




































































































































































9. M. L White and H. Leidheiser, Jr., The Corrosion Coulometer-A New 
Corrosion Monitor for Steel Structures, Corrosion, Vo1.46, No.8, pp. 
653-661, 1990. 

10. Richard D. Granata, John W. Fisher and James C. Wilson; Update on 
applications of corrosion coulometers, corrosion 97, paper No 307, 
NACE international, 1997. 

11. Denny A. Jones, Chap. 12, Atmospheric Corrosion and Elevated 
Temperature Oxidation, in Principles and Prevention of Corrosion, 2nd 
ed., Prentice-Hall, Upper Saddle River, pp. 399-436, 1996. 

12. P. W. Brown and L.W. Masters, Factors Affecting the Corrosion of 
Metals in the Atmosphere, in W.H. Ailor, ed., Atmospheric Corrosion, 
Wiley, New York, NY, pp. 31-49, 1982. 

13. P. J Serada, Bull. ASTM, 246,47, 1960. 

14. L. Veleva and M.A. Alphuche-Aviles, Time ofWetness(TOW) and 
Surface Temperature Characteristic of Corroded Metals in Humid 
Tropical Climate , Outdoor Atmospheric Corrosion, ASTM STP 1421, 
American Society for Testing and Materials International, pp. 48-58, 
2002. 

15. C. P. Larabee and S.K. Coburn, First International Congress on Metallic 
Corrosion, Butterworth, Sevenoaks, Kent, England, pp. 276, 1962. 

16. ASTM G1-03,"Standard Practice for Preparing, Cleaning, and Evaluating 
Corrosion Test Specimen", Annual Book of ASTM standards, Vol 03.02, 
ASTM international. 

17. R. D. Granata, W.D. Michalerya, R.H. Wildt, H. Leidheiser, Jr., B.W. 
O'Malley, Jr., in D.O. Thompson and D.E Chimenti, eds., Quantitative 
Evaluation of Steel Corrosion in Microenvironments Using the Corrosion 
Coulometer, Review ofProgress in Quantitative Nondestructive 
Evaluation, Vol. 11, Plenum Press, New York, 1992. 

18. R.T. Downs and M. Hall-Wallace, The American Mineralogist Crystal 
Structure Database, American Mineralogist 88, 247-250 and online 
edition at http://rruff.geo.arizona.edu/AMS/amcsd.php, 2003. 

19. ASTM G101-04, "Standard Guide for Estimating the Atmospheric 
Corrosion Resistance of Low-Alloy Steels", Annual Book of ASTM 
standards, Vol 03.02, ASTM international. 

72 



20. S. Richard; Atmospheric Corrosion Sensors Studies in Accelerated and 
Natural Environments, Florida Atlantic University Libraries, Masters' 
Thesis, 2003. 

73 



9 APPENDIX 

9.1 Appendix 1: Weight loss data for the first exposure 

9. 1.1 A606 

W1 125.31862 48.82628 12.36519 0.003889144 
W2 124.66408 47.63724 12.16625 0.004489469 0.004247517 
W3 123.57553 48.39153 12.2779 0.004363938 
W4 123.83375 48.5345 12.23121 0.003315289 
W5 123.15011 48.42918 12.39158 0.003997876 0.003816319 
W6 124.68906 49.10566 12.47887 0.004135791 
W7 125.32868 48.41141 12.26166 0.002242763 
W8 124.53422 47.7399 12.38549 0.001960358 0.002537316 
W9 125.34097 48.64391 12.38549 0.003408828 

W10 124.44861 47.5948 12.16828 0.00196741 
W11 125.15553 48.15646 12.13377 0.001949106 0.00203474 
W12 125.19761 49.08988 12.51541 0.002187703 
W13 124.76733 47.99402 12.1967 0.002599064 
W14 123.90686 47.51159 12.15204 0.002286859 0.002233622 
W15 125.10617 48.56584 12.27587 0.001814943 
W16 125.39485 47.80365 12.25557 0.00359918 
W17 121.9518 48.06688 12.28399 0.003647838 0.003527355 
W18 123.60983 48.70068 12.26369 0.003335048 
W19 125.16336 49.56536 12.47278 0.001322881 
W20 125.34334 48.74214 12.47278 0.000913189 0.001042875 
W21 122.81732 47.082 12.1561 0.000892556 
W22 124.20446 49.09762 12.39361 0.001904207 
W23 124.01086 47.73061 12.21294 0.001867691 0.00184852 
W24 124.76719 47.50379 12.15001 0.001773661 
W25 124.27894 45.19755 12.37534 0.222694488 
W26 125.33894 45.50986 12.26978 0.219443217 0.220401131 
W27 124.8961 45.75608 12.39158 0.219065688 
W28 120.61842 40.60283 12.47481 0.656252079 
W29 122.92084 40.52495 12.38752 0.650770291 0.649138695 

W30 122.00522 40.96814 12.2576 0.640393715 
W31 124.01076 45.02008 12.17437 0.209864658 

W32 125.18248 45.90706 12.46466 0.213952888 0.218607466 

W33 122.23255 44.94467 12.16828 0.232004852 

W34 125.50579 41.37068 12.39361 0.604398557 
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W35 121.94123 42.36062 12.49105 0.529862582 0.586249937 
W36 123.32667 41.37068 12.57022 0.624488672 
W37 125.44515 46.65043 12.45654 0.173372381 
W38 124.87236 46.645 12.4606 0.185938879 0.182032153 

W39 122.52865 46.06218 12.2779 0.186785199 
W40 125.11853 42.375 12.46263 0.50478992 
W41 122.39235 41.93679 12.47887 0.554511747 0.544073378 
W42 124.9574 40.61427 12.13986 0.572918469 
W43 125.26724 45.47972 12.20685 0.194933173 
W44 124.2474 45.608 12.26572 0.195093317 0.199769937 
W45 124.22976 45.53278 12.27384 0.209283321 
W46 124.98064 42.2256 12.36722 0.472300161 
W47 122.88546 41 .952 12.17437 0.465402317 0.486889295 
W48 124.90766 41.26589 12.21903 0.522965407 
W49 121.18624 44.05562 12.31038 0.300072784 
W50 122.52434 44.29254 12.37331 0.329657949 0.312895407 
W51 124.72826 45.53288 12.49714 0.308955489 
W52 125.39042 35.41533 12.15407 1.042449978 
W53 124.457 35.16038 12.28602 1.011070306 1.052427627 
W54 125.42566 34.75667 12.19264 1. 1 03762598 
W55 125.06357 42.61037 12.47684 0.507514723 
W56 124.55087 41.93963 12.3997 0.519758543 0.515105354 
W57 124.64264 41.87147 12.24339 0.518042797 
W58 124.2976 28.94739 12.47278 1.589831617 
W59 125.01149 29.17275 12.36722 1.575514141 1.559579048 
W60 121.55731 30.45647 12.47481 1.513391386· 
W61 122.55598 44.16118 12.22715 0.291929845 
W62 123.937 45.87767 12.50729 0.290248327 0.29169713 
W63 125.19422 43.71633 12.22106 0.292913217 
W64 124.88595 37.11338 12.29617 0.871826756 
W65 124.3895 37.53148 12.38955 0.867108168 0.852363831 
W66 124.80618 38.53263 12.38549 0.818156569 
W67 125.30487 42.02082 12.14189 0.413938851 
W68 123.1563 42.42051 12.12971 0.419908638 0.420926803 
W69 122.71905 43.47837 12.37331 0.428932921 
W70 123.98472 31.82927 12.38346 1.332625131 
W71 124.60075 32.7799 12.38955 1.279661489 1.30819103 
W72 124.87051 32.20912 12.34895 1.31228647 
W73 124.57 41 .91248 12.37128 0.569390556 
W74 124.38946 39.9721 12.1358 0.589156875 0.594335454 
W75 125.22332 41.216 12.45451 0.624458931 
W76 124.94729 28.48395 12.4606 1.634975844 
W77 123.30358 30.45823 12.46669 1.487189462 1.496035866 
W78 123.32758 31.06953 12.27587 1.365942292 
W79 124.56563 40.96148 12.44436 0.659167687 
W80 124.32245 40.79881 12.45857 0.66252708 0.668632225 
W81 123.28514 38.95083 12.09317 0.684201909 
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W82 125.31891 25.69129 12.27587 1.848580997 
W83 124.8068 26.38009 12.19264 1. 709502618 1. 754134865 
W84 125.18739 27.60772 12.38955 1.70432098 
W85 124.02836 43.67552 12.39564 0.405916112 
W86 122.48232 43.10339 12.30632 0.414112424 0.416176702 
W87 124.55283 . 42.84134 12.26978 0.428501571 
W88 121.89512 31.42429 12.20076 1.326243611 
W89 123.1752 30.94427 12.18655 1 .386920827 1.40541642 
W90 124.89642 29.95813 12.46263 1.503084822 
W91 124.57626 40.83893 12.25963 0.589714371 
W92 122.06547 41.43689 12.38143 0.589397994 0.594504149 
W93 123.15008 40.26363 12.12159 0.604400083 
W94 124.86289 26.337 12.25151 1 . 785663155 
W95 125.441 25.9686 12.12971 1.805350664 1.811078758 
W96 122.38756 26.194 12.4403 1.842222454 

9.1.2 SAE1010 

001 49.16716 48.82628 12.36519 0.003889144 
002 48.02646 47.63724 12.16625 0.004489469 0.004247517 
003 48.757 48.39153 12.2779 0.004363938 
004 48.87505 48.5345 12.23121 0.003315289 
005 48.79589 48.42918 12.39158 0.003997876 0.003816319 
006 49.47627 49.10566 12.47887 0.004135791 
007 48.73149 48.41141 12.26166 0.002242763 
008 48.06988 47.7399 12.38549 0.001960358 0.002537316 
009 49.00313 48.64391 12.38549 0.003408828 
010 47.95126 47.5948 12.16828 0.00196741 
011 48.48808 48.15646 12.13377 0.001949106 0.00203474 
012 49.43585 49.08988 12.51541 0.002187703 
013 48.3508 47.99402 12.1967 0.002599064 
014 47.86495 47.51159 12.15204 0.002286859 0.002233622 
015 48.92292 48.56584 12.27587 0.001814943 
016 48.15226 47.80365 12.25557 0.00359918 
017 48.42724 48.06688 12.28399 0.003647838 0.003527355 
018 49.05393 48.70068 12.26369 0.003335048 
019 49.8877 49.56536 12.47278 0.001322881 
020 49.07614 48.74214 12.47278 0.000913189 0.001042875 
021 47.40148 47.082 12.1561 0.000892556 
022 49.43522 49.09762 12.39361 0.001904207 
023 48.08455 47.73061 12.21294 0.001867691 0.00184852 
024 47.84768 47.50379 12.15001 0.001773661 
025 48.24965 45.19755 12.37534 0.222694488 
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026 48.52863 45.50986 12.26978 0.219443217 0.220401131 

027 48.78904 45.75608 12.39158 0.219065688 
028 49.10283 40.60283 12.47481 0.656252079 
029 48.90273 40.52495 12.38752 0.650770291 0.649138695 

030 49.11183 40.96814 12.2576 0.640393715 
031 47.89041 . 45.02008 12.17437 0.209864658 
032 48.90871 45.90706 12.46466 0.213952888 0.218607466 

033 48.09209 44.94467 12.16828 0.232004852 
034 49.18964 41 .37068 12.39361 0.604398557 
035 49.30282 42.36062 12.49105 0.529862582 0.586249937 

036 49.51625 41.37068 12.57022 0.624488672 
037 49.12418 46.65043 12.45654 0.173372381 

038 49.26011 46.645 12.4606 0.185938879 0.182032153 

039 48.68422 46.06218 12.2779 0.186785199 
040 48.95201 42.375 12.46263 0.50478992 
041 49.17873 41 .93679 12.47887 0.554511747 0.544073378 
042 47.88111 40.61427 12.13986 0.572918469 
043 48.167 45.47972 12.20685 0.194933173 
044 48.32717 45.608 12.26572 0.195093317 0.199769937 
045 48.404 45.53278 12.27384 0.209283321 
046 48.35845 42.2256 12.36722 0.472300161 
047 47.94015 41.952 12.17437 0.465402317 0.486889295 

048 47.97176 41.26589 12.21903 0.522965407 
049 48.08728 44.05562 12.31038 0.300072784 
050 48.71168 44.29254 12.37331 0.329657949 0.312895407 
051 49.69934 45.53288 12.49714 0.308955489 
052 48.37768 35.41533 12.15407 1.042449978 
053 47.91112 35.16038 12.28602 1.011070306 1.052427627 

054 48.54876 34.75667 12.19264 1 .1 03762598 
055 49.24855 42.61037 12.47684 0.507514723 
056 48.70233 41 .93963 12.3997 0.519758543 0.515105354 
057 48.52347 41.87147 12.24339 0.518042797 
058 49.09201 28.94739 12.47278 1.589831617 
059 48.9868 29.17275 12.36722 1.575514141 1.559579048 

060 49.66405 30.45647 12.47481 1.513391386 
061 48.05524 44.16118 12.22715 0.291929845 
062 49.83013 45.87767 12.50729 0.290248327 0.29169713 

063 47.62808 43.71633 12.22106 0.292913217 
064 48.15308 37.11338 12.29617 0.871826756 
065 48.60305 37.53148 12.38955 0.867108168 0.852363831 

066 48.99109 38.53263 12.38549 0.818156569 
067 47.37964 42.02082 12.14189 0.413938851 
068 47.84232 42.42051 12.12971 0.419908638 0.420926803 

069 49.10769 43.47837 12.37331 0.428932921 

070 48.66343 31 .82927 12.38346 1.332625131 
071 48.95116 32.7799 12.38955 1.279661489 1.30819103 
072 48.74945 32.20912 12.34895 1.31228647 
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073 49.28257 41 .91248 12.37128 0.569390556 
074 47.41737 39.9721 12.1358 0.589156875 0.594335454 
075 49.32387 41 .216 12.45451 0.624458931 
076 49.174 28.48395 12.4606 1.634975844 
077 49.30034 30.45823 12.46669 1.487189462 1 .496035866 
078 48.13866 31.06953 12.27587 1.365942292 
079 49.4886 40.96148 12.44436 0.659167687 
080 49.33789 40.79881 12.45857 0.66252708 0.668632225 
081 47.55859 38.95083 12.09317 0.684201909 
082 48.69684 25.69129 12.27587 1.848580997 
083 47.54551 26.38009 12.19264 1.709502618 1. 754134865 
084 49.02479 27.60772 12.38955 1.70432098 
085 48.99534 43.67552 12.39564 0.405916112 
086 48.48359 43.10339 12.30632 0.414112424 0.416176702 
087 48.43356 42.84134 12.26978 0.428501571 
088 47.89759 31.42429 12.20076 1.326243611 
089 48.16785 30.94427 12.18655 1.386920827 1.40541642 
090 49.00975 29.95813 12.46263 1.503084822 
091 48.38852 40.83893 12.25963 0.589714371 
092 49.03702 41.43689 12.38143 0.589397994 0.594504149 
093 47.87839 40.26363 12.12159 0.604400083 
094 48.53614 26.337 12.25151 1 . 785663155 
095 48.16238 25.9686 12.12971 1.805350664 1.811078758 
096 49.41735 26.194 12.4403 1.842222454 
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9.2 Appendix 2: sensors output for the 15 cycles 
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Figure 37: Output for 1-C-Q sensor during a 15-cycle exposure 
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Figure 38 : Output for 1-C-W sensor during a 15-cycle exposure 
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Figure 39 : Output for 1-G-Q sensor during a 15-cycle exposure 
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Figure 40 : Output for 1-G-W sensor during a 15-cycle exposure 
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Figure 41 :Output for 2-C-Q sensor during a 15-cycle exposure 
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Figure 42 : Output for 2-C-W sensor during a 15-cycle exposure 
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Figure 43: Output for 2-G-Q sensor during a 15-cycle exposure 
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Figure 44 : Output for 2-G-W sensor during a 15-cycle exposure 
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Figure 45 : Output for 3-C-Q sensor during a 15-cycle exposure 
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Figure 46 : Output for 3-C-W sensor during a 15-cycle exposure 
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Figure 47 : Output for 3-G-Q sensor during a 15-cycle exposure 
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Figure 48 : Output for 3-G-W sensor during a 15-cycle exposure 
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Figure 49 : Output for 4-C-Q sensor during a 15-cycle exposure 
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Figure 50: Output for 4-C-W sensor during a 15-cycle exposure 
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Figure 51 : Output for 4-G-Q sensor during a 15-cycle exposure 
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Figure 52 : Output for 4-G-W sensor during a 15-cycle exposure 

86 



120 

100 

Ci' 80 a. 
j 60 

:; 40 
(.) 

Ci' a. .. 
! .. 
::1 
(.) 

20 

0 

120 

100 

80 

60 

40 

20 

0 

5-C-Q 

"'-. 

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 

Time (Hours) 

Figure 53: Output for 5-C-Q sensor during a 15-cycle exposure 
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Figure 54 : Output for 5-C-W sensor during a 15-cycle exposure 
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Figure 55 : Output for 5-G-Q sensor during a 15-cycle exposure 
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Figure 56 : Output for 5-G-W sensor during a 15-cycle exposure 
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Figure 57 : Output for 6-C-Q sensor during a 15-cycle exposure 
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Figure 58 : Output for 6-C-W sensor during a 15-cycle exposure 
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Figure 59: Output for 6-G-Q sensor during a 15-cycle exposure 
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Figure 60 : Output for 6-G-W sensor during a 15-cycle exposure 
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