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Experimental Study on Estimation of Corrosion Rate of

Mild Steel under Maritime Environments

By Kazuaki Zen

It has long been regarded that the corrosion of mild steel under the maritime environments is
inevitable regardiess of the so many devices and methods developed for the corrosion. To expect the
economical and effective use of mild steel for harbour construction works, therefore, it is considered
primarily important to establish a practical method to estimatethe corrosion rate in sufficient accuracy
at first, and then to develop a effective deviee for the protection.

The purpose of this study is to review the theories on the estimation of corrosion of metal and to
develop a new, practical, and accurate method for the estimation of corrosion rate of mild steel under
the maritime environments.

Generally, corrosion rate of metal is determined using the exchange current, which is equivalent
to the one at the intersection of the anodic and cathodic polarization curves obtained through fabora-
tory tests on the particular metal. The shape of the anodic polarization curve is consideded charac-
teristic of & particular metal system and that of the cathodic is influenced primarily by the environ-
mental factors. In addition to this, it is found through the field investigation and laboratory tests
that under the marime environments the anodic polarization curve is quite flat while the cathodic is
considerably steep.

Hence, the intersection of these curves depends upon the shape of the cathodic polarization curve,
as far as the metal system is maintained unchanged.

Inthis study, only the mild steel for the maritime construction works, which is usually defined by
S5 34, 39, 41, 49, or 50 in Japan Industrial Standards, is delt with, therfore, the polarization process
of the steel is considered controlled by the cathodic polarization.

It is obvious, however, that the basic concept of this study is independent upon the type of metal
and that only calibration works are required to apply the concept to any type of metal.

This shudy consists of two parts, the first is the labozatory tests and the second is the field test.
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In the laboraratory test, it was aimed at first to find the correlation among the depolarized current
density, which is naturally assumed to indicate the cathodic polarization process, the specific resistivity
of the modified envirenments, and the corrosive losses of mild steel samples subjected to the medified
environments in the laboratory.

The relation obiained is expressed as following:

A=K Fegp » p-b
=K. Iegp
Where, A=Corrosion Rate of mild steel (mm/yr), computed from the corrosive losses of
samples.
Ixp=Depolarized Current Density (gAfem?)
p=Specific Resistivity {ohm-cm}
X, @, b=Constants depending on the material or the dimension of the electrodes.

The depolarized current density quoted above is the circuited current density between the inserted
two electrodes, magnesium and mild steel, measured by the suggested method under the corrosive
environments,

Basing on the laboratory test results, the apparatus of several types were designed and manufactured
to be subjected to the actual field conditions, The field test results using the newly developed appa-
ratus, subjected to a number of typical soils prevailing in Yokosuka, Japan, were quite satisfactory
and conforming with the laboratory test.

The author believes that it is possible to estimate the micro corrosion rate of mild steel under the
maritime environments with sufficient accuracy using the newly deviced apparatus.

The subject of this study is now developed into the macro corrosion problem which origins in the

differential aeration and the results will be reported in a series hefore long.
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mg/dme/day me/yr NGRS
1 658 14.2 1.9 0.009 28
2 462 20.8 3.3 0-015 42
3 392 21.3 2.6 0.012 43
4 3, 850 23.3 4.7 0.022 47
5 1,729 22.1 3.7 0.017 44
6 700 2L.7 2.4 0.011 43
7 63 22.5 4.7 0.022 45
8 354 22.5 3.1 0.014 45
9 204 25.0 4.1 0.019 50
10 70 26.7 6.9 0.032 53
11 84 26.3 5.3 0.025 52
12 364 211 10.7 0.050 54
13 700 28.8 15.0 0.070 58
14 4, 200 30-0 14.4 0.067 60
15 4,480 30-8 17.7 0.082 62
16 252 33.3 18.0 0.084 67
17 42 32.5 25.7 0.119 65
18 2,800 32.5 21.2 0.098 65
19 5,250 30.8 13.6 0.063 62
20 4,200 32.1 16.8 0.078 64
21 3,260 32.3 i7.8 0.083 64
22 2,100 33.3 13.5 0.063 67
23 5, 600 34.2 21.6 0.100 68
24 o6 35.0 24.9 0.116 70
25 84 34.6 16.7 0.078 69
26 140 35.4 18.3 0-085 71
27 56 36-3 26.0 0.121 73
28 196 38.3 26.3 0.136 77
29 56 41.7 79.5 0. 369 83
30 28 50.0 98.5 0.457 100
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For o Fy Fr®(0.05) Fyrt (0.01)
0.95 135;?2 3.35 5.49
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£ (30, 0.05)
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2.042

2.750 [
f i

15.938

2.042
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72?2l x=logp, y=log Ixp, zw=logA

#—3 -8 SHEEAIE O IENIGE & HEEED Kok
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No. 2 oW | # & &€ W | = f@
1 1.9 0.8 0.009 0.008
2 3.3 3.3 0.015 0.016
3 2.6 3.6 0.012 0.017
4 4.7 5.1 0.022 0-024
5 3.7 4.2 0.017 0.019
6 2.4 3.9 0- 011 0.018
7 4.7 4.5 0.022 0. 021
8 3.1 4.5 0.014 0.021
9 4.1 6.6 0.019 0.031
10 6.9 8.4 0.032 0.039
11 5.3 7.9 0.025 0. 037
12 10.7 8.9 0. 050 0. 041
13 15.0 11 0. 070 0. 052
14 14.4 12,9 0.087 0.055
15 17.7 14.2 0. 082 0. 066
16 18.0 19.0 0. 084 0.088
17 25.7 17.3 0.119 0. 081
18 21.2 17.3 0.098 0. 081
19 13.6 14.2 0.063 0. 066
20 16.8 16.6 0.078 0.077
21 17.8 16.9 0.083 0.079
22 13.5 19.0 0. 063 0.088
23 21.6 20.9 0. 100 0. 097
24 24.9 22.8 0.116 0. 106
25 16.7 21.8 0.078 0. 101
26 18.3 23.8 0.085 0.110
27 26.9 26.1 0.121 0.121
28 29.3 31.8 0.136 0.148
29 79.5 43.5 0. 369 0.202
30 98.5 85.0 0. 457 0. 395
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b5 gt E Licsz, SO NS WERREORIRESASRITET S OB BRTH 27,

IOk S LA AT ARE Y FRFN L ORI T o RO IR S BN 5, JILTIERR Y,
Wi W UHETITAL, Wi, SREHRO & & LA UHETHEENS LU RN S ME L.
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