
Citation: Salgueiro, F.; Ribeiro, M.;

Carvalho, A.; Covas, G.; Baltzersen,

Ø.; Proença, C.S. Monitoring of Wall

Thickness to Predict Corrosion in

Marine Environments Using

Ultrasonic Transducers. NDT 2024, 2,

255–269. https://doi.org/10.3390/

ndt2030016

Academic Editor: Fabio Tosti

Received: 18 May 2024

Revised: 15 July 2024

Accepted: 23 July 2024

Published: 26 July 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Article

Monitoring of Wall Thickness to Predict Corrosion in Marine
Environments Using Ultrasonic Transducers
Francisca Salgueiro 1, Mário Ribeiro 1, André Carvalho 1, Guilherme Covas 1, Øystein Baltzersen 2

and Carla Sofia Proença 1,*

1 Instituto de Soldadura e Qualidade (ISQ), Tagus Park, 2740-120 Oeiras, Portugal
2 Sensorlink, Mellomila 56, N-7018 Trondheim, Norway
* Correspondence: csproenca@isq.pt

Abstract: The research related to subsea inspection, and the prediction of corrosion is a challenging
task, and the progress in this area is continuously generating exciting new developments that may
be used in subsea inspection. Wall thickness monitoring is an important tool to control and predict
corrosion, such as on platforms for the infrastructure of floating offshore wind power production.
This study shows the results obtained in marine environments. For this experiment, a steel plate
equipped with ultrasound transducers was placed in seawater to corrode naturally. The sensor test
setup consisted of 15 ultrasound transducers and 1 temperature sensor, which were installed in the
cassette. The data acquisition system was based on a standard industrial computer with software
written in Python and MATLAB. The ultrasound signals were collected at regular intervals and
processed to calculate the instantaneous wall thickness. The progress of corrosion was evaluated
by trend plots of wall thickness versus time, and the change in shape of the ultrasonic back wall
reflection waveform measured by each sensor.
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1. Introduction

In the last few years, renewable energies have gained significant importance, especially
offshore wind energy, and Europe is a leader for offshore wind turbine (OWT) manufactur-
ing [1]. As is well known, there are two types of OWT structures: fixed platforms, which
are principally located in shallow waters, and floating platforms, which are installed in
deep waters [2]. In the last decades, there has been strong evidence to indicate that the
future of offshore wind is centered around floating structures [2]. Presently, the energy
produced using renewable energies has an important impact on the world. For this reason,
it is essential to reduce downtime and ensure maximum availability in any system of the
industrial environment, which is a need common to every sector and application. The
integration of the reliability and availability of all the components assumes vital importance
for the performance of any industrial system. To analyze the reliability of any system or
component, it is important to clearly understand what a system or component’s failure is in
order to gain a better understanding of the potential failure modes that can cause a failure,
both at the component level and through propagation to the system level. A failure is the
event that ends the ability of a component or system to perform the required function. Each
system function may have several failure modes, which can involve different component
failure modes; thus, it is important to have the system failures clearly defined [3,4], and
corrosion is one of the main causes that can produce offshore structural failure [5–7].

As is well known, marine corrosion is a complex process, especially for steel structures.
There are many interactions involving the metal matrix and the marine environment that
change the corrosion. This interaction is affected by several factors, such as temperature,
water depth, water temperature, dissolved oxygen, pH, and salinity, which are flagged as
the most important ones [2,8].
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In the literature [8], it is described that the corrosion in an OWT has been observed at
different locations, and it must be specified that there are various corrosion mechanisms
existing. To understand the different mechanisms, it is important to consider the different
regions or zones according to the environment of exposure, such as the atmospheric
zone, splash zone, submerged zone, and mud zone. From what has been exposed, it is
easy to understand that the corrosion can be classified according to the appearance of
the corrosion damage or the mechanism of attack, namely, uniform or general corrosion,
pitting corrosion, crevice corrosion, filiform corrosion, galvanic corrosion, erosion-corrosion,
intergranular corrosion, dealloying, environmentally-assisted cracking, stress-corrosion
cracking, corrosion fatigue, and hydrogen damage [8].

In recent years, there has been more interest in studies conducted by researchers
and engineers to develop health monitoring systems and safety evaluation techniques
for OWTs. However, corrosion monitoring is one of the major challenges of a structural
health monitoring system (SHMS) for OWT. Usually, corrosion detection measures can
be direct measures of metal loss due to corrosion, corrosion rate, or indirect measures of
any parameter that may be a cause or consequence of the metal loss or corrosion [5,8]. It
is documented that the wall thickness loss rate is the major parameter that defines the
corrosion process [5], but due to the harsh environment and the location of the OWT, it is
challenging to find the most suitable wall thickness monitoring technique. The ultrasound
technique was pointed out as being one of the nondestructive techniques more commonly
used, and it is reliable for detecting thickness loss due to corrosion [3,8].

In ultrasound techniques, the frequency range of ultrasound waves used for NDT of
materials is normally 1 MHz to 15 MHz. These waves of high-frequency ultrasound travel
along the material. The velocity of the ultrasound wave propagation through a material is
a function of the elastic modulus and density of the material [5]. It is important to note that
the acoustic impedance changes due to different materials or medium properties. Based on
that, the thickness loss due to corrosion will be given as a function of propagating velocity,
frequency, and energy components. The method can be designed based on the following
two techniques [5]:

1. Pulse-echo method: A short period of ultrasonic energy is introduced into the test
component with a systematic pause, and the reflected part of the ultrasonic wave is
utilized for the analysis. The transmitter and receiver probes use the same transduc-
ers [5].

2. Transmission method: The transmitted part of the ultrasound wave is used for the
analysis. Separate transducers placed on opposite sides are used as the transmitter
and receiver probes [5]. The presence of flaws or discontinuities is revealed when the
receiver detects a reduction in the intensity of the waves emitted [2].

These methods allow for thickness measurements of the metal, corrosion products,
and coatings [2,5].

Wall thickness is extracted from the arrival time difference between different wave
packets. Once the arrival times of individual wave packets has been established and the
wave path is known, this is a simple exercise. According with the literature, [9] Equation
(1) describes how to calculate the wall thickness based on the arrival times:

T =
1
2

√
c2.dt2 + 2.D.c.dt (1)

where c is the velocity of the ultrasonic wave, dt is the time difference between t1 and t2,
the arrival time of the first and second wave packet respectively, and D is the separation
between the transmitting and receiving transducer [9]. The Hilbert transform is another
method to achieve the thickness and in this method it applies a 90◦ phase shift to all
frequency components of the signal. This allows the envelope to be calculated using
Equation (2):
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√
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where f (t) is the signal for which the envelope is determined, H(f (t)) is the Hilbert transform
of f (t), and E(t) is the computed signal envelope. Once the envelope is computed for a
waveform, its maximum peaks are presumed to be the arrival times of the diverse wave
packets [9].

First arrival is a complementary common technique to estimate arrival times. It also
varies on calculating an envelope for the waveform; first arrival then gets the highest peak
for each wave packet. Following this, a threshold is requested to each peak as a function of
the amplitude of that peak (e.g., −6 dB). The first intersection of the expected threshold
with the envelope signal is then acquired as the arrival time for the given wave packet [9].
The cross-correlation process for real valued functions is defined by Equation (3):

h(t)
∫ ∞

−∞
f (τ).g(τ + t)dτ (3)

where h(t) is the cross-correlation of function f (t) with a Kernel function g(t). The peaks of
the successive correlation function are determined and assumed as arrival times. This is
because at those times, offset values of the received signal are most similar to the transmitted
signal [9].

In this work, the preliminary results obtained for this system will be presented to per-
mit the evaluation of the thickness loss promoted by corrosion. For this aim, the following
specifications were considered: the wall thickness detection technique should be non-
intrusive and non-destructive; the monitoring system requires a consistent and permanent
acquisition of monitoring data with minimum interruptions; and robust communication is
needed to rely on sensor data sent.

2. Materials and Methods

In order to test the developed asset management platform, devices were submerged
in seawater. For this, an instrumented steel plate in the same material used in offshore
structures and equipped with thickness measuring probes and temperature sensors, was
prepared according to the procedure described in the following paragraphs. These systems
were then submerged in seawater to corrode naturally.

2.1. Preparation of the Physical Arrangement

The physical arrangement included a steel plate of common offshore steel used in the
construction of offshore structures. Ultrasonic thickness measurements were executed using
15 ultrasonic single element pulse/echo transducers and piezo composite, operating at
5 MHz. A thin layer of Molykote 111 (DuPont™, Wilmington, DE, USA) silicone grease was
on the face of each ultrasound transducer and the temperature transducer. The purpose of
this grease was to provide acoustic coupling for the ultrasound and some thermal coupling
for the temperature transducer. When installed, all transducers were pushed towards the
test plate by the springs.

A mechanical arrangement was constructed to guarantee insulation of the electronic
components and their enclosure, free of seawater. All of the arrangements were required to
be robust enough to be placed in a splash zone of seawater, as seen in Figure 1.

The place chosen to install the equipment was located in Oeiras Marina, near Cascais,
Portugal.
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Figure 1. Test plate with instrumentation for marine corrosion test.

The cassette containing the array of ultrasound single crystal pulse-echo probes that
were measuring and sending the signal of the thickness measurements is represented in
Figure 2 below.
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Figure 1. Test plate with instrumentation for marine corrosion test. 

 

Figure 2. Electronics of the ultrasound probes attached to the test plate to be installed on seawater. Figure 2. Electronics of the ultrasound probes attached to the test plate to be installed on seawater.

These instruments and probes were connected to a steel plate that was installed in a
real seawater environment, as mentioned above. This simulated the installation of such
an arrangement on a real offshore floating platform. One face of the steel plate was totally
in contact with seawater, such as in a splash zone or temporally immersed zone. Real
conditions at a floating structure, like those used in a wind float structure.

Figure 3 presents the final arrangement with the steel plate and the sensors attached
on one face of it, protected by a chamber where the connection of the sensors for measuring
conditions was guaranteed during the assembly of this testing plate. Figure 4 shows the
schematic representation of the data acquisition system for the corrosion test.
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Figure 3. Test plate with sensors attached and protected from seawater. 
Figure 3. Test plate with sensors attached and protected from seawater.
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Figure 4. Data acquisition system for corrosion test. The required acquisition computer and power
supplies were installed in a weatherproof enclosure.

2.2. In-Situ Data Collector Device

The data acquisition system seen in Figure 5, is based on a standard industry panel
PC (Advantech TCP1571, Taipei City, Taiwan) with software written in Python 3.10 and
MATLAB R2023a. The device, which performs the actual ultrasound measurements, is
shown in Figure 2. The electronics consisted of a single board with transmitter and receiver
electronics for ultrasound. The transducers, which can also be seen in Figure 2, had a center
frequency of 5 MHz and were in this system excited by a one-period square wave pulse.
The excitation voltage of this pulse was adjusted between 5 and 15 v.

The acquisition system worked as follows:

1. At regular intervals, ultrasound pulse-echo waveform was measured from 15 trans-
ducers, and temperature from 1 temperature sensor;

2. Thickness was calculated from the waveforms using correlation;
3. Wrote raw data (reflected ultrasound waveforms) to .mat files;
4. Wrote measurements (processed thickness values) to a CSV file.

A standard industry panel PC (Advantech TCP1571) was responsible for the following:

• Measurement scheduling;
• Processing data;
• Storing logfiles;
• Communication.

It was also used as a wireless Ethernet router.
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The data acquisition system was connected to the steel plate, which was a central part
of the project architecture. The device autonomously collected in-situ data and periodically
uploaded the information to the central data repository via a RESTful API (interface to
exchange information securely over the internet).

In Figure 5, it is possible to see the device that communicates with the sensor and
sends the data to be analyzed on a central web platform.

Every two minutes, the data collector device read information from the sensors and
wrote it to a local CSV file. It also saved the A-scan files locally, which will be used for
further thickness analysis.

On top of this architecture, a Python routine was developed to call an API endpoint,
every thirty minutes, to batch insert new data acquired into a Postgres database. This API
endpoint and database was hosted by a cloud provider, allowing improved accessibility,
higher performance, and security.

Finally, these measurements were presented in an Asset Management Platform that
assists the asset owner in carrying out preventive strategies in real-time, supporting him in
the decisions to be taken based on the data made available.
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3. Results and Discussion

In this work, the data gathered from the analysis was made available in mat and.csv
files. MATLAB was used to read and process the data, including A-scans, which represent
the amplitude value of the input echoes, as well as the thickness of the plate over the
observed days for all 15 different sensors, as mentioned before. The main data from the
experiment were accumulated in a CSV file named history.csv, and the text file had a
semicolon as a separation character, which means that the file can be opened directly using,
for example, Excel (version 365) (Table 1). Due to the large number of data points, only one
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example is available for sensors 1 and 2 in Table 1, providing a similar sequence of the data
obtained for the other sensors.

Table 1. Example of the data results obtained in Excel format for sensor 1 and 2 (representative).

ID Temp_1 Thick_c_1 Thick_uc_1 Qual_1 Temp_2 Thick_c_2 Thick_uc_2 Qual_2

21 April 2023 00:00:04 16.2 11.5367 11.5265 4 16.2 11.5416 11.5315 4
21 April 2023 00:02:03 16.2 11.5367 11.5265 4 16.2 11.5417 11.5315 4
21 April 2023 00:04:03 16.2 11.5367 11.5265 4 16.2 11.5417 11.5315 4
21 April 2023 00:06:03 16.2 11.5367 11.5265 4 16.2 11.5417 11.5315 4
21 April 2023 00:08:03 16.1 11.5368 11.5265 4 16.1 11.5417 11.5315 4
21 April 2023 00:10:04 16.2 11.5366 11.5265 4 16.2 11.5416 11.5315 4
21 April 2023 00:12:03 16.1 11.5368 11.5265 4 16.1 11.5418 11.5315 4
21 April 2023 00:14:03 16.1 11.5367 11.5265 4 16.1 11.5417 11.5314 4
21 April 2023 00:16:03 16.1 11.5367 11.5264 4 16.1 11.5417 11.5314 4
21 April 2023 00:18:03 16.1 11.5367 11.5264 4 16.1 11.5417 11.5314 4
21 April 2023 00:20:04 16.1 11.5367 11.5264 4 16.1 11.5417 11.5314 4
21 April 2023 00:22:03 16.2 11.5366 11.5264 4 16.2 11.5416 11.5314 4
21 April 2023 00:24:03 16.0 11.5367 11.5264 4 16.0 11.5417 11.5314 4
21 April 2023 00:26:03 16.1 11.5367 11.5264 4 16.1 11.5417 11.5314 4
21 April 2023 00:28:03 16.1 11.5366 11.5264 4 16.1 11.5416 11.5314 4

For this work, a simple linear temperature compensation method was used. The model
was described in [10]. A rule-of-thumb value for the temperature effect of the sound velocity
in carbon steel commonly used in the industry is 10−4 per ◦C. For most common NDT
applications, this means that the temperature compensation of UT measurements can be
ignored. But since our application targets very fine resolution, temperature compensation
using the linear model was implemented.

In Table 1, the first line shows the ID for each column in the CSV file. For each of the
15 ultrasound transducers in the system, there are four columns. For example, for sensor 1:
temperature (Temp_1), temperature-compensated thickness (Thick_c_1), uncompensated
thickness (Thick_uc_1), and a quality parameter (Qual_1). The quality parameter is an
integer flag value which is calculated as part of the Sensorlink thickness processing. The
value is a qualitative indication of how well the measured ultrasound waveform matches
the measurement model which the thickness calculation is based on. A quality value of
0 means that no thickness estimate can be made, 1 means poor thickness estimate, 2 means
fair, and 3 and 4 mean very good.

The timestamp represented a string as shown: a 15 elements vector with temperatures
and a 15 × 2048 element matrix with one echo waveform for each transducer. Over the
course of 130 days, data was collected every 2 min. However, owing to the substantial
volume of data gathered, analysis was only conducted at two specific times of the day
for the 15 sensors: 00:06:03 AM and 12:06:03 PM. These specific times were chosen after a
careful analysis of the results. These times were selected considering an interval of 12 h
between them, and with this, there was an attempt to evaluate if there were changes, taking
into account the tide variations.

The system of monitoring was based on ultrasound waves, as mentioned previously.
Corrosion was evaluated by estimating the wall thickness loss that happens due to corrosion.
There are different approaches to monitoring these corrosion mechanisms; in this study,
the technique selected was ultrasonic testing (UT). The UT signal travelled from the sensor
head through a stainless-steel plate. It was then reflected, particularly on both the external
(first echo) and internal (second echo) plate surfaces. The corresponding UT waveform (or
A-scan) is shown in Figure 6.
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Figure 6. Data analysis for all sensors, on the same day (26 July 2023) at the same time (00:06:03 h).

As we well know, there are two important parameters for each sensor [5,8] which are
as follows:

1. Wall thickness;

- Calculated by time-of-flight analysis from the interval between both main echoes
that are detected by the envelope peaks approach.

- Used to calculate corrosion rates (by trending wall thickness over time) as a
measurement of general wall loss at the corresponding [8,9,11,12].

2. Shape of back wall reflection.

- Compared to the back wall echo shape from previous and subsequent mea-
surements and interpreted as a measure of change in roughness of the internal
surface [8,10].

The wall thickness is the parameter that allows conclusions in relation to elevated
corrosion activity, and the shape of the back wall reflection is the parameter that permits
the identification of low degrees of corrosion [8].

Figure 6 illustrates the evolution of the signal’s amplitude by overlaying the data from
15 sensors on the same day at the same time.

The graph depicted in Figure 7 illustrates the analysis conducted for sensor 1, which
serves as an example for the other sensors as well. The analysis involved two time points
during the day (00:06:03 AM and 12:06:03 PM) on five different dates (23 March 2023, 21
April 2023, 26 May 2023, 26 June 2023, and 26 July 2023). The measurements were overlaid
by hours to visualize the evolution of signal amplitude over time. This approach provided
insight into how the signal amplitude changes with time, for each sensor.

In Figure 7A,B, it is observed that on five different days at the same hour over the
months. From the analysis of the A-scans, it is possible to observe a signal phase shift in
the back wall. The signal phase shifts observed are related to the reduction in the thickness
of the steel plate, promoted by localized corrosion. In addition to what has been mentioned
when comparing the initial wave packet with that obtained at the end of the test, a slight
alteration in the shape of the back wall of the wave packet was also observed, which is
related to the active corrosion in the object under study. As mentioned earlier, the shape
of the back wall reflection is a parameter sensitive to even low degrees of corrosion. In
this case, the change in surface morphology is promoted by the localized corrosion in the
steel plate, and consequently, this corrosion promotes the small changes in the thickness
of the wall in the steel plate. The aspects mentioned above are evidently an ultrasonic
phenomenon that is a result of the interaction of the ultrasonic wave with the non-uniform
surface morphology of the component that is being monitored [8,9,12].
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Figure 7. Representation for sensor 1 at two different times (A) 00:06:03 AM and (B) 12:06:03 PM,
during 5 different days.

In Figure 8, comparing the thickness measured on the first day with the thickness on
the last day, it is possible to conclude that there was a reduction of 0.16955 mm. Moreover,
by superimposing the data, it is possible to visualize the thickness values per sensor. From
this analysis, it is noticeable that the sensors with the most significant reduction in thickness,
when compared to their reference values, were sensor 4 with 0.1948 mm, and sensor 15 with
0.18715 mm. In this study, the average thickness loss across all sensors was approximately
0.14887 mm.
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Figure 8. Thickness reduction values per sensor.

Corrosion is a very complex phenomenon and can produce very different surface
morphologies. Based on ultrasound waves, corrosion can be evaluated by estimating the
wall thickness loss that happens due to corrosion. The parameter that can be used to define
the rate at which any metal deteriorates in a specific environment is the corrosion rate [13].
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The calculation for the corrosion rate as a function of the thickness measurement is given
by Equation (4) [14]:

CR = 365.

(
Ti−Tf

)
t

(4)

where CR is the corrosion rate (mm/y), Ti is the initial thickness (mm), Tf is the final
thickness (mm), and t is the time of exposure in days [14].

Figure 9 represents the variation of the wall thickness during the 130 days of exposure
for sensor 1.
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The analysis of the graphic obtained for the thickness variation over time allowed
us to conclude that it was in the first 79 days that the greatest variation in thickness was
more significant; after this time, it was possible to observe that the variation was smaller.
This fact is expected because, when materials are exposed to a corrosive medium, after a
period of time, the material presents a natural stabilization with regard to the speeds of the
reactions involved in the corrosive process. This behavior is similar to all sensors.

The corrosion rates were determined for all of the sensors using Equation (4), and
the results are listed in Table 2. The average value of the corrosion rate obtained is
0.421 ± 0.056 (mm/y).

Table 2. Corrosion rate values for all sensors.

Sensor 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Corrosion Rate
(mm/y) 0.434 0.432 0.423 0.547 0.404 0.370 0.386 0.443 0.374 0.335 0.386 0.387 0.422 0.445 0.525

The variation of the values obtained for the corrosion rates that were determined is
essentially due to the behavior of the resistance of the steel plate when exposed to the
corrosive medium. As is well known, the corrosion resistance behavior of materials is quite
complex since it depends on several factors, such as the surrounding environment where
the material is exposed and the inherent characteristics of the material itself, such as the
presence of intermetallic particles in the material [13].

In the present study, we have found that the corrosive medium is the water of the
marina in Oeiras, which is characterized in the following paragraphs. Nevertheless, in this
case, the factor that seems to contribute to the localized variations of the wall thickness
promoted by localized corrosion is the presence of intermetallic particles in the steel. The
presence of these particles can induce different behaviors regarding corrosion resistance in
the presence of the corrosive medium, thus promoting small, localized variations in the
thickness of the material that are detected by the sensors. However, studying the behavior
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and influence of these intermetallic particles present in the steel matrix is not the subject of
this study.

Table 3 displays the analysis of the seawater in which the component is submerged.
As mentioned earlier, the tests took place in the marina in Oeiras. The marina is located in
the estuary of the Tagus River. According to the literature [15,16], the Tagus estuary is a
partially mixed estuary characterized by high amplitudes, where the flow of fresh water is
reduced, and the turbulence caused by the currents is higher and tends to cause a greater
mixture between fresh water and salt water, increasing the salinity with depth.

Table 3. Analysis of the seawater in which the component is submerged on 19 April 2023.

Parameters Expression Results Result U

Conductivity µS/cm 20◦ 4.8 × 104 ±8%
pH Scale Sorensen 8.3 (17 ◦C) ±0.2

Total Dissolved solids mg/L 3.8 × 104 ±20%
Total Suspended Solids mg/L <5.0 (LQ) -

Total hardness mg/L CaCO3 6.6 × 103 ±21%
Chlorides mg/L Cl 2.0 × 104 ±15%
Sulphates mg/L SO4 2.6 × 103 ±15%
Sulphides mg/L S <0.10 (LQ) -
Nitrates mg/L NO3 <4.0 (LQ) -

Phosphates mg/L P2O5 <0.08 (LQ) -
Alkalinity mg/L CaCO3 1.3 × 102 ±17%

Dissolved oxygen mg/L O2 9.8 ±22%

According to the results obtained from the analysis of the marina water where the long-
term tests are carried out, there are some parameters that need a more careful analysis since
they influence the corrosion rates, namely the salt content, the content of oxygen dissolved,
the pH factor, and the conductivity. The conductivity of seawater is the capacity of water to
conduct electricity. Conductivity increases with temperature, so high conductivity affects
the intensity of corrosion [17–19]. In the present study, the conductivity is 4.8 × 104 S/cm.
Gases that dissolve in water are the most important ones for corrosion risk. The oxygen
dissolved acts as a depolarizer in the cathodic half-cell and enhances corrosion risk [18,19];
the results obtained in the present study are 9.8 mg/L.

Figures 10 and 11 show the conditions before and after the immersion tests. At the
end of the tests, it is possible to identify that the area where the sensors are located on the
opposite side presents signs of localized corrosion, resulting in a reduction of thickness in
that zone. It is also possible to identify signs of galvanic corrosion, as expected, near the
areas of the screws and nuts.
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Figure 10. Photographic record obtained for: (A) steel plate before the exhibition in the Oeiras marina;
(B) detail of the screws before the exhibition in the Oeiras marina; (C) steel plate after the exposure in
the Oeiras marina marked with zones (1), (2), and (3) that are detailed in Figure 11; and (D) detail of
the screws after the exposure in the Oeiras marina.
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Figure 11. Photographic record obtained from the different zones identified in Figure 10, where it is
possible to see in some detail (1) reduction of thickness after exposure; (2) degradation observed near
an end containing screws; and (3) degradation observed near the opposite zone 2.

In the future, it is planned to build one offshore asset management system that is
intended to be an integrated solution for assistance and support in asset integrity manage-
ment and risk-based management. It is intended to assist the asset owner in carrying out
proximity and preventive management in real-time, supporting him in the decisions to be
taken based on the data received and collected.

Using such a platform, the identification of critical resources and equipment is sup-
ported by the use of available real-time qualitative and quantitative risk assessments, the
management of threats to the integrity of the asset, the establishment of maintenance and
inspection strategies, as well as the creation of the respective plans, management documen-
tation, data related to inspections and maintenance carried out throughout the useful life of
the asset, and Key Performance Indicators (KPIs) for alerting and monitoring.

Asset management is strongly based on the knowledge of the asset. For this, it largely
contributes to having integrated real-time information about the asset being managed to
make the right decisions at the right time. Collecting, gathering, and integrating the relevant
data available on the offshore platforms, or data about the surrounding and environmental
conditions that can impact the integrity of the platform, is fundamental for this type of
asset management. Such a system enables the following:

• Supporting optimized maintenance and inspection strategies;
• Increased focus on risk areas and equipment thanks to a prioritization of critical items;
• Disclosure of risk assessments with the organization (owner of the asset and mainte-

nance, operation, and inspection teams);
• Making decisions based on data and records (maintenance, inspection, operation, and

risk assessment reports, as an example);
• Supporting the allocation of material, equipment, human, and financial resources

according to a plan adjusted to the needs of operation, maintenance, and inspection;
• Making decisions based on a structured view of risk and priorities (KPIs);
• Supporting budgeting decisions.

4. Conclusions

This paper presents a smart corrosion monitoring system for offshore wind turbines
based on the ultrasound pulse-echo technique. The results obtained in this work permit
the conclusion that the corrosion monitoring system demonstrated robustness during
the collection of the data. This work permit created a large database of ultrasound raw
signals that were used to validate the algorithms implemented. The analysis of the results
obtained allowed us to conclude that the sensor system proved to be robust and sensitive
to small variations in thickness measurements over the time, in which the tests took place
in the Oeiras marina, and it was verified that there was a slight decrease in thickness;
the average thickness measurement was 0.14887 mm with an average corrosion rate of
0.421 ± 0.056 (mm/y). The analysis of the graph obtained for the thickness variation over
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time permits us to conclude that it was in the first 79 days that the greatest variation in
thickness was more significant; after this time, it was possible to observe that the variation
was reduced.
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