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ABSTRACT

One of the key engineering challenges for the installation

of floating marine energy converters is the fatigue of the load-

bearing components. In particular the moorings which war-

rant the station-keeping of such devices are subject to highly

cyclic, non-linear load conditions, mainly induced by the inci-

dent waves.

To ensure the integrity of the mooring system the lifecycle

fatigue spectrum must be predicted in order to compare the ex-

pected fatigue damage against the design limits. The fatigue

design of components is commonly assessed through numerical

modelling of representative load cases. However, for new ap-

plications such as floating marine energy converters numerical

models are often scantily validated.

This paper describes an experimental approach, where load

measurements from tank tests are used to estimate the lifecycle

fatigue load spectrum for a potential deployment site. The de-

scribed procedure employs the commonly used Rainflow cycle

analysis in conjunction with the Palmgren-Miner rule to estimate

the accumulated damage for individual sea states, typical oper-

ational years and different design lives.

This allows the fatigue assessment of mooring lines at a rel-

atively early design stage, where both information from initial

tank tests and the wave climate of potential field sites are avail-

able and can be used to optimise the mooring design regarding

its lifecycle fatigue conditions.
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NOMENCLATURE

s scaling factor

WEC Wave Energy Converter

OWC Oscillating Water Column

A Anchor point

WP Wave probe

S stress amplitude

S∞ fatigue limit

RFM Rainflow Matrix

Hs significant wave height

Tp wave peak period

FMoor measured mooring force [N]

A cross-sectional area [mm2]

σNOM nominal stress [MPa]

M multiplication factor for rainflow matrix

1 INTRODUCTION

Marine renewable energy is envisaged to play an important

role as a future energy source. For the UK it is estimated that

wave and tidal energy could provide up to 17% of the current

electricity demand [1]. This would help to guarantee the secu-

rity of energy supply and significantly reduce carbon emissions.

Beyond that, marine renewable energy holds the opportunity to

create a new and successful UK industry sector estimated to be

worth 15 billion [2]. From an engineering point of view though,

marine energy is one of the least developed renewable energy

technologies and has to be regarded as unproven. The main en-
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gineering challenge is being identified as the reliability of com-

ponents and devices [3–5].

In order to utilise the large majority of this estimated re-

source, floating offshore installations will be required. This

makes the mooring system an indispensable component for a

successful and safe operation for floating marine energy convert-

ers.

From a reliability perspective, two criteria have to be met

during the mooring load analysis. Firstly, the peak loads must not

exceed the the maximum strength of the moorings and secondly,

the cyclic loading needs to be assessed to ensure that the fatigue

design is satisfactory. Mooring fatigue is a failure mode of partic-

ular concern for floating marine energy applications [6–8] as the

operating wave environment induces highly cyclical load condi-

tions.

This paper presents an effort to quantify the life cycle fatigue

load spectrum that may be expected for mooring lines of a float-

ing marine energy converter. Rather than numerical simulations,

experimental measurements from a 1:20 scale tank test are being

used to derive a load spectrum estimate.

While the procedure is applicable to other types of marine

energy devices, exemplary results are presented for a generic

floating wave energy converter. The load spectrum is determined

for an assumed full-scale installation at the Wave Hub site in the

South West of the UK, where commercial-scale installations are

being planned during 2012 [9].

The paper broadly falls into three main parts. In section 2

the experimental setup is briefly presented, including the energy

converter and the range of tested sea states. Section 3 then de-

scribes the approach that is applied to estimate the annual field

load conditions from the experimental tests. In section 4 the main

results that emerge from the analysis are shown.

2 EXPERIMENTAL SETUP

As part of the SuperGen Marine initiative, physical model

tests of a generic floating wave energy converter (WEC) were

carried out in the NTNU Trondheim wave basin, funded by the

European programme Hydralabs III. The test objectives were to

gather data which would serve the validation of numerical mod-

els and to investigate potential interactions when the devices are

deployed in array configuration [10–12].

2.1 Wave Tank

Figure 1 illustrates the experimental setup in the tank, the

definition of the coordinate system and the mooring configura-

tion. The device (WEC1) is moored to the bottom of the tank

with three mooring lines attached to welded anchor positions

(A1, A2, A3). The water depth is set to 2.8m and the surge

motion of the WEC device (x-axis) has been defined positive in

opposition to the wave maker.
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FIGURE 1. COORDINATE SYSTEM SHOWING WAVE PROBES

(WP), ANCHOR POINTS (A) and CONVERTER LOCATION (WEC)

FIGURE 3. MOORING LINE ARRANGEMENT, DIMENSIONS

IN [mm]

2.2 Generic Wave Energy Converter

The wave energy converter used in the tests is a cylindrical

floating device of the Oscillating Water Column (OWC) type (see

Fig. 2). The power take-off was modelled with an orifice plate at

the top of the cylinder. The WEC was moored with three mooring

lines, which incorporate a top floater each and where attached via

shackles to the WEC and the anchoring point. The mooring line

consisted of 3 Strand Aramid Core rope with a 16 plait polyester

cover of a diameter dline,model = 3.5mm. To estimate the forces

under full-scale conditions, Froude’s scaling law is used, which

applies to most wave energy applications as the relative influence

of viscous forces Fv is small in comparison to the influence of the

gravitational force Fg. This is the case when the modelled device

has a compact form, i.e. a the wetted surface area is small in

relation to the immersed volume [13]. The physical dimensions

of the 1/20 model and the associated full-scale values are shown

in Tab. 1. The mooring line arrangement is depicted in Fig. 3.

2.3 Instrumentation and Test Regime

The experiment was extensively instrumented to determine

the wave conditions, the converter movements in all six degrees

of freedom, the mooring forces and power absorption. For the

one device considered here this comprises (compare Fig.2):
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Item

T Tension load cell [200N]

T Mooring line angle sensor

P Pressure transducer

w Internal water level sensor

⋆ IR reflectors

• Fixed mooring point

FIGURE 2. SIDE VIEW AND INSTRUMENTAION OF GENERIC WAVE CONVERTER

TABLE 1. DIMENSIONS AND FROUDE SCALING, s = 20

Dimension Unit Model Scaling Full scale

Height [m] 1.1 s 22

Diameter [m] 0.8 s 16

Water depth [m] 2.8 s 56

Displacement

force

[kN] 0.85 s3 6800

Mooring line di-

ameter

[mm] 3.5 s 70

Mooring elastic

modulus E

[GPa] 13.8 s 276

Natural period in

heave Tn,heave

[s] 4.02
√

s 18

- 6 wave probes

- 1 internal water level sensor

- 1 pressure transducer

- 6 mooring line load cells

- 1 non contact motion tracking system

Two test regimes are considered in this paper, namely i)

tests in regular (monochromatic) waves and ii) tests in irregular

(polychromatic) waves. The simulated sea states at full scale

conditions have a significant wave height of Hs = 2− 6m and

a wave peak period Tp = 5 − 13s. The actual simulated sea

states are depicted in Fig. 4. The test duration for regular

waves was set to treg = 6min while irregular sea states were

simulated for tirreg = 27min. In between sea states the tank

was left to settle for tsettle = 15min. It is worth noting, that

the OWC is considered to be operational in the largest sea

states tested. Thus, hydrodynamic characteristics in a possible

’survival mode’ of the device are not considered in the following.
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FIGURE 4. SIMULATED SEA STATES

Figure 5 plots a 500s window with a high tension, snap load

event at around 3,630s. It is evident that the device motion is

a superposition of low- and high-frequency components. The

translational motions are dominated by heave and surge compo-

nents while there is only a limited amount of sway. It is also

shown that there is a significant offset in the X position which is

due to the incoming waves which push the device back from its

origin position. For the rotational motions pitching and rolling

motions are more pronounced with amplitudes of up to 20◦. Un-

der the simulated conditions sway motion is small. While this

type of plot gives some information about the prevalent device

motions it is difficult to identify the motion characteristics that

are associated with high load events for the entire time series.

3 FATIGUE LOAD ANALYSIS

There are different methods to characterise the fatigue po-

tential of load signals [14]. Common methods are level crossing

and range counting procedures where the load signal is assessed

regarding the crossing of a specific reference level or its load
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FIGURE 5. Wave elevation, mooring tension force and device mo-

tion, Hs = 3.5m, Tp = 8s

amplitudes. When the load cycles are of randomly varying am-

plitude the so-called rainflow count method is commonly used to

evaluate fatigue damage, as it realistically considers the fatigue

damage caused by each, individual load cycle. It identifies and

counts the stress ranges corresponding to individual hysteresis

loops. Thus, the rainflow cycle count methodology is used here.

3.1 Rainflow Cycle Method
The rainflow algorithm is based on the definition for a rain-

flow cycle [15], see Fig.6. Starting from a local load maximum

MaxK the region to the left and the right, which are characterised

by lower load levels than MaxK are determined. Two minima are

identified before and after MaxK , i.e. MinK+ and MinK−. That

minimum having the smaller deviation from MaxK is chosen as

the rainflow minimum MinK,RFC, giving the k:th rainflow cycle

(MinK,RFC,MaxK). This algorithm is then repeated over the en-

tire time series t.

FIGURE 6. RAINFLOW CYCLE COUNT DEFINITION [15]

Further, with tK as the time of the k:th local maximum

and the rainflow amplitude characterising the amplitude of the

hysteresis loop the total damage D(t) can be calculated by the

Palmgren-Miner rule. It is also known as the linear cumulative

fatigue damage rule and assumes that the each load cycle causes

a damage of 1/N(SK,RFC). Using this linear cumulative rule, a

failure occurs if D ≥ 1. The fatigue damage D(t) is calculated

as the sum of the individual blocks of constant load amplitude

blocks:

D(t) = ∑
tk≤t

1

N(SK,RFC)
=

1

K
∑
tk≤t

(Sk,RFC)
β (1)

Where N(SK,RFC) is the number of cycles during the time t. K

represents a random variable to account for material uncertainties

and β is usually taken to be a fixed constant, describing the shape

of the material’s S-N curve:

N(S) =

{

K ·S−β S > S∞

∞ S ≤ S∞
(2)

With N(S) number of load cycles; S stress amplitudes; S∞ fatigue

limit

For the mooring materials considered later, β is in the range

from 3 to 5. Therefore, following Equ.1, a doubling of the load

amplitude leads to an increase of fatigue damage by a factor of

between 8 and 32. Hence, the fatigue damage is mainly caused

by the largest load cycles.

3.2 Mooring Line Fatigue Characteristics

The two primary factors to affect fatigue reliability are the

material’s fatigue strength and the applied cyclic loading. While

the fatigue strength is an intrinsic material and mechanical char-

acteristic, the applied loading describes an extrinsic process. Two

approaches are common to evaluate a material’s fatigue relia-

bility [16]: The crack growth model examines the fracture be-

haviour of mechanical elements under dynamic loading, where

failures occur if dominant cracks have grown to a critical length.

The stress-life (S-N) approach considers the cumulative fatigue

damage, where a failure occurs after a number of loading cycles

N, at a particular stress range S.

S-N curves describe the fatigue properties of different ma-

terials. These curves are found empirically through fatigue tests

and show the number of cycles to failure N, as a function of the

cyclic stress S. The fatigue life design for offshore structures is

commonly based on the use of S-N diagrams [17], which will

thus be used in the following. Fatigue curves are modelled with

a power law, that stems from the linear regression of fatigue test

results. The number of cycles N(S) to failure for a particular

cyclic stress range S is described by Equ.3.

N(S) = KS−β (3)
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log(N(S)) = log(K)−β · log(S) (4)

Where N(S) is the number of cycles at a certain stress, S is

the constant amplitude cyclic stress, K is the intercept parameter

of the S-N curve and β describes the slope of the S-N curve.

The parameters for design S-N curves for tension-tension

fatigue of different mooring line materials are given in the DNV

standard for position mooring [18] and are plotted in Fig.7. The

graph shows the reference fatigue design curves for steel wire

ropes and chain. The given curves imply that the chain is exposed

to the corrosive influence of seawater, while the curves for steel

wire rope assume corrosive protection, e.g. through outer sheath

lining. From the four mooring types spiral steel wire rope has

the most favourable fatigue properties followed by the stranded

wire, the studded- and the studless chain.

10
4

10
5

10
6

10
7

10
8

10
9

10
1

10
2

10
3

Cycles to failure N

N
o
m

in
a
l 
s
tr

e
s
s
 r

a
n
g
e
 S

 [
M

P
a
]

 

 
Spiral steel wire rope

Stranded steel wire rope

Stud chain

Studless chain (open link)

FIGURE 7. NOMINAL S-N FATIGUE CURVES FOR DIFFERENT

MOORING MATERIALS

As the S-N curves are given in terms of the nominal stress

range, the measured tension load signal is converted to a nominal

stress using:

σNOM =
FMoor

A
(5)

σNOM is the nominal stress [MPa], FMoor is the measured moor-

ing force [N] and A is the cross-sectional area of the mooring line

[mm2].

3.3 Cycle Count and Damage Estimation

The rainflow cycle analysis of the mooring tensions has been

carried out with the WAFO Matlab toolbox [19]. The calculation

comprises two subsequent steps for the each measured load time

history of the individual sea states. Only the leading mooring

line (L1A) is considered as it carries the main load.

1. Rainflow cycle count to compute rainflow matrix, showing

the amount of load cycles for different stress ranges.

2. Fatigue damage calculation, which computes the accumu-

lated damage, based on the rainflow matrix and the fatigue

properties of the mooring line..

The rainflow matrix counts each range in the interval the

cycle started (Min) and the value where the cycle is completed

(Max). The number of occurrence indicates the number of ob-

served load cycles in the specific range. Additionally a rainflow

filter is used to reduce signal noise exclude load cycles with a

tension force F ≤ 50kN as these load cycles are too small to in-

duce any fatigue damage. The generated rainflow matrix forms

the basis of the fatigue damage calculation, as defined by the

Palmgren-Miner rule in Equation 1.

Both the filtered rainflow matrix and the corresponding fa-

tigue damage matrix for a simple chain during one particular

sea state are shown in Figure 8. Both matrices have the same

structure, as the fatigue damage calculation is based on the rain-

flow matrix. The cycles in the upper left corner are those with

the largest amplitudes (> 250MPa nominal stress in the chain)

and thus result in the largest fatigue damage for this sea state.

This analysis is repeated for each of the sea states that have been

tested.

3.4 Estimation Of Annual Load Conditions

After the load conditions have been assessed for individual

sea states, the question arises how this corresponds to actual field

load conditions. More precisely, how can the fatigue life be esti-

mated using the available data? This section aims to estimate the

annual field load conditions with regard to mooring line tensions,

if the full-scale version of the OWC device would be deployed at

a particular site.

3.4.1 Annual load spectrum generation Some ad-

ditional information and subsequent calculations are needed to

generate an annual load spectrum from the individual sea states.

Firstly, the annual wave characteristics of the deployment site are

required. As a second step, the probability of each sea state is as-

signed to the experimental sea states. The objective is to derive a

multiplicative factor for each experimental sea state, in order to

estimate the annual wave climate at the site regarding the accu-

mulated load cycles, using the available experimental load data,

such that:

Psite(Hs,Tp) 7→ RFMtest(Hs,Tp) ·M (6)

where Psite(Hs,Tp) is the annual probability of a given sea state

at the site (specified through Hs and Tp), RFMtest (Hs,Tp) is the
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FIGURE 8. RAINFLOW CYCLE AND DAMAGE MATRIX

HS = 3.5m, Tp = 8.0s. Damage results shown for studless chain with

K = 6 ·1010 and β = 3.

calculated rainflow matrix of the experimental test and M is the

adjusting multiplying factor with

M = Passign(Hs,Tp) ·8760h
1

2
(7)

Passign(Hs,Tp) is the assigned annual probability for an experi-

mental sea state, effectively this is the sum of Psite(Hs,Tp) as-

signed to an experimental sea state. The factors relate to the

number of hours for a year (8760h) and account for the fact that

the RFMs are calculated for 2 hour intervals.

One difficulty that is likely to arise here is that the experi-

mental tests do not cover the entire range of sea states. The wave

climates used below contain 40 different sea states. These are al-

ready classified trough bins (typically Hs interval of 0.5m and Tp

interval of 1s) and thus are a simplification of the actual occur-

ring wave conditions. However, experimental load cases may be

even less than the number of populated scatter bins. This is the

case for the experimental data, which investigated a total of 12

different sea states. In order to still estimate the expected annual

load spectrum two approaches have been followed:

1. Calculation of a fractional year, that is representative of the

experimentally tested conditions

2. Estimation of full annual spectrum through reducing the

wave conditions to wave height Hs only, i.e. assigning Psite

irrespective of Tp.

The first approach adheres to the available data and should

thus yield a sound estimate of expected loads for the fraction of

the year where sea states are similar to the experimental condi-

tions. However, if experimental data is scarce no annual load

estimate can be derived. If the assumption is acceptable, that

the majority of fatigue damage is associated with increased wave

heights rather than the incident wave period, the annual load

spectrum may be estimated with the second approach. For the

data at hand this showed to be a reasonable assumption.

During the experimental tests the wave period was only var-

ied for Hs = 2m but not for larger wave heights, leading to the sit-

uation where not all scatter cells are populated. However, com-

paring the influence of Hs and Tp on the accumulated fatigue

damage for the experimental tests, the variation of wave heights

showed to have the dominant influence compared to variations in

wave period (comp. Fig.10).

3.4.2 Case study - Wave climate parameters To

provide an example here, the operational fatigue loads have been

calculated for a representative field site, where annual wave char-

acteristics are readily available and device installations are envis-

aged. The site for the case study was chosen as the WaveHub site

off the Northern coast of Cornwall, UK [9]. A scatter plot that

is derived from a measurement campaign during 2005-2006 is

published in [20]. For the same site a long term wave climate

has been predicted by [21] who used the measured data in con-

junction with modelled wave data (from a 18 year period) in a

Measure-Correlate-Predict analysis. The long term estimate will

be used in the following as it describes the long-term average

wave conditions and is thus better suited to assess the long-term

fatigue conditions. As the experimental tests are not available

for the desired range of sea states, covering all combinations of

period and wave height, the wave climate is curtailed to the prob-

ability distribution of the significant wave height, Hs. The wave

climate with regard to Hs that is used for the following calcula-

tions is shown in Fig. 9.

Each experimental test is assigned an annual probability,

Passign, that corresponds to the same wave height in the scatter

plot. The assignment for each experimental sea state is tabulated

in Tab.2. Passign represents the assigned annual probability of
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FIGURE 9. ANNUAL PROBABILITY DISTRIBUTION OF WAVE

HEIGHTS NEAR WAVE HUB SITE [21]

TABLE 2. ASSIGNMENT OF ANNUAL PROBABILITIES

i Test Hs[m] Passign [%] M

1 2020 2 82.8 3626

2 2060 3 12.7 559

3 2070 4 3.2 141

4 2080 5 0.8 33

5 2090 6 0.5 21

the experimental test condition and M denotes the multiplication

factor for the corresponding rainflow matrix.

The annual load cycle matrix is then computed as:

i=5

∑
i=1

RFM(Hs) ·Mi (8)

Where i denotes the corresponding sea state. The estimated an-

nual field load conditions can thus be thought of as a linear com-

bination of individual experimental sea states.

4 RESULTS

In this section the numerical results of the above case study

are presented. It must be noted that these findings are spe-

cific to the generic device and the taut mooring configuration.

The results cannot be directly transferred to other types of de-

vices. However, the approach and analysis may well be applied

to other marine energy converters in order to estimate the ex-

pected fatigue damage for a particular configuration and potential

deployment site. Three aspects are presented, the fatigue dam-

age caused by individual seastates, the estimated annual mooring

load spectrum and the resulting annual accumulated fatigue dam-

age for different mooring materials.
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FIGURE 10. MOORING LINE FATIGUE DAMAGE FOR DIFFER-

ENT WAVE HEIGHTS Hs.

Duration of sea state t = 2h, wave period Tp = 8s.

4.1 Damage For Individual Seastates

The rainflow analysis procedure described above has been

applied to the range of experimentally tested seastates. The ac-

cumulated damage for each sea state is calculated. Two different

mooring lines are considered under full-scale conditions, steel

wire rope (in spiral and stranded configuration) and steel chain

(in studless and studded configuration). The S-N material prop-

erties are derived from Fig.7. The accumulated fatigue is calcu-

lated for a two hour interval of each sea state. This then allows a

comparison of the resulting fatigue damage with regards to inci-

dent wave height Hs and wave period Tp.

Figure 10 shows the accumulated fatigue damage D plotted

against the significant wave height Hs for steel wire and chain

configurations. A logarithmic scale has been applied for D to

allow the large range of values to be displayed. The solid markers

show values for irregular sea states. It is apparent, that the fatigue

damage drastically increases with higher Hs. This is attributed to

the occurrence of snap loads which were identified in particular

for wave Hs > 3m and account for the majority of the caused

fatigue damage. Thus, for Hs = 6m the studless chain consumes

almost 30% of its fatigue life, while for Hs = 2m it consumes

only 0.01%. The spiral steel wire exhibits a better fatigue life

performance and consumes 1% and 2 ·10−8 % of its fatigue life

at Hs = 6m and Hs = 2m respectively.

Another observation is that the spread of damage values for

the different mooring materials and configurations declines for

larger wave heights. Still the ranking order that steel wire shows

the better fatigue behaviour over chain is consistent.

4.2 Annual Load Spectrum

The annual tension load spectrum for the leading mooring

line is calculated as linear combination of the individual experi-
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mental sea states. It comprises all load cycles the mooring line

would experience for a typical year of operation at the chosen

deployment site.

The presented analysis only considers the fatigue damage

estimated from the tension measurements in regular waves. It

must be noted that the wave heights for regular and irregular sea

states are not equivalent. The wave height for regular sea states is

twice the amplitude of the sinusoidal, while the significant wave

height Hs in irregular seas denotes the mean of the highest one

thirds of encountered wave heights.

An equivalent wave height Heq which represents the sinu-

soidal equivalent signal of an irregular sea state, has been de-

fined [22] as Heq =
Hs√

2
.

The assumption made for the annual load spectrum is that

a fatigue estimate based on regular sea states applies to a scat-

ter plot of real, irregular sea states. In principle this leads to an

overestimate of the applicable equivalent wave height by a factor

of
√

2. Yet, as can be seen from Fig. 10 the fatigue damage for

the irregular seas is larger than the the damage encountered for

regular sea states. This is due to the fact that the fatigue damage

is mainly governed by the largest wave height and the non-linear

snap load events during each sea state, not the mean or equivalent

wave height. It must thus be noted, that the annual load spectrum

is a coarse estimate, based on regular sea state measurements.

The presented estimates are therefore deemed to be optimistic

compared to the results expected for a set of irregular sea states.

However, this uncertainty may be considered to be accounted for

in the safety factors referred to in Sec. 3.4.

Figure 11 shows the annual load spectrum in form of the

rainflow matrix (11(a)) and the distribution of load amplitudes

(11(b)). In the rainflow matrix, those load cycles with a large

tension range, i.e. small minima and high maxima, are plotted

to the left of the matrix. Cycles with smaller load ranges at a

higher load level, are plotted near to the centre of the matrix.

The amplitude distribution plot shows the occurrence of differ-

ent load amplitudes. It gives a better view of the number of cy-

cles at different load magnitudes. The total number of cycles

amounts to Nannual = 3.29 · 106\year. The smallest load ampli-

tudes (< 50kN) are estimated to occur about in the order of 106

times a year while the largest amplitudes (> 900kN) are expected

to occur in the order of 103. The largest amplitudes do not follow

the overall trend, as they are caused by snap loads which occur

in all sea states.

4.3 Annual Accumulated Fatigue Damage

The annual damage matrix has the same pattern as the the

underlying rainflow matrix. It differs with regard to the stress

ranges which are converted to the nominal stress (MPa) of the

mooring line and the colour bar, which represents the accumu-

lated fatigue damage for each cell.

Figure 12 depicts the damage matrix for spiral steel wire

TABLE 3. ESTIMATED ACCUMULATED FATIGU DAMAGE D

FOR DIFFERENT MOORING LINES AND DESIGN YEARS; D ≥ 1

INDICATES FATIGUE FAILURE

Design

years

Spiral

steel

Stranded

steel

Studded

chain

Studless

chain

1 0.01 0.05 0.65 1.30

5 0.03 0.23 3.26 6.52

10 0.07 0.46 6.52 13.05

15 0.10 0.69 9.79 19.57

20 0.14 0.92 13.05 26.10

which exhibits the best fatigue properties of the mooring materi-

als compared here. The total accumulated annual fatigue damage

is estimated as Dannual = 6.96 · 10−3. The majority of the fa-

tigue damage stems from the largest amplitude cycles (σNOM >
250MPa) which contribute a total damage of D = 5.34 · 10−3,

accounting for over 75% of the annual fatigue damage.

The estimated fatigue damage for the different mooring lines

is tabulated in Tab.3. It is a projection of the estimated annual fa-

tigue damage for a number of years, assuming that the typical

year reoccurs. In reality there would be inter annual variations,

but as the long term wave climate was used here, it is reasonable

to calculate on the basis of the average year to obtain an indica-

tion of damage fatigue for different design year projections.

Spiral steel wire performs well and remains within the de-

sign limit for fatigue. Stranded steel wire comes close to D = 1

in the 20 year case. The chosen chain diameter seems to be inap-

propriate for the modelled application. This is mainly due to the

high snap loads. Again it should be noted here, that these figures

should be treated with caution, as they are very specific to the

modelled device and are subject to the assumptions made in the

calculations.

The safety factors for the fatigue limit state (FLS) are speci-

fied in [18] and typically range between 1 and 10 for steel moor-

ings. Considering the highest safety actor, only the spiral steel

mooring would be within the fatigue limit for the 5 and 10 year

case.

It is of interest to assess the composition of the total fatigue

damage, i.e. which sea states have caused the most severe fatigue

damage. Those load conditions could then e.g. be replicated in

service simulation tests as described in [23,24]. The contribution

to the total fatigue damage for each type of mooring line is shown

in Fig.13. The bars are grouped for each sea state, while the dif-

ferent patterns indicate the mooring material. The contributions

for each mooring type sum up to 1, which is the reference value

given in Tab.3. The largest sea state with Hs = 6m clearly causes

the most severe fatigue damage (between 72% and 88% of the

8 Copyright c© 2012 by ASME
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FIGURE 12. ANNUAL DAMAGE MATRIX FOR SPRIAL STEEL MOORING LINE; TOTAL ACCUMULATED DAMAGE Dannual = 6.96 ·10−3

total annual damage), irrespective of the mooring type. The con-

tribution for Hs = 5m ranges between 10% and 19% of the total

damage. Thus, these two sea states alone cause over 90% of the

fatigue damage.

5 CONCLUSION

The paper has presented a practical approach to estimate the

lifecycle fatigue damage for the mooring components of a float-

ing WEC from experimental data. The findings highlight that

fatigue considerations are crucial for marine renewable applica-

tions which operate in the wave environment, as cyclic loadings

are very high and fatigue limits may be quickly exceeded under

operational wave and load conditions. The information that is

obtained through this analysis would help to reiterate or approve

the fatigue design of components at a relatively early stage in the

design process. Hence cost-implications of a change in design

are limited.
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