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INTERNATIONAL ELECTROTECHNICAL COMMISSION

WIND TURBINES -

Part 3: Design requirements for offshore wind turbines

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object/of [E is to promote
international co-operation on all questions concerning standardization in the electrica

agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matter
consensus of opinion on the relevant subjects since eac
interested IEC National Committees.

Publications is accurate, IEC cannot be he pogsible\ for the way /n which they are used or for any
misinterpretation by any end user.

nittees undertake to apply IEC Publications
and regional publications. Any divergence

e possibility that some of the elements of this IEC Publication may be the subject of
not be held responsible for identifying any or all such patent rights.

International Standard IEC 61400-3 has been prepared by IEC technical committee 88: Wind
turbines.

This part is to be read in conjunction with IEC 61400-1:2005, Wind turbines — Part 1: Design
requirements.

The text of this standard is based on the following documents:

FDIS Report on voting

88/329/FDIS 88/338/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts of IEC 61400 series, published under the general title Wind turbines, can be
found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until the
maintenance result date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

+ replaced by a revised edition, or
*+ amended.

@%
S
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INTRODUCTION

This part of IEC 61400 outlines minimum design requirements for offshore wind turbines and is
not intended for use as a complete design specification or instruction manual.

Several different parties may be responsible for undertaking the various elements of the
design, manufacture, assembly, installation, erection, commissioning, operation and
maintenance of an offshore wind turbine and for ensuring that the requirements of this
standard are met. The division of responsibility between these parties is a contractual matter
and is outside the scope of this standard.

Any of the requirements of this standard may be altered if it can be suitably demonstrated that
the safety of the system is not compromised. Compliance with this stapqard does not relieve
any person, organization, or corporation from the responsibility of ohServing other\applicable
regulations.

O
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WIND TURBINES -

Part 3: Design requirements for offshore wind turbines

1 Scope

This part of IEC 61400 specifies additional requirements for assessment of the external
conditions at an offshore wind turbine site and it specifies essential design requirements to
ensure the engineering integrity of offshore wind turbines. Its purpoge isNto provide an
appropriate level of protection against damage from all hazards during th@éplanned\jfetime.

wind turbine but is also concerned with subsystems su d protection
mechanisms, internal electrical systems and mechanical syst

This standard should be used togethe
in Clause 2. In particular, this standard i
1. The safety level of the offshore wind

jon of environmental conditions — Part 2-1: Environmental
emperature and humidity

IEC 61400-1:2005, Wind turbines — Part 1: Design requirements

IEC 62305-3:2006, Protection against lightning — Part 3: Physical damage to structures and life
hazard

IEC 62305-4:2006, Protection against lightning — Part 4: Electrical and electronic systems
within structures

ISO 2394:1998, General principles on reliability for structures
ISO 2533:1975, Standard Atmosphere
ISO 9001:2000, Quality management systems — Requirements

ISO 19900:2002, Petroleum and natural gas industries — General requirements for offshore
structures Documents
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ISO 19901-1:2005, Petroleum and natural gas industries — Specific requirements for offshore
structures — Part 1. Metocean design and operating conditions

ISO 19901-4:2003, Petroleum and natural gas industries — Specific requirements for offshore
structures — Part 4: Geotechnical and foundation design considerations

ISO 19902, Petroleum and natural gas industries — Fixed steel offshore structures

ISO 19903: 2006, Petroleum and natural gas industries — Fixed concrete offshore structures

3 Terms and definitions

For the purposes of this document, the following terms and definitjg ddition to

those stated in IEC 61400-1.

3.1
co-directional (wind and waves)
acting in the same direction

3.2
current
flow of water past a fixed location usua

3.3

design wave
deterministic wave with a defined he
offshore structure. A de
particular periodic wave thee

3.4
designer
party or parties resp of an offshore wind turbine

ent (wind, waves, sea currents, water level, sea ice, marine
cabed movement, etc.) which may affect the wind turbine behaviour

external conditions’(wind turbines)
factors affecting operation of an offshore wind turbine, including the environmental conditions,
the electrical network conditions, and other climatic factors (temperature, snow, ice, etc.)

3.7

extreme significant wave height

expected value of the highest significant wave height, averaged over 3 h, with an annual
probability of exceedance of 1/N (“recurrence period”: N years)

3.8

extreme wave height

expected value of the highest individual wave height (generally the zero up-crossing wave
height) with an annual probability of exceedance of 1/N (“recurrence period”: N years)

Documents

Document Sharing Hub

Full document details: IEC 61400-3 2009


http://www.avadocuments.com/doc/iec-61400-3-2009
http://www.avadocuments.com/doc/iec-61400-3-2009

-10 - 61400-3 © IEC:2009

3.9
fast ice cover
rigid continuous cover of ice not in motion

3.10

fetch

distance over which the wind blows constantly over the sea with approximately constant wind
speed and direction

3.1

foundation

part of an offshore wind turbine support structure which transfers the lpoads acting on the
structure into the seabed. Different foundation concepts are shown in Fi together with

the other parts of an offshore wind turbine

1]
\
|
‘ H\I ******** i Support
| ! uppo
riattorm ‘ | structure
ava ‘ |
Water level } | |
| | |
Subsstructiie | Sub-structure |
Pile — 1 ‘ !
| |
| |
SeiﬂEQ | ) L u
' I
Pile
Seabed L
Y
Foundation oy
IEC 001/09
Figure 1 — Parts of an offshore wind turbine
3.12

highest astronomical tide

highest still water level that can be expected to occur under any combination of astronomical
conditions and under average meteorological conditions. Storm surges, which are
meteorologically generated and essentially irregular, are superimposed on the tidal variations,
so that a total still water level above highest astronomical tide may occur
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3.13
hindcasting
method of simulating historical (metocean) data for a region through numerical modelling

3.14
hub height (wind turbines)
height of the centre of the swept area of the wind turbine rotor above the mean sea level

3.15

hummocked ice
crushed ice and ice floes piled up into ridges when large ice floes meet with each other or with
a rigid obstacle, for example an offshore wind turbine support structure

3.16

ice floe
sheet of ice in size from metres to several kilometres, not rigid
motion

still or in

3.17

icing

build-up of a cover of ice or frost on parts of an off
loads and/or changed properties

at can result in added

3.18
land-locked waters
waters almost or entirely surrounded b

3.19
load effect

example internal fjce,

on a structural component or system, for

3.20

lowest astronomi€s

lowest still waterNeve| t pected to occur under any combination of astronomical
conditions ayerage meteorological conditions. Storm surges, which are
meteorologic bed angessentially irregular, are superimposed on the tidal variations,
so that ater level below lowest astronomical tide may occur

3.21

manufacturer

party or parties responsible for the manufacture and construction of an offshore wind turbine

3.22

marine conditions

characteristics of the marine environment (waves, sea currents, water level, sea ice, marine
growth, seabed movement and scour, etc.) which may affect the wind turbine behaviour

3.23
marine growth
surface coating on structural components caused by plants, animals and bacteria

3.24
mean sea level
average level of the sea over a period of time long enough to remove variations due to waves,

tides and storm surges Documents
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3.25
mean zero crossing period
average period of the zero-crossing (up or down) waves in a sea state

3.26
metocean
abbreviation of meteorological and oceanographic

3.27
multi-directional (wind and/or wave)
distribution of directions

3.28
offshore wind turbine
wind turbine with a support structure which is subject to hydrodyna

3.29

offshore wind turbine site

the location or intended location of an individual offshore
wind farm

alone or within a

3.30
pile penetration
vertical distance from the sea floor to th e pi

3.31

power collection system

electric system that collects the p6 g re wind turbines. It includes all electrical
{ inals and the network connection point.

For offshore wind farms,t ' ystem may include the connection to shore

3.32

reference period
period during whig
speed, sea elevatio

med for a given stochastic process, for example wind

3.33

refractié
process by™w
velocity due to

epergy is redistributed as a result of changes in the wave propagation
s in water depth and/or current velocity

3.34

residual currents

components of a current other than tidal current. The most important is often the storm surge
current

3.35
rotor — nacelle assembly
part of an offshore wind turbine carried by the support structure, refer to Figure 1

3.36
sea floor
interface between the sea and the seabed
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3.37
sea floor slope
local gradient of the sea floor, for example associated with a beach

3.38
sea state
condition of the sea in which its statistics remain stationary

3.39
seabed
materials below the sea floor in which a support structure is founded

3.40
seabed movement
movement of the seabed due to natural geological processes

3.41

scour
removal of seabed soils by currents and waves or caused\h yents interrupting
the natural flow regime above the sea floor

3.42

significant wave height
statistical measure of the height of wa :
standard deviation of the sea surface elevation,
frequencies, the significant wave height is appro
highest third of the zero up-crossing w

ed as 4 x o, where o, is the
es_with only a narrow band of wave
ly equal to the mean height of the

3.43
splash zone

external region of suppg
This shall be de@

variations due to waves. Still water level can be above, at, or below mean sea level

3.45
storm surge
irregular movement of the sea brought about by wind and atmospheric pressure variations

3.46

sub-structure

part of an offshore wind turbine support structure which extends upwards from the seabed and
connects the foundation to the tower, refer to Figure 1

3.47

support structure

part of an offshore wind turbine consisting of the tower, sub-structure and foundation, refer to
Figure 1
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3.48

swell

sea state in which waves generated by winds remote from the site have travelled to the site,
rather than being locally generated

3.49
tidal current
current resulting from tides

3.50
tidal range
distance between the highest astronomical tide and the lowest astronomical ti

3.51
tides
regular and predictable movements of the sea generated by astrono

3.52

tower
part of an offshore wind turbine support structure whi
— nacelle assembly, refer to Figure 1

ucture to the rotor

3.53
tsunami

long period sea waves caused by rapid ve me sea floor

3.54
uni-directional (wind ang¢
acting in a single direction

3.55
water depth
vertical distance béetw

3.57
wave direction
mean direction from which the wave is travelling

3.58

wave height

vertical distance between the highest and lowest points on the water surface of an individual
zero up-crossing wave

3.59
wave period
time interval between the two zero up-crossings which bound a zero up-crossing wave

3.60
wave spectral peak frequency
frequency of the peak energy in the wave spectrum
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3.61
wave spectrum
frequency domain description of the sea surface elevation in a sea state

3.62
wave steepness
ratio of the wave height to the wave length

3.63

weather downtime
one or more intervals of time during which the environmental conditions are too severe to allow
for execution of a specified marine operation

3.64

weather window
interval of time during which the environmental conditions allo
marine operation

of a_specified

3.65
wind profile — wind shear law

where Q
V(z) is the wi ofc

z is the heigp

zero up-crossing wa
portion of a time history of wave elevation between zero up-crossings. A zero up-crossing
occurs when the sea surface rises (rather than falls) through the still water level

4 Symbols and abbreviated terms

For the purposes of this document, the following symbols and abbreviated terms apply in
addition to those stated in IEC 61400-1:

41 Symbols and units

Ac Charnock’s constant [-]
d water depth [m]
fp wave spectral peak frequency [s~]
g acceleration due to gravity [m/si*E)ocurnents
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h thickness of sea ice

hN thickness of sea ice with a recurrence period of N years

hem ice thickness equal to the long term mean value of the annual
maximum ice thickness for winters with ice

H individual wave height

Hg breaking wave height

Hp design wave height

Hy individual wave height with a recurrence period of N years

Hg significant wave height

Hgn significant wave height with a recurrence period of N years

H.gn  reduced wave height with a recurrence period of N years

k wave number

Knax ~ accumulated freezing degree-days

s sea floor slope
p(Vhup) Probability density function of hub height wind
S single sided wave spectrum
Ry design value for component resi
Ry characteristic value for compon
Sy design value for load effect

Sk characteristic value for load e

t time

T wave period
Tp design

Ty peak s

TZ

USS

UW

Ubw

N

61400-3 © IEC:2009

[m]

[m]

[m]
[m]
[m]
[m]
[m]
[m]

]

[m/s]
[m/s]

[m/s]

[m/s]

Viegn  reduced extreme wind speed (averaged over three seconds), with a

recurrence period of N years

n sea surface elevation relative to SWL

K von Karman’s constant

A wave length

B wave direction

Bym mean wave direction

6 current direction

o sea surface elevation standard deviation
T temperature

4.2 Abbreviations
COD co-directional

Full document details: IEC 61400-3 2009

[m/s]
[m]
[-]
[m]
[°]

[°]

[°]
[m]
[°C]
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CPT cone penetration test

DLC design load case

ECD extreme coherent gust with direction change
ECM extreme current model

EDC extreme direction change

EOG extreme operating gust

ESS extreme sea state

EWH extreme wave height

EWLR extreme water level range

EWM extreme wind speed model

EWS extreme wind shear

HAT highest astronomical tide

LAT lowest astronomical tide

MIC microbiologically influenced corrosion
MIS misaligned

MSL mean sea level

MUL multi-directional
NCM normal current model
NSS normal sea state
NTM
NWH
NWLR
NWP
RNA
RWH
RWM
SSS
SWH
SWL
UNI

5 Principal elements

5.1 General

The engineering and technical requirements to ensure the safety of the structural, mechanical,
electrical and control systems of an offshore wind turbine are given in the following clauses.
This specification of requirements applies to the design, manufacture, installation and manuals
for operation and maintenance of an offshore wind turbine and the associated quality
management process. In addition, safety procedures, which have been established in the
various practices that are used in the installation, operation and maintenance of an offshore
wind turbine, are taken into account.

5.2 Design methods

This standard requires the use of a structural dynamics model to predict design lgad_effects.
Such a model shall be used to determine the load effects for all relevant nanGA-!ments
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external conditions and design situations as defined in Clause 6 and Clause 7 respectively. A
minimum set of such combinations has been defined as load cases in this standard.

The design of the support structure of an offshore wind turbine shall be based on site-specific
external conditions. These shall therefore be determined in accordance with the requirements
stated in Clause 12. The conditions shall be summarized in the design basis.

In the case of the rotor — nacelle assembly, which may have been designed initially on the
basis of a standard wind turbine class as defined in IEC 61400-1, 6.2, it shall be demonstrated
that the offshore site-specific external conditions do not compromise the structural integrity.
The demonstration shall comprise a comparison of loads and deflections calculated for the
specific offshore wind turbine site conditions with those calculated during jritial design, taking
account of the reserve margins and the influence of the environment on (structutal resistance

seabed movement and scour.

The design process for an offshore wind turbine is illustra
the key elements of the design process and identifie

results are used in t
reflect the char [ ¢ S jtuations defined in this standard. The selection of
test conditions, inslydi all take account of the relevant safety factors.
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( Design initiated )

. - RNA design
Site-specific external (e.g. IEC 61400-1, standard
conditions (6, 12) wind turbine class)
Design basis for offshore
wind turbine
[
v 3
> Support structure design RNA d(ﬁgn\ et
* VAR
Design situations and load
cases (7.4)

Load and load effect
calculations (7.5)

v 3
S (0

IEC 002/09

social or economig’consequence;

e a special safety class that applies when the safety requirements are determined by local
regulations and/or the safety requirements are agreed between the manufacturer and the
customer.

Partial safety factors for normal safety class wind turbines are specified in 7.6 of this standard.

Partial safety factors for special safety class wind turbines shall be agreed between the
manufacturer and the customer. An offshore wind turbine designed according to the special
safety class is a class S turbine as defined in 6.2.

5.4 Quality assurance

Quality assurance shall be an integral part of the design, procurement, manufacture,
installation, operation and maintenance of offshore wind turbines and all their components.

It is recommended that the quality system complies with the requirements of ISO QOBbcuments
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5.5 Rotor - nacelle assembly markings

The following information, as a minimum, shall be prominently and legibly displayed on the
indelibly marked rotor — nacelle assembly nameplate:

e manufacturer and country;

e model and serial number;

e production year;

e rated power;

e reference wind speed, V.,
e hub height operating wind speed range, Vi, — Vot
e operating ambient temperature range;

e |EC wind turbine class (see IEC 61400-1);

e rated voltage at the wind turbine terminals;

e frequency at the wind turbine terminals or frequency ra se t he nominal

variation is greater than 2 %.
6 External conditions

6.1 General

The external conditions described in
offshore wind turbine.

Wind conditions\are the primary external consideration for the structural integrity of the rotor —
nacelle assembly, although the marine conditions may also have an influence in some cases
depending on the dynamic properties of the support structure. In all cases, including the case
that the influence of marine conditions is shown to be of negligible importance during the
design of the rotor — nacelle assembly, the structural integrity shall be demonstrated taking
proper account of the marine conditions at each specific site at which the offshore wind turbine
will be subsequently installed.

Other environmental conditions also affect design features such as control system function,
durability, corrosion, etc.

The external conditions are subdivided into normal and extreme categories. The normal
external conditions generally concern recurrent structural loading conditions, while the extreme
external conditions represent rare external design conditions. The design load cases shall
consist of potentially critical combinations of these external conditions with wind turbine
operational modes and other design situations.
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The normal and extreme conditions to be considered in design are prescribed in the following
subclauses.

6.2 Wind turbine classes

The external conditions to be considered in design are dependent on the intended site or site
type for an offshore wind turbine installation. In IEC 61400-1 wind turbine classes are defined
in terms of wind speed and turbulence parameters. The intention of the classes is to cover
most onshore applications.

For an offshore wind turbine the definition of wind turbine classes in terms of wind speed and
turbulence parameters remains appropriate as the basis of design of the rotor — nacelle
assembly.

A further wind turbine class, class S, is defined for use when spegial ‘wind\or “atheikexternal

The abbreviations added\i hes bclause headings in the remainder of this
clause are used ftde ions for the design load cases defined in 7.4.
6.3 Wind conditig

An offshore wind \urbi
the basis of désign.

which will occu equently than once per year during normal operation of an offshore
wind turbine, ahd_the gxtreme wind conditions which are defined as having a 1-year or 50-year
recurrence period.

The design of the support structure of an offshore wind turbine shall be based on wind
conditions which are representative of the offshore wind turbine site and which shall be
assessed in accordance with the requirements stated in Clause 12.

For the rotor — nacelle assembly, the wind conditions assumed for design may be site-specific
or as defined by the models and parameter values specified in IEC 61400-1, although in this
latter case, it shall be demonstrated subsequently that site-specific external conditions do not
compromise the structural integrity. In the case that the wind conditions specified in IEC 61400-
1 are used as the basis of design of the rotor — nacelle assembly, the following exceptions to
the models and parameter values may be assumed:

e the inclination of the mean flow with respect to a horizontal plane is zero;

e the wind profile, 7(z), denotes the average wind speed as a function of height, z, above the
still water level. In the case of standard wind turbine classes, the normal wind sgﬁedé)rofile t
is given by the power law: ocuments
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V(Z) =Vhub (Z/Zhub )a (3)

where, for normal wind conditions, the power law exponent, «, is 0,14.

The occurrences of the extreme wind speed averaged over three seconds (Vg59, Veq) and the
extreme wave height (Hgy, H4) are assumed to be uncorrelated and their combination is
conservative. The following reduced extreme wind speeds (RWM) shall therefore be used in
combination with the extreme wave heights:

Vredso (2) = 11Vref (/2nup > (4)

and

Vied1(2) =08 Vreqso(z)

6.4 Marine conditions

currents, water level, sea ice, marine growth, sco
conditions relevant to the offshore environment are d

The design of the support struct 2 drbine shall be based on
environmental conditions, including th iti , Which are representative of the
offshore wind turbine site.

severe as is antjcipsa
of the support stry Q 8

The marine
conditions™w e frequently than once per year during normal operation of an

the extreme marine conditions which are defined as having a 1-year

6.4.1 Waves

Waves are irregular in shape, vary in height, length and speed of propagation, and may
approach an offshore wind turbine from one or more directions simultaneously. The features of
a real sea are best reflected by describing a sea state by means of a stochastic wave model.
The stochastic wave model represents the sea state as the superposition of many small
individual frequency components, each of which is a periodic wave with its own amplitude,
frequency and direction of propagation; the components have random phase relationships to
each other. A design sea state shall be described by a wave spectrum, Sn , together with the
significant wave height, H, a peak spectral period, Tp, and a mean wave direction, 6,,,,. Where
appropriate, the wave spectrum may be supplemented with a directional spreading function.
Standard wave spectrum formulations are provided in Annex B.

1 The normal range of water levels is, however, defined in this standard as the variation in wat evel wit
recurrence period of 1 year, refer to 6.4.3.1. eddéﬂ Pﬁents
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In some applications, periodic or regular waves can be used as an abstraction of a real sea for
design purposes. A deterministic design wave shall be specified by its height, period and
direction.

The correlation of wind conditions and waves shall be taken into account for the design of an
offshore wind turbine. This correlation shall be considered in terms of the long term joint
probability distribution of the following parameters:

e mean wind speed, V;

e significant wave height, H;

e peak spectral period, Tp.

The joint probability distribution of these parameters is affected by local sife conditions such as

that the wind and waves are aligned
direction (uni-directional). The assumptions regarxd
for each design load case in 7.4.

Wave models are~d
regular design . I
. Site

appropriate to the

6.4.1.1

For fatigue load calculations, the designer shall ensure that the number and resolution of the
normal sea states considered are sufficient to account for the fatigue damage associated with
the full long term distribution of metocean parameters.

For ultimate load calculations normal sea states shall, with the exception described in 7.4.1, be
those sea states characterised by the expected value of the significant wave height, H,
conditioned on a given value of mean wind speed. The designer shall take account of the range
of peak spectral period, Tp, appropriate to each significant wave height. Design calculations
shall be based on values of peak spectral period which result in the highest loads acting on the
offshore wind turbine.

6.4.1.2 Normal wave height (NWH)

The height of the normal deterministic design wave, Hyyy, shall be assumed equal to the
expected value of the significant wave height conditioned on a given value of the mean wind
speed, Hg Nss-
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The designer shall take account of the range of wave period, T, appropriate to each normal
wave height. The wave periods to be used in combination with the normal wave heights may be
assumed to be within the range given by

11,111H5‘N33(V)/g ST <143 /HgsNss (V)/g (6)

Design calculations based on NWH shall assume values of wave period within this range2 that
result in the highest loads acting on the offshore wind turbine.

6.4.1.3 Severe sea state (SSS)

The severe stochastic sea state model shall be considered in combinati with normal wind
conditions for calculation of the ultimate loading of an offshore Win i

metocean data such that the combination of the significant w§ 9 |nd speed
has a recurrence period of 50 years3 For all wind S

production. The severe

wind speed in the tang
shall in general
that the combination 4

period of 50 year

assumed tobe mw 1€ range given by

11,11/HS’333(V)/g STS14,31/HS’333(V)/g (7)

Design calculations based on SWH shall assume values of wave periods within this range that
result in the highest loads acting on an offshore wind turbine.

2 The wave period has a depth-dependent lower limit which is determined from the breaking wave height limit,
refer to Annex C.

3 It is recommended that the extrapolation of metocean data be undertaken using the so-called Inverse First
Order Reliability Method (IFORM). This method is described in Annex G which also gives guidance on how to
determine Hg ggg(¥) from site-specific environmental conditions.

4 As for the severe sea state model, see 6.4.1.3, it is recommended to use IFORM described in A ic
also gives guidance on how to determine Hgyp(¥V) from Hg ggg(¥). ﬁé%ﬂ?ﬁents
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6.4.1.5 Extreme sea state (ESS)

The extreme stochastic sea state model shall be considered for both the extreme significant
wave height, Hgsy, with a recurrence period of 50 years and the extreme significant wave
height, Hy4, with a recurrence period of 1 year. The values of Hg5y and Hg4 shall be determined
from analysis of appropriate measurements and/or hindcast data for the offshore wind turbine
site, refer to 12.4. The designer shall take account of the range of peak spectral period, Ty
appropriate to Hygy and Hgy respectively. Design calculations shall be based on values of peak
spectral period which result in the highest loads acting on an offshore wind turbine.

In the absence of information defining the long term joint probability distribution of extreme
wind and waves, it shall be assumed that the extreme 10-min mean wind speed with a 50-year
recurrence period occurs during the extreme 3-hour sea state with a 50-yedr recyrrence period.
The same assumption shall apply with regard to the combination of the™¢xtremeN{0-min wind

6.4.1.6 Extreme wave height (EWH)

The extreme deterministic design wave shall be considere, e extreme wave height,
Hsq, with a recurrence period of 50 years and the extreme i
ay be determined
birie site, refer to 12.4.

(8)

(9)

(10)

For shallow water sites the extreme wave heights Hg,, A4 and associated wave periods shall
be determined from analysis of appropriate site-specific measurements. Where such
measurements are not available, Hg5y and H, shall be assumed equal to the breaking wave
height in cases where the latter is less than the values of Hgy and H, determined from the
Rayleigh distribution relationships above. Annex C provides guidance to determine the nature
and dimensions of breaking waves based on site conditions. The informative annex also
presents an empirical model of the distribution of wave heights for shallow foreshores.

6.4.1.7 Reduced wave height (RWH)

The reduced deterministic design wave shall be considered for both the reduced wave height,
H,oq450, for the definition of the 50-year return event and the reduced wave height, H,44, for the
definition of the 1-year return event. The values of H,,459, H,q1 Shall be determined so that the
simultaneous combination with the extreme wind speed averaged over 3 s (V45q, Voq) leads to
the same probability of a more unfavourable combination occurring as the combination of the

extreme wave height (H5q, H4) and the reduced extreme wind speeds (V,eq50, Vred1)
Documents
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The values of H,gy59, Heq1, and the associated wave periods may be determined from analysis

of appropriate measurements at the offshore wind turbine site, refer to 12.4. Alternatively,
assuming a Rayleigh distribution of wave heights, it may be assumed that:

H, o450 :1’3H350 (11)
and
Hioq1 =13 Hg (12)

where the significant wave heights Hggq and Hg4 are values for a 3-hour reference period.

These relationships have been derived from consideration of the joint probability statistics of
the stochastic variations of wind speed from the 10-min average and the variation okindividual
wave heights. The derivation has assumed a Gaussian probabilit
variations and a Rayleigh distribution of wave heights. The R

6.4.1.8 Breaking waves

water hydrodynamics and the influence of site
)sions of breaking waves. Guidance is provided in

m flow field of constant velocity and direction, varying only as a function

of depth. The following’components of sea current velocity shall be taken into account:

e sub-surface currents generated by tides, storm surge and atmospheric pressure variations,
etc.;

e wind generated, near surface currents;

e near shore, wave induced surf currents running parallel to the coast.

The total current velocity is the vector sum of these components. Wave induced water particle
velocities and current velocities shall be added vectorially. The influence of sea currents on the
relationship between wave length and wave period is generally small and may therefore be
neglected.

The influence of sea currents on the hydrodynamic fatigue loading of an offshore wind turbine
may be insignificant in cases where the total current velocity is small compared to the wave
induced water particle velocity in the wave crest and where vibrations of the support structure
are unlikely to occur due to vortex shedding or moving ice floes. The designer shall determine
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whether sea currents may be neglected for calculation of fatigue loads by means of an
appropriate assessment of site-specific data.

6.4.2.1 Sub-surface currents

The sub-surface current profile may be characterised by a simple power law over the water
depth d, where the current velocity Ug(z) is defined as a function of height z above SWL:

Uss(2)=Ugs 0) [+ a)/a]"” (13)

The 1-year and 50-year recurrence values of the sea surface velocity Ug(0) may be
determined from analysis of appropriate measurements at the offshore wi bine site, refer
to 12.5.

In general, it may be acceptable to assume that the sub-surface cu
wave direction.

6.4.2.2 Wind generated, near surface currents

The wind generated current may be characterised ;
reducing from the surface velocity U, (0) to zero at a

where Vi pour(z =
above SWL.

The 1-year and ence values of 7y o,z = 10 m) may be determined from

wind generated _sea surface current velocity.

6.4.2.3 Breaking wave induced surf currents

In the case where an offshore wind turbine is to be sited near a coastal breaking wave zone,
consideration shall be given to the surf currents generated by the shear forces of the breaking
waves.

The magnitude of breaking wave induced surf currents may be determined using a suitable
numerical model (e.g. Boussinesq) taking account of the fully coupled wave and current
kinematics. However, for near shore surf currents which have a direction parallel to the shore
line, the design velocity Uy, at the location of breaking wave may be estimated from

Upw =2s+/gHp (16)

where

Hg s the breaking wave height; Documents
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s is the sea floor slope, and

g is the acceleration due to gravity.

The breaking wave height may be estimated based on the site characteristics as described in
Annex C.

6.4.2.4 Normal current model (NCM)

The normal current model is defined as the appropriate site-specific combination of wind
generated currents and breaking wave surf induced currents (if any) associated with normal
wave conditions. The normal current model excludes tide and storm-generated sub-surface
currents.

6.4.2.5 Extreme current model (ECM)

or reduced wave conditions (ESS, EW
as the waves shall be assumed for these

6.4.3 Water level
For the calculation of |t
water level (if significal

the mean sea le
wave conditions (NS

Different water le
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-
- ~a)

Key:

HSWL Highest still water level

HAT Highest astronomical tide

MSL Mean sea level
LAT Lowest astronomical tide
CD Chart datum (often equal to LAT) m trough elevation

LSWL Lowest still water leve

of water levels

The normal water be.assumed equal to the variation in water level with a
recurrence period o bsence of site-specific data to characterise the long term
probability distribution\ of\wate s, the normal water level range may be assumed to be
equal to the<vari ighest astronomical tide (HAT) and lowest astronomical tide
(LAT).

sea state model based on the joint probability distribution of sea state conditions and
wind speed (Hj, T, Vhyp)- The NWLR range shall also be assumed for ultimate load cases
associated with

e severe sea state (SSS) and severe wave height (SWH) models;
e wave conditions with a recurrence period of 1 year.
Ultimate load calculations shall be undertaken based on either the water level within the NWLR

that results in the highest loads, or by appropriate consideration of the probability distribution of
water levels within the NWLR.

For ultimate load cases associated with the severe stochastic sea state (SSS) and severe
wave height (SWH) models, the water levels corresponding to NWLR may cause the wave
heights to be depth-limited. If this is the case, and in order to avoid the wave heights being
depth-limited, a higher water level within the extreme water level range (EWLR) shall then be
assumed.
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For the calculation of the hydrodynamic fatigue loads the designer may in some cases
demonstrate by means of an appropriate analysis that the influence of water level variation on
fatigue loads is negligible or can be accounted for in a conservative manner by assuming a
constant water level greater than or equal to the mean sea level.

6.4.3.2 Extreme water level range (EWLR)

The extreme water level range shall be assumed for ultimate load cases associated with wave
conditions with a recurrence period of 50 years. Load calculations shall be undertaken based
on the water levels which result in the highest loads acting on an offshore wind turbine. The
relevant design driving water levels shall be determined for calculation of the hydrodynamic
loading, ice loading and buoyancy of the support structure.

e highest still water level with a recurrence period of 50 ye

e water level associated with the highest breakipg

6.4.4 Seaice

dynamic loading caused by wind and\cur

able\périod of time may result in significant
heé\aCcurrence and properties of the sea ice

ent o

fatigue loading. A site-specific
ated\in 12.7>

the geometry, and the surface texture of the support
turbine. Consequently, marine growth may influence
ponse, accessibility and corrosion rate of the structure.

design of the support structure.

Marine growth is broadly divided into “hard” (generally animal such as mussels and barnacles)
and “soft” (seaweeds and kelps), where hard growth is generally thinner but rougher than soft
growth. Marine organisms generally colonize a structure soon after installation but the growth
rate tapers off after a few years.

The nature and thickness of marine growth depends on the structural member’s position
relative to the sea level, orientation relative to dominant current, age and maintenance
strategy; but also on other site conditions such as salinity, oxygen content, pH value, current,
and temperature.

The corrosion environment is normally modified by marine growth in the upper submerged zone
and the lower part of the splash zone of the support structure. Depending on the type of marine
growth and other local conditions, the net effect may be either to enhance or retard corrosion
attack. Enhancement of corrosion processes by marine growth (e.g. through corrosive
metabolites) is commonly referred to as Microbiologically Influenced Corrosion (M i

) Y greally MSbltisents
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growth may further interfere with systems for corrosion control, including coatings/linings and
cathodic protection.

Due to the uncertainties involved in assumptions regarding marine growth, a strategy for
inspection and possible removal of marine growth should be planned as part of the support
structure design. The frequency, inspection method and growth removal criteria shall be based
on the impact of marine growth on the structural reliability of an offshore wind turbine, and the
extent of experience with marine growth under the specific conditions prevailing at the site.

6.4.6 Seabed movement and scour

The support structure of an offshore wind turbine shall be designed taking account of the
influence of seabed movement and scour. The analysis of seabed move and scour, and
the design of appropriate protection shall conform to the requiremémt SO 19901-4.

6.5 Other environmental conditions

Environmental (climatic) conditions other than wind and
integrity and safety of an offshore wind turbine,
mechanical, electrical or other physical action.
parameters given may increase their effects.

The following other environmental ca

e air temperature;
e humidity;

e air density;

e solar radiation;

e rain, hail, sn@\
e chemically actiVe

e water temperature;
o traffic.
The climatic conditions taken into account shall be defined in terms of either representative

values or limits of the variable conditions. The probability of simultaneous occurrence of
climatic conditions shall be taken into account when the design values are selected.

Variations in the climatic conditions within the normal limits which correspond to a 1-year
recurrence period or more often shall not interfere with the designed normal operation of an
offshore wind turbine.

Unless correlation exists, other extreme environmental conditions according to 6.5.2 shall be
combined with the normal wind conditions according to IEC 61400-1 and normal marine
conditions according to 6.4.
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6.5.1 Normal other environmental conditions
The normal other environmental condition values that should be taken into account, are:

e ambient air temperature range of -10 °C to +40 °C;
e relative humidity of up to 100 %;

e solar radiation intensity of 1 000 W/m?2;

e air density of 1,225 kg/m3;

e water density of 1025 kg/m3;

e water temperature range5 of 0 °C to +35 °C.

IEC 60721-2-1.

6.5.2 Extreme other environmental conditions

6.5.2.1 Temperature

6.5.2.2 Lightning

The provisions of lightning
for offshore wind turbinfes i

No minimum earthquake requirements are given for offshore wind turbines in the standard wind
turbine classes. For consideration of earthquake conditions and effects see IEC 61400-1.

6.6 Electrical power network conditions

The normal conditions at the offshore wind turbine terminals to be considered are listed below.

Normal electrical power network conditions apply when the following parameters fall within the
ranges stated below:

e voltage — nominal value (according to IEC 60038) + 10 %;

e frequency — nominal value = 2 %;

5 The ambient air and water temperatures shall be 1-hour average values. Documents
Document Sharing Hub

Full document details: IEC 61400-3 2009


http://www.avadocuments.com/doc/iec-61400-3-2009
http://www.avadocuments.com/doc/iec-61400-3-2009

61400-3 © IEC:2009 -33 -

e voltage imbalance — the ratio of the negative-sequence component of voltage not exceeding
2 %;

e auto-reclosing cycles — auto-reclosing cycle periods of 0,1 s to 5 s for the first reclosure
and 10 s to 90 s for a second reclosure shall be considered;

e outages — electrical network outages shall be assumed to occur 20 times per year. An
outage of up to 6 h6 shall be considered a normal condition. An outage of up to 3 months
shall be considered an extreme condition.

7 Structural design

71 General

The structural analysis shall be based on ISO 2394.

Calculations shall be performed using appropriate ) ons of the calculation
methods shall be provided in the design doc riptions shall include
itable verification studies.

7.2 Design methodology

It shall be verified that lira 9
and prototype tests ma S s a_subsfitute for calculation to verify the structural
design, as specified in

7.3 Loads Q

7.3.2

Aerodynamic loads are static and dynamic loads that are caused by the airflow and its
interaction with the stationary and moving parts of wind turbines.

The airflow is dependent upon the average wind speed and turbulence across the rotor plane,
the rotational speed of the rotor, the density of the air, and the aerodynamic shapes of the wind
turbine components and their interactive effects, including aeroelastic effects.

7.3.3 Actuation loads
Actuation loads result from the operation and control of wind turbines. They are in several

categories including torque control from a generator/inverter, yaw and pitch actuator loads and
mechanical braking loads. In each case, it is important in the calculation of response and

6 Six hours of operation is assumed to correspond to the duration of the severest part of a atorm. Documents
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loading to consider the range of actuator forces available. In particular, for mechanical brakes,
the range of friction, spring force or pressure as influenced by temperature and ageing shall be
taken into account in checking the response and the loading during any braking event.

7.3.4 Hydrodynamic loads

Hydrodynamic loads are dynamic loads which are caused by the water flow and its interaction
with the support structure of an offshore wind turbine.

The hydrodynamic loads are dependent on the kinematics of the water flow, the density of the
water, the depth of the water, the shape of the support structure and their interactive effects,
including hydroelastic effects.

design of appurtenances.

7.3.5 Sea ice loads

loads have their origin either in tempe
cover. Dynamic loads are

on the specific
regard to ice loa

7.3.6 Other log

hydrodynamic load
be considered.

om waves resulting from sub-sea earthquakes (tsunamis) may need to

Hydrostatic loads acting on the support structure because of internal and external pressures
and resulting buoyancy shall be taken into account where appropriate.

7.4 Design situations and load cases

This subclause describes the design load cases for an offshore wind turbine and specifies a
minimum number to be considered.

For design purposes, the life of an offshore wind turbine can be represented by a set of design
situations covering the most significant conditions that an offshore wind turbine may
experience.

The load cases shall be determined from the combination of operational modes or other design

situations, such as specific assembly, erection or maintenance conditions, with tRogtiments
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conditions. All relevant load cases with a reasonable probability of occurrence shall be
considered, together with the behaviour of the control and protection system. The design load
cases used to verify the structural integrity of an offshore wind turbine shall be calculated by
combining:

e normal design situations and appropriate normal or extreme external conditions;
o fault design situations and appropriate external conditions;
e transportation, installation and maintenance design situations and appropriate external

conditions.

If correlation exists between an extreme external condition and a fault situation, a realistic
combination of the two shall be considered as a design load case.

design load cases in Table 1 shall be considered. In that table,
specified for each design situation by the description of the wind

wind turbine design.

For each design load case
“F” refers to analysis
refers to the analysis g

and structural staf ity.

The design load ca

, in a normal state or may have experienced minor faults
ign situations are less likely to occur. They usually correspond
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The following abbreviations are used in Table 1:

COD co-directional (see 6.4.1)

DLC design load case

ECD extreme coherent gust with direction change (see IEC 61400-1)
ECM extreme current model (see 6.4.2.5)

EDC extreme direction change (see IEC 61400-1)
EOG extreme operating gust (see IEC 61400-1)
ESS extreme sea state (see 6.4.1.5)

EWH extreme wave height (see, 6.4.1.6)

EWLR extreme water level range (see 6.4.3.2)
EWM extreme wind speed model (see IEC 61400-1)
EWS extreme wind shear (see IEC 61400-1)
MIS misaligned (see 6.4.1)

MSL mean sea level (see 6.4.3)

MUL multi-directional (see 6.4.1)

NCM normal current model (see 6.4.2.4)

NTM

NWH

NWLR

NWP

NSS

RWH

RWM

SSS

SWH

UNI

V.t2mls

F

u

N

A abnormal

T transport and erection

partial safety factor for fatigue (see 7.6.3)

When a wind speed range is indicated in Table 1, wind speeds leading to the most adverse
condition for wind turbine design shall be considered. The range of wind speeds may be
represented by a set of discrete values, in which case the resolution shall be sufficient to
assure accuracy of the calculation?. In the definition of the design load cases, reference is
made to the wind and marine conditions described in Clause 6.

7 In general a resolution of 2 m/s is considered sufficient.
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For calculation of the loads acting on the RNA and with the exception of those design load
cases (DLC 1.4 and 3.3) that involve a transient change in mean wind direction, it may
generally be assumed that the waves are always co-directional with the wind, and that both the
wind and waves act from a single direction (uni-directional)8.

In general, co-directionality of the wind and waves may be assumed for calculation of the loads
acting on the support structure for all design load cases except those (DLC 1.4 and 3.3)
involving a transient change in mean wind direction and those corresponding to the wind
turbine in a parked (standing still or idling) design situation.

The multi-directionality of the wind and waves may, in some cases, have an important influence
on the loads acting on the support structure depending primarily on the extent to which the
support structure is non-axisymmetric. For some design load cases as indjcatedg Table 1, the

In this design situation, an offshore wind

The assumed wind turbine configuration-st
mass and aerodynamic imbalances (
manufacture shall be used in i

In addition, deviations
and control system trg
loads.

DLC 1.1 and 1.2 ¢
(NTM) and stoch§
turbine througk

wind speeds. Thessignificant wave height for each individual sea state shall be taken as the
expected value of the significant wave height conditioned on the relevant mean wind speed.

For DLC 1.2 a single value of significant wave height may be considered for each relevant
mean wind speed. The designer shall, however, ensure that the number and resolution of the
normal sea states considered are sufficient to account for the fatigue damage associated with
the full long term distribution of metocean parameters. The significant wave height, peak
spectral period, wave direction and water level for each normal sea state shall be considered,
together with the associated mean wind speed, based on the long term joint probability
distribution of metocean parameters.

8 For DLC 1.4 and 3.3 the wind and waves may be assumed to be co-directional and uni-directional prior to the

transient change in mean wind direction.
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For DLC 1.2, normal sea state conditions (NSS) shall be assumed. The significant wave height,
peak spectral period and direction for each normal sea state shall be selected, together with
the associated mean wind speed, based on the long term joint probability distribution of
metocean parameters appropriate to the anticipated site. The designer shall ensure that the
number and resolution of the normal sea states considered are sufficient to account for the
fatigue damage associated with the full long term distribution of metocean parameters.

DLC 1.3 embodies the requirements for ultimate loading resulting from extreme turbulence
conditions. Normal sea state conditions (NSS) shall be assumed for this design load case and
the significant wave height for each individual sea state shall be taken as the expected value of
the significant wave height conditioned on the relevant mean wind speed.

DLC 1.4 and 1.5 specify transient cases which have been selected as potntiall

ritical events

ing from normal turbulence
ave height for each individual

ip deflection. If the extreme values of these parameters are
A values derived for DLC 1.3, the further analysis of DLC 1.1

7.4.2 Power production plus occurrence of fault or loss of electrical network
connection (DLC 2.1 - 2.4)

This design situation involves a transient event triggered by a fault or the loss of electrical
network connection while the turbine is producing power. Any fault in the control and protection
system, or internal fault in the electrical system, significant for wind turbine loading (such as
generator short circuit) shall be considered. For DLC 2.1, the occurrence of faults relating to
control functions or loss of electrical network connection shall be considered as normal
events9. For DLC 2.2, rare events, including faults relating to the protection functions or
internal electrical systems shall be considered as abnormal. For DLC 2.3, the potentially

9 For DLC 2.1, consideration should also be given to the design situation associated with ride-through of faults on

the electrical network.
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significant wind event, EOG, is combined with an internal or external electrical system fault
(including loss of electrical network connection) and considered as an abnormal event. In this
case, the timing of these two events shall be chosen to achieve the worst loading. If a fault or
loss of electrical network connection does not cause an immediate shutdown and the
subsequent loading can lead to significant fatigue damage, the likely duration of this situation
along with the resulting fatigue damage in normal turbulence conditions (NTM) shall be
evaluated in DLC 2.4.

For DLC 2.1, 2.2, 2.3 and 2.4, normal sea state conditions (NSS) shall be assumed and the
significant wave height for each individual sea state shall be taken as the expected value of the
significant wave height conditioned on the relevant mean wind speed. Alternatively, for DLC
2.3, the simulations may be performed using a normal deterministic design wave (NWH), where
the height shall be assumed equal to the expected value of the sigy wave height
conditioned on the relevant mean wind speed.

743 Start up (DLC 3.1 to 3.3)

during the transients from any standstill or idling situation
occurrences shall be estimated based on the control syste

significant wave height conditioned (on jnd” speed. Alternatively, the
simulations for these load cases may be i al deterministic design wave

7.4.4 Norma

This design situatio hexevents resulting in loads on an offshore wind turbine
during normal transier mn a power production situation to a standstill or idling
condition. The enaces shall be estimated based on the control system
behaviour.

For DL al sea state conditions (NSS) shall be assumed and the significant
wave heigh idual sea state shall be taken as the expected value of the significant

ed on the relevant mean wind speed. Alternatively, the simulations may
be performed usingv¥a normal deterministic design wave (NWH), where the height shall be
assumed equal to the expected value of the significant wave height conditioned on the relevant
mean wind speed.

7.4.5 Emergency shut down (DLC 5.1)

Loads arising from emergency shut down shall be considered.

For DLC 5.1, normal sea state conditions (NSS) shall be assumed and the significant wave
height for each individual sea state shall be taken as the expected value of the significant wave
height conditioned on the relevant mean wind speed.
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7.4.6 Parked (standstill or idling) (DLC 6.1 to 6.4)

In this design situation, the rotor of a parked wind turbine is either in a standstill or idling
condition. DLC 6.1, 6.2 and 6.3 shall be analysed to determine ultimate loads for this condition,
whereas DLC 6.4 is concerned with fatigue loading.

For DLC 6.1 and 6.2, the combination of extreme wind and wave conditions shall be such that
the global extreme environmental action has a combined recurrence period of 50 years. In the
absence of information defining the long term joint probability distribution of extreme wind and
waves, it shall be assumed that the extreme 10-min mean wind speed with 50-year recurrence
period occurs during the extreme sea state with 50-year recurrence period. For DLC 6.3 the
same assumption shall be applied with regard to the combination of the extreme 10-min mean
wind speed and the extreme sea state each with a 1-year recurrence period.

steady extreme wind model or the turbulent extreme wind
Table 1. If the steady extreme wind model or steady red

In the absence of app opXiza ite-s ifi ind—and wave directional data, the misalignment
that results in t igh e support structure shall be considered. If this
misalignment exsged ave height may be reduced due to the decay in
severity of the sea g assomated with the change in wind direction which

yaw system can occur at the characteristic load, the largest
possible : Sble sllpage shall be added to the mean yaw misalignment. If the wind

g Y where yaw movement is expected in the extreme wind situations
(e.g. free yaw, passivg yaw or semi-free yaw), the turbulent wind model shall be used and the
yaw misalignment wilt'be governed by the turbulent wind direction changes and the turbine yaw
dynamic response. Also, if the wind turbine is subject to large yaw movements or change of
equilibrium during a wind speed increase from normal operation to the extreme situation, this
behaviour shall be included in the analysis.

In DLC 6.1, for an offshore wind turbine with active yaw system, a yaw misalignment of up to
+ 15° using the steady extreme wind model or a mean yaw misalignment of £ 8° using the
turbulent extreme wind model shall be imposed, provided that the absence of slippage in the
yaw system can be assured.

10 The extreme wind and wave conditions may be assumed to be initially co-directional. As the storm passes over
the site of the wind turbine, the wind direction may change causing a misalignment relative to the wave
direction. During the time taken for a significant wind direction change, the severity of the wave conditions will

have reduced.
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For DLC 6.1a, the turbulent extreme wind model shall be taken together with the extreme sea
state (ESS) conditions. The response shall be estimated using full dynamic simulation based
on at least six 1-hour realizations for each combination of extreme wind speed and extreme
sea state. In this case, the hub height mean wind speed, turbulence standard deviation and
significant wave height shall be taken as 50-year recurrence values each referenced to a 1-
hour simulation period. The 1-hour value of the 50-year recurrence mean wind speed may be
obtained from the 10-min average by use of the conversion stated in Table 1:

V50,1-hour = k1 V50,10-min; k1 =0,93 (17)

The 1-hour value of the turbulence standard deviation may be obtained from the 10-min value

as follows:

Oi,1-hour = 0i,10-min +b; b=0,2m/s (18)
The turbulence models given in IEC 61400-1 may be used together\witk alues of
50-year recurrence mean wind speed and turbulence standard dewation gi equations
(18) and (19).
The significant wave height for a 1-hour simulation p tained from the value
corresponding to a 3-hour reference period by the(use 9 ton stated in Table 1
where, for deep water sites:

(19)

At shallow water sites the value for k,
adjusted.

conservative and may be

Realizations shorter th ~ ;
will not reduce the est e_Constrained wave methods may be used for

this purpose, refe e, case of a constrained wave analysis based on a
simulation perio in, ¢ ' Pei mean wind speed shall be taken as the 10 min
value with a 50-yea ignificant wave height shall be taken as the 3 h value with

a 50-year recurre . ded’regular wave shall have the magnitude of the extreme
wave height with g 50 S

For DLC 6.1 eme wind model shall be taken together with the reduced
determi designnwave \RWH) which has the reduced wave height, H,,450, With a recurrence
period of

For DLC 6.1c, the steady reduced wind model (RWM) shall be taken together with the extreme
deterministic design wave (EWH). In this case, the wind speed shall be assumed as V4459 and
the wave height shall be assumed equal to the extreme wave height, Hg,, with a recurrence
period of 50 years.

DLC 6.1b and 6.1c may be omitted if, in the treatment of DLC 6.1a, the non-linear wave
kinematics are properly represented in the dynamic simulations of the extreme stochastic sea
state.

In DLC 6.2, a loss of the electrical power network at an early stage in the storm containing the
extreme wind situation, shall be assumed. Unless power back-up for the control and yaw
system with a capacity of 6 h of wind turbine operation is provided, the effect of a wind
direction change of up to + 180° shall be analysed.
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For DLC 6.2a, the turbulent extreme wind model shall be taken together with the extreme sea
state (ESS) conditions and the hub height mean wind speed and significant wave height shall
be taken as 50-year recurrence values. The extreme response shall be estimated using the
same methods as described above for DLC 6.1a.

For DLC 6.2b, the steady extreme wind model shall be taken together with the reduced
deterministic design wave (RWH) which has the reduced wave height, H 450, With a recurrence
period of 50 years. DLC 6.2b may be omitted if in the treatment of DLC 6.2a, the non-linear
wave kinematics are properly represented in the dynamic simulations of the extreme stochastic
sea state.

sombined with an
ng the steady

In DLC 6.3, the extreme wind with a 1-year recurrence period shall be
extreme yaw misalignment. An extreme yaw misalignment of up to +

be assumed,

For DLC 6.3a, the turbulent extreme wind model shall be takenr ¢ Vi gxtreme sea
state (ESS) conditions and, in this case, the hub height mean
height shall be taken as 1-year recurrence values. The e
using the same methods as described above for DLC 6.2

kinematics are properly represented in t
state.

In DLC 6.4, the expected
appropriate for each wind s fatigue damage can occur to any component

ed. Particular account shall be taken of the

Deviations from the™normal behaviour of a parked wind turbine, resulting from faults on the
electrical network or in the wind turbine, shall require analysis. If any fault other than a loss of
electrical power network produces deviations from the normal behaviour of the wind turbine in
parked situations, the possible consequences shall be the subject of analysis.

In case of a fault in the yaw system, yaw misalignment of = 180° shall be considered. For any
other fault, yaw misalignment shall be consistent with DLC 6.1.

In DLC 7.1, the fault condition shall be combined with extreme wind and wave conditions, so
that the global extreme environmental action has a combined recurrence period of 1 year. In
the absence of information defining the long term joint probability distribution of extreme wind
and waves, it shall be assumed that the extreme 10-min mean wind speed with 1-year
recurrence period occurs during the extreme sea state with 1-year recurrence period.
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DLC 7.1 may be analysed using simulations of turbulent inflow and stochastic sea states, or by
treatment of steady wind models in combination with deterministic design waves. Subsidiary
load cases of DLC 7.1 are defined in Table 1 based on these two approaches. For design load
cases, where the wind conditions are defined by EWM, either the steady extreme wind model
or the turbulent extreme wind model shall be used, as indicated in Table 1. If the steady
extreme wind model or steady reduced wind model (RWM) is used, this shall be combined with
a deterministic design wave and the response shall be estimated from a quasi-steady analysis,
with appropriate corrections for dynamic response, refer to Annex D.

In DLC 7.1, misalignment of the wind and wave directions shall be considered for calculation of
the loads acting on the support structure. Where appropriate site-specific measurements of
wind and wave directions are available, these shall be used to derive the range of misalignment
angles relevant to the combination of extreme wind and wave conditions/assosijated with this
design load case. Load calculations shall then be based on values of pisalig t within this
range that result in the highest loads acting on the support structure.

For DLC 7.1a, the turbulent extreme
state (ESS) conditions. The

For DLC 7.1b, the steady
deterministic de ,
period of 1 year.

For DLC 7.1c, thé
deterministic desij

DLC 7.1b and pay be omitted if in the treatment of DLC 7.1a the non-linear wave
kinematics are property represented in the dynamic simulations of the extreme stochastic sea
state.

In DLC 7.2, the expected number of hours of non-power production time due to faults on the
electrical network or in the wind turbine shall be considered for each wind speed and sea state
where significant fatigue damage can occur to any components. Particular account shall be
taken of the resonant loading of the support structure due to excitation by the waves and
influenced by the low aerodynamic damping available from the rotor in a standstill or idling
condition. Normal sea state conditions (NSS) shall be assumed. The significant wave height,
peak spectral period and direction for each normal sea state shall be selected, together with
the associated mean wind speed, based on the long term joint probability distribution of
metocean parameters appropriate to the anticipated site. The designer shall ensure that the
number and resolution of the normal sea states considered are sufficient to account for the
fatigue damage associated with the full long term distribution of metocean parameters.
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7.4.8 Transport, assembly, maintenance and repair (DLC 8.1 to 8.3)

For DLC 8.1, the manufacturer shall state all the wind conditions, marine conditions and design
situations assumed for transport, assembly on site, access, maintenance and repair of an
offshore wind turbine. The maximum stated wind conditions and marine conditions shall be
considered in the design if they can produce significant loading on the wind turbine. The
manufacturer shall allow sufficient margin between the stated conditions and the wind and
marine conditions considered in design to give an acceptable safety level. Sufficient margin
may be obtained by adding 5 m/s to the stated wind condition.

Loads occurring during transport, assembly, access, maintenance and repair of an offshore
wind turbine shall be taken into account:

e weight of tools and mobile equipment;
e loads from operation of cranes;

e mooring and fendering loads from vessels serving the wind tu

The design situation, the maximum size of t e\ 8
condltlons for approach of an offsh i

n the case of a very stiff support structure, for
ill be absorbed primarily by the vessel. Following a

The energy absorped b
of the impactin

example a concre

vessel impact, it ig\imp nilve any damage to the support structure caused by the
impact force and\deterr ssary repair work to be undertaken to ensure that the
required load Qf the support structure is preserved

If informatio ervice vessel is not known by the designer, the impact force can
normally be.acceyn or By applying 5 MN distributed as a horizontal line load over the whole

width of the s ort ructure. This load shall be considered to include dynamic amplification.
The vertical exten af the collision zone shall be assessed on the basis of the vessel draft, and
the maximum wave and tidal elevations allowed for service vessel access. In practice, the
vertical position will vary between + 3 m to — 5 m relative to MSL. For local pressure
calculation, a vertical extension of 2 m may be assumed.

Loading of an offshore wind turbine due to helicopter operations shall be considered where
relevant. The design situation, the maximum size of helicopter and the limiting external
conditions for approach of an offshore wind turbine by the helicopter shall be stated by the
operator or designer and taken into account in the load calculations.

In addition, DLC 8.2 shall include all transport, assembly, maintenance and repair turbine
states that may persist for longer than one week. This shall, when relevant, include a partially
completed support structure, the support structure standing without the RNA, and the RNA
without one or more blades. It shall be assumed that the electrical network is not connected in
any of these states. Measures may be taken to reduce the loads during any of these states as
long as these measures do not require the electrical network connection.
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