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Abstract: Determining the fundamental frequency of Offshore Wind Turbines (OWTs) is crucial
to ensure the reliability and longevity of the structure. This study presents a global sensitivity
analysis of the fundamental frequency of OWTs on jacket foundations. Monte Carlo sampling was
employed to generate a diverse set of wind turbines, emplacements, and jacket designs, ensuring
that the generated samples are realistic and yield relevant conclusions. The fundamental frequency
and its partial derivatives were obtained via a previously developed ANN model. The relative
sensitivities were computed to facilitate the comparison of their influence. The results demonstrate
that wind turbine properties are the most relevant variables affecting the fundamental frequency,
with a decrement in frequency caused by tower height and rotor-nacelle assembly mass, as well as an
increment due to the section dimensions of the tower, particularly at its base. Soil properties have
a significant effect on foundation stiffness for soft and light soils but can be neglected for hard and
heavy soils. The diameter and thickness of the braces also show different relevance depending on their
dimensions, producing rigid links between legs for greater sections. This study provides a measure
of the variables influencing the fundamental frequency, facilitating a deeper comprehension of
this phenomenon.

Keywords: sensitivity analysis; offshore wind turbine; jacket structure; fundamental frequency;
soil–structure interaction; artificial neural networks

1. Introduction

The expansion of offshore wind farms as a key contributor to renewable energy has
been a significant trend over the past three decades [1]. This growth in technology has
led to a greater emphasis on exploring locations further from the coast and with deeper
waters [2]. According to a recent report by the Offshore Wind Market, which analyzed
322 global operating offshore wind energy projects up to 2023 [3], there has been an increase
in both the distance from shore and water depth of installed global projects over time. This
trend has had a notable effect on the type of substructures used to support offshore wind
turbines (OWTs), where monopile foundations have been the most common typology
used. A detailed examination of existing offshore wind energy projects and a comparison
with data until 2022 provided by the Wind Market Report [4] reveal that the proportion
of monopiles in the installed capacity has decreased from 60.2% in 2022 to 55.6% in 2023.
Conversely, jacket substructures have experienced an increase from 10.4% in 2022 to 13.4%
in 2023 over the installed capacity, showing a growing interest of the industry in this type
of substructure.

To ensure the reliability and longevity of OWTs, it is crucial to determine their natural
frequency during the design process. This allows designers to avoid resonance phenomena,
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which could lead to structural collapse or deterioration due to fatigue over time. Conse-
quently, preventing the fundamental frequency of the system from coinciding with the
rotor’s speed range and the transition frequency of the blades is essential [5]. This leaves a
narrow range for the fundamental frequency of the system, as represented in Figure 1.
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Figure 1. Representation of allowed bandwidth for the fundamental frequency of the OWT according
to DNVGL-ST-0126 [5].

Therefore, taking into account the significance of dynamic characterization for this
type of structure, the development of comprehensive sensitivity analyses to determine
the importance of various parameters on the natural frequency of the system can be very
useful and informative in the initial stages of the design process. In this context, Partovi-
Mehr et al. [6] conducted an examination of the natural frequencies and damping ratios
of an OWT on a jacket structure under diverse operational and environmental conditions.
The study employed numerical simulations to investigate the impact of various parameters
on the structural response of the turbine. Additionally, experimental data were utilized to
complement the findings, thereby providing a more comprehensive understanding of the
complex interactions involved.

The importance of structure design capacity in OWTs has been explored by other re-
searchers through sensitivity analysis [7–13]. This type of analysis enables the identification
of critical parameters that significantly influence the structural response of the turbine, ulti-
mately informing the design and optimization process. For example, Li et al. [7] specifically
investigated the effects of pile young modulus and soil properties on the internal forces
and displacements in a monopile OWT. Velarde et al. [8] performed a sensitivity analysis to
examine the correlation between variations in some inputs and fatigue damage in an OWT
on a gravity-based foundation. Shittu et al. [9] investigated the effects of environmental
and wind turbine variables on the limit states of an OWT on a jacket structure.

To further understand the complex interactions between OWTs and their environment,
it is essential to extend the scope of local sensitivity analysis. Teixeira et al. [14] performed
a global sensitivity analysis of fatigue damage to environmental characteristics across
30 samples with diverse conditions. The study demonstrated the effectiveness of this
approach in identifying key factors influencing fatigue damage, thereby informing the
development of more robust design strategies.

The majority of the reviewed studies focus on a single, specific case study or typically
analyse a reduced set of variables. The absence of exhaustive and comprehensive sensitivity
analyses to ascertain the influence of the model’s constituent parameters on the funda-
mental frequency of jacket structures underscores the necessity for further investigation in
this domain.

The primary objective of this study is to perform a derivative-based global sensitivity
analysis with respect to variables impacting the fundamental frequency of an Offshore
Wind Turbine (OWT) supported by a jacket structure. In order to derive pertinent and
general conclusions, it is essential to analyze a diverse set of samples comprising different
OWTs, emplacements, and jacket designs. To facilitate this undertaking, the fundamental
frequency and its partial derivatives are computed utilizing previously trained and vali-
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dated Artificial Neural Networks (ANNs) [15]. This approach enables a comprehensive
examination of the variables influencing the fundamental frequency, thereby providing
valuable insights into the dynamic behavior of OWTs on jacket structures. The comprehen-
sion of this complex phenomenon facilitates the design decision process by supporting the
predictable effects of each parameter. Furthermore, when a large number of evaluations is
required, as in optimization processes, knowledge of the most relevant variables enables
simplification of the structural model to include only these, thereby significantly reducing
the computational cost.

This manuscript is organized as follows. The methodology adopted for the sensitivity
analysis is presented in Section 2, where the underlying principles and computational
framework are thoroughly described. In Section 3, the outcomes of the sensitivity analysis
are presented, highlighting the key findings and trends observed in the data. Finally, in
Section 4, the principal conclusions drawn from this investigation are summarized.

2. Methodology

A derivative-based global sensitivity analysis is performed to quantify the relationship
between the fundamental frequency of an OWT supported on a jacket structure and the
most influential variables characterizing the system. This process entails three distinct steps.

Initially, Monte Carlo sampling is employed to generate a diverse set of system configura-
tions consisting of many OWTs, emplacements, and jacket designs (Section 2.1). Subsequently,
taking advantage of their rapid evaluation capabilities, the fundamental frequency and partial
derivatives are evaluated using previously developed ANNs trained using a synthetic dataset
generated by a structural model [15] (Section 2.2). The sensitivity of the OWT’s fundamental
frequency to variables defining the system is then measured (Section 2.3). By executing these
steps, a comprehensive understanding of the relationship between the fundamental frequency
and the system’s constituent variables can be established.

2.1. Monte Carlo Sampling

In an endeavor to obtain pertinent and generalized conclusions, this study analyzes a
diverse range of samples containing many OWTs, emplacements, and jacket designs via
a Monte Carlo sampling methodology. This strategy entails generating several random
cases, with the fundamental frequency ( fn) of the jacket structure being obtained using
an ANN model. In order for all the variables included in this sampling process to be
contained within the ANN’s inputs, the sampling strategy is identical to that followed
during the training of the ANN, as detailed in Quevedo-Reina et al. [15]. The variables
characterizing the system (represented in Figure 2) comprise wind turbine, emplacement,
and jacket characteristics.

Specifically, the OWT parameters include geometry such as tower height (Htower), bot-
tom diameter (Dbottom), bottom thickness (Tbottom), top diameter (Dtop), and top thickness
(Ttop), as well as inertia properties such as rotor-nacelle assembly mass (MRNA), moments
of inertia about roll axis (IRNA,roll), and yaw/pitch axis (IRNA,yaw).

The emplacement parameters comprise soil characteristics, including shear wave
propagation velocity (cs), Poisson’s ratio (νs), and soil density (ρs), as well as sea properties
such as water depth (Hw).

Regarding the jacket design, the hyperparameters that define the global geometry of
the structure include jacket height (Hjck), number of legs (nleg), leg spacing at the bottom
(Sbase), leg spacing at the top (Stop), and number of bracing levels (nbr). Additionally, the
dimensions of the tubular elements are defined by the leg diameter (Dleg), leg thickness
(Tleg), braces diameter (Dbr), braces thickness (Tbr), and pile length (Lpile). Notably, it is
assumed that all legs and piles have uniform sections along their lengths, and all braces
present the same section for all bracing levels.

To increase the relevance of the generated samples, this sampling strategy avoids im-
posing fixed bounds on most variables. Instead, relationships among different variables are
established, and limits are imposed upon them to exclude extremely rare or unviable sys-
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tems for which sensitivity analysis would not be meaningful. Thus, uniform distributions
are employed to randomly generate one of the variables. Then, random values are obtained
for cited relationships, and the characteristic variables are subsequently derived from them.
For wind turbine variables, these relations and limits are manually set from properties of
four examples with capacities of 5, 8, 10, and 15 MW [16–19]. The environmental properties
are established according to common values found in the literature. The jacket variables
are determined after analyzing some structures present in the bibliography [20–22] and
considering ranges imposed by the DNV International Standard [23].

Figure 2. Representation of an OWT supported on a jacket structure with a pile foundation.

A dataset consisting of one million different wind turbines, emplacements, and jacket
designs was generated via this process. The variables included in the study and their
corresponding minimum and maximum values after sampling (not uniformly distributed)
are presented in Table 1.

Table 1. Minimum and maximum values obtained via Monte Carlo sampling for each variable.

Subsystem Variable Minimum Value Maximum Value

Wind turbine

Htower (m) 80 145

Dbottom (m) 5 11.15

Tbottom (m) 0.020 0.056

Dtop (m) 3.05 7.65

Ttop (m) 0.011 0.040

MRNA (kg) 2.25 · 105 1.26 · 106

IRNA,roll (kg m2) 1.46 · 107 5.84 · 108

IRNA,yaw (kg m2) 9.09 · 106 4.27 · 109

Emplacement

cs (m/s) 60 600

νs (–) 0.250 0.499

ρs (kg/m3) 1635 2376

Hw (m) 25 60
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Table 1. Cont.

Subsystem Variable Minimum Value Maximum Value

Jacket substructure

Hjck (m) 27.55 95.94

nleg (–) 3 5

Sbase (m) 5.41 116.82

Stop (m) 5.06 27.79

nbr (–) 1 22

Dleg (m) 0.5 3.5

Tleg (m) 0.0078 0.1

Dbr (m) 0.1 3.5

Tbr (m) 0.0017 0.1

Lpile (m) 5 40

2.2. ANN-Based Surrogate Model

In this study, a previously developed ANN model [15] is employed to compute the
fundamental frequency of OWTs, thereby leveraging the computational efficiency inherent
in such models.

The model consists of an ensemble of 20 regression ANNs, where the output is
calculated as the mean of individual networks predictions. Each ANN features 22 neurons
in the input layer, corresponding to the variables described in Section 2.1, while the output
layer contains a single neuron representing the fundamental frequency of the system.
Four hidden layers are included, each comprising 125 neurons and utilizing the Rectified
Linear Unit (ReLU) activation function. Figure 3 shows a schematic representation of the
architecture of each of the ANNs.

Figure 3. Schematic representation of the architecture of each ANN included in the ANN-based
surrogate model.

These ANNs were initially trained using an extensive synthetic dataset consisting of
100,000 samples evaluated by a linear finite-element model that incorporates soil–structure
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interaction effects. This dataset was randomly divided into three groups: a training set (70%)
for training the ANN, a validation set (15%) to prevent overfitting by stopping the training
process, and a test set (15%) for evaluating the performance of the ANN. The training
process was carried out using automatic differentiation algorithm present in MATLAB [24],
with the mean squared error of the fundamental frequency as the loss function.

Compared to the direct use of the aforementioned FEM model, the ANN surrogate
model enables the efficient computation of the fundamental frequency for all samples in
the dataset, as well as the evaluation of partial derivatives with respect to individual input
variables by applying the chain rule. It is essential to note that, as with any surrogate
model, the validity of the conclusions relies on the capacity of the model to accurately
reproduce the underlying physical problem. However, test results demonstrate a high
degree of fitting capacity of the ensemble model within most of the search space, showing
errors below 6% for 99% of the testing samples and less than 0.6% for 90% of the testing
samples [15]. Furthermore, the surrogate model performance was also evaluated using
specific application examples [15], wherein the observed smooth behavior in the model’s
response enhances the confidence in the evaluated partial derivatives.

Furthermore, despite its unconventional nature, this methodology permits the calcula-
tion of partial derivatives with respect to discrete variables, such as the number of legs or
bracing levels. This cannot be considered as an intrinsic characteristic of the system but
rather a general trend learned from the regression process involved in ANN training.

2.3. Sensitivity Analysis

A derivative-based global sensitivity analysis of the fundamental frequency of OWTs
on jacket structures is conducted within this work. The sensitivity is quantified based on the
partial derivative, representing the change in the fundamental frequency produced by each
variable. This process is approached from two distinct scales: firstly, partial derivatives
are computed to ascertain the local sensitivity of each variable within specific samples;
secondly, the local sensitivities of a diverse set of samples are analyzed to obtain global
conclusions regarding the variables’ influence.

The use of partial derivatives maintains the dimensional character of the sensitivity.
This approach may lead to difficulties when comparing the sensitivity of variables with
different scale values. For instance, an increment of 1 unit in a variable with a value of
0.1 units is more relevant than the same unitary increment in a variable with a value of
2000 units. To obviate this issue, the present study analyzes the relative sensitivity (see,
for example, [25]) instead of the absolute sensitivity. The relative sensitivity (Sr) is defined
as follows:

Sr =
∂[ln fn]

∂[ln xi]
=

∂[ln fn]

∂xi

∂xi
∂[ln xi]

=
1
fn

∂ fn

∂xi
xi =

∂ fn

∂xi

xi
fn

= S
xi
fn

(1)

where S = ∂ fn/∂xi is the absolute sensitivity, and xi is the variable with respect to which
the sensitivity is evaluated.

The relative sensitivity is a measure of the relative change in the output against a
relative change in the input. Specifically, an increment of 1% in the independent vari-
able produces an increment of Sr% in the dependent variable. Relative sensitivity is a
non-dimensional metric that offers several advantages over absolute sensitivity analysis,
particularly when dealing with variables with vastly different scale values. By considering
relative changes rather than absolute changes, this approach provides a more nuanced
understanding of the relationships between input variables and output responses.

3. Results

The methodology outlined in Section 2 is followed, obtaining the relative sensitivities
of the fundamental frequency with respect to each input variable for the dataset comprising
one million samples. However, owing to the vast search space explored and the substantial
number of generated samples, some predictions of the fundamental frequency exhibit
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anomalously low values. As the fundamental frequency is situated in the denominator of
the relative sensitivity, these instances can lead to numerical inconsistencies.

Consequently, all samples exhibiting a fundamental frequency lower than 0.05 Hz are
systematically removed from the dataset to preclude potential computational inaccuracies.
Only ninety-four samples out of one million samples are found to be affected by this
criterion. It is reasonable to infer that these anomalous samples represent extremely soft
structures, which fail to satisfy the technical specifications established by international
standards and guidelines for such systems. Nevertheless, their removal does not impact
the validity of the conclusions drawn from the analysis.

3.1. Global Sensitivity Analysis

The analysis of the global sensitivity of the fundamental frequency of an OWT on
a jacket structure involves evaluating the effects of the main characteristics that define
it. To achieve this, an aggregate analysis of each sensitivity for all evaluated samples
is performed.

Firstly, the limitation of studying partial derivatives is examined using boxplots of
sensitivities divided by the characterization variable in Figure 4. The results indicate that
the thicknesses of the wind turbine tower, legs, and bracings are the variables with the
most significant impact on the fundamental frequency. This phenomenon is attributed to
these variables presenting low values, thereby being more susceptible to unitary increments
compared to other variables. However, it was noted that expressing these variables in
millimeters instead of meters could mitigate this issue. Nevertheless, applying a manual
process to all variables would pose two potential problems: inconsistencies among variables
due to disparate criteria, and the lack of a universal criterion for specific variables with
varying magnitudes.

Figure 4. Boxplot of the sensitivities of the OWT fundamental frequency to the characteristics defining
the system.

To address this challenge, Section 2.3 introduces the concept of relative sensitivity,
which represents the rate of the relative change. This non-dimensional sensitivity anal-
ysis enables the evaluation of sensitivities in a unified manner. Boxplots of the relative
sensitivities of the fundamental frequency for each variable that characterizes the system
are presented in Figure 5. Notably, for each variable, most of the relative sensitivities of
the samples exhibit similar values, with outliers extending the distribution. These outliers
can arise from two distinct factors: specific samples with atypical dynamic characteristics,
or suboptimal predictions due to samples in under-explored regions by the ANN-based
surrogate model. Despite this, the interquartile distance is relatively small, and the great
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performance of the ANN-based surrogate model allows for a reliable analysis, focusing on
this interquartile distance.

Figure 5. Boxplot of the relative sensitivities of the OWT fundamental frequency to the characteristics
defining the system.

The variable with the most pronounced effect on the fundamental frequency is tower
height, inducing a decrease of around 1.45% in fundamental frequency after increasing
the length by 1%. This phenomenon is attributed to the flexibilization produced by this
increment. As expected, other characteristics of the wind turbine that contribute to a
decrement in the frequency are the inertial effects. The rotor-nacelle assembly mass presents
a relative sensitivity of around 0.42, while the moments of inertia have a negligible effect.
This effect coincides with that expected for the first mode of vibration of the cantilever
beam. The moment of inertia about the roll axis is slightly more relevant, with a relative
sensitivity close to 0.017. Conversely, the other moment of inertia exhibits a near-zero
relative sensitivity, indicating that the first mode of vibration involves rotation about the
roll axis.

Regarding wind turbine tower section dimensions, both diameter and thickness incre-
ments increase frequency due to enhanced system stiffness. Notably, the bottom section
dimensions are more significant than those at the top, owing to the greater moment-
curvature at the base due to the tower acting as a cantilever beam. Moreover, the diameters
have a greater influence than the thicknesses because they exert a more significant effect on
the moment of inertia of the section compared with the thickness. The variable most prone
to increasing frequency is therefore the bottom diameter, exhibiting a relative sensitivity of
approximately 0.97.

In contrast, emplacements characteristics have significantly lower relative sensitiv-
ities, below 0.05 for most samples, due to the increased stiffness of the jacket structure
compared to the wind turbine. The soil properties included in this study tend to increase
the fundamental frequency by making the system stiffer, whereas water depth decreases
the frequency due to the added mass effect on the jacket.

Regarding jacket design, all variables are found to increase the stiffness of the structure
except for the jacket height, with a relative sensitivity of around 0.04. The most relevant
variable in jacket design affecting the fundamental frequency is the number of legs, with a
relative sensitivity close to 0.1. This is followed by legs spacing and leg section dimensions,
whose relative sensitivities range from 0.02 to 0.05 for most samples. These variables impact
the global structural stiffness by increasing the moment of inertia of the corresponding
sectional area within the frame structure, which is achieved through either an increase in
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the areas of the legs themselves or a greater separation of these from the central axis of
the structure.

3.2. Relationship Between Relative Sensitivity and System Characteristics

A more detailed analysis of the sensitivity of the fundamental frequency to system
characteristics was performed in order to gain further insight into their influence. The
relative sensitivity of the fundamental frequency to various system parameters was studied,
and the results are presented in Figures 6–9. The figures show the 5th, 25th, 50th, 75th, and
95th percentiles of the relative sensitivity of the fundamental frequency for each one of
the variables considered as a function of their values. These plots demonstrate how the
sensitivity of the fundamental frequency varies with respect to each parameter.
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Figure 6. Percentiles of the sensitivity of the fundamental frequency of the OWT to wind turbine
variables, segregated based on variable value. Black lines represent the 50th percentile, blue lines the
25th and 75th percentiles, and red lines the 5th and 95th percentiles.
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Figure 6 presents the analysis of the wind turbine variables considered in this study.
The results show that section dimensions of the tower exhibit a decreasing trend in relative
sensitivity as their values increase, being more relevant for the decrement observed for
the top section than for the bottom. This happens because larger sections behave like
rigid bodies, and their variations have a lesser impact on the flexibility of the global
system. In contrast, the relative sensitivity against tower height is almost constant across its
range. Similarly, the rotor-nacelle assembly mass does not significantly modify its relative
sensitivity, except at extreme values. The moments of inertia also exhibit a non-significant
trend, with an increase in relative sensitivity that does not have a substantial impact on the
fundamental frequency. These relative constant influences arise from the high relevance of
the wind turbine flexibility on the wind turbine-jacket substructure system flexibility.

Figure 7 presents an analysis of the emplacement characteristics and their effects on
the fundamental frequency. In general terms, soil variables do not significantly affect the
fundamental frequency. However, softer and lighter soils exhibit higher median values of
relative sensitivity to cs (0.11) and ρs (0.7). This trend is also observed for incompressible
soils with νs close to 0.5. For hard soils with cs greater than 300 m/s, this variable has no
effect on the fundamental frequency, and similarly for heavy soils with ρs greater than
2000 kg/m3. Therefore, the foundation’s stiffness appears to be relatively high compared to
the jacket’s substructure when the soil is sufficiently hard and heavy. Consequently, the
effects of soil–structure interaction can be safely neglected in such cases. Regarding water
depth, an increasing relevance is observed as the water becomes deeper. This is because
deeper waters require higher jackets, which are more flexible, and the added mass affects
the global vibration mode.
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Figure 7. Percentiles of the sensitivity of the fundamental frequency of the OWT to emplacement
variables, segregated based on variable value. Black lines represent the 50th percentile, blue lines the
25th and 75th percentiles, and red lines the 5th and 95th percentiles.

Figure 8 presents the influence of jacket design hyperparameters. The median relative
sensitivity to jacket height slightly increases up to 0.07, with a significant increment in
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dispersion. This indicates that for flexible high-jacket substructures, the jacket height can
be a very significant variable for determining the fundamental frequency. The relative
sensitivity to the number of legs and leg spacing at the top do not present relevant variations
with these variables values. However, the relative sensitivity to leg spacing at the bottom
exhibits a significant variation. Lower spacings produce an increment in the fundamental
frequency by making the structure stiffer, while large spacings reduce the stiffness due to
the inclination of the legs and the decreased restriction of platform rotation. The numbers
of bracing levels show similar trends, where lower values increase the stiffness, and larger
levels reduce the stiffness due to the inclination of the braces and the decreased restriction
of platform rotation.
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Figure 8. Percentiles of the sensitivity of the fundamental frequency of the OWT to jacket hyperpa-
rameter variables, segregated based on variable value. Black lines represent the 50th percentile, blue
lines the 25th and 75th percentiles, and red lines the 5th and 95th percentiles.

Figure 9 presents an analysis of the relative sensitivity against the dimensions of jacket
tubular elements. In general terms, the legs’ section is more relevant than the braces’ section.
For legs diameter and thickness, the relative sensitivity trends decrease as these variables
increase because a stiffer jacket compared to the wind turbine renders their influence less
pertinent. A very interesting trend appears for the braces’ diameter and thickness. For small
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braces, an increment in their dimensions produces a relevant increment in the fundamental
frequency by making the jacket structure stiffer. However, for diameters and thicknesses
greater than 1 m and 0.05 m, respectively, their influence on the frequency tends to zero.
This happens because once the bracings are stiff enough to assume rigid links between the
legs, a variation in their sections does not affect the dynamic characterization of the system.
A limitation of this study lies in the assumption of a constant section for the legs and piles
of the jacket, as well as identical sections for all the braces. This prevents the differentiation
of the relative influence of sections at diverse levels. However, owing to the jacket behaving
like a lattice structure, it is assumed that each level would present a partial influence on the
system, being less significant than the other variables considered.
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Figure 9. Percentiles of the sensitivity of the fundamental frequency of the OWT to jacket element
dimension variables, segregated based on variable value. Black lines represent the 50th percentile,
blue lines the 25th and 75th percentiles, and red lines the 5th and 95th percentiles.

4. Conclusions

A global sensitivity analysis of the fundamental frequency of an OWT on a jacket
structure has been proposed to elucidate the primary factors influencing this characteristic.
This study aims to investigate the dependence of wind turbine properties, emplacement
conditions, and jacket design parameters. To achieve this objective, widespread Monte
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Carlo sampling is conducted to generate a vast set of wind turbines, emplacements, and
jacket designs. Most variables are constrained by relationships with other characteristics
to ensure that the generated samples are realistic and yield relevant conclusions. The
fundamental frequency and its partial derivatives with respect to the main characteristics
are obtained via an Artificial Neural Network (ANN) model, which offers fast evaluation
capabilities. The relative sensitivities of the fundamental frequency to primary variables
are computed to facilitate a comparable analysis of their influence.

It is demonstrated that relative sensitivity exhibits superior performance compared
to partial derivatives due to the dimensional character of the latter. The influence on the
fundamental frequency measured by the partial derivatives depends on both the intrinsic
influence of the variable and the relative change applied. This last factor can be mitigated
by studying relative sensitivity, which measures the relative change rate, allowing for a
straightforward comparison.

The wind turbine properties are found to be the most relevant variables affecting
the fundamental frequency. A decrement in frequency is caused by tower height and
rotor-nacelle assembly mass, as well as an increment due to the section dimensions of the
tower, particularly at the base. This is attributed to the relatively rigid nature of the jacket
substructure compared to the wind turbine tower.

Although some variables exhibit negligible influence for many samples, notable vari-
ations in their impact on dynamic characterization are observed within specific ranges.
For example, soil properties have a significant effect on foundation stiffness for soft and
light soils but can be neglected for hard and heavy soils (cs > 300 m/s). Additionally, the
relative sensitivity of the braces’ diameter and thickness shows pronounced variations
with different dimensions. Notably, for small braces, an increment in their dimensions
leads to a substantial increase in fundamental frequency due to the increased stiffness of
the jacket structure. However, for diameters and thicknesses exceeding 1 m and 0.05 m,
respectively, their influence on frequency tends towards zero. This is because once bracings
are sufficiently stiff to assume rigid links between legs, variations in their sections do not
significantly affect dynamic characterization.

This study provides an approximation of the understanding of the variables influenc-
ing the fundamental frequency of OWTs on jacket structures. By measuring the individual
influence of each factor, this research facilitates a deeper comprehension of the complex
interactions governing this critical characteristic. Also, the results manifest the ability of
ANN-based surrogate models to conduct studies involving a large amount of data.
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