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The o b j e c t i v e  of t h i s  r e sea rch  i s  t o  determine the  equat ions  f o r  

p r e d i c t i o n  of co r ros ion  of b a r e  s t e e l  exposed t o  atmospheres. These equat ions  

a r e  d iv ided  i n t o  two groups. Equations in t he  f i r s t  group p red ic t  long-term 

cor ros ion  of s t e e l ,  and a r e  determined based on the  r e s u l t s  of s t e e l  exposure 

t e s t  a t  t h c  inl.c~rcstct1 a r e a  f o r  t l i f f c r c n t  c,xposurc t,imcs. Ecluations i n  the 

second group, which a r e  t h e  func t ion  of environmental f a c t o r s ,  p r e d i c t  

cor ros ion  of  s t e e l  a t  t h e  c e r t a i n  exposure t imes, and. a r c  determined based on 

the  r e s u l t s  of s t e e l  exposure test ,  and d a t a  of environmental f a c t o r s  from 

d i f f e r e n t  a r e a s  f o r  ccrt ,ain cxposurc t.imc:;. 
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F i g . 1  Corrosion of iron in  a i r  conta in ing  0 . 0 1 %  SO, 55 days' exposure, 

shouing c r i t i c a l  hunidi ty  C101 

~ ? U I ~ J U  ( P r e c i p i t a t i o n )  

~ 7 d $ a ~ d a ~ ' t a a a n 7 d ~  ( S u l f  ur-dioxide c o n c e r t r a t i o n )  



Fig. 2 Effect of sulfur dioxide concentration and humidity 
to the rate of corrosion of steel materials [ 7 7 1  

1 2  3 s 5 5  7 a  9 1 0  

Sca-sa l  t p a r t i c l e s  ( 1 0 ~ r n ~ / n '  y )  

Fig. 3 Relation betxeen adhered sea-sal t fine particle weight ., 

and corrosion cccurrence [ I  21 
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Table 1 Estimated parameters in the equation for  predicting long-term 
corrosion for mcmbcrs exposcd t o  rain (Y = k t m )  

Table 2 Estimated parameters in the equation for predicting long-term 
corrosion for members exposed to rain (Y = A t B  exp(C/t)) 

. 

Locat ion 

0 taru 
Senda i 
Niigata 
Nngano 
Nagoya 
Shirnizu 
Tokyo 
Kawasaki 
Matsue 
Amagasaki 
Wakayama 
Shionomisaki 
Miyasaki 
lla tsuyama 
Ashizurimisaki 

I Otaru 
S enda i 
Niigata 
Nagano 
Nagoya 
Shimizu 
Tokyo 
Kawasaki 
>!atsue 
Amagasaki 
Iqakay m a  

I Shionomisaki 
tliyasaki 

I 

!!2 t suya,m 
Ashizur imisaki 

Locai ion 

k 

0.039 
0.042 
0.055 
0.026 
0.068 
0.046 
0.059 
0.144 
0.035 
0.088 
0.062 
0.055 
0.037 
0.047 
0.086 

m - 

0 .424  
0.363 
0.1115 
0.3G3 
0.314 
0.836 
0.324 
0.613 
0.542 
0 .592 
0.318 
0.663 
0.500 
0.311 
1 .056  

A B C 



, le  3 Estimated parameters i n  the equation for predictirig long-term corrosion for 
members underneath bridges (Y = k t")  

Environment 

Rural 
(3) 

Mountainous 
(1 1) 

Industr ial  
(7) 

Marine 
(11) 

City 
(9) 

Taki hue 
Daido 
O m  iriezawa 
Joro 
IIarnagur i 
Yamagami 
Hi yoshi 
Ke ido 
Nishinotani 
Ishihi ra  
Kenjo 

Haha ko i 
Eb igawa 
Senpogawa 
Yokkaichi 
Ni shiyodogawa 
Shinkasumi 
Chuo 

Bridge Name 

Shin joe 
Hirokawa 
blinamiodan 4-2 

Ishikari  
Takagi 
Yoneyama 
Shinryoku 
Ar i t a  
Hamamura 
Gono ka wa 

k 

0.018 
0.017 
0.012 

Locat ion - 

Omiya 
Oz u 
Dobokukenkyu jo 

Yasudagawa 
Kizaki 
Sh ioya 
Se t o  ke 

m 

0.636 
0.592 
0.638 

Toyohira 
Eia tor i 

'0;var iya 
Shinkumi hakarasen 
Kozo k u  
Go jo 
Izumicia 
Onogawa 
Juroga~a  

Chi tose 
Higashir e 
Shinji,  Tone 
Ts ugawa 
Furukawa 
Otsu 
Miyoshi 
Kagawa-Tokushima 
Kashiwabera, Kuju 
Ok inawa 
Naha 

kluroran 
Funabashi 
Ta!caoka 
Yokkaichi 
Osaka 
Kurashiki 
Ki takyushu 

Isiiikari 
jlatsushima 
Kashiwazak i 
Ohama 
Ar i t a  By-pass 
Hoki, Kedaka 
Go tsu 
Yasuda 
Mi yazaki 
Sh ioya-wan 
Nago 
- - 

Sapporc 
Scndai 
Yokoham 
liagaoka 
ljagoya ' 

Kyoto 
Oknyma 
I!e is uyana 
Fukuoka 



Table 4 " .  . r  ss , lmated parameters in t.1::: c q s z t i o i ~  l o r  predict ing !c;ng-tcrm corrosion for  
meni'cer-s u."..der:iezt.i bridges ('i = :!. i 3  e:ip(C/t)) 

1 Bridge ::cine Lczzt ia!l c 

St) ill joe (: . .  . , . ., 
, , , I  I J  ‘. 0. "11'3 0. 59,3 -0. 071 

I l i r.oi(a::;a i! . I I O.!)13 0.550 -0.OC9 
:.li i ~ n ! ; ~ i  cdnri 4-2 i ! ~ b ~ k i ~ j ~ ; ~ ~ ~ ! i j , ~  jo 0. C!3 0.598 -0.067 

?a!< i  ha e 
Dn ido 
O;n irtc~awa 
Jo ro 
Iiamguri 
Yamgani 
.)I i yosh i  
Xe icio 
tiisIii:!otani 
Is1iiliira 
Kc 11 j o  

tic; i13 L O  i 
I<\) ign,:;n 
Scl~!)ogavin 
Yol.:iiaic!\ i 
ti i sli iycdogawa 
Sii iriIcasumi 
C l l i l 0  

Isti i l~ai-i  
'1'2 kag i  
Yoneyam 
Sli inryoku 
Ar i t a  
ila,mnura 
Go no lcav~a 
Yas~~dagawa 
iiizaki 

ioya 
Sc toke 
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D e p t h  (mm) 

F i g . 4  Long-term c o r r o s i o n  of  b ~ r e  s t e e 1 , e x p o s e d  t o  r a i n  ( O t a r u )  



Table 5 Data of cnvironmcntal factors and corrosion depths for rncrnbcrs exposed to rain 

X, ;a d ? u l ~ d u  ( m r n i y e a r )  

x, is d?u7tx:l$$a ~vJa/7naan7';1w'71bn7n7d c l o - '  ppm) 

x5 Aa d?ulmin;a ( l o - "  g / ~ 3 z  y e a r )  
d 

Y',-y, ;a c o r r o s i o n  d e p t h  nilsl 1 - 5  i] m m )  

Yl Y2 Y3 Y4 Y5 
Corro. Depth 

10- mm 

382 533 622 711 747 
427 533 622 702 764 
560 711 871 1000 1070 
258 338 391 441 453 
658 880 960 1070 1080 
444 844 1150 1446 1710 
596 729 809 933 1006 
1510 2040 2810 3388 4000 
347 533 610 738 844 
860 1360 1710 1990 2220 
604 773 907 978 978 
524 951 1110 1410 1530 
338 613 684 711 782 
414 631 702 720 729 
933 1560 2520 4070 4310 

X3 

Pre. 
nm/y 

1158 
1219 
1822 
987 
1575 
2361 
1460 
11127 
1957 
1277 
1454 
2766 
2490 
1337 
2473 

X2 

RH 

71 
73 
75 
74 
71 
69 
66 
70 
78 
69 
70 
72 
77 
71 
70 

Locat ion 

0 taru 
Senda i 
Niigata 
Nagano 
Nagoya 
Shimizu 
Tohyo 
Kawasaki 
jlatsue 
Amagasaki 
Wakay ama 
Shionomisaki 
Miyazaki 
blatsuyarna 
Astiizurin~isaki 

X I  
T 

" C 

8.4 
11.9 
13.1 
11, -1 
14.9 
16.0 
15.3 
15.3 
14.4 
16.3 
16.0 
16.9 
16.9 
15.6 
17.8 

x 4  

SO2 

10-3pprn 

15.3 
12.6 
10.2 . 
17.9 
16.4 
14.9 
15.2 
21.2 
12.4 
16.8 
12.1 
10.7 
11.4 
16.9 
9. 9 

x 5 

NaC 1 
10-4g/cm2y 

7.66 
1.55 
12.50 
0. 38 
0.37 
2.44 
5.34 
22.70 
18.40 
8.86 
21.20 
52.30 
5. 52 
5.99 
26.70 



~ c b l e  6 Data of environmental f a c t o r s  arid corrosiofi depths f o r  rnernbers underneath bridges 

Environment No 

Mountainous 
(11) 

I n d u s t r i a l  
(7) 

Marine 
(11) 

C i t y  

(9) 

X 3 

Pre. 
iilrn/y 

X 5 

Corro. Depth 
10- .'g/crn2 y 10- "mrn 
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Table 7 Sl~dle-correlat ion coefficients between environmental factors and corrosion 
depths a t  some certain exposure times 

Y I 0.366 -0.447 
Based on steel  Y 2 0.499 -0.428 
exposure tes t  exposed Y3 0.482 -0.397 
to rain Y A 0.484 -0.370 

Y s 0.475 -0.354 

Based on steel  
exposure test  
underneath bridges Y 3 
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