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Figure F-1: M3 Consolidated Graph for Beam J11, North Half, Strand 4
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Figure F-2: M3 Adjusted Graph for Beam J11, North Half, Strand 4
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Figure F-3: M3 Consolidated Graph for Beam J11, South Half, Strand 4
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Figure F-4: M3 Adjusted Graph for Beam J11, South Half, Strand 4
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Figure F-5: M3 Consolidated Graph for Beam J11, North Half, Strand 6
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Figure F-6: M3 Adjusted Graph for Beam J11, North Half, Strand 6
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Figure F-7: M3 Consolidated Graph for Beam J11, South Half, Strand 6
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Beam J11, South Half, Strand 6, M3 Adjusted

S<—

Bottom of Box Beam

60
40

=

E

(]

o

2

5

£

<

=

oy

o

(7]

20 0 20 40 60 80

Distance (inches)

100 120 140

Figure F-8: M3 Adjusted Graph for Beam J11, South Half, Strand 6
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Figure F-9: M3 Consolidated Graph for Beam H6, North Half, Strand 1
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Figure F-10: M3 Adjusted Graph for Beam J11, North Half, Strand 6
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Figure F-11: M3 Consolidated Graph for Beam H6, South Half, Strand 1

292

100

120

140

160

—@—Run 1

—@®—Run 2

—®—Run 3

Run 4

—@—Run 5

—@®—Run 6

—&—Run7

—@®—Run 8

—@—Run9



Signal Amplitude (mV)

60

40

20

-60

-80

S1, South Half, Strand 1, M3 Adjust

S<—

Bottom of Box Beam

20 40 60 80

Distance (inches)

100

120

140

Figure F-12: M3 Adjusted Graph for Beam H6, South Half, Strand 1
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Figure F-13: M3 Consolidated Graph for Beam H6, North Half, Strand 8
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Figure F-14: M3 Adjusted Graph for Beam H6, North Half, Strand 8
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Figure F-15: M3 Consolidated Graph for Beam H6, South Half, Strand 8
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Figure F-16: M3 Adjusted Graph for Beam H6, South Half, Strand 8
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Figure F-17: M3 Consolidated Graph for Beam A1, North Half, Strand 4
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Figure F-18: M3 Consolidated Graph for Beam Al, South Half, Strand 4
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Figure F-19: M3 Consolidated Graph for Beam A1, North Half, Strand 8
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Figure F-20: M3 Consolidated Graph for Beam Al, South Half, Strand 8

301



302



REFERENCES

e Andreas Loizes, Accuracy of pavement thickness estimation using Ground penetrating Radar
analysis approaches, 2006.

e Andrzej Garbacz & Edward J. Garboczi, 2003. Ultrasonic evaluation methods applicable to
polymer concrete composites.

e ASTM C876, Standards test method for half-cell potentials of reinforcing steel in concrete;
1991.

e Atorod Azizinamini, Improved Inspection Techniques for Steel Prestressing/Post Tensioning
strands, FDOT Contract No BDK80 977-13, Final Report Volume I June, 2012.

e Baumann, K. 2008. Practical Example of Interpretation of Half Cell Measurements on R.C.
Structures. Proc., 12th International Conference on Structural Faults and Repair, Edinburgh,
United Kingdom.

e Bungey JH, Shaw MR, Millard SG, Molyneaux TCK. Location of steel reinforcement in
concrete using ground penetrating radar and neural networks. In: Forde MC, editor.

Structural faults and repair. London: Engineering Technics Press; 2003. p. 8.

e Castel A, Vidal T, Zhang R, Francois R, Sirivivatnanon V. Corrosion initiation and
propagation in the service life of reinforced concrete in chloride environment. In:
Proceedings of the international RILEM workshop on integrated service life modeling of
concrete structures. 2007. p. 239-46

e Cairns, J., and Melville, C., “The Effect of Concrete Surface Treatments on Electrical
Measurements of Corrosion Activity”, Construction and Building Materials, Vol. 17 (5), July
2003, Pages 301-309.

o DaSilva, M., Javidi, S., Yakel, A., and Azizinamini, A. 2009. Nondestructive Method to Detect
Corrosion of Steel Elements in Concrete. Final Report NDOR Research Project No. P597.
National Bridge Research Organization (NBRO).

o Elsener B, B"ohni H. Potential mapping and corrosion of steel in concrete-ASTM STP 1065.
In: Berke NS, Chaker V, Whiting D, editors. Corrosion rate of steel in concrete. Philadelphia:
American Society for Testing and Materials, 1990:143]156.

e Elsener B, B'ohni H. Electrochemical methods for the inspection of reinforcement corrosion.

Concrete structures-field experience. Material Science Forum, 1992:635]646.

303



Elsener B, B"ohni H. Half-cell potential measurements} from theory to condition assessment
of RC structures. Proceedings of the International Conference on Understanding Corrosion
Mechanisms of steel in concrete. Boston USA: MIT, 1997, invited paper.

Elsener, B. 2003. Half-Cell Potential Measurements—Potential Mapping on Reinforced
Concrete Structures. Materials and Structures, Vol. 36, pp. 461-471.

Elsener, B., “Half-Cell Potential Mapping to Assess Repair Work on RC Structures”,
Construction and Building Materials, Vol. 15 (2-3), 2001, pp. 133-139.

Elsener, B. and Bohni, H., “Electrochemical Methods for the Inspection of Reinforcement
Corrosion”. In: Concrete structures-field experience, Material Science Forum, 1992, pp. 635—
646.

Emmons PH, Vaysburd AM. Corrosion protection in concrete repair: myth and reality.
Concrete Int 1997;19(3):45 —56.

Francisco Valentine, P.E., Effect of Debris-Induced Lift-off on Magnetic Flux Leakage
Inspection Results, 2000.

G.I. Crawford, Guide to Nondestructive Testing of Concrete, 1997.

Ghorbanpoor, A., Borchelt, R., Edwards, M., and Abdel Salam, E., “Magnetic-Based NDE of
Prestressed and Post-Tensioned Concrete Members-The MFL System,” Publication FHWA-
RD-00-026, FHWA, U.S. Department of Transportation, 2000.

Grosse, C. U. (Ed.). 2007. Advances in Construction Materials. 2007, 639-649. Springer,
Berlin, Germany.

Gu, P., and J. J. Beaudoin. 1998. Obtaining Effective Half-Cell Potential Measurements in
Reinforced Concrete Structures. Construction Technology Update No. 18, National Research
Council of Canada.

Halabe UB, Chen HL, Bhandarkar V, Sami Z. Detection of subsurface anomalies in concrete
bridge decks using ground penetration radar. Mater J ACI 1997; 94(5):369—408.
Hugenschmidt J. Concrete bridge inspection with a mobile GPR system. Constr Build Mater
2002; 16:147-54.

I. L. AL-Qadji, S. Labouar, Measuring layer thickness with GPR- Theory to practice, 2005.
International Atomic Energy Agency, Vienna, 2002. Guidebook on non-destructive testing of

concrete structures.

304



Josef Krautkramer & Herbert Krautkramer, Ultrasonic Testing of Materials, 4th Fully
Revised Edition, 1990.

Kusenberger, F. N., and Barton, J. R. 1981. Detection of Flaws in Reinforcement Steel in
Prestressed Concrete Bridges. Final Report FH-WA/RD-81/087, Federal Highway
Administration (FHWA), Washington, DC.

Mutsuyoshi H. Present situation of durability of post-tensioned PC bridges in Japan. In:
Proceedings of workshop on durability of posttensioning tendons, fib, Belgium; 2001. p. 75—
88.

Makar, J.M. and Desnoyers, R. (2001). “Magnetic Field Techniques for the Inspection of Steel
Under Concrete Cover,” Report No. NRCC-43699, Canada.

Maierhofer C, Leipold S. Radar investigation of masonry structures. NDT&E Int 2001; 34:39—
147.

Marcelo DaSilva, Saeed Javidi, Aaron Yakel and Atorod Azizinamini, 2009. Nondestructive
Method to Detect Corrosion of Steel Elements in Concrete

Millard SG, Shaw MR, Giannopoulos A, Soutsos MN. Modelling of sub-surface pulse radar
for non-destructive testing of structures. J Mater Civ Eng ACSE 1998; 10(3):188-96. [24]
Padaratz 1J, Forde MC. Influence of antenna

Misra, S. and Uomoto, T., “Corrosion of Rebars under Different Conditions”. Proceedings of
JCI, 1990, 12(2), 825-830.

Naito, C., and Jones, L. 2010. Nondestructive Inspection of Strand Corrosion in Prestressed
Concrete Box Beam Members. NDE/NDT for Highways and Bridges: Structural Materials
Technology Conference, New York City.

NDT Resource Centre. Combine introductions I &II.

Nenad Gucunski, Arezoo Imani, and Francisco Romero, Soheil Nazarian, Deren Yuan,
Herbert Wiggenhauser, Parisa Shokouhi, Alexander Taffe and Doria Kutrubes,
Nondestructive Testing to Identify Concrete Bridge Deck Deterioration, Strategic Highway
Research Program, 2013.

Niirnberger U. Corrosion induced failure mechanisms of prestressing steel. Mater Corros
2002; 53:59-601.

P. Kumar Mehta, Paulo J. M. Monteiro. Concrete: Microstructure, Properties and Materials,

Fouth Edition, 2014

305



Padaratz 1J, Forde MC. Influence of antenna frequency on impulse radar surveys of concrete
structures. In: Ford MC, editor. Proceedings of structural faults and repair 95 Edinburgh:
ETC; 1995. p. 331-6

Pessiki et al, Inspection Methods & Techniques to Determine Non Visible Corrosion of
Prestressing Strands in Concrete Bridge Components, Task 2-Assessment of Candidate NDT
Methods, June 2010.

Pradhan, B., and Bhattacherjee, B., “Half-Cell Potential as an Indicator of Chloride-Induced
Rebar Corrosion Initiation in RC”, Journal of Materials in Civil Engineering, Vol. 21, Issue
10, 2009, pp. 543-552.

Pucinotti R, De Lorenzo RA. Nondestructive in situ testing for the seismic damageability
assessment of ancient r/c structures. Book of Proceedings, third international conference on
NDT, Chania, Crete, Greece. p. 189-94.

Qian SY, Chagnon N. Evaluation of corrosion of reinforcement in repaired concrete. Structural
faults and repair. London, UK; 2001.

Robert A. Dielectric permittivity of concrete between 50 MHz and 1 GHz and GPR
measurements for building materials evaluation J Appl Geophys 1998;40(1-3):89-94.
Sawade, G., and Krause, H-J. 2007. “Inspection of Prestressed Concrete Members Using the
Magnetic Leakage Flux Measurement Method — Estimation of Detection Limit.” Advances in
Construction Materials. 639-649

Scheel, H. and Hillemeier, B. (2003). “Location of Prestressing Steel Fractures in Concrete,”
Journal of Materials in Civil Engineering, ASCE, Vol.15, No. 3, pp. 228-234.

Singh SK. Corrosion studies on prestressing steel wire. Ph.D. Thesis, Imperial College,
University of London; 2000.

Spachn H, Wagner GH, Steinhoff U. Stress corrosion cracking and cathodic hydrogen
embrittlement in the chemical industry. In: Stachle RW, Hochman J, Mc Right RD, Slater JE,
editors. Stress corrosion cracking and hydrogen embrittlement of iron base alloys. NACE-5

Houston; 1977.

306



Stratfull JR. Corrosion NACE 1957; 13:173t.
Ultrasonic Methods of Non-destructive Testing. By J. Blitz, G. Simpson — 1995.

Ulriksen P. Application of impulse radar to civil engineering. PhD Lund University of

Technology, Lund, Coden: Lutvdg (TVTG-1001), Sweden; 1982.

307



