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1 Introduction 

Weathering steel is used for many steel constructions in-

cluding bridges. There are several trade marks as Corten 

(in the United States, licensed also in other countries), At-

mofix (in the Czech Republic), NAW-TEN and CORSPACE 

(in Japan), or Q345CNH (in China) [1 – 4]. These bridges 

do not have any protection coatings. Instead, they develop 

a natural protective layer known as a patina, which forms 

due to the steel’s functions of alloying elements (Cr, Ni, 

Cu and others) and exposure conditions. However, even 

with this patina, some minimal corrosion damage can oc-

cur over the long term [5].  

The first option for predicting corrosion loss is by the cat-

egory of atmospheric corrosivity. The second option of 

prediction is by normative corrosivity estimation based on 

calculated first-year corrosion losses. This approach con-

tains factor of annual average temperature, annual aver-

age relative humidity, annual average SO2 deposition and 

annual average Cl- deposition. Both are mentioned in the 

ISO 9223 standard [6]. 

The deposition rate of chloride ions significantly influences 

the corrosion rate in steel bridge constructions. As the dis-

tance from the road increases, the deposition rate of chlo-

ride ions decreases [7]. Due to the main influence of the 

deposition rate of chloride ions (as an annual average 

value) on corrosion loss after one-year exposure, there is 

a hypothesis that there is a relationship between corrosion 

loss and the distance of the stand (which can be thought 

of as a bridge structure) from the road’s guide strip. 

There are two comparable locations with similar traffic, 

orientation, and both are arranged as road cuts. These two 

locations can be considered as comparable, and their re-

sults can be compared with each other and used as input 

for the analysis. 

2 Methods 

Two locations for measuring the deposition rate of chloride 

ions and steel corrosion loss are situated in the road cut 

arrangement with similar north orientation. The distance 

between these locations is approximately 7.5 km by air. 

Both of these locations are on the I/11 road in the Czech 

republic, near Ostrava-Poruba (signed as Vřesinská) and 

Hrabyně-Josefovice (signed as Hrabyně). Position of each 
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locality are pointed on the map on the Figure 1.  

 

Figure 1 Position of locations (source: mapy.cz) 

Steel corrosion rates after one year exposure are deter-

mined using the procedure outlined in ISO 9223 [6] on 

measuring stands on both locations. The corrosion cou-

pons, which are used for measurement, are positioned 

both horizontally and vertically to simulate the main ori-

entations of real surfaces on steel bridges. The back sur-

face of these coupon is covered to protect unexposed sur-

face. Typical stand is on the Figure 2. Height of platform 

is about 1.5 m above terrain. Geometry of stand is accord-

ing to the ISO 9225 standard [9]. 

 

Figure 2 Typical stand  

The annual average temperature, annual average relative 

humidity, and annual average SO2 deposition all have 

similar values for the period under investigation [8]. In 

addition to these input parameters, the deposition rate of 

chloride ions was also investigated through in-situ meas-

urements [10,11]. The results of annual average deposi-

tion rate of chloride ions for each stand were similar over 

the investigation period. The influence of these variables 

can likely be neglected as they recur approximately peri-

odically. 

3 Results 

The results indicate a dependence between the deposition 

rate of chloride ions and the distance from the road’s guide 

strip [10,11]. The results also suggest that the orientation 

of the surface influences this rate. This was investigated 

using the dry plate measurement method, as per the ISO 

9225 standard [9]. 

The corrosion loss results after the first year of exposure 

at each location and stand are presented in the Table 1. 

Figure 3 plots the corrosion loss (y-axis) against the dis-

tance from the road’s guide line (x-axis) for both horizon-

tal (blue) and vertical (orange) orientations. Regression 

lines have been plotted for each orientation. The power 

regression lines provide the best fit for both orientations. 

Table 1 Corrosion loss on each stand 
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Figure 3 Dependence of distance from the road guide line and corro-

sion loss 

4 Discussion 

As observed in Figure 3, the vertical orientation of the steel 

corrosion coupons exhibits a higher corrosion loss com-

pared to the horizontal orientation, up to a distance of ap-

proximately 30 m. This specific distance corresponds to 

the slope of the road cut and is situated roughly 15 m be-

hind the crown of the road cut. 

Beyond this 30-meter mark, an interesting trend reversal 

occurs. The corrosion coupons oriented horizontally start 

to show a greater degree of corrosion loss compared to 

their vertically oriented counterparts. This phenomenon 

can be attributed to the deposition pattern of chloride ions, 

which tend to deposit more heavily on surfaces that are 

vertically oriented closer to the road. 

However, as the distance from the road increases, the 

deposition pattern of the chloride ions, which are attached 

to aerosols or dust particles, changes. These ions begin to 

fall and settle down on horizontal surfaces. This shift in 

deposition pattern could explain why horizontally oriented 

corrosion coupons exhibit a higher corrosion loss at 

greater distances from the road. 

5 Conclusion 

This study has provided valuable insights into the corro-

sion behavior of weathering steel used in bridge construc-

tions. The results highlight the importance of the distance 

from the road and the orientation of the surface. 

The study revealed that vertically oriented steel corrosion 

coupons exhibit a higher corrosion loss compared to hori-

zontally oriented ones up to a distance of approximately 

30 m from the road. Beyond this point, the trend reverses, 

with horizontally oriented coupons showing a greater de-

gree of corrosion loss. This shift is attributed to the chang-

ing deposition pattern of chloride ions, which tend to de-

posit more heavily on surfaces that are vertically oriented 

closer to the road but settle down on horizontal surfaces 

as the distance from the road increases. 

The corrosion behavior of the steel is monitored by regular 

maintenance and inspection, especially in areas closer to 

the road where higher corrosion losses are expected. If 

there is a vertical surface close to the road, more attention 

should be paid to it. More attention should also be paid to 

horizontal surfaces further from the road where chloride 

ions are deposited. 

These findings underscore the need for considering both 

the orientation of the surface and its distance from the 

road when predicting corrosion loss in weathering steel 

structures. Further research is recommended to validate 

these findings across different environmental conditions 

and bridge designs. 

Acknowledgements 

The work was supported by the Student Grant Competition 

of VŠB-TUO. The project registration number is 

SP2024/058. 

References 

[1] RAJA, VK Bupesh, et al. Corrosion resistance of corten 

steel–a review. Materials Today: Proceedings, 2021, 

46: 3572-3577. 

[2] KNOTKOVÁ-ČERMÁKOVÁ, D.; VLČKOVÁ, J.; HONZAK, 

J. Atmospheric corrosion of weathering steels. In: At-

mospheric corrosion of metals. ASTM International, 

1982. 

[3] NAGASAWA, Makoto, et al. Long-term Follow-up Sur-

vey on 3% Ni-added High-performance Weathering 

Steel (NAW-TEN™ 15) in High Airborne Salt Concen-

tration Environment and Risk Management of Weath-

ering Steel Bridges. 2015. 

[4] ZHANG, Yu, et al. Research on corrosion and fatigue 

performance of weathering steel and High-Perfor-

mance steel for bridges. Construction and Building 

Materials, 2021, 289: 123108. 

[5] SYKORA, Miroslav, et al. Probabilistic Analysis of Cor-

rosion Rates and Degradation of Weathering Steel 

Bridges. ce/papers, 2023, 6.5: 1059-1065. 

[6] INTERNATIONAL ORGANIZATION FOR 

STANDARDIZATION. ISO 9223:2012 - Corrosion of 

metals and alloys - Corrosivity of atmospheres - Clas-

sification, determination and estimation. 2012. Ge-

neva, Switzerland, 2012. 

[7] VACEK, Miroslav, et al. Experimental Measurement of 

Deposition Chloride Ions in the Vicinity of Road 

Cut. Materials, 2022, 16.1: 88. 

[8] Portál ČHMÚ : Historická data : Počasí : Měsíční data 

: Měsíční data dle z. 123/1998 Sb. Online. 2024. Dos-

tupné z: https://www.chmi.cz/historicka-

data/pocasi/mesicni-data/mesicni-data-dle-z.-123-

1998-Sb. [cit. 2024-02-11]. 

[9] INTERNATIONAL ORGANIZATION FOR 

STANDARDIZATION. ISO 9225:2012 - Corrosion of 

metals and alloys - Corrosivity of atmospheres Meas-

urement of environmental parameters affecting corro-

sivity of atmospheres. 2012. Geneva, Switzerland, 

2012. 

[10] KUBZOVÁ, Monika. Study of corrosion processes 

on steel structures affected by chloride deposition. 

| 75

 25097075, 2024, 3-4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cepa.3067 by C

ochrane C
zech R

epublic, W
iley O

nline L
ibrary on [29/01/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://www.chmi.cz/historicka-data/pocasi/mesicni-data/mesicni-data-dle-z.-123-1998-Sb
https://www.chmi.cz/historicka-data/pocasi/mesicni-data/mesicni-data-dle-z.-123-1998-Sb
https://www.chmi.cz/historicka-data/pocasi/mesicni-data/mesicni-data-dle-z.-123-1998-Sb


2020 (in Czech). [11] VACEK, Miroslav, et al. Experimental Measure-

ment of Deposition Chloride Ions in the Vicinity of 

Road Cut. Materials, 2022, 16.1: 88.

 

|76

 25097075, 2024, 3-4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cepa.3067 by C

ochrane C
zech R

epublic, W
iley O

nline L
ibrary on [29/01/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense


	Influence of Distance from Roads on Corrosion Loss in Weathering Steel Bridges
	1 Introduction
	2 Methods
	3 Results
	4 Discussion
	5 Conclusion

