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Abstract. The work is aimed at determining the corrosivity of atmosphere 
in the vicinity of  roads, taking into account the characteristics of local 
emission sources, including traffic intensity of vehicles along with climatic 
and exploitation factors. Determination of the corrosivity of atmosphere was 
carried out  according to the procedures described in PN EN ISO standards. 
Samples for testing were made of low carbon steel DC05, zinc and hot dip 
galvanized steel. Samples were assembled at 19 sites in the close vicinity of 
roads and highways near the measurement points of vehicle traffic intensity. 
The mass loss of exposed samples was the basis for determination the 
atmosphere corrosivity at each of 19 test sites. Regarding steel, the 
corrosivity category of C4 was observed at 8/19 sites. Corrosion losses 
outside roads are 2-4 times lower and ranged within the categories of C2 and 
C3. Zinc corrosion losses classified to category C4 occurred at 2/19 stations. 
In the remaining ones they corresponded to category C3. In areas outside of 
roads, zinc corrosion losses are about 20-100% lower (C2). The first 
attempts to model the dependence of operating and environmental 
parameters on zinc and zinc coating corrosion losses indicate significant 
correlation between zinc and zinc coating corrosion losses as a function 

1 Introduction 
The environment created around the road area differs significantly in its qualitative and 
quantitative composition from areas even slightly distant from sources of road emissions [1]. 
Vehicles emit a gas mixture, which within a fraction of a second, creates various substances 
with strong corrosive properties: nitrogen oxides, nitric acid, sulfur dioxide, ozone, reactive 
radicals, soot, organic acids and others [2]. There is no available information on the 
relationship between the rate of corrosion of metals assembled in the construction of road 
infrastructure, and environmental parameters including vehicle traffic and/or other 
exploitation conditions. The work is aimed at the determining of corrosivity of atmosphere 
in the vicinity of selected roads, taking into account the characteristics of local emission 
sources, including traffic intensity of vehicles along with climatic and exploitation factors. 
The data obtained will be used to develop methods for predicting the rate of corrosion of 
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metals and atmospheric corrosivity categories in selected areas with specific emission 
characteristics related to roads and highways.  

2 Method  

Determination of the corrosivity of atmosphere was carried out  according to procedures 
described in PN EN ISO standards [3–6]. Samples for testing with dimensions of 150 x 100 
x 1 mm were made of low carbon steel DC05, zinc  and hot dip galvanized steel. Samples 
were assembled at 19 sites in the close vicinity of roads and highways and monitored within 
the period of 07.2017-10.2018. These places are located near the measurement points/stations 
of vehicle traffic intensity carried out by GDDKiA. For stations with automatic measurement 
of pollution (Katowice, Kraków, Warszawa/Niepodległości Avenue), data came from the 
network of Regional Inspectorates for Environmental Protection 
(www.wios.katowice.gov.pl, www.wios.krakow.gov.pl, www.wios.warszawa.gow.pl). 

 In other cases the following parameters were monitored directly at corrosion sites: 
concentration of NO2 and SO2 by means of passive samples [7], deposition of chlorides and 
sulphates according to [5]. An average annual traffic volume divided by a type of vehicle is 
shown in Fig. 1. 

 
Fig. 1. An average annual traffic intensity at corrosion sites.  

The average annual traffic intensity at corrosion sites ranged from 19599 vehicles/day to 
127822 vehicles/day. Passenger cars and microbuses accounted for 90% (Mysiadło) to 54% 
(Stryków) of the total number of vehicles. 

3 Results and discussion  
The first set of results contain an evaluation of corrosive agents on site. An average 
concentration of NO2 related to traffic intensity emitted by vehicles at corrosion sites is 
illustrated in Fig. 2. 
 

0
20000
40000
60000
80000

100000
120000
140000

S8
/P

ow
ąz

ko
w

sk
a

M
ar

ki
Dę

be
 W

ie
lk

ie
M

ys
ia

dł
o

Ło
m

ia
nk

i
St

an
isł

aw
ie

Ru
m

ia
Gd

yn
ia

 P
or

t
W

ie
lk

i K
ac

k
Lu

bo
ń

No
w

y 
To

m
yś

l
St

ry
kó

w
W

rz
eś

ni
a

Kó
rn

ik
So

śn
ica

Ka
to

w
ice

 A
4

Po
cz

es
na

M
yś

le
ni

ce
Lu

bi
eń

Tr
af

fic
 v

ol
um

e,
 v

eh
icl

es
/d

ay

Motorcycle Cars Delivery trucks Heavy trucks Buses

2

MATEC Web of Conferences 231, 01012 (2018)	 https://doi.org/10.1051/matecconf/201823101012
GAMBIT 2018

2

MATEC Web of Conferences 231, 01012 (2018)	 https://doi.org/10.1051/matecconf/201823101012
GAMBIT 2018



 
Fig. 2. An average NO2 concentration during 1 year exposition at corrosion sites. 

Emission of NO2 within annual period of exposition ranged from 81 μg / m3 at the stand in 
Warsaw S8/Powązkowska to 34 μg / m3 at the position of Gdynia Port. Maximum 
concentrations of NO2 equal to 115 μg / m3 were observed in the winter period at the stand 
in Warsaw S8/ Powązkowska. NO2 concentrations recorded outside the area of direct impact 
of traffic pollution, e.g. at the urban background stations, are 2-3 times lower than on the 
roads (see selected background level in Fig. 2). 

Chloride ions also belong to the list of common corrosion agents. In the case of roads and 
highways direct corrosion risk results from the application of de-icing salts during a winter 
period. An average Cl- ions deposition within an exposition period is shown in Fig. 3. 

 
Fig. 3. An average Cl- ions deposition within exposition period. 
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According to GDDKiA data, at selected test sites, de-icing salt was used for 80 to 180 
days, the shortest time in the province Greater Poland, the longest in the province 
Pomeranian. Chloride deposition ranged from about 1500 mg / m2∙day from November to 
January, after which it dropped to about 15 mg / m2∙d from March to October. An average 
deposition of chlorides during the exposure period ranged from 480 mg / m2∙d at the Dębe 
Wielkie stand to 283 at the Stryków site. For comparison, the average annual deposition of 
chlorides coming with atmospheric precipitation in 2015 varied from 1.4 mg / m2∙d in the 
Lodz province up to 2.8 mg / m2∙d in the Pomeranian province. 

The next set of results is related to an evaluation of corrosion losses of steel, zinc and hot-
dip galvanized steel (table 1). The mass loss of exposed samples is the basis for a 
determination of atmosphere corrosivity at each of  19 test sites. Regarding steel, the 
corrosivity category of C4 was observed at 8 sites, while at the remaining ones the corrosivity 
corresponds to the C3 category. Corrosion losses outside roads calculated on the basis of 
environmental parameters are 2-4 times lower and ranged within the categories of C2 and 
C3. The latter is determined for Silesia and Myślenice. Zinc corrosion losses classified to 
category C4 occurred at two stations. In the remaining ones they corresponded to corrosivity 
category C3. In areas outside of roads, zinc corrosion losses are about 20-100% lower and 
correspond to the corrosivity category of C2. Corrosion losses of zinc coating on roadside 
stands are higher than zinc corrosion losses by a factor 1.35. Corrosion losses at the off-road 
areas are approximately 20-100% lower than on roads. 
Table 1. Corrosion losses of steel, zinc and galvanized steel and resulted categories of corrosivity of 

atmosphere at corrosion sites. 

Province Stand Zinc Zinc coating Steel 
Corr. 
loss,  
[μm] 

Corrosion 
category 

Corr. loss, 
[μm] 

Corr. 
loss 
[μm] 

Corrosion 
category 

Warsaw, 
Mazovian 

S8/Powązkowska 2,8 C4 5,6 41 C3 

 Łomianki 1,5 C3 2,0 30 C3 
 Marki 1,2 C3 1,4 42 C3 
 Dębe Wielkie 2,1 C4 2,6 54 C4 
 Mysiadło 1,2 C3 1,8 50 C4 

Pomeranian Stanisławie 1,3 C3 2,1 68 C4 
 Gdynia Port 1,2 C3 1,7 63 C4 
 Wielki Kack 1,5 C3 1,9 77 C4 
 Rumia 1,6 C3 2,0 46 C3 

Great Poland Kórnik 1,1 C3 1,6 48 C3 
 Stryków 1,0 C3 1,7 64 C4 
 Września 1,3 C3 1,6 57 C4 
 Nowy Tomyśl 1,1 C3 1,7 44 C3 
 Luboń 1,2 C3 1,3 29 C3 

Silesia Poczesna 1,7 C3 2,5 53 C4 
 Sośnica/Gliwice 1,7 C3 2,1 44 C3 
 A4 0,9 C3 2,2 24 C3 

Lesser Poland Myślenice 1,3 C3 1,5 42 C3 
 Lubień 1,1 C3 1,4 34 C3 
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Linear correlation coefficients R between the parameters describing the environment and 
corrosion losses of steel, zinc and zinc coatings for the sample size N = 21 are given in Table 
2. 

Table 2. The values of linear correlation coefficients R between parameters describing the 
environment and corrosion losses of steel, zinc and zinc coatings. 

 Traffic intensity NO2 
concentr. 

Corrosion losses Cl- 
deposition Zinc Zinc coating Steel 

Traffic intensity   1,000       0,782       0,478       0,807     - 0,125     0,240 
NO2 concentration   0,782       1,000       0,256       0,234     - 0,150     - 0,064 
Cl- deposition   0,240     - 0,064       0,463       0,212     - 0,028     1,000 
Zinc   0,478       0,256       1,000       0,716       0,002     0,463 
Zinc coating   0,807       0,545       0,716       1,000     - 0,197     0,212 
Steel - 0,125     - 0,150       0,002     - 0,197       1,000     - 0,028 

Correlation at the good level between corrosion losses of zinc and zinc coating and traffic as 
well as corrosion losses of zinc and chloride deposition is observed. On the other side, there 
is no good correlation between environmental parameters and corrosion losses of steel. It 
should be noted that the small sample size (N = 21) does not guarantee of an obtainment of 
precise relation between analyzed parameters. The estimation error for this sample is 21% 
with the assumption of an infinite population. 
In preliminary steps to model the dependence of operating and environmental parameters on 
zinc and zinc coating corrosion losses a trial of constructing certain dose – response functions 
was attempted taking into consideration the most significant parameter – traffic 
intensity(NR). Examples are shown in Table 3.  

Table 3. The comparison of dose – response equations of corrosion losses of zinc and zinc coating 
and traffic intensity. 

Function Dose-response  R2 p Mallow’s 
Cp 

Corrosion loss of  
 Zn=f (traffic intensity- 

NR) 

0,9532exp(7E-6NR) 0,4175 0,0007 4,6 
(1E-5)NR+0,7738 0,5211 0,0000 3,7 

-0,3276+0,3671logNR 0,3329 0,001 4,0 
Corrosion loss of zinc 

coating 
PC=f(traffic intensity NR) 

0,8117+(2,625E-5)NR 0,4960 0,0008 3,4 
1,3265exp(7,7112E-6NR) 0,4827 0,0008 3,6 

Corrosion loss of 
Zn+PC=f(traffic intensity 

NR) 

0,6719+(2E-5)NR 0,4242 0,0008 5,25 

Elimination of some variables from the model results in a greater or lesser bias on the 
estimators of regression coefficients [8]. It depends on the size of the contribution that a given 
variable brings to the equation. The criterion which takes into account the impact of variables 
introduced to the model is the Cp Mallow’s statistics, defined as follows [9]: 

𝐶𝐶𝑝𝑝 =   𝑅𝑅𝑅𝑅𝑅𝑅
𝜎𝜎2 − 𝑛𝑛 + 2𝑃𝑃 

(1) 

 

5

MATEC Web of Conferences 231, 01012 (2018)	 https://doi.org/10.1051/matecconf/201823101012
GAMBIT 2018

5

MATEC Web of Conferences 231, 01012 (2018)	 https://doi.org/10.1051/matecconf/201823101012
GAMBIT 2018



where:  
RSS - sum of residual squares, 
σ2 - mean square of residuals, calculated from the equation containing all variables (it is 
assumed to be an unbiased estimate of the error expressed by the variance σ2), 
P - the number of parameters (excluding an intercept), 
n - number of observations. 

From the data presented in Table 3 it can be concluded that the linear and exponential 
functions better than the logarithmic describe the effect of traffic intensity on corrosion 
losses. The differences in the coefficients of determination are small, although the value of p 
<0.05 indicates their significance. The smallest values of the Cp Mallow’s statistics show a 
slightly better representation of the relationship for linear equation both in the modeling of 
zinc corrosion losses of zinc as well as  zinc coating. 

Two factors affect an uncertainty in the choice of function: small sample size and failure 
to consider other significant environmental parameters in the impact on corrosion losses. 
Other environmental parameters are primarily the wind speed and its direction, type of 
vehicles, fuel and vehicles velocity that increase an emission of gases, including NO2. A work 
to consider as many relevant environmental parameters as possible on the corrosion rate of 
structural metals will be continued. [8,9] 

4 Conclusions  
1. The corrosiveness of the atmosphere in the immediate vicinity of roads and highways is 

at least one category higher in relation to zinc, and two, in relation to steel. This affects 
about twice as fast the corrosion rate of zinc and zinc coating in the area of roads 
compared to off-road areas. 

2. The main source of increased corrosiveness of the atmosphere along the roads is traffic 
intensity, especially for the main protective materials for the road infrastructure i.e. zinc 
and zinc coating. This factor generates nitrogen oxides and the number of other 
compounds that are not always identifiable in every place or not always considered from 
the corrosion point of view for example wind speed and direction of wind. The effect of 
the object's distance from the road's edge in the plane and height was also observed. 

3. The first attempts to model the dependence of operating and environmental parameters 
on zinc and zinc coating corrosion losses are not yet fully satisfactory at present, but there 
is a significant correlation between zinc and zinc coating corrosion losses as a function 
of traffic intensity. 

 
This work was supported in part by the National Centre for Research and Development and General 
Directorate for National Roads and Motorways – research programme „The Development of Road 
Innovations, project RID 3B (agreement nr TZP/RID-I-64/12/NCBR/2016) NCBiR and GDDKiA in 
the frame of LifeRose Project. 
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