
  
 

  
 

APPENDIX A: LIST OF ACRONYMS, ABBREVIATIONS, AND SYMBOLS 
 
 
Abbreviation Description 

 
AASHTO 
ABC 
FFT 
FEA 
FEM 
FHWA 
PCI 
SHM 
VWSG 
 

American Association Of State Highway And Transportation Officials 
Accelerated Bridge Construction 
Fast Fourier Transform 
Finite Element Analysis 
Finite Element Modeling  
Federal Highway Administration 
Precast/Prestressed Concrete Institute 
Structural Health Monitoring 
Vibrating Wire Strain Gages 
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APPENDIX B: FE MODEL CALIBRATION WITH LOAD TEST DATA 

Figure B-1.  Comparison of load test data and FE analysis results – Scenario 2 

‐60.00

‐40.00

‐20.00

0.00

20.00

40.00

60.00

80.00

0 500 1000 1500 2000 2500 3000St
re
ss
 (
p
si
)

Bridge Length (in.)

Scenario 2‐North C Sensors

VW Sensor FE Analysis

‐80.00

‐60.00

‐40.00

‐20.00

0.00

20.00

40.00

60.00

0 500 1000 1500 2000 2500 3000

St
re
ss
 (
p
si
)

Bridge Length (in.)

Scenario 2‐South A Sensors

VW Sensor FE Analysis

‐80.00

‐60.00

‐40.00

‐20.00

0.00

20.00

40.00

60.00

0 500 1000 1500 2000 2500 3000

St
re
ss
 (
p
si
)

Bridge Length (in.)

Scenario 2‐South F Sensors

VW Sensor FE Analysis

80



  
 

  
 

Figure B-2.  Comparison of load test data and FE analysis results – Scenario 3 
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Figure B-3.  Comparison of load test data and FE analysis results – Scenario 4 
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Figure B-4.  Comparison of load test data and FE analysis results – Scenario 5 
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Figure B-5.  Comparison of load test data and FE analysis results – Scenario 6 

‐80.00

‐60.00

‐40.00

‐20.00

0.00

20.00

40.00

60.00

0 500 1000 1500 2000 2500 3000

St
re
ss
 (
p
si
)

Bridge Length (in.)

Scenario 6‐North C Sensors

VW Sensor FE Analysis

‐80.00

‐60.00

‐40.00

‐20.00

0.00

20.00

40.00

60.00

0 500 1000 1500 2000 2500 3000

St
re
ss
 (
p
si
)

Bridge Length (in.)

Scenario 6‐South A Sensors

VW Sensor FE Analysis

‐80.00

‐60.00

‐40.00

‐20.00

0.00

20.00

40.00

60.00

0 500 1000 1500 2000 2500 3000

St
re
ss
 (
p
si
)

Bridge Length (in.)

Scenario 6‐South F Sensors

VW Sensor FE Analysis

84



  
 

  
 

Figure B-6.  Comparison of load test data and FE analysis results – Scenario 7 

‐80.00

‐60.00

‐40.00

‐20.00

0.00

20.00

40.00

60.00

0 500 1000 1500 2000 2500 3000

St
re
ss
 (
p
si
)

Bridge Length (in.)

Scenario 7‐North C Sensors

VW Sensor FE Analysis

‐80.00

‐60.00

‐40.00

‐20.00

0.00

20.00

40.00

60.00

0 500 1000 1500 2000 2500 3000

St
re
ss
 (
p
si
)

Bridge Length (in.)

Scenario 7‐South A Sensors

VW Sensor FE Analysis

‐80.00

‐60.00

‐40.00

‐20.00

0.00

20.00

40.00

60.00

0 500 1000 1500 2000 2500 3000

St
re
ss
 (
p
si
)

Bridge Length (in.)

Scenario 7‐South F Sensors

VW Sensor FE Analysis

85



  
 

  
 

Figure B-7.  Comparison of load test data and FE analysis results – Scenario 8 
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Figure B-8.  Comparison of load test data and FE analysis results – Scenario 9 
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Figure B-9.  Comparison of load test data and FE analysis results – Scenario 10 

 

‐80.00

‐60.00

‐40.00

‐20.00

0.00

20.00

40.00

60.00

0 500 1000 1500 2000 2500 3000

St
re
ss
 (
p
si
)

Bridge Lenght (in.)

Scenario 10‐North C Sensors

VW Sensor FE Analysis

‐80.00

‐60.00

‐40.00

‐20.00

0.00

20.00

40.00

60.00

0 500 1000 1500 2000 2500 3000

St
re
ss
 (
p
si
)

Bridge Lenght (in.)

Scenario 10‐South A Sensors

VW Sensor FE Analysis

‐80.00

‐60.00

‐40.00

‐20.00

0.00

20.00

40.00

60.00

0 500 1000 1500 2000 2500 3000

St
re
ss
 (
p
si
)

Bridge Lenght (in.)

Scenario 10‐South F Sensors

VW Sensor FE Analysis

88



  
 

  
 

APPENDIX C: THREE-YEAR STRESS ENVELOPES 
 

 
Figure C-1. Three-year envelope for north span 1 in the longitudinal direction 

 
 
 

 
Figure C-2. Three-year envelope for north span 2 in the longitudinal direction 
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Figure C-3. Three-year envelope for north span 3 in the longitudinal direction 

 
 
 
 

 
Figure C-4. Three-year envelope for north span 4 in the longitudinal direction 
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Figure C-5. Three-year envelope for north pier 1 in the longitudinal direction 

 
 
 
 

 
Figure C-6. Three-year envelope for north pier 2 in the longitudinal direction 
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Figure C-7. Three-year envelope for north pier 3 in the longitudinal direction 
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Figure C-8. Three-year envelope for south span 1 in the longitudinal direction 

 
 
 

 
Figure C-9. Three-year envelope for south span 2 in the longitudinal direction 
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Figure C-10. Three-year envelope for south span 3 in the longitudinal direction 

 
 
 

 
Figure C-11. Three-year envelope for south span 4 in the longitudinal direction 

 

94



  
 

  
 

 
Figure C-12. Three-year envelope for pier 1 in the longitudinal direction 

 
 
 

 
Figure C-13. Three-year envelope for pier 2 in the longitudinal direction 
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Figure C-14. Three-year envelope for pier 3 in the longitudinal direction 
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Figure C-15. Three-year envelope for north span 1 in the transverse direction 

 
 
 
 

 
Figure C-16. Three-year envelope for north span 2 in the transverse direction 
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Figure C-17. Three-year envelope for north span 3 in the transverse direction 

 
 
 
 

 
Figure C-18. Three-year envelope for north span 4 in the transverse direction 
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Figure C-19. Three-year envelope for north pier 1 in the transverse direction 

 
 
 
 

 
Figure C-20. Three-year envelope for north pier 2 in the transverse direction 
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Figure C-21. Three-year envelope for south span 1 in the transverse direction 

 
 
 

 
Figure C-22. Three-year envelope for south span 2 in the transverse direction 
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Figure C-23. Three-year envelope for south span 3 in the transverse direction 

 
 
 
 

 
Figure C-24. Three-year envelope for south span 4 in the transverse direction 
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Figure C-25. Three-year envelope for south pier 1 in the transverse direction 

 
 
 
 

 
Figure C-26. Three-year envelope for south pier 2 in the transverse direction 
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Figure C-27. Three-year envelope for south pier 3 in the transverse direction 
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APPENDIX D: ONE-YEAR STRESS ENVELOPE TEMPLATES 

D.1 Longitudinal Stress Envelopes: 
 

 
Figure D-1. One-year envelope for north span 1 in the longitudinal direction 

 
 
 

 
Figure D-2. One-year envelope for north span 2 in the longitudinal direction 
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Figure D-3. One-year envelope for north span 3 in the longitudinal direction 

 
 
 

 
Figure D-4. One-year envelope for north span 4 in the longitudinal direction 
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Figure D-5. One-year envelope for north pier 1 in the longitudinal direction 

 
 
 

 
Figure D-6. One-year envelope for north pier 2 in the longitudinal direction 
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Figure D-7. One-year envelope for north pier 3 in the longitudinal direction 
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Figure D-8. One-year envelope for south span 1 in the longitudinal direction 

 
 

 
Figure D-9. One-year envelope for south span 2 in the longitudinal direction 
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Figure D-10. One-year envelope for south span 3 in the longitudinal direction 

 
 

 
Figure D-11. One-year envelope for south span 4 in the longitudinal direction 
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Figure D-12. One-year envelope for pier 1 in the longitudinal direction 

 
 
 

 
Figure D-13. One-year envelope for pier 2 in the longitudinal direction 
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Figure D-14. One-year envelope for pier 3 in the longitudinal direction 
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D.2 Longitudinal Stress Envelopes: 
 

 
Figure D-15. One-year envelope for north span 1 in the transverse direction 

 
 
 

 
Figure D-16. One-year envelope for north span 2 in the transverse direction 
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Figure D-17. One-year envelope for north span 3 in the transverse direction 

 
 
 
 

 
Figure D-18. One-year envelope for north span 4 in the transverse direction 
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Figure D-19. One-year envelope for north pier 1 in the transverse direction 

 
 
 

 
Figure D-20. One-year envelope for north pier 2 in the transverse direction 
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Figure D-21. One-year envelope for south span 1 in the transverse direction 

 
 
 

 
Figure D-22. One-year envelope for south span 2 in the transverse direction 
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Figure D-23. One-year envelope for south span 3 in the transverse direction 

 
 
 
 

 
Figure D-24. One-year envelope for south span 4 in the transverse direction 
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Figure D-25. One-year envelope for south pier 1 in the transverse direction 

 
 
 
 

 
Figure D-26. One-year envelope for south pier 2 in the transverse direction 
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Figure D-27. One-year envelope for south pier 3 in the transverse direction 
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D.3 Closure Grout Stress Envelops: 
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(N-1-C)-(S-1-A)

Mean+2*Sigma = -227.3 psi

Mean-2*Sigma = -337.2 psi
Mean+3*Sigma = -199.9 psi

Mean-3*Sigma = -364.7 psi

 
Figure D-28. One-year differential stress envelope for the closure grout sensors between 

north span 1 and south span 1 (span 1) 
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(N-4-C)-(S-4-A)

Mean+2*Sigma = 1.79 psi

Mean-2*Sigma = -160.9 psi
Mean+3*Sigma=42.48 psi

Mean+2*Sigma = -201.6 psi

 
Figure D-29. One-year differential stress envelope for the closure grout sensors between 

north pier 1 and south pier 1 (pier 1) 
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(N-7-C)-(S-7-A)

Mean+2*sigma=239.65 psi

Mean+2*sigma=134.97 psi
Mean+2*sigma= 265.82 psi

Mean+2*sigma= 108.8 psi

 
Figure D-30. One-year differential stress envelope for the closure grout sensors between 

north panel 7 and south panel 7 (span 2) 
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(N-8-C)-(S-8-A)

Mean+2*sigma=-74.35 psi

Mean-2*sigma=-221.32psi
Mean+3*sigma=-37.61 psi

Mean-3*sigma= -258.06psi

 
Figure D-31. One-year differential stress envelope for the closure grout sensors between 

north panel 8 and south panel 8 (span 2) 
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(N-9-C)-(S-9-A)

Mean+2*sigma=-290.95 psi

Mean-2*sigma=-434.72psi
Mean+3*sigma=-255.01 psi

data4

 
Figure D-32. One-year differential stress envelope for the closure grout sensors between 

north panel 9 and south panel 9 (span 2) 
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(N-12-C)-(S-12-A)

Mean+2*sigma=142.7 psi

Mean-2*sigma=-155.77 psi
Mean+3*sigma=217.32 psi

Mean-3*sigma= -230.39 psi

 

Figure D-33. One-year differential stress envelope for the closure grout sensors between 
north pier 2 and south pier 2 (pier 2) 
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(N-15-C)-(S-15-A)

Mean+2*sigma=-86.76 psi

Mean-2*sigma=-183.71 psi
Mean+3*sigma= -62.53 psi

Mean-3*sigma= -207.95 psi

 
Figure D-34. One-year differential stress envelope for the closure grout sensors between 

north panel 15 and south panel 15 (span 3) 
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(N-16-C)-(S-16-A)

Mean+2*sigma=100.58 psi

Mean-2*sigma=-23.58 psi
Mean+3*sigma= 131.62 psi

Mean-3*sigma= -54.63 psi

 
Figure D-35. One-year differential stress envelope for the closure grout sensors between 

north panel 16 and south panel 16 (span 3) 
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(N-17-C)-(S-17-A)

Mean+2*sigma=-268.24 psi

Mean-2*sigma=-400.21 psi
Mean+3*sigma=-235.24 psi

Mean-3*sigma= -433.21 psi

 
Figure D-36. One-year differential stress envelope for the closure grout sensors between 

north panel 17 and south panel 17 (span 3) 
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(N-20-C)-(S-20-A)

Mean+2*sigma=111.19 psi

Mean-2*sigma=22.03 psi
Mean+3*sigma=133.48 psi

Mean-3*sigma= -0.25 psi

 

Figure D-37. One-year differential stress envelope for the closure grout sensors between 
north pier 3 and south pier 3 (pier 3) 
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(N-24-C)-(S-24-A)

Mean+2*sigma=46.44 psi

Mean-2*sigma=-80.86psi
Mean+3*sigma=78.26 psi

Mean-3*sigma= -112.68 psi

 
Figure D-38. One-year differential stress envelope for the closure grout sensors between 

north span 4 and south span 4 (span 4) 
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D.4 Panel Joint Stress Envelopes: 
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(N-1-B)-(N-2-C)

Mean+2*sigma=65.68psi

Mean-2*sigma=-249.66 psi
Mean+3*sigma=144.51 psi

Mean-3*sigma=-328.5 psi

 
Figure D-39. One-year differential stress envelope for the joint between north panels 1 and 

2 (span 1) 
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(N-7-B)-(N-8-E)

Mean+2*sigma=-178.14psi

Mean-2*sigma=-231.40 psi
Mean+3*sigma=-164.82 psi

Mean-3*sigma= -244.72 psi

 
Figure D-40. One-year differential stress envelope the joint between north panels 7 and 8 

(Span 2) 
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(N-8-B)-(N-9-E)

Mean+2*sigma=258.07psi

Mean-2*sigma=183.13 psi
Mean+3*sigma=276.81 psi

Mean-3*sigma=164.39 psi

 

Figure D-41. One-year differential stress envelope for joint between north panels 8 and 9 
(span 2) 
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(N-15-B)-(N-16-E)

Mean+2*sigma=-123.059psi

Mean-2*sigma=-203.21 psi
Mean+3*sigma=-103.02psi

Mean-3*sigma=-223.25 psi

 
Figure D-42. One-year differential stress envelope for joint between north panels 15 and 16 

(span 3) 
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(N-16-B)-(N-17-E)

Mean+2*sigma=-904psi

Mean-2*sigma=-1341.1 psi
Mean+3*sigma=-794.7psi

Mean-3*sigma=-1450.8 psi

 
Figure D-43. One-year differential stress envelope for joint between north panels 16 and 17 

(span 3) 
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(N-22-A)-(N-23-C)

Mean+2*sigma=90.81psi

Mean-2*sigma=-53.62psi
Mean+3*sigma=126.92 psi

Mean-3*sigma=-89.73 psi

 

Figure D-44. One-year differential stress envelope for joint between north panels 22 and 23 
(span 4) 
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(N-23-A)-(N-24-D)

Mean+2*sigma=202.36psi

Mean-2*sigma=30.86psi
Mean+3*sigma=245.23 psi

Mean-3*sigma=-12.01 psi

 

Figure D-45. One-year differential stress envelope for joint between north panels 23 and 24 
(span 4) 
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(S-1-B)-(S-2-B)

Mean+2*sigma=299.75 psi

Mean-2*sigma=48.84 psi
Mean+3*sigma=362.48 psi

Mean-3*sigma=-13.87 psi

 

Figure D-46. One-year differential stress envelope for joint between south panels 1 and 2 
(span 1) 
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(S-7-B)-(S-8-D)

Mean+2*sigma=-123.38psi

Mean-2*sigma=-303.58 psi
Mean+3*sigma=-78.33 psi

Mean-3*sigma=-348.63 psi

 
Figure D-47. One-year differential stress envelope for joint between south panels 7 and 8 

(span 2) 
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(S-8-B)-(S-9-D)

Mean+2*sigma=-60.46 psi

Mean-2*sigma=-165.62 psi
Mean+3*sigma=-34.17 psi

Mean-3*sigma=-191.91psi

 
Figure D-48. One-year differential stress envelope for joint between south panels 8 and 9 

(span 2) 
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(S-15-B)-(S-16-D)

Mean+2*sigma=184.72 psi

Mean-2*sigma=41.13 psi
Mean+3*sigma=220.61 psi

Mean-3*sigma=5.23psi

 
Figure D-49. One-year differential stress envelope for joint between south panels 15 and 16 

(span 3) 
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(S-16-B)-(S-17-D)

Mean+2*sigma=-94.89 psi

Mean-2*sigma=-215.81 psi
Mean+3*sigma=-64.66 psi

Mean-3*sigma=-246.04psi

 
Figure D-50. One-year differential stress envelope for joint between south panels 16 and 17 

(span 3) 
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(S-22-A)-(S-23-B)

Mean+2*sigma=476.47 psi

Mean-2*sigma=248.59 psi
Mean+3*sigma=533.43 psi

Mean-3*sigma=191.62psi

 
Figure D-51. One-year differential stress envelope for joint between south panels 22 and 23 

(span 4) 
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(S-23-A)-(S-24-D)

Mean+2*sigma=584.97 psi

Mean-2*sigma=476.57 psi
Mean+3*sigma=612.07 psi

Mean-3*sigma=449.47 psi

 
Figure D-52. One-year differential stress envelope for joint between south panels 23 and 24 

(span 4) 
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APPENDIX E: SENSOR STRESS CHARTS AND DATA (CD-ROM) 
Three years worth of sensor stress charts and data are provided on the attached CD organized in 
two separate folders:  
 
 Stress Charts 
 Raw Data Spreadsheets 
 
The organization of the stress charts and the raw data folders are shown in the following two 
illustrations.  
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