.5 606.7 143.8 1 .982 .201 41.8 16. 1 

Total Driving Time 16.40 min. only if hammer runs continuously 

WHITE CITY, Driveabi I iTV, STD Parm, ST 

Goble Rausche LiKins & AssociaTes, Inc. FricTion FacTor= 1.000 GRLWEAP(TM) Version 1.993-1 

8.0 

16.0 

~ 

+-
<,. 
~ 

.c 24.0 
+-
0. 
~ 

A 

32.0 

40.0 

- - - - CapaciTV (Kips) Com.STress (Ksi) 

130 260 390 520 650 0.80 1.60 2.40 3.20 4.00 

i r 
l ' ~ 
I 

' ' 
\ 
' 

~ 'lo ' ~ ,,, 
• ,(, 

I I 

\" 
'\ 

u / 

--- - -

I 

I ' 

) ' ' ~ --, 
----

.... 
~ ! 

\, 

.l 
I 
a 

30 60 90 120 150 0,80 1,60 2.40 3.20 4.00 

Blow CounT (BPF) Ten.STress (Ksi) 

ENTHRU ( K-fT) 

8.0 16.0 24.0 32.0 40.0 

'i. , 
• ' \ 
j I 

I 
r 

J I ...__ 

.___ .... \ 
\ 

- ---J 
' ' I 

.. ,,, ,J 

.,,. -

f ,I. 

J 

10 20 30 40 50 

B I • RTe . ( 8/m i n ) 

FricTion (X) 

50 100 
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WHITE CITY, Driveability, SPT Parm, ST 10/10/94 

Friction Loss/Gain Factor 1 .000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
3.0 122.2 .0 122.2 4.0 1. 625 .838 47.3 32.6 
6.0 108.2 .0 108.2 3.4 1 .549 .781 48.0 33.5 
9.0 94.2 .0 94.2 2.8 1 .536 .791 48.2 35.7 

12.0 128.3 .0 128.3 4.5 1 .570 .769 47.5 30.5 
15.0 146.3 .o 146.3 5.3 1 .654 .827 46.7 29.6 
18.0 37.3 .0 37.3 1. 8 1. 416 .745 49.8 36.0 
21 .0 23.3 .0 23.3 1. 6 1 .337 .681 50.4 37.3 
24.0 168.3 .0 168.3 6.5 1. 710 .844 46 .1 28 .1 
27.0 90.3 .0 90.3 2.7 1. 491 .750 48.6 35.4 
30.0 107 .1 .6 106.5 3.5 1. 515 .745 48.3 32.9 
33.0 495.0 4.4 490.5 35.9 1 .907 .493 43.0 18.7 
35.0 533.2 8.5 524.6 42.9 1 . 911 .462 42.8 17.9 
37.2 620.2 13.5 606.7 61.3 1 .982 .540 42 .1 17.2 

Total Driving Time 8.08 min. only if hammer runs continuously 

WHITE CITY, Driveabi I it~, SPT Parm, ST 10/10/94 

Goble Rausche Likins~ Associates, Inc. Friction Factor= 1.000 GRLWEAP<TM> Version 1.993-1 
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WHITE CITY, Driveability, SPT Parm, DYN 10/10/94 

Friction Loss/Gain Factor 1 .000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
3.0 101. 2 .0 101. 2 4.2 1.564 .719 47.6 33.0 
6.0 89.2 .o 89.2 3.5 1.563 .747 47.8 34.4 
9.0 78.2 .o 78.2 3.0 1 .567 .780 48.0 35.8 

12.0 107.3 .0 107.3 4.5 1 .557 .696 47.5 32.3 
15.0 123.3 .0 123.3 5.5 1 .558 .660 47.3 30.6 
18.0 28.3 .0 28.3 1. 7 1.309 .623 50.4 37.9 
21.0 16.3 .0 16.3 1.5 1 .204 .535 51.2 39.7 
24.0 143.3 .o 143 .3 6.7 1 .623 .676 46.5 29.6 
27.0 76.3 .0 76.3 2.9 1. 511 .726 48.4 35.3 
30.0 91 . 1 .6 90.5 3.7 1 .508 .687 48.2 33.5 
33.0 456.1 4.6 451 .6 50.6 1 .935 .588 42.7 18.7 
35.0 471.9 8.8 463.0 54.8 1 .939 .579 42.6 18.5 
37.2 538.8 14.0 524.8 82.4 1. 937 .527 42.4 17.6 

Total Driving Time 10 .14 min. only if hammer runs continuously 

WHITE CITY, Driveabi I ity, SPT Parm, DYH 10/10/94 

Goble Rausche Likins & Associates, Inc. Friction Factor= 1.000 GRLWEAP(TM) Uersion 1.993-1 
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APALACHICOLA, STD, STATIC, DRIVEABILITY 10/10/94 

Friction Loss/Gain Factor 1 .000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
10.0 235.2 20.0 215.2 20.9 1 .890 .639 60.0 20.8 
15.0 169.4 31.2 138.2 14.4 1 .891 .785 60.0 20.8 
20.0 92.3 34.0 58.4 7.4 1. 891 1 .043 60.0 22 .1 
25.0 102.0 39.5 62.5 8.2 1. 891 1. 019 60.0 20.8 
30.0 134.5 50.9 83.7 11 . 0 1. 891 .919 60.0 20.9 
35.0 82.7 47.0 35.7 6.5 1. 891 1 . 113 60.0 21.9 
40.0 76.3 49.2 27 .1 6.3 1 .892 1 .144 60.0 20.7 
45.0 95.8 57.2 38.6 7.6 1 .904 1.074 60.0 20.8 
50.0 164 .1 71.3 92.7 13.6 1. 919 .843 60.0 20.6 
55.0 215.5 90.0 125.5 18.4 1 .930 .686 60.0 20.5 
60.0 268.3 115. 1 153.2 23.7 1 .938 .538 60.0 20.3 
65.0 339.5 143.6 195.9 31.4 1 .946 .375 60.0 20.2 
70.0 474 .1 180 .1 294.0 48.5 1. 951 .354 60.0 20.2 
75.0 428.9 209.2 219.7 41.8 1. 951 .330 60.0 20 .1 
80.0 450.7 229.3 221.4 43.4 1 .948 .341 60.0 20 .1 
85.0 560 .1 266.0 294.1 57.3 1 .943 .335 60.0 19.8 
89.0 655.2 295.0 360.2 76.0 1 .932 .353 60.0 19.5 

Total Driving Time 32.96 min. for 60.0 bl/min 

Blow Rate: 50 bl/min 40 bl/min 30 bl/min 
Total Driving Time: 39.55 min 49.44 min 65.92 min 

APALACHICOLA, STD, STATIC, DRIVEABILITY 10/10/94 

Goble Rausche Likins & Associates, Inc. Friction Factor= 1.000 GRLWEAP(TM) Version 1.993-1 
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Figure A.78: Driveability Graph STD-ST Analysis for Apalachicola, FL 
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APALACHICOLA, SPT, STATIC, DRIVEABILITY 10/10/94 

Friction Loss/Gain Factor 1 .000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
10.0 235.2 20.0 215.2 13. 1 1. 891 .883 60.0 20.8 
15.0 169.4 31.2 138.2 10.0 1 .891 1 . 011 60.0 20.9 
20.0 92.3 34.0 58.4 6 .1 1 .890 1 . 181 60.0 20.6 
25.0 102.0 39.5 62.5 6.4 1. 891 1 .162 60.0 21 .7 
30.0 134.5 50.9 83.7 8.9 1 .897 1 .087 60.0 20.6 
35.0 82.7 47.0 35.7 6 .1 1 .906 1.209 60.0 20.5 
40.0 76.3 49.2 27 .1 6 .1 1. 912 1. 217 60.0 20.5 
45.0 95.8 57.2 38.6 6.5 1 .923 1 .172 60.0 21.8 
50.0 164 .1 71 .3 92.7 10.6 1 .940 1. 017 60.0 20.6 
55.0 215.5 90.0 125.5 13.8 1 .948 .871 60.0 20.4 
60.0 268.3 115. 1 153.2 17.6 1 .955 .717 60.0 20.2 
65.0 339.5 143.6 195.9 23 .1 1 .963 .530 60.0 20.5 
70.0 474.1 180 .1 294.0 32.9 1.966 .491 60.0 20.2 
75.0 428.9 209.2 219.7 31.0 1 .966 .436 60.0 20 .1 
80.0 450.7 229.3 221 .4 32.4 1 .959 .464 60.0 19.9 
85.0 560.1 266.0 294.1 40.5 1 .949 .558 60.0 19.6 
89.0 655.2 295.0 360.2 50.6 1 .936 .614 60.0 19.2 

Total Driving Time 23.99 min. for 60.0 bl/min 

Blow Rate: 50 bl/min 40 bl/min 30 bl/min 
Total Driving Time: 28.79 min 35.99 min 47.98 min 

APALACHICOLA, SPT, STATIC, DRIVEABILITY 10/10/94 

Goble Rausche LiKins & Associates, Inc. Friction Factor= 1.000 GRLWEAP<TM) Version 1.993-1 
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84 

Friction 00 

50 100 

, 
I, 

T 
T .. 
. 
I 

' J 

1 
'I 

" ~ 
I 
~ 

' 

) 
; 



APALACHICOLA, SPT, DYNAMIC, DRIVEABILITY 10/10/94 

Friction Loss/Gain Factor 1 .000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress 'Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
10.0 215.7 26.0 189.6 12.6 1. 890 .890 60.0 20.8 
15.0 163.8 41.2 122.6 10.2 1. 890 .983 60.0 20.9 
20.0 102.2 47 .1 55.2 6.7 1. 891 1 .120 60.0 22 .1 
25.0 112. 0 54.4 57.6 7.5 1. 891 1.103 60.0 20.9 
30.0 146.1 69.4 76.6 9.9 1 .896 1 .023 60.0 20.8 
35.0 102.0 67.9 34.2 7.2 1. 914 1 .130 60.0 21.0 
40.0 99 .1 72.4 26.7 7.2 1. 927 1 .132 60.0 21.0 
45.0 119. 0 81.8 37.2 9.0 1 .940 1 .083 60.0 20.5 
50.0 181. 8 97.2 84.6 12.3 1 .955 .938 60.0 20.4 
55.0 229.9 116. 0 113. 9 15.7 1 .965 .800 60.0 20.3 
60.0 277. 7 139.3 138.4 19.2 1.974 .656 60.0 20 .1 
65.0 339.8 165.3 174.5 24.5 1 .984 .560 60.0 20.3 
70.0 463 .1 200.1 263 .1 34.9 1. 991 .455 60.0 19.9 
75.0 424.3 227.8 196.5 32.8 1 .992 .410 60.0 19.8 
80.0 445.2 247.2 198.0 34.2 1 .984 .428 60.0 19.5 
85.0 545.4 282.3 263 .1 42.7 1. 971 .487 60.0 19.3 
89.0 632.6 310.2 322.4 53.9 1 .953 .463 60.0 18.9 

Total Driving Time 25.85 min. for 60.0 bl/min 

Blow Rate: 50 bl/min 40 bl/min 30 bl/min 
Total Driving Time: 31.02 min 38.78 min 51 .70 min 

APALACHICOLA, SPT, DYNAMIC, DRIVEABILITY 10/10/94 

Goble Rausche Likins t Associates, Inc. Friction Factor= 1.000 GRLWEAP(TM) Version 1.993-1 
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APALACHICOLA, MDF, STATIC, DRIVEABILITY 10/ 10/94 

Friction Loss/Gain Factor 1 .000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
10.0 235.2 20.0 215.2 14.4 1. 891 .903 60.0 20.8 
15.0 169.4 31.2 138.2 10.7 1. 891 1 .003 60.0 20.9 
20.0 92.3 34.0 58.4 6.5 1. 891 1.161 60.0 20.7 
25.0 102.0 39.5 62.5 6.7 1. 891 1 .143 60.0 21.2 
30.0 134.5 50.9 83.7 9.4 1. 891 1 .067 60.0 20.6 
35.0 82.7 47.0 35.7 6.4 1. 891 1 .187 60.0 20.6 
40.0 76.3 49.2 27 .1 6.3 1 .892 1 .202 60.0 20.6 
45.0 95.8 57.2 38.6 6.7 1 .904 1 .153 60.0 21 .9 
50.0 164 .1 71.3 92.7 11 . 2 1. 919 .998 60.0 20.6 
55.0 215.5 90.0 125.5 15.0 1 .930 .866 60.0 20.5 
60.0 268.3 115. 1 153.2 19.3 1 .937 .727 60.0 20.4 
65.0 339.5 143.6 195.9 25.8 1. 945 .567 60.0 20.2 
70.0 474.1 180 .1 294.0 40.3 1. 951 .454 60.0 20.1 
75.0 428.9 209.2 219.7 35.6 1 .952 .448 60.0 20 .1 
80.0 450.7 229.3 221.4 38.0 1 .949 .486 60.0 20.0 
85.0 560 .1 266.0 294.1 48.2 1 .943 .432 60.0 19.8 
89.0 655.2 295.0 360.2 61.3 1. 933 .451 60.0 19.5 

Total Driving Time 27.27 min. for 60.0 bl/min 

Blow Rate: 50 bl/min 40 bl/min 30 bl/min 
Total Driving Time: 32.72 min 40.90 min 54.54 min 

APALACHICOLA, MDF, STATIC, DRIVEABILITY 10/10/94 

Goble Rausche Likins & Associates, Inc. Friction Factor= 1.000 GRLWEAP(TM) Version 1.993-1 
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APALACHICOLA, Drvblty, MDF CAPACITY, STD 10/10/94 

Friction Loss/Gain Factor 1 .000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
10.0 249.5 32.2 217.3 22.4 1 .899 .614 60.0 20.8 
15.0 194.9 51.7 143.2 16.9 1 .899 . 721 60.0 20.8 
20.0 126.0 60.7 65.2 10.4 1 .899 .939 60.0 20.9 
25.0 139.9 70.3 69.6 11. 6 1 .899 .908 60.0 20.8 
30.0 177 .1 87.3 89.8 15.0 1 .899 .806 60.0 20.8 
35.0 129.6 87.9 41.7 10.8 1 .906 .986 60.0 20.8 
40.0 125.8 93.6 32.3 10.5 1 .923 1. 015 60.0 20.8 
45.0 148.5 104.4 44 .1 12.2 1 .934 .939 60.0 20.6 
50.0 218.4 120.5 97.9 18.6 1 .945 .727 60.0 20.5 
55.0 280.7 150.0 130.7 25 .1 1 .952 .561 60.0 20.3 
60.0 348.1 190.0 158.0 32.2 1 .960 .397 60.0 20.2 
65.0 436.3 235.5 200.8 44 .1 1 .965 .342 60.0 20.0 
70.0 590.0 292 .1 298.0 66.7 1 .970 .400 60.0 19.8 
75.0 565.5 341 .7 223.8 59.8 1 .968 .492 60.0 19.7 
80.0 600.4 375.3 225.1 64.9 1. 968 .486 60.0 19.5 
85.0 713.7 416 .1 297.6 93.7 1. 961 .447 60.0 19. 1 
89.0 827.9 464.1 363.8 150 .1 1. 949 .419 60.0 18.7 

Total Driving Time 48.07 min. for 60.0 bl/min 

Blow Rate: 50 bl/min 40 bl/min 30 bl/min 
Total Driving Time: 57.68 min 72.10 min 96.14 min 

APALACHICOLA, Drvblty, MDF CAPACITY, STD 10/10/94 

Goble Rausche Likins & Associates, Inc. Friction Factor= 1.000 GRLWEAP<TM) Uersion 1.993-1 
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APALACHICOLA, Drvblty, MDF CAPACITY, SPT 10/10/94 

Friction Loss/Gain Factor 1 .000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
10.0 249.5 32.2 217 .3 14. 3 1. 899 .858 60.0 20.7 
15.0 194.9 51.7 143.2 11 . 8 1 .899 .950 60.0 20.7 
20.0 126.0 60.7 65.2 8.3 1 .899 1 .097 60.0 20.7 
25.0 139.9 70.3 69.6 9.6 1 .908 1 .076 60.0 20.7 
30.0 177 .1 87.3 89.8 11. 7 1 .940 .991 60.0 20.6 
35.0 129.6 87.9 41 .7 9.5 1 .963 1.100 60.0 20.6 
40.0 125.8 93.6 32.3 9.5 1. 975 1.104 60.0 20.6 
45.0 148.5 104.4 44 .1 10.7 1. 983 1 .048 60.0 20.5 
50.0 218.4 120.5 97.9 14.8 1. 996 .888 60.0 20.3 
55.0 280.7 150.0 130.7 19. 1 2.006 .706 60.0 20.0 
60.0 348.1 190.0 158.0 24.7 2.018 .504 60.0 20.3 
65.0 436.3 235.5 200.8 32.2 2.026 .443 60.0 19.8 
70.0 590.0 292.1 298.0 44.1 2.031 .583 60.0 19.5 
75.0 565.5 341 .7 223.8 43.0 2.029 .563 60.0 19.2 
80.0 600.4 375.3 225 .1 46.8 2.018 .555 60.0 18.8 
85.0 713.7 416 .1 297.6 62.6 1 .994 .550 60.0 18.3 
89.0 827.9 464.1 363.8 92.2 1 .972 .515 60.0 17.9 

Total Driving Time 34.20 min. for 60.0 bl/min 

Blow Rate: 50 bl/min 40 bl/min 30 bl/min 
Total Driving Time: 41.04 min 51 .30 min 68.40 min 

APALACHICOLA, Drvblt~, MDF CAPACITY, SPT 10/10/94 

Goble Rausche Likins & Associates, Inc. Friction Factor= 1.000 GRLWEAP(TM) Uersion 1.993-1 
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Figure A.83: Driveability Graph MDF-Cap-SPT Analysis for Apalachicola, FL 
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Aucilla, Driveabili ty, STD, Static 10/10/94 

Friction Loss/Gain Factor 1 .000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
5.0 221 .0 19.0 201.9 32.3 1. 615 .216 60.0 13. 1 

10.0 89.3 49.1 40.2 11 . 7 1 .615 .384 60.0 13.0 
15.0 170.2 89.6 80.6 22.8 1. 616 .332 60.0 13. 1 
20.0 237.8 120.2 117 .6 33.7 1 .639 .444 60.0 13.0 
25.0 263.8 144.2 119. 6 37.4 1 .695 .483 60.0 13.0 
30.0 287.7 166.8 120.9 41.3 1. 765 .418 60.0 12.9 
35.0 384.4 197.8 186.6 61.5 1 .835 .609 60.0 12.6 
40.0 490.2 238.6 251 .6 101 .0 1 .888 .620 60.0 12.2 
45.0 394.2 269.3 124.9 63.9 1 .888 .510 60.0 12. 1 
50.0 311 .3 279.8 31.5 45.0 1 .844 .298 60.0 12.0 
55.0 709.4 290.9 418.5 769.7 1 .823 .255 60.0 10.9 
60.0 599.5 290.5 309 .1 256.8 1. 774 .159 60.0 10.5 
63.0 667.7 291 .5 376 .1 573.9 1. 763 . 113 60.0 10.2 

Total Driving Time 133 .15 min. for 60.0 bl/min 

Blow Rate: 50 bl/min 40 bl/min 30 bl/min 
Total Driving Time: 159.78 min 199.72 min 266.30 min 

Auci I la, Driveabi I ity, STD, Static 10/10/94 

Goble Rausche LiKins ~ Associates, Inc. Friction Factor= 1.000 GRLWEAP(TM) Version 1.993-1 
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Figure A.84: Driveability Graph STD-ST Analysis for Aucilla, FL 
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Aucilla, Driveability, STD, Dynamic 10/10/94 

Friction Loss/Gain Factor 1 .000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
5.0 221 .0 19.0 201.9 32.3 1. 615 .216 60.0 13. 1 

10.0 89.3 49 .1 40.2 11. 7 1 . 615 .384 60.0 13.0 
15.0 167.5 87 .1 80.4 22.4 1 . 616 .333 60.0 13. 1 
20.0 182.6 115. 8 66.8 24.7 1. 635 .242 60.0 13.0 
25.0 216.4 147.6 68.7 30.5 1 .690 .447 60.0 13.0 
30.0 245.8 175.9 69.8 34.6 1. 760 .533 60.0 12.9 
35.0 312.8 205.5 107.3 45.8 1. 831 .373 60.0 12.8 
40.0 383.4 239.3 144 .1 61.0 1 .887 .574 60.0 12.4 
45.0 339.9 267.3 72.6 50.7 1 .892 .414 60.0 12.3 
50.0 301 .8 283.7 18 .1 43.2 1 .853 .265 60.0 12.0 
55.0 580.7 298.8 281 .9 202.0 1 .829 .253 60.0 11 . 0 
60.0 506.8 298.6 208.3 122.7 1. 782 .156 60.0 10.6 
63.0 553.0 299.7 253.2 176.6 1. 769 . 112 60.0 10.2 

Total Driving Time 59 .16 min. for 60.0 bl/min 

Blow Rate: 50 bl/min 40 bl/min 30 bl/min 
Total Driving Time: 70.99 min 88.74 min 118. 32 min 

Auci I la, Driveabi I iTV, STD, Dvnamic 

Goble Rausche Likins~ AssociaTes, Inc, FricTion FacTor= 1,000 GRLWEAP(TM) Version 1.993-1 

14 

28 

,... 
-+-
4-
~ 

.s::. 42 
-+-a. ., 
A 

56 

- - - - CapaciTV (kips) Com.STress (ksi) 

120 240 360 480 600 0.40 0.80 1.20 1.60 2.00 

I 
It 

~ 
~ 
I 

"' I 
i 
~ 
I 

.l 
L 

45 90 135 180 225 0.20 0.40 0.60 0.80 1.00 

Blow CounT (BPF) Ten.STress (ksi) 

ENTHRU (k-fT) 

4.0 8.0 12.0 16.0 20.0 

i 
♦ 
I 
f 
J. 
I 

• 
i 
~ 

I 
t 
~ 
I 

' I 
~ 

I. 

" 
12 24 36 48 60 

Figure A.85: Driveability Graph STD-DYN Analysis for Aucilla, FL 
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Aucilla, Driveability, SPT, Static 10/ 10/94 

Friction Loss/Gain Factor 1 .000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
5.0 221 .0 19.0 201 .9 19.9 1. 616 .461 60.0 13.0 

10.0 89.3 49 .1 40.2 10.6 1. 617 .474 60.0 13.0 
15.0 170.2 89.6 80.6 20.2 1 .688 .320 60.0 13. 1 
20.0 237.8 120.2 117. 6 29.9 1. 784 .360 60.0 12.9 
25.0 263.8 144.2 119. 6 33.5 1. 855 .338 60.0 12.7 
30.0 287.7 166.8 120.9 36.7 1 .906 .479 60.0 12.3 
35.0 384.4 197.8 186.6 49.1 1 .953 .524 60.0 11. 7 
40.0 490.2 238.6 251 .6 73.3 1 .972 .513 60.0 11.1 
45.0 394.2 269.3 124.9 54.9 1 .933 .341 60.0 10.7 
50.0 311. 3 279.8 31.5 43.4 1. 871 .332 60.0 10.3 
55.0 709.4 290.9 418.5 434.1 1 .859 .241 60.0 9.6 
60.0 599.5 290.5 309.1 209.5 1 .846 .166 60.0 9. 1 
63.0 667.7 291.5 376 .1 369.4 1 .848 . 114 60.0 8.7 

Total Driving Time 90.32 min. for 60.0 bl/min 

Blow Rate: 50 bl/min 40 bl/min 30 bl/min 
Total Driving Time: 108.38 min 135.48 min 180.64 min 

Auci I la, Driveabi I it~, SPT, Static 

Goble Rausche Likins t Associates, Inc. Friction Factor= 1.000 GRLWEAP<TM) Version 1.993-1 
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Figure A.86: Driveability Graph SPT-ST Analysis for Aucilla, FL 
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Aucilla, Driveability, SPT, Dynamic 10/10/94 

Friction Loss/Gain Factor 1 .000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
5.0 221.0 19.0 201.9 26.5 1. 619 .190 60.0 13.0 

10.0 89.3 49.1 40.2 11 . 0 1. 615 .434 60.0 13.0 
15.0 167.5 87 .1 80.4 21 .3 1.635 .333 60.0 13.2 
20.0 182.6 115. 8 66.8 24.5 1. 716 .441 60.0 13. 1 
25.0 216.4 147.6 68.7 29.7 1. 796 .427 60.0 13.0 
30.0 245.8 175.9 69.8 33.0 1 .858 .351 60.0 12.7 
35.0 312.8 205.5 107.3 41 .1 1 .922 .565 60.0 12.2 
40.0 383.4 239.3 144 .1 52.5 1 .964 .603 60.0 11. 5 
45.0 339.9 267.3 72.6 46.0 1 .945 .504 60.0 11. 4 
50.0 301 .8 283.7 18. 1 41 .1 1.877 .507 60.0 11 . 2 
55.0 580.7 298.8 281 .9 149.7 1.854 .302 60.0 10.0 
60.0 506.8 298.6 208.3 98.9 1 .822 .183 60.0 9.7 
63.0 553.0 299.7 253.2 191 .4 1. 818 .074 60.0 9.2 

Total Driving Time 51.10 min. for 60.0 bl/min 

Blow Rate: 50 bl/min 40 bl/min 30 bl/min 
Total Driving Time: 61.32 min 76.65 min 102.20 min 

~uci I la, Driveabi I ity, SPT, Dynamic 10/10/94 

~oble Rausche Likins & Associates, Inc, Friction Factor= 1.000 GRLWEAP(TM) Version 1.993-1 
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Aucilla, Driveability, MDF, Static 10/10/94 

Friction Loss/Gain Factor 1. 000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
5.0 221 .0 19.0 201 .9 21.0 1. 615 .240 60.0 13.0 

10.0 89.3 49 .1 40.2 9.8 1. 615 .486 60.0 13. 1 
15.0 170.2 89.6 80.6 19. 1 1 . 616 .392 60.0 13. 1 
20.0 237.8 120.2 117. 6 28.4 1 .639 .496 60.0 13.0 
25.0 263.8 144.2 119. 6 32.8 1 .695 .596 60.0 13.0 
30.0 287.7 166.8 120.9 36.3 1. 764 .558 60.0 12.9 
35.0 384.4 197.8 186.6 51.0 1. 834 .579 60.0 12.6 
40.0 490.2 238.6 251 .6 77.9 1. 888 .684 60.0 12.3 
45.0 394.2 269.3 124.9 56.5 1 .888 .552 60.0 12.2 
50.0 311. 3 279.8 31.5 43.6 1 .844 .291 60.0 12.0 
55.0 709.4 290.9 418.5 388 .1 1 .823 .324 60.0 11 . 0 
60.0 599.5 290.5 309.1 171. 9 1. 774 .245 60.0 10.6 
63.0 667.7 291 .5 376.1 320.5 1. 763 .184 60.0 10.3 

Total Driving Time 83 .18 min. for 60.0 bl/min 

Blow Rate: 50 bl/min 40 bl/min 30 bl/min 
Total Driving Time: 99.82 min 124.77 min 166.36 min 

Auci I la, Driveabi I itv, MDF, Static 

Goble Rausche Likins & Associates, Inc. Friction Factor= 1,000 GRLWEAP<TM) Uersion 1.993-1 
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Figure A88: Driveability Graph MDF-ST Analysis for Aucilla, FL 

93 

Friction(%) 

50 100 

..._ 

' '• 
I 

~ 

? 

£ 

' 
'I 

\ ,,. ,, 
D 

' 
,i 



Aucilla, Driveability, MDF, Dynamic 10/10/94 

Friction Loss/Gain Factor 1. 000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
5.0 221 .o 19.0 201.9 21 .0 1 .615 .240 60.0 13.0 

10.0 89.3 49 .1 40.2 9.8 1. 615 .486 60.0 13. 1 
15.0 167.5 87.1 80.4 18.8 1 .616 .390 60.0 13. 1 
20.0 182.6 115. 8 66.8 21.4 1 .635 .377 60.0 13.0 
25.0 216.4 147.6 68.7 26.8 1 .689 .447 60.0 13.0 
30.0 245.8 175.9 69.8 32.0 1. 759 .598 60.0 13.0 
35.0 312.8 205.5 107.3 41.1 1 .830 .420 60.0 12.7 
40.0 383.4 239.3 144.1 52.9 1 .887 .566 60.0 12.5 
45.0 339.9 267.3 72.6 47.2 1 .892 .377 60.0 12.2 
50.0 301 .8 283.7 18 .1 42.5 1 .853 .261 60.0 11.9 
55.0 580.7 298.8 281 .9 143.9 1 .829 .317 60.0 11 . 0 
60.0 506.8 298.6 208.3 97.0 1. 782 .204 60.0 10.7 
63.0 553.0 299.7 253.2 129.8 1. 769 .170 60.0 10.3 

Total Driving Time 47.83 min. for 60.0 bl/min 

Blow Rate: 50 bl/min 40 bl/min 30 bl/min 
Total Driving Time: 57.40 min 71 .75 min 95.66 min 

Auci I la, Driveabi I iT~, MDF, D~namic 

Goble Rausche LiKins & AssociaTes, Inc. FrlcTion FacTor= 1.000 GRLWEAP<TM) Version 1.993-1 
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Figure A.89: Driveability Graph MDF-DYN Analysis for Aucilla, FL 
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Aucilla, Driveability, STD Method 10/10/94 

Friction Loss/Gain Factor 1 .000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
5.0 12.7 1 .3 11 . 4 4.8 1. 614 .816 60.0 12.9 

10.0 5 .1 1. 9 3.2 4.4 1. 614 .865 60.0 12.9 
15.0 12.9 7.9 4.9 4.7 1. 614 .817 60.0 12.9 
20.0 25.8 20.8 5 .1 5.4 1. 614 .743 60.0 13.0 
25.0 45.0 38.3 6.6 6.3 1. 615 .642 60.0 13.0 
30.0 61 . 1 53.7 7.4 7.8 1 .624 .567 60.0 13.0 
35.0 83.9 72.5 11 . 4 10.8 1 .652 .475 60.0 13.0 
40.0 105.9 93 .1 12.8 13.6 1 .684 .412 60.0 12.9 
45.0 120.6 113. 6 7 .1 15.7 1. 702 .404 60.0 12.9 
50.0 132.3 127.8 4.5 17.3 1. 706 .433 60.0 12.8 
55.0 750.4 144.6 605.8 1193. 5 1 .950 .322 60.0 12.2 
60.0 556.5 144 .1 412.5 159.5 1 .695 .284 60.0 12. 1 
63.0 839.7 145.3 694.4 9999.0 1 .972 .258 60.0 11 . 8 

Total Driving Time 113.68 min. for 60.0 bl/min 

Blow Rate: 50 bl/min 40 bl/min 30 bl/min 
Total Driving Time: 136.42 min 170.52 min 227.36 min 

Auci I la, Driveabi I itµ, STD Method 10/10/94 

GRLWEAP<TM) Uersion 1.993-1 Goble Rausche Likins & Associates, Inc. Friction Factor= 1.000 
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Figure A.90: Driveability Graph STD (FHWA) Analysis for Aucilla, FL 
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Vilano-East, Driveability, STD, Static 10/10/94 

Friction Loss/Gain Factor 1 .000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
5.0 43.5 1. 4 42.1 2.0 1 .194 .034 62.0 41 .4 

10.0 34.2 3.8 30.4 1. 7 1 .188 .083 62.6 42.9 
15.0 22.8 4.8 18.0 1.5 1.102 .089 63.8 40.5 
20.0 45.0 8.6 36.4 1. 9 1 .260 .087 61.6 42.5 
25.0 108.6 13.2 95.5 4.9 1. 789 . 113 54.5 36.8 
30.0 292.9 23.9 269.0 18.3 2.253 .037 47.3 30 .1 
35.0 506.6 32.7 473.9 39.7 2.634 .067 47.3 23.8 

Total Driving Time 5.06 min. only if hammer runs continuously 

Ui lano-EasT, Driveabi I iT~, STD, STaTic 

Goble Rausche LiKins & AssociaTes, Inc. FricTion FacTor= 1.000 GRLWEAP<TM) Version 1.993-1 
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Figure A.91: Driveability Graph STD-ST Analysis for Vilano - East, FL 
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Vilano-East, Driveability, STD, Dynamic 10/10/94 

Friction Loss/Gain Factor 1 .000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
5.0 26.8 .8 26.0 -1.0 .000 .000 85.6 .0 

10.0 20.4 2 .1 18.3 1.5 1 .066 .074 64.1 40.6 
15.0 12. 1 2.4 9.7 -1.0 .000 .000 94.3 .o 
20.0 1. 3 .7 .6 -1.0 .000 .000 100 .1 .o 
25.0 97.7 8.6 89.1 4.4 1. 743 .120 55.2 38.2 
30.0 246.4 24.2 222.2 14 .1 2.145 .024 48.2 31 .4 
35.0 426.9 38.8 388.1 31.4 2.421 .000 48.2 24.6 

Total Driving Time 3.57 min. only if hammer runs continuously 

Vi lano-East, Driveabi I ity, STD, Dynamic 10/10/94 

Goble Rausche LiKins & Associates, Inc. Friction Factor= 1.000 GRLWEAP(TH) Version 1.993-1 
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Vilano-East, Driveability, SPT, Static 10/10/94 

Friction Loss/Gain Factor 1 .000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 

5.0 43.5 1. 4 42.1 1. 7 1 .238 .172 62.6 38 .1 
10.0 34.2 3.8 30.4 1. 5 1 .170 .148 63.3 39.3 
15.0 22.8 4.8 18.0 -1 . 0 .000 .000 86.6 .0 
20.0 45.0 8.6 36.4 1. 6 1 .180 .129 62.9 41 .1 
25.0 108.6 13.2 95.5 5.2 1. 816 .106 54.2 36.0 
30.0 292.9 23.9 269.0 17.3 2 .160 .024 47.5 31.4 
35.0 506.6 32.7 473.9 42.3 2.538 .053 47.0 27 .1 

Total Driving Time 4.94 min. only if hammer runs continuously 

Vi lano-East, Driveabi I ity, SPT, Static 

Goble Rausche Likins & Associates, Inc. Friction Factor= 1.000 GRLWEAP(TM) Version 1.993-1 

- - - - Capacity (kips) 

105 210 315 420 525 

. ~ 
I 

8.0 
I 

~ 
I 
I 

~ ,I. 
16.0 

.t: 24.0 ..., 
C. 

~ 

32.0 

40.0 

j 

~\ 

" 
. .__ 

~ ' ' --....__"', 

~ ' "' -,, 

10 20 30 40 50 

Blow Count (BPF) 

Com.Stress (ksi) 

0.80 1.60 2.40 3.20 4.00 

i 

\ 
\ 

'\,. 
\ 

\. 

0.08 0.16 0.24 0.32 0.40 

Ten.Stress (ksi) 

ENTHRU ( k-ft) 

10 20 30 40 50 

I i 
' 

--~ --><C'" - > -- /.m --
I 

I " I 
I 

• J 

I I 
I J 

20 40 60 80 100 

B I • Rte . < 8/m i n ) 

Figure A.93: Driveability Graph SPT-ST Analysis for Vilano - East, FL 
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Vilano-East, Driveability, SPT, Dynamic 10/10/94 

Friction Loss/Gain Factor 1 .000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
5.0 26.8 .8 26.0 -1.0 .000 .000 89 .1 .0 

10.0 20.4 2 .1 18.3 -1.0 .000 .000 88 .1 .0 
15.0 12. 1 2.4 9.7 -1 . 0 .000 .000 97.3 .0 
20.0 1 .3 .7 .6 -1 . 0 .000 .000 100.3 .0 
25.0 97.7 8.6 89 .1 4.3 1. 714 .104 55.4 38.7 
30.0 246.4 24.2 222.2 19. 1 2 .180 .021 47.3 33.2 
35.0 426.9 38.8 388 .1 31.4 2.300 .115 48 .1 27.2 

Total Driving Time 4.01 min. only if hammer _runs continuously 

Vi lano-East, Driveabi I ity, SPT, Dynamic 10/10/94 

Goble Rausche Likins & Associates, Inc. Friction Factor= 1.000 GRLWEAP(TM) Version 1.993-1 
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Vilano-East, Driveability, MDF, Static 10/10/94 

Friction Loss/Gain Factor 1 .000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
5.0 43.5 1. 4 42.1 -1.0 .000 .000 84.8 .0 

10.0 34.2 3.8 30.4 1.5 1.099 .117 63.9 38.5 
15.0 22.8 4.8 18.0 1. 4 1 .050 .115 64.6 37.2 
20.0 45.0 8.6 36.4 1.6 1 .176 .137 63.0 40.5 
25.0 108.6 13.2 95.5 2.9 1 .654 .276 57.0 40 .1 
30.0 292.9 23.9 269.0 10 .1 2.065 .096 49.7 32.6 
35.0 506.6 32.7 473.9 24.5 2.222 .159 49.1 25.8 

Total Driving Time 2.83 min. only if hammer runs continuously 

Ui lano-EasT, Driveabi I iTy, MDF, STaTic 

Goble Rausche LiKins & AssociaTes, Inc. FriCTion FacTor= 1.000 GRLWEAP(TM) Version 1.993-1 
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Figure A.95: Driveability Graph MDF-ST Analysis for Vilano - East, FL 
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Vilano-East, Driveability, MDF, Dynamic 10/10/94 

Friction Loss/Gain Factor 1 .000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
5.0 26.8 .8 26.0 -1 . 0 .000 .000 90.2 .0 

10.0 20.4 2 .1 18.3 -1.0 .000 .000 87.7 .0 
15.0 12. 1 2.4 9.7 -1.0 .000 .000 98.2 .o 
20.0 1. 3 .7 .6 -1.0 .000 .000 100.3 .0 
25.0 97.7 8.6 89 .1 2.4 1 .627 .281 57.4 42.9 
30.0 246.4 24.2 222.2 7.8 2.018 .152 50.8 35.3 
35.0 426.9 38.8 388 .1 20 .1 2.061 .364 49.8 25.8 

Total Driving Time 1.96 min. only if hammer runs continuously 

Vi lano-East, Driveabi I ity, MDF, Dynamic 

Goble Rausche Likins & Associates, Inc. Friction Factor= 1.000 GRLWEAP(TM> Version 1.993-1 

,.., .., 
<.-
~ 

.c. .., 
a. ., .,, 

- - - - Capacity (kips) 

90 180 270 360 450 

• a 
I 

8. ,a J 

• .l 
I 
I 

• ,I, 
16. ,a 

' " 
24 • \" 0, ..__ 

' ' 
~ ' "" -32. 0 "'--.. --- t-. 

r--.. '-a 

40.0 

6.0 12.0 18.0 24.0 30.0 

Blow Count (BPF> 

Com.Stress (ksi > 

0.80 1,60 2.40 3.20 4.00 

~ 
~ --- -----. [7 \ 

.Y 
-......:i_ 

I ......______ 

.I. r----... 

0.08 0.16 0.24 0.32 0.40 

Ten.Stress <ksl > 

ENTHRU < k-ft > Friction OD 

10 20 30 40 50 50 100 

' 
. 
I 

' 

\ 
I 
~ 
I 

~ 

-~ 
_/ 

lJ -- --
\ 

\ 
, > 

/ ,, 

r - ,. 
I, 

/ 

' / 

.. 
I 
I 
t 

L/ I 
a 

22 44 66 88 110 

8 I • Rte • ( 8/m i n > 

Figure A.96: Driveability Graph MDF-DYN Analysis for Vilano - East, FL 
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Aucilla, Driveability, STD Method 

Friction Loss/Gain Factor 

10/10/94 

Depth 
feet 
5.0 

10.0 
15.0 
20.0 
25.0 
30.0 
35.0 
40.0 
45.0 
50.0 
55.0 
60.0 
63.0 

Ultimate 
Capacity 

kips 
12.7 

5 .1 
12.9 
25.8 
45.0 
61 .1 
83.9 

105.9 
120.6 
132.3 
750.4 
556.5 
839.7 

Skin 
Friction 

kips 
1 .3 
1.9 
7.9 

20.8 
38.3 
53.7 
72.5 
93 .1 

113. 6 
127.8 
144.6 
144 .1 
145.3 

End 
Bearing 

kips 
11. 4 
3.2 
4.9 
5 .1 
6.6 
7.4 

11 . 4 
12.8 

7 .1 
4.5 

605.8 
412.5 
694.4 

Blow 
Count 
bl/ft 

4.8 
4.4 
4.7 
5.4 
6.3 
7.8 

10.8 
13.6 
15.7 
17 .3 

1193.5 
159.5 

9999.0 

1 .000 

Max C. 
Stress 

ksi 
1. 614 
1. 614 
1 .614 
1. 614 
1. 615 
1 .624 
1 .652 
1 .684 
1. 702 
1. 706 
1 .950 
1 .695 
1 .972 

Max T. 
Stress 

ksi 
.816 
.865 
.817 
.743 
.642 
.567 
.475 
.412 
.404 
.433 
.322 
.284 
.258 

Blow 
Rate 

bpm 
60.0 
60.0 
60.0 
60.0 
60.0 
60.0 
60.0 
60.0 
60.0 
60.0 
60.0 
60.0 
60.0 

Total Driving Time 113.68 min. for 60.0 bl/min 

Blow Rate: 50 bl/min 40 bl/min 30 bl/min 
Total Driving Time: 136.42 min 170.52 min 227.36 min 

Auci I la, Driveabi I iTy, STD MeThod 

ENTHRU 
kip-ft 

12.9 
12.9 
12.9 
13.0 
13.0 
13.0 
13.0 
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11 . 8 

Goble Rausche Likins t AssociaTes, Inc. FricTion FacTor= 1.000 GRLWEAP(TM) Version 1.993-1 
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Figure A.97: Driveability Graph STD (FHWA) Analysis for Vilano - East, FL 
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Vilano-West, Driveability, STD, Static 10/10/94 

Friction Loss/Gain Factor 1 .000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
30.0 42.9 35.9 7.0 2.3 1 .932 .556 53.0 44.4 
35.0 62.2 54.4 7.8 2.9 1 . 951 .465 52.5 42.6 
40.0 78.8 70.5 8.4 3.7 2.033 .447 51 .5 41 . 1 
45.0 86.8 78.2 8.6 4.1 2.046 .461 51.3 39.4 
50.0 127.8 91.2 36.6 6.6 2 .170 .424 49.7 35.3 
55.0 139.6 102.5 37 .1 7.5 2 .190 .471 49.5 33.6 
60.0 183.9 117. 4 66.5 10.6 2.269 .454 48 .1 30.9 
62.0 255.3 130.5 124.8 18.0 2.331 .282 47 .1 27.9 

Total Driving Time 4.36 min. only if hammer runs continuously 

Ui lano-West, Driveabi I ity, STD, Static 

Goble Rausche Likins & Associates, Inc. Friction Factor= 1.000 GRLWEAP(TM) Uersion 1.993-1 
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Figure A.98: Driveability Graph STD-ST Analysis for Vilano - West, FL 

103 

Friction ( r.) 

50 100 

' ~ 
I 
+ 
I 

i 
.I 
I 
~ 

I 

V 



Vilano-West, Driveability, STD, Dynamic 10/10/94 

Friction Loss/Gain Factor 1 .000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
30.0 42.9 35.9 7.0 2.3 1. 932 .556 53.0 44.4 
35.0 62.2 54.4 7.8 2.9 1. 951 .465 52.5 42.6 
40.0 80 .1 71 .7 8.4 3.7 2.036 .443 51.5 40.9 
45.0 90.2 81.6 8.6 4.4 2.055 .449 51.2 38.8 
50.0 105.6 93 .1 12.6 5.4 2.084 .464 50.7 35.8 
55.0 118 .2 105.4 12.8 6.2 2 .169 .542 49.7 35.4 
60.0 178.4 121. 2 57.2 10.3 2.268 .470 48.2 31.2 
62.0 276.7 129.3 147.4 20.1 2.351 .227 46.8 27.5 

Total Driving Time 4.14 min. only if hammer runs continuously 

Vi lano-West, Driveabi I ity, STD, Dynamic 

Goble Rausche Likins t Associates, Inc. Friction Factor= 1.000 GRLWEAP(TM) Version 1.993-1 
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Figure A.99: Driveability Graph STD-DYN Analysis for Vilano - West, FL 
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Vilano-West, Driveability, SPT, Static 10/10/94 

Friction Loss/Gain Factor 1 .000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
30.0 42.9 35.9 7.0 2.0 1. 910 .603 53.3 44.6 
35.0 62.2 54.4 7.8 2.5 1. 961 .562 52.7 41.9 
40.0 78.8 70.5 8.4 2.9 2.073 .593 51.5 40.9 
45.0 86.8 78.2 8.6 3.5 2.096 .593 51.2 38.7 
50.0 127.8 91.2 36.6 5.8 2.218 .547 49.7 34 .1 
55.0 139.6 102.5 37 .1 7.3 2.248 .550 49.4 31 .8 
60.0 183.9 117 .4 66.5 11 . 1 2.320 .509 47.9 29 .1 
62.0 255.3 130.5 124.8 20.4 2.373 .200 46.9 26.6 

Total Driving Time 4.10 min. only if hammer runs continuously 

Vi lano-West, Driveabi I ity, SPT, Static 

Goble Rausche Likins & Associates, Inc. Friction Factor= 1.000 GRLWEAP(TM) Version 1.993-1 
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Figure A.100: Driveability Graph SPT-ST Analysis for Vilano - West, FL 
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Vilano-West, Driveability, SPT, Dynamic 10/10/94 

Friction Loss/Gain Factor 1 .000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
30.0 42.9 35.9 7.0 2.2 1 .926 .563 53.0 44.6 
35.0 62.2 54.4 7.8 2.8 1 .973 .517 52.4 41 .6 
40.0 80.1 71.7 8.4 3.9 2 .102 .488 50.9 38.9 
45.0 90.2 81.6 8.6 5 .1 2 .131 .451 50.5 35.7 
50.0 105.6 93 .1 12.6 6.7 2.216 .449 49.4 33.6 
55.0 118. 2 105.4 12.8 7.9 2.239 .480 49.2 31 .8 
60.0 178.4 121. 2 57.2 14 .1 2.349 .324 47.5 28.0 
62.0 276.7 129.3 147.4 21.0 2.368 .219 46.9 26.6 

Total Driving Time 4.85 min. only if hammer runs continuously 

Vi lano-West, Driveabi I itv, SPT, Dvnamic 

Goble Rausche Likins & Associates, Inc. Friction Factor= 1.000 GRLWEAP(TM) Version 1.993-1 
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Figure A.101: Driveability Graph SPT-OYN Analysis for Vilano - West, FL 
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Vilano-West, Driveability, MDF l Static 10/10/94 

Friction Loss/Gain Factor 1 .000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
30.0 42.9 35.9 7.0 2.2 1 .928 .572 53 .1 44.4 
35.0 62.2 54.4 7.8 2.8 1 .947 .480 52.6 42.8 
40.0 78.8 70.5 8.4 3.5 2.027 .461 51.6 41.4 
45.0 86.8 78.2 8.6 4.0 2.040 .477 51.4 39.6 
50.0 127.8 91.2 36.6 5.9 2 .158 .491 49.9 36.0 
55.0 139.6 102.5 37 .1 6.7 2 .178 .540 49.7 34.2 
60.0 183.9 117. 4 66.5 9.2 2.254 .573 48.5 31.8 
62.0 255.3 130.5 124.8 13.8 2.314 .483 47.4 29.0 

Total Driving Time 3.95 min. only if hammer runs continuously 

Vi lano-West, Driveabi I it~, MDF, Static 10/10/94 

Goble Rausche Likins & Associates, Inc. Friction Factor= 1.000 GRLWEAP<TM) Version 1.993-1 
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Figure A.102: Driveability Graph MDF-ST Analysis for Vilano - West, FL 
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Vilano-West, Driveability, MDF, Dynamic 10/10/94 

Friction Loss/Gain Factor 1.000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
30.0 42.9 35.9 7.0 2.2 1 .928 .572 53.1 44.4 
35.0 62.2 54.4 7.8 2.8 1.947 .480 52.6 42.8 
40.0 80.1 71. 7 8.4 3.6 2.032 .457 51.6 41.2 
45.0 90.2 81.6 8.6 4.2 2.049 .465 51.3 39.1 
50.0 105.6 93.1 12.6 5 .1 2.078 .488 50.8 36.2 
55.0 118. 2 105.4 12.8 5.9 2.167 .569 49.9 35.7 
60.0 178.4 121 .2 57.2 9.0 2.253 .571 48.6 31.9 
62.0 276.7 129.3 147.4 15.4 2.329 .455 47.2 28.3 

Total Driving Time 3.83 min. only if hammer runs continuously 

Vilano-West, Driveabi I it~, MDF, D~namic 

Goble Rausche LiKins & Associates, Inc, Friction Factor= 1.000 GRLWEAP(TM) Version 1.993-1 
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Figure A.103: Driveability Graph MDF-DYN Analysis for Vilano - West, FL 
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Vilano-West, Driveability, MDF, Static 10/10/94 

Friction Loss/Gain Factor 1 .000 

Ultimate Skin End Blow Max C. Max T. Blow 
Depth Capacity Friction Bearing Count Stress Stress Rate ENTHRU 
feet kips kips kips bl/ft ksi ksi bpm kip-ft 
30.0 42.9 35.9 7.0 2.2 1 .928 .572 53 .1 44.4 
35.0 62.2 54.4 7.8 2.8 1 .947 .480 52.6 42.8 
40.0 78.8 70.5 8.4 3.5 2.027 .461 51.6 41.4 
45.0 86.8 78.2 8.6 4.0 2.040 .477 51.4 39.6 
50.0 127.8 91.2 36.6 5.9 2.158 .491 49.9 36.0 
55.0 139.6 102.5 37 .1 6.7 2.178 .540 49.7 34.2 
60.0 183.9 117 .4 66.5 9.2 2.254 .573 48.5 31.8 
62.0 255.3 130.5 124.8 13.8 2.314 .483 47.4 29.0 

Total Driving Time 3.95 min. only if hammer runs continuously 

Vi lano-West, Driveabi I it~, MDF, Static 

Goble Rausche Likins & Associates, Inc. Friction Factor= 1.000 GRLWEAP(TM> Version 1.993-1 
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Figure A.104: Driveability Graph STD (FHWA) Analysis for Vilano - West, FL 
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APPENDIX B 

SPT STATIC LOAD TEST RESULTS 

B.1 LOAD VERSUS DISPLACEMENT PLOTS 

The sampler load vs displacement plots presented in this appendix were calculated from top 

measured load and displacement values, taking into account the weight of the drill rod, and the 

elastic compression or elongation of the drill rod. For uplift tests, the weight of the rod and the 

elastic elongation were subtracted from the measured top loads and displacements, 

respectively. For compression tests, the weight of the rod was added to the measured top 

loads and the elastic compression was subtracted from the measured top displacements. 

The static load tests were often repeated several times at different displacement rates. The 

loading followed by unloading is indicated on the load-displacement plots as cycle and the 

displacement rate is given in inches per minute for the cycle indicated. Some of the load tests 
were repeated after a waiting period as indicated on the plot whenever applicable. Also 

presented on the plots is the soil type based on the Unified Soil Classification System (USCS), 

the SPT N-value corrected to 60 percent maximum transferred energy (N60), and Davisson's 
failure criterion line. When an oversized tip was used in a compression test, N60 was obtained 
from the nearest measurement depth. N-values marked * were taken from existing soil borings 
and therefore uncorrected. 

Table B.1 summarizes the static load tests results performed for this study including the test 
locations, test type (i.e., uplift or compression), the maximum load measured (Ru), and the 

corresponding figure number. For uplift load tests with very low resistance values, only the load 
maxima are given in table B.1 and no load-displacement plots. 
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Table B.1: Summary of SPT Static Load Test Results 

Location of Test Site Test Depth Test type Ru Figure 

[ft-wait time] [kips] 

1. St. Mary, 40 Uplift 1.50 B.1 

Cleveland, OH 65 Uplift 2.10 B.2 

100 Uplift 0.90 B.3 

100-15hou rs Uplift 1.40 B.4 

103.5 Uplift 1.30 B.5 

105 Compression 4.00 B.6 

2. Fore River Bridge, 20 Uplift 0.10 --

Portland, ME 30 Uplift 0.18 --

40 Uplift 0.24 --

42 Compression 6.50 B.7 

54 Compression 5.50 B.8 

56 Compression 2.10 B.9 

3. C&D Canal, 14 Uplift 0.42 B.10 

Pier 17, DE 40 Uplift 0.05 --

50 Uplift 0.48 B.11 

55 Uplift 0.54 B.12 

55-1 hour Uplift 0.55 B.13 

55-14hours Uplift 0.80 B.14 

60 Uplift 0.80 B.15 

60-1 hour Uplift 0.70 B.16 

65 Uplift 2.30 B.17 

65-2hours Uplift 2.70 B.18 

70 Compression 3.50 B.19 

4. C&D Canal, 40 Uplift 0.65 B.20 

Pier 21, DE 40-1 hour Uplift 0.60 B.21 
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Table B.1: Summary of SPT Static Load Test Results (continued) 

Location of Test Site Test Depth Test Type Ru Figure 

[ft-wait time] [kips] 

4. C&D Canal, 55 Uplift 1.00 B.22 

Pier 21, DE 55-1 hour Uplift 0.90 B.23 

(continued) 65 Uplift 1.35 B.24 

70 Compression 1.75 B.25 

71 Compression 2.60 8.26 

5. White City Bridge, 31 Uplift 0.10 --

TP3, FL 32 Compression 5.00 B.27 

35 Compression 6.00 B.28 

6. White City Bridge, 15.5 Uplift 0.04 --

TP6, FL 33 Compression 8.00 --

7. Apalachicola River 20 Uplift 0.10 --

Bridge, FL 25 Uplift 0.15 --

25-14hours Uplift 0.22 --

55 Uplift 0.75 B.29 

55-1 hour Uplift 0.65 B.30 

75 Uplift 0.58 B.31 

75-1hour Uplift 0.42 B.32 

89 Compression 5.60 B.33 

8. Sunshine Skyway 27.5 Uplift 0.14 --

Bridge, FL 27.5-15hours Uplift 0.14 --

40 Uplift 0.03 --

45 Compression 11.50 B.34 

45.5 Uplift 1.25 B.35 

50 Uplift 0.68 B.36 

53 Compression 9.00 B.37 
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Table B.1: Summary of SPT Static Load Test Results (continued) 

Location of Test Site Test Depth Test Type Ru Figure 

[ft-wait time] [kips] 

9. Aucilla River Bridge, 10 Uplift 1.13 B.38 

FL 20 Uplift 0.92 B.39 

30 Uplift 0.82 B.40 

30-1 hour Uplift 0.90 B.40 

30-11 hours Uplift 1.05 B.40 

42 Compression 2.55 B.41 

45 Uplift 0.54 B.42 

45-15mins Uplift 0.61 B.42 

63 Compression 8.10 B.43 

67.5 Compression 6.75 B.44 

10. Vilano Bridge - East, 15 Compression 0.96 B.45 

FL 20 Compression 1.23 B.46 

25 Compression 3.21 B.47 

30 Compression 7.60 B.48 

30 Uplift 0.45 B.49 

30-15mins Uplift 0.32 B.49 

30-1 hour Uplift 0.17 B.49 

35 Compression 9.90 B.50 

40 Compression 11.60 B.51 

11. Vilano Bridge - West, 30 Uplift 0.60 B.52 

FL 35 Uplift 0.50 B.53 

35-15mins Uplift 0.43 B.53 

35-1 hour Uplift 0.50 B.53 

45 Uplift 0.16 B.54 

45-15mins Uplift 0.24 B.54 
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Table B.1: Summary of SPT Static Load Test Results (continued) 

Location of Test Site Test Depth Test Type Ru Figure 

[ft-wait time] [kips] 

11 . Vilano Bridge - West, 45-1 hour Uplift 0.31 B.54 

FL (continued) 50 Uplift 0.30 B.55 

50-1 hour Uplift 0.51 B.55 

50-14hours Uplift 0.88 B.55 

52 Compression 0.60 B.56 

55 Uplift 0.28 B.57 

55-15mins Uplift 0.41 B.57 

55-1 hour Uplift 0.57 B.57 

59 Uplift 0.48 B.58 

59-15mins Uplift 0.41 B.58 

59-1 hour Uplift 0.49 B.58 

62 Compression 3.25 B.59 

67 Compression 2.70 B.60 
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SI. Mary, Cleveland, Ohio 
Uplift Test, Depth • 40 ft 
Soil Type : SP-SM; Nso. , , 

1st & 2nd Cycle 

0.1 In/min 

Displacement, (Inches] 

- Static 
----· Davisson 

4th Cycle 

0.01 In/min 

Figure B.1: Load versus Displacement for St. Mary, Cleveland, OH at depth of 40 ft 

SI. Mary, Cleveland, Ohio - Static 
3 Uplifl Test, Depth • 65 ft 

----- Davisson 
Soil Type : SC; Nso • 25 

' 
'in rr _,-r-... 2 
~ 
"a .. .s 

3rd Cycle 
1 

1st f ycle 2nd Cycle 

0.1r'min 0.01 In/min 1.0 In/min 

I 
0 

0 0.5 1 

Displacement, [Inches] 

Figure B.2: Load versus Displacement for St. Mary, Cleveland, OH at depth of 65 ft 

1.5 
St. Mary, Cleveland, Ohio - Static 
Uplift Test, Depth• 100 ft 

----- Davisson 
Soil Type : CL; Neo • 44 

1 
' 'in ' 1 ' ' 

! Cr 
0.5 2nd Cycle 3rd cycle 

' ◄-
0.1 ln/mr 0.01 In/min 1.0ln/mln 

0 
0 0.2 0.4 o.e o.e 

Displacement, (Inches] 

Figure B.3: Load versus Displacement for St. Mary, Cleveland, OH at depth of 100 ft 

1.5 

St. Mary, Cleveland, Ohio - Static 
Uplift Test, Depth .100 ft, 15 hours 

----- Davisson 
Soll Type : CL; Neo • 44 

' ' i ' ' 
' ' ' ' ' ' ' 1st Cycle ' 2nd Cycle 3rd Cycle ' ' 0.5 ' 0.01 In/min ' 0.1 In/min 1.0ln/mln ' ' ' ' ' ' ' 0 

0 0.1 0.2 0.3 0,4 0.5 

Displacement, [Inches] 

Figure B.4: Load versus Displacement for St. Mary, Cleveland, OH at depth of 100 ft (15 h) 
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St. Mary, Cleveland, Ohio 
Uplift Test, Depth• 103.5 ft 

Soll Type : CL; N50 • 63 

' ' 

0.01 In/min 

- Static 
----- Davisson 

3rd Cycle 

1.0 In/min 

O'-------'---L..C..--..,_-~-----'-~~ 
0 0.2 0.4 0.6 

Displacement, [Inches] 

Figure B.5: Load versus Displacement for St. Mary, Cleveland, OH at depth of 103.5 ft 

St. Mary, Cleveland, Ohio 
Compression Test, Depth• 105 ft 

4 Soi Type : CL; Nso • 63; Flat 

1st Cycle 

1.0 in/min 

0.5 

- Static 
----- Davisson 

3rd Cycle 

0.1 in/min 

Displacement, [lnchesJ 

1.5 

Figure B.6: Load versus Displacement for St. Mary, Cleveland, OH at depth of 105 ft 

u, 
C. ;g_ 

s Fore River Bridge, Portland, ME 
Compression Tes\ Depth. 42 ft 
Soll Type : GP-GM; Nao • 39; Cone 

'O 4 
"' .3 

1st Cycle 2nd Cycle 

0.1 In/min 1.0 In/min 

3rd Cycle 

0.01 In/min 

Displacement, (Inches] 

- Static 
----- Davisson 

Figure B.7: Load versus Displacement for Fore River Bridge, Portland, ME at depth of 42 ft 

Fore River Bridge, Portland, ME 

8 Compression Test, Depth • 54 fl 

Soll Type : SP-SM; Nao • 31; Flat 

2nd Cycle 

1.0 In/min 

- Static 
----- Davisson 

3rd Cycle 

0.0lln/mln 

Displacement, [Inches] 

Figure B.8: Load versus Displq.cement for Fore River Bridge, Portland, ME at depth of 54 ft 
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2.5 

Fore River Bridge, Portland, ME 
Compression Test, Depth - 58 ft 
Soll Type : SP-SM; Neo • 31; Cone 

- Static 
----- Davisson 

2nd Cycle 

1.0 In/min 

3rd Cycle 

0.01 In/min 

Displacement, [inches] 

Figure B.9: Load versus Displacement for Fore River Bridge, Portland, ME at depth of 56 ft 
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C&D Canal, Pier 17, DE 
Uplift Test, Depth • 14 ft 
Soll Type : SM; Neo • 4 
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0.1 0.2 0.3 0.4 

Displacement, [inches] 

-Static 
----- Davisson 

3rd Cycle 

1.Slnlmln 

0.5 0.6 

Figure B.10: Load versus Displacement for C&D Canal, Pier 17, DE at depth of 14 ft 

0.8 
C&D Canal, Pier 17, DE 

o.s Uplift Test, Depth ■ 50 ft 

°[ 0.4 Sol:,I Type : SM; Nao r■-8---. 
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2nd Cycle 

0.04 lnlmln 

Displacement, [inches] 

- Static 
----- Davisson 
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1.5 

Figure B.11: Load versus Displacement for C&D Canal, Pier 17, DE at depth of 50 ft 

C&D Canal, Pier 17, DE 
Uplift Test, Depth ■ 55 ft 

Sorype: CH; Nso • 10 

' ' ' ' 
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----· Davisson 

1.Sin/min 
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o 0.5 . t.5 
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Figure B.12: Load versus Displacement for C&D Canal, Pier 17, DE at depth of 55 ft 
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C&D Canal, Pier 17, DE - Static 
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1st Cycle j 2nd Cycle 

0.1 in/min i 1.B in/min 

0.1 0.2 0.3 0.4 0.5 0.8 

Displacement, [inches] 

Figure 8.13: Load versus Displacement for C&D Canal, Pier 17, DE at depth of 55 ft (1 h) 

C&D Canal, Pier 17, DE - Static 
Uplift Test, Depth• 55 ft, 14 hours 

----- Davisson 
0.8 oil Type: CH; N50 • 10 

I o.e 2nd Cycle 3rd Cycle 4th Cycle 
~ 
-,; .. 0.02 in/min 1.5 In/min 0.1 In/min 
,3 0.4 

1st Cycle 
0.2 0.1 In/min 

0 
0 0.2 0.4 0.8 0.8 
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Figure 8.14: Load versus Displacement for C&D Canal, Pier 17, DE at depth of 55 ft (14 h) 
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C&D Canal, Pier 17, DE 
Uplift Test, Depth • 60 ft 
Soll Type : SM; N50 • 34 

1st Cycle 

0.1 In/min 

2nd Cycle 

0.02 In/min 
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----- Davisson 

3rd Cycle 

1.4 In/min 

0 .__~,._,_ __ ....,_ __ .__...___._ __ _.___.___, 

0 0.2 0.4 0.8 0.8 
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Figure 8.15: Load versus Displacement for C&D Canal, Pier 17, DE at depth of 60 ft 

C&D Canal, Pier 17, DE 
Upllft Test, Depth • 60 ft, 1 hour 

0,8 Soll Type : SM; N50 • 34 
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Figure 8.16: Load versus Displacement for C&D Canal, Pier 17, DE at depth of 60 ft (1 h) 
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C&D Canal, Pier 17, DE 
Uplift Tesl, Deplh • 65 ft 
Soll Type : SM; Nao • 37 

' ' ' ' ' ' ' ' 1st Crcle 2nd Cycle 

0.1 i!min 0.01 in/min 

0.2 0.4 

- Static 
----- Davisson 

J'd Cycle 

1.6 in/min 

0.6 0.6 

Displacement, (inches] 

1.2 

Figure B.17: Load versus Displacement for C&D Canal, Pier 17, DE at depth of 65 ft 

C&D Canal, Pier 17, DE 

3 Uplift Test, Depth • 65 ft, 2 hours 
Soil Type : SM; Nao • 37 

' ' ' ' ' ' ' 
1st Cy~le 

0.2 lntn 

2nd Cycle 

0.01 in/min 

- Stalic 
----- Davisson 

3rd Cycle 
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0 L......~_.__,___,__ _ _.__.__,__,__~__.-~..L....J 
0 0.2 0.4 0.6 o.e 

Displacement, (inches] 

Figure B.18: Load versus Displacement for C&D Canal, Pier 17, DE at depth of 65 ft (2 h) 

C&D Canal, Pier 17, DE 
Compression Test, Depth • 70 ft 

4 Soll Type : SM; Nao• 37; Cone 

Displacement, (Inches] 

- Static 
----- Davisson 

Figure B.19: Load versus Displacement for C&D Canal, Pier 17, DE at depth of 70 ft 
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C&D Canal, Pier 21, DE - Static 
Uplift Test, Depth • 40 ft 
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' . 

i 0.9 
. 
' . 

~ ' .,; ' ' .. ' .9 (1,4 ' 
,•tcJ,. 2nd Cycle ~~,:~ 
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Figure 8.20: Load versus Displacement for C&O Canal, Pier 21, DE at depth of 40 ft 
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o.e 
C&D Canal, Pier 21, DE - Stallc 
Uplift Tosi, Depth • 40 ft, 1 hour 

----- Davisson 

0.8 
Soil Type : SM; N50 • 5 
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Figure B.21: Load versus Displacement for C&D Canal, Pier 21, DE at depth of 40 ft (1 h) 

t.5 
C&D Canal, Pier 21, DE - Stallc 
Uplift Tosi, Depth • 55 ft 

----- Davisson 
Soll Typo: SM; N50 ■ 15 
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-ci .. .s 
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0 / 
0 0.05 0.1 0.15 0,2 0.25 0.3 
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Figure B.22: Load versus Displacement for C&D Canal, Pier 21, DE at depth of 55 ft 
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C&D Canal, Pier 21, DE -Static 
Uplift Test, Depth • 55 ft, 1 hour 

----- Davisson 
Soll Type: SM· N50 • 15 
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0.1 In/min 1.3 in/min 

0.1 0.2 0.3 0.4 0.5 o.e 
Displacement, (inches) 

Figure B.23: Load versus Displacement for C&D Canal, Pier 21, OE at depth of 55 ft (1 h) 
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C&D Canal, Pier 21, DE - Static 
Uplift Tesl, Depth • 65 ft 

----· Davisson 
Soll Typo: SM; N50 • 16 

[ - .---
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Figure B.24: Load versus Displacement for C&D Canal, Pier 21, DE at depth of 65 ft 
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C&D Canal, Pier 21, DE 
Compression Test, Depth - 70 ft 
Soll Type : SM; Nao - 16; Cone 
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Figure B.25: Load versus Displacement for C&D Canal, Pier 21, DE at depth of 70 ft 

C&D Canal, Pier 21, DE 

3 Compression Test, Depth - 71 fl 
Soll Type: SM; Nao• 16; Flat 
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0.01 In/min 
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Displacement, [inches) 

-Static 
----- Davisson 

2.5 

Figure B.26: Load versus Displacement for C&D Canal, Pier 21, DE at depth of 71 ft 

White City Bridge, TP3, FL 

8 Compression Test, Depth • 32 fl 
Soll Type: SM; N50 • 32•: Flat 

vi' 1 4 
,; 
.9 3 

Displacement, [Inches) 
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----- Davisson 

Figure B.27: Load versus Displacement for White City Bridge, TP3, FL at depth of 32 ft 

White City Bridge, TP3, FL 
Compression Test, Depth. 35 fl 
Soll Type: SM; Nao• 35•; Flat 

Displacement, [Inches) 

- Static 
----- Davisson 

0.8 

Figure B.28: Load versus Displacement for White City Bridge, TP3, FL at depth of 35 ft 

122 



0.8 

°[ 0.6 
;g_ 
.,; 
"' _3 0.4 

0.2 

0 
0 

Apalachicola River Bridge, FL - Static 
Uplift Test, Depth • 55 fl ----- Davisson 
Soil Type MH; Nao• 5 
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Figure B.29: Load versus Displacement for Apalachicola River Bridge, FL at depth of 55 ft 
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Uplift Test, Depth • 55 ft 
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Figure B.30: Load versus Displacement for Apalachicola, FL at depth of 55 ft (15 min & 1 h) 
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Uplift Test, Dept~• 75 ft 

Soil Type : SM; tso . a 
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----- Davisson 

Figure B.31: Load versus Displacement for Apalachicola River Bridge, FL at depth of 75 ft 
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Figure B.32: Load versus Displacement for Apalachicola, FL at depth of 75 ft (15 min & 1 h) 
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Apalachicola River Bridge, FL 
Compression Test, Depth - 89 ft 
Soll Type: SM; Nso • 33•; Fial 

Displacement, [Inches] 

-Static 
----- Davisson 

Figure B.33: Load versus Displacement for Apalachicola River Bridge, FL at depth of 89 ft 
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Sunshine Skyway Bridge, FL 
Compression Test, Depth• 45 fl 
Soll Type : SP; Nao • 36; Fial 

0.2 0.4 0.8 0.8 

Displacement, [Inches] 

-Slallc 
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Figure B.34: Load versus Displacement for Sunshine Skyway Bridge, FL at depth of 45 ft 

Sunshine Skyway Bridge, FL - Static 
1.5 Uplift Test, Depth • 45.5 ft 
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Figure B.35: Load versus Displacement for Sunshine Skyway Bridge, FL at depth of 45.5 ft 

Sunshine Skyway Bridge, FL - Static 
Uplift Test, Depth • 50 ft 
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Figure B.36: Load versus Displacement for Sunshine Skyway Bridge, FL at depth of 50 ft 
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Sunshine Skyway Bridge, FL 
Compression Test, Depth - 53 fl 

Soll Type: SM; Nso • 24; Flat 

1st Cycle 

0.10 In/min 

Displacement, [inches] 
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Figure B.37: Load versus Displacement for Sunshine Skyway Bridge, FL at depth of 53 ft 
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Figure B.38: Load versus Displacement for Aucilla River Bridge, FL at depth of 1 Oft 
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Figure B.39: Load versus Displacement for Aucilla River Bridge, FL at depth of 20 ft 
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Aucllla River Bridge, FL - Static 
Uplifl Test, Depth • 30 fl 
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Figure B.40: Load versus Displacement for Aucilla River Bridge, FL at depth of 30 ft 
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Figure B.41: Load versus Displacement for Au cilia River Bridge, FL at depth of 42 ft 
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Figure B.42: Load versus Displacement for Aucilla River Bridge, FL at depth of 45 ft 
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Figure B.43: Load versus Displacement for Aucilla River Bridge, FL at depth of 63 ft 
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a Compression Test, Depth • 67.5 fl 
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Figure B.44: Load versus Displacement for Aucilla River Bridge, FL at depth of 67.5 ft 
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Figure B.45: Load versus Displacement for Vilano Bridge - East, FL at depth of 15 ft 
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Compression Test, Depth • 20 fl 
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Figure B.46: Load versus Displacement for Vilano Bridge - East, FL at depth of 20 ft 

Vllano Bridge - East, FL 
Compression Test, Depth• 25 fl 
Soll Type : SP; Nao • 3; Flat 
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Figure B.47: Load versus Displacement for Vilano Bridge - East, FL at depth of 25 ft 

Vllano Bridge - East, FL 
Compression Test, Depth. 30 fl 
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Figure B.48: Load versus Displacement for Vilano - East, FL at depth of 30 ft (Compression) 
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Vllano Bridge • East, FL - Static 
Uplift Test, Depth • 30 fl ----- Davisson ... Soll Type : SP; Nao • 17 
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Figure B.49: Load versus Displacement for Vilano -East, FL at depth of 30 ft (Uplift) 
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Figure B.50: Load versus Displacement for Vilano Bridge - East, FL at depth of 35 ft 
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Compression Test, Depth. 40 fl 

Soll Type : SP; Nao • 22; Fla1 
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Figure B.51: Load versus Displacement for Vilano Bridge - East, FL at depth of 40 ft 
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APPENDIX C 

TORQUE TEST RESULTS 

The torque test results were plotted as torque vs angle of rotation measured near the top of the 

SPT drill string. The results are summarized in table C.1 including peak torque and residual 

torque. The torque tests were performed with two different types of device, (a) torque wrench 

and (b) instrumented torque rod. Details about each instrument are discussed in chapter 4. 

With the torque wrench, only peak and residual values could be recorded. However, both torque 

and angle of rotation were recorded continuously with the instrumented torque rod, and therefore 

the torque vs angle of rotation plots are presented in figures C.1 to C.15. 

The plots of torque vs angle of rotation include a shear resistance scale on the right y-axis. 

Furthermore, for comparison, the uplift resistance of the soil and other shear resistance results 

(whenever available) are also shown on the plot. For example, for Apalachicola River Bridge, 

FL, figure C.1 shows both the uplift resistance and the unconfined compressive strength of the 

soil. 
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Table C.1: Summary of Torque Test Results 

Location of Test Site Test Peak Residual Figure 

(Test Device) Depth Torque Torque 

[ft] [lbs-ft] [lbs-ft] 

1. C&D Canal, Pier 17, DE 60 70 70 --

(Torque Wrench) 65 220 220 --

2. C&D Canal, Pier 21, DE 40 15 15 --

(Torque Wrench) 55 130 130 --

65 150 150 --

3. Apalachicola River Brg, FL 55 77 54 C.1 

(Instrumented Torque Rod) 75 60 60 C.2 

4. Sunshine Skyway Brg, FL 45.5 125 64 C.3 

(Instrumented Torque Rod) 50 88 55 C.4 

5. Aucilla River Bridge, FL 10 70 22 C.5 

(Instrumented Torque Rod) 20 100 40 C.6 

30 90 45 C.7 

45 62 58 C.8 

6. Vilano Bridge - East, FL 30 30 30 C.9 

(Instrumented Torque Rod) -- -- -- --

7. Vilano Bridge - West, FL 30 58 30 C.10 

(Instrumented Torque Rod) 35 65 42 C.11 

45 57 35 C.12 

50 59 27 C.13 

55 73 32 C.14 

59 60 36 C.15 
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Figure C.3: Torque versus Rotation for Sunshine Skyway Bridge, FL at depth of 45.5 ft 
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Figure C.7: Torque versus Rotation for Aucilla River Bridge, FL at depth of 30 ft 
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Figure C.8: Torque versus Rotation for Aucilla River Bridge, FL at depth of 45 ft 
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Figure C.9: Torque versus Rotation for Vilano Bridge - East, FL at depth of 30 ft 

80 

20 

Vllano Bridge • West, FL 
Torque Test, Depth • 30 ft 
Soll: OH; N00• 1 

- Torque 
----- Uplift 0.8 

0...._ __ ....._. __ ..L.~--..L.--............... -........,0 
0 0.5 1.5 2.5 

Top Rotation, [11] 

Figure C.10: Torque versus Rotation for Vilano Bridge - West, FL at depth of 30 ft 
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Figure C.11: Torque versus Rotation for Vilano Bridge - West, FL at depth of 35 ft 
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APPENDIX D 

DYNAMIC TEST RESULTS 

D.1 FORCE AND VELOCITY TIME HISTORY 

The force and velocity (F-V) time histories, measured near the top of the SPT drive rod are 
presented in this appendix. The calculated F-V time histories at the bottom end of the drill 
string (when an oversized tip was used) or at the sampler location (when split spoon sampler 

was used) are also presented here. Both the top and bottom F-V time histories are presented 

on the same figure, with the top F-V presented in (a) and the bottom F-V in (b). The velocity 

scales are always calculated from the force scale by dividing with the drive rod impedance. The 

bottom F-V time histories were determined from the top F-V according to the method discussed 

in chapter 5. The bottom measured and computed force histories are presented in (c) and (d) 

when available for statically and dynamically calculated parameters, respectively. Table D.1 
summarizes the location (site and depth) of the F-V time histories as well as the corresponding 
figure number. Note that the "test depth" column in table D.1 also includes the waiting time, 

whether split spoon sampler or oversized tip was used, and the hammer drop height if different 

from 30 in. When an oversized tip was used, a letter "C" is indicated on the table. When "C2" 

is indicated, the test was performed with an oversized tip and after the static load test was 
conducted. In figures D.96 and D.99, ASLT stands for after static load test. 
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Table D.1: Summary of Dynamic Test Results 

Location of Test Site Test Depth Figure 

[ft-wait time] 

1. St. Mary, Cleveland, OH 40 0.1 

65 0.2 

65-25mins D.3 

65-2hours 0.4 

100 0.5 

100-15hours 0.6 

103.5 0.7 

105 C D.8 

2. Fore River Bridge, Portland, ME 20 0.9 

30 D.10 

40 D.11 

42 C D.12 

54 C D.13 

56 C D.14 

3. C&D Canal, Pier 17, DE 14 0.15 

40 0.16 

50 D.17 

55 0.18 

55-1 hour D.19 

55-14hours D.20 

60 D.21 

60-1 hour D.22 

65 D.23 

65-2hours D.24 

70 C 0.25 
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Table 0.1: Summary of Dynamic Test Results (continued) 

Location of Test Site Test Depth Figure 

[ft-wait time] 

4. C&D Canal, Pier 21, DE 40 0.26 

40-1 hour 0.27 

55 0.28 

55-1 hour 0.29 

65 0.30 

70 C 0.31 

71 C 0.32 

5. White City Bridge, TP3, FL 20 0.33 

29 0.34 

31 0.35 

32 C 0.36 

35 C 0.37 

6. White City Bridge, TP6, FL 16 0.38 

32 0.39 

33 C 0.40 

7. Apalachicola River Bridge, FL 20 0.41 

25 0.42 

25-14hours 0.43 

55 0.44 

55-1 hour 0.45 

75 0.46 

75-1 hour 0.47 

89 C 0.48 

8. Aucilla River Bridge, FL 5 0.49 

10 0.50 
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Table D.1: Summary of Dynamic Test Results (continued) 

Location of Test Site Test Depth Figure 

[ft-wait time] 

8. Aucilla River Bridge, FL 15 D.51 

(continued) 20 D.52 

20-15mins D.53 

25 D.54 

30 0.55 

30-11 hours D.56 

35 D.57 

40 0.58 

42 C D.59 

45 D.60 

50 0.61 

55 D.62 

60 ' 
D.63 

63 C 0.64 

65 0.65 

67.5 C 0.66 

9. Vilano Bridge - East, FL 10 D.67 

15 C D.68 

15 0.69 

20 C ' 0.70 

25 C D.71 

25 0.72 

30 C 0.73 

30 D.74 

35 C D.75 
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Table D.1: Summary of Dynamic Test Results (continued) 

Location of Test Site Test Depth Figure 

[ft-wait time] 

9. Vilano Bridge - East, FL 35 D.76 

(continued) 40 C D.77 

10. Vilano Bridge - West, FL 30 D.78 

35 D.79 

35-1 hour D.80 

40 D.81 

42 D.82 

45 D.83 

45-1 hour D.84 

50 D.85 

50-14hours-4" D.86 

50-14hours-8" D.87 

52 C D.88 

55 D.89 

55-1 hour-4" D.90 

55-1 hour-20" D.91 

59 D.92 

59-1 hour-5" D.93 

59-1 hour-30" D.94 

62-C D.95 

62-C2 D.96 

64 D.97 

67-C D.98 

67-C2 D.99 

68 D.100 
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Figure 0.4b: Bottom F-V Time History for St. Mary, Cleveland, OH at depth of 65 ft (2 h) 
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Figure 0.5c: Bottom Force Time History (Static) for St. Mary, Cleveland at depth of 100 ft 
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Figure 0.5d: Bottom Force Time History (Dynamic) for St. Mary, Cleveland at depth of 100 ft 

146 



15 St. Mary, Cleveland, OH 
Depth • 100 fl; 15 hours 6 

-5 
-2 

-4 
-10 c.--~~c..-.~ ............ -~.........,_~---'-~-~ 

0 10 20 30 40 50 

Time, [ms] 

Figure D.6a: Top F-V Time History for St. Mary, Cleveland, OH at depth of 100 ft (15 h) 
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Figure D.6d: Bottom Force Time History (Dynamic) for St. Mary, OH at depth of 100 ft (15 h) 
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Figure 0.7a: Top F-V Time History for St. Mary, Cleveland, OH at depth of 103.5 ft 
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Figure 0.7b: Bottom F-V Time History for St. Mary, Cleveland, OH at depth of 103.5 ft 
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Figure D.7c: Bottom Force Time History (Static) for St. Mary, OH at depth of 103.5 ft 
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Figure 0.7d: Bottom Force Time History (Dynamic) for St. Mary, OH at depth of 103.5 ft 

148 



15 

-5 

10 20 

Time, [ms] 

St. Mary, Cleveland, OH B 
Depth • 105 ft 

30 40 

Figure D.8a: Top F-V Time History for St. Mary, Cleveland, OH at depth of 105 ft 
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Figure D .Sb: Bottom F-V Time History for St. Mary, Cleveland, OH at depth of 105 ft 
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Figure D.8c: Bottom Force Time History (Static) for St. Mary, Cleveland at depth of 105 ft 
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Figure D.8d: Bottom Force Time History (Dynamic) for St. Mary, Cleveland at depth of 105 ft 
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Figure D.9a: Top F-V Time History for Fore River Bridge, Portland, ME at depth of 20 ft 
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Figure D.9b: Bottom F-V Time History for Fore River Bridge, Portland, ME at depth of 20 ft 
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Figure O.10a: Top F-V Time History for Fore River Bridge, Portland, ME at depth of 30 ft 
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Figure O.10b: Bottom F-V Time History for Fore River Bridge, Portland, ME at depth of 30 ft 
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Figure 0.1 0c: Bottom Force Time History (Dynamic) for Fore River Bridge at depth of 30 ft 
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Figure 0.11a: Top F-V Time History for Fore River Bridge, Portland, ME at depth of 40 ft 
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Figure D.11 b: Bottom F-V Time History for Fore River Bridge, Portland, ME at depth of 40 ft 
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Figure D.11 c: Bottom Force Time History (Dynamic) for Fore River Bridge at depth of 40 ft 
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Figure 0.12a: Top F-V Time History for Fore River Bridge, Portland, ME at depth of 42 ft 
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Figure 0.12b: Bottom F-V Time History for Fore River Bridge, Portland, ME at depth of 42 ft 
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Figure D.12c: Bottom Force Time (Static) History for Fore River Bridge at depth of 42 ft 
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Figure D.12d: Bottom Force Time History (Dynamic) for Fore River Bridge at depth of 42 ft 
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Figure 0.13a: Top F-V Time History for Fore River Bridge, Portland, ME at depth of 54 ft 
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Figure 0.13b: Bottom F-V Time History for Fore River Bridge, Portland, ME at depth of 54 ft 
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Figure 0.13c: Bottom Force Time History (Static) for Fore River Bridge at depth of 54 ft 
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Figure 0.13d: Bottom Force Time History (Dynamic) for Fore River Bridge at depth of 54 ft 
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Figure D.14a: Top F-V Time History for Fore River Bridge, Portland, ME at depth of 56 ft 
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Figure D.14b: Bottom F-V Time History for Fore River Bridge, Portland, ME at depth of 56 ft 
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Figure D.14c: Bottom Force Time History (Static) for Fore River Bridge at depth of 56 ft 
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Figure D.14d: Bottom Force Time History (Dynamic) for Fore River Bridge at depth of 56 ft 
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Figure D.15a: Top F-V Time History for C&D Canal, Pier 17, DE at depth of 14 ft 

20 

7n 

~ 
~ 10 
0 
u. 

10 

C&D Canal, Pier 17, DE 
Depth• 14 ft 
- Bottom Force 
--- Bottom Velocity 

\ ""-~/'v-

15 20 25 30 35 

Time,[ms] 
40 

10 < 
CD 

I 
-.:c 

5 ~ ., 
CD 
.£ 

Figure D.15b: Bottom F-V Time History for C&D Canal, Pier 17, DE at depth of 14 ft 
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Figure D.15c: Bottom Force Time History (Static) for C&D Canal, Pier 17 at depth of 14 ft 
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Figure D.15d: Bottom Force Time History (Dynamic) for C&D Canal, Pier 17 at depth of 14 ft 
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Figure D.16a: Top F-V Time History for C&D Canal, Pier 17, DE at depth of 40 ft 
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Figure D.16b: Bottom F-V Time History for C&D Canal, Pier 17, DE at depth of 40 ft 
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Figure D.17a: Top F-V Time History for C&D Canal, Pier 17, DE at depth of 50 ft 
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Figure D.17b: Bottom F-V Time History for C&D Canal, Pier 17, DE at depth of 50 ft 
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Figure D.18a: Top F-V Time History for C&D Canal, Pier 17, DE at depth of 55 ft 
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Figure D.18b: Bottom F-V Time History for C&D Canal, Pier 17, DE at depth of 55 ft 
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Figure D.18c: Bottom Force Time History (Static) for C&D Canal, Pier 17 at depth of 55 ft 
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Figure D.18d: Bottom Force Time History (Dynamic) for C&D Canal, Pier 17 at depth of 55 ft 
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Figure D.19a: Top F-V Time History for C&D Canal, Pier 17, DE at depth of 55 ft (1 h) 
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Figure D.19b: Bottom F-V Time History for C&D Canal, Pier 17, DE at depth of 55 ft (1 h) 
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Figure D.20a: Top F-V Time History for C&D Canal, Pier 17, DE at depth of 55 ft (14 h) 
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Figure D.20b: Bottom F-V Time History for C&D Canal, Pier 17, DE at depth of 55 ft (14 h) 
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Figure O.20c: Bottom Force Time History (Static) for C&D, Pier 17 at depth of 55 ft (14 h) 
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Figure D.20d: Bottom Force Time History (Dynamic) for C&D, Pier 17 at depth of 55 ft (14 h) 
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Figure D.21 a: Top F-V Time History for C&D Canal, Pier 17, DE at depth of 60 ft 
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Figure D.21 b: Bottom F-V Time History for C&D Canal, Pier 17, DE at depth of 60 ft 
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Figure D.21 c: Bottom Force Time History (Static) for C&D Canal, Pier 17 at depth of 60 ft 
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Figure D.21d: Bottom Force Time History (Dynamic) for C&D Canal, Pier 17 at depth of 60 ft 
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Figure D.22a: Top F-V Time History for C&D Canal, Pier 17, DE at depth of 60 ft (1 h) 
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Figure D.22b: Bottom F-V Time History for C&D Canal, Pier 17, DE at depth of 60 ft (1 h) 
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Figure D.22c: Bottom Force Time History (Static) for C&D, Pier 17 at depth of 60 ft (1 h) 
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Figure D.22d: Bottom Force Time History (Dynamic) for C&D, Pier 17 at depth of 60 ft (1 h) 
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Figure D.23a: Top F-V Time History for C&D Canal, Pier 17, DE at depth of 65 ft 

C&D Canal, Pier 17, DE 
Depth• 65 ft 
- Bottom Force 
--· Bottom Velocity 

.5 ........_ __ _,_ __ .........._ ___ ........_ __ _,_._; 

5 10 15 20 25 

Time,[ms] 

10 

Figure D.23b: Bottom F-V Time History for C&D Canal, Pier 17, DE at depth of 65 ft 
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Figure D.23c: Bottom Force Time History (Static) for C&D Canal, Pier 17 at depth of 65 ft 
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Figure D.23d: Bottom Force Time History (Dynamic) for C&D Canal, Pier 17 at depth of 65 ft 
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Figure 0.24a: Top F-V Time History for C&D Canal, Pier 17, DE at depth of 65 ft (2 h) 
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Figure 0.24b: Bottom F-V Time History for C&D Canal, Pier 17, DE at depth of 65 ft (2 h) 
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Figure D.24c: Bottom Force Time History (Static) for C&D, Pier 17 at depth of 65 ft (2 h) 
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Figure D.24d: Bottom Force Time History (Dynamic) for C&D, Pier 17 at depth of 65 ft (2 h) 
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Figure D.25a: Top F-V Time History for C&D Canal, Pier 17, DE at depth of 70 ft 
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Figure D.25b: Bottom F-V Time History for C&D Canal, Pier 17, DE at depth of 70 ft 
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Figure D.25c: Bottom Force Time History (Static) for C&D Canal, Pier 17 at depth of 70 ft 
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Figure D.25d: Bottom Force Time History (Dynamic) for C&D Canal, Pier 17 at depth of 70 ft 
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Figure D.26a: Top F-V Time History for C&D Canal, Pier 21, DE at depth of 40 ft 
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Figure D.26b: Bottom F-V Time History for C&D Canal, Pier 21, DE at depth of 40 ft 
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Figure D.26c: Bottom Force Time History (Static) for C&D Canal, Pier 21 at depth of 40 ft 

167 



C&D Canal, Pier 21, DE 
10 Depth • 40 ft; 1 hour 5 

\\\ 
- TopForce 4 < ·- Top Velocity (1) 

U) 0 
a. 3 r, 
g ~ 
,; 'l 2 ~ e 
0 (1) 
LL .,, .2. 1 

0 0 

5 10 15 20 25 30 

Time,[ms] 

Figure D.27a: Top F-V Time History for C&D Canal, Pier 21, DE at depth of 40 ft (1 h) 
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Figure D.27b: Bottom F-V Time History for C&D Canal, Pier 21, DE at depth of 40 ft (1 h) 
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Figure D.28a: Top F-V Time History for C&D Canal, Pier 21, DE at depth of 55 ft 
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Figure D.28b: Bottom F-V Time History for C&D Canal, Pier 21, DE at depth of 55 ft 
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Figure D.28c: Bottom Force Time History (Static) for C&D Canal, Pier 21 at depth of 55 ft 
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Figure D.28d: Bottom Force Time History (Dynamic) for C&D Canal, Pier 21 at depth of 55 ft 
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Figure D.29b: Bottom F-V Time History for C&D Canal, Pier 21, DE at depth of 55 ft (1 h) 
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Figure D.30a: Top F-V Time History for C&D Canal, Pier 21, DE at depth of 65 ft 
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Figure D.30b: Bottom F-V Time History for C&D Canal, Pier 21, DE at depth of 65 ft 
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Figure D.30c: Bottom Force Time History (Static) for C&D Canal, Pier 21 at depth of 65 ft 
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Figure D.30d: Bottom Force Time History (Dynamic) for C&D Canal, Pier 21 at depth of 65 ft 
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Figure D.31a: Top F-V Time History for C&D Canal, Pier 21, DE at depth of 70 ft 
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Figure D.32b: Bottom F-V Time History for C&D Canal, Pier 21, DE at depth of 71 ft 
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Figure D.32d: Bottom Force Time History (Dynamic) for C&D Canal, Pier 21 at depth of 71 ft 
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Figure D.33a: Top F-V Time History for White City Bridge, TP3, FL at depth of 20 ft 
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Figure D.33b: Bottom F-V Time History for White City Bridge, TP3, FL at depth of 20 ft 
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Figure 0.34a: Top F-V Time History for White City Bridge, TP3, FL at depth of 29 ft 
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Figure 0.34b: Bottom F-V Time History for White City Bridge, TP3, FL at depth of 29 ft 
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Figure 0.34c: Bottom Force Time History (Dynamic) for White City, TP3, FL at depth of 29 ft 
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Figure 0.35a: Top F-V Time History for White City Bridge, TP3, FL at depth of 31 ft 
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Figure 0.35b: Bottom F-V Time History for White City Bridge, TP3, FL at depth of 31 ft 
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Figure D.36b: Bottom F-V Time History for White City Bridge, TP3, FL at depth of 32 ft 

15 

10 

,;; 

~ 
.,; 5 
!:! 
0 

IJ. 

-5 
0 

White City Bridge, TP3, FL 

Depth• 32 ft 
- Measured 

·•-•· Computed (Static) 

10 15 20 

Time, [ms] 
25 

Figure D.36c: Bottom Force Time History (Static) for White City Bridge at depth of 32 ft 
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Figure 0.36d: Bottom Force Time History (Dynamic) for White City Bridge at depth of 32 ft 
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Figure D.37a:- Top F-V Time History for White City Bridge, TP3, FL at depth of 35 ft 
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Figure 0.37b: Bottom F-V Time History for White City Bridge, TP3, FL at depth of 35 ft 
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Figure 0.37c: Bottom Force Time History (Static) for White City Bridge at depth of 35 ft 
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Figure 0.37d: Bottom Force Time History (Dynamic) for White City Bridge at depth of 35 ft 
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Figure D.38b: Bottom F-V Time History for White City Bridge, TP6, FL at depth of 16 ft 
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Figure 0.39a: Top F-V Time History for White City Bridge, TP6, FL at depth of 32 ft 
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Figure 0.39b: Bottom F-V Time History for White City Bridge, TP6, FL at depth of 32 ft 
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Figure D.39c: Bottom Force Time History (Dynamic) for White City, TP6, FL at depth of 32 ft 

180 



'ui 10 
C. 

~ 

~ 
~ 0 

10 

White City Bridge, TP6, FL 
Depth - 33 fl 

8 

- Top Force 
······- Top Veloclty 

15 20 25 

Time, [ms] 

.4 

30 

Figure D.40a: Top F-V Time History for White City Bridge, TP6, FL at depth of 33 ft 
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Figure D.40b: Bottom F-V Time History for White City Bridge, TP6, FL at depth of 33 ft 
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Figure 0.41a: Top F-V Time History for Apalachicola River Bridge, FL at depth of 20 ft 
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Figure 0.42a: Top F-V Time History for Apalachicola River Bridge, FL at depth of 25 ft 
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Figure 0.42b: Bottom F-V Time History for Apalachicola River Bridge, FL at depth of 25 ft 
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Figure 0.42c: Bottom Force Time History (Dynamic) for Apalachicola, FL at depth of 25 ft 
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Figure D.43a: Top F-V Time History for Apalachicola River Bridge, FL at depth of 25 ft (14 h) 
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Figure D.43b: Bottom F-V Time History for Apalachicola Bridge, FL at depth of 25 ft (14 h) 
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Figure D.43c: Bottom Force Time History (Static) for Apalachicola, FL at depth of 25 ft (14 h) 

184 



Apalachicola River Bridge, FL 8 
Depth• 55 ft 

-4 
·10 

-6 

10 20 30 40 50 60 

Tlme,(ms] 

Figure 0.44a: Top F-V Time History for Apalachicola River Bridge at depth of 55 ft 
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Figure 0.44b: Bottom F-V Time History for Apalachicola River Bridge, FL at depth of 55 ft 
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Figure 0.44c: Bottom Force Time History (Static) for Apalachicola, FL at depth of 55 ft 
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Figure 0.44d: Bottom Force Time History (Dynamic) for Apalachicola, FL at depth of 55 ft 
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Figure 0.45a: Top F-V Time History for Apalachicola River Bridge, FL at depth of 55 ft (1 h) 
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Figure 0.45b: Bottom F-V Time History for Apalachicola, FL at depth of 55 ft (1 h) 
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Figure 0.45c: Bottom Force Time History (Static) for Apalachicola, FL at depth of 55 ft (1 h) 
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Figure 0.45d: Bottom Force Time History (Dynamic) for Apalachicola at depth of 55 ft (1 h) 
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Figure D.46a: Top F-V Time History for Apalachicola River Bridge, FL at depth of 75 ft 
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Figure D.46b: Bottom F-V Time History for Apalachicola River Bridge, FL at depth of 75 ft 
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Figure D.46c: Bottom Force Time History (Static) for Apalachicola River at depth of 75 ft 
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Figure D.46d: Bottom Force Time History (Dynamic) for Apalachicola River at depth of 75 ft 
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Figure 0.47a: Top F-V Time History for Apalachicola River Bridge, FL at depth of 75 ft (1 h) 
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Figure 0.47b: Bottom F-V Time History for Apalachicola, FL at depth of 75 ft (1 h) 

'ii, 

~ 4 

~ 
0 
~ 2 

Apalachicola River Bridge, FL 
Depth • 75 ft; 1 hour 

- Measured 
--- Computed (Static) 

5 10 15 

Time,(ms] 

Figure 0.47c: Bottom Force Time History (Static) for Apalachicola, FL at depth of 75 ft (1 h) 
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Figure 0.47d: Bottom Force Time History (Dynamic) for Apalachicola at depth of 75 ft (1 h) 
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Figure 0.48a: Top F-V Time History for Apalachicola River Bridge, FL at depth of 89 ft 
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Figure 0.48b: Bottom F-V Time History for Apalachicola River Bridge, FL at depth of 89 ft 
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Figure 0.48c: Bottom Force Time History (Static) for Apalachicola River at depth of 89 ft 
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Figure 0.48d: Bottom Force Time History (Dynamic) for Apalachicola River at depth of 89 ft 
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Figure 0.49a: Top F-V Time History for Aucilla River Bridge, FL at depth of 5 ft 
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Figure 0.49b: Bottom F-V Time History for Aucilla River Bridge, FL at depth of 5 ft 
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Figure 0.49c: Bottom Force Time History (Dynamic) for Aucilla River, FL at depth of 5 ft 
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Figure D.50a: Top F-V Time History for Aucilla River Bridge, FL at depth of 10 ft 
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Figure D.50b: Bottom F-V Time History for Aucilla River Bridge, FL at depth of 10 ft 
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Figure D.50d: Bottom Force Time History (Dynamic) for Aucilla River, FL at depth of 10 ft 
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Figure 0.51a: Top F-V Time History for Aucilla River Bridge, FL at depth of 15 ft 
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Figure D.51 b: Bottom F-V Time History for Aucilla River Bridge, FL at depth of 15 ft 
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Figure D.51 c: Bottom Force Time History (Dynamic) for Aucilla River, FL at depth of 15 ft 

192 



20 
Aucllla River Bridge, FL 1o 
Depth-20 ft 

- TopForce 
·--·- Top Velocity 

5 
i 
0 ~-

-10 -5 

10 15 20 25 30 35 

Time, [ms] 

Figure O.52a: Top F-V Time History for Aucilla River Bridge, FL at depth of 20 ft 
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Figure O.52b: Bottom F-V Time History for Aucilla River Bridge, FL at depth of 20 ft 
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Figure O.52c: Bottom Force Time History (Static) for Aucilla River, FL at depth of 20 ft 
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Figure O.52d: Bottom Force Time History (Dynamic) for Aucilla River, FL at depth of 20 ft 
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Figure 0.53a: Top F-V Time History for Aucilla River Bridge, FL at depth of 20 ft (1 h) 
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Figure D.53b: Bottom F-V Time History for Aucilla River Bridge, FL at depth of 20 ft (1 h) 
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Figure 0.53c: Bottom Force Time History (Static) for Aucilla River, FL at depth of 20 ft (1 h) 
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Figure D.53d: Bottom Force Time History (Dynamic) for Aucilla River at depth of 20 ft (1 h) 
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Figure D.54a: Top F-V Time History for Aucilla River Bridge, FL at depth of 25 ft 
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Figure D.54b: Bottom F-V Time History for Aucilla River Bridge, FL at depth of 25 ft 
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Figure D.54c: Bottom Force Time History (Dynamic) for Aucilla River, FL at depth of 25 ft 
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Figure 0.55a: Top F-V Time History for Aucilla River Bridge, FL at depth of 30 ft 
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Figure 0.55b: Bottom F-V Time History for Aucilla River Bridge, FL at depth of 30 ft 

10 

iii' .e- 5 ~ 
.,; 
e 
0 

11. 

0 

0 10 

Aucllla River Bridge, FL 
Depth-301t 
- Measured 
--- Computed (Static) 

20 

Time,[ms] 
30 

Figure 0.55c: Bottom Force Time History (Static) for Aucilla River, FL at depth of 30 ft 
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Figure 0.55d: Bottom Force Time History (Dynamic) for Aucilla River, FL at depth of 30 ft 
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Figure 0.56a: Top F-V Time History for Aucilla River Bridge, FL at depth of 30 ft (11 h) 
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Figure 0.56b: Bottom F-V Time History for Aucilla River Bridge, FL at depth of 30 ft (11 h) 
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Figure 0.56c: Bottom Force Time History (Static) for Aucilla River, FL at depth of 30 ft (11 h) 
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Figure 0.56d: Bottom Force Time History (Dynamic) for Aucilla, FL at depth of 30 ft (11 h) 
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Figure 0.57a: Top F-V Time History for Aucilla River Bridge, FL at depth of 35 ft 
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Figure 0.57b: Bottom F-V Time History for Aucilla River Bridge, FL at depth of 35 ft 
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Figure 0.57c: Bottom Force Time History (Dynamic) for Aucilla River, FL at depth of 35 ft 
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Figure 0.58a: Top F-V Time History for Aucilla River Bridge, FL at depth of 40 ft 
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Figure 0.58b: Bottom F-V Time History for Aucilla River Bridge, FL at depth of 40 ft 

10 

10 

Aucilla River Bridge, FL 
Depth• 40 ft 

- Measured 
···--· Computed (Dynamic) 

20 

Time,[ms) 
30 

Figure 0.58c: Bottom Force Time History (Dynamic) for Aucilla River, FL at depth of 40 ft 
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Figure D.59a: Top F-V Time History for Aucilla River Bridge, FL at depth of 42 ft 
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Figure 0.59b: Bottom F-V Time History for Aucilla River Bridge, FL at depth of 42 ft 
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Figure 0.59c: Bottom Force Time History (Static) for Aucilla River, FL at depth of 42 ft 

6 

-;;; 3 

~ 
ai e 0 
0 u. 

.3 

-6 
5 10 15 

Aucilla River Bridge, FL 
Depth• 42 ft 

- Measured 
·-·-· Computed (Dynamic) 

20 25 

Time,[ms] 

Figure D.59d: Bottom Force Time History (Dynamic) for Aucilla River, FL at depth of 42 ft 
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Figure O.60a: Top F-V Time History for Aucilla River Bridge, FL at depth of 45 ft 
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Figure O.60b: Bottom F-V Time History for Aucilla River Bridge, FL at depth of 45 ft 
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Figure O.60c: Bottom Force Time History (Static) for Aucilla River, FL at depth of 45 ft 
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Figure O.60d: Bottom Force Time History (Dynamic) for Aucilla River, FL at depth of 45 ft 
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Figure 0.61 a: Top F-V Time History for Aucilla River Bridge, FL at depth of 50 ft 
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Figure 0.61 b: Bottom F-V Time History for Aucilla River Bridge, FL at depth of 50 ft 
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Figure 0.61c: Bottom Force Time History (Dynamic) for Aucilla River, FL at depth of 50 ft 
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Figure D.62a: Top F-V Time History for Aucilla River Bridge, FL at depth of 55 ft 
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Figure D.62b: Bottom F-V Time History for Aucilla River Bridge, FL at depth of 55 ft 
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Figure 0.62c: Bottom Force Time History (Dynamic) for Aucilla River, FL at depth of 55 ft 
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Figure O.63a: Top F-V Time History for Aucilla River Bridge, FL at depth of 60 ft 
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Figure O.63b: Bottom F-V Time History for Aucilla River Bridge, FL at depth of 60 ft 
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Figure O.63c: Bottom Force Time History (Dynamic) for Aucilla River, FL at depth of 60 ft 
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Figure D.64a: Top F-V Time History for Aucilla River Bridge, FL at depth of 63 ft 
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Figure D.64b: Bottom F-V Time History for Aucilla River Bridge, FL at depth of 63 ft 
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Figure D.64c: Bottom Force Time History (Static) for Aucilla River, FL at depth of 63 ft 
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Figure D.64d: Bottom Force Time History (Dynamic) for Aucilla River, FL at depth of 63 ft 
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Figure 0.65a: Top F-V Time History for Aucilla River Bridge, FL at depth of 65 ft 
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Figure 0.65b: Bottom F-V Time History for Aucilla River Bridge, FL at depth of 65 ft 
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Figure 0.65c: Bottom Force Time History (Dynamic) for Aucilla River, FL at depth of 65 ft 
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Figure D.66a: Top F-V Time History for Aucilla River Bridge, FL at depth of 67.5 ft 
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Figure D.66b: Bottom F-V Time History for Aucilla River Bridge, FL at depth of 67.5 ft 
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Figure D.66c: Bottom Force Time History (Static) for Aucilla River, FL at depth of 67.5 ft 
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Figure D.66d: Bottom Force Time History (Dynamic) for Aucilla River, FL at depth of 67.5 ft 
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Figure O.67a: Top F-V Time History for Vilano Bridge - East, FL at depth of 10 ft 

10 15 

Time,[ms] 

- Bottom Force 

·--·- Bottom Veloclty 

20 25 

4 < 
CD 
0 

2 ~ 

0 1 
CD 
.2. 

-2 

-4 

Figure O.67b: Bottom F-V Time History for Vilano Bridge - East, FL at depth of 1 Oft 
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Figure D.68a: Top F-V Time History for Vilano Bridge - East, FL at depth of 15 ft (Tip) 

8 
Vilano Bridge • East, FL 

5 Depth• 15 ft 

- Bottom Force 2 < 4 ---·- Bottom Velocity (D 

ui' 0 

1 3 !l. 
':< 

.; 
1 ~ e 2 

0 <D u. .!2. 

0 0 

-1 
0 10 20 30 40 

Time,[ms] 

Figure D.68b: Bottom F-V Time History for Vilano Bridge - East, FL at depth of 15 ft (Tip) 
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Figure D.68c: Bottom Force Time History (Static) for Vilano - East, FL at depth of 15 ft (Tip) 
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Figure D.68d: Bottom Force Time History (Dynamic) for Vilano - East at depth of 15 ft (Tip) 
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Figure 0.69a: Top F-V Time History for Vilano Bridge - East, FL at depth of 15 ft 
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Figure 0.69b: Bottom F-V Time History for Vilano Bridge - East, FL at depth of 15 ft 
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Figure 0.69c: Bottom Force Time History (Dynamic) for Vilano - East, FL at depth of 15 ft 
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Figure D. 70a: Top F-V Time History for Vilano Bridge - East, FL at depth of 20 ft 
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Figure O.70b: Bottom F-V Time History for Vilano Bridge - East, FL at depth of 20 ft 
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Figure O.70c: Bottom Force Time History (Static) for Vilano - East, FL at depth of 20 ft 
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Figure D. 70d: Bottom Force Time History (Dynamic) for Vilano - East, FL at depth of 20 ft 
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Figure D.71a: Top F-V Time History for Vilano Bridge - East, FL at depth of 25 ft (Tip) 
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Figure D.71 b: Bottom F-V Time History for Vilano Bridge - East, FL at depth of 25 ft (Tip) 
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Figure 0.71c: Bottom Force Time History (Static) for Vilano - East, FL at depth of 25 ft (Tip) 
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Figure D.71d: Bottom Force Time History (Dynamic) for Vilano - East at depth of 25 ft (Tip) 
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Figure D.72a: Top F-V Time History for Vilano Bridge - East, FL at depth of 25 ft 
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Figure D.72b: Bottom F-V Time History for Vilano Bridge - East, FL at depth of 25 ft 
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Figure D.72c: Bottom Force Time History (Dynamic) for Vilano - East, FL at depth of 25 ft 
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Figure O.73a: Top F-V Time History for Vilano Bridge - East, FL at depth of 30 ft (Tip) 
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Figure O.73b: Bottom F-V Time History for Vilano Bridge - East, FL at depth of 30 ft (Tip) 
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Figure O.73c: Bottom Force Time History (Static) for Vilano - East, FL at depth of 30 ft (Tip) 
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Figure O.73d: Bottom Force Time History (Dynamic) for Vilano - East at depth of 30 ft (Tip) 
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Figure 0.74a: Top F-V Time History for Vilano Bridge - East, FL at depth of 30 ft 
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Figure 0.74b: Bottom F-V Time History for Vilano Bridge - East, FL at depth of 30 ft 
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Figure 0.74c: Bottom Force Time History (Static) for Vilano - East, FL at depth of 30 ft 
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Figure 0.74d: Bottom Force Time History (Dynamic) for Vilano - East, FL at depth of 30 ft 
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Figure D.75a: Top F-V Time History for Vilano Bridge - East, FL at depth of 35 ft (Tip) 

10 

10 

Vilano Bridge - East, FL 
Depth-35ft 6 

15 20 

Time, [ms] 

- Bottom Force 

·--·- Bottom Velocity 

25 30 35 

Figure D.75b: Bottom F-V Time History for Vilano Bridge - East, FL at depth of 35 ft (Tip) 
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Figure D.75c: Bottom Force Time History (Static) for Vilano - East, FL at depth of 35 ft (Tip) 
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Figure 0.75d: Bottom Force Time History (Dynamic) for Vilano - East at depth of 35 ft (Tip) 
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Figure 0.76a: Top F-V Time History for Vilano Bridge - East, FL at depth of 35 ft 
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Figure D.76b: Bottom F-V Time History for Vilano Bridge - East, FL at depth of 35 ft 
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Figure D.76c: Bottom Force Time History (Dynamic) for Vilano - East, FL at depth of 35 ft 
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Figure 0.77a: Top F-V Time History for Vilano Bridge - East, FL at depth of 40 ft 
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Figure D.77b: Bottom F-V Time History for Vilano Bridge - East, FL at depth of 40 ft 
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Figure 0.77c: Bottom Force Time History (Static) for Vilano - East, FL at depth of 40 ft 
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Figure 0.77d: Bottom Force Time History (Dynamic) for Vilano - East, FL at depth of 40 ft 
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Figure D. 78a: Top F-V Time History for Vilano Bridge - West, FL at depth of 30 ft 
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Figure O.78b: Bottom F-V Time History for Vilano Bridge - West, FL at depth of 30 ft 
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Figure O.78c: Bottom Force Time History (Static) for Vilano - West, FL at depth of 30 ft 
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Figure O.78d: Bottom Force Time History (Dynamic) for Vilano - West, FL at depth of 30 ft 
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Figure 0.79a: Top F-V Time History for Vilano Bridge - West, FL at depth of 35 ft 
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Figure 0.79b: Bottom F-V Time History for Vilano Bridge - West, FL at depth of 35 ft 
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Figure 0.79c: Bottom Force Time History (Static) for Vilano - West, FL at depth of 35 ft 
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Figure D.79d: Bottom Force Time History (Dynamic) for Vilano - West, FL at depth of 35 ft 
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Figure O.80a: Top F-V Time History for Vilano Bridge - West, FL at depth of 35 ft (1 h) 

10 Vilano Bridge • West, FL 5 
Depth • 35 ft; 1 hour 

- Bottom Force 
·--·- Bollom Velocity 

-2 ~-------------~ 
0 10 15 20 25 30 

Time, [ms] 

< 
CD 

3 o 
0 

~ 

2 ~ 
<D 

1 .£ 

Figure O.80b: Bottom F-V Time History for Vilano Bridge - West, FL at depth of 35 ft (1 h) 
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Figure D.80c: Bottom Force Time History (Static) for Vilano - West, FL at depth of 35 ft (1 h) 
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Figure O.80d: Bottom Force Time History (Dynamic) for Vilano - West at depth of 35 ft (1 h) 
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Figure 0.81 a: Top F-V Time History for Vilano Bridge - West, FL at depth of 40 ft 
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Figure 0.81 b: Bottom F-V Time History for Vilano Bridge - West, FL at depth of 40 ft 
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Figure 0.81 c: Bottom Force Time History (Static) for Vilano - West, FL at depth of 40 ft 
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Figure 0.81d: Bottom Force Time History (Dynamic) for Vilano - West, FL at depth of 40 ft 
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Figure D.82a: Top F-V Time History for Vilano Bridge - West, FL at depth of 42 ft 

10 

Vilano Bridge - West, FL 
Depth• 42 fl 

- Bollom Force 
·--·- Bollom Velocity 

-5 '---~-~-~-~--'----'--~ 
0 10 15 20 

Time, [ms] 
25 30 35 

< 
4 5 

0 

~ 
2 ~ 

-2 

"' a, 
.Q. 

Figure D.82b: Bottom F-V Time History for Vilano Bridge - West, FL at depth of 42 ft 
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Figure D.82c: Bottom Force Time History (Dynamic) for Vilano - West, FL at depth of 42 ft 
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Figure D.83a: Top F-V Time History for Vilano Bridge - West, FL at depth of 45 ft 
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Figure D.83b: Bottom F-V Time History for Vilano Bridge - West, FL at depth of 45 ft 
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Figure D.83c: Bottom Force Time History (Static) for Vilano - West, FL at depth of 45 ft 
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Figure D.83d: Bottom Force Time History (Dynamic) for Vilano - West, FL at depth of 45 ft 
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Figure 0.84a: Top F-V Time History for Vilano Bridge - West, FL at depth of 45 ft (1 h) 
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Figure 0.84b: Bottom F-V Time History for Vilano Bridge - West, FL at depth of 45 ft (1 h) 
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Figure 0.84c: Bottom Force Time History (Static) for Vilano - West, FL at depth of 45 ft (1 h) 
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Figure 0.84d: Bottom Force Time History (Dynamic) for Vilano - West at depth of 45 ft (1 h) 
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Figure O.85a: Top F-V Time History for Vilano Bridge - West, FL at depth of 50 ft 
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Figure O.85b: Bottom F-V Time History for Vilano Bridge - West, FL at depth of 50 ft 
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Figure D.86a: Top F-V Time History for Vilano Bridge - West, FL at depth of 50 ft (1 h) 
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Figure D.86b: Bottom F-V Time History for Vilano Bridge - West, FL at depth of 50 ft (1 h) 
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Figure D.86c: Bottom Force Time History (Dynamic) for Vilano - West at depth of 50 ft (1 h) 

227 



10 

Vilano Bridge• West, FL 6 

Depth • 50 ft; 14 hours 
8 Inches drop 

- TopForce 
- Top Velocity 

·2 -5 .___ __ _._ __ ~ ___ ..._ __ __,__~ 

0 10 20 30 40 

Time,[ms] 

Figure 0.87a: Top F-V Time History for Vilano Bridge - West, FL at depth of 50 ft (14 h) 
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Figure 0.87b: Bottom F-V Time History for Vilano Bridge - West, FL at depth of 50 ft (14 h) 
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Figure D.88a: Top F-V Time History for Vilano Bridge - West, FL at depth of 52 ft 
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Figure D.88b: Bottom F-V Time History for Vilano Bridge - West, FL at depth of 52 ft 
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Figure D.88c: Bottom Force Time History (Static) for Vilano - West, FL at depth of 52 ft 
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Figure 0.88d: Bottom Force Time History (Dynamic) for Vilano - West, FL at depth of 52 ft 
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Figure 0.89a: Top F-V Time History for Vilano Bridge - West, FL at depth of 55 ft 
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Figure 0.89b: Bottom F-V Time History for Vilano Bridge - West, FL at depth of 55 ft 
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Figure 0.89c: Bottom Force Time History (Static) for Vilano - West, FL at depth of 55 ft 
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Figure 0.89d: Bottom Force Time History (Dynamic) for Vilano - West, FL at depth of 55 ft 
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Figure O.90a: Top F-V Time History for Vilano Bridge - West, FL at depth of 55 ft (1 h) 
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Figure O.90b: Bottom F-V Time History for Vilano Bridge - West, FL at depth of 55 ft (1 h) 
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Figure O.90c: Bottom Force Time History (Static) for Vilano - West, FL at depth of 55 ft (1 h) 
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Figure O.90d: Bottom Force Time History (Dynamic) for Vilano - West at depth of 55 ft (1 h) 
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Figure D.91 a: Top F-V Time History for Vilano Bridge - West, FL at depth of 55 ft (1 h and 20 
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Figure D.91 b: Bottom F-V Time History for Vilano Bridge - West, FL at depth of 55 ft (1 h and 
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Figure 0.92a: Top F-V Time History for Vilano Bridge - West, FL at depth of 59 ft 
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Figure 0.92b: Bottom F-V Time History for Vilano Bridge - West, FL at depth of 59 ft 
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Figure D.92c: Bottom Force Time History (Static) for Vilano - West, FL at depth of 59 ft 
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Figure 0.92d: Bottom Force Time History (Dynamic) for Vilano - West, FL at depth of 59 ft 
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Figure 0.93a: Top F-V Time History for Vilano - West, FL at depth of 59 ft (1 h and 5 in) 
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Figure 0.93b: Bottom F-V Time History for Vilano - West, FL at depth of 59 ft (1 h and 5 in) 
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Figure 0.93c: Bottom Force Time History (Static) for Vilano - West at depth of 59 ft (5 in) 
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Figure D.94a: Top F-V Time History for Vilano - West, FL at depth of 59 ft (1 h and 30 in) 
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Figure D.94b: Bottom F-V Time History for Vilano - West, FL at depth of 59 ft (1 h and 30 in) 
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Figure D.94c: Bottom Force Time History (Static) for Vilano - West at depth of 59 ft (30 in) 
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Figure D.94d: Bottom Force Time History (Dynamic) for Vilano - West, depth of 59 ft (30 in) 
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Figure D.96a: Top F-V Time History for Vilano Bridge - West, FL at depth of 62 ft (ASLT) 
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Figure D.96b: Bottom F-V Time History for Vilano Bridge - West, FL at depth of 62 ft (ASLT) 
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Figure D.96c: Bottom Force Time History (Static) for Vilano - West at depth of 62 ft (ASLT) 
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Figure D.96d: Bottom Force Time History (Dynamic) for Vilano-West at depth of 62 ft (ASLT) 
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Figure D.97a: Top F-V Time History for Vilano Bridge - West, FL at depth of 64 ft 
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Figure D.97b: Bottom F-V Time History for Vilano Bridge - West, FL at depth of 64 ft 
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Figure 0.97c: Bottom Force Time History (Dynamic) for Vilano - West, FL at depth of 64 ft 
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Figure 0.98a: Top F-V Time History for Vilano Bridge - West, FL at depth of 67 ft 
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Figure 0.98b: Bottom F-V Time History for Vilano Bridge - West, FL at depth of 67 ft 
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Figure 0.99a: Top F-V Time History for Vilano Bridge - West, FL at depth of 67 ft (ASLT) 
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Figure 0.99b: Bottom F-V Time History for Vilano Bridge - West, FL at depth of 67 ft (ASLT) 
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Figure 0.99c: Bottom Force Time History (Static) for Vilano - West at depth of 67 ft (ASL T) 
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APPENDIX E 

SUMMARY OF SPT ROD TOP MEASUREMENTS 

The performance of an SPT system can be evaluated by measuring the force and velocity near 

the top of the SPT drill string during sampler driving and then calculating the energy transferred 

to the top of the drill sting. Several important SPT quantities will be obtained from force and 

velocity, including the maximum force at time T1 (FT1}, maximum velocity at time T1 (VT1), and 

the maximum transferred energy (EMX). T1 is defined as the time immediately after impact 

when the velocity reaches its first major maximum. These three quantities are calculated by the 

Pile Driving Analyzer (PDA) and are presented in table E.1 averaged over 18 in of sampler 

driving. For the purpose of this project, the sampler was sometimes replaced with an oversized 

tip as indicated in table E.1. As indicated in the table, spacers were sometimes installed in the 

drill string to prevent its buckling during a static compression test 

The PDA calculates the energy transferred to the transducer location using the recorded force 

and velocity records and displays the maximum transferred energy (EMX). This energy is 

computed by numerically integrating the product of force and velocity. The same technique has 

been used in impact pile driving, for determining the energy transferred from the hammer to the 

pile. To evaluate the performance of an SPT system, the term "transfer efficiency" is used. 

Transfer Efficiency (Eff) is defined as the ratio of maximum transferred energy (EMX) to the 

theoretical hammer potential energy. For a 140-lb (625 N) hammer freely falling from 30 in (760 

mm) height, the theoretical hammer potential energy is 0.35 kip-ft (475 N-m or J). The averaged 

transfer efficiency at each test depth is summarized in table E.1. 

A Hammer Performance Analyzer (HPA) was also used to measure the hammer velocity. The 

HPA recorded the hammer velocity time history on the strip chart. The maximum hammer 

velocity just prior to impact (also called hammer impact velocity, Vimpaci) was then used to 

calculate the hammer kinetic energy. Theoretically, assuming free fall and a drop height of 30 

in (760 mm), Vimpaci= 12.68 ft/s (3.86 m/s). Averaged Vimpact values, measured at each test 

depth, are summarized in table E.1. The hammer kinetic energy can be calculated using the 

hammer's mass, m, and the measured impact velocity from 

Ek = ; m(vimpac/ (E.1) 

The hammer efficiency is the kinetic energy divided by the potential energy of .35 kip-ft (475 J). 

Eight different SPT systems were used in performing field tests for this project. Table E.1 

summarizes the SPT rod top measurements at different depths for each of the eight systems. 

Seven of the systems tested utilized a safety hammer with cathead and rope, and one system 
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utilized a donut hammer with hydraulic hoist. A further evaluation of the transfer efficiency and 
the hammer impact velocity was also performed on the seven safety hammer systems. Since 

only one donut hammer was tested, no further evaluation was carried out for this system. 

The SPT N-value presented in table E.1 can be normalized for 60 percent transferred energy 

{N60) using the average transfer efficiency of table E.1. This correction is a simple proration. 

For example, St. Mary at depth of 40 ft, the number of blows for the 18-in sampler driving was 

1-4-4 or an SPT N-value of 8. The average calculated transfer efficiency was 43 percent. 

Therefore, 

43 N60 = - 8 = 6 
60 

(E.2) 

Figure E.1 shows the transferred energies and transfer efficiencies for various safety hammer 

systems identified as "Rig #" in the figure. Based on the seven safety hammer systems, the 

transfer efficiency ranges between 30 and 80 percent with an average of 0.20 kip-ft (266 J) or 

56 percent. Figure E.2 shows the hammer kinetic energy for the various systems indicated in 

figure E.1. The average hammer impact velocity based on the seven systems was about 11.1 

ft/s which resulted in an average hammer kinetic energy of 0.27 kip-ft (366 J). Comparing with 

the theoretical potential energy, the average hammer efficiency (kinetic divided by potential 

energy) was about 77 percent. Thus, on the average, 21 percent of the rated energy were lost 

during the impact. 

Table E.1: SPT Rod Top Measurements 

Depth FT1 VT1 EMX vimpact Ekinetic Hammer Transfer N Noa Remarks 

Efficiency Efficiency 

[ft] [kips] [ft/s] [kip-ft] [ft/s] [kip-ft] [%] [%] [6"-6"-6"] [12"] 

Site: St. Mary Cement, Cleveland, OH 

Hammer Type: Safety Hammer with Cathead and Rope 

40 18.4 8.3 0.15 8.5 0.1572 45 43 1-4-4 6 

65 18.3 8.7 0.15 9.1 0.1802 51 43 10-16-19 25 

100 18.9 8.8 0.15 8.9 0.1724 49 43 12-22-40 44 

103.5 18.0 8.0 0.13 9.0 0.1763 50 37 22-37-64 62 

105 17.5 8.3 0.11 8.9 0.1724 49 31 33blows/6" N/A Flat&Spacer 

Site: Fore River Bridge, Portland, ME 

Hammer Type: Donut Hammer with Hydraulic Hoist 

20 9.7 5.3 0.06 8.7 0.1647 47 17 9-7-7 4 

30 9.1 5.4 0.06 8.5 0.1572 45 17 14-8-11 5 
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TableE.1: SPT Rod Top Measurements (continued) 

Depth FT1 VT1 EMX v,mpact Ekinet1c Hammer Transfer N N6o Remarks 

Efficiency Efficiency 

[ft] [kips] [ft/s] [kip-ft] [ft/s] [kip-ft] [%] [%] [6"-6"-6"] [12"] 

Site: Fore River Bridge, Portland, ME (continued) 

Hammer Type: Donut Hammer with Hydraulic Hoist 

40 7.9 3.7 0.05 8.3 0.1499 43 14 67-76-89 39 

42 7.8 3.7 0.05 8.4 0.1535 44 14 50blows/2" N/A Cone&Spacer 

54 8.0 4.1 0.06 8.7 0.1647 47 17 40blows/6" N/A Flat&Spacer 

56 7.8 3.7 0.05 8.6 0.1609 46 14 25blows/6" N/A Cone&Spacer 

Site: C&D Canal, Pier 17, DE 

Hammer Type: Safety Hammer with Cathead and Rope 

14 19.6 11.7 0.14 10.6 0.2445 70 40 4-3-3 4 

40 21.4 13.6 0.19 11.4 0.2828 81 54 1-2-3 5 

50 16.5 8.6 0.13 11.1 0.2681 77 37 4-5-5 6 

55 20.7 12.1 0.17 10.7 0.2491 71 49 3-5-7 10 

60 20.9 10.4 0.19 10.5 0.2399 69 54 7-20-18 34 

65 20.5 11.0 0.23 10.9 0.2585 74 66 6-12-22 31 

70 22.2 10.9 0.20 10.9 0.2585 74 57 25blows/12" N/A Cone&Spacer 

Site: C&D Canal, Pier 21, DE 

Hammer Type: Safety Hammer with Cathead and Rope 

40 18.1 9.5 0.14 9.9 0.2133 61 40 2-3-4 5 

55 21.7 12.1 0.19 10.2 0.2264 65 54 5-7-10 15 

65 20.4 11.5 0.17 10.7 0.2491 71 49 5-7-13 16 

70 18.0 10.8 0.14 10.6 0.2445 70 40 7 blows/6" N/A Cone&Spacer 

71 19.0 10.0 0.19 10.7 0.2491 71 54 9 blows/6" N/A Flat&Spacer 

Site: White City Bridge, TP3, FL 

Hammer Type: Safety Hammer with Cathead and Rope 

20 18.6 9.2 0.17 11.1 0.2681 77 49 1-1-2 2 

29 17.0 8.4 0.15 9.6 0.2005 57 43 1-1-1 1 

30.5 19.2 10.5 0.18 11.2 0.273 78 51 2-3-3 5 

32 19.7 9.0 0.17 11.2 0.273 78 49 15blows/2" N/A Flat 

35 17.9 8.5 0.17 10.6 0,2445 70 49 25blows/6" N/A Flat 
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Table E.1: SPT Rod Top Measurements (continued) 

Depth FT1 VT1 EMX vimpact Ekinetic Hammer Transfer N N6a Remarks 

Efficiency Efficiency 

[ft] [kips] [ft/s J [kip-ft] [ft/s] [kip-ft] [%] [%] [6"-6"-6"] [12"] 

Site: White City Bridge, TP6, FL 

Hammer Type: Safety Hammer with Cathead and Rope 

15.5 19.1 9.8 0.19 11.2 0.273 78 54 5-6-6 11 

32 18.9 9.5 0.17 10.5 0.2399 69 49 35blows/6" N/A Flat 

33 18.9 8.4 0.14 9.8 0.209 60 30 50blows/6" N/A Flat 

Site: Apalachicola River Bridge, FL 

Hammer Type: Safety Hammer with Cathead and Rope 

20 20.3 9.9 0.19 11.4 0.2828 81 54 2-4-4 7 

25 20.0 9.7 0.20 11.1 0.2681 77 57 1-2-2 4 

55 18.8 9.8 0.18 11.2 0.273 78 51 2-2-4 5 

75 20.3 9.1 0.19 11.0 0.2633 75 54 4-4-3 6 

89 22.3 9.9 0.22 11.3 0.2779 79 57 8 blows/6" N/A Flat 

Site: Sunshine Skyway Bridge, FL 

Hammer Type: Safety Hammer with Cathead and Rope 

5 17.5 8.7 0.14 10.4 0.2354 67 40 6-6-3 6 

10 17.2 9.3 0.13 10.9 0.2585 74 37 1-2-3 3 

15 17.4 8.9 0.12 10.1 0.222 63 34 4-3-2 3 

20 18.6 9.0 0.15 10.9 0.2585 74 43 4-5-10 11 

25 17.4 8.1 0.15 10.2 0.2264 65 43 1-0-1 1 

27.5 19.2 8.2 0.11 11.2 0.273 78 31 1-0-1 1 

30 19.3 9.1 0.18 11. 7 0.2979 85 51 1-4-3 6 

35 16.8 7.7 0.13 10.2 0.2264 65 37 1-3-4 4 

40 18.9 10.2 0.18 12.4 0.3346 96 51 2-3-3 5 

45 17.5 10.4 0.19 11.2 0.273 78 54 40blows/6" N/A Flat 

45.5 17.4 9.4 0.16 10.3 0.2309 66 46 8-21-26 36 

50 19.7 11.0 0.21 11.9 0.3081 88 60 8-11-13 24 

53 17.6 9.6 0.17 10.6 0.2445 70 49 58blows/6" N/A Flat 
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Table E.1: SPT Rod Top Measurements (continued) 

Depth FT1 VT1 EMX v,mpact Ekinetic Hammer Transfer N N6o Remarks 

Efficiency Efficiency 

[ft] [kips] [11/s] [kip-fl] [ft/s] [kip-ft] [%] [%] [6"-6"-6"] [12"] 

Site: Aucilla River Bridge, FL 

Hammer Type: Safety Hammer with Cathead and Rope; Rig #5 

5 18.9 10.4 0.19 11.7 0.2979 85 54 7-8-10 16 

10 26.0 12.2 0.21 12.0 0.3133 90 60 4-2-2 4 

15 27.4 13.0 0.24 11.7 0.2979 85 69 3-3-3 7 

20 25.6 12.0 0.22 11.5 0.2878 82 63 3-2-2 4 

25 22.2 11.5 0.21 11.8 0.303 87 60 3-2-2 4 

30 24.5 11.6 0.23 11.9 0.3081 88 66 3-2-2 4 

35 23.5 10.9 0.24 11.4 0.2828 81 69 1-2-3 6 

40 25.2 11.8 0.23 11.7 0.2979 85 66 4-3-4 8 

45 24.8 11.5 0.22 11.2 0.273 78 63 1-2-2 4 

55 25.4 12.1 0.27 11.5 0.2878 82 77 19-28-29 73 

60 23.7 11.2 0.25 11.5 0.2878 82 71 18-19-26 53 

65 24.2 11.4 0.25 11.6 0.2928 84 71 33-35-31 78 

Site: Vilano Bridge - East, FL78 

Hammer Type: Safety Hammer with Cathead and Rope 

5 22.0 11.6 0.21 12.1 0.3186 91 60 3-2-2 4 

10 22.7 11.8 0.21 11.9 0.3081 88 60 3-2-1 3 

15 25.3 12.0 0.22 12.3 0.3292 94 63 2-1-1 2 

20 18.1 9.0 0.15 12.3 0.3292 94 43 1-1-4 4 

25 24.6 11.6 0.25 12.9 0.3621 103 71 9 blows/6" N/A Flat 

25 24.0 11. 7 0.23 -- 0 0 66 1-1-2 3 

30 24.0 11.8 0.25 12.7 0.351 100 71 2-4-10 17 

35 25.5 11.8 0.25 12.1 0.3186 91 71 43blows/12" N/A Flat 

35 23.3 11.9 0.28 12.7 0.351 100 80 1-2-7 12 

40 25.6 12.1 0.26 12.1 0.3186 91 74 35blows/6" N/A Flat 

40 24.7 11.7 0.24 12.2 0.3239 93 69 7-10-9 22 
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Table E.1: SPT Rod Top Measurements (continued) 

Depth FT1 VT1 EMX vimpact Ekinetic Hammer Transfer N N6o Remarks 

Efficiency Efficiency 

[ft] [kips] [ft/s] [kip-ft] [ft/s] [kip-ft] [%] [%] [6"-6"-6"] [12"] 

Site: Vilano Bridge - West, FL 

Hammer Type: Safety Hammer with Cathead and Rope 

30 23.9 11.8 0.25 -- 0 0 71 1-0-1 1 

35 25.9 11.8 0.25 -- 0 0 71 1-0-1 1 

42 23.5 12.0 0.27 12.5 0.34 97 77 1-0-1 1 

45 26.2 12.9 0.28 -- 0 0 80 1-0-1 1 

50 23.7 11.7 0.25 12.8 0.3565 102 71 1-1-1 2 

55 21.7 10.7 0.21 12.2 0.3239 93 60 1-1-1 2 

59 24.0 12.2 0.25 12.5 0.34 97 71 1-0-1 1 

64 24.4 12.0 0.25 12.5 0.34 97 71 2-3-5 9 

67 24.1 11.9 0.24 -- 0 0 69 3 blows/6" N/A Flat 

68 23.0 11.9 0.25 12.5 0.34 97 71 3-2-3 6 
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APPENDIX F 

TEST SITES INFORMATION 

Appendix F presents detailed test site information including site plan, soil, pile, and hammer 

information, pile driving record, static load test results and cone penetration test results wherever 

available. The test sites are presented in the following order: St. Mary, Cleveland, OH; Fore 

River Bridge, Portland, ME; C&D Canal Pier 17 and Pier 21, DE; White City Bridge Test Pile 3 

and Test Pile 6, FL; Apalachicola River Bridge, FL; Aucilla River Bridge, FL; Vilano Bridge East 

and West Embankment, FL. 

F.1 ST. MARY, CLEVELAND, OH (DB _ID # 43) 

Pile Information: 

Type: 

Cross Sectional Area: 

Length: 

Date Driven: 

Penetration: 

Hammer Information: 

Manufacturer - Model: 

Type: 

Helmet Weight: 

Hammer Cushion Material: 
Hammer Cushion Area: 

Hammer Cushion Thickness: 

Pile Cushion Material: 

Pile Cushion Area: 
Pile Cushion Thickness: 

Soil Boring Log No.: 

CPT Results No.: 

Static Load Test Information: 

Test Date: 

Maximum Load: 

Davisson's Failure Criterion: 

H-Section 12x53 (F'y=36 ksi or 248 MPa). 

15.50 in 2 or 10 000 mm2
. 

120 ft or 36.6 m. 

2/26/1992. 
105 ft or 32 m. 

Vulcan 506. 

Single Acting Air Hammer. 

Unknown (Standard: 0.75 kips or 3.3 kN). 

Unknown (Standard: Hamortex). 
Unknown (Standard: 99.4 in2 or 64 133 mm2

). 

Unknown (Standard: 7.38 in or 4 762 mm2
). 

None. 

None. 

None. 

L-4. 

None. 

3/18/1992. 

330 kips or 1 468 kN. 

315 kips or 1 401 kN. 
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Figure F.1 a: Site Plan - St. Mary 
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uescripllon ijlOWS ueptn ::;ummary 01 1 est Hesuns 

on to Col.1 - Natural Moisture, % 

Spoon bottom Col.2 - Unconfined Shear Stress, #/SF 

for of Col.3 - Strain, % 

12" Sample Col.4 - Loss on Ignition@ 600°C 

Col.5 - Unit Dry Weight, #/cu-ft 

[ft] Surface Elevation: 502± [ft] 1 2 3 4 5 

0 Fill: cinders, sand, gravel, brick, slag, some 

rubble; gray w/ brown silty sandy clay w/slag 

layers (petroleum odor) 13 4.0 

14 .6.5 

Silt, gray, clayey, sandy w/s organic material 

10 gary, sandy, w/s sand seams & organic 3 10.0 30.4 3.7 

materials * S-1 12.0 32.1 455 10.5 3.6 93 

2/1.5 13.5 27.2 4.6 

Sand, gray, silty w/tr. gravel, wood & organic 4 15.0 32.6 4.0 

material 

20 gray w/tr. silt 8 20.0 

w/s organic material 10 25.0 4.6 

30 11 30.0 

gray w/sand & gravel seams 6 35.0 

40 Sand & Gravel, gray, silty w/ small cobbles 30 40.0 

34 45.0 

Clay, gray, silty w/s sand, tr. gravel 

50 25 50.0 19.1 2705 17.1 112 

42 55.0 19.1 2625 16.3 112 

60 gray, silty 34 60.0 19.4 2695 20.0 111 

28 65.0 21.1 2330 14.8 109 

70 26 700 21.4 1850 20.0 106 

39 75.0 *** 

80 27 80.0 21.1 1775 13.3 107 
gray, silty w/tr. sand 

10 85.0 33.2 560 13.9 90 

/continue ... \ 

Figure F.1 b: Soil Boring Log - St. Mary 
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uescriptIon ijlOWS uepth ::;ummary ot I esT nesults 

on to Col.1 - Natural Moisture, % 

Spoon bottom Col.2 - Unconfined Shear Stress, #/SF 

for of Col.3 - Strain, % 

12" Sample Col.4 - Loss on Ignition @ 600°C 
Col.5 - Unit Dry Weight, #/cu-ft 

[ft] Surface Elevation: 502± [ft] 1 2 3 4 5 

90 10 90.0 32.0 

* S-2 93.0 24.5 1670 8.0 95 

14 95.0 29.0 560 20.0 95 

gray, silty, sandy w/ gravel & rock 

100 !rags., tr. small sand layers & cobbles 42 100.0 15.7 3340 13.1 118 

**104 105.0 17.7 

gray, silty, w/s sand, tr. gravel & rock 

110 !rags. & some silt seams 50 110.0 20.4 2130 11.7 107 

37 115.0 26.5 

gray, silty w/tr. gravel & rock !rags. 

120 16 120.0 30.5 780 16.7 95 

12 125.0 31.3 515 13.8 93 

* S-3 128.5 31.4 1335 14.4 95 

130 17 130.0 30.1 

13 135.0 25.1 705 17.4 102 

140 11 140.0 29.4 790 20.0 97 

gray silty w/tr. sand, some silt seams 20 145.0 27.0 

150 17 150.0 26.1 
End of Boring at 150.0 ft 
REMARKS: 
Encountered water at 5.0 ft 
Water at 1 .0 ft on completion 
* Shelby Tube 

** Drove Rock 

*** No Recovery 

Boring Completed: 7 /25/91 
Location: Cleveland, OH 

Job No.: C4775 

Figure F.1 b: Soil Boring Log - St. Mary (continued) 
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Pile Driving Report 
Location: St. Mary's Concrete Copr. 
Pile Type: H Pile 
Dimensions: 12x53x60' 
Tip Elevation: 478' ± 
Ground Surface Elev. 583' ± 

Depth Blows Depth 

[ft] /ft [ft] 

1 29 

2 30 

3 31 

4 32 

5 33 

6 34 

7 35 

8 36 

9 37 

10 38 

11 39 

12 40 

13 41 

14 42 

15 43 

16 44 

17 45 

18 46 

19 47 

20 48 

21 49 

22 50 

23 51 

24 52 

25 53 

26 54 

27 55 

28 10 56 

Blows 

/ft 

2 

2 

2 

2 

3 

2 

3 

3 

3 

4 

3 

4 

4 

3 

4 

4 

4 

5 

6 

8 

7 

6 

8 

8 

6 

11 

10 

10 

Depth 

[ ft l 
57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

Blows 

/ft 

14 

20 

18 

17 

17 

21 

20 

20 

21 

22 

22 

22 

23 

23 

22 

23 

27 

24 

24 

27 

24 

25 

26 

28 

28 

30 

27 

27 

Pile No. 5 
Date: 2/26/92 
Hammer: Vulcan 506 
Energy: 32,500 ft-lb. 
Contractor: Great Lakes 
(Test Pile) 

Depth Blows Depth 

[ft] /ft [ft] 

85 24 113 

86 27 114 

87 25 115 

88 28 116 

89 27 117 

90 27 118 

91 26 119 

92 28 120 

93 29 121 

94 25 122 

95 29 123 

96 29 124 

97 31 125 

98 29 126 

99 34 127 

100 34 128 

101 43 129 

102 44 130 

103 46 131 

104 50 132 

105 52 133 

106 134 

107 135 

108 136 

109 137 

110 138 

111 139 

112 140 

Blows 

/ft 

emarks: :::ncountered concrete tooting to -4 be ow grade. Bottom 2 of pile was dama ed anc g 
removed. Obstruction was removed by a backhoe. Splice@ -60', weld time = 8:00 - 9:00. 
End of Driving at 105 ft. Signed: SDK 

Figure F.1 c: Pile Driving Record - St. Mary 
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500 
St. Mary, Cleveland, OH 

; 
I 

400 I 
I 

I Davisson's Failure Load ,'~ 
I 315 kips I 

~300 
~ 
"O ca 
_3 200 

100 

0 
0 2 3 4 

Displacement, [inches] 

Figure F.1d: Static Load Test Results - St. Mary 

F.2 FORE RIVER BRIDGE, PORTLAND, ME (DB ID# 24) 

Pile Information: 
Type: 

Cross Sectional Area: 
Length: 
Date Driven: 
Penetration: 

Hammer Information: 
Manufacturer - Model: 
Type: 
Helmet Weight: 
Hammer Cushion Material: 
Hammer Cushion Area: 
Hammer Cushion Thickness: 
Pile Cushion Material: 
Pile Cushion Area: 
Pile Cushion Thickness: 

Soil Boring Log No.: 
CPT Results No.: 

Static Load Test Information: 
Test Date: 
Maximum Load: 
Davisson's Failure Criterion: 

Closed End Steel Pipe, concrete filled before load test. 
18 in or 457 mm 0.0.; 0.5 in or 12.7 mm Wall Thickness. 
27.50 in2 or 17 743 mm2

. 

59.8 ft or 18.2 m. 
1/19/1990. 
50.67 ft or 15.44 m. 

Kobelco K45. 
Open End Diesel Hammer. 
3.25 kips or 14.46 kN. 
Micarta. 
576 in2 or 371 635 mm2

• 

3.5 in or 89 mm. 
None. 
None. 
None. 

B-558. 
None. 

2/8/1990. 
400 kips or 1 779 kN. 
350 kips or 1 557 kN. 

256 



Fore River 
Bridge 

International Ferry Terminal 

Figure F.2a: Site Plan - Portland 
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The following is transcribed from Haley and Aldrich's Boring No. 6558-88 

Date Aug. 30, 1988 

Elevation SPT- N Depth-ft Description 

12.33 22 

7.33 18 

2.33 3 

-2.67 300 

-7.67 33 

-12.67 29 

-17.67 34 

-22.67 23 

-27.67 15 

-32.67 34 

-37.67 32 

-42.67 39 

-47.67 30 

-52.67 57 

-57.67 38 

-62.67 90 

-67.67 28 

-72.67 17 

-77.67 22 

-82.67 26 

-84.67 29 

-87.67 38 

-92.67 60 

-97.67 133 

-102.67 206 

11.50 Sand 

13 Silty Sand 

42 Sand 

35.00 Sand and Gravel 

30.00 Sand 

Notes: 

Depth 0 = El. 12.33 

Water at depth 9.6 ft 

Sampler 140 lbs, h = 30" 

Figure F.2b: Soil Boring Log - Portland 
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Pile Driving Record 
Project: Fore River Bridge Replacement. File No. B946-00 
Client: T.Y. LIN International. General Contractor: Reed & Reed, Inc. 
Pile Contractor: Same as general. Pile No.: T23 
Pile Type: 18" 0.0. x 0.5" wall thich; Closed End; Design Capacity: N/A 
Pile Hammer: Kobelco K-45. Rated Energy: 92,760 ft.lbs. 
Date Driven: 1/19/1990. Date Concrete: 1/26/1990. 
Measured Length: 59' 9"; Length deducted after driving: 6' 1"; Total final length: 53'8". 
Pile Elevations: Top - 12.5 ft; Tip - -41.2 ft. 

Depth Blows Stroke Depth Blows Stroke Depth Blows Stroke 

[ft] /ft [ft] [ft] /ft [ft] [ft] /ft [ft] 

1 Auger 26 17 51 16 

2 Auger 27 16 52 

3 Auger 28 18 53 

4 Auger 29 18 54 

5 Auger 30 18 55 

6 2 31 18 56 

7 1 32 20 2.5 57 

8 1 33 18 58 

9 1 34 21 59 

10 2 35 22 60 

11 6 Fall 36 20 

12 10 37 21 Restrike Test 

13 11 38 22 Depth Blows Stroke 

14 8 0.5 39 19 [in] /in [ft] 

15 8 40 22 1 2 

16 10 41 17 2 1 

17 11 soft 42 16 3 1 

18 10 blows 43 15 4 1 

19 11 1.5 44 13 5 1 

20 12 45 13 6 1 

21 14 2.0 46 12 12 6 

22 15 47 13 2.0 24 12 

23 13 48 13 

24 13 2.0 49 15 

25 15 50 15 
Remarks: ;:;top Driving 1/19/1990 at 51.0 t. Restrike 1/25/1990, 2 ft down to 53.0 ft. 

Figure F.2c: Pile Driving Record 
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600 
Fore River Bridge, Portland, ME 

500 I 
I 
I 
I 

Davisson's Failure Load I~ 400 I 350 kips 
'iii' I 
0. I 
~ I 

""-::300 
I 
I 

"O I 
«I I 

0 I 

...J I 
I 

200 I 
I 
I 
I 
I 
I 

100 I 
I 
I 
I 
I 
I 

0 
0 0.5 1.5 2 2.5 3 

Displacement, [inches] 

Figure F.2d: Static Load Test Result - Portland 

F.3 C&D CANAL, PIER 17, DE {DB ID# 204) 

Pile Information: 
Type: 
Cross Sectional Area: 
Length: 
Date Driven: 
Penetration: 

Hammer Information: 
Manufacturer - Model: 
Type: 
Helmet Weight: 
Hammer Cushion Material: 
Hammer Cushion Area: 
Hammer Cushion Thickness: 
Pile Cushion Material: 
Pile Cushion Area: 
Pile Cushion Thickness: 

Soil Boring Log No.: 
CPT Results No.: 

Static Load Test Information: 
Test Date: 
Maximum Load: 
Davisson's Failure Criterion: 

24 in (610 mm) Square Prestressed Concrete Pile. 
576 in2 or 371 635 mm2

. 

75.0 ft or 22.9 m. 
3/10/1993. 
66.0 ft or 20.1 m. 

Delmag D46-32. 
Open End Diesel Hammer. 
6.0 kips or 26.7 kN. 
Aluminum and Micarta. 
415.5 in2 or 268 080 mm2

• 

3.0 in or 76 mm. 
Oak. 
576 in2 or 371 635 mm2

. 

8 in or 203 mm. 

SB #424. 
None. 

3/31/1993. 
1,200 kips or 53 376 kN. 
1,150kipsor51152kN. 
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No/es1 

I SB-42.J 
S-ind/cales Boring L ocollon 

■ -Orivlng Tes/ P,7~ Local/on. 

P/6 Sia •. 144 •225 P/7 Sia. 145 • 75 s . 
f. Pier 

f. P. G.L. S.8.L. 

€. Bridgs 

f P. G.L. N.B.L. 
======:=-:-======~I=•=============-

■ f. Pler ....... _. 

\_ ' Test Site 
SB-424 

Figure F.3a: Site Plan - CD17 
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STATE OF OEUI.IARE 
OEP1'RTI1EJH OF TRAHS?OltTATIOM 

DtVtSlOH OF KtGl!UAYS 

PAGE 2 OF 6 

SORIMG NO. S8 # ~4 
89•110•06 C AHO D CAHAL BRIDGE C ST. GEORGES ) SUSSURFACf llM:STtGATlOM 

LOCATICH: STA. 145+80, 65 1 Rt. CEMTERLIME C S.R. 1, U.S. 13, Rfl.IEF RaJT!) 

NO. ---
1 

2 

3 

4 

5 

6 

7 

SAMPLE 
DEPTll -----
3.S1 

s.01 

10.01 

13.S1 

1s.01 

20.01 

23.s, 

za.s1 

30.01 

BLOUS/611 s»!Pt.£ DESCRtPTIOH REMARKS 
-------

3 
3 

Hoist tii wet fir111 seams of fine sandy clay 
w/lfght bi-OWi thin seams of silty sand, 
sane organic imatter, trace of gravel. 

A-7·5 (11) Field Penetrcmeter 
Reading: O.S-1.S T.S.F. 

5 
C Spoil Area ) 

16• ~le 16" Recovery 

3 
7 
a 

\let stiff gray-green clayey fine sandy silt A-4 (0) 
w/seams of dark gray silt, scaie organic 
lllaltter, trace of coarse sand and gravel. 

( Spof l Area ) 
14,. Sample 1411 Recovery 

4 \let medfun dense gniy-green g_ravelly fine 
8 to coarse sand w/seams of~, 
6 trace of or-9anic matter. 

3 
3 
3 

( Spoil Area ) 
• 1011 S~le 1011 Recovery 

Saturated loose gray-green fine $2.l'ld..__ 

w/sCIIDI! silt and mica, trace ~f- organic 
asatter and =arse sand. 

C Spoil Area) 
12• Sample 12" Recovery 

1 Sat1.1r-ated very loose gray-green mica~ 
Z -sil,_ty_fjne sand w/trace of organic matter 
2 and coarse sand. 

( Spoil Area ) 
16 .. S~le 1611 Recovery 

A•Z-4 CO) 

A•2·4 (0) 3/8/89 8:00 a.m. 
\later a 19.01 

A•2·4 (0) 

Satt.1rated soft gray-green micaceous cla't.e-t-- A-4 CO) 
ffne. to. coars~ sandy-s-i-U.Jl/trace of gravel 
ard org~ic: matter. (9" S~le) 

2 Saturated soft light brown organic silty A-7-5 (9) 
fine sandy clay w/trace of coarse sand. 
(9" S~le) C Spoil Area ) 

18" Recovery 

-= -== =----===r:s ===============a:r:====-=========== ===--=-= ============== 
8 \1/K 

\l/H 
35.0' \l/H 

Saturated very loose light brown silty 
coarse to fine sand w/some gravel. 

10" Recovery 

A-2-4 (0) 

Figure F.3b: Soil Boring Log - CD17 
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STATE OF DEUI.IARE 
DEPARTMEJIT OF TRAIISPORTATICH 

DIVISIOH OF HIG!lwAl"S 

PAGE 4 OF 6 

SORING HO. SB# 424 
89·110-06 C AHO D CAHAL BRIDGE C ST. CcORGES ) SUSSURFACl: INVESTtCATIOH 

LOCATlOH: STA. 145.ao, 65 1 Rt. CEHTERLIHE C S.R. 1, U.S. 13, RELIEF RCXJTE) ________________ ,_.. ... ,.,.__, ... _____ ,...,.. __ ,_ ___ ...,...,_,.,_ ... ,_.., ............... .,.,_,. 

110. 

18 

-19 

,..,,. 
20 

-· 21 

-22 

-23 

--U-2 
24 

--ZS 

SAMPLE: 
DEFTK 

n.s1 

75.0' 

-78.S1 

80.0' 

-83.5' 

85.0' 

-aa.s, 

90.0' 

-93.S' 

95.0' 

--98.S 1 

100.0' 

-100.0' 

102.0' 

-10:S.S1 

105.0' 

B!.01..'S/511 S.&MPLE OESOlIPTlOH CUSS/G.I. RaWlXS 

------------------ -------·--
2Z Satw-ated dense brown to gray-green .!.UlY A•2•4 CO) 
17 ffne sand w/sarie mica, trace of organic 
19 liiitter. 

)~ 
1211 Sample 12• Recovery 

-•◄ w .. • -- --- .... m.-....n 

14 S..turaud medhn dense gray-green 11icaceous A·2•4 CO) Ffeld Penetraneter 
13 sfl ty ffne sand w/sottte organic 11111tter, Reading : 1.0 T.S.F. 
12 trace of coarse sand. 
~~ ,. 

12" Sample 1211 Recovery 
m::..:am mwww..s:::::c::::cz:.sm.z::z a rm=:a mm:a:.:a:::=-rnrnrmm~ 

6 Saturated very stiff gray-green micacecus A-7-5 (2) Field Penetroneter 
9 silty fine sandy clay w/scme organic metter. Reading: 1.0·1.S r.s.F. 

1t 

14" ~le 14'" Recovery - wwww ... 

7 Saturated very stiff gray-green micaceous A•7·5 (1) Ffeld Penetr0111eter 
10 silty fine sandy clay w/s0ttte organic matter. Reading : 1.S T.S.F. 
12 

12" Sample 12" Recovery --- -= = a:-:a..z::::s=::z::: 

4 saturated very stiff gray-green silty fine A·7·6 C9) Field Penetraneter 
9 sandy clay w/some organic matter, trace of Reading : ,.s r.s.F. 

13 mica. 

1611 Sample 1611 Recovery 
:zmazmm=-~ I I ::a:::z ,.,. :a ,. 1 .... ==:s:::s:::--:2:s::11 

9 s.a·turated very stiff darlc gray organic A·7·6 (25) Field Penetraneter 
14 silty fine sandy ciay w/trace of mica. Reading : 2.0 r.s.F. 
14 

17- S~le 17- Recovery 
mwwww -.oaa_,,. • ..,.,._,..., ... _,...,...,_,..,..,__,_....,::urs ,.,,..,. ... ,_..,."""* :z:rasn: ... i::z--=r=,._=..,.======• 
Press 
~le 

Saturated darlc gray organic silty clay. 

23" Recovery 
::rmo:2::s:a: .. ::zs:::aaa,aa::m=:z=s:::::::a::-=m:,::a:a:.-:s:a=:a::::==::===rrn-=~==:a :::a ... :ss: .... ~ 

8 
12 
14 

S..turated very stiff darl: gray organic 
silty ffne sandy clay w/trace of mica. 

A-7-6 (36) Ffeld Penetrcmeter 
Reading: Z.25 T.S.F. 

Figure F.3b: Soil Boring Log - C017 (continued) 
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STA'ra a, D£1..WARE 
DEP.UTMEJIT 01 TRAKSPORTATIOM 

DIVISIOM OF KICHw>.l'S 

PAI.£ 4 OF 6 

BORJMG NO. SB~ 424 
89•110·06 C AJID O CAHAL BRIDGE C ST. GEORGES ) suastn!FACS: lllVESTICATtOH 

LOCAT1011: STA. 145.ao, 65' Rt. CEHTERLIIIE C S.l. 1, U.S. 13, Ra.IEF RClJTE) 

-------------------------------------------------------.... 
110. 

,a 

-19 

.... 
,20 

-21 

--22 

-23 

-u-2 
24 

-ZS 

SAHPI.! 
cunr B!.Ol..'S/6• s.&MPL.E Dl:SCUPTtOM CUSS/G.I. REMARa 

73.S1 22 
17 

75.o• 19 
I!{. 
) 

-ns.s1 14 
13 

80.0' 12 
~; ,. 

-83.S1 6. 
9 

as.a• 11 

- -aa.s• 1 
10 

90.0 1 12 

- -93.s, 4 
9 

95.0' 13 

---98.S 1 9 
14 

100.0' 14 

- w 

100.01 Press 
Sariple 

102.0' 

-103.S1 a 
12 

105.01 14 

------------------ ----------
saturated dense bn>wn to gray-green _!illY A•Z·4 CO) 
ffne sand w/sane mi~, trace ot or-;ani c 
liiitter. 

12" Sample 12'" Recovery ........ 
saturated medfua dens.e gray-9reen 111icac:eous A·Z•4 CO) - Field Pffletraneter 
silty ffne sand w/sOtlll! organic matter, Reading : 1.0 r.s.F. 
trace of coarse sand. 

12" S~le 12'" Recovery -- rm =-=-=-J= 
Saturated very stfff gray-green mieaceous 
silty fine sandy clay w/scme organic matter. 

1411 Sample 14'" Recovery 

Saturated very sd ff gray-green mi caceous 
silty fine sandy clay w/s0tl¥ft organic matter. 

12" Sample 12'" Recovery 

saturated very stiff gray•green silty fine 
sandy clay w/scme organic matter, trace of 
mica~ 

1611 S~le 16'" Recovery 
~ ,mas 

Saturated very stiff dark g~ organic 
silty fine sandy clay w/trace of mica. 

17" S~le 17" Ree0Vf!t'"f 

Saitunted dark gray organic silty clay. 

23" Recovery 

saturated very stfff darlc gray organic 
silty fine sandy clay w/trace of 111ica. 

A-7·5 (2) Field Penetl'"0Clleter 
Reading: 1.0-1.S r.s.F. 

---A•7•5 (1) Field Penetrcmeter 
Readfng : 1.S · T.S.F. 

=-== 
A-7·6 (9) Field Penetrcmeter 

Reading : 1 .5 T.S.F. 

rn:..rmaaa 

A·7·6 (25) Field Penetraneter 
Reading: Z.0 T.S.F. 

■maann:t.s.:s: 

A-7-6 (36) Field Penetraneter 
Reading: 2.ZS T.S.F. 

Figure F.3b: Soil Boring Log - CD17 (continued) 
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MATERIALS AND RESEARCH D1v1SION 
SUNHARY OF SOIL ANALYSIS TESTS PAGE 1 

COHTllACT- 89-110-06 NAME--- C AND D CANAL IR.IDGE(ST.GEO.) 
DATE----- HAR.CK 16, 19119 SUBSURFACE INVESTIGATION 

(S.R. 1,u.s. 13,RELIEF ROUTE) 

--.rnt-A-1'-tt~ PERCENT PASSING lh\-tt**H>hht 
LOCATION DEP'nl 2.5 2 l l/11 4 10 40 200 LL PL HO OR Pl CLASS ,a 

( FIELD DATA: 3/l/89,3/9/89,3/10/89) 

SI# 424 S#l (TEST# 4959-4994) 
STA. l.5- 5.0 lllO 100 100 99 99 98 94 55 54 31 ]II 5 2] A-7-5 11 
145+80 S#2 
65' Rt. 8.5-10.0 100 100 100 96 95 94 115 40 29 22 25 4 7 A-4 0 
CENTER 5#3 
LIN£ 13.5-15,0 100 100 100 94 85 75 53 17 -- 15 3 NP A-2-4 0 

S#4 
18.5-20.0 100 100 100 100 100 100 99 17 -- -- 37 2 NP A-2-4 0 

Slf5 
23.5-25.0 100 100 100 100 100 100 99 22 -- - - 47 4 NP A-2-4 0 

I\.) I S.6 0) 
CJ1 28.5-29.2 100 100 100 100 99 96 74 45 24 17 19 2 7 A-4 0 

S#7 
29.2-30.0 100 100 100 100 100 100 97 54 53 32 52 6 21 A-7-5 9 

5#8 
33.5-35.0 100 100 100 97 94 89 48 27 -- -- 16 NP A-2-4 0 

S#9 
38.5-40.0 100 100 100 100 100 100 92 80 64 37 55 11 27 A-7-5 25 

S#lO 
4].5-45.0 100 100 100 100 100 100 100 67 84 41 49 7 43 A-7-5 31 
S#ll 6. U-1 

46.9-47.0 100 100 100 100 98 97 78 50 21 17 19 1 4 A-4 0 
S#l2 

48•.5-50.0 100 100 100 100 100 100 97 31 30 18 25 3 12 A-2-6 0 
S#ll 

53.5-54.5 100 100 100 100 100 100 98 34 l7 25 29 4 12 A-2-6 0 
S#l4 

54.5-55.0 100 100 100 100 100 100 98 71 48 21 32 6 27 A-7-6 18 
S#lS 

511.5-60.0 100 100 100 99 99 98 93 19 -- 27 NP A-2-4 0 
S#l6 

63.5-65.0 100 100 100 100 100 100 98 21 -- 28 NP A-2-4 0 
5#17 

68.5-70.0 100 100 100 100 100 100 99 19 29 NP A-2-4 0 

Figure F.3b: Soil Boring Log - CD17 (continued) 



MATERIALS AND RESEARCH DIVISION 
SUHHARY OF SOIL ANALYSIS '?IStS PAGE 2 

mmw:T- 19-110-0, NANI-- - C AND D CANAL lllIDGE(ST.GEO.) 
DAH-·-•· IIARCH 16, 19119 SUBSURFACE INVESTIGATION 

(S.R. l,U.S. 13,RELIIF ROUTE) 

ff*tt••tttt PERCENT PASSINC **"'•••••••• 
l.DCATION DEPfll 2.5 2 1 :J/8 4 10 40 200 LL PL HO 01. Pl CIASS GI 

HlB 
73.5-75.0 100 100 100 100 100 100 100 25 29 -- 211 3 NP A-2-4 0 

5#19 
711.5-80.0 100 100 100 100 100 100 99 21 30 27 4 NP A-2-4 0 

S#20 
13.5-115.0 100 100 100 100 100 100 100 37 45 30 28 4 15 A-7-5 2 

5#21 
81.5-90.0 100 100 100 100 100 100 100 40 42 31 '.U 5 11 A-7-5 1 

S#22 
93.5-95.0 100 100 100 100 100 100 100 54 49 211 31 5 21 A-7-6 9 

9#23 ( 91.5 1 -100.0• ) 
91.5-100.0 100 100 100 100 100 100 100 n 61 28 31 7 33 A-7-6 25 

I\) I 
S#24 6 U-2 ( 101.9 1 -102.0• ) 

0) 101.9-102.0 ftl!SS SAMPLE - ■O SIEVE ANALYSIS 79 30 41 7 49 
0) S#25 ( 103.5'-105.0') 

103.5-105.0 100 100 100 100 100 100 100 11 73 29 33 6 44 A-7-6 36 
5#26 ( 101.51 -110.0' ) 

108.5-110.0 100 100 100 100 100 100 99 65 74 30 34 7 44 A-7-5 211 
S#27 ( lll.5'-115.01 ) 

113.5-115.0 100 100 100 100 100 100 99 71 76 32 33 7 44 A-7-5 311 
S#28 c 111.s•-120.0• > 

1111.5-120.0 100 100 100 100 100 100 89 45 41 21 26 9 20 A-7-6 5 
S#29 ( 123.5'-125.0' ) 

123.5-125.0 100 100 100 99 97 95 92 46 41 22 21 II 19 A-7-6 5 
S#30 ( 128.5'-130.0') 

128.5-130.0 100 100 100 100 100 100 98 5l 35 25 25 6 10 A-4 3 
5#31 ( 133.5'-135.0' ) 

133.5-135.D JOO 100 100 100 100 100 99 69 37 24 25 7 13 A-6 II 
S#32 ( 138.5°-139.0' ) 

138.5-139.0 100 100 100 97 97 97 95 52 34 21 21 6 13 A-6 4 
S#ll ( 139.0°-139,6' ) 

139.0-139.6 100 100 100 100 100 100 99 " 19 16 15 l A-4 0 
S#34 ( 14J,5'-145.0' ) 

143.5-145.0 100 100 100 100 100 100 100 45 16 19 -- HP A-4 0 

Figure F.3b: Soil Boring Log - CD17 (continued) 



SR-1 Construction Test Pile Driving Record 
Location: C&D Canal Bridge; Ref. Bot. of Ft Elev.: 45.1 
Hammer Type: Diesel; Make & Model: Delmag D46-32 

Date: 3/10/1993 
Casting Date: 12/18/1992 

Pile Type: 24 sq in. Pree. Prest. Cone.; Bent: 17 (NBL); Pile No.: 2; Pile Length: 75 ft 
Pile Cushion: 8" oak; Required Bearing: 500 tons. 

uepm No. ot No. ot Hammer Hemark ueptn No. o1 TIO. of Hammer HemarK 

of Tip Blows Blows Stroke of Tip Blows Blows Stroke 

[ft] /ft /min. [ft] [ft] /ft /min. [ft] 

5 9 45 6.8 Fuel #1 40 8 46 6.7 
6 10 45 6.8 41 9 45 6.7 
7 9 45 6.7 42 7 45 6.8 
8 10 45 6.7 43 5 45 7.0 
9 11 46 6.7 44 6 45 7.0 
10 9 46 6.7 45 13 45 7.0 

11 9 45 6.7 46 15 45 7.0 
12 9 46 6.7 47 22 44 7.2 
13 9 45 6.7 48 46 43 7.6 
14 10 45 6.7 49 70 43 7.7 
15 8 46 6.6 50 94 43 7.7 
16 6 46 6.6 51 86 41 8.4 Fuel #3 
17 5 46 6.6 52 87 37 10.1 Fuel #4 
18 5 46 6.6 53 83 37 10.1 
19 5 46 6.6 54 76 37 10.1 
20 6 46 6.6 55 70 37 10.2 
21 5 46 6.6 56 59 37 10.3 
22 4 46 6.6 57 55 37 10.1 
23 5 46 6.6 58 53 38 9.8 Fuel #3 
24 5 45 6.7 59 52 38 9.7 
25 7 45 6.8 60 51 38 9.7 
26 8 45 6.8 61 47 38 9.7 
27 8 45 6.7 62 49 38 9.6 
28 7 45 6.8 63 48 38 9.6 
29 7 45 6.8 64 50 38 9.7 
30 7 45 6.7 65 47 38 9.7 
31 7 45 6.7 66 49 38 9.7 
32 7 46 6.7 67 
33 6 46 6.6 68 
34 7 45 6.7 69 
35 7 45 6.7 70 
36 7 45 6.7 71 
37 7 45 6.7 72 
38 8 45 6.8 73 
39 6 46 6.7 74 

Hestrike 3/19/1993): 1-'IIe t- enetratIon 51 tt; 20 blows at 9.5 t ~troke (fuel#4) and 0.173 movement or 
116 blows/ft. Then continue driving. 
Restrike (3/25/1993): Pile Penetration 66 ft; 20 blows at 8.9 ft Stroke and 0.155 movement or 129 blows/ft. 

Figure F.3c: Pile Driving Log - CD17 
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C&D Canal, Pier 17, DE 
1500 

Davisson's Failure Load 
/ 

1150 kips 

'°[ 1000 
I 
I 
I g I 

I 
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...I I 
I 
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500 ' I 

' I 
I 

' ' I 

' I 
I 

0 
0 2 3 

Displacement, [inches] 

Figure F.3d: Static Load Test Result - CD17 

F.4 C&D CANAL, PIER 21, DE (DB ID# 203) 

Pile Information: 
Type: 
Cross Sectional Area: 
Length: 
Date Driven: 
Penetration: 

Hammer Information: 
Manufacturer - Model: 
Type: 
Helmet Weight: 
Hammer Cushion Material: 
Hammer Cushion Area: 
Hammer Cushion Thickness: 
Pile Cushion Material: 
Pile Cushion Area: 
Pile Cushion Thickness: 

Soil Boring Log No.: 
CPT Results No.:_ 

Static Load Test Information: 
Test Date: 
Maximum Load: 
Davisson 's Failure Criterion: 

24 in Square Prestressed Concrete Pile. 
576 in2 or 371 612 mm2

. 

75.0 ft or 22.8 m. 
3/9/1993. 
72.0 ft or 21.9 m. 

Delmag 046-32. 
Open End Diesel Hammer. 
6.0 kips or 26.7 kN. 
Aluminum and Micarta. 
415.5 in2 or 268 063 mm2

. 

3.0 in or 76.2 mm. 
Oak. 
576 in2 or 371 612 mm2

. 

8 in or 203.2 mm. 

SB #428. 
None. 

4/14/1993. 
1300 kips or 5 785 kN. 
1300 kips or 5 785 kN. 
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STAR Of DELAWARE 
DEPARTMENT OP TRANSl'ORTATION 

DIVISION OF IIIGM\IAYS 

PAGE Z OF 5 

IOIIIIG NG. U • 421 
~TIU.CT: 19·110·06 C AND D CANAL IIIIDGE ( ST. GE0llGES ) SUISUlfACE IMSTIGATIQII 
IIIHG Lcx:ATIDII: STA. 15l♦ZO, 65' Lt. CENTEIILINt: ( S.11. 1, U.S. 1J, ltlLIIP ICIITE ) 

---------------------------·-··--·-------··--------·-.. •-=•---~-SAMPLE 
DEPTH ILOIIS/6" 

3 
3 

s.o• J 

--z 

,a.a• 

- -J 13.5• 

,s.a• 

- -,. 11.5• 

ill!.0• 

- -5 ZJ.5• 

zs.a• 

- -6 28.5• 

30.0• 

4 
3 
z 

11/H 
11/11 
\1/H 

\1/H 
\1/H 
\IIH 

11/11 
11/11 

1 

l 
4 
5 

SMPLI! DESCRIPTION 

llet flr11 gray fine sandy silt 11/- •le■, 
trace of organic Mtter. 

I• IKavery 

\let l-e 1r■y•green silty fine sand 
wt•- ■ic:a, tr■ce of or1anlc Ntter. 

I" lt•covery ... 
Saturated 10ft 1r■y•1r•en organic silty 
clay w/1arne fin■ sand, tr■c:■ vf 11h:a. 

10" Sllll'fll ■ 1011 lec:avery 

Sat11ratlCI soft 1ray•1reen organic: clayey 
fine sandy silt 11/irac■ of mica. 

1QH S~le 1011 lKavery 

CLASS/G.I. 

-■=======■--------
A·Z•4 (0) 

- - =- =•■--------■==••-
A•7·5 (14) 

--------- - ,,, __ 
A•lt <l> 

----------------- -=■=lal=■=- ---•■■1n■-■1■1■--•■■1■ll■l■■■ln■■■■ 
S■tlll'■ tlCI soft 11r■y-11reen organic: silty 
clay. 

I" Sllll'flle a~ llec:vYery 

•········· ••- of clay In top of 
spoon. 
••- of p■■t In bottan 
of spoon. 

----------------- ----- ·----=•======= Sat11r1ttd loose gray-green sit ty fine s■nd 
wt•- ■lea, trace of organic: meter. 

911 RKav■ry 

A·Z·4 (0) J/29/19 1:30 1.111. 

ll■t■r a Jo.a• 

-- =■==■==■= ■■----------■-----■1■sm-■1■=■1■11■-■n nnrmsn,■ ==-■rzer■e■r■■=■■■a■■■■ 
7 JJ.5• 

JS.a• 

--• 31.5• 

,a.a• 

z 
l 
3 

Saturated lGOH aray-grnn fin■ sand 
11/1- 11lc and ■lea, trace of organic 
Ntter and caars■ sand. 

1Z11 lKavery 
---• ■----------------- ■--- """' ____ ., ____ .,,.,,--1■.■rrr■ 

5 
6 
5 

SHIIACICI sifff 9ray•1r11n fine llnciy sllc 
wt•- orgmlc NCCtr and 11lca, trac;■ of 
c:01r1e 1■nd. 

12" l■cDYery 

A•• (D) s11- uf cl11y In bottCAI 
of spoon. 

IOIIIIG IIO. SI I 421 
SUlfACI! ELEY.• 46.1' 

ELEY. IEF. Tll'OGIIAPIIY /PLANS 

Figure F.4b: Soil Boring Log - CD21 
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STATE c, DEUIIAU 
DIPARTMENT Of TRANS,ollTATION 

DIVISION Of NIGIIWATS 

PAGE J Of 5 

IORING NO, SI I 421 
. .w:r, 19•11G•D6 C: .AID a c:A11A1. NIDGI C IT, OIOIGII t UUFACI INVHTIGATION 

■In LCICATIIIIII lfA. 1s;s.zo. "' l.t. CUTUL.1111 C s.a. 1. 11.s. 1J, Ul.llf 111111 ) 

ILY 
~HS 

9/119 

SAMPLE 
NO. !IIP~H ILallS/611 

' u.s, ] 

z 

10 45,a• ] 

... ----· ··-···· U·1 45.a• PrHa 
11 S~l• 

47.o• 

SAMPLE DESCRIPTION 

Satur■c■d fll'III 1r■y-1rNn fine sanely silt 
W/ll- Ol'l■nlc: Netti'. Crace of coarH 
e■nd. Cl" Saqlle> 
S1c11r1t■d soft 1ray•1r11n organic ill ty 
clay. (6" S8'1ll) 

14• lteavery 

CUSS/G,I, IEMAIIICS 

A·4 (0) 

--···-·········----■-■--•--· ---- ---··--···--···· S1t11r1Ud brown 1fU w/tnce of clay and 
fine CO COlrH Hnd, 
( Salll)I• # 11 ( 46.9'·47.0' > r-ved from 
baCCOIII of Cube U·1.) 
1711 Sanplt 11111 Recovery 

... ····- -···-·· -········-·······-···-·--··-········· --·-· ·····--·-···--· 12. 7 
I 

50.0' 10 

Wet ca 11c1.1r-■ttd very nlff 1r1y ar1■nlc 
silty clay w/tr■c1 af fine ca coarH sand. 

1411 Sanplt 

A·7•5 (61) 

... --··· -··-· ---·--·-·····-·-·····----- ---·· -····-·---······-··· 1] 

14 

53.5• 

55.a• 

I 

10 
9 

S1t11r-1ted brown pear. (6" Saqile> 

11curacact very etfff 1ray•1reen organic 
fine sandy 111 C W/Cract of CNrH Hnd. 
(I" S-.ilt) 14" llicov,ry 

A·4 (0) 

- -·-·· ··-···- ····-------------··-·-·- ---- ---------··-·· 15 

-· 16 

... 
17 

511.5' 

60.0• 

-···· 63.S• 

65.0• 

··--· 61.5' 

10.01 

9 
12 
12 

·-····· s 
6 
7 

·-··-· 4 
7 
I 

Wee co 11c11ncad very stiff 1r■y-1r1en fine A•4 CO) 
a■ndy silt w/some organic 11111cur lllcl 111ic1. 

1411 S■ll'fllt 1411 llecovery 

·-·········--··-···-·---·-······-·· ··-···· ·----··-··-····· SICllr■ Cld stiff lir■Y fine 11ndy silt 
w/s- org■nic 111cur lllcl 11fc1. 

1311 IIICOYl!'y 

A·4 (0) 

·······-······-····----··-······-- ---- ··--·----····-···· S1C11r■tld stiff 11r■y fin• sll'ldy sf U 
11/1- ar1anic 11act1r, 11lc■ lllcl clay, 

14• JIICOYl!'y 

A·4 (0) 

••• ·-·-· --■■ .. --·-··-------·---·-·· --■--- _ ........... ______ _ 
11 73.5• 

75.0• 

5 
6 
7 

l■cur■t■d stiff 1r■y clayey fine sanely silt A•4 (4) 
wt•- ars■nlc 1111ct1r lllcl 11lc1. 

13• Rlcov1ry 

i::1 i::v "'' 

IORING NO, SI t 4211 
SUUACI! EL.EV. + 46.1' 

TnDN:HIINY /Ill .111~ 

Figure F.4b: Soil Boring Log - CD21 (continued) 

271 



STATE OF DIUVARE 
Dt:,AITMINT OF TIIAIISl'OIIITATION 

DIVISION OF NIGIIVAYS 

'"" 4 aF s 

IIOIIING NO, SI f 421 

1TUCT1 •-na-06 = 1111D D CMAL DlDCZ C ST. GIQIIIII J MIUIIPACI IMITUMTICII 
■IN UICATUIII: ITl. lll+211, 65• U. CIIITIILIIII ( l■ II ■ 1. U.I. 1J, IILllf 11:UTI > 
-----------------------•=•■■1■•--=-■•■1■=--•■•=-=■----■---•--1■■•=-n•--.---.---■ 
\ILY 
:X.ESS NO, 

1.9/19 19 

-· zo 

... 
21 

-· zz 

•=• 
30/89 Zl 

... 
24 

-· Z5 

-Z6 

IAMPLI 
DIPTN ILCllll/611 SAMIILI DESCIIIPTION C1ASS/G,I. 

71.S• 

10.01 

-13.5• 

15.Q• 

-·-·· u.s• 

90,01 

--··· 93.S• 

95.0• 

-■■ 
H.5• 

1D0,0' 

-103.5• 

105.D• 

-■■ 
1oa.s• 

110.01 

■--■■ 
11J.s• 

115.01 

7 
I , 

Wet wry 1tlff gray ar;■nlc 1llty fine 
1andy clay 11/tr■c:e af ■le■, 

A·7•5 (19) 

--- -■-■---•-■-----■-- --- -----■-----9 
10 
11 

Wac wry 1tl ff gray ara■nlc 111 ty clay 
II/HIM fine land, tr■c:a of 11lc1. 

1JN JIKDYery 

A-7·6 (35) 

··--·· -··········-········--·····-····---· ----· ■--·-·---·····-9 
10 
10 

Wet very atfff gray or1■nlc 1llty cl ■y 
11/trac:a of ffne s■nd and 11lc■• 

1411 s-.le 1411 Jlacovery 

A·7·6 (52> 

......... -·-··-··-··--·-----··--·- ----_ .......... ----17 
19 
Z3 

Wet ll■nl 11ray or1■nlc ill ty clay 11/■-
■lca, trK■ of ffne 1and. 

16N Recovery 

A•7·6 (46) 

-- ----····--·--------■ --- --■-------■ 14 Wat hard gray or1■nlc sll ty fine sandy cl ■y A•7·6 C4Z) 
15 11/1- mic:a, trace of coarH Hnd, 
Z3 

1811 S.,..ile 

--- ----------··-···-·--···---· ----·- ---·-------■ 7 We,: h■rd 1r■y or9anfc 11lty fine sandy c:lay A•T•6 CZJ> 
24 'II/■- 11lc1, trac:■ of coarH sand. 
Z6 

II" lecovary 

--■ ---····--·--······-···----- ---- -■---•---··---· ZJ Wee h■rd 1r1y or11nlc all t)' fine sand)' cl ■y A•T•6 CT> 
30 .. ,,_ 11lc:1, tr■CI of c:oa"• 1■nc1. 
37 

11" Jlacovery 

--■ ----■■----■------- --- --.. --------■■■,----15 
ZI 
J7 

\I■,: ll■ra gray 11lty fine 1■ndy c:lay 11/■-
organfc m■ner ■nd 11lc:■, trace of c:oar1■ 
1■nd. 

18" llacovery 

IQIING NO, n I 421 
UfAa ILIY, • 46,1' 

ILIY, •IF. : TIIPOGIA,HY /PLANS 

Figure F.4b: Soil Boring Log - CD21 (continued) 
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HATEltIAi., AND RESEARCH DlvISION 
SUNHAllY OF SOIL ANALYSIS TESTS PACE l 

COM'l'RACT- 119-110-06 HANE--- C AND D CANAL BRIDGE(ST,CEO.) DATE----- APRIL 6. 1989 SUBSURFACE INVESTIGATION 
(S.R. 1.u.s. 13,REUEF llOUTE) 

••••••••,..... PERCENT PASSING .....,._.tt1hhl-LOCATION DEPTH 2.5 2 l 3/8 4 10 40 200 LL PL HO OR PI CLASS CI 

( FIELD DATA: J/29/89,J/J0/89) 

SI# 428 S#l (TEST# 6261-6291) 
STA. 3.5- 5.0 100 100 100 100 100 100 100 39 -- -- 37 3 NP A-4 0 U3♦20 S#2 
65' Lt, 8.5-10.0 100 100 100 100 100 100 100 21 -- -- 36 2 NP A-2-4 0 CENTER S#3 
LINE 13.5-15.0 100 100 

S#4 
100 100 100 100 100 84 44 30 51 8 14 A-7-5 14 

18.5-20.0 100 100 100 
S#5 

100 100 100 100 62 35 211 43 9 7 A-4 3 
23.5-25.0 NO SIEVE ANALYSIS 36 28 56 12 8 

I\) I 
S#6 

-...J 21.5-30.0 100 100 100 100 100 100 100 23 -- -- 39 2 NP A-2-4 0 w S#7 
33.5-35.0 100 100 100 100 100 100 99 15 -- -- 35 2 NP A-2-4 0 S#I 
38.5-40.0 100 100 100 100 100 100 99 47 JO -- 34 5 NP A-4 0 S#9 
43.5-44.5 100 100 100 

S#lO 
100 100 100 99 42 29 -- 30 5 NP A-4 0 

44.5-45.0 NO SIEVE ANALYSIS -- -- 62 11 S#ll & U•l PRESS SAMPLE 
46.9-47.0 100 100 100 100 100 100 99 96 27 24 32 -- 3 A-4 3 S#l2 
48.5-50.0 100 100 100 
S#ll 

100 100 100 99 90 97 41 50 14 56 A-7-5 61 
53.5-54.0 NO SIEVE ANALYSIS -- -- 79 28 S#l4 
54.0-55.0 100 100 100 100 100 100 96 40 -- -- 35 6 NP A-4 0 S#l5 
58.5-60.0 100 100 100 100 100 100 100 48 29 -- 27 5 NP A-4 0 S#l6 
63.5-65.0 100 100 100 
S#l7 

100 100 100 100 52 JO -- 29 5 NP A-4 0 
68.5-70.0 100 100 100 100 100 100 100 48 33 29 30 5 4 A-4 0 

Figure F.4b: Soil Boring Log - CD21 (continued) 



MATERIALS AND RESEARCH DIVISION 
SUHHARY OF SOIL ANALYSIS TESTS !ACE 2 

CONTllACT- 89-110-06 NAME--- C AND D CANAL lllDGE(ST.CEO.) 
DATE----- APRIL 6 , 1919 SUISURPACE IHVESTICATlOII 

(S.R. 1,u.s. 13,RELIEF IOUTE) 

LOCATION DEPTH 2.5 2 l 
*H-A-*H**** PERCENT PASSING *******tiff 

3/8 4 10 40 200 LL PL KO oa Pl CLASS GI 

S#l8 
73.5-75.0 100 100 100 100 100 100 100 
Sifl9 

66 36 29 31 5 7 A-4 4 

78.5-80.0 100 100 100 100 100 100 100 17 53 :JO 30 ' 23 A-7-S 19 S#20 
83.5-85.0 100 100 100 100 100 100 100 
S#2l 

86 63 26 31 ' :n A-7-6 35 

88.5-90.0 100 100 100 100 100 100 100 93 75 26 34 7 le9 A-7-6 52 S#22 
N I 93.5-95.0 100 100 100 100 100 100 100 92 71 21 33 1 43 A-7-6 46 --..J S#23 ( 98.5 1 -100.0• ) ~ 

98,5-100.0 100 100 100 100 100 100 99 75 80 26 34 1 54 A-7-6 42 S#24 ( 103.5 1 -105.0 1 ) 

103.5-105.0 100 . 100 100 100 100 100 96 53 79 27 25 9 52 A-7-6 23 8#25 ( 108.5'-110.0' ) 
108.5-110.0 100 100 100 100 100 100 99 41 55 25 24 6 ]O A-7-6 7 5#26 ( 113.5'-115.0' ) 
113.5-115.0 100 100 100 100 100 100 99 50 43 23 26 5 20 A-7-6 7 $#27 ( 118.5'-120.0' ) 
118.5-120.0 100 100 100 100 100 100 99 68 43 24 27 ' 19 A-7-6 12 S#28 ( 123.5'-125.0' ) 
123.5-125.0 100 100 100 100 99 97 93 41 JO 20 23 5 10 A-4 l S#29 ( 128.5'-129.0' ) 
128.5-129.0 100 100 100 100 100 99 98 63 16 .. 15 ·- NI!' A-4 0 S#lO ( 133.5 1 -135.0' ) 
133.5-135.0 100 100 100 100 100 100 97 92 23 15 17 -- I A-4 5 S#31 ( 136.5'-140.0' ) 
138.5-140.0 100 100 100 100 100 100 95 17 24 16 15 -- I A-4 4 END 

Figure F.4b: Soil Boring Log - CD21 (continued) 



SR-1 Construction Test Pile Driving Record 
Location: C&D Canal Bridge; Ref. Bot. of Ft Elev.: 37.5 
Hammer Type: Diesel; Make & Model: Delmag D46-32 

Date: 3/9/1993 
Casting Date: 12/18/1992 

Pile Type: 24 sq in. Pree. Prest. Cone.; Bent: 21 (NBL); Pile No.: 2; Pile Length: 75 ft 
Pile Cushion: 8" oak; Required Bearing: 500 tons. 

uepm NO. OT I\JO. OT Hammer Hemark lJepth No. ot No. ot Hammer HemarK 

of Tip Blows Blows Stroke of Tip Blows Blows Stroke 
[ft] /ft /min. [ft] [ft] /ft /min. [ft] 

0-19 Pile set 54 33 44 7.1 Fuel #1 
20 14 Fuel #1 55 31 44 7.1 
21 4 46 6.7 56 27 44 7.1 
22 3 57 54 38 9.9 Fuel #4 

23 3 58 44 38 9.9 
24 3 59 40 38 9.8 

25 2 60 41 39 9.4 Fuel #3 
26 3 61 38 38 9.5 
27 3 62 35 38 9.6 
28 2 63 33 38 9.6 
29 2 64 32 38 9.6 
30 3 65 32 33 9.3 
31 3 66 37 41 8.4 Fuel #2 
32 3 67 36 41 8.5 
33 4 68 38 41 8.4 
34 4 69 33 40 8.6 
35 7 47 6.6 70 36 41 8.5 
36 9 46 6.6 71 34 40 8.7 
37 11 45 6.7 72 34 40 8.8 
38 12 45 6.7 73 
39 14 45 7.0 74 
40 20 44 7.1 75 
41 31 44 7.2 76 
42 45 44 7.3 77 
43 40 44 7.2 78 
44 40 44 7.2 79 
45 27 42 7.9 Fuel #2 80 
46 25 42 7.9 81 
47 22 42 8.8 82 
48 21 42 7.9 83 
49 20 43 7.6 84 
50 19 43 7.7 85 
51 21 43 7.6 86 
52 24 43 7.6 87 
53 27 43 7.6 AA 

RestriKe (3/19/1993): l-'Ile ~ enetratIon 56 tt; 21 blows at 9.7 t Stroke 'Fuel#4) and 0.307 movement or 
68 blows/ft. Then continue driving. 
Restrike (3/25/1993): Pile Penetration 72 ft; at 9.6 ft Stroke (Fuel#4) and 125 blows/ft. 

Figure F.4c: Pile Driving Log - CD21 
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C&D Canal, Pier 21, DE 

1500 I Davisson's Failure Load ,'~ 

I 
1300 kips 

I 

'in I 
I g 1000 
I 

I 
I 

I 
"C I 
ca I 
0 I 

...J I 
I 

I 
I 

500 I 
I 

I 
I 

I 
I ,, 
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0 0.5 1.5 2 2.5 3 

Displacement, [inches] 

Figure F.4d: Static Load Test Result - CD21 

F.5 WHITE CITY BRIDGE, FL ; TP3 AND TP6 (DB ID # 62 AND 63} 

Pile Information: 
Type: 
Cross Sectional Area: 
Length: 

Date Driven: 
Penetration: 

Hammer Information: 
Manufacturer - Model: 
Type: 
Helmet Weight: 
Hammer Cushion Material: 
Hammer Cushion Area: 
Hammer Cushion Thickness: 
Pile Cushion Material: 
Pile Cushion Area: 
Pile Cushion Thickness: 

Soil Boring Log No.: 
CPT Results No.: 

Static Load Test Information: 
Test Date: 
Maximum Load: 
Davisson's Failure Criterion: 

24 in Square Prestressed Concrete Pile. 
576 in2 or 371 612 mm2

• 

(50.42 ft or 15.4 m for TP3) and (43.50 ft or 13.3 m for 
TP6). 
(3/22/1990 for TP3) and (3/13/1990 for TP6). 
(37.45 ft or 11 .4 m for TP3) and (28. 70 ft or 8. 7 m for TP6). 

Delmag 046-32. 
Open End Diesel Hammer. 
10.14 kips or 45.1 kN. 
Conbest. 
415.3 ir,2 or 267 934 mm2

• 

3.5 in or 88.9 mm2
• 

Plywood. 
551.0 in2 or 355 483 mm2

. 

7.50 in or 190.5 mm. 

(B-4 for TP3) and (B-8 for TP6). 
None. 

TP3 
3/29/1990. 
700 kips or 3 115 kN. 
630 kips or 2 803 kN. 
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TP6 
3/23/1990. 
600 kips or 2 670 kN. 
460 kips or 2 047 kN. 
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Job No.: 11120-016 
Test Pile Driving Record 
Name: White City Bridge Date 3-22-90 

Pile No. Test Pile #3 
Datum: MSL 

Hammer: Make and Model: Delmag 046-02 
Time: Start Driving: 10:20 am 

Finish Driving: 11:15 am 
Remarks: Fuel setting #2 

Job Location: White City, FL 
Pile Location: Pier #5 
Pile Type: Square Prestressed Concrete 
Tip Diam. 24 in; Butt Diam. 24 in 
Length 50 ft 5 in 
Penetration: 
Ground Elev. Before Driving: +4.6 ft 
Tip Elev. After Driving: -32.6 ft 

Uepth No. ot Hemarks 
of Tip Blows 

[ftl 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 4 
10 6 
11 9 
12 10 
13 10 
14 10 
15 10 
16 11 
17 9 
18 8 
19 10 
?n 11 

Uepm 
of Tip 
r ftl 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

PDA - 450 to 500 kips @ EOD 
15 min restrike at 28 blows / 3" 

No. ot RemarKs 
Blows 

9 
6 
5 
4 
4 
4 
8 
8 
8 
8 
7 
6 
9 
12 
30 
65 
85 

28/3" EOD 

Figure F.5c: Pile Driving Log - White City, TP3 

279 



Job No.: 11120-016 
Test Pile Driving Record 
Name: White City Bridge Date 3-13-90 

Pile No. Test Pile #6 
Datum: MSL 

Hammer: Make and Model: Delmag D46-02 
Time: Start Driving: 11 :40 am 

Finish Driving: 11 :52 am 
Remarks: Pile cushion = 7.5" plywood 

Hammer fuel setting #2 

Job Location: White City, FL 
Pile Location: Pier #8 
Pile Type: Square Prestressed Concrete 
Tip Diam. 24 in; Butt Diam. 24 in 
Length 43 ft 6 in 
Penetration: 
Ground Elev. Before Driving: +2.7 ft 
Tip Elev. After Driving: -25.8 ft 

Uepth No. ot Hemarks 
of Tip Blows 

fftl 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 1 
11 1 
12 3 
13 9 
14 15 
15 13 
16 11 
17 9 
18 5 
19 3 
?n ? 

PDA - 17 kip-ft 

Ueptn No. ot 
of Tip Blows 

fftl 
21 0 
22 2 
23 0 
24 0 
25 2 
26 8 
27 42 
28 65 

15/3" 
20/2.5" 

Figure F.5d: Pile Driving Log - White City, TP6 
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1000 
White City Bridge, TP3, FL 

' 800 ' Davisson's Failure Load ' ' ' 630 kips ' 
,...... 
Ul 600 C. 
32 ,__, 

"C «s ' 0 400 ' ...J ' ' ' ' ' ' 200 ' ' ' ' 

0 
0 0.5 1 1.5 2 

Displacement, [inches] 

Figure F.5e: Static Load Test Result - White City, TP3 

1000 

White City Bridge, TP6, FL 

800 • 
' ' I 

Davisson's Failure Load 

!~ ,...... 
460 kips Ul 600 C. 

::i: ' ,__, 
' ' "C 

«s 
0 400 

...J 

200 

0 .__...._....._ .......... .____,_ ____ ___. ____ ..__ __ _.__ ___ __._ ___ __.. _______ ....._.....__.___, 

0 0.5 1.5 2 

Displacement, [inches] 

Figure F.5f: Static Load Test Result - White City, TP6 
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F.6 APALACHICOLA RIVER BRIDGE, FL (DB ID# 1) 

Pile Information: 
Type: 

Cross Sectional Area: 
Length: 
Date Driven: 
Penetration: 

Hammer Information: 
Manufacturer - Model: 
Type: 
Helmet Weight: 
Hammer Cushion Material: 
Hammer Cushion Area: 
Hammer Cushion Thickness: 
Pile Cushion Material: 
Pile Cushion Area: 
Pile Cushion Thickness: 

Soil Boring Log No.: 
CPT Results No.: 

Static Load Test Information: 
Test Date: 
Maximum Load: 
Davisson's Failure Criterion: 

24 in Square Prestressed Concrete Pile with 12 in 
diameter hollow. 
462.90 in2 or 27 677 mm2

. 

98.0 ft or 29.9 m. 
9/4/1986. 
90.62 ft or 27.6 m. 

Vulcan 020. 
Single Acting Air Hammer. 
Unknown (Standard: 5.20 kips). 
Blue Nylon. 
298.7 in2 or 192 709 mm2

. 

6.0 in or 152.4 mm. 
Plywood. 
576 in2 or 371 612 mm2

. 

9 in or 228.6 mm. 

Hole No. 3. 
CP3. 

9/16/1986. 
960 kips or 4 272 kN. 
958 kips or 4 263 kN. 
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Figure F.6c: CPT Results - Apalachicola 
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APALACHICOLA RIVER BRIDGE TEST PILE RECORD 
Location: PIER 3 
Original Driven Length: 98 ft 
Date Driven: 4 SEP 1986 
Hammer No.1 (Original Driving): 

Reference Elevation: + 7.62 
t:lev. U1stance No. 

Pile driven of 

Tip [ft or in] blows 

-24.04 

-25.04 1' 10 

-26.04 1' 9 

-27.04 1' 9 

-28.04 1 ' 8 

-29.04 1 ' 8 

-30.04 1' 8 

-31.04 1' 6 

-32.04 1' 6 

-33.04 1' 5 

-34.04 1' 7 

-35.04 1' 7 

-36.04 1' 7 

-37.04 1' 8 

-38.04 1' 9 

-39.04 1' 11 

-40.04 1' 10 

-41.04 1' 10 

-42.04 1' 9 

-43.04 1' 8 

-44.04 1' 8 

-45.04 1' 10 

-46.04 1 ' 10 

-47.04 1 ' 11 

-48.04 1' 11 

-49.04 1' 12 

-50.04 1' 15 

-51.04 1' 14 

-52.04 1 ' 13 

-53.04 1' 13 

-54.04 1 ' 16 

-55.04 1 ' 24 

-56.04 1' 35 

-57.04 1' 78 

-58.04 1' 61 

-58.13 1" 9 

-59.04 11" 58 

-60.04 1' 43 

-61.04 1' 37 

Pile Number: 7 Pile Type: 24" SQ. CONC. 
Length at Redrive: 93.25 ft Point Protector: No 

Date Final Redrive: 17 SEP 1986 Final No. of Splices: 0 
Vulcan 020 

Energy: 60,000 ft-lb Ram Weight: 20,000 lb 
Pile Cushion: 9" Pine Plywood Capblock: 6" Blue Polymer 

Approximate Mudline Elevation: +5.22 
l::llOWS Notes t:lev. u1stance ~o. --s!ows Notes 

per Pile driven of per 

in Tip [ft or in] blows in 

half -62.04 1' 36 3.00 

0.83 strokes, -63.04 1 ' 37 3.08 

0.75 instr. -64.04 1' 36 3.00 

0.75 attached -65.04 1' 37 3.08 

0.67 -66.04 1' 34 2.83 

0.67 -67.04 1' 34 2.83 

0.67 -68.04 1' 35 2.92 

0.67 -69.04 1' 35 2.92 

0.5 -70.04 1' 39 3.25 

0.5 -71.04 1' 39 3.25 

0.42 -72.04 1' 41 3.42 

0.58 -72.92 10.50" 35 3.33 

0.58 -73.04 1.50" 1 0.67 15 mins 

0.58 -73.13 1.00" 1 1.00 set chk 

0.67 -73.21 1.00" 1 1.00 

0.75 -73.29 1.00" 1 1.00 

0.92 -73.54 3.00" 7 2.33 

0.83 -74.04 6.00" 23 3.83 

0.83 -75.04 1' 37 3.08 

0.75 -76.04 1' 33 2.75 

0.67 -77.04 1' 31 2.58 

0.67 -78.04 1' 31 2.58 

0.83 -79.04 1' 34 2.83 

0.83 -80.04 1' 31 2.58 

0.92 -81.04 1' 34 2.83 

0.92 -82.04 1' 41 3.42 

1.0 -83.04 1' 44 3.67 

1.25 -84.04 1' 42 3.50 

1.17 -85.04 1' 41 3.42 

1.08 -85.08 0.50" 2 4.00 15 min. 

1.08 -85.17 1.00" 4 4.00 set chk 

1.33 -85.25 1.00" 5 5.00 

2.00 -85.33 1.00" 4 4.00 

2.92 -85.40 0.75" 3 4.00 

6.5 -85.44 0.50" 15 30.00 Final drv 

5.08 (56 half -85.48 0.50" 9 18.00 

9.00 5 full) -85.50 0.25" 3 12.00 

5.27 full stk 

3.58 hose brk 

Fl g ure F.6c: Pile Dnv1n Lo g g 
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Figure F.6e: Static Load Test Result - Apalachicola 

F.7 AUCILLA RIVER BRIDGE, FL (VERIFICATION SITE) 

Pile Information: 
Type: 
Cross Sectional Area: 
Length: 
Date Driven: 
Penetration: 

Hammer Information: 
Manufacturer - Model: 
Type: 
Helmet Weight: 
Hammer Cushion Material: 
Hammer Cushion Area: 
Hammer Cushion Thickness: 
Pile Cushion Material: 
Pile Cushion Area: 
Pile Cushion Thickness: 

Soil Boring Log No.: 
CPT Results No.: 

Static Load Test Information: 
Test Date: 
Maximum Load: 
Davisson's Failure Criterion: 
Driving Condition: 

18 in square Prestressed Concrete Pile. 
324 in2 or 209 032 mm2

. 

70 ft or 21.3 m. 
3/30/1994. 
62.96 ft or 19.2 m. 

Fairchild F32. 
Single Acting Air Hammer. 
1.50 kips or 6.7 kN. 
Blue Polymer. 
235.6 in2 or 151 999 mm2

. 

5.0 in or 127 mm. 
Plywood. 
324 in2 or 2 090 318 mm2

. 

6 in or 152.4 mm. 

E-9. 
CPT125. 

3/31/1994. 
?? kips. 
?? kips. 
mostly with 3 ft stroke. 
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Sor. No. E-9 
Bl Sta 494+31 73' RT. 

Elev. 53' 

Depth SPT-N 

ft 

3 12 

5 13 

7 14 

9 19 

11 27 

14 11 

17 11 

19 7 

21 9 

24 9 

26 10 
29 12 

31 4 

36 8 

39 5 

42 4 

44 9 

46 9 

49 4 

51 7 

54 4 

56 3 

59 1 

61 26 

63 30 

66 122 

69 45 

71 44 

76 50/2 
78 30 
81 23 

84 18 

86 30 
88 33 

90 31 

Description 

Grayish brown clayey sand 
Grayish brown fine to medium sand (SP, SP-SM) 

Light gray to brown sandy clay (CL) 

Grayish brown fine to medium sand (SP, SP-SM) 

Greenish gray to dark brown silty clay (CH) 

Gray slightly clayey fine sand with trace of consolidated sand (SM-SC) 

Greenish gray to dark brown silty clay (CH) 

Light to brown sandy clay (CL) 
Dark brown sandy clay with some to abundant gravel (CH) 

Greenish gray to dark brown silty clay (CH) 

Light brown clayey silt (ML-MH) 

Dark brown sandy clay with some to abundant gravel (CH) 

Brown sandy limestone 
Dark brown sandy clay with some to abundant gravel (CH) 

White sandy limestone 

Brown sandy limestone 

White sandy limestone 
Brown sandy limestone 

White sandy limestone 

Figure F.7b: Soil Boring Log - Aucilla 
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F.8 VII.ANO BRIDGE - EAST AND WEST EMBANKMENT, FL (VERIFICATION SITE) 

Pile Information: 
Type: 
Cross Sectional Area: 
Length: 

Date Driven: 

Penetration: 

Hammer Information: 
Manufacturer - Model: 
Type: 
Helmet Weight: 
Hammer Cushion Material: 
Hammer Cushion Area: 
Hammer Cushion Thickness: 
Pile Cushion Material: 
Pile Cushion Area: 
Pile Cushion Thickness: 

Soil Boring Log No.: 

CPT Results No.: 

Static Load Test Information: 
East: 
Test Date: 
Maximum Load: 
Davisson's Failure Criterion: 
West: 

Driving Condition: 

SPT N-value for DOT-7: 

SPT N-value for SL-1: 

18 in square Prestressed Concrete Pile. 
324 in2 or 209 032 mm2

. 

37 ft or 11.3 m for East. 
55.5 ft or 16.9 m for West. 
4/14/1994 for East. 
to be driven for West. 
35.03 ft or 10.7 m for East. 
to be determined for West. 

Delmag D46-23. 
Open End. Diesel Hammer. 
5.62 kips or 25 kN. 
Micarta and Aluminum. 
241 in2 or 155 484 mm2

. 

2.0 in Micarta and 1 ½ in Aluminum. 
Plywood. 
324 in2 or 209 032 mm2

. 

9.75 in or 248 m. 

DOT-7 for East. 
SL-1 for West. 
CPT186 for East. 
CPT180 for West. 

4/14/1994. 
??. 
??. 
to be performed. 

Ground Elev. 3.57 ft (1.09 m) to -18.96 ft (-5. 78 m) with 
hammer seting 2. 
-18.96 ft (-5.78m) to -24.44 ft (-7.45 m) with hammer 
setting 3. 
-24.44 ft (-7.45 m) to -27.81 ft (-8.48 m) with hammer 
setting 4. 
-27.81 ft (-8.48 m) to -31.46 ft (-9.59m ) with hammer 
setting 3. 
End of Driving at -31.46 ft or -9.59 m. 

2,2,8, 14,20,22,20,22,22,20,28,26, 11, 18, 16, 17, 16, 12, 14, 
15, 14, 12, 11, 12, 13,22,21,20,20,9,8,8,9,8,9,7,7,8,9 
6, 15,5,WOH,4,4,3,3,3,3,WOH,3,20,20, 12, 17,5, 10, 16,32, 
18,24,21,21 
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APPENDIX G 

TRANSDUCER CALIBRATION RESULTS 

G.1 TRANSDUCERS CALIBRATION 

Four types of transducers were used for Modified SPT field tests during this study: 

accelerometers, load transducers for static and dynamic measurements, displacement 

transducers, and torque transducers. Each of these transducers were calibrated before they 

were used in the field. The calibration results are presented in figures G.1 through G.10. The 

accelerometers were calibrated by Pile Dynamics, Inc., OH. The load and torque transducers 

were calibrated by Thomas P. Kicher & Co., OH. The displacement transducers were calibrated 
by GRL, Inc., OH. 
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Figure G.5a: Load Transducer (SPT Rod #22) Calibration Results 
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APPENDIX H 

LABORATORY TESTING RESULTS 

H.1 SOIL CLASSIFICATION 

Soil classifications according to ASTM Specifications were based on the Unified Soil 

Classification System (USCS). The grain size tests were based on ASTM 0422 and the 

Atterberg limit tests on ASTM 04318. The tests were performed by either Case Western Reserve 

University or EDP Consultants, Inc., both in Ohio. Soil samples were obtained from the split­

spoon sampler extracted after the standard penetration tests. The results are summarized in 

table H.1. The complete test results are presented in figures H.1 through H.38 and are arranged 

in the same order as in table H.1. 

H.2 UNCONFINED COMPRESSIVE TEST 

A Shelby tube sampler was used at the Apalachicola site to extract a soil sample from a depth 

of 56.5 to 58.5 ft. Unconfined compressive tests according to ASTM Specifications were 

performed on this sample at Case Western Reserve University. Two tests were performed on 

the soil sample taken from depths of 56.5 to 57.0 ft and 57.0 to 57.5 ft. The test results are 

plotted as unconfined compressive strength versus strain and are presented in figure H.39. The 

following summarized the test results. 

Depth 

56.5 - 57.0 

57.0 - 57.5 

Unconfined Compressive Strength 

3.55 psi 

21.6 psi 
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Moisture Content 

83 percent 

109 percent 



Table H.1: Summary of Soil Classifications 

Test Site Test D10 D30 Dso LL PL Pl Soil 

Depth Type 

[ft] [mm] [mm] [mm] [%] [%] [%] 

1. St. Mary 40.0 0.150 0.240 0.400 -- -- -- SP-SM 

65.0 -- -- 0.650 20 15 5 SC 

100.0 -- -- -- 32 18 14 CL 

103.5 -- -- -- 28 19 9 CL 

2. Portland 30.0 0.150 0.300 0.750 -- -- -- SP-SM 

40.0 0.150 4.750 -- -- -- -- GP-GM 

50.0 0.150 0.840 -- -- -- -- SP-SM 

3. CD17 14.0 -- -- 0.380 33 26 7 SM 

30.0 -- 0.075 0.085 -- -- -- SM 

40.0 -- -- 0.250 31 18 13 CL 

50.0 -- -- 0.120 -- -- -- SM 

55.0 -- -- -- 71 26 45 CH 

60.0 -- 0.088 0.13 -- -- -- SM 

65.0 -- 0.090 0.140 -- -- -- SM 

4. CD21 41.0 -- 0.090 0.150 -- -- -- SM 

55.0 -- 0.080 0.130 -- -- -- SM 

65.0 -- 0.075 0.140 -- -- -- SM 

5. WC3 30.5 -- -- 0.140 -- -- -- SM 

6. WC6 15.5 0.150 0.280 0.300 -- -- -- SP 

7. AP 20.0 0.130 0.250 0.300 -- -- -- SP 

25.0 0.100 0.210 0.300 -- -- -- SP-SM 

55.0 -- -- 0.075 84 53 31 MH 

75.0 0.075 0.200 0.300 -- -- -- SM 

8. Skyway 15.0 0.082 0.130 0.220 -- -- -- SP-SM 

25.0 0.075 0.150 0.220 -- -- -- SP-SM 

27.5 0.088 0.150 0.280 -- -- -- SP-SM 

30.0 0.120 0.200 0.280 -- -- -- SP 

35.0 0.075 0.140 0.420 -- -- -- SM 
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Table H.1: Summary of Soil Classifications (continued) 

Test Site Test D10 Dao Dso LL PL 

Depth 

[ft] [mm] [mm] [mm] [%] [%] 

8. Skyway 40.0 0.100 0.220 0.350 -- --
(continued) 45.5 0.140 0.220 0.240 -- --

50.0 0.075 0.095 0.200 -- --

9. Aucilla 5.0 0.075 0.110 0.220 -- --

10.0 -- -- 0.120 -- --

20.0 -- -- -- 72 33 

25.0 -- -- -- 50 20 

30.0 -- -- -- 65 26 

35.0 -- -- -- 53 34 

40.0 -- -- -- 25 17 

45.0 -- -- -- 77 30 

10. VE 5.0 0.090 0.140 0.240 -- --
25.0 0.130 0.210 0.420 -- --

35.0 0.082 0.130 0.210 -- --

45.0 0.140 0.450 1.400 -- --

11. vw 30.0 -- -- -- 77 31 

42.0 -- -- -- 95 36 

45.0 -- -- -- 85 34 

55.0 -- -- -- 92 30 

59.0 -- -- -- 94 28 

64.0 -- -- 0.150 -- --

Notes: Dn is grain diameter corresponding to n percent passing. 

LL, PL, and Pl are the liquid limit, plastic limit, and plasticity index. 

Soil type is based on Unified Soil Classification System. 
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Pl Soil 

Type 

[%] 

-- SP 

-- SP 

-- SM 

-- SM 

-- SM 

39 CH 

30 CH 

39 CH 

19 MH 

8 CL 

47 CH 

-- SP 

-- SP 

-- SP 

-- SW 

46 OH 

59 OH 

51 CH 

62 OH 

66 OH 

-- ML 



I D E T E R N I N A T I O N - 0 F - N O I S T U R E - C O N T E N T I 

Daacrtptt ... of •i h It. Nary 40 
Location: 
llllllple IICM 0 

I No. I Weight ofl Yeight of can I Weight of can I W2-"3 
I of I can, V1 I & wet aofl, W21 & dry soil, W3I w(X)•-----x100 

I can I <1> I <1> I <1> I IB-v1 

1 I 150.30 351.10 312.80 

I s I E y E - A N A L y s I s I 

Descrfptfon of soil: St. Nary 40 
Location: 

23.57 

Saq,le No.: 0 Mefght of oven dry aaq,le, U (g): 162.39 

!Sievel Sieve !Weight retained! Percent of lcuiulative!Percentl 
I No. lopeningj on each sieve !weight retained! percent I finer I 
I I (nm). I Cg) I on each sieve I retained I I 
I I I I I I I 
I , I 4.750 I 21.38 I 13.11 I 13.11 I 86.83 I 
I 10 I Z.000 I 9.81 I 6.04 I 19.21 I 80. 79 I 
I 20 I o.8so I 9.12 I 5.62 I 24.82 I 75.ts I 
I ,o I o.425 I 12.58 I 1.75 I 32.57 I 67.43 I 
I 60 I o.25o I 49.79 I 30.66 I 63.23 I 36.77 I 
I 100 I 0.150 I 41.45 I 25.52 I ss.76 I 11.2, I 
I 200 I 0.075 I 5.21 I 3.21 I 91.96 I s.04 I 
I Pan I --- I 11.93 I I I I 

J: 161.27 • U1 

Loss during sieve analysfs=CCW-U1)/Wlx100• 0.69X (OK ff less than 2X) 

Figure H.1: Soil Classification for St. Mary, Cleveland, OH at depth of 40 ft 
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GRAIN SIZI! DISTRIBUTION Data Sheet 6 

GRL 
Project------------- Job. No. --------------

Location of Project __ S_t_._Ma_ry ___ _ Boring No. ___ _ Sample No. ___ _ 

Description of Soil ________ _ Depth of Sample ______ 40.a....faa.t=------

Tested By. -----------
Date of Testing ___________ _ 
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Coaraeto I Fine Slit Clay medium 
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Visual soil description -------------------------

Soil cluaiflcatlon: 

SP-SM System--------------------

Figure H.1: Soil Classification for St. Mary, Cleveland, OH at depth of 40 ft (continued) 
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I D E T E R M I N A T I O N • 0 F • M 0 I S T U R E • C 0 N T E N T I 

Description of soil: St. Mary 65 
Location: 
S~le No.: 0 

I No. I Weight ofl Weight of can I Weight of can I W2•"3 
I of I can, W1 I & wet soil, UZI & dry soil, "31 w(X)=·····x100 
I can I <a> I <a> I <a> I "3-W1 

1 I 149.20 318.60 305.90 

I s I E V E - A N A L y s J s I 

Description of soil: St. Mary 65 

Location: 

8.10 

Saq,le No.: 0 Weight of oven dry saq:,le, W (g): 131.83 

!Sievel Sieve !Weight retained! Percent of ICL111Jlative!Percentl 
I No. !opening! on each sieve !weight retained! percent I finer I 
I I (nm) I (g) I on each sieve I retained I I 

4 I 4.750 I 6.17 4.68 4.68 I 95.32 I 
10 I 2.000 I 16.65 12.63 17.31 I az.69 I 

20 I o.8s0 I 26.00 19.72 37.03 I 62~97 I 

40 I o.425 I 13.27 10.07 47.10 I s2.90 I 

I 60 I 0.250 I 6.87 5.21 52.31 I 47.69 I 

I 100 I 0.150 I 5.87 4.45 56.76 I 43.24 I 

I 200 I 0.075 I 5.92 4.49 61.25 I 38.75 I 

I Pan I --- I 50.27 I I 

l: 131.02 • W1 
Loss during sieve analysfs=[CW·W1)/Wlx100= 0.61% (OK ff less than ZX> 

Figure H.2: Soil Classification for St. Mary, Cleveland, OH at depth of 65 ft 
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C111A1N 81D DISTRIBUTION Data Sheet 6 

Prajaet ____ GRL===-------- Job. No.--------------

Lacatian of Projaet ___ §i:.:itw; .... Ma....,ry.._,___ Boring No. ---- Sample No. ----

Deaaription of Soil --------
Dapth of Sample ____ .w6.,,S_f..,.t ____ _ 

T..a.d By.----------- Data of T•tlng -----------

Gravel Sand 

Coarse to I Fine Slit Clay 
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I 

U.S. standard sieve sizes 

J I 

2 li3 § i 
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Visual soil dncrlptlon 

&oil daliftcatlon: 
SC System 

Figure H.2: Soil Classification for St. Mary, Cleveland, OH at depth of 65 ft (continued) 
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ATTEABERG LIMITS DETERMINATION Data Sheet 3 

Project ______ ....., ______ Jab No. -------------

Location of Projeet St Macy-65 ft Boring Na. ___ _ Sample No. ___ _ 

Demrtptlan of SOIi -------------------------

0.pth of Sample -----­

Lil#uid. LimU D•Unnlnatwn 

Tested By -------- Oat•------

Can no. 

WL a, wat aall + can 

Wt. of dry soil + can 

Wt. of can 

Wt. of dry soil 

Wt. of rnoiaturll 

Watar canMnt. _,. 

No. of blows, N 

.,. 
:I 

I .. 
.! 
3 

l 

21.5 
19.4 
o.o 

10.6 

2.1 
J.~.81 

25 

I 

I 

I 

I 

I 

I 

: 
10 15 2D 25 30 40 50 80 Ill 100 

No. af blows, N 

l'uutu: Limtt Determination 

Can no. 1 

Wt. of wet IGil + can 13.4 

Wt. of dry soil + can 12.s 

Wt. of can 8.9 

Wt. of dry soil ;;s.~ 

Wt. of motstun, 0.6 

Wlltllr can19nt. ~ - ia,. 
J.:) ■ .JO 

Flow index F, •-­

Uquid limit• 19.81 

Plastic limit-~ 

Plasticity Index I,. • .4j3__ 

Figure H.2: Soil Classification for St. Mary, Cleveland, OH at depth of 65 ft (continued) 
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I D E T E R M I N A T I 0 N - 0 F - M 0 I S T U R E • C 0 N T E N T I 

Daacriptian af ■ail: It. Nary 100 
Locatian: 
S~Le No.: 0 

I No. I Weight ofl Weight of can I Weight of can I W2-"3 
I of I can, W1 I & wet soil, W21 & dry soil, "31 w(X)•-----x100 
I can I (g) I (g) I Cg) I "3-W1 

1 I s29.3o 771.80 738.40 

I s I E V E - A N A L y s I s I 

DNCripticn af ■oil: It. Nary 100 
Lacattan: 

15.97 

llllple Na.: 0 V.faht of DY1n dry N11Ple, II C1): 180.7 

j&ievel &ieva !Weight retained! PercMt of jC&auletivejPercantl 
I No. jopeningl on each sieve !weight retained! percent I finer I 
I I (nm) I <;> I on each sieve I retained I I 

I , I 4.750 I 2.00 I 1.11 I 1.11 I 98.89 I 
I 10 I 2.000 I 4.80 I 2.66 I 3.76 I 96.24 I 
I 20 I o.sso I 6.40 I 3.54 I 7.30 I 92.70 I 
I '° I o.425 I 4.IO I 2.66 I 9.96 I 90.04 I 
I 60 I D.250 f 4.711 I 2.60 I 12.56 I 17.44 I 
I 1DO I 0.150 I 5.711 I 3.15 I 15.72 I 84.21 I 
I 200 I D.075 I 6.711 I 3.71 I 19.42 I ao.sa I 
I Pan I --- I 146.50 I I I I 

:t 181.60 • W1 
Loss during sieve analysisc[(W-W1)/WJx100•-0.50X (OK if less than 2%) 

Figure H.3: Soil Classification for St. Mary, Cleveland, OH at depth of 100 ft 
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GRAIN SIZE DISTRIBUTION Data ShNt 6 

Project _____ ..:GRL=:.------- Job. No. --------------

Location of Project __ .....;S;..;t;..;._M_a_ry..__ __ Boring No. ---- Sample No. ----

Description of Soil ________ _ Depth of Sample _____ ....:1.;:;.00;:;,_;f::.at=----

Tested By. -----------
Oate of Testing ___________ _ 
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Figure H.3: Soil Classification for St. Mary, Cleveland, OH at depth of 100 ft (continued) 
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AfflUIIIG Ulll18 DlnlUIINA110N 

Project ______ GRL ______ Job No.------------
Laclltion at PraiaC1 St Heqr-J 00 ft llanng Na. ___ _ --------
Dac:aiplian at 8aM ------------------------
Daptll af Slllnple _____ _ Tllltad a, ______ _ .,... _____ _ 
Uqaid LimU D•,.nrauaatwn 
can no. 

Wt.Clf-•l+can 

Wt. at dly mil + oan 

WL af can 

Wt.ofd,yllDI 

Wt. of molatunl 

Water content, w% 

Na.atblowe.N 

50 

'I- 40 
Sl t 30 

8 20 ... 
.! 
I 10 

l 

12.3 
11.s2 
8.75 

2.n 
0.1a 

28.16 

25 

-

2 3 

12.45 16.25 
u.ss 14.JS 
8.70 8.70 

2.as 5.65 
0.9 1.9 
31.58 33.63 

19 15 

I ,. 
I 

I 
: 
• 
I 
; 
! 
I 

I 
: 

10 111 2D a 30 40 50 m _, 100 

No. of blows. N 

can no. l 

WLofwat-,+can 15.9 

Wt. afdlymil+aan 14.S 

Wt. at an a.a 
Wt.atdryd 6.0 

WLofmoilbn 1.1 
Wetef'cantwnt. .,,,,...u,,, 18.33 

4 

12.45 
ll.55 
8.55 

3.00 

0.9 
30.00 

35 

Row index F1 •-­

Uquld limit •32..0._ 

Plastic llmit •la,.JJ_ 

Ptattctty lndeX ,,. -13.-62. 

Figure H.3: Soil Classification for St. Mary, Cleveland, OH at depth of 100 ft (continued) 
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IDETEINIIATIOl•OF•NOIITUIE•CONTENTI 

Daacriptian of, aoil: st. Nary 105 
Lacatian: 
lalple No.: O 

I 11o. t W.tght ofl W.llht of can I W.tght of can I 112-us 
I of I Cllllr 111 I & _, .u. "21 & .,, eon. MJI ll(K)•-----x100 

I Clift I <•> I (8) I (I) I IB•V1 

1 I 148.60 369.50 338.80 16.14 

S I E V E - A N A L Y S I S 

Description of soil: St. Mary 105 
Location: 
Saq,le No.: 0 Weight of oven dry saq,le, W (g): 159.17 

Sievel Sieve !Weight retained! Percent of jCU1UlativejPercentj 
No. lopen~nsl on each sieve !weight retained! percent I finer I 

I (nm) I (g) I on each sieve I retained I I 
I I I I I I 

4 I 4.750 I o.96 I 0.60 I o.60 I 99.40 I 

10 I 2.000 I 3.79 I 2.38 I 2.98 I 91.02 I 

20 I o.aso I 3.11 I 1.95 I 4.94 I 95.06 I 

40 I o.425 I 3.o5 I 1.92 I 6.as I 93.15 I 

60 I o.zso I 2.99 I 1.88 I s.73 I 91.21 I 
100 I o.1so I 3.94 I 2.48 I 11.21 I 88.79 I 
200 I 0.075 I 6.43 I 4.04 I 15.25 I 84.75 I 
Pan I --- I 134.48 I I I I 

J: 158.75 • W1 
Lou during atew _L,,.f P[(ll-l11)Mx100- D.28 (DIC tf l•■ than 2X) 

Figure H.4: Soil Classification for St. Mary, Cleveland, OH at depth of 103.5 ft 
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GRAIN SIZE DISTRIBUTION Data Sheet 6 

Projec:1 __ GRL==----------- Job. No. _____________ _ 

Location of Project _ __;s_t;...._Ma_ry.;..,.. __ _ Boring No. ___ _ Sample No. ___ _ 

Description of Soil ---------
Depth of Sample ___ l_O_S__;,f..:.t _____ _ 

Tested By. -----------
Date of Testing ___________ _ 

100 

ao 

= eo j 

I 
l. 40 

211 

0 

Gravel 

. 
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I 
1, 
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• I 
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• .. 

Sand 

Coarse to I F"me Slit Clay 
medium 

U.S. standard aleve sizes 

J I 
0 i § I .. 
! i ! i i 
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r- I 
I t-"" I .. 14 - I I 
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~ ~II 
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' I ,! I I 
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I ,! 
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I ! I 

I I 
11 ,, 

I 11 
I I I 
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I 

I 

.. !:2 !a $- .., 
• .. _ci :; 
ci ci ci ci 

N ,. 

8 ~ 
ci 0 

Grain diameter, mm 

Visual soil dncrlptlon -------------------------

Soil duaificatlon: 

CL System---------------------

Figure H.4: Soil Classification for St. Mary, Cleveland, OH at depth of 103.5 ft (continued) 
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AffERBl!RG UMITI DETERMINATION Data Sheet 3 

Project ____ __,GB......,t .. , ------ Job No. -------------

Location of Projeet St Macy-lOSft Boring No. ___ _ Sample No. ___ _ 

Dncrlptlon of Soll-------------------------

Depth Of Sample -----­

Liquid Umll Determination 

Teated By-------- Date _____ _ 

can no. 1 

Wt. of wet 10II + can 20.85 

Wt. of dry soil + can 18.2 

Wt. of can a.a 
Wt. of dry soil 9.4 

Wt. of moisture 2.65 
Water content. w% 28.19 
No. of blows, N 25 

I 

I 

I 

I 
: 

10 11 :11 25 30 40 so eo ., 100 

No. of blows, N 

Plutic Uniit Detnmination 

can no. 1 

Wt. of wet soil + can 17.1 

Wt. of dry soil + can 15.,:., 

Wt. of can 8.7 

Wt. Of dry SOIi 7.U':J 

Wt. of moisture l • ..i':J 

Water content. 111% • w,. 19.1!> 

Flow Index F, •-­
Uquld llmlt - 28 .19 
Plutlc limit -..ll&!S 

Plutlclty Index 1,. - 9.04 

Figure H.4: Soil Classification for St. Mary, Cleveland, OH at depth of 103.5 ft (continued) 
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I D E T E R N I N A T I O N - 0 F - N O I S T U R E • C O N T E N T I 

Deecrtpttan of Nth ,. a. 30-31.5 
Location: 
Sapla Ila.: 0 

I No. I Weight ofl Weight of can I Weight of can I W2-W3 
I of I can, W1 I, wet soil, W21, dry soil, W3I w(l)••-···x100 
I can I <;> I <;> I (g) I W3·W1 

1 I 212.10 640.80 580.00 16.55 

I s I E V E - A N A L y s I s I 

Description of soil: F. R. 30-31.5 
Location: 
Saq,le No.: 0 Weight of oven dry s.,,.:,le, W Cg): 367.4 

jsievel Sieve !Weight retained! Percent of jCUJUl■tivejPercentl 
I No. lopeningj on each sieve jMeight retained! percent I finer I 
I I (nm) ·I (g) I on each sieve I retained I I 

I 4 I 4.750 I 36.28 I 9.87 I 9.87 I 90.13 I 
I 10 I 2.000 I 50.75 I 13.81 I 23.69 I 76.31 I 

I 20 I o.aso I 45.03 I 12.26 I 35.94 I 64.06 1 

I 40 I o.425 I 72.82 I 19.82 I 55.76 I 44.24 I 

I 60 I o.2So I 73.60 I 20.03 I 75.80 I 24.20 I 

I 100 I o.,so I SO.OD I 13.61 I 89.41 I 10.s9 I 

I 200 I 0.075 I 18.83 I 5.13 I 94.53 I s.,1 I 

I Pan I --- I 19.44 I I I I 

Z 366.75 • W1 
LNa m.rtng ■law an■lyaf ■-[(11•111)/VJx100- 0.111 COIC ff 1 ... than 21) 

Figure H.5: Soil Classification for Fore River Bridge, Portland, ME at depth of 30 ft 
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GRAIN SIZE DISTRIBUTION Data Sheet 6 

Project ____ __:GRL~------ Job.No. _____________ ....;. 

Location of Project __ ..;;F..;;o;.::r.;:;e-'R;..:;1_· v_e:a.::r...__ Boring No. ___ _ Sample No. ___ _ 

Description of Soil --------- Depth of Sample _____ 30_,f1wt ____ _ 

Tested By. -----------
Date of Testing ___________ _ 

Gravel Sand 

Coarse to I Fine Slit Clay medium 
I 

U.S. standard sieve sizes 
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Vllual IGfl clelcrlptlon ------------------------

SOIi Clalfflc:atlan: 
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Syatam -------------------

Figure H.5: Soil Classification for Fore River Bridge, Portland at depth of 30 ft (continued) 
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j D E T E R M I N A T I 0 N • 0 F • M 0 I S T U R E • C 0 N T E N T j 

Dacrfptfan of aofl: F. R. 40-42 
Lacatian: 
saq,le No.: 0 

I No. I Weight ofl Weight of can I Weight of can I W2-W3 
I of I can, 111 I l wet soil, W2j & dry soil, W3j w(X)••----x100 
I can I <g> I <g> I <g> I 1,13-w, 

1 I 22.60 187.30 183.50 2.36 

I s I E V E - A N A L y s I s I 

Description of soil: F. R. 40·42 
Location: 
Sanple No.: 0 Weight of oven dry saq:,le, V (g): 160.77 

jSievel lfeve jW.itht retained! Percent of jClaulativejParcantl 
I No. lopenin;I on each sieve !weight retained! percent I finer I 
I I (nn) I (g) I on each sieve I retained I I 

, I 4.750 I 111.00 I 69.04 I 69.04 I 30.96 I 
10 I 2.000 I 8.85 I 5.50 I 74.55 I 25.45 I 
20 I o.85o I 6.32 I 3.93 I 78.48 I 21.s2 I 
40 I o.425 I 6.61 I 4. 11 I 82.59 I 11.41 I 

I 60 I o.25o I 5.80 I 3.61 I 86.20 I 13.80 I 
I 100 I o.1so I 6.00 I 3.73 I 89.93 I 10.01 I 
I 200 I 0.075 I 5.02 I 3.12 I 93.05 I 6.95 I 
I Pan I --- I 11.38 I I I I 

% 160.98 = 111 
L .. during aiaw -lyaiPWMll>/lllx100--0.13X (OK if L ... th .. 2X) 

Figure H.6: Soil Classification for Fore River Bridge, Portland, ME at depth of 40 ft 
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GRAIN SIZE DISTRIBUTION Data Sheet 8 

Project ___ ___:GRL~~------ Job. No. --------------

Fore River Location of Project ______ .;;...;., ____ _ Boring No. ---- Sample No. ----

Description of Soll -------- De9th of Sample __ ...::49:DC....11f.1ot ______ _ 

Tested By. -----------
Date of T•tlng ___________ _ 

100 
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! IO 
; 

I 
t. 40 

20 

0 

Gravel 

• .. 

. 
i 
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I 

• 

• 

Sand 

Coarse to I Fine Slit Clay medium 
I 

U.S. standard lieve aizn 

~ R J I 

! I 
i i i ! i 

I I 
I 

I I I I I I I 
II I I II 
I I I II I ,, 
I I 

' 
I I ,, I I I 

I 
• I II 

I I I 
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I I I I 
I I I I 

II I I I I I 

I I'. 

I I . 1! II I 
... r"1 I I I I ..... I I I I 

I I"~ J 
II ~re I 
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,_!i fa liJ,. IO 
• ... '":ci ~ 
c:i ci CICI 
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Visual soil description ------------------------

Soil ctaalflcatlon: 
GP-Qt System--------------------

Figure H.6: Soil Classification for Fore River Bridge, Portland at depth of 40 ft (continued) 
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I D E T E R N I N A T I 0 N • 0 F • N 0 I S T U R E • C O N T E N T j 

DNcription of aoih F. R. 50-,52 
Location: 
Saq,le No.: O 

I No. I Weight ofl Weight of can I Weight of can I W2·W3 
I of I can, W1 I, wet soil, W21, dry soil, Wll w(%)•·····x100 
I can I <a> I <1> I <1> I W3-W1 

1 I 193.60 439.70 423.70 6.95 

I s I E V E • A N A L y s I s I 

Description of soil: F. R. 50-52 
Location: 
Saq,le No.: 0 Weight of oven dry sa11~le, W (g): 230.23 

!Sievel Sieve jWeight retafnedj Percent of jCllll.llatfve Percent! 
I No. jopeningj on each sieve !weight retained! percent finer 
I I (11111) I (g) I on each sf eve I retained 

I I I I I 
I 4 I 4.750 I 103.a1 I 45.12 I 45.12 54.ss 
I 10 I 2.000 I 24.34 I 10.51 I ss.69 44.31 
I 20 I o.850 I 29.43 I 12.18 I 68.47 31.53 
I 40 I o.425 I 22.13 I 9.61 I 78.os 
I 60 I o.2So I 13.84 I 6.01 I 84.o9 
I 100 I o.1so I 12.63 I s.49 I 89.58 
I 200 I 0.075 I a.34 I 3.62 I 93.20 
I Pan I ··- I 15.45 I I 

:& 230.03 • W1 

21.92 
15.91 
10.42 
6.80 

Loss during sieve analysfs•[(W-W1)/Wlx100• 0.09X (OK ff less than 2X) 

Figure H.7: Soil Classification for Fore River Bridge, Portland, ME at depth of 50 ft 
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Data ShNt 6 GRAIN SIZE DISTRIBUTION 

GRL 
Project-----~------ Job. No.--------------
Location of Project Fore River Boring No. ___ _ Sample No. ___ _ 

Description of Soil -------- Depth of Sample __ -.=;SO:::...,:f:.:t=--------

Tested By. -----------
Date of Testing __________ _ 

100 

IO 

i e 
l. 40 

20 

0 

Gravel 

-

• .. 

. 
!i 
I 
II 

I 

I 
I 

I 
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i 

I 

Sand 

Coarse to I Fine Silt Clay medium 
I 

U.S. standard sieve sizes 

• 
I 

e ta § § 
ci !i !i !i i z 

I 
I 

I I I I I I I ,, 
I I 11 

I I I 1! 
I I 

I 
I ,! I I I 

I I I " I I I ! I 

I I I I 
I I I I 

!\ ~ 
II 

I I II 
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I ! I 

'" I 
II 

I I . 1! 
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"' I 
I I 

I 1'11. ! I 
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I ~ IJ. I 
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I I . 
I .. : ~ ~; ~ 

c:i O O 0 

N -8 ~ 
c:i 0 

Grain diameter, mm 

Visual soil deacrtptlon ------------------------

Soil cluslflcatlon: 

SP-SM System ___________________ _ 

Figure H.7: Soil Classification for Fore River Bridge, Portland at depth of 50 ft (continued) 
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I D E T E R M I N A T I O N • 0 F • M O I S T U R E • C O N T E N T I 

Deacrtpttan of uil: pier 17 14-15.5 
Location: 
SMple No.: 0 

I No. I Weight ofj Weight of can I Weight of can I W2·\13 
I of I can, W1 I & wet soil, W21 & dry soil, "'31 wCX)=··-··x100 
I can I (g) I (g) I (g) I W3·W1 

1 I 150.20 415.70 355.60 29.26 

I s I E V E - A N A L y s I s I 

Description of soil: pier 17 14-15.5 
Location: 
Saq:>le No.: 0 Weight of oven dry sanple, W (9): 206.8 

jsievel Sieve !Weight retained! Percent of ICUlallativejPercentl 
I No. jopeningl on each sieve jweight retained! percent I finer I 
I I (nm) .I Cg) I on each sieve I retained I I 

I I I I I I I 
I 4 I 4.750 I 22.23 I 10.75 I 10.75 I 89.2s I 

I 10 I 2.000 I 12.91 I 6.21 I 11.02 I 82.9s I 
I 20 I o.85o I 1a.11 I 9.os I 26.10 I 73.90 I 
I 4o I o.425 I 23.81 I 11.51 I 31.61 I 62.39 I 
I 60 I o.25o I ,a.57 I a.98 I 46.59 I s3.41 I 

I 100 I 0.150 I 11.66 I 5.64 I 52.23 I ,1.11 I 
I 200 I 0.075 I 11.10 I a.s6 I 60.19 I 39.21 I 

I Pan I --- I 81.02 I I I I 

J: 206.73 = W1 
Losa during sieve analysis•CCW-W1)/1,1Jx100• 0.03% (OK if less than 2X> 

Figure H.8: Soil Classification for C&O Canal, Pier 17, DE at depth of 14 ft 
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GRAIN SIZE DISTRIBUTION Data ShNt 6 

Project --------1,ill"-.----- Job. No. --------------

Location of Project ___ .,.p.1,,.1i e~c_.J .._7 __ Boring No. ___ _ Sample No. ----

Description of Soil -------- Depth of Sample _____ Ju4...J:f~t----

Tested By. -----------
Date of Testing __________ _ 
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medium 
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U.S. standard sieve sizes 
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l:! 2 § I 
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Vlauat soil deacriptlon ------------------------

Soil daaiflcatlon: 

$M System--------------------

Figure H.8: Soil Classification for C&D Canal, Pier 17, DE at depth of 14 ft (continued) 
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ATTERBEAG LIMITS DETERMINATION Data Sheet 3 

Project ____ ....;GR.La=.------- Jab Na. --------------

Location of Project oisr 17-14 ft Boring No. ___ _ Sample No. ----

DMcttpaon Of SOIi --------------------------
Depth of Sample _____ _ Teated By _______ _ Date _____ _ 

Lu,uid I.imU O.t•nniR111twR 

Can no. 1 

wt. of wet IOII + can 24.7 

Wt. of dry soil + can ~u./':> 

Wt. of can lj.~ 

Wt. of dry soil ll.~:, 

Wt. of moisture J.:.I!) 

Watar cantant. 111% J.J.~ 

No. of blows, N .::':> 

! 
I 

i 
: 
! 
I 

i 
l 
I 

I 
: 

10 1s 20 zs 30 40 so eo eo 100 

No. of blows, N 

1'lailk Ll1uit O.l11m1inlilioa 

Can no. J. 

wt. Of Wltl lOII + can 15.45 

Wt. of dry soil + can 14.1 

Wt. of can 8.9 

Wt. of dry soil 5.2 

Wt. of moisture 1.,j!) 

Water content. w% - ,.,,. 26.00 

Flow index F, ---­

Uquld limit• 33 •33 

Plutic limit - 26 .00 

Plasticity index r,. • 7 .33 

Figure H.8: Soil Classification for C&D Canal, Pier 17, DE at depth of 14 ft (continued) 
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I D E T E R M I N A T I 0 N - 0 F - M 0 I S T U R E - C 0 N T E N T I 

o.cr;ptian Df aoH: piar 17 30•31.5 
Location: 
Slllple No.: 0 

I No. I we;ght ofl we;ght of can I Weight of can I W2·\B 
I of I can, W1 I & wet soil, WZI & dry soil, W3l w(X)•--·--x100 
I can I (g) I (g) I (g) I W3·W1 

1 I 148.90 434.20 349.60 42.15 

I s I E V E - A N A L y s I s I 

Description of sofl: pier 17 30-31.5 
Location: 
Saq:,le No.: 0 Weight of oven dry Sall'f)le, W (g): 202.6 

!Sievel Sieve !Weight retained! Percent of ICuta.1lativelPercentl 
I No. lopeningl on each sieve !weight retafnedl percent I finer I 
I I (nm) .1 (g) I on each sieve I retafned I I 

4 I 4.750 I o.oo 0.00 0.00 1100.00 I 

10 I 2.000 I 0.00 0.00 0.00 1100.00 I 

20 I o.sso I o.oo 0.00 0.00 1100.00 I 

40 I o.42s I 0.46 0.23 0.23 I 99.77 I 

I 60 I o.25o I 3.46 1 .71 1 .93 I 9s.01 I 

I 100 I 0.150 I 22.23 10.97 12.91 I a1.09 I 

I 200 I 0.075 I 108.95 53.78 66.68 I 33.32 I 

I Pan I --- I 67.05 I I 

E 202.15 = W1 
Lau dlrt111 ■lave -lyaf■-[(V-111>Mx100- o.m (CIC tf lH■ than 21) 

Figure H.9: Soil Classification for C&D Canal, Pier 17, DE at depth of 30 ft 
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CIIIAIN alZI Dl8TIU8UTION 
Data Sheet 6 

Pn,ject ______ ...:,GRL ______ Job. No.--------------

t.acatiOn of Project ------i'Pw-1 e ... r ....... 1 .... 7-- Boring No. ---- Sample No. ----

DacriPtion of Soil _________ Depth of Sample ____ ---,;3:ii.0~£ .. t-----
T..- By. ___________ Dala of Tatlng -----------
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Visual soil description -------------------------

Sott dulificatton: 

SM SY9tem --------------------

Figure H.9: Soil Classification for C&D Canal, Pier 17, DE at depth of 30 ft (continued) 
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I D E T E R M I N A T I O N - 0 F - M O I S T U R E - C O N T E N T I 

Description of soil: pier 17 40-41.5 
Location: 
S-.,Le Na.: 0 

I No. I Weight of! Weight of can I Weight of can I VZ-113 
I of I can, W1 I & wet soil, WZI & dry soil, 1131 w<X>•-----x100 

I can I <11> I <11> I <11> I 113-W1 

I I I I I 
I 1 I 195.so I 560.50 I 503.10 I 1a.68 

Is I.EVE - AN AL y s Is I 

Description of aofl: pier 17 40-41.5 
Location: 
Salllple No.: 0 Weight of oven dry san1>le, W <11>: 309.86 

!Sievel Sieve !Weight retained! Percent of IC~lativejPercentl 
I No. lopeninsil on each sieve !weight retained! percent I finer I 
I I (an) ·1 (g) I on each sieve I retained I I 
I I I I I I I 
I 4 I 4.750 I 2.66 I o.86 I o.86 I 99.14 I 
I 10 I 2.000 I 9.82 I 3.11 I 4.o3 I 95.97 I 

I 20 I o.sso I 29.11 I 9.59 I 13.62 I 86.3s I 
I 40 I o.425 I 43.92 I 14.11 I 21.79 I 12.21 I 
I 60 I o.zso I 32.22 I 10.,0 I 38.19 I 61.a1 I 
I 100 I o.1so I 12.1, I 4.11 I 42.30 I 51.10 I 
I 200 I 0.075 I 5.96 I 1.92 I 44.22 I 55.78 I 
I Pan I --- I 172.81 I I I I 

J: 309.84 • w, 
Loss ca.iring sieve analysia•[CW·W1)1Wlx100:s 0.01X (OK ff less than 2X) 

Figure H.10: Soil Classification for C&D Canal, Pier 17, DE at depth of 40 ft 
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GRAIN SIZE DISTRIBUTION Data ShNt 8 

Project ___ Ja,.., _______ Job. ND.-------------

Location of Project -~Pi.ue:.Lr__._J 7.__ __ _ Boring No. ----
Sample No. ___ _ 

Dnc:ription of Soil ________ Depth of Sample ____ 40.::....:f.:.t ____ _ 

Tested By. __________ Date of T•tlng -----------

100 

., 

J. 
I 
l. 40 

20 

0 

Gravel 

• .. 

. 
i 
I .... 
I 

5 

Sand 

Coaruto I Fine Slit Clay 
medium 

I 

U.S. standard sieve sizes 

J I 
0 a 8 I .. .. 
i i i i 

I 

--.-. 
I 

I I I 

' I I I I 
I I ii 

~ I I ! 
I~~ I 

I 
I ! ~ I I 

I 
I' 

I I I ""' ! 
I 

I 
.,. 

I 
I 

I I 
I ! I .. 

I 
I. 

! I I ! 
I I I I 
I I I I I 

i I I I I I 

I I I 
I 

I 

--1 ~ 1; ! 
0 0 0 ci 

Grain diameter, mm 

Vlaual soil dacrlptlon ____________________ _,.;.. __ 

Soll c1 .. 1t1catlon: 
CL 

Syatem ------.:-------------

Figure H.10: Soil Classification for C&D Canal, Pier 17, DE at depth of 40 ft (continued) 
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ATTERBERG UIIITS Dl!nRIIINAffON Data Sheet 3 

PMjact ______ GRL _______ JabN~-------------

IJlcdan a,,_.. pig 17- 4A ft Borin11 No. ---- 8lfflple No,----
DWllllpllOn ollal ------------------------Dlpttl af .._ ____ _ 

T__, BJ-----~- Dela------
,.,,,..,,.,.,,a.,. ........ 
can no. 

WLafwalNll+can 

Wt. of dry IOII + can 

Wt. of can 

Wt. of dry soil 

Wt.otrnc,i8turw 

Water content. to% 

No. of blowl. N 

-,. 
9 

I 
J 
I 

1 

31.45 
~0.15 

B.B 

17.35 

5.3 

.jU.55 

~ 

I 

I 

I 

i 
: 

10 11 ID • 311 40 SO ID ID 100 

No. of blows, N 

can no. l 

Wt.ofwalNll+aan µ.a 
Wt of dry soil + can 12.2 

Wt of can a.a 
Wt of dry IOII 3.4 

Wt.al ........ 0.6 

Water content. ao'JCt • "'" 17.65 

Flow index F1 •-­

Uquld limit-~ 

Plutlc limit • l.1....65... 
Plaatlcity Index 1, ..12, 90 

Figure H.10: Soil Classification for C&O Canal, Pier 17, DE at depth of 40 ft (continued) 
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I D E T E R M I N A T I O N • 0 F • M O I S T U R E • C O N T E N T I 

Daacrtptian of aotl: piar 17 50-52 
Location: 
SMpll Ila.: 0 

I No. I Weight ofl Weight of can I Mefght of can I M2·\l3 
I of I can, M1 I & wet soil, M21 & dry soil, \131. w(X)•·····x100 
I can I Cg) I <a> I <a> I \l3·M1 

1 I 193.82 so2.4o I 429.20 I 31.10 

I s I E V E • A N A L y s I s I 

Description of soil: pier 17 50·52 
Location: 
S~le No.: 0 Meight of oven dry saq:,le, M (g): 241.6 

!Sievel Sieve IMeight retained! Percent of ICU1UlativefPercentl 
I No. lopeningl on each sieve !weight retained! percent I finer I 
I I (nm) I (g) I on each sieve I retained I I 

I 4 I 4.750 I 0.00 I 0.00 I o.oo I 100.00 I 
I 10 I 2.000 I 0.45 I 0.19 I 0.19 I 99.81 I 
I 20 I o.850 I 0.61 I 0.25 I 0.44 I 99.56 I 
I 40 I o.425 I 1.51 I 0.62 I 1 .06 I 98.94 I 
I 60 I 0.250 I 16.07 I 6.65 I 7.72 I 92.28 I 
I 100 I 0.150 I 66.99 I 27.73 I 35.44 I 64.56 I 
I 200 I 0.075 I 58.21 I 24.09 I 59.54 I 40.46 I 
I Pan I --- I 96.60 I I I I 

J: 240.44 = M1 
Loss during sieve analysis=CCM-M1)/1Jlx100= 0.48X (OK ff less than 2%) 

Figure H.11: Soil Classification for C&D Canal, Pier 17, DE at depth of 50 ft 
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GRAIN 8IZII DISTRl.,TION Dal& Sheets 

Pier 17 Job. No 
Pnljact ------=------- . -------------
Location of Project -------- Boring No. ---- Sample No. ___ _ 

Qaacription of Soil ________ Depth of Sample __ ,.iS.w.C-twt-------

T..-a By. ___________ DalaofT..aing -----------

Gravel Sand 

Coarse to I Fine Slit Clay 
medium 

I 

U.S. standard sieve sizes 

~ 
I . ~ 2 § I 

! ci i i j I. z 
100 

I 
I 

I I I ' liri ! 1, I I I 

eo 
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,, 
I I 

I I I I 
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I ! I I I II 

! eo 
= 

L. 
I I I ' I I I ◄ ' ! 
I I I I 

I I I 
I I I I 

I 

I I I I • ! I ' I ' I I I I I I 

20 I I I I 

I I I 

I 

• I I I I 
I 

0 I 

• ... -! 2 s~ ... 
~ 

N i - ... _o a ~ • ~ 
ci 0 0 ci 0 0 0 

Grain diameter, mm 

Visual sail clUcriptian 

8oil ClallffleaUOn: 
SM System 

Figure H.11: Soil Classification for C&D Canal, Pier 17, DE at depth of 50 ft (continued) 
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I D E T E R M I N A T I O N • 0 F • M 0 I S T U R E • C 0 N T E N T I 

Description of soil: pier 17 55·57 
Location: 
S■lllple Mo.: 0 

I No. I Weight ofl Weight of can I Weight of can I V2·"3 

I of I can, W1 I, wet soil, WZI, dry soil, "31 w(X)•··--·x100 
I can I <a> I <11> I (g) I "3·W1 

, I 149.20 334.30 283.30 38.03 

I s I E V E • A N A L y s I s I 

Dncrfptfon of soil: pier 17 55·57 
Location: 

S8111'le No.: 0 Weight of oven dry •~le, W Ca>: 138.6 

ISfevel Sieve !Weight retained! Percent of jCU11JlativejPercentl 
I No. lopeninal on uch sieve !weight retained! percent I finer I 
I I (nn) I Ca> I on each sieve I retained I I 

I I I I I I I 
I 4 I 4.750 I o.oo I o.oo I o.oo 1100.00 I 
I 10 I 2.000 I o.oo I o.oo I o.oo 1100.00 I 
I 20 I o.aso I 0.10 I 0.01 I 0.01 I 99.93 I 

I 40 I o.425 I o.3s I o.25 I 0.32 I 99.68 I 
I 60 I 0.250 I 1.38 I 1.00 I 1.32 I 98.68 I 

I 100 I o.1so I 3.49 I 2.s2 I 3.84 I 96.1, I 

I 200 I 0.075 I 3.40 I 2.4s I ,.29 I 93.11 I 

I Pan I ··· I 129.87 I I I I 

:E 138.59 • W1 
L .. cu-t._ atllft -lyatp[(W•W1)/WlX100- 0.011 (CIC tf L .. 'thin 21) 

Figure H.12: Soil Classification for C&D Canal, Pier 17, DE at depth of 55 ft 
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GRAIN SIZE DISTRIBUflON Data ShHt 6 

Project ___ GRL::,i!U!,,__ ______ _ 
Job. No. --------------

Location of Project __...P_ie_r_l_? ____ _ Boring No. ___ _ Sample No. ___ _ 

Description of Soil -------­

Tested By. -----------

Depth of Sample _ _;;.55;;....;:f;;.;;ta--______ _ 

Date of Testing ___________ _ 

Gravel Sand 

Coarse to I Fine Slit Clay medium 

' U.S. standard si8" sizes 

R J I .. 9 ! I 
i ci i ! i i z 

100 I I 

I I 
... .. i I I I I ~-

IO 

I I 
I 11 

I ,! I I 
I I I 

I I I 
I I I 

! IO 
= 

J 40 

I I i I ,, 
I 

I 
I ,! . 

I I I I 
I I I 
I I :1 
I I I 

I 

I I 
I 

! I I 

2D 

I I I 
I I I I 

II I 

I I I 
I 

I I I I 
I 

0 I 

5 -9 ,.A_ 51--: ~ oi! "":o C! 
0 0 0 0 

Grain diameter, mm 

Visual soil description -------------------------

Soil duaiflcatlon: 

CH System--------------------

Figure H.12: Soil Classification for C&D Canal, Pier 17, DE at depth of 55 ft (continued) 

342 



AffERBERG LIMITS DETERMINATION Data ShNt3 

Project GR[, Job No.-------------
Location of Project pier 17-55 fteor1ng No. ___ _ Sample No. ___ _ 

Dalllp1lanaf8o11-------------------------
Depth of Sample -----­

~ LuaU a.,-,__, • 
Teated By-------

Date _____ _ 

can no. .L 

Wt.olWallGII+- ;a.o 
Wt. of dry 10il + can 16.5 

Wt. of can a.a 
Wt. of dry soil 7.7 

Wt. crf maiau .. 5.5 

•-can11111.• 71.43 

No. of blowa, N 25 

t 

I 

I 

t 
: 

10 15 211 25 30 40 50 IO IO 100 

No. of blowa. N 

can no. 1 

Wt.Gf-.U+- ~-.Z 

Wt. of dry soil + can .L.l.!:> 

Wt. of can B.B 

WL of dry 1011 2.7 

Wt. r,f moiltUl'IJ 0.7 

Water content. w% - w,. 25.93 

Flow index F1 --­

Uquld limit - 71.43 

Plastic limit-~ 

Ptutlclty index 1,. -~ 

. 

Figure H.12: Soil Classification for C&D Canal, Pier 17, DE at depth of 55 ft (continued) 
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I D E T E R M I N A T I O N - 0 F - M O I S T U R E - C O N T E N T I 

Descrfpt1an of soil: pier 17 60·61.5 

Location: 
sample Na.: o 

I No. I Weight of! Weight of can I Weight of can I W2-W3 
I of I can, W1 I & wet soil, W21 & dry soil, W3j wCX)•-----x100 
I can I cg> I <g> I <11> I W3-u, 
I I I I I 
I 1 I 141.10 I 394.60 I 336.30 I 30.91 

I s I E V E - A N A L y s I s I 

Description of so;l: p;er 17 60-61.5 
Location: 
Sanple No.: 0 Ueight of oven dry sanple, U (g): 189.02 

!Sievel Sieve IYeight retained! Percent of ICI.IIUlativelPercentl 
I No. lopeninsl on each sieve !weight retained! percent I finer I 
I I (nm) I Cg) I on each sieve I retained I I 

I I ·I I I I I 
I 4 I 4.750 I o.oo I o.oo I o.oo 1100.00 I 
I 10 I 2.000 I o.o9 I o.os I o.o5 I 99.95 I 
I 20 I o.a5o I 0.24 I 0.13 I 0.11 I 99.83 I 
I 40 I 0.42s I 0.22 I 0.12 I 0.29 I 99.11 I 
I 60 I o.zso I 1.19 I 3.8o I 4.09 I 95.91 I 
I 100 I 0.150 I 75.23 I 39.80 I 43.89 I 56.11 I 
I 200 I 0.075 I 69.21 I 36.65 I so.54 I 19.46 I 
I Pan I --- I 36.56 I I I I 

Z 188.80 = W1 
Loss during sieve 1n11lysis•[CW·W1)/w.Jx100• 0.12% (OK if less than 2%) 

Figure H.13: Soil Classification for C&D Canal, Pier 17, DE at depth of 60 ft 
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1111A1N 81D DlaTIIIIIUTION Dala&taee&G 

Project ___ __:Gru.=:..------- Job. No. --------------

Lacation of ProjeG& _..,ig_.il,lj@"'r_...17 ___ _ Boring No. ---­ Sampie No. ----

DaacriptiOn of Soil -------- Depth of Sample __ ..16Q~_.f.i..t-------

T_... By. ----------- Dal8 of T..aing -----------

Gravel Sand 

Coarse to I Fine Slit Clay 
medium 

I 

U.S. standard sieve sizes 

J I 
0 R ! I .. .. 

i i ! i ! 
100 

I I ,, I 

I I 
~ I I 

I I I I 

IO 

II 

' I 
II 

I 11 ,· 1! 
i I I I I I ! l' I 
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I I I ! I I 

1 40 

I ! 
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+' 
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I II I 

I I ! I 
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I ! I ! 
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211 • I 
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h I 
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-- 9 I a--: ;e ii ~ --:0 q 
0 0 0 0 

Grain diameter, mm 

Viauat lDil -.11plian ------------------------

Soil cluaiflcation: 

SM System--------------------

Figure H.13: Soil Classification for C&D Canal, Pier 17, DE at depth of 60 ft (continued) 
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I D E T E R N I N A T I O N • 0 F · N O I S T U R E - C O N T E N T I 

DMcrtptian of aot h pier 17 65-66.5 
Location: 

I No. I Weight ofl Weight of can I Weight of can I W2-W3 
I of I can. V1 I & wet soil. WZI & dry soil. W3I w(X)•·····x100 
I can I <11> I <11> I <11> I W3•W1 
I I I I I 
I 1 I 150.44 I 492.70 I 418.40 I 27.Tl 

I s I E V E - A N A L y s I s I 

Description of sofl: pier 17 65-66.5 
Location: 
Saq:,le No.: 0 Weight of oven dry aaq,le, W (g): 268.9 

jSfevel Sieve IWef11ht retafnedl Percent of ICU1Ulatfve!Percentl 
I No. lopeni~I on each afeve !weight retained! percent I finer I 
I I (1111) I (g) I on each sieve I retained I I 
I I I I I I I 
I 4 I 4.750 I o.oo I o.oo I o.oo 1100.00 I 
I 10 I 2.000 I o.5o I 0.19 I 0.19 I 99.a, I 
I 20 I o.sso I 0.12 I 0.21 I o.45 I 99.55 I 
I 40 I o.425 I o.as I o.32 I 0.11 I 99.23 I 
I 60 I 0.250 I 9.19 I 1.,2 I ,.19 I 95.s, I 
I 100 I 0.150 I 106.29 I 39.53 I 43.12 I 56.28 I 
I 200 I 0.075 I 102.41 I 38.11 I a1.a2 I 1a.1a I 
I Pan I ··· I 48.38 I I I I 

J: 268.40 • V1 
Los• during sieve 111'111lysis•t(W·V1)/\llx100• 0.191 (OIC ff lna than 2X) 

Figure H.14: Soil Classification for C&D Canal, Pier 17, DE at depth of 65 ft 
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GRAIN SIZE DISTRIBUTION 

Project -----=GRL==-------­

Locatlon of Project _..1:P::::i:.::e::.r-'l~7:...----

Data Sheet 6 

Job. No.-------------

Boring No. ----
Sample No. ___ _ 

Description of Soll ________ Depth of Sample ___ 6=5=-=f:..:t;..._ ____ _ 

Tested By. ___________ Date of Testing __________ _ 

Gravel Sand 

CoarN to I Fine Slit Clay 
medium 

I 

U.S. standard sieve sizes 

J I 
a R 8 I ... .. .. 
i i i i 

I 
100 I 

! I 

' I 
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I I I I 
I I I 

' I 
I 

I I I I ! 
I I 

I I ! I \' I 

i I I I I 

I I ! I 

I I I 1 I 
I I I I 
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I 
I I 

i I ! I 
I I I • · 

! I I 
I II 

I I I I 
I I ! I 

2D i I I 
I 
I 

I I I 
I 

0 I 

• .. R a;; I!! 
.. .. 0 
ci ci ci 

Grain dlametw, mm 

Ylaual soil description ------------------------

Soil cfUllflcatlon: 

SM 

Figure H.14: Soil Classification for C&D Canal, Pier 17, DE at depth of 65 ft (continued) 
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I D E T E R M I N A T I O N - 0 F - M O I S T U R E - C O N T E N T I 

DNcription of Nil: pier 21 41•41.5 

Location: 
saq>l■ Illa.: 0 

I No. I Weight ofl Weight of can I Weight of can I "2-\13 
I of I can, W1 I, wet soil, WZI, dry soil, W3I w(X)•-----x100 
I can I (g) I (g) I (g) I V3-W1 

1 I 148.75 513.60 418.60 I 35.20 

I s I E V E - A N A L y s I s I 

Description of soil: Pier 21 41-41.5 
Location: 
Saq,le No.: 0 Weight of oven dry saq:,le, W (g): 270.7 

Sievel Sieve jWefght retafnedj Percent of jC1111JlatfvejPercentl 
No. lcipeningl on each sieve jweight retained percent I finer I 

I Cnn) · I (g) I on each sieve retained I I 
I I I I I 

4 I 4.750 I o.oo I o.oo o.oo 1100.00 I 
10 I 2.000 I 0.00 I 0.00 0.00 1100.00 I 
20 I o.85o I o.oo I o.oo o.oo 1100.00 I 
40 I o.425 I 1 .4o I o.52 o.52 I 99.48 I 
60 I o.25o I 12.ao I 4.73 s.25 I 94.75 I 

100 I o.1so I sa.10 I 32.77 38.01 I 61.99 I 
200 I 0.075 I 124.oa I 45.84 83.as I 16.15 I 
Pan I --- I 42.65 I I I 

J: 269.63 "'W1 
Loss during sieve analysis•[(W-W1)/"1x100= 0.40X (OK ff less than 2X) 

Figure H.15: Soil Classification for C&D Canal, Pier 21, DE at depth of 41 ft 
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GRAIN SIZE DISTRIBUTION Data Sheet 6 

PnliaGt----.....J~ ..... ---- Job. Na.--------------

L,gcatian of Project ___ .i=P::i~er.._.2 .. 1 __ _ Boring Na. ---- Sample Na. ----

DalGriptiOn of Soil --------
Depth of Sample ____ .;.4 .. J .....,ft-----

1 .... By,-----------
Data of T•tlng ___________ _ 

Gravel Sand 

Coarse to I Fine Slit Clay 
medium 

' U.S. standard sieve sizes 
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~ p._ I II I ~! I 
I 1 I II 
I I I ,, 
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Villlataail --=nption -----------------------

lalt Clllllfladan: 
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Figure H.15: Soil Classification for C&D Canal, Pier 21, DE at depth of 41 ft (continued) 
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ATTERBERG LIMITS DETERMINATION Data Sheet 3 

Project __ __,;GRL==---------- Job No. --------------
Location ot PTofeCt __ ,..p .. ie.,r......_.2 ... l.._-40 __ f..,t __ ao,tng No. ___ _ SampleNo. ___ _ 

o.crtptian of Soil-------------------------
Dlpttl of Sampie ------ T..a.d S,------- oaa. _____ _ 

Liquid Limit Determination 

Can no. 1 

Wt. alwalaall+c:an 16.9 

Wt. of dry soil + can 16.5 

Wt. of can 8.9 

Wt. of dry soil 7.6 

Wt. of moisture 2.4 

Watar ccntent. w% 31.6 

No. of blows. N 25 

! 
I 

I 
: 
! 
I 
i 
! 
I 

I 

: 
10 15 llO 25 30 40 50 10 IO 100 

No. of blows, N 

Pla~tlc Unlit Determination 

Can no. 

Wt. of wa1 aail + can 

Wt. of dry soil + can 

Wt. of can 

Wt. of dry soil 

Wt. of moisture 

Wllt9r content. ~ - '°" 

Flow Index F, •--­

Uquid limit • 31. 6 

Plastic limit-~ 

Plasticity index 1,. • __ 

Figure H.15: Soil Classification for C&D Canal, Pier 21, DE at depth of 41 ft (continued) 
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I D E T E R M I N A T I O N - 0 F • M O I S T U R E • C O N T E N T I 

Dacriptim, of Hi l: pier .21 55-56.5 
Lac:atiCl'I: 
Saq,le No.: 0 

I No. I Weight of! Weight of can I Weight of can I W2-IB 
I of I can, W1 I & wet soil, W21 & dry soil, IBI w(X)•-----x100 
I can I Cg) I (g) I (g) I IB-W1 

1 I 191.00 541.10 452.00 

I s I E V E - A N A L y s I s I 

Descrtptian af sail: pier 21 55-56.5 
Lacatian: 

34.94 

~le Ila.: 0 Wei;ht af oven dry sen.,le. W <1>: 257.8 

ISiav•I Sieve jWaight retained! Percent of jCL111JLativejPercentl 
I No. jopenin;j on each sieve jweight retained! percent I finer I 
I I (nm) I (g) I on each sieve I retained I I 

, I 4.750 I 0.00 I o.oo I 0.00 1100.00 I 
10 I 2.000 I o.oo I o.oo I o.oo 1100.00 I 
20 Io.mo I o.oo I 0.00 I 0.00 1100.00 I 
'° I o.425 I 0.35 I 0.14 I 0.14 I 99.86 I 

I 60 I o.25o I 7.23 I z.ao I 2.94 I ,1.06 I 
I 100 I o.,so I 16.90 I 33.71 I 36.65 I 6.1.35 I 
I zoo I 0.075 I 101.0I I 39.21 I 75.86 I 24.14 I 
f Pan I --- I 61.75 I I I I 

E 257.31 = W1 
Loss during sieve analysis=[CW-W1)/Wlx100= 0.19" (OK if less than 2X) 

Figure H.16: Soil Classification for C&D Canal, Pier 21, DE at depth of 55 ft 
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CIIIAIN 81D Dl81IIUIUTION Data Sheet 6 

Prajact ____ __;,,GRL _______ Job. No. --------------

LDcatiOn of Pro;ect __ .._p1_· e_r....,.2_1 __ _ Boring No. ---- Sample No. ----

Deacriptian of ScMI _________ Depth af Sample __ ......;5:,,;5:;..,;af.=t _____ _ 

T-- a,. ___________ Da&e of TMting -----------

Gravel Sand 

Coarse to I Fine Slit Clay 
medium 

I 

U.S. standard sieve sizes 
I I 

• 2 2 i ! I 
i ! ! ! i ! 

I 
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I II 
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I I I 
I 

211 I I 

I I I 
I 

I 

I 
I I I I I 

I 

0 I 

• .. 
Grain diameter, mm 

Visual soil dnc:riptlon -------------------------

loil --liaation: 
SM System--------------------

Figure H.16: Soil Classification for C&D Canal, Pier 21, DE at depth of 55 ft (continued) 
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I D E T E R M I N A T I O N • 0 F • M 0 I S T U R E • C O N T E N T I 

Delerlpttan of uH: pier 21 65•66.S 
Locattan: 
llllple lo.: 0 

I No. I Weight ofl Weight of can I Weight of can I W2·\13 
I of I can, W1 I & wet soil, "'21 & dry soil, "31 w(X)=•····x100 
I can I <1> I <1> I <1> I "3·W1 
I I I I I 
I 1 I 141.50 I 461.40 I 384.5a I 32.40 

I s I E V E - A N A L y s I s I 

Description of soil: pier 21 65-66.5 
Location: 
Saq,le No.: 0 Weight of oven dry saq:,le, W (g): 239.96 

!Sievel Sieve !Weight retained! Percent of ICLIIUlativejPercentl 
I No. lopeningj on each sieve !weight retained! percent I finer I 
I I (nm) .I <1> I on each sieve I retained I I 
I I I I I I I 
I 4 I 4.750 I 0.00 I o.oo I o.oo 1100.00 I 

I 10 I 2.000 I 0.00 I o.oo I o.oo 1100.00 I 
I 20 I o.85o I o.oo I o.oo I o.oo 1100.00 I 

I 40 I o.425 I o.3o I 0.13 I 0.13 I 99.81 I 

I 60 I 0.250 I 4.70 I 1.96 I 2.oa I 97.92 I 

I 100 I o.1so I 34.40 I 14.34 I 16.42 I 83.58 I 

I 200 I 0.075 I 12a.oo I 53.34 I 69.76 I 30.24 I 
I Pan I --- I 72.10 I I I I 

l.: 239.50 s W1 
Loss during sieve analysis=[CW·W1)/WJx100= 0.19X (OK if less than 2%) 

Figure H.17: Soil Classification for C&D Canal, Pier 21, DE at depth of 65 ft 
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GRAIN SIZE DISTRIBUTION Data ShNt 6 

Project __ -!:iGRL~-------- Job. No. --------------

Location of Project ...1P..::i;.:e;;;;r ____ 2i;;;._, ____ _ Boring No. ___ _ Sample No. ----

Description of Soil --------­

Tested By. -----------

Depth of Sample ___ G..;;.;S;......;f;;.;;t;;...._ _____ _ 

Date of Testing ___________ _ 

Gravel Sand 

Coarse to I Fine Slit Clay 
medium 

I 

U.S. standard li8'1e sizes 
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Figure H.17: Soil Classification for C&D Canal, Pier 21, DE at depth of 65 ft (continued) 
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I D E T E R M I N A T I O N • 0 f • M O I S T U R E • C O N T E N T I 

DNcrf ptfon of IIOi l: 
Location: White City Bridge - 30.5 ft 
llllpla llo.:i: 14 

I No. I Weight of! Weight of can I Weight of can I 112·"3 
I of I can, W1 I & wet aofl, 1121 & dry aofl, "31 w(X)•·····x100 
I can I (G) I (G) I Ca> I "3·W1 

1 I a.90 22.50 20.40 18.26 

I s I E V E - A N A ~ y s I s I 

Description of soil: 
Location: White City Bridge - 30.5 ft 
S~le No.: 14 Weight of oven dry •~le, W (g): 168.25 

!Sievel Sieve jWeight retained! Percent of jCUDJlativelPercentl 
I No. jopeninul ·on each sieve jweight retained! percent I finer I 
I I (nm) I (g) I on each sieve I retained I I 

4 I 4.750 I 0.00 I o.oo I o.oo I 100.00 I 
10 I 2.000 I 0.00 I 0.00 I 0.00 I 100.00 I 
20 I o.8so I 0.30 I 0.18 I 0.18 I 99.82 I 
40 I o.425 I 2.50 I 1.49 I 1.66 I 98.34 I 

I 60 I o.zso I 9.40 I 5.59 I 7.25 I 92.75 I 
I 100 I o.1so I 47.80 I 28.41 I 35.66 I 64.34 I 
I 200 I 0.075 I 51.50 I 30.61 I 66.27 I 33.73 I 
I Pan I --- I 56.15 I I I I 

J: 167.65 = W1 
Loss during sieve analysis=[(W•W1)/1Jlx100= 0.36X (OK if less than 2X> 

Figure H.18: Soil Classification for White City Bridge, TP3, FL at depth of 30.5 ft 
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GRAIN SIZE DISTRIBUTION Data Sheet 6 

Proia ___ .:GBL:=.------- Job. No.-------------

Lacatian of Pftl;.ct 
White City Bridge Boring No. ___ _ s.mp,e No. __,.l=-4 ___ _ 

Dell:riptian of Soil ________ Depth of &ampi. _ _.30w.,,.,,5'---f...,t _____ _ 

T..- By. ___________ DAie of T..aing -----------

Gravel Sand 

Coarse to I Fine Silt Clay 
medium 

I 
U.S. standard sieve sizes 

J I 
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Figure H.18: Soil Classification for White City Bridge, TP3, FL at depth of 30.5 ft (continued) 
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I D E T E R N I N A T I O N • 0 F • N O I S T U R E • C O N T E N T I 

Deu:rlptlan af eoll: 
Locatfan: llltte City Brid;e - 15.5 ft 
llllple lo.: 13 

I No. I Weight ofl Weight of can I Weight of can I W2·W3 
I of I can, 111 · I & wet soft, W21 & dry soil, 1131 w(X)•----·x100 
I can I <a> I <a> I <a> I W3·W1 

1 I a.so 22.20 I 19.70 I 22.94 

I s I E V E - A N A L y s I s I 

Description of soil: 
Location: White City Bridge· 15.5 ft 
Saq,le.No.: 13 Weight of oven dry sanple, w <a>: 1n.s 

!Sievel Sieve !Weight retained! Percent of ICUJUlativelPercentl 
I No. Jopeninsil on each sieve !weight retained! percent I finer I 
I I (nm) I Cg) I on each sieve I retained I I 
I I I I I I I 
I , I 4.750 I o.oo I o.oo I o.oo 1100.00 I 
I 10 I 2.000 I o.oo I o.oo I o.oo 1100.00 I 
I 20 I o.aso I 1.40 I o.79 I o.79 I 99.21 I 

I 40 I o.425 I 10.30 I s.so I 6.59 I 93.41 I 

I 60 I D.250 I 39.80 I 22.42 I 29.01 I 70.99 I 

I 100 I o.,so I 109.60 I 61.75 I 90~16 I 9.2, I 

I 200 I 0.075 I a.70 I 4.9o I 95.66 I 4.34 I 
I Pan I ••• I 7 .10 I I I I . 

J: 176.90 • W1 
Loss during sieve analysis•CCW·W1)/\,IJX100= 0.34X (OK ff less than 2X) 

Figure H.19: Soil Classification for White City Bridge, TP6, FL at depth of 15.5 ft 
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GRAIN SIZE DISTRIBUTION Data Sheet 6 

Project ___ .SIGRLIDl,I. _______ _ Job. No. _____________ _ 

Location of Project White City Bridge Boring No. ___ _ Sample No. _l_3 __ _ 

Description of Soil --------- Depth of Sample -~l..,St..,, ... s~ft _____ _ 

Tested By. -----------
Date of Testing ___________ _ 

Gravel Sand 

Coarse to I Fine Silt Clay 
medium 

U.S. ~andard sieve sizes 
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Figure H.19: Soil Classification for White City Bridge, TP6, FL at depth of 15.5 ft (continued) 
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I D E T E R M I N A T I O N • 0 F • M O I S T U R E • C O N T E N T I 

Delcrtptton of eotl: 
Location: Appal. atwr ■ridge• 20 ft 
Slq,le IO.: 9 

I No. I Weight ofl Weight of can I Weight of can I W2-lll 
I of I can, W1 I & wet soil, W21 & dry soil, llll w(X)•-----x100 
I can I <11> I <11> I <a> I lll·W1 

1 I 9.oo 23.90 20.80 21,.27 

I s I E V E - A N A L y s I s I 

Description of soil: 
Location: Appal. River Bridge - 20 ft 
S~le No.: 9 Weight of oven dry smrple, W (g): 166.9 

!Sievel Sfeve IWefght retained! Percent of ICLamJlativejPercentl 
I No. lopenfn;I .on each sieve !weight retained! percent I finer I 
I I Cnm) I (g) I on each sieve I retained I I 

4 I 4.750 I D.00 I o.oo o.oo 1100.00 I 
10 I 2.000 I o.oo I o.oo o.oo 1100.00 I 
20 I o.85o I 0.00 I o.oo o.oo 1100.00 I 
40 I o.425 I 1.40 I 0.84 0.84 I 99.16 I 

I 60 I o.25o I 14.80 I 8.87 9.71 I 90.29 I 
I 100 I o. 150 I 130.20 I 78.01 87.72 I 12.28 I 
I 200 I 0.075 I 14.10 I 8.45 96.17 I 3.83 I 
I Pan I --- I 5.80 I I I 

J: 166.30 • W1 
Loss during sieve analysis=CCW·W1)/WJx100= 0.36% (OK if less than 2%) 

Figure H.20: Soil Classification for Apalachicola River Bridge, FL at depth of 20 ft 
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GIIAIN alZII DISTIi.,,..,,. Dam&IINtl 

Ptaject __ ...:GRL_.__ ______ _ 
Job. No.-------------

Lacation ot Prajec:t AQ911, River Bridge Boring No. ___ _ Sample No. _9 __ _ 

Dacrifllian Df Soil-------- Depltl of Sample __ .;::2~0_f::.::t ... ____ _ 

TIIStlld By. -----------
Oeteof Testing __________ _ 
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Figure H.20: Soil Classification for Apalachicola River Bridge at depth of 20 ft (continued) 
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f D E T E R N I N A T I O N • 0 F • N O I S T U R E • C O N T E N T f 

Daacrtptfan lrf •fl: 
Location: Appal. liver Bridge - 25 ft 
lapla ID.I 10 

I No. I Weight off Weight of can I Weight of can I W2·W3 
I of I can, W1 I & wet soil, WZf & dry soil, WJI w(%)•-~---x100 
I can I <1> I <1> I · <1> I W3·W1 

1 I 8.ao 22.75 20.00 24.55 

I s I E V E - A N A L y s I s I 

Description of soil: (All 111aterfals retained on #20 are organic) 
Location: Appal. River Bridge - 25 ft 
~le No.: 10 Weight of oven dry S&lq)le, W (g): 99.8 

!Sievel Sieve !Weight retainec:ff Percent of IC1.111.1lativefPercentl 
I No. fopeningf on each sieve fweight retained! percent I finer I 
I I <•> I (g) I on each sieve I retained I I 
I I I · I I I I 
I 4 I 4.750 I 1.00 I 1.00 I 1.00 I 99.oo I 
I 10 I 2.000 I 1.40 I 1.40 I 2.40 I 97.60 I 
I 20 I o.85o I 1 .4o I 1 .,o I 3.81 I 96.19 I 
I 40 I o.425 I 3.oo I 3.01 I 6.s1 I 93.19 I 
I 60 I 0.250 I 9.oo I 9.02 I 1s.83 I 84.11 I 
I 100 I o.1so I 69.20 I 69.34 I ss.11 I 14.83 I 
I 200 I 0.075 I 8.oo I a.02 I 93.19 I 6.81 I 
I Pan I --- I 6.40 I I I I 

2: 99.40 • W1 
Loss during sieve analyais•CCW·W1)/"1x100• 0.40X (DIC if less than 2X) 

Figure H.21: Soil Classification for Apalachicola River Bridge, FL at depth of 25 ft 
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GRAIN SIZE DISTRIBUTION Data Sheet 6 

Project ---"GRL=--------- Job. No. _____________ _ 

Location of Project Appal, Biver Bri a;e Boring No. ___ _ Sample No. __ lO __ _ 

Description of Soil ________ _ Depth of Sample __ _.2.._S....,.f.,_t ______ _ 

Tested By. -----------
Date of Testing _______ _ 

Gravel Sand 

eoa .... to I Fine Silt Clay 
medium 

I 

U.S. standard sieve sizes 
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Figure H.21: Soil Classification for Apalachicola River Bridge at depth of 25 ft (continued) 
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I D E T E R M I N A T I 0 N • 0 F • M 0 I S T U R E • C 0 N T E N T I 

Description of soil: 
Location: Appal. River Bridge· 55 ft 
--.,l• No.: 11 

I No. I Weight ofj Weight of can I Weight of can I W2·W3 
I of I can, W1 I & wet soil, W21 & dry soil, W3I w(X)=·····x100 
I can I (g) I (g) I (g) I W3·W1 

1 I a.so 18.20 13.90 84.31 

I s I E V E - A N A L y s I s I 

Description of soil: 
Location: Appal. River Bridge· 55 ft 
Saq:,le No.: 11 Weight of oven dry saq,le, W (g): 42.7 

!Sievel Sieve !weight retained! Percent of jCurulative Percent! 
I No. lopeningj on each sieve !weight retained! percent finer I 
I I (1111) I (g) I on each sieve I retained I 
I I I I I . I 
I 4 I 4.750 I o.oo I o.oo I o.oo 100.00 I 
I 10 I 2.000 I o.oo I o.oo I o.oo 100.00 I 
I 20 I o.aso I o.oo I o.oo I o.oo 100.00 J 
I 40 I o.425 I o.oo I o.oo I o.oo 100.00 I 
I 60 I o.2so I o.oo I o.oo I o.oo 100.00 I 
I 100 I o.1so I 9.oo I 21.oa I 21.0s 78.92 I 
I 200 I 0.075 I 1.10 I 16.63 I 31.10 62.30 I 
I Pan I ··· I 26.30 I I I 

:t 42.40 • W1 
Loss during sieve analysis•[(W·W1)/W]x100• 0.70% (OK if less than 2X) 

Figure H.22: Soil Classification for Apalachicola River Bridge, FL at depth of 55 ft 
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GRAIN SIZE DISTRIBUTION Data ShNt 6 

Project GRL Job. No. 

Location at Pnl;.at Appal. River Briq;1a aonng No. SampleNo. ll 

Dacrtptlon of 8oll Daplhof&ample 55 C 

T91ted By. DmafT-.tlng 

Gravel Sand 

Coarse to Fine Slit Clay 
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Figure H.22: Soil Classification for Apalachicola River Bridge at depth of 55 ft (continued) 
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ATTDMRG UIIIT8 DETIRIIINATION Data Shnt 3 

Protect _..jjGRL'1k.--------- Joa Ho.------------
Location of Projeet Appal. River Bridge Boring No. ____ Sample No. _11.._ __ 

OlwlpllOnof&oM---------------------
Dapa'I at a.n1N _..;5,_5..,.fwt--- T..ied By--------

Date _____ _ 

Ll,q id Umit D terminatitm II e 

can no. l 
Wt. of wet aoil + can ., a "2 

Wt. at dry 1011 + can ,An 

Wt. at can a a 

WLatd,YIOi s; , 

Wt. of IIIDlsture A ':I 

wa1ar can111nt. d a.11,_ -:a, 
Na.otblowa.N 25 
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Pi die Limit o.tfffJIIMtlofl a 

can no. l 
wt.ot-lDft+aan 13.4 
Wt. at dry IOI+ can 11-8 
wt. otcan 8.8 
Wt. atdryeotl ~-n 
Wt. at IIIOlalUIW l_,:; 

Wlltllrcomant.d•w,, ~~-33 
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Figure H.22: Soil Classification for Apalachicola River Bridge at depth of 55 ft (continued) 
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I D E T E R M 1 N A T 1 0 N - 0 F - M O 1 S T U R E - C O N T E N T I 

DNcriptton of Hi L: 
Location: Appal. River Bridge· 75 ft 
~l• No.: 12 

I No. I Weight ofj Weight of can I Weight of can I "2-IB 
I of I can, W1 I & wet soil, "21 & dry soil, IBI N(X>=·····x100 
I can I <a> I <a> I <11> I "3·W1 

1 I a.95 19.90 I 11.ao 23.73 

I s I E V E - A N A L y s I s I 

Description of soil: 
Location: Appal. Rfver Bridge• 75 ft 
Saq,le No.: 12 Yeight of oven dry saq,le, W <a>: 154.15 

Sievel Sieve jwefght retained! Percent of jCUILllativelPercentj 
No. jopeningj on each sieve weight retained! percent I finer I 

I <•> I (g) on each sieve I retained I I 

I I I I I 
, I 4.750 I o.oo ·0.00 I o.oo I 100.00 I 

10 I 2.000 I 1.40 0.91 I 0.91 I 99.o9 I 

20 I o.85o I 17.30 11.22 I 12.13 I a1.81 I 

40 I o.425 I 30.70 19.92 I 32.05 I 67.95 I 

60 I o.25o I 45.40 29.45 I 61.50 I 38.50 I 

100 I 0.150 I 35.50 23.03 I 84.53 I 15.47 I 

200 I 0.075 I 4.90 3.18 I 87.71 I 12.29 I 

Pan I --- I 18.00 I I I 

Z 153.20 s W1 
Loss during sieve analysis=[(W·W1)/Wlx100= 0.62% (OK if less than 2%) 

Figure H.23: Soil Classification for Apalachicola River Bridge, FL at depth of 75 ft 
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GRAIN SIZE DISTRIBUTION Data Sheet 8 

Project __ _,l,ZGRL~-------- Job. No.--------------
Location of Project Appal· River Bridge Boring No. ___ _ Sample No. _1..,2..__ __ 

Description of Soil --------­

Tested By. -----------

Depth of Sample __ .:..7.:.5...;f::.;t=--------

Data of Testing ___________ _ 
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Coa,...to I Fine Slit Clay 
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Figure H.23: Soil Classification for Apalachicola River Bridge, FL at depth of 75 ft (continued) 
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I D E T E I N I I A T I O I • 0 F • N O I I T U R E • C D I T E N T I 

Dacriptian of Nil: 
Lacatian1 lltyaay lridge • 15 ft 
llllple llo.: 1 

I IO. I U.tght off V.tght of 11:1111 I V.tght of can I 112•1& 
I of I can, 111 I & wet Nil, W21 & dry Nil, IBI 11Cl>•····•x100 
I can I <1> I <1> I <1> I V5•W1 

1 I 22.45 50.60 45.50 22.13 

I s I E V E - A N A L y s I s I 

Description of soil: (All Materials retained on #40 are shells> 
location: Skyway Bridge • 15 ft 
S~le No.: 1 Weight of oven dry saq:,le, W (9): 178.9 

jSievel Sieve !Weight retained! P.ercent of ICll!UlativelPercentl 
I No. !opening! on each sieve !weight retained! percent I finer I 
I I <•> I (g) I on each sieve I retained I I 

I 4 I 4.750 I 6.70 I 3.75 I 3.75 I 96.25 I 
I 10 I 2.000 I 3.20 I 1.79 I 5.53 I 94.47 I 
I 20 I o.s5o I . 5.00 I 2.79 I 8.33 I 91.67 I 
I 40 I 0.425 I J.40 I 1.90 I 10.23 I •.11 I 
I 60 I 0.250 I 10.30 I 5.76 I 15.99 I 84.01 I 
I 100 I 0.150 I 102.eo I 57.46 I 73.45 I u.,s I 
I 200 I o.015 I 36.50 I 20.40 I 93.85 I ,.15 I 
I Pan I --- I 1.20 I I I I 

J: 176.10 = W1 
Lou during sieve analyaiazCCW·lil1)/llJx100& 1.57X (OK if Leu tluln 2X) 

Figure H.24: Soil Classification for Sunshine Skyway Bridge, FL at depth of 15 ft 
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GIIAIN alZII DISTRl8UTION Data Sheet 6 

Pnttect GBJ, Job. No.-------------
Lacation ot Project Skywav Bri ~e Boring No. ---- Sample No. -"""1..__ __ 

O..Criptian of Soil ------­

Tested By. -----------

Depth of Sampfe __ .,.l .... Si-..fl ______ _ 

Date of Testing ___________ _ 
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Figure H.24: Soil Classification for Sunshine Skyway Bridge, FL at depth of 15 ft (continued) 
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I D E T E R M I N A T I 0 N - 0 F - M 0 I S T U R E - C 0 N T E N T I 

Description of soil: 
Location: Skyway Bridge - 25 ft 
Slllple llo.: 2 

I No. I Weight ofl Weight of can I weight of can I V2-W3 
I of I can, W1 I , wet soil, VZI , dry soil, W3I w<X>•-----x1OO 
I can I <11> I <11> I <11> I W3-W1 

1 I 22.40 46.50 41.90 23.59 

I s I E V E - A N A L y s I s I 

Description of aoil: (All the •terial• retained on #60 ere shells) 
Location: Skyway Bridge - 25 ft 
1811ple llo.: 2 U.ight CJf IIIMII dry -.le, II <1>: 111.J 

l•i.,.f liwe IWefgltt retatnedf Pere:.,, of fCUllllatfwfP•rcentl 
I No. lopenfngl on each sieve !weight retained! percent I finer I 
I I (11111) I (g) I on each sieve I retained I I 

I • I ,.no 1· 10.70 I 9.04 I 9.04 I 90.96 I 
I 10 I 2.000 I 7.50 I 6.34 I 15.38 I 84.62 I 
I zo I o.aso I 6.20 I 5.24 I 20.63 I 19.37 I 
I ,o I o.425 I 3.30 I 2.79 I 23.42 I 1,.ss 1 

' 60 I D.25D I 7.1D I 6.DD I 29.42 I 10.sa J 
I 1DD I 0.150 I '6.10 I 38.97 I 68.39 I 11.,1 I 
I zoo I o.075 I 25.70 I 21.72 I 90.11 I 9.89 I 
I Pan I --- I 11.60 I I I I 

Z 118.20 • W1 
Loss during sieve analysis=[(W•W1)/Wlx1OO= O.OBX (OK if less than 2X) 

Figure H.25: Soil Classification for Sunshine Skyway Bridge, FL at depth of 25 ft 
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GIIAIN IIIZII DISTIUIIUTION 

Projeet---~GB-c~,------- Job. No.-------------
Laeatian of Project Skyway Bris%le Boring No. ----

.....,_ No. _-112.__ __ 

Deacriptian at Sait ________ 0aptta at Sampte _--,1.2:::15...;£1:1+-~------

Tested By. -----------
Date of Testing __________ _ 

Gravel Sand 

Coarse to I Fine Slit Clay 
medium 

I 
U.S. standard sieve sizes 

~ 
I 

0 I § § . .. 
i i ! i i ci z 

100 
I I 

I '.I 
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L I I I I I I I 

80 

I r-t---,.' I I II 
I I t 

"" 
I I I 
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I " ,I 
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I ! I 
IL - I I 

J -
J .. 

• : I - I !I 
I I \! I 

I : i I 
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I I ' I 
I II. 
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I I I I I 
I I I I I 

20 I 
I I I ·1 ~ I 
I ,-

~ I I I 
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0 I 

I 
c:i 

Grain diameter, mm 

v .... IIDff dall:rtpllOn ------------------------

Soit ctumflcatian: 

SP-SM Sp~m-------------------

Figure H.25: Soil Classification for Sunshine Skyway Bridge, FL at depth of 25 ft (continued) 
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jDETEINIIATIDl•Of•NDIITUIE-,GNTENTI 

Deecription of eoil: 
Location: Skyway Bridge· 27.5 ft 
Sample llo.: 3 

I la. I Weight of I Weight of can I Weight of can I W2·W3 
I of I can, W1 I Ir ... , eoil, WZI Ir dry uil, WJI w<X>•···••x100 
I can I <1> I <1> I <1> I WJ·W1 

1 I 22.50 33.45 31.05 28.07 

I s I E V E - A N A L y s I s I 

Deacrfption of soil: (All 11111terials_retained on #20 are shells) 
Location: Skyway Bridge· 27.5 ft 
Saq,le No.: 3 Weight of oven dry saq,le, W (g): 117.5 

!Sievel Sieve !Weight retained! Percent of IC1.111,1latfvejPercentl 
I No. opening! on each sieve !weight retained! percent I finer I 
I (nn) I (g) I on each sieve I retained I I 

I I I I I I 
I 4 4.750 I 5.6o I 4.77 I 4.77 I 95.23 I 
I 10 2.000 I 4.20 I 3.s1 I s.34 I 91.66 I 

I 20 o.sso I 4.so I 3.83 I 12.11 I 87.83 I 
I 40 o.425 I 3.6o I 3.06 I 15.23 I 84.77 I 

I 60 o.25o I s.3o I 1.06 I 22.30 I 11.10 I 

I 100 o.1so I 60.60 I 51.57 I 73.87 I 26.13 I 

I 200 0.075 I 21.60 I 18.38 I 92.26 I 1.14 I 

I Pan I 7.80 I I I . I 

J: 116.20 = w, 
Loss during sieve analysis=C(W·W1)/Wlx100= 1.11% (OK ff less than 2X) 

Figure H.26: Soil Classification for Sunshine Skyway Bridge, FL at depth of 27.5 ft 
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GRAIN SIZE DISTRIBUTION Da&aShNt6 

Project GRL Job. No. 

I.Deltian cf Project Skyway Bridge Boring No. Sampt• Na. 3 

Description of Soil Depth of Sample 27,5 ft 

T..-By. DataofT..ang 

Gravel Sand 

Coarse to Fine Slit Clay 
medium 

I 
U.S. standard sieve sizes 

~ 
I . 0 i ! I .. 

0 i ! ! i i z 
100 

I I 

I I 

~- I I I I 
i- -- I I I I 

I I 'i-,. I I I 
I '~ I I 

110 
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I :I 
i I 

I I' • I I 
I I I 

I I I I I I 
I I I I I .. . I 

I • .\ i C I 
I 

I - I 
I I 

: , ' I I l. "° 
• i 

I I 

I ! I I 
I I 

I I ·~ I 
I I I I 

20 I i I I I 
I I 

I 

I I I 
I I 

0 I I 
OI tO -i 2 :a--: tO - 8 -- ,.. ,.. 

~ .. ~ ~ .. o C! : 
0 ci c:i 0 ci 0 

Grain diameter, mm 

VIIUaA aall dlacriptlan 

Sod ctallftcatian: 

SE!-Sl:2 System 

Figure H.26: Soil Classification for Sunshine Skyway Bridge at depth of 27.5 ft (continued) 
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I D E T E R M I N A T I O N - 0 F - M O I S T U R E - C O N T E N T I 

Description of soil: 
Location: Skyway Bridge - 30 ft 
Saq:,le No.: 4 

I No. I Weight ofl Weight of can I Weight of can I W2-"3 
I of I can, W1 I & wet soil, W21 & dry soil, "31 w(%)a-----x100 
I can I Ca> I (9) I (9) I "3-W1 

, I 22.60 40.20 36.20 29.41 

I s I E V E - A N A L y s I s I 

Description of soil: (All •teriala_retained on #20 are shells) 
Location: Skyway Brfd;e - 30 ft · 
Saq,le No.: 4 Weight of oven dry saq>le, W (g): 145 

!Sievel Sieve !Weight retained! Percent of jCU11JlativelPercentj 
I No. openinal .on each sieve lwei;h~ retained! percent I finer I 
I (am) I (g) I on each sieve I retained I I 
I I I I I I 
I 4 4. 750 I 14.so I 10.00 I 10.00 I 90.00 I 
I 10 2.000 I 1.10 I 1.11 I 11.11 I sa.83 I 
I 20 o.a5o I 3.50 I 2.41 I t3.s9 I 86.41 I 
I 40 o.425 I 2.90 I 2.00 I 1s.s9 I 84.41 I 

I 60 0.250 I 10.50 I 7.24 I 22.83 I TT.17 I 
I 100 0.150 I 90.ao I 62.62 I as.45 I 14.55 I 

I 200 0.075 I 1s.40 I 12.69 I 9s.1, I 1.86 I 

I Pan I 5 .30 I I I I 

J: 147.60 • Wt 
Loss during sieve enalysis=[(W-W1)/Wlx1D0=-1.79% (OK if less than 2%) 

Figure H.27: Soil Classification for Sunshine Skyway Bridge, FL at depth of 30 ft 
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CIIIAIN mZI! DISTlll8UTION DalStlNII 

Pla;.:t-~GRL_,..__ ________ _ 
Job. No.--------------

LacatiOn at Pra;act Skyway Bridge Boring No. ----
Sample Na. __ 4 ____ _ 

o.crtpUan at SaM ---------
Dapth at Sampta ___ __.,30ilW...a..ft:.__ ___ _ 

Tea111d By.----------- Dita atTNting __________ _ 

Gravel Sand 

Coarse to I Fine Slit Clay medium 
I 

U.S. standard sieve sizes 
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100 I I 
I 

I 

I I -

I 
IO 

I 

• 
I 

i • 
• 

I • I 

20 

• 
0 

ca .. 

I I 

I i 8 I .. 
i ! ! ! 

I I ' I '.,I :1 
I I I I 
I I I I .... ~~ I 

I I 
11 

I I - ,1 I ! I I I 
I I I I 
I ! I ! 
I I I I 

I 

I I 
I 

! I 
I 

I 

1! ' I ! 
I I I I 
I I I I 
I I 
I I I ◄~ I 
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Y...amlldlacrtpaon ________________________ _ 

Sod daafflc:aUon: 

SP System-------------------

Figure H.27: Soil Classification for Sunshine Skyway Bridge, FL at depth of 30 ft (continued) 
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I D E T E R N I N A T I 0 N - 0 F - N O I S T U R E - C 0 N T E N T I 

Deaertpttan of utl: 
Location: Skyway Bridge - 35 ft 
llllple la.: 5 

I No. I Weight ofl Weight of cen I Weight of can I W2-W3 
I of I can, W1 I & wet soil, WZI & dry soil, W3I w(X)•-··-·x1DD 
I can I <1> I <1> I <1> I W3•W1 

1 I a.10 I 16.90 I 14.80 34.43 

I s I E y E - A N A L y s I s I 

Description of soil: 
Location: Skyway Bridge - 35 ft 
S-.:,le No.: 5 Weight of oven dry san.,le, W (g): 92 

Sievel Sieve !Weight retained! Per~ent of ICUll.llativelPercentl 
No. !opening ·on each sieve jweight retained! percent I finer I 

I (nm) (g) I on each sieve I retained I I 
I I I I I 

4 I 4.750 9.20 I 10.00 I 10.00 I 90.00 t 
10 I 2.000 1.00 I 1.61 I 11.61 I s2.39 I 
20 I o.sso 9.9o I 10.16 I 2a.31 I 11.63 I 
4o I o.425 1.50 I a.15 I 36.52 I 63.48 I 
60 I o.25o a.9o I 9.67 I 46.20 I 53.80 I 

100 I 0.150 30.20 I 32.83 I 79.02 I 20.9s I 
200 I 0.075 1.50 I a.1s I a1.11 I 12.83 I 
Pan I ••• 10.20 I I I . I 

J: 90.40 • W1 
Loss during sieve analysis•C(W•W1)/\llx100= 1.74X (OK ff less than 2X) 

Figure H.28: Soil Classification for Sunshine Skyway Bridge, FL at depth of 35 ft 
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QUIN 81Z1! D1811119UTION 

Prajlc:t ---~GRL==------- Job, No.-------------
LDc:atian of Projeet _,.aSk~yw,.a:a;¥~6~r.J <l.-'lltlf--- Boring No. ---- Sample No. -.....;;,5---

Dacriptian ot Soil ________ Depth of Sample ___ __.3 ... S-=-ft ____ _ 

T.- By, ___________ Decaof TMUng -----------
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Figure H.28: Soil Classification for Sunshine Skyway Bridge, FL at depth of 35 ft (continued) 
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I D E T E R N I N A T I O N - 0 F - N O I S T U R E • C O N T E N T I 

DNcriptian of uil: 
Lacattan: styway Bridge • 40 ft 

~- lllo.: 6 

I Ila. I W.ilht aff W.tlht af can I W.tlht af can I W2·113 
I of I can, 111 I I wt eofl, IIZI I dry eofl, 181 11CX>••···•x1DO 
I CIII I ,,, I ,., I ,,, I Wl-111 

1 I a.90 16.70 14.95 28.93 

I s I E V E - A N A L y s I s I 

Deacriptian of uil: 
Location: ~ lri• • 40 ft 
Sallple llo.: 6 Weight of own dry N111Pl•• W <1>: 107.5 

ISievej Sieve IW~i;ht retained! Percent of ICI.IIUlatfvelPercentl 
I Na. lap111tr111 an Nc:11 ■tew l•tlht retained! percent I ttner I 
I I <Alli> I (g) I on each sieve I retained I I 

4 I 4.750 I 1Z.80 I 11.91 I 11.91 I ss.o9 I 
10 I 2.000 I 4.40 I 4.09 I 16.00 I 84.oo I 

20 I o.s5o I 5.30 I 4.93 I Z0.93 I 79.01 I 

40 I 0.4ZS I 4.60 I 4.28 I ZS.21 I 74.79 I 

I 60 I o.zso I 9.00 I 8.37 I 33.58 I 66.42 I 

I 100 I D.150 j 56.40 I 52.47 I 86.05 I 1,.,, t 
I zoo I o.m I 12.90 I 12.00 I 98.05 I 1.95 I 
I , .. I --- I 1.90 I I I I 

J: 107.30 = W1 
L_. during ■iwa -lyai-■ [(W•W1>/WJx100- 0.191 (OIC if lMa than 21) 

Figure H.29: Soil Classification for Sunshine Skyway Bridge, FL at depth of 40 ft 
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GIIAIN atU D18TRl8UTION DetaShNt6 

P,ojact ___ ,.... _______ _ 
Job. No.--------------

Lacation of Project Skyway Bridge Soring No. ---- Sample No .......... Gi.----

Daacriptian af Soil --------- Depth of &ample __ _...;4:.;:Q~ft=--------

Tatlld By.---------- Date of Telting __________ _ 
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Figure H.29: Soil Classification for Sunshine Skyway Bridge, FL at depth of 40 ft (continued) 
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I D E T E R M I N A T I 0 N - 0 F - M 0 I S T U R E - C 0 N T E N T I 

Ducr1pt1on of soil: 
Location: Skyway Bridge - 45.5 ft 
llllpla IO.: 7 

I No. I weight ofl Weight of can I Weight of can I W2-"3 
I of I can, W1 I, wet soil, WZI, dry soil, 1131 w<X>•-----x100 
I can I <11> I <11> I <11> I "3-W1 

1 I 8.90 I 11.75 16.20 21.23 

I s I E V E - A N A L y s I s I 

Description of soil: 
Location: Skyway Bridge - 45.5 ft 
Saq:,le No.: 7 Weight of oven dry saq:,le, W Cg): 124 

!Sievel Steve !Weight retained! Percent of ICU11JlatfvelPercentl 
I No_ lopenin;I on each sieve !weight retained! percent I finer I 
I I \,~> I (g) I on •~ch sieve I retained I I 

4 I 4.750 I o.oo 0.00 0.00 1100.00 I 
10 I 2.000 I o.oo 0.00 0.00 1100.00 I 
20 I o.85o I o.oo 0.00 o.oo 1100.00 I 
4 I 4.750 I 0.50 0.40 0.40 I 99.60 I 

I 60 I o.25o I 3.10 2.50 2.90 I 91.10 I 
I 100 I o.1so I 110.00 88.71 91.61 I a.39 1 
I 200 I 0.075 I 6.40 5.16 96.71 I 3.23 I 
I Pan I --- I 2.80 I I 

l: 122.80 = W1 
LON clrlng etwe -lye1P[(W•W1)/VJX100- 0.971 (CIC tf l .. 'than 21) 

Figure H.30: Soil Classification for Sunshine Skyway Bridge, FL at depth of 45.5 ft 
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GRAIN SIZE DISTRIBUTION DaaaShNt& 

Project _____ GRL---"------- Job. No. _____________ _ 

Locatlon ot Project _.;;;S;.;.;k.yw.;.;.;.ay.___,B:a.::r:.:oi .... dg._.e __ Boring No. ___ _ Sample No. _ __,_ __ 

DMctiption of Soil --------- Depth of Sample -----'4..,,S,..,,.S...,..f..,t-____ _ 

T..- By. ___________ Date of T•lng ------------

Gravel Sand 

Coarse to I Fine Silt Clay 
medium 
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Figure H.30: Soil Classification for Sunshine Skyway Bridge at depth of 45.5 ft (continued) 
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I D E T E R N I N A T I O N - D F - M D I S T U R E • C 0 N T E N T I 

Deecription of aoH: 
Location: Skyway Bridge - 50 ft 
S-.,la No.: 8 

I No. I Weight ofl Weight of can I Weight of can I W2-"3 
I of I can, W1 I, wet soil, W21 & dry soil, W3I w(%)•·····x100 
I can I <a> I <a> I Cg) I W3·W1 

1 I a.95 22.00 20.00 18.10 

I s I E V E - A N A L y s I s I 

Description of soil: (All 111aterials retained on #40 are shells) 
Location: Skyway bridge - 50 ft 
Saq,le No.: 8 Weight of oven dry saq>le, W (g): 146.8 

!Sievel Sieve !Weight retained! Percent of ICLIILllatfvelPercentl 
No. lopeningl ·on each sieve weight retained! percent I finer I 

I (nm) I (g) on each sieve I retained I I 

I I I I f 
4 I 4.750 I 2.40 1.63 I 1.63 I 98.37 I 

10 I 2.000 I 9.oo 6.13 I 1.77 I 92.23 I 
20 I o.85o I 10.00 .6.81 I 14.58 I 85.42 I 
40 I o.425 I 6.30 4.29 I 18.87 I 81.13 I 
60 I o.25o I 6.oo 4.09 I 22.96 I 77.04 I 

100 I o.1so I 43.10 29.77 I 52.12 I 47.28 I 
200 I 0.075 I 49.40 33.6s I 86.38 I 13.62 I 

Pan I ··· I 19.20 I I I 

:E 146.00 • W1 
Loss during sieve analysis~ccw-W1)/Wlx100• 0.54X (OK ff less than 2X> 

Figure H.31: Soil Classification for Sunshine Skyway Bridge, FL at depth of 50 ft 
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GRAIN SIZE DISTRIBUTION Data Sheet 6 

Project ____ G.:::R:..::L=--------- Job. No. ---------------

Location of Project _ _.s ... k..._yw,....,.a..,.y_Br .... 1~· dg....,e~­

Description of Soil ---------

Boring No. ___ _ Sample No. _.,A..__ __ 

Depth of Sample __ 5....,0..._.f_.,t _______ _ 

Tested By. ------------
Date of Testing ___________ _ 
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Figure H.31: Soil Classification for Sunshine Skyway Bridge, FL at depth of 50 ft (continued) 
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PARTICLE-SIZE ANALYSIS (ASTM D422) 
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Project 
Location 
Project Number 
Date 
Sample Number 
Sample Location 
Semple Depth 
Description 

GRAIN SIZE IN MILLIMETERS 

G.R.L. Laboratory Testing 
Warrensville Hts .• Ohio 
94349L 
July 27. 1994 
S-1 
GRL-1 
5 ft. 
Gray silty SAND 

SIEVE ANALYSIS HYDROMETER ANALYSIS 

Sieve Size 

2 50.0 mm 
1 25.0 mm 
3/4 19.0 mm 
1/2 12.5 mm 
3/8 9.5 mm 

4 4.75 mm 
8 2.36 mm 
10 2.00 mm 
20 0.85 mm 
30 0.60 mm 
40 0.43 mm 
60 0.25 mm 
100 0.15 mm 
200 0.075 mm) ; 

sg Passing 

100 
100 
100 

100 
99.4 

89.4 

43.3 
13.4 

Sieve Size sg Passing 

0.075 mm 13.4 
0.005 mm 
0.001 mm 

Specific Gravity: 

EDP CONSULTANTS, INC. 
WILLOUGHBY HILLS, OHIO 

Figure H.32: Soil Classification for Aucilla River Bridge, FL at depth of 5 ft 
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SIEVE ANALYSIS HYDROMETER ANALYSIS 
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Figure H.33: Soil Classification for Aucilla River Bridge, FL at depth of 1 Oft 
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Figure H.34: Soil Classification for Vilano Bridge - East, FL at depth of 5 ft 
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Figure H.35: Soil Classification for Vilano Bridge - East, FL at depth of 25 ft 
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Figure H.36: Soil Classification for Vilano Bridge - East, FL at depth of 35 ft 

388 



I-
:r: 
I'..') 

GJ 
3::: 
>-
al 

Cl:'. w 
z 
G: 
I-z w 
u 
Cl:'. w 
a.. 

PARTICLE-SIZE ANALYSIS (ASTM D422) 

100.00 
-
-

80.00 
-

-
60.00 

-

-
-10.00 

-
-

20.00 
-

-
0.00 

100 

Project 
Location 
Project Number 
Date 
Sample Number 
Sample Location 
Sample Depth 
Description 

10 

" I'\ 

I"\ 
'\ 

\ 
\ 

~ 

I\ 
I•[',. 

" I'.. 
' 

0. 1 

GRAIN SIZE IN MILLIMETERS 

G.R.L. Laboratory Testing 
Warrensville Hts., Ohio 
94349L 
July 27, 1994 

Vil-W.E. 
45 ft. 
Gray COQUINA 

0.01 

SIEVE ANALYSIS HYDROMETER ANALYSIS 

Sieve Size ll! Passing Sieve Size sg Passing 

2 50.0 mm 0.075 mm 2.7 
1 25.0 mm 0.005 mm : 
3/4 19.0 mm 100 0.001 mm: 
1/2 12.5 mm 100 
3/8 9.5 mm 99.4 Specific Gravity: 

4 4.75 mm 89.6 
8 2.36 mm 
10 2.00 mm 74.3 
20 0.85 mm 47.1 
30 0.60 mm 
40 0.43 mm 28.6 
60 0.25 mm 
100 0.15 mm 12.0 
200 0.075 mm) ; 2.7 

EDP CONSULTANTS, 
WILLOUGHBY HILLS, 

0.001 

INC. 
OHIO 

Figure H.37: Soil Classification for Vilano Bridge - East, FL at depth of 45 ft 
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Figure H.38: Soil Classification for Vilano Bridge - West, FL at depth of 64 ft 
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