APPENDIX A: LIST OF ACRONYMS, ABBREVIATIONS, AND SYMBOLS

Abbreviation Description

AASHTO American Association Of State Highway And Transportation Officials
ABC Accelerated Bridge Construction

FFT Fast Fourier Transform

FEA Finite Element Analysis

FEM Finite Element Modeling

FHWA Federal Highway Administration

PCI Precast/Prestressed Concrete Institute

SHM Structural Health Monitoring

VWSG Vibrating Wire Strain Gages
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APPENDIX B: FE MODEL CALIBRATION WITH LOAD TEST DATA
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Figure B-1. Comparison of load test data and FE analysis results — Scenario 2
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Scenario 3-North C Sensors

60.00
40.00 [romrmmmmmme e ~ VW Sensor - ===FE Analysis "~~~ """ "7t
20,00 |- -m - m oo oo
g 000 Koe——r—" \
a 500 1000 1500 3000
© 20,00 frommm e T\ T
&
80,00 - oo
“B0.00 === == oo oo
-80.00
Bridge Length (in.)
Scenario 3-South A Sensors
60.00
40.00 F--mmmmm o] - VW.Sensor- - ———FE Analysis - - - - __________
20,00 |- -mmmm oo oo
g 0.00 FNe—————"TYv_ ‘-/\
a 500 1000 1500 3000
© 20,00 oo N
&
40,00 = - m e oo
“B0.00 f----mmmmm oo e oo e
-80.00
Bridge Length (in.)
Scenario 3-South F Sensors
60.00
40.00
20.00
2 o000
a
@ .20.00
&
-40.00
-60.00
-80.00

Bridge Length (in.)

Figure B-2. Comparison of load test data and FE analysis results — Scenario 3
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Stress (psi)
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Figure B-3. Comparison of load test data and FE analysis results — Scenario 4
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Scenario 5-North C Sensors
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Figure B-4. Comparison of load test data and FE analysis results — Scenario 5
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Stress (psi)
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Figure B-5. Comparison of load test data and FE analysis results — Scenario 6
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Figure B-6. Comparison of load test data and FE analysis results — Scenario 7
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Scenario 8-North C Sensors
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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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Scenario 10-North C Sensors
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Figure B-9. Comparison of load test data and FE analysis results — Scenario 10
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APPENDIX C: THREE-YEAR STRESS ENVELOPES

North Longitudinal Max-Min Envelope (Span_1)
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Figure C-1. Three-year envelope for north span 1 in the longitudinal direction
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Figure C-2. Three-year envelope for north span 2 in the longitudinal direction
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North Longitudinal Max-Min Envelope (Span_3)
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Figure C-3. Three-year envelope for north span 3 in the longitudinal direction
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Figure C-4. Three-year envelope for north span 4 in the longitudinal direction
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North Longitudinal Max-Min Envelope (Pier-1)
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Figure C-5. Three-year envelope for north pier 1 in the longitudinal direction
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Figure C-6. Three-year envelope for north pier 2 in the longitudinal direction
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North Longitudinal Max-Min Envelope (Pier-3)
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Figure C-7. Three-year envelope for north pier 3 in the longitudinal direction
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South Longitudinal Max-Min Envelope (Span_1)
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Figure C-8. Three-year envelope for south span 1 in the longitudinal direction
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Figure C-9. Three-year envelope for south span 2 in the longitudinal direction
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South Longitudinal Max-Min Envelope (Span_3)
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Figure C-10. Three-year envelope for south span 3 in the longitudinal direction

South Longitudinal Max-Min Envelope (Span_4)
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Figure C-11. Three-year envelope for south span 4 in the longitudinal direction
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Figure C-12. Three-year envelope for pier 1 in the longitudinal direction
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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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North Transverse Max-Min Envelope (Span_1)
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Figure C-15. Three-year envelope for north span 1 in the transverse direction
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Figure C-16. Three-year envelope for north span 2 in the transverse direction
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North Transverse Max-Min Envelope (Span_J)
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Figure C-17. Three-year envelope for north span 3 in the transverse direction
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Figure C-18. Three-year envelope for north span 4 in the transverse direction
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North Transverse Max-Min Envelope (Pier-1)

Stress  -S00 /1 ‘_’
BSD 1000 AN // N / —MIN
1200 NN S

1400 n—""| ~ -
1600 N _ ]  —MiX

-1800

® \)’@ é’q (\'@ %@ V@ d@ “\0 s’\’Q G\Q %‘@ V\,Q d@ W\\ q\\ \,\\
F T FEFES TS E s

Time (Month)

Figure C-19. Three-year envelope for north pier 1 in the transverse direction
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Figure C-20. Three-year envelope for north pier 2 in the transverse direction

99




South Transverse Max-Min Envelope (Span_1)
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Figure C-21. Three-year envelope for south span 1 in the transverse direction
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Figure C-22. Three-year envelope for south span 2 in the transverse direction
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South Transverse Max-Min Envelope (Span_3)
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Figure C-23. Three-year envelope for south span 3 in the transverse direction
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Figure C-24. Three-year envelope for south span 4 in the transverse direction
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South Transverse Max-Min Envelope (Pier-1)
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Figure C-25. Three-year envelope for south pier 1 in the transverse direction
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Figure C-26. Three-year envelope for south pier 2 in the transverse direction
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South Transverse Max-Min Envelope (Pier-3)
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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:
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Figure D-1. One-year envelope for north span 1 in the longitudinal direction
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Figure D-2. One-year envelope for north span 2 in the longitudinal direction

104



North Longitudinal Max-Min Envelope (Span_3)
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Figure D-3. One-year envelope for north span 3 in the longitudinal direction
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Figure D-4. One-year envelope for north span 4 in the longitudinal direction

105




North Longitudinal Max-Min Envelope (Pier-1)
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Figure D-5. One-year envelope for north pier 1 in the longitudinal direction
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Figure D-6. One-year envelope for north pier 2 in the longitudinal direction
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North Longitudinal Max-Min Envelope (Pier-3)
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Figure D-7. One-year envelope for north pier 3 in the longitudinal direction
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South Longitudinal Max-Min Envelope (Span_1)
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Figure D-8. One-year envelope for south span 1 in the longitudinal direction
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Figure D-9. One-year envelope for south span 2 in the longitudinal direction
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South Longitudinal Max-Min Envelope (Span_3)
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Figure D-10. One-year envelope for south span 3 in the longitudinal direction
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Figure D-11. One-year envelope for south span 4 in the longitudinal direction
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South Longitudinal Max-Min Envelope (Pier-1)
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Figure D-12. One-year envelope for pier 1 in the longitudinal direction
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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:
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Figure D-15. One-year envelope for north span 1 in the transverse direction
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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
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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
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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
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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
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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

SouthTransverse Max-Min Envelope (Pier-2)

-200 I
-400

-600 |

Stress

(PSI) 800 | [ —MIN
-1000 ]

-1200 . -,
| : .

-1400 —DMAX

-1600

SR G A A O

Time (Month)

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

200 k===~

-250

(&)
[0
[a]
>
(o]
P4
-
[6)
O
Q
[0
()]
(@)
=)
<
_
- £
=)
35
2
co
S E
=
>
[
=
P
Q
<
S
©
=
Ko}
[0
N
C
©
8

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

north pier 1 and south pier 1 (pier 1)

119



c
[<B]
[<B]
—
[<B]
0
Q (%]
o -
I I T I T T ] I T T T I T
“, - =G | | | | “ a w I “ | — I ,“
I — I I I I I | = = =7 | |
g a8 | 11y @ i | |8g&g §
\\\_TA\\\ - n_.m _Q/u8 0 \\T\\\T\A_ﬂ \\4\&.\\% ..w 7\\\\_TJ\\\\\ _n.mw % m OwwwwwA_F\\‘\\\T_T \\\\\
| A . S S | | | | I | 4 5 ] |
“, o < % % | | _/_, | “ w I “ | <t T~ % n_ﬁ, ,“
e % O N - I OR v et ! P N~ ” Mo A (7] "
= a— 1 [ 1 Nt
Y A TI TH T f) SSUE S A < > -~ Lo | - - - - %L -
L T © @ ® I AN 1O (<5} I L S g g @) i1
", E EE E I I P_v, I " r\nn/_/ I “ I £ £ 1S e 7| ,“
I O O O O I I I I > I I k=) k=) [oo] I
“, T B D D | | _/_, | “ w % [ I “ | 7] .WS Wq 1l ,"
b b —— 4 - I T N (I S - [ IOy K
r N AN N | FTE) Vo = @ I r- N E Ok /N.x P r
“, + + + + | | ~ | “ © w I LI + nv_ + Ow | 1
1! cC CcC C C | | | | 1 L I “ | c c C C | ,“
1! T © © @ I I I [ @) h_/ I 1! C © © © I "
Lo L] |Q 00 Of______c___1}__1_4.14535 - S S T v 00 O U S ——
' - ] N A - T =222 | |
1 1 I I I [ . = C I “ I i I ,“
1! 1 1 | | | | 1 _ £ fo3) [4] I ! 1 1 | [
I IR [ I R I IR T B = o I TN I (I I R [ R
1 1 1 | | | | 1 S Q I T, 1 1 | ,_v
1 1 1 | | | | 1 29 m..hl | “ | 1 1 | ,“
1 | | | | 1 M\ [¢b] S | 1! | I
| ” ” ” ” ” 1lce 29 ” o ” ” ” X
r~rr~———"1"~""3" """ Tt 3 m <5} 4 ,\\\\\r\,\\\\\\,\ \\\\\\ [ T I ,\—v \\\\\
1 | | | | | | 1 o= © I ! | | | | ,_
1 | | | | | [ F 17 I “ | | | | ,“
L I I I I I [ % < I 1 I I I I
Iy I | I I | . W ut I 1o | | | I
F--kr--- \\\J\\\J\\\J\\\\T\\\ﬂ‘\\A\L\\M = M~ e N A et [ T
. A A -3 | | | | ¥
“, I I I I I I “ o c I “ I I I I ,“
! I I I I I L o = @© I 1 I I I I
A R At St bt et i Hie ity R - c o -t === t-=fF---rp---—+
I I I I I I I a5} I 1 I I I I
1 1
1! I I I I I o . C I 1 I I I I
1! I I I I I Lo v I 1 I I I I
P! I I I I I [ = = o I 1 I I I I
i P - — e [ [EUN R ———
- — g =
1! | | | | | | 1 M © e I 1 | | | [
I I I I I I I I 1 I I I i
“, | | | | | | “ M I [ | | | [
1! | | | | | | 1 o @ I 1 | | | [}
e S I O A (N ') = [N [H [ERN R B
1 | | | | | | 1 [T 1 | | . | | | (|
1 | | | | | | 1 () I | I | | | [
“, | | | | | | “ c I “ | | | | ,“
I I I I I I I I I I I I I
1 | I I I | ! 1 W O L | I ! ! I [ |
O o © © 9 9 o o oo - o o o o o Q
© < [V o [¢o) © < (9] o o [To] o Te] o e}
(15d) ssexs enueRyq w (1sd) ssens fenueRyd
|-
>
(@]
[

Sep Oct Nov Dec

Aug

Time (Month)
120

Apr
north panel 8 and south panel 8 (span 2)

Mar
Figure D-31. One-year differential stress envelope for the closure grout sensors between
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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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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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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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Figure D-35. One-year differential stress envelope for the closure grout sensors between

north panel 16 and south panel 16 (span 3)

122



Dec

|
-
|
|
l
-A)
|
|
l
|
-
|
|
Nov

Oct

Mean-2*sigma=-400.21 psi
L
|
|
|
|
|
4
|
1
|
:
|
-
|
1

Mean+2*sigma=-268.24 psi
====== Mean+3*sigma=-235.24 psi
=====- Mean-3*sigma= -433.21 psi

Aug Sep

Jul

| |
| |
| |
| |
1 |
| |
| |
| |
| |
| |
J |
| |
| |
| |
| |
| |
| |
| |
1 1
| |
| |
| |
hn =
| |
| |
May Jun
Time (Month)

|
|
|
|
]
|
|
|
|
:
4
|
|
|
|
|
|
|
1
|
|
|
|
f
:
Apr

|
|
|
|
1
|
|
|
|
|
|
L
|
|
|
|
|
|
|
1
|
|
|
|
-
|
|
Mar

|
|
|
|
|
|
|
|
|
|
-
|
|
Feb

-200

300 -~ -
350 -~
-400

“°Jan

(1sd) sseng enueelq

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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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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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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Figure D-39. One-year differential stress envelope for the joint between north panels 1 and
2 (span 1)
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40. One-year differential stress envelope the joint between north panels 7 and 8

Figure D
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Figure D-41. One-year differential stress envelope for joint between north panels 8 and 9
(span 2)
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Figure D-42. One-year differential stress envelope for joint between north panels 15 and 16
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Figure D-43. One-year differential stress envelope for joint between north panels 16 and 17
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Figure D-44. One-year differential stress envelope for joint between north panels 22 and 23
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Figure D-45. One-year differential stress envelope for joint between north panels 23 and 24
(span 4)
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46. One-year differential stress envelope for joint between south panels 1 and 2
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Figure D-48. One-year differential stress envelope for joint between south panels 8 and 9
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Figure D-49. One-year differential stress envelope for joint between south panels 15 and 16
(span 3)
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Figure D-50. One-year differential stress envelope for joint between south panels 16 and 17
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Figure D-52. One-year differential stress envelope for joint between south panels 23 and 24



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:

e Stress Charts
o 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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