Influence of Bridge Deck Concrete Parameters on the Reinforcing Steel Corrosion

Soundar S. G. Balakumaran

Thesis submitted to the faculty of the Virginia Polytechnic Institute and State University in
partial fulfillment of the requirements for the degree of

Master of Science
In

Civil Engineering

Richard E. Weyers, Chair
Michael C. Brown
Cristopher D. Moen

William J. Wright

April 28, 2010

Blacksburg, VA

Keywords: Corrosion, Reinforced Concrete, Chloride Diffusion, Macrocell Corrosion,
Resistivity

Copyright © 2010, Soundar S. G. Balakumaran



VT Fair Use Analysis Results http://etd.vt.edu/fairuse/analyzer/results.php

Draft 09/01/2009

(Questions? Concerns? Contact Gail McMillan, Director of the Digital Library and Archives at Virginia Tech's University

Libraries: gailmac@vt.edu)

(Please ensure that Javascript is enabled on your browser before using this tool.)

Virginia Tech ETD Fair Use Analysis Results

This is not a replacement for professional legal advice but an effort to assist you in making
a sound decision.

Name: Soundar S G Balakumaran

Description of item under review for fair use: Table 1 — Interpretation of Concrete Resistivity Values (Langford and
Broomfield, 1987)

Report generated on: 05-25-2010 at : 12:12:03
Based on the information you provided:
Factor 1

Your consideration of the purpose and character of your use of the copyright work
weighs: in favor of fair use

Factor 2

Your consideration of the nature of the copyrighted work you used weighs: in favor
of fair use

Factor 3

Your consideration of the amount and substantiality of your use of the copyrighted
work weighs: in favor of fair use

Factor 4

Your consideration of the effect or potential effect on the market after your use of
the copyrighted work weighs: in favor of fair use

Based on the information you provided, your use of the copyrighted work weighs: in
favor of fair use

1 of2 5/25/2010 12:11 PM



VT Fair Use Analysis Results http://etd.vt.edu/fairuse/analyzer/results.php

Draft 09/01/2009

(Questions? Concerns? Contact Gail McMillan, Director of the Digital Library and Archives at Virginia Tech's University

Libraries: gailmac@vt.edu)

(Please ensure that Javascript is enabled on your browser before using this tool.)

Virginia Tech ETD Fair Use Analysis Results

This is not a replacement for professional legal advice but an effort to assist you in making
a sound decision.

Name: Soundar S G Balakumaran

Description of item under review for fair use: Table 2 — Interpretation for Corrosion of Reinforced Steel for a Copper/Copper
Sulfate Half-cell (ASTM C 876-91)

Report generated on: 05-25-2010 at : 12:12:48
Based on the information you provided:
Factor 1

Your consideration of the purpose and character of your use of the copyright work
weighs: in favor of fair use

Factor 2

Your consideration of the nature of the copyrighted work you used weighs: in favor
of fair use

Factor 3

Your consideration of the amount and substantiality of your use of the copyrighted
work weighs: in favor of fair use

Factor 4

Your consideration of the effect or potential effect on the market after your use of
the copyrighted work weighs: in favor of fair use

Based on the information you provided, your use of the copyrighted work weighs: in
favor of fair use

1 of2 5/25/2010 12:12 PM



VT Fair Use Analysis Results http://etd.vt.edu/fairuse/analyzer/results.php

Draft 09/01/2009

(Questions? Concerns? Contact Gail McMillan, Director of the Digital Library and Archives at Virginia Tech's University

Libraries: gailmac@vt.edu)

(Please ensure that Javascript is enabled on your browser before using this tool.)

Virginia Tech ETD Fair Use Analysis Results

This is not a replacement for professional legal advice but an effort to assist you in making
a sound decision.

Name: Soundar S G Balakumaran

Description of item under review for fair use: Table 3 — Interpretation of Corrosion Current Density Values (Clear, K.E.
1989)

Report generated on: 05-25-2010 at : 12:13:30
Based on the information you provided:
Factor 1

Your consideration of the purpose and character of your use of the copyright work
weighs: in favor of fair use

Factor 2

Your consideration of the nature of the copyrighted work you used weighs: in favor
of fair use

Factor 3

Your consideration of the amount and substantiality of your use of the copyrighted
work weighs: in favor of fair use

Factor 4

Your consideration of the effect or potential effect on the market after your use of
the copyrighted work weighs: in favor of fair use

Based on the information you provided, your use of the copyrighted work weighs: in
favor of fair use

1 of2 5/25/2010 12:13 PM



VT Fair Use Analysis Results http://etd.vt.edu/fairuse/analyzer/results.php

Draft 09/01/2009

(Questions? Concerns? Contact Gail McMillan, Director of the Digital Library and Archives at Virginia Tech's University

Libraries: gailmac@vt.edu)

(Please ensure that Javascript is enabled on your browser before using this tool.)

Virginia Tech ETD Fair Use Analysis Results

This is not a replacement for professional legal advice but an effort to assist you in making
a sound decision.

Name: Soundar S G Balakumaran

Description of item under review for fair use: Table 4 — Corrosion Risk at given Chloride Contents (Broomfield, J.P 2007)

Report generated on: 05-25-2010 at : 12:14:13
Based on the information you provided:
Factor 1

Your consideration of the purpose and character of your use of the copyright work
weighs: in favor of fair use

Factor 2

Your consideration of the nature of the copyrighted work you used weighs: in favor
of fair use

Factor 3

Your consideration of the amount and substantiality of your use of the copyrighted
work weighs: in favor of fair use

Factor 4

Your consideration of the effect or potential effect on the market after your use of
the copyrighted work weighs: in favor of fair use

Based on the information you provided, your use of the copyrighted work weighs: in
favor of fair use

r~ XHTML
~ L0

1 of1 5/25/2010 12:14 PM




VT Fair Use Analysis Results http://etd.vt.edu/fairuse/analyzer/results.php

Draft 09/01/2009

(Questions? Concerns? Contact Gail McMillan, Director of the Digital Library and Archives at Virginia Tech's University

Libraries: gailmac@vt.edu)

(Please ensure that Javascript is enabled on your browser before using this tool.)

Virginia Tech ETD Fair Use Analysis Results

This is not a replacement for professional legal advice but an effort to assist you in making
a sound decision.

Name: Soundar S G Balakumaran
Description of item under review for fair use: Table 5 — Test Matrix for the Study (Smolinski, L 2007)

Report generated on: 05-25-2010 at : 12:14:51
Based on the information you provided:
Factor 1

Your consideration of the purpose and character of your use of the copyright work
weighs: in favor of fair use

Factor 2

Your consideration of the nature of the copyrighted work you used weighs: in favor
of fair use

Factor 3

Your consideration of the amount and substantiality of your use of the copyrighted
work weighs: in favor of fair use

Factor 4

Your consideration of the effect or potential effect on the market after your use of
the copyrighted work weighs: in favor of fair use

Based on the information you provided, your use of the copyrighted work weighs: in
favor of fair use

r~ XHTML
~ L0

1 of1 5/25/2010 12:14 PM




VT Fair Use Analysis Results http://etd.vt.edu/fairuse/analyzer/results.php

Draft 09/01/2009

(Questions? Concerns? Contact Gail McMillan, Director of the Digital Library and Archives at Virginia Tech's University

Libraries: gailmac@vt.edu)

(Please ensure that Javascript is enabled on your browser before using this tool.)

Virginia Tech ETD Fair Use Analysis Results

This is not a replacement for professional legal advice but an effort to assist you in making
a sound decision.

Name: Soundar S G Balakumaran
Description of item under review for fair use: Table 6 — Cylinder Compressive Strengths (Smolinski, L 2007)

Report generated on: 05-25-2010 at : 12:15:31
Based on the information you provided:
Factor 1

Your consideration of the purpose and character of your use of the copyright work
weighs: in favor of fair use

Factor 2

Your consideration of the nature of the copyrighted work you used weighs: in favor
of fair use

Factor 3

Your consideration of the amount and substantiality of your use of the copyrighted
work weighs: in favor of fair use

Factor 4

Your consideration of the effect or potential effect on the market after your use of
the copyrighted work weighs: in favor of fair use

Based on the information you provided, your use of the copyrighted work weighs: in
favor of fair use

r~ XHTML
~ L0

1 of1 5/25/2010 12:15 PM




VT Fair Use Analysis Results http://etd.vt.edu/fairuse/analyzer/results.php

Draft 09/01/2009

(Questions? Concerns? Contact Gail McMillan, Director of the Digital Library and Archives at Virginia Tech's University

Libraries: gailmac@vt.edu)

(Please ensure that Javascript is enabled on your browser before using this tool.)

Virginia Tech ETD Fair Use Analysis Results

This is not a replacement for professional legal advice but an effort to assist you in making
a sound decision.

Name: Soundar S G Balakumaran
Description of item under review for fair use: Table 7 — Air Entrainment Measurements (Smolinski, L 2007)

Report generated on: 05-25-2010 at : 12:16:18
Based on the information you provided:
Factor 1

Your consideration of the purpose and character of your use of the copyright work
weighs: in favor of fair use

Factor 2

Your consideration of the nature of the copyrighted work you used weighs: in favor
of fair use

Factor 3

Your consideration of the amount and substantiality of your use of the copyrighted
work weighs: in favor of fair use

Factor 4

Your consideration of the effect or potential effect on the market after your use of
the copyrighted work weighs: in favor of fair use

Based on the information you provided, your use of the copyrighted work weighs: in
favor of fair use

r~ XHTML
~ L0

1 of1 5/25/2010 12:16 PM




VT Fair Use Analysis Results http://etd.vt.edu/fairuse/analyzer/results.php

Draft 09/01/2009

(Questions? Concerns? Contact Gail McMillan, Director of the Digital Library and Archives at Virginia Tech's University

Libraries: gailmac@vt.edu)

(Please ensure that Javascript is enabled on your browser before using this tool.)

Virginia Tech ETD Fair Use Analysis Results

This is not a replacement for professional legal advice but an effort to assist you in making
a sound decision.

Name: Soundar S G Balakumaran
Description of item under review for fair use: Figure 83 — 3LP Calc Software — Main Interface

Report generated on: 05-25-2010 at : 12:17:14
Based on the information you provided:
Factor 1

Your consideration of the purpose and character of your use of the copyright work
weighs: in favor of fair use

Factor 2

Your consideration of the nature of the copyrighted work you used weighs: against
fair use

Factor 3

Your consideration of the amount and substantiality of your use of the copyrighted
work weighs: in favor of fair use

Factor 4

Your consideration of the effect or potential effect on the market after your use of
the copyrighted work weighs: in favor of fair use

Based on the information you provided, your use of the copyrighted work weighs: in
favor of fair use

r~ XHTML
~ L0

1 of1 5/25/2010 12:17 PM




VT Fair Use Analysis Results http://etd.vt.edu/fairuse/analyzer/results.php

Draft 09/01/2009

(Questions? Concerns? Contact Gail McMillan, Director of the Digital Library and Archives at Virginia Tech's University

Libraries: gailmac@vt.edu)

(Please ensure that Javascript is enabled on your browser before using this tool.)

Virginia Tech ETD Fair Use Analysis Results

This is not a replacement for professional legal advice but an effort to assist you in making
a sound decision.

Name: Soundar S G Balakumaran
Description of item under review for fair use: Figure 84 — 3LP Calc Software — Generated Report

Report generated on: 05-25-2010 at : 12:18:05
Based on the information you provided:
Factor 1

Your consideration of the purpose and character of your use of the copyright work
weighs: in favor of fair use

Factor 2

Your consideration of the nature of the copyrighted work you used weighs: against
fair use

Factor 3

Your consideration of the amount and substantiality of your use of the copyrighted
work weighs: in favor of fair use

Factor 4

Your consideration of the effect or potential effect on the market after your use of
the copyrighted work weighs: in favor of fair use

Based on the information you provided, your use of the copyrighted work weighs: in
favor of fair use

r~ XHTML
~ L0

1 of1 5/25/2010 12:17 PM




