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Navy vessels are relative long and slender ships which must withstand, during their extensive operational 
life, cyclic loads produced by the seaway. Fatigue is, hence, for those vessels a dominant parameter in 
the structural ship design and on their operation. Due to the arising complexity of fatigue assessments, 
an in-house tool is developed to perform automatized spectral fatigue analysis. Tool is called SEAFALT 
and stands for Long-Term Spectral Fatigue Analysis. This article described the calculation process of 
SEAFALT, together with results of a case of study. SEAFALT controls automatically the coupling process 
of the hydrodynamic load calculated on each sea scenario (via ANSYS AQWA), with its correspondent 
Finite-Element (FE) structural response (via ANSYS MAPDL). SEAFALT calculates: the expected long-
term fatigue damage on each node of the FE-model and the minimum required FAT-class.

Los buques militares son barcos relativamente largos y esbeltos que deben soportar, durante su extensa 
vida operativa, las cargas cíclicas producidas por el mar. La fatiga es, por lo tanto, para esos buques 
un parámetro dominante en el diseño estructural del buque y en su operación. Debido a la creciente 
complejidad de las evaluaciones de fatiga, se desarrolla una herramienta interna para realizar análisis de 
fatiga espectral automatizados. La herramienta se llama SEAFALT y significa Análisis de Fatiga Espectral 
a Largo Plazo. Este artículo describe el proceso de cálculo de SEAFALT, junto con los resultados de 
un caso de estudio. SEAFALT controla automáticamente el proceso de acoplamiento de la carga 
hidrodinámica calculada en cada escenario de mar (a través de ANSYS AQWA), con su correspondiente 
respuesta estructural de elementos finitos (FE) (a través de ANSYS MAPDL). SEAFALT calcula: el daño 
por fatiga esperado a largo plazo en cada nodo del modelo FE y la clase FAT mínima requerida.
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Damen Naval (DN) is specialized on the design of 
naval ships and complex commercial vessels. Navy 
vessels are relative long and slender ships which 
must withstand, during their extensive operational 
life, cyclic loads produced by the seaway. This 
process triggers the formation of cracks at the 
structural welds which may reduce the capacity 
of the structure against further load scenarios.  
Fatigue is, hence, for those vessel types a dominant 
parameter in the structural ship design and on 
their operational usability.

During the last years, DN has been confronting 
more and more with new requirements for ship 
fatigue lifetime calculations. Such requirements 
must be implemented on the ship structural 
design, which in majority of the cases, due to the 
complexity of the calculations, requires a major 
engineering effort. Therefore, to deal efficiently 
with fatigue assessments on engineering phases 
approximations and simplifications must be 
accounted, according to International Recognized 
Standards.

Nowadays, thanks to the growth of computational 
power, such approximations can be even 
implemented in software and/or tools throughout 
which (even more) complex calculations can 
be performed, allowing engineers to predict 
the behavior of the ship’s structure on a (more) 
reliable way. 

Hence, to assist structural analysts along the 
engineering phases on fatigue assessment, it was 
developed SEAFALT, a software-tool (script) 
able to perform automated spectral fatigue 
assessments to establish the coupling between 
the pressure distribution (calculated on each 
evaluated sea scenario) with its consequent Finite-
Element (FE) structural response (Luna Garcia-
Valenzuela, 2019). The used  seakeeping tool is 
ANSYS AQWA, while the chosen FE-software 
is ANSYS MAPDL (Mechanical APDL). The 
complete automated process is controlled by a 
Python-script that was called SEAFALT (Long-
Term Spectral Fatigue Analysis).

Fatigue occurs as a result of stress or strain reversals, 
known as cycles, in the time history. It therefore 
sets the response of the structure or component as 
the starting point for any fatigue analysis. 

Fatigue damage has been traditionally determined 
from time signals of loading, usually in the form 
of stress or strain. Such methodology is suitable for 
periodic loading, nevertheless requires large time 
records to accurately describe random loading 
processes. The offshore oil industry faced this 
problem in the early 1980’s, since the offshore 
platforms are large and complex structures subjected 
to random wind and wave loading. The analysis 
becomes complicated because the imposed loads 
are random and excite dynamically the structure, 
proving this way the transient dynamic analysis 
in the time domain as unfeasible (Halfpenny, 
1999). On the other hand, for many FE analyses 
(especially when modelling dynamic resonance), 
a compact frequency-domain-based fatigue 
calculation can be utilized alternatively, where the 
random loading and response are categorized using 
Power Spectral Density (PSD) functions, and the 
dynamic structure is modelled as a linear transfer 
function. In fact, it is often beneficial to carry 
out a rapid frequency response (transfer function) 
analysis instead of a computationally intensive 
transient dynamic analysis in the time domain 
(Halfpenny, 1999).

Therefore, a FE analysis based in hydrodynamic 
frequency-domain loads can simplify the problem 
severally. Such calculation can then be carried out 
to determine the transfer function between wave 
height and stress in the structure. Following this, 
the PSD of wave height is simply multiplied by 
the transfer function to obtain the PSD of stress 
response of the structure.

Fatigue in floating structures is mostly driven by 
moderate sea states, for which linear analyses often 
suffice (Naess & Moan, 2013). Therefore frequency-
domain analyses of wave-induced response for 
various sea states can then be efficiently carried out 

Motivation of the Study Fatigue Assessment in Floating 
Structures
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Fig. 1. Fatigue loading in terms of stress ranges. (Naess & Moan, 2013).

with relatively coarse FE models of the structure, 
allowing the calculation to be speeded-up in 
comparison with the time-domain computation. 
Hence, the calculation of the relevant fatigue loads 
involves a global analysis and their effects in terms 
of member forces, and a local analysis to determine 
the hot spot stress, as illustrated on Fig. 1.

Fatigue Assessment in the Frequency 
Domain

The frequency domain is another domain in which to 
view a time signal but losing the phase information, 
but now the x-axis represents frequency instead 
of time. In practice, frequency domain is usually 
represented as a ‘Power Spectral Density (PSD)’ 
plot, which consists on a normalized density plot 
that describes the mean square amplitude of each 
sinusoidal wave with respect to its frequency. Fig. 
2 shows a typical PSD plot, where the mean square 

amplitude of a constituent sinusoidal wave can be 
determined by measuring the area under the PSD 
over the desired frequency range.
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Fig, 2. Typical PSD of a random time history.
(Halfpenny, 1999).
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The time signal regeneration is performed 
throughout an ‘Inverse Fourier Transformation’ on 
the complex vector of frequency domain results, 
however, when the starting point is a PSD this 
method is inappropriate due to the lack of wave 
phase information of such PSD. However, for 
certain time stories such as the ‘ergodic stationary 
Gaussian random processes’, assumptions about 
the original phase content can be made for the time 
series to be regenerated. For fatigue assessments in 
the frequency domain ‘ergodic stationary Gaussian 
and random’ processes are assumed. 

For every occurring sea state, the stress response 
spectrum (or spectral density function) can be 
easily obtained within the frequency domain 
approach. For a narrow-banded Gaussian 
process, every peak is coincident with a cycle and, 
consequently, the stress amplitudes are Rayleigh-
distributed. Now if the Stress-Cycles curve (SN)  
is formulated in terms of: N the number of cycles 
to failure for stress range S, m the negative inverse 
slope of the SN curve and K - factor the slope of the 
curve which governs the relationship between the 
stress level and the number of cycles, as:

then the expected fatigue damage D is:

where NT  is the total number of stress cycles, S 
is defined by                     , and  E[] denotes the 
expectation value operator. S may be interpreted 
as a constant amplitude loading that is equivalent 
to the random loading under the assumption of a 
single slope SN curve.

If the described Gaussian process has zero mean 
and variance    , the stress range follows a short 
term Rayleigh distribution, and can be determined 
from the stress amplitude distribution fA :

The short-term fatigue damage can be therefore 
expressed as:

with Γ(;) the Euler gamma function.

To perform the long-term fatigue assessment, all 
or at least the most contributing sea states must 
be accounted. Long-term fatigue damage can 
be expressed, in terms of Rayleigh short-term 
distributed stress ranges, as indicated below 
(DNVGL, 2015):

where rinj is the relative number of stress cycles in 
short term condition i, n for loading condition j,   aj 
is the probability of loading condition j,  nLC is the 
total number of loading conditions and m0inj is the 
zero spectral moment of stress response process in 
short term condition i, n and loading condition j.

On the other hand, if bi-linear SN curves are to be 
used, according to (DNVGL, 2015) they can be 
expressed logarithmically as:

with:

where δ is the standard deviation of logN, and 
K1, K2 are the constant of mean SN curve (50% 
probability of survival) and the constant of 
design SN curve (97.5% probability of survival), 
respectively. With this, Eq.5 can be expressed as:

(1)

(2)

(3)

(5)

(6)

(7)

(4)
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(8)

(9)

with Δσq the stress range in SN curve, where the 
change of slope occurs (knuckle), K2, m are the SN 
fatigue parameters for N<107 cycles, K2= m + Δm 
are the SN fatigue parameters for N>107 cycles. SN 
curves are generally designated by DNVGL with 
FAT X, where X is the stress range at 2·106 cycles.

For floating structures, the (Morison ś) drag force 
implies super harmonic load components that are 
normally an order of magnitude smaller than the 
wave frequency component. However, if the higher-
order harmonic load components coincide with 
the natural frequency, significant amplification 
occurs, making the high-frequency load effect 
significant. Slamming and sloshing in tanks can 
similarly contribute in fatigue loading. This means 
that the stress history comprises a high- and low-
frequency response process and therefore becomes 
wide banded (Naess & Moan, 2013). As the shape 
and the variance of the stress-range-response 
spectrum has a significant effect on the prediction 
of the induced fatigue damage, a correction factor 
can be used to consider the band-wideness of the 
process. Benasciutti and Tovo (2005) proposed an 
empirical formula of wide-band fatigue damage 
by using a linear combination of the narrow-band 
and range counting results that can be obtained by 
closed-form expressions in the frequency domain:

where m is the material parameter of the SN curve,   
DNB  is the fatigue damage under the narrow band 
assumption, fBT is the Benasciutti-Tovo correction 
factor, and the coefficient b is empirically obtained 
based on extensive numerical simulations. This 
formula has been shown to give accurate results in 
an independent study (Gao & Moan, 2008), and 
therefore can be applied with good accuracy to all 
types of wide and narrow band Gaussian processes 
(Naess & Moan, 2013).

Introduction

SEAFALT is meant to be used during a basic 
engineering phase allowing the user to compute 
the minimum required characteristics of structural 
details, to ensure the withstanding of the variety 
of sea loading cycles during the vessel operation. It 
could be also used during detail engineering phases 
to determine the lifetime of the structure, once it has 
been designed. Fig. 3 shows the logo of SEAFALT.

The development of this tool, was driven by the 
following key needs:

•	 Seakeeping Analysis of the vessel, depending 
on the sea conditions where the vessel has 
already sailed in or where the vessel will 
potentially sail.

•	 Apply loads from Seakeeping Analysis to a 
(detailed) FE model of the structure. 

•	 Perform Spectral Fatigue Analysis to find 
the structural elements where crack growth 
is likely to occur, and to select the minimum 
required welding details to avoid fatigue 

 SEAFALT Methodology

Fig, 3. SEAFALT Logo.
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cracking. Also calculate the long-term fatigue 
damage, provided the FAT-class of the detail.

•	 Create an exporting tool with which results 
can be implemented in the FEM model 
(ANSYS MAPDL), so that the user can check 
interactively the results.

General Scheme of the Process

Spectral fatigue analysis is fast, in a lot of cases 
accurate and, more important, a closed form method 
(Zurkinden, A. et al., 2014). The aim of the spectral 
analysis is the determination of the long-term 
fatigue damage with a direct calculation approach 
that takes into account the different environmental 
conditions encountered by the floating structure. 
So, the core of the analysis is the determination of a 
Response Amplitude Operator (RAO) between the 
waves and the stress, for each operating condition. 
This RAO is obtained by the combination of a 
frequency-domain-based hydrodynamic model with 
a linear structural model. Although different hydro-
structure coupling schemes are available, it was 
chosen the process-flow proposed by Bureau-Veritas 
(Veritas, 2016), as shown in Fig. 4. It is widely used 
and is based on transferring the wave loads from the 
hydrodynamic model on a three-dimensional FE 
model for each wave heading, frequency and speed.

Using the stress RAO, a stress response spectrum can 
be determined for each wave energy density spectrum. 
Providing short-term wave statistics and considering 
the fatigue capacity given by the SN curve, a short-
term damage is calculated. Finally, the long-term 
fatigue damage is computed as the summation 
of short-term damages taking the probability of 
occurrence of each sea state into account.

This method allows for short computational times 
as well as a for a direct spectral analysis of the 
accumulated damage in a given structural detail. 
On the other hand, the method does not allow for 
the integration of non-linear effects such as the 
non-linear hydrostatic force or the non-linear drag 
forces. To account for such effects a time domain 
simulation remains necessary. However, as fatigue 
in floating structures is mostly driven by moderate 
sea states, a linear analysis often suffice (Naess & 
Moan, 2013).

Calculation Process

The developed tool controls the solution, pre- and 
post-processing of the results from the different 
solvers or modules used to carry out the spectral 
fatigue analysis of the structure: ANSYS-AQWA 
and ANSYS-MAPDL. SEAFALT therefore acts 

Long term damage

Short term damage

Stress RAO

Loads
LTF

Hydrodynamic
model

Structural
model

Short term:
wave energy

density spectrum

Long term:
list of sea states/
scatter diagram

Environmental conditionsHydro-structure model

S-N curve

Fig. 4. Spectral fatigue analysis flowchart (Veritas, 2016).
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as the “glue” of the complex data management of 
this process: handling inputs, moving, processing, 
sending and storing data from the different solvers 
involved. The calculation flow is then composed by 
four subprocesses:

Hydrodynamic Loading Data Base 
Determines the wave excitation transfer function 
for different incident wave angles, wave frequencies 
and ship speed. For the given operational profile, 
the wave induced load is obtained at a given 
location per unit wave amplitude, by computing 
the pressures and rigid body motions of the center 
of gravity of the structure throughout a linear-
diffraction analysis. Response X of a structure 
subjected to wave loading is therefore calculated by 
solving the equation of motion in the frequency 
domain for unit wave amplitude.

FEM Calculation
In this step, the stress transfer functions (STF) 
or stress Response Amplitude Operator (RAO) 
are determined by applying the calculated 
hydrodynamic loads on a 3D FEM structural 
model. The STF expresses the relationship between 
the stress at the given structural location and a 
unit wave amplitude. The procedure is based on 
computing the linear structural response of the 
imported hydrodynamic load scenarios. This is 
done by means of the integration of the pressure 
values within panels, allowing for the calculation 
and transfer of discretized loading values inside the 
same panel, to the detailed FEM mesh. Hence, for 
each wave frequency ω, heading θ and ship speed v, 
the hydrodynamic load case scenario is solved via a 

FEM static structural simulation, and from nodal 
stress results the stress transfer function HΔσ(ω|θ|v) 
is obtained. Fig. 5 summarizes graphically the 
intermediate results of the process to calculate the 
stress range response. To compute fatigue damage, 
the effective stress range is computed at each shell-
element node of the structural model (DNVGL, 
2015), since accounts for the situation with fatigue 
cracking along a weld toe, but also when principal 
stress direction is more parallel to it.

Once all load cases are solved, the STF data base is 
consolidated, from which short-term stresses can be 
calculated spectrally for different irregular seaway 
scenarios described in the operational profile.

Postprocessor
This module calculates the long-term fatigue 
damage or the minimum required FAT class, at 
a certain evaluated node of the structural model. 
To do that, first the short-term stress (range) 
response spectrum SΔσ is calculated for sea states 
described in the operational profile, by accounting 
for sea spectrum SF(ω|θ) and the respective STF, 
previously determined.

Then, the spectral moments are calculated by 
means of the following expression:

Fig. 5. Curves used on the computation of the stress range response: STF (RAO), Sea Spectrum and Stress Response
(from left to right).
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Now Benasciutti-Tovo correction factor (Eq. 
9) is determined. And finally, when all the sea 
conditions are evaluated (repeating the above 
described process), the long-term fatigue damage 
equation (Eq. 8) is solved. To do that, an automatic 

Solving Eq. 8 can be done in two different manners, 
depending on the type of fatigue assessment:

•	 Minimum required FAT-class (Fig. 7), in 
which the long-term fatigue damage is set to 
1 (maximum allowed according to (DNVGL, 
2015)), and iteratively the minimum required 
FAT-class is calculated. Such value is used 

subroutine classifies the nodes on evaluation in: 
base-material, welds and free-plate edge (see Fig. 
6), for which one reference FAT-class (SN Curve) 
is assigned according to DNVGL (2015).

within engineering phases to check if 
structural details have FAT-classes above the 
minimum required.

•	 Long-term damage (Fig. 8), in which the 
actual FAT-class of the evaluated structural 
detailed is known, respective SN-curve 
parameters are introduced and the equation 
is solved straight forward.

Fig. 6. Nodal and element classification: (from left to right) elements attached to weld nodes,
base material nodes, and free-plate edge nodes.

Fig. 7. Example of SEAFALT Results in APDL: min. required FAT-class assessment. By means of a color-scale, the 
minimum required FAT is indicated.
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The developed calculation process was tested with 
a full scale detailed (FE) model of a pontoon-barge 
designed and built by DAMEN (Fig. 9).

The method to assess global hull-girder structural 
response is applicable to various hull-shapes, including 
military-ships. On the other hand, the curved shape 
of the hull could trigger the buoyancy forces to vary 
non-linearly with the wave height, inducing weak-
nonlinear seakeeping behavior. As the proposed 
methodology is based on linear hydrodynamics, this 

non-linear phenomena might not be possible to be 
directly captured by the seakeeping tool. However 
as stated in III-C a linear hydrodynamic analysis 
often suffice for fatigue loading assessments, due to 
the fact that the expected hydrodynamic response 
at the recommended rule-based probability of 
exceedance shows normally a linear trend (DNVGL, 
2015). Hence, and for simplicity reasons the above-
mentioned barge was chosen as a case of study.

The pontoon is a (relatively simple) barge, with 
vertical bulkheads and shell, a block coefficient 
nearby the unit, for which fatigue issues are not 
expected to appear during its lifetime considering 
the mild operational profile. The simplicity of the 
geometrical model to be used in the calculation 
was hence considered. Main dimensions and 
hydrostatics of the pontoon model can be 
summarized in Table 1.

Modelling

In this section the two models used on the 
computation are described: hydrodynamic and 
FE model.

Fig. 8. Example of SEAFALT Results in APDL: long-term damage calculation. In red, details where damage is expected to 
reach 1 at the end of the lifetime, with current design. In blue, elements for which long-term damage is below 1.

Case of Study

Fig, 9. Pontoon vessel used as study case. (Damen, 2019).
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Hydrodynamic Model
The model used during hydrodynamic simulations 
consists of a 3D outer-hull-plating model (Fig. 
10). Mass and inertia properties are represented 
through a single mass point with the following 
characteristics:

Reader can note that the vertical coordinate 
of the CoG stated at Table 1 and Table 2 differ 
from each other. This occurs due to the fact that 
the origin of the Global Coordinate System of the 
hydrodynamic model does not coincide with the 
one of the FE model. The difference is corrected 
automatically when the coupling is performed.

The maximum element size of the panels was set to 3 
meters, with a defeaturing tolerance of 0.8 m. With 

Parameter Value

Length 85 m

Breadth 22 m

Height 5 m

Draft Amidships 2.248 m

Center of Gravity from intersection Aft 
Perpendicular-Base Line (Global Coord 
System origin)

43.065 m, 0 m, 
2.635 m

Longitudinal Center of Buoyancy from 
origin GCS (LCB) 43.076 m

Longitudinal Center of Floation from 
origin GCS (LCF) 41.863 m

Trim angle (+ve by stern) -0.421 deg

Heel 0 deg

Displacement 3999 T

Parameter Value

Point Mass Location (CoG) 43.065 m, 0 m, 
-0.316 m

Mass (Displacement) 3999 T

Radii of gyration: Kxx 46.573 m

Radii of gyration: Kyy 25.546 m

Radii of gyration: Kzz 26.412 m

it, it was possible to evaluate wave frequency ranges 
from 0.25 rad/s to 1.8 rad/s with 50 intermediate 
values. Different wave heading directions were 
assessed, from 0 to 180 degrees with steps of 30 
degrees. Regarding the pontoon speed, three values 
were evaluated: 3, 9 and 12 knots.

Structural Model
To carry out FE calculations, a fine mesh of around 
256.000 nodes were used to discretize the structure 
of the pontoon.

Figs. 11 and 12 shows the geometry of the pontoon, 
which was modeled by using the following element 
types:
•	 Shell: is a four-node element with six degrees 

of freedom at each node (translations in the x, 
y and z directions, and rotations about the x, 
y, and z-axes). In general, primary structural 
elements were modelled by using shell181 
elements.

Table 1. Main Particulars and Hydrostatics of the
Pontoon model.

Table 2. Mass point properties.

Fig. 10. Hydrodynamic Model of the Pontoon.

Fig. 11. Pontoon FE Model.
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Fig. 13. Main Deck holes, detailed view.

Fig. 12. Elements within a section of the pontoon model: (from left to right), the complete section, shell and beam elements.

Table 3. Dimensions of main deck holes

•	 Beam: is a linear, two-node beam element, 
based on Timoshenko beam theory. Secondary 
stiffeners and also face plates on top of primary 
members were modelled by these elements.

In the corners of these holes, high concentration 
of stresses is expected which will likely create long-
term fatigue issues.

Finally, boundary conditions (Fig. 14) were applied 
to the model so that it can freely deform while 
keeping the model numerically balanced:

•	 Forward end: the mid-plane-central node 
was constrained for vertical (UZ=0) and 
transversal (UY=0) displacements.

•	 Aft end: in this area three mid-height nodes 

To create fatigue-sensitive locations in the 
structure, the main deck plating of the structure 
was penetrated with four different types of holes, 
as shown in Table 3 and Fig. 13.

were constrained:
o Side nodes: vertical displacements were 
restricted (UZ=0)
o Mid-plane node: longitudinal (UX=0) 
and transversal (UY=0) displacements were 
constrained

Fatigue Assessment Settings
Following the process described in Section III-C, 
the minimum required FAT-class for all the 
structural nodes in the FE model of the pontoon 
was calculated.

To do that, the following settings were accounted:

•	 Reference SN-Curves for structural details 
(DNVGL, 2015):
o Base material: Curve B1.
o Free-plate edge: Curves B, B2, C, C1, C2.
o Weld: Curves D, E, F.

•	 Number of cycles above which sea cases 
contribution is considered (high-cycle fatigue): 
104 (DNVGL, 2015).

•	 Operational Profile (see Table 4).

Hole detail Dimensions Corner Radius

Squared with welded edges 2 x 2.2 m -

Squared without welded edges (free edges) 1.7 x 1.9 m -

Squared with rounded corners and welded edges 2.2 x 2 m 55 cm

Squared with rounded corners and without welded edges 
(free edges) 1.7 x 1.9 m 40 cm
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Total Num.Cycles 2.94E+07

Wave Scatters Area 40 North Atlantic (IACS)

Sea Spectrums JONSWAP Pierson-Moskowitz

Ship Speed [knots] 3 , 9, 12

Heading [deg] 0, 30, 60, 90, 120, 150, 180

Total Sea Scenarios 7224

Table 4. Operational Profile. •	 For all the seakeeping assessments, the wave 
peak is exactly located at the position of the 
center of gravity of the pontoon, to account for 
the worst case scenario in regards to the global 
fatigue behavior of the structure.

A total of 7224 sea scenarios were evaluated by means 
the described methodology. As an example, the load 
transfer method is shown in Figs. 15, 16 and 17.

Fig. 14. Boundary conditions.

Fig. 15. Wave Loading on FEM Model. Contour-plot of applied pressures.

Fig. 16. Wave Loading on FEM Model. Arrow-plot of applied pressures.
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Fig. 17. Wave Loading on FEM Model. Arrow-plot of applied pressures of profile view.

Fig. 18. Minimum Required FAT-Class (Automatic Coloring Scale): Overview.

The arrow ś length and color give an idea of the 
magnitude order. The sign of the pressure value in 
the legend shows the direction of the pressure vector: 
positive pressures are applied against the element 
centroid while negative ones are applied outwards 
from the element surface. The mid-ship section of 
the pontoon is situated at the wave crest while the 
aft and forward region are located at the trough of 
the wave.  Moreover, it can also be noted that the 
free surface is not perfectly read as a straight line, 
depending it on the number of elements used on this 
region of the FEM model. The same applies to the 
hydrodynamic model and considering the volume 
calculated through this element discretization, it 
can be understood that the model will never be 
completely balanced with regards to the hydrostatic 
loads. As the calculated volume through elements 
will be smaller than the actual one, the buoyancy 
force will be then smaller than the actual weight of 

the vessel. Therefore at boundary-condition nodes 
residual stresses and reactions are expected to appear.

Reactions at boundary-condition nodes were 
monitored. For the worst scenario, the sum of the 
vertical reaction forces at such nodes was -5.32 kN 
(0.01% of displacement), thus can be considered 
that the model was properly balanced.

After the full computation was completed, outputs 
were analyzed qualitatively, due to the complexity 
on evaluating long-term results. Intermediate steps 
were studied and verified (Luna Garcia-Valenzuela, 
2019). Quantitative assessment will follow in 
future work. Results were mapped over the FE 
model. The following plots were generated:

Results
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Fig. 19. Minimum Required FAT-Class (Automatic Coloring Scale): Overview without deck plating.

Fig. 20. Minimum Required FAT-Class (Automatic Coloring Scale): Overview without deck plating. 

As shown in Fig. 18 and Fig. 19, in the aft- and 
forward-end regions the minimum required stress 
range at 2·106 cycles is small (almost 0 MPa) 
in comparison with the mid-ship region of the 
vessel, where the minimum required FAT-class 
for the nodes is about 35 MPa. This structural 
response was completely expected, due to the 
mild operational profile. Structural fatigue is 
known to be dominated by the vertical induced 
wave bending moment. As the transversal second 
moment of inertia is higher than the vertical 

one, then it proves that the transversal bending 
moment (inversely dependent of the second 
moment of inertia) is much smaller than the 
vertical wave bending moment. Consequently, 
the transversal stress on the structure will be also 
smaller than the longitudinal stress, therefore 
setting the importance of the longitudinal stress 
on fatigue assessment.

Being the extremes of the pontoon constrained by 
the boundary conditions, the most unfavorable 
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Fig. 21. Minimum Required FAT-Class (Automatic Coloring Scale): Profile view.

Fig. 22. Minimum Required FAT-Class (Automatic Coloring Scale): Plan view. 

condition will be the case in which the wave 
peak is located at the longitudinal position of the 
center of gravity, and the wavelength is equal to 
the pontoon length on head seas. This was the 
case shown in Fig. 15 where the maximum vertical 
bending moment occurred in the middle of the 
vessel. Therefore, it can be understood that the 
part of the structure in which it is expected to exist 
fatigue issues it is the midship region of the vessel. 
This behavior can be also shown in Fig. 20, where 
the higher minimum required FAT-class again 
appears on the nodes located at midships. Fig. 19 
also shows the expected stress distribution among 
the different structural members.

In Fig. 21, it is shown on a profile-view the 
same minimum required FAT-class distribution 
evaluated previously. Here, it can be noted that 
in the line of the neutral axis, there is almost 
no longitudinal stress. This fact triggers that 
this zone, not only in the hull plating but also 
in nodes which are nearby the neutral axis line 
of longitudinal bulkheads, have a low FAT-class 
requirement. Similarly, in the same view it can 

be noted that in the deck and bottom regions, 
minimum required stress range is higher due to the 
fact that they are subjected to bending moments, 
which are more significant, as commented, the 
bigger distance of the neutral axis (in vertical 
direction) and the closer to the midship region 
(in longitudinal direction).

Fig. 22 shows the minimum required stress range 
distribution throughout the main-deck platting of 
the pontoon. First, it can be noted again the same 
behavior described previously with regards to the 
required FAT-class at midships. This response in 
addition to the effect caused by the structural holes 
will increment notably the required stress ranges 
around the edges of such holes. Penetrations 
consist basically in structural discontinuities which 
interrupts the stress flow within the plating. That 
forces the stress to flow around the hole. That 
will result in stress concentrations around the 
discontinuity edges. 

In Fig. 23,  this effect can be noted easily since it is 
a zoom-in of Fig. 22. Here it can be observed the 
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Fig. 23. Minimum Required FAT-Class (Automatic Coloring Scale): Plan-detailed view of deck-platting holes.

Fig. 24. Minimum Required FAT-Class (FAT Coloring Scale): Overview.

stress shadows of the holes (blue colored), where 
the stress concentration is severely reduced, due 
to the stress direction towards the hole corners, 
defining therefore the preferable or allowable areas 
for deck plating penetrations.

In the squared discontinuities, the stress-flow 
deviation is bigger than in the one  with rounded 
corners. This effect will increase even more the 
stress concentration around the squared corners. 
Red colors therefore arise in the corner edges while 

only yellow color appear in the rounded corners of 
the discontinuity.

Fig. 24 shows that none of the nodes of the 
structure are expected to show fatigue issues during 
the lifetime of the pontoon, for the considered 
operational profile. The scale of the figure refers 
to the stress-range limits of the SN curves (FAT-
classes), as defined by DNVGL. The general idea 
of this plots is checking that the actual FAT-class 
of the designed detail is equal or higher than the 
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Fig. 25. Minimum Required FAT-Class (Automatic Coloring Scale): Boundary Conditions.

minimum required FAT-Class, for the same detail. 
Thus, if for instance a node of the structure is 
classified as base material (SN Curve: B1, FAT-
160) and in the plots it is colored in red (FAT-160 
threshold), it shows that the minimum required 
FAT-class falls nearby the limit. Similarly, if a node 
is classified as FAT-71 weld and has a minimum 
required FAT-class of 112 MPa, it will be colored 
in green and therefore, the structural detail should 
be re-designed since is expected to show fatigue 
issues. If the structure is then completely painted in 
dark-blue (FAT-Class below 80) it means that the 
minimum required FAT-class is below the limits 
defined of the SN curves and no fatigue problems 
will be expected.

It should be noted by the reader that if more 
extreme load cases would have been evaluated, 
probably different parts of the structure would 
have been facing fatigue response issues, triggering 
then such parts to be painted in different color 
than dark blue.

Finally, Fig. 25 shows the expected stress 
concentration at boundary conditions. It occurs 
due to the lightly unbalanced buoyancy forces, 
creating small non-zero reaction forces at these 

nodes (and also due to the stress distribution, on 
surrounding nodes). 

Through the previous ts, it can be observed the 
mid-plane symmetry on the response of the 
structure. In fact, as the geometry and the wave 
loading are symmetric, it is to be expected that the 
structural response of the structure will be similarly 
symmetric. It should be noted that with a different 
wave phase delay (than 0 degrees) asymmetric wave 
loading arises and therefore, asymmetric structure 
response must be expected.

Also the long-term damage computation was 
calculated. To do that, an unfavorable case in 

Sea Case parameters Value

Ship Speed 3 knots

Significant Wave Height 3 m

Wave Heading 180 deg (head seas)

Peak Period 7.5 s

Scatter Diagram North Atlantic (IACS)

Expected Number of Cycles 1.15E+05

Table 5. Sea case of study, for long-term damage evaluation.
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terms of fatigue was created and solved (see Table 
5). Long-term damage was calculated for all the 
nodes in the structure, by solving Equation 8. 

As shown in Fig. 27, several locations at strength 
deck amidships showed long-term fatigue 
damage above or equal to 1. These structural 
details were in the majority of the cases welds, 
for which conservatively the chosen FAT-class 
was 36, normally used for partial penetration 

butt-welds (DNV-GL, 2015). Red-marked area 
around the hatch-hole (Fig. 28) showed a stress 
range of 270 MPa. Fig. 26 represents the long-
term stress range distribution. Accounting for the 
recommended probability of exceedance level for 
fatigue assessments, 10-2 (DNV-GL, 2015), and 
also for FAT36 SN-curve parameters, Equation 
8 was solved and the long-term fatigue damage 
yielded to 1.5. Same value was obtained by the 
developed tool.
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Fig. 26. Long-term stress range distribution of evaluated detail.

Fig. 27. Long-term fatigue damage for sea case of study. Strength deck nodes at midship.
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•	  the operational profile, which is based on the 
susceptible sea conditions which are likely to 
occur during the life cycle of the vessel,

•	  DNV-GL classification society requirements.

The structure of a pontoon vessel designed and 
built by Damen DSNS was evaluated through 
SEAFALT. A full-length-detailed FEM model with 
256.000 nodes. Also, a hydrodynamic model was 
created to evaluate the environmental conditions 
dictated by the provided operational profile.

For this study, such environmental conditions 
were quite mild. Hydrodynamically-wise does 
not trigger the model to develop any fatigue long-
term issues, which means that the structure has 
enough fatigue strength to withstand the potential 
operational conditions during the entire lifetime 
and that it has been properly designed. Results were 
assessed from a qualitative point-of-view and based 
on engineering experience. Qualitative assessment 
will be performed in future works. Also future 
developments will be focused on benchmarking 
the tool with ships with different hull shapes.

ANSYS, Inc. 2016. ANSYS-AQWA Features. 
https://www.ansys.com/products/structures/ansys-

Fig. 28. Long-term fatigue damage for sea case of study. Damage at strength deck nodes, amidships, starboard side.

This article shows a developed process to perform 
spectral fatigue calculations for floating structures. 
Such process is implemented on a software-tool, 
called SEAFALT, dedicated for spectral fatigue 
analysis based on a coupling of direct calculated 
loads and the FE method. Hydrodynamic analyses 
are based on the frequency domain approach and 
FE computations are static structural assessments. 
These facts allow to speed-up significantly fatigue 
lifetime calculations compared to full time-
domain methodologies. 

The developed tool is pretended to be used during 
basic and detailed engineering phases and allows 
the engineer to compute the minimum required 
characteristics of structural detail, to ensure the 
withstanding of the variety of sea loading cycles 
during the vessel his lifetime. Also, long-term 
fatigue damage can be assessed, once the detail his 
characteristics are known.

The spectral fatigue assessment is performed in 
terms of:

•	 The geometry description throughout a full-
length-detailed 3D model of the structure, 

•	 the hydrodynamic BEM model of the outer-
hull of the structure, 

Conclusions
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