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The Baltic Sea is a relatively shallow inland sea surrounded by the countries of North-Eastern Europe and Scandinavia.The brackish
water in the Baltic Sea has low salt concentration and it is typically one-sixth of the ocean seawater. The “nominal” amount of
dissolved solids, upon which formulae for artificial seawater are based, is about 34,500 ppm, of which most is sodium chloride.The
major constituents are those whose concentrations are greater than 1mg/L and are not greatly affected by biological processes. The
ratio of concentrations of these ions and molecules to each other is relatively constant. Corrosion rates were determined in long-
term tests in Gulf of Finland brackish water off Helsinki. The water temperature varies through the year from about 0∘C in January
to 15-16∘C in June to August. Salinity is 4–6‰, highest at the end of summer and lowest when ice melts. pH is between 7.0 and 8.1.
Weight loss tests from one- to four-year tests for steel, stainless steel, copper, aluminium, zinc, and galvanized steel are reported
and compared to short term laboratory tests in artificial seawater. Tests for passivation rates and crevice corrosion for stainless steel
are discussed in terms of environment variation. The effect of corrosion on strength of steel is also discussed.

1. Introduction

Finland is the northernmost member of the European Union
and one of the few countries in the world where all harbours
are ice-bound during normal winters. The Baltic Sea is a
relatively shallow inland sea surrounded by the countries
of North-Eastern Europe and Scandinavia. Its total area is
about 370,000 km2. Then, mean depth is only 55m, but the
maximum depth reaches down to 459m. The Baltic Sea is
connected to the North Sea through narrow and shallow
sounds between Denmark and Sweden. The outlet consists
of a series of basins separated by shallow sills, which obstruct
efficient water exchange.The environmental conditions of the
Baltic Sea are defined by the fresh water input from rivers
and precipitation and by the limited inflow of more saline
water from the North Sea.The salinity varies from the almost
oceanic conditions in the northern Kattegat to the almost
fresh water conditions in the Northern Gulf of Bothnia.
The most important factors that affect corrosion in cold
brackish water are low concentration of dissolved solids, low
conductivity, and high concentration of dissolved oxygen.

The “nominal” amount of dissolved solids, upon
which formulae for artificial seawater are based, is about
34,500 ppm, of which most is sodium chloride. The major
constituents are those whose concentrations are greater than
1mg/L and are not greatly affected by biological processes.
The ratio of concentrations of these ions and molecules to
each other is relatively constant. A typical seawater compo-
sition, showing major salt constituents, is given in Table 1.

Salinity is the total amount of dissolved salts in seawater
in grams/kilograms or parts per thousand. Average ocean
salinity is 35, but salinity ranges from 33 to 37 in the surface
waters of the open ocean. Brackish water has a salinity of
less than 25. Salinity is usually determined either by con-
ductivity measurements or from the chlorinity. Chlorinity, in
turn, is “the mass in grams of silver required to precipitate
the halogens in 0.3285234 kilograms of seawater” [1]. This
is nearly equal to the mass of chloride in the seawater
sample. Chlorinity (‰) is related to salinity 𝑆 (‰) by
𝑆 (‰) = 1.80655 ⋅ Cl (‰). The ions in seawater influ-
ence the electrical conductivity of the water. Salinity is
not temperature dependent, but conductivity is affected by
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Table 1: Concentrations of the most abundant ions and molecules in seawater of 35‰ salinity and density 1.023 g/cm3 at 25∘C [1].

Component Concentration, mmol/kg Concentration, g/kg Wt-% of total salt
Chloride, Cl− 545.9 19.354 55.016
Sodium, Na+ 468.5 10.77 30.615
Sulfate, SO

4

2− 28.23 2.712 7.709
Magnesium, Mg2+ 53.08 1.290 3.667
Calcium, Ca2+ 10.28 0.412 1.171
Potassium, K+ 10.21 0.399 1.134
Bicarbonate, HCO

3

− 2.30 0.140 0.398
Bromide, Br− 0.84 0.067 0.190
Boric acid, H

3

BO
3

0.416 0.0257 0.073
Strontium, Sr2+ 0.09 0.008 0.023
Fluoride, F− 0.07 0.0013 0.004
Total 1119.916 35.179 100
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Figure 1: Seawater conductivity as a function of salinity and
temperature, based on data in [2].

seawater temperature. Seawater conductivity as a function of
salinity and temperature is shown in Figure 1. The data is
taken from [2].

The nominal saturation for dissolved oxygen (DO) in
seawater is about 6–8 ppm at 25–30∘C. However, the DO
may go as high as 14 ppm, depending upon wave action and
seawater temperature, and supersaturation may occur due to
photosynthesis. The dissolved oxygen may decrease to prac-
tically zero due to bacterial action or biological or chemical
oxygen demand. Stagnant bottom waters often contains less
oxygen than surfacewaterswhere there is turbulence.Oxygen
solubility increaseswith lower temperature and lower salinity.
Cold, low-salinity water can dissolve two times more oxygen
than warm ocean seawater. Oxygen concentration can be
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Figure 2: Seawater dissolved oxygen as a function of salinity and
temperature calculated using (1) [1].

estimated using (1) [1]. Oxygen concentrations calculated
from (1) are shown in Figure 2:
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Temperature extremes may vary from 2–4∘C in the polar
regions to 32∘C or more in shallow waters in the tropics.
The pH of seawater is usually in the range from 7.7 to 8.3 in
surface waters due to the buffering effects of carbonate salts.
More acidic conditions can be found in deep water, with pH
3-4 due to bacterial action. Hydrocarbons and oxygenated
organic compounds produce carbon dioxide and water upon
oxidation lowering the pH to about 5-6. On the other hand,
plants consume carbon dioxide by photosynthesis, raising the
pH. Decomposing nitrogenous organic material will form
amines and ammonia, tending to increase the pH.

In this paper, we report results of long-term corrosion
tests of different metals in brackish seawater. We show that
the short time laboratory tests do not describe accurately
corrosion rates. The difference is not always in the repro-
duction of natural conditions but in the typical variations
of instantaneous corrosion rates as compared to long-term
changes. Laboratory tests are more suitable for evaluating the
effect of different factors whereas long-term tests give the
information that should be used as baseline for service life
estimations.

2. Materials and Methodology

Laboratory tests are usually done for rapid screening. In some
cases, long-term tests in artificial environments are useful to
monitor changes in corrosion rate with respect to time. In
the laboratory, the test systems are usually common three-
electrode cells. Tests are done with computer-controlled
potentiostats made by Princeton Applied Research, Eco-
Chemie, and ACM Instruments. Test methods include polar-
ization curves, cyclic polarization curves, potentiostatic and
galvanostatic experiments, cyclic voltammetry, and electro-
chemical impedance spectroscopy. The experimental set-ups
and equipment are well known. The electrochemical and
immersion tests follow typically standards as follows:

(i) ASTM G5 Standard Reference Test Method for Mak-
ing Potentiodynamic Anodic Polarization Measure-
ments and ISO 17475Corrosion ofmetals and alloys—
electrochemical test methods—guidelines for con-
ducting potentiostatic and potentiodynamic polariza-
tion measurements.

(ii) ASTM G31 Standard Guide for Laboratory Immer-
sion Corrosion Testing of Metals.

(iii) ASTM G52 Standard Practice for Exposing and Eval-
uating Metals and Alloys in Surface Seawater.

(iv) ASTM G59 Standard Test Method for Conducting
Potentiodynamic Polarization Resistance Measure-
ments.

(v) ASTM G61 Standard Test Method for Conduct-
ing Cyclic Potentiodynamic Polarization Measure-
ments for Localized Corrosion Susceptibility of Iron-,
Nickel-, or Cobalt-Based Alloys and ISO 15158 Cor-
rosion of metals and alloys—method of measuring
the pitting potential for stainless steel by potentiody-
namic control in sodium chloride solution.

(vi) ASTM G71 Standard Guide for Conducting and
Evaluating Galvanic Corrosion Tests in Electrolytes.

(vii) ASTM G78 Standard Guide for Crevice Corrosion
Testing of Iron-Based and Nickel-Based Stainless
Alloys in Seawater and Other Chloride-Containing
Aqueous Environments and ISO 11306 Corrosion
of metals and alloys—guidelines for exposing and
evaluating metals and alloys in surface seawater.

(viii) ASTM G82 Standard Guide for Development and
Use of a Galvanic Series for Predicting Galvanic
Corrosion Performance.

(ix) ASTM G102 Standard Practice for Calculation of
Corrosion Rates and Related Information from Elec-
trochemical Measurements.

(x) ISO 8407 Corrosion of metals and alloys—removal of
corrosion products from corrosion test specimens.

Whenworking withmarine applications, one specific point is
test solution. In laboratory experiments, we have used NaCl
solution, artificial seawater, and natural seawater. Selection
of the test solution is based on wanted results. For some
preliminary screening and for some comparison purposes,
straight NaCl solutions are good enough. Synthetic seawater
recipes are given, for example, in standard ASTM D1141,
older versions of DIN 50900, and DIN EN ISO 10253. The
compositions of some artificial seawater we have used are
given in Table 2. To make brackish water of these synthetic
ocean waters, it is necessary just to dilute wanted salinity. To
make brackish water with salinity corresponding to that of
Gulf of Finland, the dilution is 1 : 6 [4].

Testing of materials under marine atmospheric and
immersion conditions is done at Isosaari marine corrosion
test station. The island of Isosaari is located about 4 nautical
miles southeast from Helsinki. The island has been under
the command of the Defence Forces and therefore under
continuous monitoring. The test station is a former torpedo-
testing complex, not used since the 1940s.The immersion test
facilities are inside the building. Large scale test racks are in
the 6 × 15m, 5m deep shooting chamber with constant access
to the sea 2m below the surface. The chamber faces south to
the open sea. Small tests are done in seawater circulation loop,
which draws water from the shooting chamber. The seawater
is brackish water with low salt concentration. Its temperature
varies through the year from about 0∘C in January to 15-
16∘C in June–August. Salinity is 4–6‰, highest at the end of
summer and lowest when icemelts. pH is between 7.0 and 8.1.

A planned interval immersion test according to the
standard DIN 50917 was done 1999–2003 to produce baseline
corrosion rates for different materials in Gulf of Finland
brackish water. The materials were 99.5% aluminium, 99.5%
copper, brass CuZn23Al1, unalloyed steel, stainless steel
types AISI 304L and AISI 316L, 99.995% zinc, and hot dip
galvanized steel plate. The samples were 10 × 10 cm plates
with a thickness of 1-2mm. Figure 3 shows the test rack and
a PVC base plate on which the samples are fixed. There were
four 1-year tests, two 2-year tests, and one 4-year test. Every
test set contained five samples of each test material. There
were all the time three sets in the test. The samples were
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Table 2: Composition of some artificial seawater samples.

Chemical Type I
Amount [g]

Type II
Amount [g]

Type III
Amount [g]

Type IV
Amount [g]

NaCl 28 22 24.53 32.0
Na
2

SO
4

3.7 4.09
MgSO

4

⋅7H
2

O 7 14.0
MgCl

2

⋅6H
2

O 5 9.7 5.20
CaCl
2

⋅6H
2

O 2.4
CaCl
2

1.0 1.16
KCl 0.65 0.695
KBr 0.10
NaHCO

3
0.2 0.20 0.20 0.20

H
3

BO
3

0.027 0.027

H
2

O 985 To make 1 dm3 To make 1 dm3 To make
1 dm3

Figure 3: Test arrangement for planned interval immersion test, the test rack for all eight materials, and PVC back plate with AISI 304 type
stainless steel samples.

installed and removed always in November.The test duration
was 350–390 days for 1-year tests, 727 and 740 days for 2-year
tests, and 1427 days for 4-year tests.The samples were cleaned
mechanically and chemically, but all barnacle remains could
not be removed from every sample.

Pitting and crevice corrosion tests have been done with
and without crevice formers. Figure 4 shows an example
of crevice corrosion testing. The tests have been done
within the European Federation of Corrosion Test Program
Comparison of Seawater Corrosivity in Europe. The crevice
corrosion testing including three different austenitic stainless
steel types was UNS S31254, UNS S31600, and UNS N08904.
The test specimens had dimensions of 300 × 200 × 2-3mm.
The materials were delivered cold-rolled and pickled and
used as-received. The crevice formers were made of POM
(polyoxymethylenechloride) rings in combination with UNS
31254 stainless steel bolts, nuts, and locking rings. The POM
ring surfaces were ground with a grade 500 SiC paper.

The POM rings were pressed against the test specimen with a
torque of 3Nm [5].

To estimate steel corrosion effect on strength and ductility
sandwich, panels were manufactured using two different
geometries typical in industrial applications, Figure 5. The
panels were corrugated core and the web-core sandwich
beams. Web-core sandwich beam nominal material thick-
nesses were 4mm for the inner plates and 2.5mm for the face
plates. Corrugated core sandwich beam nominal plate thick-
ness was 2mm for all parts. The samples were immersed for
one- and two-year periods. After testing, the corrosion rates
were determined bymeasuring thicknesses from the ends and
special attention was paid to corrosion of welds and joint
crevices. The corroded panels were subjected to mechanical
testing to estimate loss of strength. The material stress-strain
curves were determined by tensile testing on 200mm tensile
specimenswith test length 75mmor 76.5mm.The specimens
were cut from beams after the ultimate strength experiments
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Figure 4: Test setup for crevice corrosion testing in seawater corrosivity comparison test series.
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Figure 5: The cross-sectional dimensions for web-core sandwich
beam (a) and corrugated core sandwich beam (b) [3].

from the locations that were only elastically deformed. The
tests were performed with 30 kN force capacity for the spec-
imens of 2mm and 2.5mm nominal thickness and 100 kN
force capacity for the 4mm specimens. The elongation speed
in experiments was 1.2mm/min [3].

3. Results

Corrosion rates have measured in the laboratory using
weight loss tests and polarization resistance measurements
(LPR), electrochemical impedance spectroscopy (EIS), and
polarization curves. Electrochemical tests give often a higher
corrosion rate thanweight loss tests.This is due to short times;
the sample is allowed to develop a corrosion product layer
that will affect the corrosion rate.With longer exposure times,
the corrosion rates measured by electrochemical methods
will usually decrease. In long-term tests, when test times are,
for example, weeks, the preferred methods are LPR and EIS
that will not change the sample surface. Table 3 presents
corrosion rates determined in the laboratory for unalloyed
steel andAISI 316L type stainless steel. Strong variation is seen
in the general corrosion rates of unalloyed steel depending on
environment and method, but not for stainless steel.

Laboratory tests can be used to measure the effect of
different factors that affect corrosion rate but are difficult
to control in the field tests. For example, the solubility of
oxygen increases with decreasing temperature and salinity.
Cold, low-salinity water can dissolve two times more oxygen
than warm ocean seawater. Standard SFS-EN 13173 Cathodic
protection for steel offshore floating structures lists five
geographical areas. In areas with moderate temperature and
high salinity, such as Mediterranean Sea and Gulf of Mexico,
the current demand is 50%–60% of that in cold water. The
effect of salinity and flow rate on protection current density
was studied by measuring cathodic polarization curves with
rotating disk electrode. Tests were done in synthetic seawaters
of different salinities. Figure 6 shows cathodic polarization
curves at two rotating speeds for three synthetic seawater
samples. Increase in rotating speed shifts the corrosion
potential to more noble values and increases the limiting
current density of oxygen reduction reaction. Based on the
limiting current density values, the current demand for a
moving vessel can be ten times higher than for stationary
vessel [6, 7]. The current demand is higher for low-salinity
water for stationary systems, but already at relatively low flow
rate the cathodic reaction rates are the same. Figure 7 shows
measured polarization resistance values at different rotating
speeds. The salinity does not seem to have large influence
on polarization resistance. The rotating speed has clearly
an effect, and the stationary system polarization resistance
values are 6–10 times higher than those at high rotation
speeds.

Results of the interval tests at the Isosaari marine cor-
rosion test station are shown in Figures 8 and 9. Figure 8
shows loss of thickness calculated using weight loss for four
successive 1-year tests. Figure 9 shows the effect of test length
on corrosion rates during immersion tests. Generally, it is
expected that the corrosion rate will decrease with time. In
this case, the effect was seen clearly with aluminium, copper,
and zinc and less clearly with steel.The immersion test results
have been used as baseline in all our marine corrosion tests.
Corrosion rates are shown in Table 4. The results in Table 4
show that corrosion rate of unalloyed steel is close to the
average value of 110 𝜇m/year [2]. Corrosion rate of zinc is the
same 50𝜇m/year given in [2]. Galvanized steel shows some
corrosion of zinc coating. Corrosion rates of other materials
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Table 3: Corrosion rates for unalloyed steel and AISI 316L type stainless steel.

Material Environment Method Rate, 𝜇m/year
Steel Type I water, 0∘C Corrosion current by Tafel method 58
Steel Type I water, 10∘C Corrosion current by Tafel method 93
Steel Type I water, 20∘C Corrosion current by Tafel method 180
Steel Type I water, 0∘C, diluted 1 : 6 Corrosion current by Tafel method 46
Steel Type I water, 10∘C, diluted 1 : 6 Corrosion current by Tafel method 60
Steel 3.5% NaCl, 20∘C, 14-day test Corrosion current by LPR 280
Steel 3.5% NaCl, 20∘C, 28-day test Corrosion current by LPR 310
Steel 3.5% NaCl, 20∘C, 14-day test Weight loss 70
Steel 3.5% NaCl, 20∘C, 28-day test Weight loss 52
AISI 316L Type I water, 0∘C Corrosion current by Tafel method <2
AISI 316L Type I water, 10∘C Corrosion current by Tafel method <2
AISI 316L Type I water, 0∘C, diluted 1 : 6 Corrosion current by Tafel method <2
AISI 316L Type I water, 10∘C, diluted 1 : 6 Corrosion current by Tafel method <2
AISI 316L 3.5% NaCl, 20∘C Corrosion current by LPR <1

Gulf of Bothnia, S = 0.25% NaCl
Gulf of Finland, S = 0.6% NaCl
Ocean, S = 3.6% NaCl
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Figure 6: Cathodic polarization curves in three different Type I
synthetic seawater samples of different salinity.

are small. Stainless steel showed no weight loss at all, and
calculated results give even negative corrosion rates for some
samples.

Pitting and crevice corrosion of stainless steel are pre-
dominantly caused by chloride ions, although other halides
have a similar effect. The corrosiveness of salt solutions to
metals depends on solution pH, oxidizing versus reducing
conditions, presence of halides, temperature, flow velocity,
and so forth. Sulfates and carbonates are less aggressive than
halides and they can even neutralize the effect of halides to
some extent [8]. The Pitting Resistance Index (PRE-values)
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Figure 7: Polarization resistance as a function of rotating speed in
three Type I synthetic seawater samples of different salinity.

calculated from the composition of the steel can be used
as a first estimate on the corrosion resistance. Another
method is to create different kind of pass-fail charts in
log[𝑋−]-𝑇 domain based on cyclic polarization tests; [𝑋−] is
the concentration of an aggressive anion.The charts are based
on the borderlines for experiments where all samples failed
and no sample failed. When the pass-fail chart of a simple
chloride-based solution is known, the effect of other ions can
be estimated by studying the shift of the pass and fail areas.
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Table 4: Results of planned interval immersion test in Isosaari
brackish water, average values from all tests.

Material Corrosion rate 𝜇m/year
Al 99.5% 5 ± 1
Cu 99.5% 4 ± 1
CuZn23Al1 12 ± 1
Unalloyed steel 120 ± 10
Galvanized steel 24 ± 3
304 stainless steel <1
316 stainless steel <1
Zn 99.995% 50 ± 4
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Figure 8: Variation of corrosion rates in immersion tests in succes-
sive 1-year tests.

The critical temperatures follow often equation of type
log(𝑇) = 𝐴 + 𝐵 ⋅ log[𝑋−] [9]. Typically the temperature
decreases quite smoothly as chloride concentration increases
permitting curve fitting. The effects of a more complex solu-
tion composition and temperature were studied in synthetic
seawater (Type I). Test materials were UNS S31603, S32304,
and S31803. The artificial seawater was diluted by distilled
water in order to adjust the chloride content.The borderlines
of pass areas were not continuous as in simple ammonium
chloride solutions in [9].The results in Figure 10 for austenitic
steel S31603 show that at 1 : 100 dilution the steel is corrosion
resistant up to 𝑇 = 40∘C and at higher chloride concentration
the critical temperature decreases with increasing chloride
concentration. The duplex steel S32304 has about the same
PRE-value compared to S31603. The pass area of S32304 has
two horizontal ranges at low and high chloride concentra-
tions and a sloping transition in between.

The test results indicate that diluted seawater with equal
chloride concentration is less aggressive than ammonium
chloride for some stainless steel due to the inhibiting effect of
other components. It is most probable that other anions are
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Figure 9: Comparison of corrosion rates in immersion tests for 1-,
2-, and 4-year tests.

adsorbing on the passive film of stainless steel and prevent
adsorption of chloride ions. For less alloyed steel, the critical
pitting temperature in seawater was 5–15∘C higher than in
ammonium chloride solution with the same ppm level of
chlorides. For higher alloyed duplex steel UNS S31803, the
critical temperature was slightly lower in seawater than in
ammonium chloride solution. Depending on steel and solu-
tion composition, either anion concentration or temperature
can be the more critical factor.

When studying the effect of corrosion on strength and
ductility, the sandwich beam samples were immersed in
brackish water for one or two years. After taking away
from the test, the beam samples were washed and loose
corrosion products were removed. The samples were then
subjected to ultimate strength tests. After these bending tests,
15 cm long pieces were cut from both ends of the beam for
more thorough corrosion analysis and several tensile test
specimens were cut and machined from elastically deformed
parts of the beams. Corrosion rates were measured from the
ends of samples, Table 5. The average corrosion rate was
0.12mm/year in one-year tests and 0.10mm/year in two-year
tests. The corrosion rates correspond to 0.10–0.13mm/year
that has been measured in the baseline immersion test for
unalloyed steel; see Tables 4 and 5. There was stronger
variation in the corrosion rates as weight loss measurement
could not be used and the loss of thickness was measured
using micrometer.

Web-core and corrugated core sandwich beams were
tested in three-point bending. The top face plate of each
specimen buckled in the experiment. The buckles on the top
face plate appeared on each specimen at about 90% of the
ultimate strength. The ultimate strength of the uncorroded
web-core panel was 60 kN. The strength decreased to 53 kN
and 50 kN for the one- and two-year unprotected samples.
For the corrugated core panels, the ultimate strength was
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Figure 10: Pass-fail chart of UNS S31603 and S32304 in Type I synthetic seawater.

Table 5: Corrosion rates of unprotected samples after 1 and 2 years.

Sample 1-year tests,
mm/year

2-year tests,
mm/year

Corrugated core, face plate 0.09 ± 0.01 0.09 ± 0.01
Corrugated core, inner plate 0.13 ± 0.01 0.09 ± 0.01
Web-core, face plate 0.15 ± 0.01 0.10 ± 0.01
Web-core, inner plate 0.13 ± 0.01 0.10 ± 0.01

57 kN for the uncorroded specimens. The one-year unpro-
tected corroded panel had ultimate strength 50 kN and those
of the two-year corroded specimens were 48 kN and 40 kN.
The reduction in ultimate strength of unprotected web-core
beams was 14.5% and 17% for one- and two-year corroded
samples. For the corrugated core beams, the reduction was
10% and 16%. The stress-strain behaviour of the beam’s
plates was determined with tensile tests. The stress-strain
curves from corroded tensile specimens were untypical. The
ductility was reduced and the material started to strain
harden immediately after the onset of yielding. Yield and
ultimate strength did not change during immersionwhen loss
of thickness was taken into account.

4. Discussion

Cold brackish water is expected to be more corrosive than
warm ocean water. This is based on the theoretical model of
corrosion cell and mixed potential theory, where the rate of

cathodic reaction determines the corrosion rate. In seawater,
the main cathodic reaction is oxygen reduction. As the
solubility of oxygen is higher in cold, low-salinity water, the
rate of cathodic reaction and thus corrosion is expected to
be higher. This is supported by the design values of cathodic
protection systems.

Generally, the corrosion rates in seawater have been
documented in many publications, for example, in [2]. It is
noted that the variations in corrosion rates can be explained
by the local environment, length of exposure, and method to
determine the corrosion effect. Also the form of corrosion
affects the determination of corrosion rate. For example,
aluminium and stainless steel are passivating metals, so their
corrosion is usually not general corrosion but pitting or
crevice corrosion and thus weight loss results converted to
loss of thickness can result in too low corrosion rates. Pit
depth would be more appropriate estimate of corrosion rate.

Marine corrosion testing is done in laboratory and field.
The selections of test methods and environments depend
on the information wanted. In most cases, simple synthetic
seawater is suitable for corrosion studies in the laboratory.
The effect of biological activity can be taken into account
with suitable additives [10]. Comparison of laboratory and
field tests shows that variation corrosion rates determined
in laboratory tests can be much higher than those of field
tests. Even though the conditions in the laboratory are
better controlled, the short exposure times and small sample
sizes can cause variation. Also the different electrochemical
methods used in the laboratory can cause variation during
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analysis and this can depend on the person or the software
doing curve fitting and so forth.

The interval immersion test done in natural seawater
over four-year period has given a good baseline for general
corrosion rates. When comparing the long-term results with
published results, it is noted that the corrosion rates of
unalloyed steel, CuZn23Al1 brass, galvanized steel, and zinc
correspond to the average rates given in [2]. The corrosion
rate of aluminium is lower than the corrosion rate range in
[2] and the corrosion rate of copper is on the lower range as
described in [2].The stainless steel does not showmeasurable
corrosion at all. Pitting was not detected and the weight losses
were small. As all deposits could not be removed, it is possible
that any weight loss of stainless steel was masked by barnacle
remains and so forth. Considering general corrosion, the
cold, low-salinity water does not seem to be more corrosive
than other seawater samples.

The stainless steel did not show general corrosion, pitting
corrosion, or crevice corrosion. Pitting and crevice corrosion
are expected to start when aggressive anion concentration or
temperature is too high. In this case, the cold, low-salinity
water can be less corrosive than warm ocean waters. The
higher oxygen concentration is not affecting redox potential
so much that localized corrosion would start; probably the
higher oxygen concentration will even enhance passivation.

In the beam tests the corrosion rates were the same
as in the four-year interval test. The weld seams or heat
affected zones on outer surfaces had not corroded. The
beams were tested in three-point bending. The ultimate
strength of new unprotected web-core panel was 60 kN and
its reduction was 14.5% and 17% for one- and two-year
corroded samples. The ultimate strength of new corrugated
core panel was 57 kN and reduction was 10% and 16%.
The stress-strain curves indicated that strain at fracture
decreases with increasing corrosion testing time, although
the ultimate strength remains unchanged.The ductility of the
samples was reduced and strain hardening commenced from
the onset of yielding. Changes in stress-strain curve are in
accordance with recent findings [11, 12]. It was assumed that
the ductility was reduced because of hydrogen entering the
steel structure.The steel surfaces were covered by inner black
and outer brown corrosion product layers.This could indicate
anoxic conditions close to steel surface and possible hydrogen
evolution.

5. Conclusions

Cold brackish water is expected to be more corrosive than
warm ocean water. This is based on the theoretical model
of corrosion cell and mixed potential theory, where the
rate of cathodic reaction determines the corrosion rate. In
seawater, the main cathodic reaction is oxygen reduction. As
the solubility of oxygen is higher in cold, low-salinity water,
the rate of cathodic reaction and thus corrosion is expected
to be higher.

The laboratory tests showed quite high variation in
corrosion rates, but also the reported corrosion rates from
field tests have shown differences for three orders of mag-
nitude, especially for passivating metals. The corrosion rates

measured in long-term field test in Gulf of Finland brackish
water indicated that for steel, zinc, and brass, for which
general corrosion is expected to be the main form of cor-
rosion, the corrosion rates are close to the expected average
worldwide corrosion rates. For copper, also expecting to show
general corrosion, the corrosion rate was in the low range
of the reported corrosion rates. For the passivating metals,
aluminium and stainless steel, corrosion rates were very low.
This was explained by lack of general corrosion and very low
or nonexistent pitting.
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