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Abstract The corrosive nature of a marine environment is an
important factor to be considered during the fatigue design of
offshore structures. Thereto S-N curves must be determined in
close to real conditions which is highly time consuming. It is
hypothesized that if the corrosion process is accelerated at
approximately the same rate as the fatigue frequency, testing
time could be highly reduced. Corrosion acceleration is pos-
sible by modifying physical and/or electrochemical properties
involved in the redox reactions. In this work the first option
was chosen. Based on a literature review temperature and
dissolved oxygen level were concluded to be the most
influencing parameters. Several test scenarios with different
combinations of sea water temperature and dissolved oxygen
level have been defined. Corresponding S-N curves have been
constructed for HSLA steel (type DNV F460) specimens im-
mersed in natural seawater. The direct current potential drop
technique was used to quantify damage evolution for all tested
scenarios. Additionally, a reference S-N curve for immersed
behaviour was determined at a temperature and frequency
close to North Sea conditions. Comparison of the experi-
mental results indicates that an average acceleration of the
corrosion assisted fatigue damage process of around 80 %
could be obtained.

Keywords Corrosion acceleration . Corrosion assisted
fatigue . Testing . Potential drop . Temperature . Dissolved
oxygen level

Introduction

The complex interaction of material, environment and
loading conditions in offshore structures makes it chal-
lenging to run laboratory tests in real-life conditions (sea-
water at 7 °C average [1] and frequencies in the range of
0.1–2 Hz for the North Sea [2] e.g.). Notwithstanding
physical and chemical characteristics of the seawater can
be controlled, the corrosion assisted fatigue phenomenon
is generally frequency dependent [3–5]. In offshore con-
ditions, structures are subjected to very low frequencies
which would lead to exorbitant testing time. Accelerating
fatigue test frequencies in a laboratory environment is
rather simple but it implies that the corrosion rate should
also be accelerated. This approach is not always adopted,
see e.g. [6]. In principle, an acceleration of the general
corrosion process can be achieved by controlling electro-
chemical and/or physical parameters. This can be done
during the mechanical fatigue test (coupled) or by pre-
corroding a specimen followed by fatigue loading
(uncoupled). An example of an uncoupled approach is
pre-corrode specimens in the Bsalt spray^ chamber. In
such device, an acidified fog is sprayed on the specimen’s
surface. This is done continuously or cyclically and addi-
tionally temperature can be increased to further enhance
the acceleration effect [7]. These tests aim to analyze the
corrosion resistance of (coated) metals exposed to a par-
ticular corrosive agent [8, 9]. However since the corrosion
stage is done before fatigue testing, the interaction be-
tween environment and cyclic loading is missing which
can lead to a very different fatigue resistance [6]. An
attempt to couple this methodology to the fatigue test
was reported in [10]. Clearly, a coupled methodology
would be more representative and such approach will be
further analyzed in this work.
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Some examples of accelerating the corrosion process by
changing electrochemical parameters are reported in the fol-
lowing. An impressed direct electric current was used to ac-
celerate the corrosion process in reinforced concrete bars [11]
and to accelerate the corrosion assisted fatigue crack growth of
an Fe440 steel [12] and an ASTM A333 grade 6 carbon steel
[13]. In [14], the use of a galvanic couple (through a
potentiostat controller) has allowed to predict the long-term
corrosion of steel by an electrochemically accelerated aging
technique. It was concluded that the weight loss of a specimen
subjected to a 24 h accelerated corrosion test was equivalent to
that evidenced after 90 days exposure to normal free corrosion
conditions. In [15] the relation between the susceptibility of
corrosion resistant steels to corrosion assisted fatigue and their
electrochemical characteristics has been established. That
study showed the possibility of controlling the corrosion rate
through the modification of electrical parameters involved in
the redox reactions. In [16] it was demonstrated that temper-
ature and dissolved oxygen level increments allowed to accel-
erate the corrosion rate 20 times in terms of weight loss. These
methodologies intend to increase the (uniform) corrosion rate.
However when fatigue is added, the interaction between cy-
clic loads and the corrosion process might lead to a different
result (faster or slower damage evolution). Notwithstanding
all attempts to accelerate corrosion at the same rate as the
fatigue load, a generic method for accelerated corrosion
assisted fatigue has not yet been developed. Acceleration of
the corrosion process section introduces the influence of dif-
ferent parameters involved in the corrosion process. Among
others, temperature, pH and electrolyte composition are eval-
uated. The working principles of an environmental device and
conditioning unit developed for accelerated corrosion assisted
fatigue tests are discussed in Device for controlled environ-
ment section. Following, in Experimental evaluation section
the experimental evaluation including the material properties,
test procedure and environmental scenarios is explained.
Results and discussion section presents the obtained S-N
curves for all tested scenarios and the influence of temperature
and dissolved oxygen level on damage evolution. Finally,
conclusions are formulated in Conclusions section.

C Material constant (−)
DA Testing scenario where diffused air is injected to the electrolyte

DO Dissolved oxigen level (mg/l)

f Loading frequency (Hz)

HST45 High stress transition range - seawater at 45 °C (Mpa)

HSTPD45 High stress transition range - PD analysis seawater at 45°C
(Mpa)

HSTPD8 High stress transition range - PD analysis seawater at 8 °C
(Mpa)

k Material constant (−)
LST45 Low stress transition range - seawater at 45°C (Mpa)

LSTPD45 Low stress transition range - PD analysis seawater at 45°C
(Mpa)

LSTPD8 Low stress transition range - PD analysis seawater at 8°C
(Mpa)

N Number of cycles (−)
pH Hydrogen potential (−)
R Stress ratio (−)
ΔVs Stationary voltage increment (V)

σfl Fatigue limit obtained in air (MPa)

Δσ Stress range (MPa)

Acceleration of the Corrosion Process

In order to enable acceleration of the corrosion phenomenon,
knowledge of the most influencing parameters in this electro-
chemical process is needed. Gangloff [3] made an overview of
modern laboratory methods for characterizing the corrosion
assisted fatigue behaviour of metals in aqueous electrolytes.
In his work, aspects related to testing methods (endurance and
fracture mechanics approaches, e.g.) and schematics of differ-
ent test setups were analyzed. Additionally the most important
controlling parameters of the corrosion assisted fatigue phe-
nomenon are discussed (see also [17–19]). Amongst them
temperature, dissolved oxygen level, pH, electrolyte compo-
sition, electrochemical potential and frequency. Temperature
and dissolved oxygen level, which are mutually dependent,
have the highest influence on the corrosion rate [19].

In Fig. 1 it can be seen that increasing the temperature in
open to the atmosphere systems, accelerates the corrosion
process and reaches a maximum value at a certain temperature
(80 °C in this example). After this ‘knee point’ the corrosion
rate starts decreasing. The main reason is that at higher tem-
peratures the dissolved oxygen (DO) level decreases which
reduces the corrosion rate. The controlling parameter is no
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Fig. 1 Corrosion rate vs. temperature for iron in water containing
dissolved oxygen (after [20])
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longer the temperature but the dissolved oxygen level. In a
closed environment, the oxygen cannot escape to the atmo-
sphere and therefore the increase in corrosion rate is visible for
a larger temperature range [17].

As long as the pH level is not highly reduced, this
parameter is expected not to play an important role in
the acceleration of the corrosion process. As shown in
Fig. 2 very low pH values (acid) would be needed for this
purpose (natural seawater has a pH of approximately 8).
During fatigue testing, a too low pH might even prevent
cracks initiate and encourage crack blunting [21, 22].
Controlling the pH level might be cumbersome since very
small amounts of added acid might result in a very high
decrease of the pH level and it is unclear whether this will
accelerate corrosion assisted fatigue or rather retard crack
initiation. The pH level has therefore not been selected as
controlling parameter in this work.

Another factor that influences the corrosion damage
evolution is the electrolyte composition. In [24] the cor-
rosion behavior of a low carbon steel in different solu-
tions (natural and synthetic seawater) has been analyzed
concluding that the corrosion rate in a simple artificial
3.5% weight/volume (w/v) NaCl solution was higher
(around 4 times, see Table 1) than in natural seawater.
However, more complex synthetic solutions, as described
in the ASTM D1141 standard [25] and recommended by
the Marine Biological Laboratory (MBL) [26] e.g.,
showed a corrosion rate similar to natural seawater.
Thus in order to obtain realistic results from a test, the
solution chosen must also represent natural conditions,
including chemical and physical properties. From this
point of view natural seawater is a good alternative.
However it has been indicated that calcareous deposits
normally present in natural seawater can cause crack ar-
rest [27] and its corrosiveness can change depending on
the extraction point [14].

As mentioned higher, a potentiostat could be used to
control the electrochemical potential and as a result the
corrosion rate to a certain extent. This equipment is used
to measure the potential evolution during corrosion assisted
fatigue testing [28–30]. Special attention must be paid
to the current flow and counter electrode size, since they are
related to the size of the area on the specimen to be
corroded. This approach is in this work not further considered.

Device for Controlled Environment

All factors discussed above define the aggressiveness of
the environment and should be controlled and measured
during testing in order to assure a close to real testing
environment. Devices developed to run such tests were

studied during the literature review stage. This revealed
a wide range of possibilities. Some are based on simple
working principles as putting the specimen in a rubber
piece [31], permeating seawater in cotton attached to the
specimen surface [4], or submerging the specimen into a
corrosion cell [32–34]. Others are more complex systems
capable of deaerating the testing solution [21], run tests in
very hazardous situations [35, 36], high pressure hydro-
gen [37], or able to inject a NaCl fog onto the specimen’s
surface [38].

It was decided that the designed system should allow the
user to simulate different conditions reflecting full submer-
sion and splash zone tests as described in [6]. It should also
allow to test different types of specimens according to e.g.
ASTM 466 [39] for endurance fatigue tests, and ASTM
647 [40] fo r f r ac tu re mechan ic s f a t igue te s t s .
Additionally the setup should allow to control test param-
eters as flow rate, temperature, salinity and dissolved oxy-
gen level of the seawater among others. The visibility of
the specimen and the feasibility to apply multiple on/off-
line instrumentation techniques to measure fatigue damage
(potential drop, strain gauges, clip gauges e.g.) were also
of high priority in the design stage. A detailed description
of the design of the actual setup is given in [41].

In Fig. 3, the schematics of the installation are
displayed. The seawater is stored in a PVC reservoir (7)
during the test. For testing temperatures higher than room
temperature, a heater (6) controlled by a PID controller is
installed inside the reservoir. It allows to increase the
temperature to a maximum of 45°C +/− 0.5°C. If testing

Table 1 Corrosion rates obtained for SAE 1006 steel in seawater [24]

Electrolyte Natural
seawater

ASTM
D1141

MBL 3.5%
NaCl

Corrosion rate
(mm/year)

0.20 0.22 0.28 0.72

Corrosion rate
[mm/year]

pH [-]2 6 10 14

0.23

1

4 8 12

Fig. 2 Corrosion rate vs. pH level for iron exposed to aerated water at
room temperature (after [23])
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temperatures lower than room temperature have to be
achieved, a chiller (12) can be used to cool the fluid down
to 2°C +/−1°C. The water is then pumped (8) and filtered
(9) using a cartridge filter of 100 μm. Between the filter
and the chiller a flowmeter (10) is installed. Making use
of a bypass (11), the testing flow rate is set at approxi-
mately 7 l/min. The seawater is pumped into the device at
the bottom and flows out at the top. In this way a homo-
geneous temperature distribution is achieved. Inside the
device an air diffusor is installed in order to saturate the
water with air even at high testing temperatures.

As introduced before, it is essential to measure and
control different chemical and physical parameters like
temperature, pH, dissolved oxygen level and salinity. A
microprocessor based pH controller ‘Hanna instruments
pH 500’ with a measurement range from 0 to 14 pH
(from −9.9°C to 120°C), a resolution of 0.01 pH
(0.1°C) and an accuracy at 20°C of +/−0.02 pH
(+/−0.5°C) is used. A dissolved oxygen meter ‘Hanna
Instruments HI 98193 with a measurement range from 0
to 50 mg/l dissolved oxygen, a resolution of 0.01 mg/l
and an accuracy of +/- 1.5% is also installed. The sa-
linity is measured before, during and after each test
making use of a seawater refractometer ‘Hanna instru-
ments HI 96822’ with a measurement range of 0 to
150 ppt, a resolution of 1 ppt and an accuracy of
+/−2 ppt. If salinity needs to be corrected, distillated
water with or without the addition of sea salt can be
used. For the correction of the pH level, hydrochloric

acid (HCl) and sodium hydroxide (NaOH) can be used.
However a pH level of 8+/−0.2 was measured in all
analyzed scenarios and a correction was thus not need-
ed. Typical (average) measured environmental parame-
ters are shown in detail in Experimental evaluation
section.

Photographs of the environmental device and conditioning
unit illustrating the most important parts can be seen in Figs. 4
and 5(a) (b) respectively.

Air inlet

Sample 
holder

Dogbone
specimen

DO, pH 
and temp. 

meter

Fig. 4 Photograph of the environmental chamber

Fig. 3 Schematic of the
corrosion-fatigue experimental
setup
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Used Seawater

As mentioned before, the composition of the electrolyte is
very important. In this work, pre-filtered (5 μm) natural sea-
water from the North Sea coast of Belgium was used. Its
chemical content is shown in Table 2.

In order to guarantee a constant condition of the seawater
before each test, it was stored in 3 PVC containers of 1000 l
each and continuously recirculated trough an UV light
(‘MultiMax 11 W’) and a 5 μm cartridge filter. In this way
physical and biochemical factors were kept constant.

Experimental Evaluation

Material and Specimens

The material used in this work is an HSLA steel equivalent to
grade NV F460, often used in offshore structures. Its micro-
structure, illustrated in Fig. 6, consists of ferrite and pearlite.
The chemical composition (expressed in weight percentage)
and the mechanical strength properties are presented in
Tables 3 and 4 respectively.

Two dogbone shaped round bar fatigue specimen con-
figurations were defined based on the ASTM E466 stan-
dard [39]. The first and standard configuration (Fig. 7(a))
is used to determine the S-N curves. The second config-
uration (Fig. 7(b)) is used for quantification of damage
evolution by means of a direct current potential drop
(DCPD) technique. In this configuration the length of
the non-reduced section is longer to allow the electrical
current flow more homogeneously through the specimen.
The dimensions of both specimen configurations are
shown in Figs. 7(a) and (b) respectively.

The specimens were extracted from seamless steel pipes
with outer diameter 323.9 mm and wall thickness 25.4 mm.
All of them were mirror polished with sandpaper in a se-
quence of 180, 220, 350, 800, 1200 and 2400 grits in order
to reduce surface roughness and thus the stress concentration
present. This delays fatigue crack initiation and reduces scatter
in the results

Test Procedure

All tests were carried out using an MTS810 servo-hydraulic
system equipped with a load cell of 100 kN capacity. Tests
were performed in force-controlled mode. The stress ratio
R = 0.1 and frequency f = 10 Hz were kept constant for all
tests with the exception of the reference test for which a fre-
quency of 0.2 Hz was chosen.

The standard specimens were subjected to constant am-
plitude fatigue with stress ranges from 340 to 500 MPa.
Tests were conducted until failure in order to determine the

Fig. 6 Microstructure of the HSLA steel NV F460

Table 2 Chemical analysis of natural seawater used

Element Concentration (mg/l)

Borium (B) 4.6

Calcium (Ca) 389

Potassium (K) 420

Magnesium (Mg) 1210

Sodium (Na) 10,700

Strontium (Sr) 7.2

Sulphate (SO4) 2500

Chlorides (Cl) 20,800

Bicarbonate (HCO) 170

Bromide (Br) 69

ReservoirFilter

Flow meter

Pump

Heater

By-pass

Chiller

Chemical addition 
reservoir

pH 
controller

PID 
controller

(a)

(b)

Fig. 5 a Conditioning unit back side b Conditioning unit front side

Exp Mech (2017) 57:547–557 551



S-N curves of the material. In parallel, the elongated spec-
imens were used in a series of fatigue tests with stepwise
increasing block loads, with the purpose of deriving a dam-
age evolution curve for each of the analyzed situations.
The stress ranges and number of cycles per block for these
test series are summarized in Table 5. It has to be men-
tioned that before starting the fatigue test, the specimens
were submerged in seawater at the corresponding environ-
mental conditions until a fine uniform corrosion layer was
visible. This lasted 1.5 h for the tests at 45°C and added
diffused air (DA), 2 h for the tests at 45°C, 3 h for the tests
at 15°C and 5 h for the tests at 8°C.

As mentioned before, different test conditions were real-
ized by changing the temperature and dissolved oxygen
levels. The testing scenarios are given in Table 6.

The pH level, temperature, salinity and dissolved oxygen
level were measured and balanced (when required) as ex-
plained in the previous section.

Damage Evolution Monitoring

In order to monitor the damage evolution, the direct current
potential drop concept was applied. As elaborated in detail in
[42], the voltage evolution during a stepwise increasing block
loading test (see Fig. 8(a)) is related to the cumulative fatigue
damage (see Fig. 8(b)). In Fig. 8(b) two regions are separated
by a dotted line which is drawn at the intersection of linear
fitted curves (dash-dotted lines) to the lower and higher volt-
age regions. Stress values in the left region result in a limited
voltage increment after a new loading block has started. This
region is therefore defined as low dissipated energy region
(LDE) and only a limited amount of fatigue damage is gener-
ated. For stress levels in the right region, a higher voltage
increment is evidenced which is interpreted as significant
damage generation. This region is therefore defined as high
dissipated energy region (HDE).

For the application of the DCPD method, the direct current
power source used was an autoranging Farnell AP60–150
with a maximum output power of 3 kW. The measurement
instrument used was a nanovolt meter Agilent 34,420 with a

continuous integrating measurement method (Multi-slope III
A-D Converter) and A–D Linearity of 0.00008% of reading
+0.00005% of range.

Results and Discussion

Effects of Temperature and Oxygen on S-N Curves

From the constant amplitude tests, the S-N curves of the ma-
terial subjected to different environmental conditions were
obtained according to the ASTM E 739–91 standard [43]
and plotted together with the S-N curve obtained in air (see
Fig. 9). The S-N curve obtained in air has a fatigue limit of
approximately 440 MPa.

There is a significant influence of the environment on the
fatigue resistance of the tested material which is generally
explained by means of the anodic dissolution and hydrogen
embrittlement effects [44]. The exposure time to the corrosive
environment is longer at lower stress ranges resulting in a
more pronounced influence on damage initiation whilst it is
well known that most of the fatigue life of steel is spent in
crack initiation. The evidenced life reduction at low stress
ranges in a corrosive environment is furthermore in line with
observations made during fatigue crack growth tests. It has
been reported that closure mechanisms occurring at very low
stress intensity factors and oxidizing environments provide a
basis for enhanced corrosion debris formation by repeated
breaking and compacting of the oxide as reported in [45] or
by surface film rupture and preferential electrochemical attack
at the ruptured sites [46].

For the tested stress ranges, and as generally expected,
there is no clear fatigue limit in corrosion assisted fatigue tests
[5, 47–50]. Among the evaluated situations, the most aggres-
sive environment (i.e. with the shortest fatigue life) is obtained
for seawater at 45°C with the addition of diffused air (DA). In
comparison with the curve obtained at 15 °C, the endurance
level was reduced with 40% at 470 MPa, with 30% at
400 MPa and with 20% at 340 MPa. Interestingly, the third
evaluated situation (seawater at 45°C, orange curve) shows a
transition from the S-N curve for seawater at 45°C with dif-
fused air and the S-N curve for seawater at 15°C. It starts at a
high stress range transition value (HST45) of 490 MPa ap-
proximately and finishes at a low stress range transition value
(LST45) of 350 MPa approximately.

As reported before, the S-N curve for seawater at 45°C and
diffused air represents the most damaging environmental con-
dition. By comparing the S-N curves for seawater at 45°C and
for seawater at 45°C with diffused air, it is possible to con-
clude that both temperature and oxygen play an important role
in the damage process at higher stress ranges while the dis-
solved oxygen level is the main contributor at lower stress
ranges (also see [20, 51]). A very limited influence of

Table 4 Mechanical strength properties of NV F460 steel

Material Yield stress,
σy [MPa]

Ultimate tensile
strength, σUTS [MPa]

NV F460 560 635

Table 3 Chemical composition of NV F460 steel in wt.%

Material C Mn Si P S Cu Ni Cr Mo

NV F460 0.08 1.24 0.24 0.01 0.001 0.05 0.21 0.05 0.005
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temperature on corrosion assisted fatigue crack growth rate at
very low stress intensity values has been reported in [52].

Effect of Temperature and Oxygen on Damage Evolution

As reported in [42], the direct current potential drop technique
can be used during stepwise block loading testing to evaluate
the evolution of damage during a fatigue experiment. In this
work the same technique was used for the comparison of
fatigue damage evolution in all evaluated conditions. In
Fig. 10, the voltage signals (which are a measure of the cu-
mulated damage) recorded during the stepwise loading proce-
dure detailed in Experimental evaluation section are plotted
(after filtering them according to [42]). As expected, all stud-
ied environmental scenarios were more aggressive than con-
ventional in air testing. The curve representative for the con-
dition seawater at 45°C + diffused air shows an early damage
activation and evolution compared to the condition seawater

at 15°C. Another interesting observation is that the same tran-
sition trends as shown in Fig. 9 can be seen. As a matter of
fact, the transition points (HSTPD45 and LSTPD45) of the test-
ing condition seawater at 45°C lay very close to the ones
reported in Experimental evaluation section. Additionally, at
lower stress ranges all trend lines approach the one tested at
15°C.

Acceleration of Corrosion Assisted Fatigue with Respect
to a Reference Condition

Notwithstanding the DCPD analysis presented so far allows to
analyze the evolution of corrosion assisted fatigue damage in
each evaluated scenario, it is not yet possible to link these
results with the temperature and frequency expected in reality.
As stated before, obtaining the S-N curve for this condition
would lead to exorbitant testing time. A stepwise block load-
ing test has been carried out at 8°C and 0.2 Hz according to the
test procedure indicated in Table 4 with the aim of generating
a reference damage evolution curve. The DCPD results can be
seen in Fig. 11.

The so obtained curve has been compared to these
obtained for specimens in seawater at 15°C and in air
(both at 10 Hz). The reference curve shows a low stress
range transition value (LSTPD8) of 320 MPa where the
voltage increment is equal to that obtained for the spec-
imen in seawater at 15°C and it tends towards the curve
obtained in air at higher stress ranges showing a high
stress range transition value (HSTPD8) of 500 MPa.
These observations allow to construct the reference S-N
curve as follows. The number of cycles to failure corre-
sponding to the LSTPD8 stress range is determined from
the S-N curve for seawater at 15°C; the number of cycles
to failure corresponding to the HSTPD8 stress range is
determined from the S-N curve for air at room tempera-
ture. Hypothesizing that these stress values and corre-
sponding cycles to failure also belong to the reference

Table 5 Stepwise loading procedures

Stress range (Δσ)
[MPa]

Block
number

Block length @
10 Hz [# cycles]

Block length @
0.2 Hz [# cycles]

200 1 20,000 3000

330 2 15,000 2200

360 3 15,000 2200

390 4 15,000 2200

410 5 15,000 2200

430 6 15,000 2200

450 7 10,000 1500

460 8 10,000 1500

470 9 10,000 1500

480 10 7000 1000

490 11 7000 1000

500 12 7000 1000

Fig. 7 a Specimen dimensions in
mm (standard version) b
Specimen dimensions in mm
(elongated version)
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S-N curve it is possible to fit a curve of the following
form (Basquin equation):

ΔσkN ¼ C

Where Δσ is the stress range, N is the number of cycles
until failure and k and C are constants. Making use of the
generalized reduced gradient (GRG) solver algorithm, the
constants were estimated as k = 3.89 and C = 9.66E15 (this
parameter is normally expressed in its logarithmic form:
log(C) = 15.98).

Figure 12 shows the fitted reference S-N curve (blue
dashed line) together with the curves obtained in air and in
seawater at both 15°C and 45°C with diffused air. The
datapoints used for the curve fitting procedure are shown as
blue squares.

Assuming that the calculated reference curve is a good
estimate for the S-N curve in real conditions (seawater 8°C
and 0.2 Hz), it might imply that - in this work - environmental
factors are more important than the frequency. This result was
unexpected since in general one expects a certain frequency
dependence in corrosion assisted fatigue tests; at least for
crack growth based experiments [7]. Therefore an additional
stepwise test at 8°C and 10 Hz has been carried out.
Interestingly, the same damage evolution curve as the one

obtained at 8°C and 0.2 Hz was obtained. This strengthens
the hypothesis that the frequency does not play a significant
role for the evaluated conditions. A similar response was also
reported in [3] for crack growth based tests. In any case, the S-
N curve for such particular condition should be constructed by
the traditional method in order to verify this hypothesis.

Comparing the reference S-N curve to the S-N curve ob-
tained at 45°C with diffused air, a significant acceleration of
the corrosion assisted fatigue damage process (on average
80%) was obtained. Again, such phenomenon is much more
efficient at higher than at lower stress ranges.

Conclusions

In this work, the need of running accelerated corrosion
assisted fatigue tests has been highlighted. To do so, the
electrochemical reactions that take place between sample
and environment must be speeded up together with the
testing frequency. On the one hand, one can use a current
flow between the specimen and a counter electrode to
change the speed at which the reactions take place. On
the other hand, chemical and/or physical parameters can
be modified. A literature review revealed that temperature

Stress(MPa)

Cycles, N

1

2

3

4

5

6

VS1

VS5

VS6

VS4

VS2
VS3

Filtered Voltage (V)

V0
VS4

VS5

VS6

1 4 5 6 (MPa)

Vs (V)

VS1

VS6

VS4

VS5

LDE
region

Inflection point

HDE 
region

Fig. 8 a Typical stepwise block
loading scheme for damage
evolution analysis b Voltage
increase versus stress range from
Fig. 8a

Table 6 Testing scenarios and
measured physical parameters Scenario Temperature

[°C]
Diffused air
[−]

Dissolved oxygen
[mg/l]

pH
[−]

Salinity
[ppt]

Frequency
[Hz]

S-N curves (10 Hz)

1 15 No 6.2 8.03 35 10

2 45 No 3.7 7.98

3 45 Yes 5.1 8.01

Damage curves (10 Hz)

4 15 No 6.2 8.03 35 10

5 45 No 3.7 7.98

6 45 Yes 5.1 8.01

Reference damage evolution curve (0.2 Hz)

7 8 No 7.5 8.10 35 0.2
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and dissolved oxygen level are of major relevance.
Therefore these were used as the variable environmental
parameters in this investigation.

An environmental device allowing to perform fatigue tests
in controlled environmental conditions has been designed and
build. This setup was used to run a series of tests at different
environmental conditions. Analyzing the determined S-N
curves indicated that all analyzed scenarios show an im-
portant influence of the environment on the corrosion
assisted fatigue process. No fatigue limit was found in
the tested stress range band. It was concluded that both
temperature and dissolved oxygen level play an important
role in the acceleration of the damage process at higher
stress ranges, while the addition of diffused air is the most
important parameter at lower stress ranges.

The direct current potential drop concept was applied to a
series of dedicated tests in order to obtain a damage evolution
curve for each of the evaluated environmental conditions.
From this analysis, the same high and low stress transition
ranges as the ones highlighted in the analysis of the S-N
curves were identified. This corroborates the feasibility of this
technique for the evaluation of corrosion assisted fatigue.
Additionally, the construction of an S-N curve obtained from
the DCPD analysis of a test in close to real conditions was
discussed. The obtained curve suggests certain frequency
independence.

By comparing the most and least severe environmental
conditions, the tested methodology was able to accelerate

Fig. 12 S-N curves obtained according the traditional approach for
seawater at 15°C-10 Hz and 45°C + DA-10 Hz and calculated from the
DCPD analysis for seawater at 8°C-0.2 Hz
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Fig. 11 ΔVS-Δσ curves obtained at real (f = 0.2 Hz) and testing
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the corrosion assisted fatigue damage significantly (up to 80%
on average).

Additional work is needed to confirm the previous obser-
vations, and in particular to evaluate whether or not corrosion
assisted fatigue of unnotched offshore steels is frequency de-
pendent. In addition, work is ongoing to apply the methodol-
ogy developed in this work to notched specimens.
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