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SUHMARY

The objective of this research is to determine the equations for
prediction of corrosion of bare steel exposed to atmospheres. These equabtions
are divided into two groups. Equations in the first group predict long-ternm
corrosion of steel, and are determined based on the results of steel exposure
test abt the interested area for different cxposure Limes. Lquations in the
second group, which are the function of environmental <factors, predict
corfosion of steel at the certain exposure times, and are determined based on
the results of steel exposure test and data of environmental factors from

different areas for cerbtain exposure bLimoes.
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Fig. 2 Effect of sulfur dioxide concentration and humidity
to the rate of corrosion of steel materials(11]
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Fig. 3 Relation between adhered sea-salt fine particle weight
and corrosion cccurrence [172]
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Table 1 Estimated parameters in the equation for predicting long-term
corrosion for members exposed to rain (Y = k t™)

Location k m -
Otaru 0.039 0.424
Sendai 0.042 0.363
Niigata 0.055 0.415
Nagano 0.026 0.363
Nagoya 0.068 0.314
Shimizu 0.046 0.836
Tokyo 0.059 0.324
Kawasaki 0.144 0.613
Hatsue 0.035 0.542
Amagasaki 0.088 0.592
Wakayama 0.062 0.318
Shionomisaki 0.055 0.663
Miyasaki 0.037 0.500
Hatsuyama 0.047 0.311
Ashizurimisaki 0.086 1.056
Table 2 Estimated parameters in the equation for predicting long-term

corrosion for members exposed to rain (Y = A tB exp(C/t))

Location A B C
Otaru 0.050 0.293 -0.263
Sendai 0.036 | 0.455% 0.184
Niigata 0.046 0.509 0.189
! Nagano 0.031 0.270 -0.188
Nagoya 0.101 0.099 -0.432
Shimizu 0.063 0.659 -0. 354
Tokyo 0.047 0.447 0.246
Rawasak1 0.079 0.931 0.640
fatsue 0.041 0.429 ~-0.227
Amagasaki 0.124 0.407 -0.370
Hakayama 0.085 0.138 -0. 361
Shionomisakti 0.089 0.349 -0.631
‘Miyasaki 0.138 0.197 -1.398%
. Matsuyama 0.111 0.148 | -0.920
Ashizurimisakl 0.027 1.665 1.223
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yle 3 Estimated parameters in the equation for predicting long-term corrosion for
members underneath bridges (Y = k t7)

Environment | No Bridge Name Location - L' k m
9| Shinjoe ' Omiya 0.018 0.636
Rural 32 | Hirokawa Ozu 0.017 0.592
(3) 41 | Minamiodan 4-2 Dobokukenkyujo 0,012 0.638
3| Takihue Chitose 0.016 0.695
6 | Daido Higashire 0.010 0.594
8| Ominezawa Shingji, Tone 0.008 0.528
15| Joro ' Tsugawa 0.012 0.462
16 | lHamaguri Furukawa 0.006 1.164
Mountainous | 21 | Yamagami Otsu 0.015 0.613
(11) 26 | Miyoshi Hiyoshi 0.014 0.493
29 | Keido Kagawa-Tokushima 0.010 0.442
34 | Nishinotani Kashiwabara, Kuju 0.010 0.849
39 Ishihira _ Okinawa 0.025 0.733
40 | Kenjo Naha 0.021 0.631
4 | Hahakol Muroran 0.023 0.674
10| Ebigawa Funabashi 0.033 0.466
14| Senpogawa Takaoka 0.018 0.842
Industrial |19 | Yokkaichi Yokkaichi 0.018 0.770
) 23 ] Nishiyodogawa Osaka - 0.015 0.773
28 | Shinkasumi  Kurashiki 0.012 | 0.661
36| Chuo Kitakyushu 0.011 0.786
1| Ishikari Ishikari 0,041 0.805
5| Takagl Matsushima 0.017 0.891
13| Yoneyama Kashiwazaki 0,067 1.197
17| Shinryoku : Ohama 0.087 1.085
20| Arita Arita By-pass 0,015 1.028
Marine 24 | Hamamura Hoki, Kedaka 0.124 1.195
(11) 25| Gonokawa . Cotsu 0.019 0.724
31| Yasudagawa Yasuda 0.0717 1.203
33| Kizaki Miyazaki 0.041 0.825
37| Shioya Shioya-wan 0. 365 0.614
38 | Setoke Nago 0.058 0.966
— - -
2| Toyohira S2pporc 0.008 0.789
71 MNatori Sendal 0.017 0.826
11| ‘Owariya - Yokohama 0.015 0.475
12| Shinkumihakamasen | Nagaoka 0. 041 0.624
City 18| Kozoku Nagoya | 0.015 0.735
(9) 22| Gojo ' Kyoto 0.012 0.512
27| Izumida Okayama 0.014 0.637
30 | Onogawa Matsuyama 0.015 0.594
39| Jurogawa Fukuoka 0.035 0.420




Table 4

Es.imated parame 1
members undernsath bridges (Y = A

[a¥ell
(SR

ters In the

for predicting leng-term

8 exp(C/t))

corrosion f

for

Eavironment | Yo Bridge !ame Lccation 3 C

9 Shinjoe Omiya 0.919 0.593 -0.071

Rural Sd {lirokawa Do 0.013 0.650 -0, 069

(3) 41| Minamicdan 4-2 Dobokukenkyujo 0.013 0.598 -0.067

3| Takihue Chitose 0.018 0.554 | -0.068

51 Daido Higashine 0.011 | 0,553 -0. 067

81 OCminczawa Shinji, Tone 0.009 0.486 -0.069

15| Joro Tsugawa 0.013 0.416 -0.075

“16 | Hamaguri Furukawa 0.016 0.629 -0.070

Mountalnous | 21 | Yamagami Gtsu 0.016 0.570 -0,071

(11) 26 | Miyoshi Miyosni 0.015 0.447 -0.078

29| Kelido Zazzwa-Tokushima 0.010 0.397 -0.074

341 HNishinotanl Hashiwabara, Xuju 0.011 0.610. -0.065

25| Ishihira Ckinawa \ 0.027 0.690 | ~0.070

a0 | Kenjo . Naba 0.023 0.580 -0.073

4] Hahakoi Mararan 0.024 0.630 | -0.072

10 Ehigawa Fupabashi 0.0306 0,414 -0. 086

. 14| Scupogawa ”'rwo‘\ 0.020 0,804 -0. 062

Industrial | 19! Yokkaichi Yokkaichi G.019 N.730 -0. 065

(7) 23| MHishiycdogawa CJQau 0.016 0,735 -0, 063

28 | Shinkasumi Furashiki 0.013 0.621 ~0.066

36 | Chuo Kitakyushu 0.011 0.750 | =-0.08%9

1] Ishikari Ishikari 0.044 0.761 -0.072

5| Takagi Hatsushira 0.018 0.856 -0.058

13| Yoneyama Yashiwazakl 0.047 1.411 0.354

17| Shinryoku Oha 2 0.468 0.063 | -1.684

20| Arita rita By-pass 0.035 0.515 -0. 845

Marine 24 | lfamamura HOnl, Kedaka 0.780 0.079 -1.839

(11) 25| Gonokawa Gotsu - 0.020 0.683 -0.068
31| Yasudagawa Yasuda 1.862 0.730 -3.185

33 Kizaki Miyazaki 0.044 0.1782 ~-0.071

371 Shiovya Shioya-wan 0,407 | 0.551 .| -0.104

38 | Sctoke Hago 0.062 | . 0.925 -0.068

2| Toyohira Sapporo 0.009 0. 765 -0.056

7| MHatori Sendal 0.018 . 0.788 -0.062

11| Owariya Yokchama 0.0:0 0.128 -0.077

12| Shinkuaihakamasen | Nagacka 0.041 | . 0,575 -0, 081

City 13| Hozoku Nagsya 0.013 0.686 -0.06%

" (9) 221 Gojo Hy0Lo 0.0i3 0.467 -0.073

271 Izumida Okavema 0.0i5 0.5%6 -0. 069

30 - Onogawa Hatsuyana 0.018 0.550 -0.072

L ' 35 ' Jurogawa Fukucka 0.028 0. 366 -0.08
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Table 5 Data of environmental factors and corrosion depths for members exposed to rain

Xy | X2 X3 K4 As Yy Y Y3 Ys Vs
Location T | RH | Pre. S02 NaCl Corro. Depth
*C ¥l am/y | 107 %ppn | 107 4g/cmly 1074 mm

Otaru 8.4 | 71| 1158 15.3 7.66 382 533 622 711 747
Sendai 11.9| 731219 12.6 1.55 427 533 622 702 1764
Niigata 13.1] 75| 1822 10.2 . 12.50 560 711 871 1000 1070
Nagano 11.4 74| 987 17.9 0. 38 258 338 391 444 453
Nagoya 14,9 71| 1975 16.4 0. 37 658 880 960 1070 1080
Shimizu 16.0 |69 2361 14.9 2.44 444 844 1150 1446 1710
Tokyo 15.3| 66| 1460 18.2 5.34 596 729 809 933 1006
Kawasakl 15.3 | 70 | 1427 21.2 22.170 1510 2040 2810 3388 4000
Matsue 14.4 | 78 | 1997 12.4 18. 40 347 533 640 738 844
Amagasakl 16.3 6911277 16.8 8.86 860 1360 1740 1990 2220
Wakayama 16.0 | 70 { 1454 12.1 21. 20 604 773 907 978 978
Shionomisaki 16.9 | 72| 2766 10.7 82.30 524 951 1110 1410 1530
Miyazaki 16.9| 77| 2490 11.4 5. 952 338 613 684 T11 1782
Matsuyama 15.6 | 71| 1337 16.9 5,99 444 631 702 720 729
Ashizurimisaki | 17.8 | 70| 2473 | 5.9 | 26.70 933 1560 2520 4070 4810

RTATIE Yo > ¥, 2.9, > ¥, > ¥, >0

Lﬁa X, Aa amunu (°cy

fa nawu?u (%)

An UTnanuy (mm/year)

a2 USuiirdacdaiasantgaluainig (107> ppm)

Da

a A —-a 2
2 dsuiuinaa (10 g/ca year)

Da

X,
X
X,
X
. 4 o —a

y ﬂa Corrosion depth ntIa1 1-5 ﬂ (10 - nm)
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Table 6 Data of eanvironmental factors and corrosion depths for members underneath bridges

1| K2 ] X3 X4 - i [ PR & /
fnvironment | No T | RH| Pre. 502 HaCl Corro. Depth
°C %J mm/y | 107 3ppm | 107 %g/cmfy 107 “mm
91 14.116911207| 13.50 2,88 176 275 354
Rural 32 - - - - 1.13 120 182 230
(3) 41 - -] - - - 0.66 122 191 246
3| 6.3)179| 1631 8.13 1.53 164 287 352
6111.2]| 76| .163 - 0.47 100 152 192
8 13.8 67| 1155 - 0. 33 84 122 150
15 - - - - 0.88 118 164 1386
16 1 10.3 ] 79| 1832 - 0.95 64 - 230
Mountainous | 21 | 14. 77| 1741 ~ 0.80 150 231 294
(1) 26 - - - - 1.57 142 201 244
- ' 29 | 15.2 | 74| 1199 - 0.18 96 131 156
34| 15.6 | 74| 1708 - 0. 88 100 158 204
39122.4| 772128 3.17 4,67 254 424 568
40 22.4 77| 2128 7.00 4,12 212 330 424
4 8.9]75]1303 9.36 5. 40 228 366 478
10 15.3 |66 | 1460 | 16.44 6.75 332 462 554
14 | 13.5 79| 2346 | 11.64 3.03 184 331 464
Industrial | 19| 15.0 73] 1708 | 10.27 2.99 176 302 410
(1) 231 16.2 67| 1400 18.64 5.55 154 264 360
28 | 14.6 751223 | 16.82 1.50 118 1388 244
361 15.5| 74| 1718 | 10.45 1.24 108 187 256
11 80731158 | 4.17 14, 45 408 717 988
5111.9173] 1219 2.30 6,10 166 309 442
131 13.1 772948 - 24, 86 672 - 2502
. 171 15.5| 74 4118 - 10. 80 868 - 2858
201 16.0 | 70| 1454 - 5.69 152 - 470
Marine 24 14,3 |76 | 2018 - 62.49 1240 - 4608
(11) 251 15.1 73| 1740 6.50 3.80 186 309 412
31| 16.4 | 74| 2524 - 16. 86 770 - 2888
33| 16.9| 77| 2490 - 12.96 408 727 1010
37122.4(1 772128 - 41.14 3652 5634 7166
38 122.4 772128 4.00 21321 582 1143 1682
21 8.073|1158 | 13.09 1.06 84 147 202
7111.9) 731219 9.55 2.08 172 306 426
11 15.1 ] 7111596 | 13.00 0.99 146 204 246
12 - n -0 .- 6. 53 408 623 810
City 18| 14.9| 7111575 11.55 1.13 148 248 332
(9) 22 115.2 | 7)| 1669 | 14.36 1. 46 122 175 214
271 14.6 | 751223 | 17.55 3.83 140 219 282
30| 15.6 | 7L ] 1337 | 14.82 1.31 150 - 228 288
35116.0 72| 1690 8.00 5. 80 348 469 552
| | 1
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y, = 47.29 + 1.83x1’—v1.47x5 + 0.07X, - 0.53X, + 27.21X_ g = 0.92 (8)
Y, = ~416.63 + 5.06X, + 4.72X, + 0.09X_ - 1.10X_ + 51.18X_ 4 = 0.93 (9)
Yy, = -973.27 + B.54X, +11.70X, + 0.11X_ - 1.58X, + 73.64X_, ¥ = 0.%2 (1D)
‘i . .
Ldaula a: g >y, >y, >0
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Table 7 Single-correlation coefficients between env1ronmental factors and corrosion
depths at some certain exposure times

] T

X1 Xo X3 X4 L5
. Yy 0.386 | -0.447 [ ~0.026 | 0.372 ] 0.192
Based on steel Yo 0.499 | -0.428  0.177 ) 0.248 | 0.299
exposure test exposed Y3 0.482 ( -0.397 | 0.215| 0.174 | 0.277
to rain - ' 0.484'| -0.370 | 0.298 | 0.043] 0.297
Ys 0.475 -0.354 | 0.305] 0.043 | 0.286
Based on steel Y, 0.305 | 0.115| 0.299(-0.491] 0.885
exposure test Y2 0.299 1 0.203( 0.3141!-0.533| 0.889
underneath bridges Y3 0.294 | 0.239] 0.317|-0.541| 0.874
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