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"We are committed to serving our clients by exceeding their expectations."  
Geotechnical    Construction Monitoring    Dam Engineering    Geoscience    Environmental 

 

510 East Gay Street 
West Chester, PA 19380 
 
Phone: (610) 696-6066 
Fax: (610) 696-7771 
www.schnabel-eng.com 

 
 
 
 

January 26, 2010 
 
 
 
Mr. Mike Moore 
ADSC 
14180 Dallas Parkway 
Pacific Center I 
Dallas, TX 75254 
 
 
Subject: Project 07150064, Hollow Bar Soil Nail Testing Research – 

Load Test Results at Olympia, Washington (Site 4) 
 
 
Dear Mr. Moore: 
 
Schnabel Engineering, LLC (Schnabel), is pleased to present the data from pullout load tests 
performed at Wheeler Road and Jefferson Street in Olympia, Washington. 
 
DBM Contractors installed and tested 12 soil nails as part of the load test matrix for the research 
program.  The nail installation process was in general accordance with the installation methods 
indicated in the research test protocol with variances noted below.  Personnel from Schnabel 
observed the installation of all the soil nails and the load testing.  
 
Schnabel measured the axial movement of the test nail during loading and unloading using two dial 
gauges.  Schnabel also measured axial strain with four strain gages in three soil nails with modified 
Geokon 1400 strain gages.  Loads from a hydraulic jacking system were applied to the test nail 
through a steel plate.  DBM monitored the loads using a calibrated jack-pressure dial gauge. 
 
Method C was performed as noted in the research protocol with the exception that the nails were 
flushed out with water through a tremie tube from the excavation surface to the top of the bond zone.  
Typically, no flushing is performed in Method C. 
 
The contractor installed Method D nails in the same manner as Method C; however, they predrilled 
and grouted the unbonded length about 24 hours before nail installation.  The contractor predrilled 
with the hollow core bar equipment used for installation; however, they removed the bar after 
completion of grout flushing.   
 
Appendix A summarizes the results from the load tests.  Appendix B includes the load-movement 
and movement-time diagrams based on the test data.  Appendix C includes the results from strain 
gage measurements.  Appendix D includes the nail installation logs.  Appendix E includes grout 
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compressive strength test results.  Jack calibrations are included in Appendix F.  Haley & Aldrich, 
Inc. performed a geotechnical investigation for the project site; Appendix G includes test borings 
and soil laboratory tests in the vicinity of hollow core bar tests. 
 

 Sincerely, 
 

  SCHNABEL ENGINEERING, LLC 
 
 
 

    Andrew C. Baxter, P.G. 
     Senior Scientist 

 
 
 

Allen W. Cadden, P.E. 
Principal 

 
AEG:ACB:AWC:jlm 
 
Appendix A: Summary of Load Test Results 
Appendix B: Load-Movement and Movement-Time Diagrams 
Appendix C: Strain Gage Data 
Appendix D: Soil Nail Installation Logs 
Appendix E: Grout Compressive Strength 
Appendix F: Jack Calibrations 
Appendix G: Geotechnical Information 
 
 
Distribution: 
 ADSC (3) 
  Attn: Mr. Mike Moore 
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APPENDIX A 
 

Summary of Load Test Results 
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APPENDIX B 
 

Load-Movement and Movement-Time Diagrams 
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Project: Hollow Core Bar Soil Nail Research Performed: DBM Contractors Soil Nail:

Location: Olympia, WA Observed: M. Rohrbach

Client: ADSC Data by: M. Rohrbach Date:

Design Test Load (P): 30 kips # Dials: 2 Jack Calibration: Pressure = 39.984 -14.9 (psi)

Dial Dial 1 Dial 2 Dial 3 Dial 4 Average

Load Deformation Deformation Deformation Deformation Deformation

[kip] [psi] [psi] [kip] [min] [in.] [in.] [in.] [in.] [in.]

AL 1.5 45.1 250.0 6.6 1 0.000 0.000 0.000

25%
7.5 285.0 300.0 7.9 1 0.009 0.000 0.005

7.5 285.0 300.0 7.9 2 0.009 0.000 0.005

7.5 285.0 300.0 7.9 3 0.009 0.000 0.005

7.5 285.0 300.0 7.9 4 0.009 0.000 0.005

7.5 285.0 300.0 7.9 5 0.009 0.000 0.005

7.5 285.0 300.0 7.9 6 0.009 0.000 0.005

7.5 285.0 300.0 7.9 10 0.008 0.000 0.004

50%
15.0 584.9 600.0 15.4 1 0.059 0.006 0.033

15.0 584.9 590.0 15.1 2 0.058 0.005 0.032

15.0 584.9 590.0 15.1 3 0.057 0.004 0.031

15.0 584.9 590.0 15.1 4 0.057 0.004 0.031

15.0 584.9 590.0 15.1 5 0.057 0.004 0.031

15.0 584.9 590.0 15.1 6 0.057 0.004 0.031

15.0 584.9 590.0 15.1 10 0.057 0.004 0.031

75%
22.5 884.7 890.0 22.6 1 0.115 0.040 0.078

22.5 884.7 880.0 22.4 2 0.115 0.040 0.078

22.5 884.7 870.0 22.1 3 0.114 0.039 0.077

22.5 884.7 860.0 21.9 4 0.114 0.039 0.077

22.5 884.7 850.0 21.6 5 0.114 0.039 0.077

22.5 884.7 840.0 21.4 6 0.114 0.039 0.077

22.5 884.7 830.0 21.1 10 0.113 0.039 0.076

100%
30.0 1184.6 1180.0 29.9 1 0.205 0.014 0.109

30.0 1184.6 1160.0 29.4 2 0.205 0.014 0.109

30.0 1184.6 1150.0 29.1 3 0.204 0.014 0.109

30.0 1184.6 1140.0 28.9 4 0.204 0.014 0.109

30.0 1184.6 1130.0 28.6 5 0.204 0.014 0.109

30.0 1184.6 1130.0 28.6 6 0.204 0.014 0.109

30.0 1184.6 1115.0 28.3 10 0.204 0.014 0.109

75%
22.5 884.7 880.0 22.4 1 0.186 0.018 0.102

50%
15.0 584.9 590.0 15.1 1 0.078 0.011 0.045

25%
7.5 285.0 300.0 7.9 1 0.052 -0.012 0.020

50%
15.0 584.9 590.0 15.1 1 0.062 -0.005 0.029

75%
22.5 884.7 880.0 22.4 1 0.188 0.119 0.154

100%
30.0 1184.6 1160.0 29.4 1 0.221 0.158 0.190

125%
37.5 1484.5 1300.0 32.9 1 0.339 0.277 0.308

37.5 1484.5 1290.0 32.6 2 0.340 0.278 0.309

37.5 1484.5 1280.0 32.4 3 0.340 0.278 0.309

37.5 1484.5 1270.0 32.1 4 0.340 0.278 0.309

37.5 1484.5 1260.0 31.9 5 0.339 0.277 0.308

37.5 1484.5 1260.0 31.9 6 0.339 0.277 0.308

37.5 1484.5 1230.0 31.1 10 0.339 0.277 0.308

Soil Nail Verification Load Test Data

A1

Sequence
of

Loading
Comments:

10/2/2009

Time
Time

of
Test

X reading (kip)          +

Applied 
Pressure

Applied 
Load

Estimated 
Load

tail length = 28 inches
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Project: Hollow Core Bar Soil Nail Research Performed: DBM Contractors Soil Nail:

Location: Olympia, WA Observed: M. Rohrbach

Client: ADSC Data by: M. Rohrbach Date:

Design Test Load (P): 30 kips # Dials: 2 Jack Calibration: Pressure = 39.984 -14.9 (psi)

Dial Dial 1 Dial 2 Dial 3 Dial 4 Average

Load Deformation Deformation Deformation Deformation Deformation

[kip] [psi] [psi] [kip] [min] [in.] [in.] [in.] [in.] [in.]

Soil Nail Verification Load Test Data

A1

Sequence
of

Loading
Comments:

10/2/2009

Time
Time

of
Test

X reading (kip)          +

Applied 
Pressure

Applied 
Load

Estimated 
Load

150%
45.0 1784.4 1400.0 35.4 1 0.431 0.368 0.400

45.0 1784.4 1350.0 34.1 2 0.432 0.369 0.401

45.0 1784.4 1330.0 33.6 3 0.433 0.371 0.402

45.0 1784.4 1320.0 33.4 4 0.433 0.371 0.402

45.0 1784.4 1310.0 33.1 5 0.433 0.371 0.402

45.0 1784.4 1300.0 32.9 6 0.433 0.371 0.402

45.0 1784.4 1250.0 31.6 10 0.433 0.370 0.402

45.0 1784.4 1200.0 30.4 20 0.432 0.370 0.401

45.0 1784.4 1150.0 29.1 30 0.434 0.371 0.403

45.0 1784.4 1250.0 31.6 40 0.435 0.372 0.404

45.0 1784.4 1150.0 29.1 50 0.435 0.372 0.404

45.0 1784.4 1300.0 32.9 60 0.437 0.374 0.406

100%
30.0 1184.6 1200.0 30.4 1 0.435 0.372 0.404

75%
22.5 884.7 900.0 22.9 1 0.421 0.359 0.390

50%
15.0 584.9 600.0 15.4 1 0.398 0.335 0.367

25%
7.5 285.0 300.0 7.9 1 0.357 0.310 0.334

AL
1.5 45.1 250.0 6.6 1 0.342 0.309 0.326
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Project: Hollow Core Bar Soil Nail Research Performed: DBM Contractors Soil Nail:

Location: Olympia, WA Observed: M. Rohrbach

Client: ADSC Data by: M. Rohrbach Date:

Design Test Load (P): 30 kips # Dials: 2 Jack Calibration: Pressure = 39.984 -14.9 (psi)

Dial Dial 1 Dial 2 Dial 3 Dial 4 Average

Load Deformation Deformation Deformation Deformation Deformation

[kip] [psi] [psi] [kip] [min] [in.] [in.] [in.] [in.] [in.]

AL 1.5 45.1 250.0 6.6 1 0.000 0.000 0.000

25%
7.5 285.0 300.0 7.9 1 0.005 0.002 0.004

7.5 285.0 300.0 7.9 2 0.005 0.003 0.004

50%
15.0 584.9 550.0 14.1 1 0.042 0.032 0.037

15.0 584.9 550.0 14.1 2 0.041 0.031 0.036

75%
22.5 884.7 850.0 21.6 1 0.085 0.060 0.073

22.5 884.7 850.0 21.6 2 0.084 0.060 0.072

100%
30.0 1184.6 1150.0 29.1 1 0.144 0.101 0.123

30.0 1184.6 1150.0 29.1 2 0.142 0.099 0.121

75%
22.5 884.7 850.0 21.6 1 0.135 0.093 0.114

50%
15.0 584.9 550.0 14.1 1 0.110 0.074 0.092

25%
7.5 285.0 300.0 7.9 1 0.068 0.057 0.063

AL
1.5 45.1 200.0 5.4 1 0.045 0.053 0.049

25%
7.5 285.0 300.0 7.9 1 0.060 0.054 0.057

50%
15.0 584.9 550.0 14.1 1 0.092 0.065 0.079

75%
22.5 884.7 850.0 21.6 1 0.128 0.088 0.108

100%
30.0 1184.6 1150.0 29.1 1 0.158 0.111 0.135

125%
37.5 1484.5 1500.0 37.9 1 0.235 0.174 0.205

37.5 1484.5 1400.0 35.4 2 0.235 0.175 0.205

37.5 1484.5 1390.0 35.1 3 0.236 0.175 0.206

37.5 1484.5 1350.0 34.1 4 0.236 0.175 0.206

37.5 1484.5 1350.0 34.1 5 0.236 0.176 0.206

37.5 1484.5 1350.0 34.1 6 0.236 0.176 0.206

37.5 1484.5 1350.0 34.1 10 0.235 0.175 0.205

150%
45.0 1784.4 1525.0 38.5 1 0.322 0.255 0.289

45.0 1784.4 1500.0 37.9 2 0.324 0.257 0.291

45.0 1784.4 1450.0 36.6 3 0.325 0.258 0.292

45.0 1784.4 1450.0 36.6 4 0.327 0.260 0.294

45.0 1784.4 1450.0 36.6 5 0.328 0.260 0.294

45.0 1784.4 1450.0 36.6 6 0.328 0.261 0.295

45.0 1784.4 1450.0 36.6 10 0.326 0.260 0.293

175%
50.5 2002.3 1600.0 40.4 1 0.436 0.366 0.401

50.5 2002.3 1510.0 38.1 2 0.438 0.367 0.403

50.5 2002.3 1500.0 37.9 3 0.439 0.368 0.404

50.5 2002.3 1500.0 37.9 4 0.440 0.369 0.405

50.5 2002.3 1500.0 37.9 5 0.439 0.369 0.404

50.5 2002.3 1600.0 40.4 1 0.715 0.636 0.676

100%
30.0 1184.6 1200.0 30.4 1 0.696 0.621 0.659

30.0 1184.6 1200.0 30.4 2 0.696 0.621 0.659

75%
22.5 884.7 900.0 22.9 1 0.674 0.601 0.638

22.5 884.7 900.0 22.9 2 0.674 0.601 0.638

50%
15.0 584.9 600.0 15.4 1 0.641 0.580 0.611

15.0 584.9 600.0 15.4 2 0.641 0.580 0.611

Time
Time

of
Test

X reading (kip)          +

Applied 
Pressure

Applied 
Load

Estimated 
Load

tail length = approx. 30 inches

Soil Nail Verification Load Test Data

A2

Sequence
of

Loading
Comments:

10/2/2009
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Project: Hollow Core Bar Soil Nail Research Performed: DBM Contractors Soil Nail:

Location: Olympia, WA Observed: M. Rohrbach

Client: ADSC Data by: M. Rohrbach Date:

Design Test Load (P): 30 kips # Dials: 2 Jack Calibration: Pressure = 39.984 -14.9 (psi)

Dial Dial 1 Dial 2 Dial 3 Dial 4 Average

Load Deformation Deformation Deformation Deformation Deformation

[kip] [psi] [psi] [kip] [min] [in.] [in.] [in.] [in.] [in.]

Time
Time

of
Test

X reading (kip)          +

Applied 
Pressure

Applied 
Load

Estimated 
Load

Soil Nail Verification Load Test Data

A2

Sequence
of

Loading
Comments:

10/2/2009

25%
7.5 285.0 300.0 7.9 1 0.590 0.561 0.576

AL
1.5 45.1 200.0 5.4 1 0.570 0.557 0.564
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Project: Hollow Core Bar Soil Nail Research Performed: DBM Contractors Soil Nail:

Location: Olympia, WA Observed: M. Rohrbach

Client: ADSC Data by: M. Rohrbach Date:

Design Test Load (P): 30 kips # Dials: 2 Jack Calibration: Pressure = 39.984 -14.9 (psi)

Dial Dial 1 Dial 2 Dial 3 Dial 4 Average

Load Deformation Deformation Deformation Deformation Deformation

[kip] [psi] [psi] [kip] [min] [in.] [in.] [in.] [in.] [in.]

AL 1.5 45.1 300.0 7.9 1 0.000 0.000 0.000

25%
7.5 285.0 400.0 10.4 1 0.003 0.014 0.009

7.5 285.0 400.0 10.4 2 0.003 0.014 0.009

50%
15.0 584.9 600.0 15.4 1 0.022 0.060 0.041

15.0 584.9 600.0 15.4 2 0.022 0.059 0.041

75%
22.5 884.7 880.0 22.4 1 0.060 0.123 0.092

22.5 884.7 870.0 22.1 2 0.061 0.122 0.092

100%
30.0 1184.6 1080.0 27.4 1 0.238 0.317 0.278

30.0 1184.6 1050.0 26.6 2 0.238 0.318 0.278

75%
22.5 884.7 870.0 22.1 1 0.233 0.307 0.270

50%
15.0 584.9 600.0 15.4 1 0.224 0.285 0.255

25%
7.5 285.0 400.0 10.4 1 0.214 0.255 0.235

AL
1.5 45.1 300.0 7.9 1 0.210 0.236 0.223

25%
7.5 285.0 400.0 10.4 1 0.210 0.245 0.228

50%
15.0 584.9 600.0 15.4 1 0.214 0.265 0.240

75%
22.5 884.7 870.0 22.1 1 0.233 0.306 0.270

100%
30.0 1184.6 1190.0 30.1 1 0.383 0.468 0.426

30.0 1184.6 1140.0 28.9 2 0.384 0.468 0.426

Estimated 
Load

tail length = approx. 30 inches

Soil Nail Verification Load Test Data

A3

Sequence
of

Loading
Comments:

10/2/2009

Time
Time

of
Test

X reading (kip)          +

Applied 
Pressure

Applied 
Load
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Project: Hollow Core Bar Soil Nail Research Performed: DBM Contractors Soil Nail:
Location: Olympia, WA Observed: M. Rohrbach
Client: ADSC Data by: M. Rohrbach Date:

Design Test Load (P): 20 kips # Dials: 2 Jack Calibration: Pressure = 39.984 -14.9 (psi)

Dial Dial 1 Dial 2 Dial 3 Dial 4 Average
Load Deformation Deformation Deformation Deformation Deformation

[kip] [psi] [psi] [kip] [min] [in.] [in.] [in.] [in.] [in.]

AL 1.0 25.1 290.0 7.6 1 0.000 0.000 0.000

50% 10.0 384.9 350.0 9.1 1 0.015 0.013 0.014

10.0 384.9 350.0 9.1 2 0.018 0.014 0.016

10.0 384.9 350.0 9.1 3 0.020 0.015 0.018

10.0 384.9 350.0 9.1 4 0.020 0.015 0.018

10.0 384.9 350.0 9.1 5 0.020 0.016 0.018

75% 15.0 584.9 500.0 12.9 1 0.071 0.051 0.061

15.0 584.9 500.0 12.9 2 0.070 0.051 0.061

15.0 584.9 500.0 12.9 3 0.070 0.051 0.061

15.0 584.9 500.0 12.9 4 0.070 0.051 0.061

15.0 584.9 500.0 12.9 5 0.070 0.051 0.061

15.0 584.9 650.0 16.6 1 0.109 0.084 0.097

15.0 584.9 650.0 16.6 2 0.118 0.091 0.105

15.0 584.9 650.0 16.6 3 0.119 0.092 0.106

15.0 584.9 650.0 16.6 4 0.119 0.092 0.106

100% 20.0 784.8 800.0 20.4 1 0.118 0.157 0.138

0.0 -14.9 800.0 20.4 2 0.198 0.168 0.183

0.0 -14.9 800.0 20.4 3 0.205 0.174 0.190

0.0 -14.9 800.0 20.4 4 0.208 0.177 0.193

0.0 -14.9 800.0 20.4 5 0.210 0.178 0.194

75% 15.0 584.9 650.0 16.6 1 0.208 0.177 0.193

0.0 -14.9 500.0 12.9 1 0.194 0.164 0.179

50% 10.0 384.9 350.0 9.1 1 0.170 0.146 0.158

25% 5.0 185.0 225.0 6.0 1 0.140 0.120 0.130

50% 10.0 384.9 350.0 9.1 1 0.158 0.130 0.144

75% 15.0 584.9 500.0 12.9 1 0.177 0.148 0.163

0.0 -14.9 650.0 16.6 1 0.199 0.168 0.184

100% 20.0 784.8 800.0 20.4 1 0.236 0.205 0.221

0.0 -14.9 800.0 20.4 2 0.247 0.215 0.231

0.0 -14.9 800.0 20.4 3 0.255 0.223 0.239

0.0 -14.9 800.0 20.4 4 0.264 0.232 0.248

0.0 -14.9 800.0 20.4 5 0.268 0.236 0.252

0.0 -14.9 800.0 20.4 6 0.276 0.244 0.260

0.0 -14.9 800.0 20.4 7 0.285 0.258 0.272

0.0 -14.9 800.0 20.4 8 0.298 0.267 0.283

0.0 -14.9 800.0 20.4 9 0.304 0.274 0.289

0.0 -14.9 800.0 20.4 10 0.312 0.282 0.297

125% 25.0 984.7 900.0 22.9 1 0.665 0.629 0.647

0.0 -14.9 900.0 22.9 2 0.674 0.639 0.657

0.0 -14.9 900.0 22.9 3 0.684 0.649 0.667

0.0 -14.9 900.0 22.9 4 0.691 0.565 0.628

0.0 -14.9 900.0 22.9 5 0.694 0.658 0.676

75% 15.0 584.9 600.0 15.4 1 0.680 0.648 0.664

50% 10.0 384.9 300.0 7.9 1 0.636 0.613 0.625

Soil Nail Verification Load Test Data

B1

Sequence
of

Loading
Comments:

10/2/2009

Time
Time

of
Test

X reading (kip)          +

Applied 
Pressure

Applied Load
Estimated 

Load

tail length = 27 inches
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Project: Hollow Core Bar Soil Nail Research Performed: DBM Contractors Soil Nail:
Location: Olympia, WA Observed: M. Rohrbach
Client: ADSC Data by: M. Rohrbach Date:

Design Test Load (P): 20 kips # Dials: 2 Jack Calibration: Pressure = 39.984 -14.9 (psi)

Dial Dial 1 Dial 2 Dial 3 Dial 4 Average
Load Deformation Deformation Deformation Deformation Deformation

[kip] [psi] [psi] [kip] [min] [in.] [in.] [in.] [in.] [in.]

Soil Nail Verification Load Test Data

B1

Sequence
of

Loading
Comments:

10/2/2009

Time
Time

of
Test

X reading (kip)          +

Applied 
Pressure

Applied Load
Estimated 

Load

25% 5.0 185.0 225.0 6.0 1 0.608 0.586 0.597

50% 10.0 384.9 400.0 10.4 1 0.636 0.604 0.620

75% 15.0 584.9 600.0 15.4 1 0.660 0.627 0.644

100% 20.0 784.8 800.0 20.4 1 0.689 0.653 0.671

125% 25.0 984.7 1000.0 25.4 1 2.049 2.060 2.055

100% 20.0 784.8 750.0 19.1 1 2.049 2.011 2.030

75% 15.0 584.9 500.0 12.9 1 2.023 1.988 2.006

25% 5.0 185.0 225.0 6.0 1 1.969 1.942 1.956
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Project: Hollow Core Bar Soil Nail Research Performed: DBM Contractors Soil Nail:

Location: Olympia, WA Observed: M. Rohrbach

Client: ADSC Data by: M. Rohrbach Date:

Design Test Load (P): 20 kips # Dials: 2 Jack Calibration: Pressure = 39.984 -14.9 (psi)

Dial Dial 1 Dial 2 Dial 3 Dial 4 Average

Load Deformation Deformation Deformation Deformation Deformation

[kip] [psi] [psi] [kip] [min] [in.] [in.] [in.] [in.] [in.]

AL 1.0 25.1 250.0 6.6 1 0.000 0.000 0.000

25%
5.0 185.0 300.0 7.9 1 0.000 0.000 0.000

5.0 185.0 300.0 7.9 2 0.001 0.001 0.001

5.0 185.0 300.0 7.9 3 0.001 0.002 0.002

5.0 185.0 300.0 7.9 4 0.001 0.002 0.002

50%
10.0 384.9 400.0 10.4 1 0.021 0.015 0.018

10.0 384.9 400.0 10.4 2 0.023 0.014 0.019

10.0 384.9 400.0 10.4 3 0.023 0.014 0.019

10.0 384.9 400.0 10.4 4 0.023 0.014 0.019

10.0 384.9 400.0 10.4 5 0.024 0.014 0.019

75%
15.0 584.9 600.0 15.4 1 0.078 0.058 0.068

15.0 584.9 575.0 14.8 2 0.078 0.057 0.068

15.0 584.9 600.0 15.4 3 0.080 0.060 0.070

15.0 584.9 600.0 15.4 4 0.089 0.068 0.079

15.0 584.9 600.0 15.4 5 0.091 0.072 0.082

50%
10.0 384.9 400.0 10.4 1 0.082 0.059 0.071

25%
5.0 185.0 250.0 6.6 1 0.059 0.039 0.049

50%
10.0 384.9 475.0 12.3 1 0.078 0.058 0.068

75%
15.0 584.9 600.0 15.4 1 0.097 0.077 0.087

100%
20.0 784.8 800.0 20.4 1 0.232 0.202 0.217

20.0 784.8 800.0 20.4 2 0.315 0.279 0.297

20.0 784.8 800.0 20.4 3 0.327 0.292 0.310

20.0 784.8 800.0 20.4 4 0.337 0.302 0.320

20.0 784.8 800.0 20.4 5 0.349 0.314 0.332

125%
25.0 984.7 950.0 24.1 0 2.285 2.245 2.265

25.0 984.7 925.0 23.5 1 2.285 2.248 2.267

25.0 984.7 950.0 24.1 2 2.294 2.251 2.273

100%
20.0 784.8 700.0 17.9 1 2.288 2.239 2.264

75%
15.0 584.9 500.0 12.9 1 2.268 2.220 2.244

50%
10.0 384.9 300.0 7.9 1 2.237 2.193 2.215

Estimated 
Load

tail length = 29 inches

Soil Nail Verification Load Test Data

B2

Sequence
of

Loading
Comments:

10/2/2009

Time
Time

of
Test

X reading (kip)          +

Applied 
Pressure

Applied 
Load
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Project: Hollow Core Bar Soil Nail Research Performed: DBM Contractors Soil Nail:
Location: Olympia, WA Observed: M. Rohrbach
Client: ADSC Data by: M. Rohrbach Date:

Design Test Load (P): 20 kips # Dials: 2 Jack Calibration: Pressure = 39.984 -14.9 (psi)

Dial Dial 1 Dial 2 Dial 3 Dial 4 Average
Load Deformation Deformation Deformation Deformation Deformation

[kip] [psi] [psi] [kip] [min] [in.] [in.] [in.] [in.] [in.]

AL 1.0 25.1 250.0 6.6 1 0.000 0.000 0.000

25% 5.0 185.0 250.0 6.6 1 0.000 0.000 0.000

50% 10.0 384.9 400.0 10.4 1 0.022 0.005 0.014

10.0 384.9 400.0 10.4 2 0.022 -0.005 0.009

75% 15.0 584.9 600.0 15.4 1 0.093 -0.013 0.040

15.0 584.9 600.0 15.4 2 0.105 -0.012 0.047

15.0 584.9 600.0 15.4 3 0.102 -0.011 0.046

15.0 584.9 600.0 15.4 4 0.102 -0.011 0.046

50% 10.0 384.9 400.0 10.4 1 0.085 -0.007 0.039

25% 5.0 185.0 225.0 6.0 1 0.029 -0.010 0.010

50% 10.0 384.9 400.0 10.4 1 0.091 0.009 0.050

75% 15.0 584.9 600.0 15.4 1 0.103 0.028 0.066

100% 20.0 784.8 800.0 20.4 1 0.142 0.098 0.120

20.0 784.8 800.0 20.4 2 0.152 0.105 0.129

20.0 784.8 800.0 20.4 3 0.153 0.105 0.129

20.0 784.8 800.0 20.4 4 0.163 0.116 0.140

20.0 784.8 800.0 20.4 5 0.163 0.117 0.140

20.0 784.8 800.0 20.4 6 0.167 0.120 0.144

20.0 784.8 875.0 22.3 1 1.341 1.293 1.317

75% 15.0 584.9 700.0 17.9 1 1.337 1.287 1.312

50% 10.0 384.9 500.0 12.9 1 1.321 1.270 1.296

25% 5.0 185.0 225.0 6.0 1 1.267 1.255 1.261

Time Time
of

Test

X reading (kip)          +

Applied 
Pressure

Applied 
Load

Estimated 
Load

tail length = 32 inches 

Soil Nail Verification Load Test Data

B3

Sequence
of

Loading
Comments:

10/2/2009
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Project: Hollow Core Bar Soil Nail Research Performed: DBM Contractors Soil Nail:

Location: Olympia, WA Observed: M. Rohrbach

Client: ADSC Data by: M. Rohrbach Date:

Design Test Load (P): 20 kips # Dials: 2 Jack Calibration: Pressure = 39.984 -14.9 (psi)

Dial Dial 1 Dial 2 Dial 3 Dial 4 Average

Load Deformation Deformation Deformation Deformation Deformation

[kip] [psi] [psi] [kip] [min] [in.] [in.] [in.] [in.] [in.]

AL 1.0 25.1 250.0 6.6 1 0.000 0.000 0.000

25%
5.0 185.0 250.0 6.6 1 0.000 0.000 0.000

50%
10.0 384.9 400.0 10.4 1 0.034 -0.012 0.011

10.0 384.9 400.0 10.4 2 0.033 -0.012 0.011

10.0 384.9 400.0 10.4 3 0.033 -0.012 0.011

10.0 384.9 400.0 10.4 4 0.033 -0.011 0.011

10.0 384.9 400.0 10.4 5 0.033 -0.011 0.011

75%
15.0 584.9 600.0 15.4 1 0.081 -0.006 0.038

15.0 584.9 600.0 15.4 2 0.078 -0.003 0.038

15.0 584.9 600.0 15.4 3 0.078 -0.003 0.038

15.0 584.9 600.0 15.4 4 0.083 -0.002 0.041

15.0 584.9 600.0 15.4 5 0.081 -0.002 0.040

15.0 584.9 600.0 15.4 6 0.080 -0.002 0.039

15.0 584.9 600.0 15.4 7 0.080 -0.002 0.039

50%
10.0 384.9 400.0 10.4 1 0.058 -0.005 0.027

25%
5.0 185.0 250.0 6.6 1 0.011 0.006 0.009

50%
10.0 384.9 400.0 10.4 1 0.049 -0.006 0.022

75%
15.0 584.9 600.0 15.4 1 0.080 -0.002 0.039

100%
20.0 784.8 800.0 20.4 1 0.108 0.015 0.062

20.0 784.8 800.0 20.4 2 0.111 0.018 0.065

20.0 784.8 800.0 20.4 3 0.109 0.018 0.064

20.0 784.8 800.0 20.4 4 0.112 0.020 0.066

20.0 784.8 775.0 19.8 5 0.110 0.019 0.065

20.0 784.8 800.0 20.4 6 0.112 0.020 0.066

20.0 784.8 800.0 20.4 10 0.111 0.021 0.066

125%
25.0 984.7 1000.0 25.4 1 0.148 0.055 0.102

25.0 984.7 1000.0 25.4 2 0.153 0.062 0.108

25.0 984.7 975.0 24.8 3 0.152 0.062 0.107

25.0 984.7 1000.0 25.4 4 0.156 0.066 0.111

25.0 984.7 1000.0 25.4 5 0.155 0.066 0.111

25.0 984.7 975.0 24.8 6 0.155 0.066 0.111

25.0 984.7 1000.0 25.4 10 0.158 0.071 0.115

150%
30.0 1184.6 1200.0 30.4 1 0.247 0.157 0.202

30.0 1184.6 1150.0 29.1 2 0.286 0.198 0.242

30.0 1184.6 1100.0 27.9 3 0.287 0.199 0.243

30.0 1184.6 1100.0 27.9 4 0.287 0.199 0.243

30.0 1184.6 1100.0 27.9 5 0.287 0.199 0.243

30.0 1184.6 1100.0 27.9 6 0.287 0.200 0.244

30.0 1184.6 1050.0 26.6 10 0.285 0.198 0.242

100%
20.0 784.8 775.0 19.8 1 0.272 0.188 0.230

75%
15.0 584.9 600.0 15.4 1 0.258 0.178 0.218

50%
10.0 384.9 400.0 10.4 1 0.229 0.166 0.198

25%
5.0 185.0 225.0 6.0 1 0.150 0.168 0.159

Soil Nail Verification Load Test Data

C1

Sequence
of

Loading
Comments:

10/5/2009

Time
Time

of
Test

X reading (kip)          +

Applied 
Pressure

Applied 
Load

Estimated 
Load

tail length = 27 inches
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Project: Hollow Core Bar Soil Nail Research Performed: DBM Contractors Soil Nail:

Location: Olympia, WA Observed: M. Rohrbach

Client: ADSC Data by: M. Rohrbach Date:

Design Test Load (P): 20 kips # Dials: 2 Jack Calibration: Pressure = 39.984 -14.9 (psi)

Dial Dial 1 Dial 2 Dial 3 Dial 4 Average

Load Deformation Deformation Deformation Deformation Deformation

[kip] [psi] [psi] [kip] [min] [in.] [in.] [in.] [in.] [in.]

Soil Nail Verification Load Test Data

C1

Sequence
of

Loading
Comments:

10/5/2009

Time
Time

of
Test

X reading (kip)          +

Applied 
Pressure

Applied 
Load

Estimated 
Load

50%
10.0 384.9 400.0 10.4 1 0.195 0.155 0.175

75%
15.0 584.9 600.0 15.4 1 0.229 0.157 0.193

100%
20.0 784.8 775.0 19.8 1 0.254 0.174 0.214

125%
25.0 984.7 1000.0 25.4 1 0.277 0.191 0.234

150%
30.0 1184.6 1150.0 29.1 1 0.339 0.251 0.295

30.0 1184.6 1150.0 29.1 1 0.370 0.282 0.326

30.0 1184.6 1150.0 29.1 2 0.375 0.288 0.332

30.0 1184.6 1150.0 29.1 3 0.381 0.293 0.337

30.0 1184.6 1250.0 31.6 4 1.198 1.111 1.155

125%
25.0 984.7 1000.0 25.4 1 1.193 1.105 1.149

100%
20.0 784.8 800.0 20.4 1 1.176 1.092 1.134

75%
15.0 584.9 500.0 12.9 1 1.143 1.067 1.105

25%
5.0 185.0 225.0 6.0 1 1.050 1.061 1.056
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Project: Hollow Core Bar Soil Nail Research Performed: DBM Contractors Soil Nail:

Location: Olympia, WA Observed: M. Rohrbach

Client: ADSC Data by: M. Rohrbach Date:

Design Test Load (P): 20 kips # Dials: 2 Jack Calibration: Pressure = 39.984 -14.9 (psi)

Dial Dial 1 Dial 2 Dial 3 Dial 4 Average

Load Deformation Deformation Deformation Deformation Deformation

[kip] [psi] [psi] [kip] [min] [in.] [in.] [in.] [in.] [in.]

AL 1.0 25.1 250.0 6.6 1 0.000 0.000 0.000

25%
5.0 185.0 250.0 6.6 1 0.000 0.000 0.000

50%
10.0 384.9 400.0 10.4 1 0.003 0.006 0.005

10.0 384.9 400.0 10.4 2 0.004 0.006 0.005

10.0 384.9 400.0 10.4 3 0.004 0.006 0.005

10.0 384.9 400.0 10.4 4 0.007 0.006 0.007

10.0 384.9 400.0 10.4 5 0.012 0.007 0.010

10.0 384.9 400.0 10.4 6 0.012 0.007 0.010

75%
15.0 584.9 600.0 15.4 1 0.020 0.008 0.014

15.0 584.9 575.0 14.8 2 0.029 0.006 0.018

15.0 584.9 600.0 15.4 3 0.030 0.007 0.019

15.0 584.9 590.0 15.1 4 0.030 0.007 0.019

15.0 584.9 590.0 15.1 5 0.030 0.007 0.019

15.0 584.9 575.0 14.8 6 0.032 0.007 0.020

15.0 584.9 600.0 15.4 10 0.032 0.007 0.020

50%
10.0 384.9 400.0 10.4 1 0.030 0.002 0.016

25%
5.0 185.0 200.0 5.4 1 0.015 -0.006 0.005

50%
10.0 384.9 400.0 10.4 1 0.021 -0.006 0.008

75%
15.0 584.9 600.0 15.4 1 0.038 -0.001 0.019

100%
20.0 784.8 800.0 20.4 1 0.069 0.013 0.041

20.0 784.8 800.0 20.4 2 0.084 0.013 0.049

20.0 784.8 800.0 20.4 3 0.084 0.014 0.049

20.0 784.8 775.0 19.8 4 0.098 0.013 0.056

20.0 784.8 800.0 20.4 5 0.101 0.017 0.059

125%
25.0 984.7 1000.0 25.4 1 0.136 0.054 0.095

25.0 984.7 1000.0 25.4 2 0.145 0.060 0.103

25.0 984.7 950.0 24.1 3 0.157 0.074 0.116

25.0 984.7 1000.0 25.4 4 0.161 0.078 0.120

25.0 984.7 1000.0 25.4 5 0.164 0.080 0.122

25.0 984.7 1000.0 25.4 6 0.167 0.084 0.126

25.0 984.7 1000.0 25.4 10 0.172 0.091 0.132

25.0 984.7 1000.0 25.4 20 0.183 0.102 0.143

25.0 984.7 1000.0 25.4 30 0.187 0.105 0.146

25.0 984.7 1000.0 25.4 40 0.197 0.117 0.157

25.0 984.7 1000.0 25.4 50 0.206 0.126 0.166

25.0 984.7 1000.0 25.4 60 0.215 0.135 0.175

100%
20.0 784.8 750.0 19.1 1 0.217 0.129 0.173

75%
15.0 584.9 600.0 15.4 1 0.212 0.120 0.166

50%
10.0 384.9 400.0 10.4 1 0.196 0.106 0.151

25%
5.0 185.0 200.0 5.4 1 0.157 0.081 0.119

50%
10.0 384.9 400.0 10.4 1 0.185 0.080 0.133

75%
15.0 584.9 600.0 15.4 1 0.192 0.080 0.136

100%
20.0 784.8 800.0 20.4 1 0.231 0.093 0.162

Estimated 
Load

tail length = 

Soil Nail Verification Load Test Data

C2

Sequence
of

Loading
Comments:

10/2/2009

Time
Time

of
Test

X reading (kip)          +

Applied 
Pressure

Applied 
Load
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Project: Hollow Core Bar Soil Nail Research Performed: DBM Contractors Soil Nail:

Location: Olympia, WA Observed: M. Rohrbach

Client: ADSC Data by: M. Rohrbach Date:

Design Test Load (P): 20 kips # Dials: 2 Jack Calibration: Pressure = 39.984 -14.9 (psi)

Dial Dial 1 Dial 2 Dial 3 Dial 4 Average

Load Deformation Deformation Deformation Deformation Deformation

[kip] [psi] [psi] [kip] [min] [in.] [in.] [in.] [in.] [in.]

Estimated 
Load

Soil Nail Verification Load Test Data

C2

Sequence
of

Loading
Comments:

10/2/2009

Time
Time

of
Test

X reading (kip)          +

Applied 
Pressure

Applied 
Load

125%
25.0 984.7 1000.0 25.4 1 0.268 0.132 0.200

150%
30.0 1184.6 1200.0 30.4 1 0.715 0.568 0.642

30.0 1184.6 1200.0 30.4 2 0.731 0.581 0.656

30.0 1184.6 1200.0 30.4 3 0.731 0.581 0.656

30.0 1184.6 1200.0 30.4 4 0.735 0.584 0.660

30.0 1184.6 1200.0 30.4 5 0.735 0.584 0.660

175%
35.0 1384.5 1325.0 33.5 1 1.077 0.920 0.999

35.0 1384.5 1325.0 33.5 1 2.256 2.060 2.158
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Project: Hollow Core Bar Soil Nail Research Performed: DBM Contractors Soil Nail:

Location: Olympia, WA Observed: M. Rohrbach

Client: ADSC Data by: M. Rohrbach Date:

Design Test Load (P): 20 kips # Dials: 2 Jack Calibration: Pressure = 39.984 -14.9 (psi)

Dial Dial 1 Dial 2 Dial 3 Dial 4 Average

Load Deformation Deformation Deformation Deformation Deformation

[kip] [psi] [psi] [kip] [min] [in.] [in.] [in.] [in.] [in.]

AL 1.0 25.1 250.0 6.6 1 0.000 0.000 0.000

25%
5.0 185.0 250.0 6.6 1 0.000 0.000 0.000

50%
10.0 384.9 400.0 10.4 1 0.002 0.003 0.090

10.0 384.9 400.0 10.4 2 0.125 0.062 0.094

10.0 384.9 400.0 10.4 3 0.122 0.062 0.092

10.0 384.9 400.0 10.4 4 0.121 0.061 0.091

10.0 384.9 400.0 10.4 5 0.119 0.060 0.090

10.0 384.9 400.0 10.4 6 0.120 0.061 0.091

75%
15.0 584.9 600.0 15.4 1 0.163 0.072 0.118

15.0 584.9 590.0 15.1 2 0.164 0.071 0.118

15.0 584.9 610.0 15.6 3 0.174 0.080 0.127

15.0 584.9 600.0 15.4 4 0.172 0.080 0.126

15.0 584.9 600.0 15.4 5 0.171 0.080 0.126

50%
10.0 384.9 390.0 10.1 1 0.155 0.076 0.116

25%
5.0 185.0 250.0 6.6 1 0.026 0.018 0.022

50%
10.0 384.9 400.0 10.4 1 0.141 0.071 0.106

75%
15.0 584.9 600.0 15.4 1 0.181 0.081 0.131

100%
20.0 784.8 800.0 20.4 1 0.215 0.086 0.151

20.0 784.8 825.0 21.0 2 0.219 0.098 0.159

20.0 784.8 800.0 20.4 3 0.276 0.100 0.188

20.0 784.8 825.0 21.0 4 0.225 0.108 0.167

20.0 784.8 810.0 20.6 5 0.226 0.109 0.168

125%
25.0 984.7 1000.0 25.4 1 0.296 0.328 0.312

25.0 984.7 1025.0 26.0 2 0.300 0.331 0.316

25.0 984.7 1000.0 25.4 3 0.299 0.334 0.317

25.0 984.7 980.0 24.9 4 0.299 0.334 0.317

25.0 984.7 1000.0 25.4 5 0.303 0.334 0.319

25.0 984.7 1000.0 25.4 6 0.304 0.334 0.319

25.0 984.7 1000.0 25.4 10 0.308 0.337 0.323

150%
30.0 1184.6 1200.0 30.4 1 0.385 0.400 0.393

30.0 1184.6 1200.0 30.4 2 0.383 0.400 0.392

30.0 1184.6 1150.0 29.1 3 0.383 0.400 0.392

30.0 1184.6 1200.0 30.4 4 0.372 0.406 0.389

30.0 1184.6 1200.0 30.4 5 0.392 0.407 0.400

30.0 1184.6 1200.0 30.4 6 0.392 0.407 0.400

30.0 1184.6 1200.0 30.4 10 0.397 0.411 0.404

125%
25.0 984.7 950.0 24.1 1 0.391 0.408 0.400

100%
20.0 784.8 800.0 20.4 1 0.379 0.398 0.389

75%
15.0 584.9 600.0 15.4 1 0.358 0.383 0.371

50%
10.0 384.9 400.0 10.4 1 0.315 0.366 0.341

25%
5.0 185.0 225.0 6.0 1 0.225 0.351 0.288

50%
10.0 384.9 400.0 10.4 1 0.281 0.355 0.318

Time
of

Test

X reading (kip)          +

Applied 
Pressure

Applied 
Load

Estimated 
Load

tail length = 29 inches

Soil Nail Verification Load Test Data

C3

Sequence
of

Loading
Comments:

10/5/2009

Time
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Project: Hollow Core Bar Soil Nail Research Performed: DBM Contractors Soil Nail:

Location: Olympia, WA Observed: M. Rohrbach

Client: ADSC Data by: M. Rohrbach Date:

Design Test Load (P): 20 kips # Dials: 2 Jack Calibration: Pressure = 39.984 -14.9 (psi)

Dial Dial 1 Dial 2 Dial 3 Dial 4 Average

Load Deformation Deformation Deformation Deformation Deformation

[kip] [psi] [psi] [kip] [min] [in.] [in.] [in.] [in.] [in.]

Time
of

Test

X reading (kip)          +

Applied 
Pressure

Applied 
Load

Estimated 
Load

Soil Nail Verification Load Test Data

C3

Sequence
of

Loading
Comments:

10/5/2009

Time

75%
15.0 584.9 600.0 15.4 1 0.325 0.361 0.343

100%
20.0 784.8 800.0 20.4 1 0.354 0.372 0.363

125%
25.0 984.7 1000.0 25.4 1 0.375 0.385 0.380

150%
30.0 1184.6 1200.0 30.4 1 0.406 0.412 0.409

175%
35.0 1384.5 1400.0 35.4 1 0.529 0.520 0.525

35.0 1384.5 1400.0 35.4 2 0.540 0.531 0.536

35.0 1384.5 1400.0 35.4 3 0.548 0.539 0.544

35.0 1384.5 1400.0 35.4 4 0.549 0.542 0.546

35.0 1384.5 1400.0 35.4 5 0.549 0.542 0.546

35.0 1384.5 1400.0 35.4 6 0.556 0.550 0.553

35.0 1384.5 1400.0 35.4 10 0.566 0.564 0.565

200%
40.0 1584.5 1500.0 37.9 1 0.877 0.864 0.871

40.0 1584.5 1500.0 37.9 2 0.886 0.874 0.880

40.0 1584.5 1500.0 37.9 3 0.892 0.879 0.886

40.0 1584.5 1500.0 37.9 4 0.893 0.882 0.888

40.0 1584.5 1500.0 37.9 5 0.899 0.887 0.893

40.0 1584.5 1500.0 37.9 6 0.904 0.891 0.898

40.0 1584.5 1650.0 41.6 1 2.211 2.190 2.201

150%
30.0 1184.6 1200.0 30.4 1 2.194 2.178 2.186

100%
20.0 784.8 850.0 21.6 1 2.161 2.152 2.157

50%
10.0 384.9 400.0 10.4 1 2.083 2.108 2.096

25%
5.0 185.0 225.0 6.0 1 2.043 2.043 2.043
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Project: Hollow Core Bar Soil Nail Research Performed: DBM Contractors Soil Nail:

Location: Olympia, WA Observed: M. Rohrbach

Client: ADSC Data by: M. Rohrbach Date:

Design Test Load (P): 30 kips # Dials: 2 Jack Calibration: Pressure = 39.984 -14.9 (psi)

Dial Dial 1 Dial 2 Dial 3 Dial 4 Average

Load Deformation Deformation Deformation Deformation Deformation

[kip] [psi] [psi] [kip] [min] [in.] [in.] [in.] [in.] [in.]

AL 1.5 45.1 300.0 7.9 1 0.000 0.000 0.000

50%
15.0 584.9 510.0 13.1 1 0.048 -0.014 0.017

15.0 584.9 510.0 13.1 2 0.048 -0.014 0.017

15.0 584.9 510.0 13.1 3 0.048 -0.012 0.018

15.0 584.9 510.0 13.1 4 0.048 -0.012 0.018

15.0 584.9 510.0 13.1 5 0.048 -0.012 0.018

15.0 584.9 510.0 13.1 6 0.048 -0.012 0.018

75%
22.5 884.7 900.0 22.9 1 0.119 -0.004 0.058

22.5 884.7 880.0 22.4 2 0.119 -0.004 0.058

22.5 884.7 830.0 21.1 3 0.117 -0.004 0.057

22.5 884.7 800.0 20.4 4 0.115 -0.004 0.056

22.5 884.7 800.0 20.4 5 0.115 -0.004 0.056

22.5 884.7 800.0 20.4 6 0.115 -0.004 0.056

100%
30.0 1184.6 1200.0 30.4 1 0.188 0.025 0.107

0.0 -14.9 1110.0 28.1 2 0.186 0.022 0.104

0.0 -14.9 1200.0 30.4 3 0.193 0.025 0.109

0.0 -14.9 1150.0 29.1 4 0.192 0.024 0.108

0.0 -14.9 1150.0 29.1 5 0.192 0.023 0.108

0.0 -14.9 1150.0 29.1 6 0.192 0.023 0.108

75%
22.5 884.7 900.0 22.9 1 0.173 0.009 0.091

50%
15.0 584.9 600.0 15.4 1 0.168 0.005 0.087

AL
1.5 45.1 300.0 7.9 1 0.031 0.000 0.016

50%
15.0 584.9 600.0 15.4 1 0.154 -0.001 0.077

75%
22.5 884.7 880.0 22.4 1 0.168 0.008 0.088

100%
30.0 1184.6 1120.0 28.4 1 0.200 0.028 0.114

30.0 1184.6 1110.0 28.1 2 0.199 0.027 0.113

30.0 1184.6 1080.0 27.4 3 0.199 0.027 0.113

30.0 1184.6 1200.0 30.4 4 0.204 0.030 0.117

30.0 1184.6 1180.0 29.9 5 0.205 0.030 0.118

30.0 1184.6 1180.0 29.9 6 0.206 0.032 0.119

125%
37.5 1484.5 1400.0 35.4 1 0.281 0.089 0.185

37.5 1484.5 1380.0 34.9 2 0.280 0.087 0.184

37.5 1484.5 1350.0 34.1 3 0.280 0.086 0.183

37.5 1484.5 1500.0 37.9 4 0.294 0.098 0.196

37.5 1484.5 1400.0 35.4 5 0.295 0.098 0.197

37.5 1484.5 1400.0 35.4 6 0.296 0.097 0.197

37.5 1484.5 1370.0 34.6 7 0.293 0.095 0.194

37.5 1484.5 1410.0 35.6 10 0.295 0.094 0.195

150%
45.0 1784.4 1610.0 40.6 1 0.501 0.281 0.391

45.0 1784.4 1580.0 39.9 2 0.502 0.281 0.392

45.0 1784.4 1600.0 40.4 3 0.506 0.283 0.395

45.0 1784.4 1600.0 40.4 4 0.512 0.288 0.400

45.0 1784.4 1600.0 40.4 5 0.518 0.296 0.407

X reading (kip)          +

Applied 
Pressure

Applied 
Load

Estimated 
Load

tail length = 27 inches

Soil Nail Verification Load Test Data

D1

Sequence
of

Loading
Comments:

10/2/2009

Time
Time

of
Test
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Project: Hollow Core Bar Soil Nail Research Performed: DBM Contractors Soil Nail:

Location: Olympia, WA Observed: M. Rohrbach

Client: ADSC Data by: M. Rohrbach Date:

Design Test Load (P): 30 kips # Dials: 2 Jack Calibration: Pressure = 39.984 -14.9 (psi)

Dial Dial 1 Dial 2 Dial 3 Dial 4 Average

Load Deformation Deformation Deformation Deformation Deformation

[kip] [psi] [psi] [kip] [min] [in.] [in.] [in.] [in.] [in.]

X reading (kip)          +

Applied 
Pressure

Applied 
Load

Estimated 
Load

Soil Nail Verification Load Test Data

D1

Sequence
of

Loading
Comments:

10/2/2009

Time
Time

of
Test

45.0 1784.4 1600.0 40.4 6 0.524 0.301 0.413

45.0 1784.4 1600.0 40.4 10 0.528 0.306 0.417

371



0.
0

0.
2

0.
4

0.
6

0
5

10
15

20
25

30
35

40
45

50
55

60

Displacement (inches)
Lo

ad
 (

ki
ps

)

V
E

R
IF

IC
A

T
IO

N
 S

O
IL

 N
A

IL
 L

O
A

D
 T

E
S

T
H

o
llo

w
 C

o
re

 B
ar

 R
es

ea
rc

h
 -

O
ly

m
p

ia
, 

W
A

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

1.
2

1.
4

1.
6

1.
8

2.
0

2.
2

2.
4

0
10

20
30

40
50

60

B
on

d:
10

 f
t

U
nb

on
de

d
7.

8 
ft

D
ia

m
et

er
:

T
es

t 
N

ai
l:

D
2

V
er

ifi
ca

tio
n 

S
oi

l N
ai

l L
oa

d 
T

es
t

T
yp

e 
of

 
T

es
t

V
er

ifi
ca

tio
n

H
ol

lo
w

 C
or

e 
B

ar
 R

es
ea

rc
h 

O
ly

m
pi

a,
 W

A
2 

in
 

(n
om

in
al

)
S

C
H

N
A

B
E

L
 E

N
G

IN
E

E
R

IN
G

, 
L

L
C

07
15

00
64

D
es

ig
n 

T
es

t 
Lo

ad
 (

P
) 

: 
30

 k
ip

 
H

ol
lo

w
 C

or
e 

B
ar

 S
oi

l N
ai

l R
es

ea
rc

h
O

ly
m

pi
a,

 W
A

M
ax

im
um

 T
es

t 
Lo

ad
: 

  
  

  
  

  
17

5%
 P

 =
 3

2.
9 

ki
p 

C
om

m
en

ts
:

D
at

e:
 1

0/
02

/0
9

0.
0

0.
2

0.
4

0.
6

0.
8

0
5

10
15

20
25

30
35

40
45

50
55

60

Displacement (inches)
Lo

ad
 (

ki
ps

)

V
E

R
IF

IC
A

T
IO

N
 S

O
IL

 N
A

IL
 L

O
A

D
 T

E
S

T
H

o
llo

w
 C

o
re

 B
ar

 R
es

ea
rc

h
 -

O
ly

m
p

ia
, 

W
A

Lo
ad

 T
es

t
0.

8L
u

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

1.
2

1.
4

1.
6

1.
8

2.
0

2.
2

2.
4

0
10

20
30

40
50

60

372



0
.0

0
.1

0
.2

0
.3

0
.4

0
.5

0
.6

0
.7

0
.8

1
10

10
0

10
00

Desplacement (inches)
T

im
e 

(m
in

)

C
R

E
E

P
 T

E
S

T
 A

T
 3

0.
4 

ki
p

s

B
on

d:
10

 f
t

U
nb

on
de

d
7.

8 
ft

D
ia

m
et

er
:

T
es

t N
ai

l:
D

2

07
15

00
64

D
es

ig
n 

T
es

t L
oa

d 
(P

) 
: 3

0 
ki

p 
H

ol
lo

w
 C

or
e 

B
ar

 S
oi

l N
ai

l R
es

ea
rc

h
O

ly
m

pi
a,

 W
A

M
ax

im
um

 T
es

t L
oa

d:
   

   
   

  
17

5%
 P

 =
 3

2.
9 

ki
p 

C
om

m
en

ts
:

D
at

e:
 1

0/
02

/0
9

T
yp

e 
of

 
T

es
t

V
er

ifi
ca

tio
n

V
er

ifi
ca

tio
n 

S
oi

l N
ai

l L
oa

d 
T

es
t

H
ol

lo
w

 C
or

e 
B

ar
 R

es
ea

rc
h 

O
ly

m
pi

a,
 W

A
2 

in
 

(n
om

in
al

)
S

C
H

N
A

B
E

L
 E

N
G

IN
E

E
R

IN
G

, L
L

C

0
.0

0
.1

0
.2

0
.3

0
.4

0
.5

0
.6

0
.7

0
.8

0
.9

1
.0

1
10

10
0

10
00

Desplacement (inches)
T

im
e 

(m
in

)

C
R

E
E

P
 T

E
S

T
 A

T
 3

0.
4 

ki
p

s

C
re

ep
 a

t 1
50

%
D

T
L

0.
04

 in
ch

 p
er

 lo
g 

cy
cl

e

373



Project: Hollow Core Bar Soil Nail Research Performed: DBM Contractors Soil Nail:

Location: Olympia, WA Observed: M. Rohrbach

Client: ADSC Data by: M. Rohrbach Date:

Design Test Load (P): 20 kips # Dials: 2 Jack Calibration: Pressure = 39.984 -14.9 (psi)

Dial Dial 1 Dial 2 Dial 3 Dial 4 Average

Load Deformation Deformation Deformation Deformation Deformation

[kip] [psi] [psi] [kip] [min] [in.] [in.] [in.] [in.] [in.]

AL 1.0 25.1 200.0 5.4 1 0.000 0.000 0.000

50%
10.0 384.9 410.0 10.6 1 0.017 0.023 0.020

10.0 384.9 400.0 10.4 2 0.016 0.023 0.020

10.0 384.9 400.0 10.4 3 0.015 0.022 0.019

10.0 384.9 400.0 10.4 4 0.015 0.022 0.019

10.0 384.9 400.0 10.4 5 0.015 0.022 0.019

10.0 384.9 400.0 10.4 6 0.015 0.022 0.019

75%
15.0 584.9 590.0 15.1 1 0.042 0.040 0.041

15.0 584.9 580.0 14.9 2 0.041 0.040 0.041

15.0 584.9 580.0 14.9 3 0.041 0.040 0.041

15.0 584.9 580.0 14.9 4 0.041 0.040 0.041

15.0 584.9 580.0 14.9 5 0.041 0.040 0.041

15.0 584.9 570.0 14.6 6 0.040 0.039 0.040

50%
10.0 384.9 410.0 10.6 1 0.035 0.037 0.036

25%
5.0 185.0 200.0 5.4 1 0.008 0.012 0.010

25%
5.0 185.0 200.0 5.4 1 0.008 0.012 0.010

50%
10.0 384.9 450.0 11.6 1 0.033 0.036 0.035

75%
15.0 584.9 625.0 16.0 1 0.047 0.045 0.046

100%
20.0 784.8 775.0 19.8 1 0.105 0.091 0.098

20.0 784.8 775.0 19.8 2 0.104 0.091 0.098

20.0 784.8 775.0 19.8 3 0.103 0.090 0.097

20.0 784.8 750.0 19.1 4 0.103 0.090 0.097

20.0 784.8 750.0 19.1 5 0.103 0.090 0.097

20.0 784.8 750.0 19.1 6 0.103 0.090 0.097

20.0 784.8 725.0 18.5 10 0.102 0.090 0.096

20.0 784.8 800.0 20.4 11 0.109 0.094 0.102

125%
25.0 984.7 1000.0 25.4 1 0.191 0.165 0.178

25.0 984.7 940.0 23.9 3 0.189 0.165 0.177

25.0 984.7 1000.0 25.4 4 0.198 0.172 0.185

25.0 984.7 1000.0 25.4 5 0.198 0.172 0.185

25.0 984.7 1000.0 25.4 6 0.198 0.172 0.185

25.0 984.7 950.0 24.1 7 0.198 0.172 0.185

150%
30.0 1184.6 1100.0 27.9 1 0.336 0.293 0.315

30.0 1184.6 1150.0 29.1 2 0.351 0.306 0.329

30.0 1184.6 1150.0 29.1 3 0.351 0.306 0.329

30.0 1184.6 1100.0 27.9 4 0.350 0.306 0.328

30.0 1184.6 1200.0 30.4 5 0.364 0.322 0.343

30.0 1184.6 1200.0 30.4 6 0.383 0.333 0.358

30.0 1184.6 1200.0 30.4 10 0.394 0.343 0.369

30.0 1184.6 1200.0 30.4 20 0.403 0.350 0.377

30.0 1184.6 1200.0 30.4 30 0.411 0.356 0.384

30.0 1184.6 1200.0 30.4 40 0.420 0.363 0.392

30.0 1184.6 1200.0 30.4 50 0.428 0.369 0.399

X reading (kip)          +

Applied 
Pressure

Applied 
Load

Estimated 
Load

tail length = 26.5 inches

Soil Nail Verification Load Test Data

D2

Sequence
of

Loading
Comments:

10/2/2009

Time
Time

of
Test
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Project: Hollow Core Bar Soil Nail Research Performed: DBM Contractors Soil Nail:

Location: Olympia, WA Observed: M. Rohrbach

Client: ADSC Data by: M. Rohrbach Date:

Design Test Load (P): 20 kips # Dials: 2 Jack Calibration: Pressure = 39.984 -14.9 (psi)

Dial Dial 1 Dial 2 Dial 3 Dial 4 Average

Load Deformation Deformation Deformation Deformation Deformation

[kip] [psi] [psi] [kip] [min] [in.] [in.] [in.] [in.] [in.]

AL 1.0 25.1 275.0 7.3 1 0.000 0.000 0.000

50%
10.0 384.9 400.0 10.4 1 0.017 0.007 0.012

10.0 384.9 390.0 10.1 2 0.016 0.007 0.012

10.0 384.9 390.0 10.1 3 0.016 0.007 0.012

10.0 384.9 390.0 10.1 4 0.016 0.007 0.012

75%
15.0 584.9 600.0 15.4 1 0.054 0.025 0.040

15.0 584.9 550.0 14.1 2 0.051 0.025 0.038

15.0 584.9 600.0 15.4 3 0.064 0.035 0.050

15.0 584.9 600.0 15.4 4 0.064 0.036 0.050

50%
10.0 384.9 400.0 10.4 1 0.054 0.029 0.042

25%
5.0 185.0 200.0 5.4 1 0.023 0.005 0.014

50%
10.0 384.9 425.0 11.0 1 0.046 0.023 0.035

75%
15.0 584.9 600.0 15.4 1 0.067 0.038 0.053

100%
20.0 784.8 800.0 20.4 1 0.130 0.079 0.105

20.0 784.8 800.0 20.4 2 0.134 0.084 0.109

20.0 784.8 790.0 20.1 3 0.133 0.083 0.108

20.0 784.8 790.0 20.1 4 0.133 0.083 0.108

20.0 784.8 790.0 20.1 5 0.133 0.083 0.108

20.0 784.8 800.0 20.4 6 0.138 0.088 0.113

125%
25.0 984.7 1000.0 25.4 1 0.227 0.156 0.192

25.0 984.7 950.0 24.1 2 0.226 0.156 0.191

25.0 984.7 1000.0 25.4 3 0.238 0.169 0.204

25.0 984.7 975.0 24.8 4 0.239 0.170 0.205

25.0 984.7 950.0 24.1 5 0.239 0.170 0.205

25.0 984.7 1000.0 25.4 6 0.246 0.177 0.212

25.0 984.7 1000.0 25.4 10 0.250 0.181 0.216

150%
30.0 1184.6 1150.0 29.1 1 0.464 0.376 0.420

30.0 1184.6 1150.0 29.1 2 0.466 0.378 0.422

30.0 1184.6 1125.0 28.5 4 0.464 0.377 0.421

30.0 1184.6 1100.0 27.9 5 0.464 0.377 0.421

30.0 1184.6 1150.0 29.1 6 0.469 0.382 0.426

30.0 1184.6 1150.0 29.1 10 0.473 0.385 0.429

30.0 1184.6 1150.0 29.1 15 0.479 0.392 0.436

125%
25.0 984.7 1000.0 25.4 1 0.477 0.390 0.434

100%
20.0 784.8 800.0 20.4 1 0.461 0.375 0.418

75%
15.0 584.9 600.0 15.4 1 0.443 0.358 0.401

50%
10.0 384.9 425.0 11.0 1 0.419 0.337 0.378

25%
5.0 185.0 275.0 7.3 1 0.376 0.308 0.342

25%
5.0 185.0 275.0 7.3 1 0.376 0.308 0.342

50%
10.0 384.9 425.0 11.0 1 0.387 0.309 0.348

75%
15.0 584.9 600.0 15.4 1 0.412 0.321 0.367

100%
20.0 784.8 800.0 20.4 1 0.435 0.337 0.386

125%
25.0 984.7 1000.0 25.4 1 0.458 0.355 0.407

150%
30.0 1184.6 1150.0 29.1 1 0.521 0.411 0.466

175%
35.0 1384.5 1300.0 32.9 1 1.250 1.033 1.142

125%
25.0 984.7 1000.0 25.4 4 1.236 1.019 1.128

100%
20.0 784.8 750.0 19.1 5 1.218 1.002 1.110

50%
10.0 384.9 400.0 10.4 6 1.178 0.964 1.071

25%
5.0 185.0 200.0 5.4 6 1.035 1.035 1.035

Soil Nail Verification Load Test Data

D3

Sequence
of

Loading
Comments:

10/2/2009

Time
Time

of
Test

X reading (kip)          +

Applied 
Pressure

Applied Load
Estimated 

Load

tail length = 32 inches
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APPENDIX C 
 

Strain Gage Data 
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Sketch: top and bottom of temporary casing, location of temporary casing sections and location of centralizers.

Sketch: top and bottom of bar, location of bar sections and locatio of centralizers.
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Sketch: top and bottom of temporary casing, location of temporary casing sections and location of centralizers.

Sketch: top and bottom of bar, location of bar sections and locatio of centralizers.
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Sketch: top and bottom of temporary casing, location of temporary casing sections and location of centralizers.

Sketch: top and bottom of bar, location of bar sections and locatio of centralizers.
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Sketch: top and bottom of temporary casing, location of temporary casing sections and location of centralizers.

Sketch: top and bottom of bar, location of bar sections and locatio of centralizers.

f 

f 

to

12
:1

5 
 s

et
 b

ar
,

tr
em

ie
 g

ro
ut

 h
ol

e 
an

d 
to

p 
of

f a
s 

ca
si

ng
 w

as
 p

ul
le

d.
  

F
lu

sh
 w

ith
 

w
at

er
 t

o 
ab

ou
t 

10
 f

t b
el

ow
 t

ip
 o

f 
ba

r.
 8

 f
t P

V
C

 c
as

in
g 

sl
ev

ev
e 

ov
er

 u
nb

on
d 

le
ng

th

4 
ba

gs
 u

se
d.

  
A

bo
ut

 4
.5

 c
f,

 3
5 

ga
l+

-

11 12 13 14 15 16 17 18 19 20

cc

Sketch: top and bottom of temporary casing, location of temporary casing sections and location of centralizers.

Sketch: top and bottom of bar, location of bar sections and locatio of centralizers.
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Sketch: top and bottom of temporary casing, location of temporary casing sections and location of centralizers.

Sketch: top and bottom of bar, location of bar sections and locatio of centralizers.
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Sketch: top and bottom of temporary casing, location of temporary casing sections and location of centralizers.

Sketch: top and bottom of bar, location of bar sections and locatio of centralizers.
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Sketch: top and bottom of temporary casing, location of temporary casing sections and location of centralizers.

Sketch: top and bottom of bar, location of bar sections and locatio of centralizers.
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Sketch: top and bottom of temporary casing, location of temporary casing sections and location of centralizers.

Sketch: top and bottom of bar, location of bar sections and locatio of centralizers.
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Sketch: top and bottom of temporary casing, location of temporary casing sections and location of centralizers.

Sketch: top and bottom of bar, location of bar sections and locatio of centralizers.
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Sketch: top and bottom of temporary casing, location of temporary casing sections and location of centralizers.

Sketch: top and bottom of bar, location of bar sections and locatio of centralizers.
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Sketch: top and bottom of temporary casing, location of temporary casing sections and location of centralizers.

Sketch: top and bottom of bar, location of bar sections and locatio of centralizers.
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Sketch: top and bottom of temporary casing, location of temporary casing sections and location of centralizers.

Sketch: top and bottom of bar, location of bar sections and locatio of centralizers.
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Sketch: top and bottom of temporary casing, location of temporary casing sections and location of centralizers.

Sketch: top and bottom of bar, location of bar sections and locatio of centralizers.
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Sketch: top and bottom of temporary casing, location of temporary casing sections and location of centralizers.

Sketch: top and bottom of bar, location of bar sections and locatio of centralizers.
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Sketch: top and bottom of temporary casing, location of temporary casing sections and location of centralizers.

Sketch: top and bottom of bar, location of bar sections and locatio of centralizers.
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Sketch: top and bottom of temporary casing, location of temporary casing sections and location of centralizers.

Sketch: top and bottom of bar, location of bar sections and locatio of centralizers.
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Sketch: top and bottom of temporary casing, location of temporary casing sections and location of centralizers.

Sketch: top and bottom of bar, location of bar sections and locatio of centralizers.
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Sketch: top and bottom of temporary casing, location of temporary casing sections and location of centralizers.

Sketch: top and bottom of bar, location of bar sections and locatio of centralizers.
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Sketch: top and bottom of temporary casing, location of temporary casing sections and location of centralizers.

Sketch: top and bottom of bar, location of bar sections and locatio of centralizers.
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Sketch: top and bottom of temporary casing, location of temporary casing sections and location of centralizers.

Sketch: top and bottom of bar, location of bar sections and locatio of centralizers.
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Sketch: top and bottom of bar, location of bar sections and locatio of centralizers.
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