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INTERNATIONAL ELECTROTECHNICAL COMMISSION

WIND ENERGY GENERATION SYSTEMS -
Part 3-2: Design requirements for floating 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 IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence between
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent
rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 61400-3-2 has been prepared by IEC technical committee 88: Wind
energy generation systems.

This edition cancels and replaces |[EC TS 61400-3-2 published in 2019. This edition constitutes
a technical revision.

This edition includes the following significant technical changes with respect to the first edition
of IEC 61400-3-2:

a) The relevant contents of IEC 61400-3-1 have been migrated into IEC 61400-3-2, making
this revised IEC 61400-3-2 a self-standing document that does not have to be read directly
in conjunction with IEC 61400-3-1;

b) Several modifications have been made regarding metocean conditions in Clause 6
considering the nature of FOWT and the sea area where FOWT may be constructed,
including: (1) the importance of wave directional spreading has been highlighted as it may
result in larger loads for FOWT, including the addition of two new informative annexes and
(2) the characteristic of swell has been explained, which may be relevant for some FOWT
projects, including the addition of one new informative annex regarding the characteristic of

swell; Documents
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c) Clauses 7.1 to 7.5 have been changed to include a revised DLC table and its related
descriptions, including amongst others updated requirements on directionality, wave
conditions and redundancy check and damage stability cases; further updates are made
related to guidance and necessities provided on load calculations and simulation
requirements;

d) Clause 7.6 has been updated with guidance on fatigue assessment along with clarifications
on serviceability analysis and the applicable material for WSD; related Annex M has been
updated and a new Annex O has been added for clarification of the safety factors and load
and load effect approach for floating substructures;

e) The concept of floating structural control that will interact with the wind turbine controller
has been introduced in Clause 8;

f) Clause 11 has been renamed from “Foundation and substructure design” to “Anchor design”
and requirements for the transient conditions have been added;

g) A more detailed clause regarding concrete design has been added to Clause 16 together
with an informative Annex S;

h) Clause 15 has been updated with the aim to improve ease of use, using experience from
O&G and considering wind turbine peculiarities; updates included guidance for TLPs,
damage stability, dynamic stability, testing and the addition for Annex U regarding how to
analyse collision probability.

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

The text of this International Standard is based on the following documents:

FDIS Report on voting
88/708/FDIS 88/712/RVD

Full information on the voting for the approval of this International Standard can be found in the
report on voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

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

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch” in the data related to
the specific document. At this date, the document will be

e reconfirmed,
e withdrawn,
o replaced by a revised edition, or

e amended.

A bilingual version of this publication may be issued at a later date.

IMPORTANT - The 'colour inside’' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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1 INTRODUCTION

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

~ W

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

© 0 N O O

10  Any of the requirements of this document may be altered if it can be suitably demonstrated that
11 the safety of the system is not compromised. Compliance with this document does not relieve
12 any person, organization, or corporation from the responsibility of observing other applicable
13 regulations.

14
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15 WIND ENERGY GENERATION SYSTEMS -

16

17 Part 3-2: Design requirements for floating offshore wind turbines
18

19

20

211 Scope

22 This part of IEC 61400 specifies requirements for assessment of the external conditions at a
23  floating offshore wind turbine (FOWT) site and specifies essential design requirements to
24 ensure the engineering integrity of FOWTs. Its purpose is to provide an appropriate level of
25 protection against damage from all anticipated hazards during the planned lifetime.

26 This document focuses on the engineering integrity of the structural components of a FOWT
27 but is also concerned with subsystems such as control and protection mechanisms, internal
28  electrical systems and mechanical systems.

29 A wind turbine shall be considered as a FOWT if the floating substructure is subject to
30 hydrodynamic loading and supported by buoyancy and a stationkeeping system. A FOWT
31 encompasses five principal subsystems: the RNA, the tower, the floating substructure, the
32 stationkeeping system and the onboard machinery, equipment and systems that are not part of
33  the RNA.

34  The following types of floating substructures are explicitly considered within the context of this
35 document:

36 i) ship-shaped structures and barges,

37 j) semi-submersibles (Semi),

38 k) spar buoys (Spar),

39 [) tension-leg platforms/buoys (TLP / TLB).

40 This document can be utilized for structural types other than listed above, but special
41 consideration may be needed to support novel features to achieve the same target safety level.
42 These other structures can have a great range of variability in geometry, materials and
43 structural forms and, therefore, can be only partly covered by the requirements of this document.
44 In other cases, specific requirements stated in this document can be found not to apply to all or
45 part of a structure under design. In all the above cases, conformity with this document will
46 require that the design is based upon its underpinning principles and achieves a level of safety
47 equivalent, or superior, to the level implicit in it.

48 This document is applicable to unmanned floating structures with one single horizontal axis
49 turbine. While generally applicable, additional considerations may be needed, e.g., for multi-
50 turbine units on a single floating substructure, vertical-axis wind turbines, FOWTs with shared
51 moorings, spinning spars, or combined wind/wave energy systems.

52 This document should be used together with the appropriate IEC and ISO standards mentioned
53 in_Clause 2. In particular, this document is fully consistent with the requirements of
54 . The safety level of the FOWT designed according to this document shall be at or
55 exceed the level inherent in .

56 2 Normative references

57 The following documents are referred to in the text in such a way that some or all of their content
58  constitutes requirements of this document. For dated references, only the edition cited applies.
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59 For undated references, the latest edition of the referenced document (including any
60 amendments) applies.

61 APl RP 2SM: 2014, Design, Manufacture, Installation and Maintenance of Synthetic Fiber
62 Ropes for Offshore Mooring

63 APl RP 2T (R2015): 2010, Recommended Practice for Planning, Designing, and Constructing
64 Tension Leg Platforms

65 IEC 60721 (all parts), Classification of environmental conditions
66 IEC 61400-1:2019, Wind energy generation systems — Part 1: Design requirements

67 IEC 61400-3-1:2019, Wind energy generation systems — Part 3-1: Design requirements for fixed
68  offshore wind turbines

69 IEC 61400-15-1:202X, Wind energy generation systems — Part 15-1: Site suitability input
70 conditions for wind power plants

71 IMO, International Code on Intact Stability, 2008 (2008 IS CODE), 2020 Edition
72 IMO SOLAS Consolidated Edition 2020

73 IMO 2009 MODU CODE (2020 Edition)

74 ISO 2394:2015, General principles on reliability for structures

75 ISO 2533:1975, Standard Atmosphere

76 ISO 19900:2016, Petroleum and natural gas industries — General requirements for offshore
77 structures

78 ISO 19901-1:2015, Petroleum and natural gas industries — Specific requirements for offshore
79 structures — Part 1: Metocean design and operating conditions

80  1SO 19901-4:2018, Petroleum and natural gas industries — Specific requirements for offshore
81 structures — Part 4: Geotechnical and foundation design considerations

82 ISO 19901-6:2009 (/Cor.1:2011), Petroleum and natural gas industries — Specific requirements
83 for offshore structures — Part 6: Marine operations

84 ISO 19901-7:2013, Petroleum and natural gas industries — Specific requirements for offshore
85  structures — Part 7: Stationkeeping systems for floating offshore structures and mobile offshore
86 units

87 ISO 19902:2020, Petroleum and natural gas industries — Fixed steel offshore structures

88 1SO 19903:2019, Petroleum and natural gas industries — Concrete offshore structures

89 SO 19904-1:2019, Petroleum and natural gas industries — Floating offshore structures — Part 1:
90 Ship-shaped, semi-submersible, spar and shallow-draught cylindrical structures

91 ISO 19906:2019, Petroleum and natural gas industries — Arctic offshore structures
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92 3 Terms and definitions

93 For the purposes of this document, the terms and definitions given in |EC 61400-1 and the
94  following apply.

95 ISO and IEC maintain terminological databases for use in standardization at the following
96  addresses:

97 e |EC Electropedia: available at http://www.electropedia.org/

98 e |SO Online browsing platform: available at http://www.iso.org/obp

99 3.1

100 air gap

101 clearance between the highest water surface that occurs during the extreme environmental
102 conditions and the lowest exposed part not designed to withstand wave impingement

103 3.2

104  anchor

105 device attached to the end of the mooring line or tendon and partially or fully buried in the
106  seabed to limit the movement of the mooring line or tendon and to transfer loads to the seabed

107 Note 1 to entry: Available options for anchoring floating structures include drag anchors, anchor piles (driven, jetted,
108 suction, torpedo/gravity-embedded and drilled and grouted), and other anchor types such as gravity anchors and
109 plate anchors.

10 3.3

111 co-directional
112 acting in the same direction

13 3.4

114 control system

115 system implementing the turbine and FOWT support structure control functions, including
116 sensors, logic elements, actuators, communication networks, and power supplies

117 The intent of the control system is to control operation of the turbine and FOWT support
118 structure by active and passive means to optimize the power yielding and keep the operating
119 parameters within the limits assumed in the structural design of the whole FOWT. The control
120 system is likely to include control loops for normal operation as well as alarms and shutdown
121 mechanisms to ensure that limits are not exceeded.

122 3.5
123 current
124  flow of water past a fixed location usually described in terms of a current speed and direction

125 3.6

126  diffraction

127 phenomenon that describes the bending of waves around obstacles and spreading of waves
128 past openings

129 3.7

130 design wave

131 deterministic wave with a defined height, period and direction, used for the design of an offshore
132 structure

133 Note 1 to entry: A design wave may be accompanied by a requirement for the use of a particular periodic wave

134 theory.

135 3.8

136 designer

137 party or parties responsible for the design of a FOWT Documents

Document Sharing Hub

Full document details: 21/30428829 DC


http://www.iso.org/obp
https://doi.org/10.3403/00553576U?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/21-30428829-dc
http://www.avadocuments.com/doc/21-30428829-dc

88/846/CD -14 - IEC CD 61400-3-2 © |IEC 2021

138 3.9

139  dynamic power cable

140  dynamic and submerged electrical cable feeding or collecting power from a floating substructure;
141 the dynamic part is located from the hang-off of the floating substructure to either the touch-
142 down point or to another floating substructure

143  3.10

144  environmental conditions

145  characteristics of the environment (wind, waves, sea currents, water level, sea/lake ice, marine
146 growth, scour and overall seabed movement, etc.) which may affect the behaviour of a FOWT.

147 3.1

148 external conditions

149  external factors affecting operation of a FOWT, including the environmental conditions, the
150 electrical network conditions, and other climatic factors (temperature, snow, ice, etc.)

151 3.12

152 extreme significant wave height

153  significant wave height of the sea state over the reference period with an annual probability of
154  exceedance of 1/N (“return period”: N years), extrapolated from the extreme distribution of
155 significant wave height at the site

156  3.13

157 extreme wave height

158 individual wave height (generally the zero up-crossing wave height) with an annual probability
159  of exceedance of 1/N (“return period”: N years)

160 3.14
161  fast ice cover
162 rigid continuous cover of ice not in motion

163 3.15

164  fetch

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

167  3.16

168  fixed offshore wind turbine

169  wind turbine with a substructure that is subject to hydrodynamic loading and is founded on the
170  seabed

171 3.17

172 floating offshore wind turbine

173 wind turbine with a floating substructure that is subject to hydrodynamic loading and is
174 supported by buoyancy and a station-keeping system

175 Note 1 to entry: Different FOWT support structure concepts are shown in Figure 1 together with the other parts of
176 a FOWT support structure.
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Figure 1 — Parts of a floating offshore wind turbine (FOWT)

3.18
floating offshore wind turbine site
location or intended location of an individual FOWT either alone or within a wind farm

3.19

floating stability

ability of a floating substructure to generate restoring moment after deviation from an
equilibrium floating position

Note 1 to entry: Generally, verification of floating stability applies to both intact and damage conditions.

3.20

floating substructure

part of a FOWT support structure that floats above the sea floor, connects to the tower and
stationkeeping system, and consists of a buoyant structure for supporting operational loads.

Note 1 to entry: A floating substructure can also be referred to as a hull. Different floating substructure concepts
are shown in Figure 1 together with the other parts of a FOWT.

3.21

highest astronomical tide

highest still water level that can be expected to occur under any combination of astronomical
conditions and under average meteorological conditions

Note 1 to entry: 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.

3.22
hindcasting
method of simulating historical (metocean) data for a region through numerical modelling

3.23
hub height
height of the centre of the swept area of the wind turbine rotor above the mean sea level
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3.24

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 a floating substructure.

3.25

ice floe

sheet of ice in size from metres to several kilometres, not rigidly frozen to a shore, still or in
motion

3.26

icing

build-up of a cover of ice or frost on parts of a FOWT that can result in added loads and/or
changed properties

3.27
land-locked waters
waters almost or entirely surrounded by land

3.28

load effect

effect of a single load or combination of loads on a structural component or system, for example
internal force, stress, strain, motion, etc.

3.29

lowest astronomical tide

lowest still water level that can be expected to occur under any combination of astronomical
conditions and under average meteorological conditions

Note 1 to entry: Storm surges, which are meteorologically generated and essentially irregular, are superimposed
on the tidal variations, so that a total still water level below lowest astronomical tide may occur.

3.30
manufacturer
party or parties responsible for the manufacture and construction of a FOWT.

3.31

marine conditions

characteristics of the marine environment (waves, sea currents, water level, seal/lake ice,
marine growth, seabed movement and scour, etc.) which may affect the behaviour of a FOWT.

3.32
marine growth
surface coating on structural components caused by plants, animals and bacteria

3.33

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

3.34
mean zero crossing period
average period of the zero-crossing (up or down) waves in a sea state

Note 1 to entry: Relations exist between mean zero crossing period and peak period.
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3.35
metocean
abbreviation of meteorological and oceanographic

3.36
misaligned (for wind and waves)
acting from different directions

3.37

mooring system

passive type of stationkeeping system that typically comprises mooring lines, anchors,
connectors and hardware and may include other components such as buoys, clamped weights,
turrets, disconnecting system, etc.

3.38
moving ice
portions of sea/lake ice that move under the action of wind and/or currents

3.39
multi-directional (for wind and waves)
acting in multiple directions

3.40

nacelle yaw

for turbines with an active or passive nacelle-yaw control mechanism, degree of freedom
determining the orientation of the RNA with respect to the tower (and by extension the floating
substructure)

3.41

operational limit

value of a certain physical parameter defined in the design basis such as acceleration,
inclination, displacement, excursion, frequency, rpm, voltage, strain, pressure, wind speed,
wave height, etc. that satisfies the most demanding of the prescribed operating criteria for a
specified FOWT to ensure its operation within acceptable Reliability and Safety criteria

3.42
peak wave period
period of the peak energy in the wave spectrum

3.43
power collection system
electrical system that collects the power from one or more FOWTs

Note 1 to entry: The power collection system includes all electrical equipment connected between the wind turbine
terminals and the network connection point. For offshore wind farms, the power collection system may include the
connection to shore.

3.44

recognized classification society

member of the International Association of Classification Societies (IACS), with recognized and
relevant competence and experience in floating structures

3.45

redundancy (for stationkeeping system)

A FOWT stationkeeping system can be defined as redundant when following a loss of one
mooring line or tendon, the FOWT will be kept within a confined area by the damaged
stationkeeping system and will not interfere with other structures, such that no further
consequences of the loss of the mooring line or tendon will take place. Dynamic irﬁegéower
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cable rupture and power shutdown due to FOWT drift-off may be an accepted solution based
on owner/developer approval

3.46

reference period

period during which stationarity is assumed for a given stochastic process, for example wind
speed, sea elevation or response

3.47

refraction

process by which wave energy is redistributed as a result of changes in the wave propagation
velocity due to variations in water depth and/or current velocity

3.48
rotor—nacelle assembly
part of a FOWT carried by the support structure

3.49
scantling
sizing of plates, girders and stiffeners of floating substructures

3.50
sea floor
interface between the sea and the seabed

3.51
sea floor slope
local gradient of the sea floor, for example associated with a beach

3.52
seallake ice
frozen seawater or lake freshwater

3.53
sea state
condition of the sea in which its statistics remain stationary

3.54
seabed
materials below the sea floor in which a support structure is founded

3.55
seabed movement
movement of the seabed due to natural geological processes

3.56

scour

removal of seabed soils by currents and waves or caused by structural elements interrupting
the natural flow regime above the sea floor

3.57

semisubmersible

floating substructure normally consisting of a top structure with a number of widely spaced,
large cross-section, supporting columns connected to submerged pontoons or heave plates

Note 1 to entry: Pontoon/column geometry is usually chosen to minimize global motions in a broad range of wave
frequencies.
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340 3.58
341 shallow water
342  depth in which the presence of the seabed has a pronounced effect on the wave hydrodynamics

343 Note 1 to entry: The distinction between shallow water and non-shallow water is defined in Figure B.1. For extreme
344 sea states a site may have to be considered as shallow while for normal conditions it can be considered deep.
345 3.59

346  significant wave height
347 statistical measure of the height of waves in a sea state, defined as either the average height
348 of the highest one third of the zero up-crossing waves or as 4 x oy where oy is the standard

349 deviation of the sea surface elevation

1, while the

350 Note 1 to entry: The former height is called the statistical significant wave height (usually denoted H, 5 ',

351 latter height is called the spectral significant wave height (denoted by H_ or H_ ;).

352 3.60

353  significant wave period

354  statistical measure of the period of waves in a sea state, defined as the average period of the
355  highest one third of the zero up-crossing waves, denoted 75

356 Note 1 to entry: Relations exist between the peak period Tp and T3

357 3.61
358  spar
359  deep-draught, small water-plane area cylindrical floating substructure

360 3.62

361 splash zone

362  external region of the FOWT support structure that is frequently wetted due to wave, tidal
363 variations and floating substructure motions

364 Note 1 to entry: To define upper and lower limit of the splash zone, the following parameters shall be superimposed
365 where applicable to the specific FOWT support structure type:

366 — the highest still water level with a return period of 1 year increased by the crest height of a wave with height
367 equal to the significant wave height with a return period of 1 year,

368 — the lowest still water level with a return period of 1 year reduced by the trough depth of a wave with height equal
369 to the significant wave height with a return period of 1 year,

370 — draft variation, and

371 — vertical motions (heave, roll, pitch) of the floating substructure.

372 3.63

373 stationkeeping system
374  system capable of limiting the excursions and/or accelerations of the FOWT within prescribed

375 limits and maintaining the intended orientation

376 Note 1 to entry: A stationkeeping system may differ from a mooring system in the case of active thrusters, tendons,
377 etc.

378  3.64

379  still water level
380 abstract water level calculated by including the effects of tides and storm surge but excluding
381 variations due to waves

382 Note 1 to entry: Still water level can be above, at, or below mean sea level.

1 In deep water, H,,, = 0,956H regardless of wave spectral form (1ISO 21650:2007). Documents

Document Sharing Hub

Full document details: 21/30428829 DC


http://www.avadocuments.com/doc/21-30428829-dc
http://www.avadocuments.com/doc/21-30428829-dc

88/846/CD - 20 - IEC CD 61400-3-2 © |IEC 2021

383  3.65
384 storm surge
385 change in water level caused by atmospheric change and/or wind associated with a storm

386  3.66
387 support structure
388 part of FOWT consisting of the tower, floating substructure, and stationkeeping system

389 Note 1 to entry: Refer to Figure 1.

390 3.67

391 swell

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

394  3.68

395  tendon

396 collection of components of a stationkeeping system that forms a tensioned vertical or near-
397 vertical link between the TLP-type floating substructure and the anchor on and beneath the sea
398 floor for the purpose of providing stationkeeping and floating stability to FOWTs

399  3.69

400 tension leg platform

401 vertically moored, buoyant, compliant structural system wherein excess buoyancy of the floating
402  substructure (in excess of weight and tendon loads) maintains tension in the mooring system

403  3.70
404 tidal current
405 current resulting from tides

406  3.71
407 tidal range
408 vertical distance between the highest astronomical tide and the lowest astronomical tide

409  3.72
410 tides
411 regular and predictable movements of the sea generated by astronomical forces

412 3.73

413 tower

414 part of a FOWT support structure which connects the floating substructure to the rotor-nacelle
415 assembly

416  3.74
417  tsunami
418 long period sea waves caused by rapid vertical movements of the sea floor

419  3.75
420 uni-directional (for wind and waves)
421 acting in a single direction

422 3.76
423  water depth
424 vertical distance between the sea floor and the still water level

425 Note 1 to entry: As there are several definitions for the still water level (see 3.64) there can be several water depth
426 values.
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427 3.77
428 wave crest elevation
429 vertical distance between the crest of a wave and the still water level

430 3.78
431 wave direction
432 mean direction from which the wave is travelling

433  3.79

434  wave height

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

437 3.80
438  wave period
439  time interval between the two zero up-crossings which bound a zero up-crossing wave

440  3.81
441 wave spectral peak frequency
442 frequency of the peak energy in the wave spectrum, the inverse of the wave peak period

443  3.82
444 wave spectrum
445  frequency domain description of the sea surface elevation in a sea state

446  3.83
447 wave steepness
448 ratio of the wave height to the wave length

449  3.84

450  weather downtime

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

453  3.85

454  weather window

455  interval of time during which the environmental conditions allow for execution of a specified
456 marine operation

457  3.86
458  wind profile — wind shear law
459 mathematical expression for assumed wind speed variation with height above still water level

460 Note 1 to entry: Commonly used profiles are the logarithmic profile (equation (1)) and the power law profile
461 (equation (2)).
In(z/z )
— 0
V(z)=7a) /) (1)
n(z, /zg
462
o
z
V(z)=V(z) | = (2)
Zr
463
464 where
465 V(z) is the wind speed at height z;
466 z is the height above the still water level;
467 z, is a reference height above the still water level used for fitting the profile;
468 z, is the roughness length; Documents
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a is the wind shear (or power law) exponent.

3.87
wind sea
sea state being generated by local winds

3.88
yaw
floating substructure nautical motion degree of freedom

Note 1 to entry: The six rigid-body motion degrees of freedom of a floating substructure—surge, sway, heave, roll,
pitch and yaw—are illustrated in Figure 2.

Surge

Figure 2 — Rigid-body motion degrees of freedom of a floating substructure

3.89
zero up-crossing wave
portion of a time history of wave elevation between zero up-crossings

Note 1 to entry: 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 symbols and abbreviated terms given in JEC 61400-1
and the following apply:

4.1 Symbols and units
Ac Charnock’s constant [-]

d water depth [m]
o] Documents
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491 f, wave spectral peak frequency [HZz]
492 g acceleration due to gravity [m/s2]
493 H individual wave height [m]
494  Hpg breaking wave height [m]
495  Hy individual wave height with a return period of N years [m]
4%  Hg spectral significant wave height [m]
497 Hgy spectral significant wave height with a return period of N years  [m]
498 Hqp statistical significant wave height [m]
499 k wave number [-]
500  Kmax accumulated freezing degree-days [°C]
501 L, velocity component integral scale parameter [m]
502 p(Vhup) probability density function of hub height wind speed [-]
503 Ry design value for component resistance [-]
504 Ry characteristic value for component resistance [-]
505 s sea floor slope [°]
506 Sy design value for load effect [-]
507  SF safety factor -]
508 Sy characteristic value for load effect [-]
509 single sided wave spectrum [m2/Hz]
510 time [s]
511 T wave period [s]
512 T, peak spectral period [s]
513 T, mean zero-crossing wave period [s]
514 Uy current velocity, with a return period of N years [m/s]
515 Uss sub surface current velocity [m/s]
516 Uy wind-generated current velocity [m/s]
517 VN expected extreme wind speed (averaged over 10 min),
518 with a return period of N years [m/s]
519 VeN expected extreme wind speed (averaged over 3 s),
520 with a return period of N years [m/s]
521 z vertical distance above SWL [m]
522 a sea floor slope in radians [rad]
523 n sea surface elevation relative to SWL [m]
524 K von Karman’s constant [-]
525 A wave length [m]
526 O, current direction [°]
527 O wave direction [°]
528 Bym mean wave direction [°]
529 Oalowable  gllowable stress '_.\'/szo%Pments
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530

531

532
533

534

535

536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569

88/846/CD

O-buckling

allowable buckling stress

specified minimum yield strength

critical compressive buckling stress or shear buckling stress

sea surface elevation standard deviation

temperature

4.2 Abbreviations

COD
CPT
DLC
ECD
ECM
EDC
EOG
ESS
EWLR
EWM
EWS
FMEA
FOWT
HAT
IACS
IMO
LAT
MIC
MIS
MSL
MUL
NCM
NSS
NTM
NWLR
NWP
RCS
RNA
SSS
SWL
TLB
TLP
UNI
WSD

co-directional
cone penetration test
design load case

extreme coherent gust with direction change

extreme current model

extreme direction change
extreme operating gust

extreme sea state

extreme water level range
extreme wind speed model
extreme wind shear

failure modes and effects analysis
floating offshore wind turbine
highest astronomical tide

international association of classification societies

international maritime organization

lowest astronomical tide

microbiologically influenced corrosion

misaligned

mean sea level
multi-directional

normal current model
normal sea state

normal turbulence model
normal water level range
normal wind profile model
recognized classification society
rotor-nacelle assembly
severe sea state

still water level
tension-leg buoy
tension-leg platform
uni-directional

working stress design
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[N/m2 or Pa]
[N/m2 or Pa]

[N/m2 or Pa]
[m]

[°C]
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570 5 Principal elements

571 5.1 General

572 The engineering and technical requirements to ensure the safety of the structural, mechanical,
573  electrical and control systems of a FOWT are given in this document. This specification of
574 requirements applies to the design, manufacture, transport (including towing), assembly,
575 installation and manuals for operation and maintenance of a FOWT and the associated quality
576 management process. In addition, safety procedures, which have been established in the
577 various practices that are used in the transport, assembly, installation, operation and
578  maintenance of a FOWT, are taken into account.

579 5.2 Design methods

580 This document requires the use of a structural dynamics model to predict design load effects.
581 Such a model shall be used to determine the load effects for all relevant combinations of
582 external conditions and design situations as defined in Clause 6 and Clause 7 respectively. A
583 minimum set of such combinations has been defined as load cases in this document.

584  The design of the support structure of a FOWT shall be based on site-specific external
585 conditions. These shall therefore be determined in accordance with the requirements stated in
586 Clause 6. The conditions shall be summarized in the design basis.

587 The design of the FOWT support structure shall include the design of the stationkeeping system
588 per Clause 14 and consider floating stability per Clause 15. The offset requirements, metocean
589  conditions and corresponding loads on the floating substructure induced by the dynamic power
590 cable system and the potential for clashing with the stationkeeping system shall be taken into
591 account. Consideration shall be given to the submerged weight, mechanical response
592 characteristics and hang-off location.

593 In the case of the rotor—nacelle assembly, which may have been designed initially on the basis
594 of a standard wind turbine class as defined in , 6.2, it shall be demonstrated that
505 the FOWT support structure and the site-specific offshore conditions do not compromise the
596 RNA structural integrity. The demonstration shall comprise a comparison of loads and
597  deflections in the RNA calculated for the specific FOWT support-structure and the specific site

598 conditions with those calculated during initial design.

599  The design of the control and protection system (see Clause 8), mechanical systems (see
600  Clause 9) and electrical system (Clause 10) shall be verified taking account of the dynamic
601 response of the FOWT.

602 The design process for a FOWT is illustrated in Figure 3. The figure indicates the key elements
603  of the design process and identifies the corresponding relevant clauses of this standard. The
604 process is iterative and shall incorporate load and load effect calculations for the complete wind
605  turbine comprising the integrated support structure and rotor—nacelle assembly. The structural
606  design of a FOWT may be regarded as completed when its structural integrity has been verified
607 based on the limit state analyses defined in 7.6.

608 Data from full-scale testing of the RNA shall be used to increase confidence in predicted design
609  values and to verify structural dynamics models and design situations. Data from full-scale
610  testing of the FOWT support structure may similarly be used, if available. Guidance relating to
611 the measurement of mechanical loads for full-scale wind turbine testing is available in
612 IEC 61400-13. Data from model-scale testing should be used to determine the response of a
613 particular FOWT configuration, to verify structural dynamics models and design situations, and
614  to confirm that no extraordinary or unexpected behaviour of the tested configuration occurs (see
615  Annex J).
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Verification of the adequacy of the design shall be made by calculation and should be supported
by testing. For guidance regarding how model tests can be utilized in the design process, see
Annex J.

[ Design initiated ]

Site-specific external
conditions (Clause 6) RNA

design
(e.g., IEC 614001,

Standard wind furbine class)

A 4
Design basis for FOWT

A
RNA design |

Sup(j)ort structure design,
inclu in%the stationkeeping
system (b lause 14), dynamic

power cable (Clause 14.5) and
floating stability (Clause 15)

\ 4

v

Design situations and
load cases (Clause 7.4)

v

Load and load effect
calculations (Clause 7.5)

v

Limit state analyses (7.6)

Structural
integrity
OK?

)

[ Design completed ]

IEC

Figure 3 — Design process for a floating offshore wind turbine (FOWT)

5.3 Safety level for FOWT

The FOWT is typically unmanned and considered as having moderate consequences of failure,
so, the FOWT support structure should, in general, be designed to have a safety level equivalent
to the medium (L2) exposure level as defined in ISO 19904-1.

5.4 Safety classes for RNA
An RNA shall be designed according to one of the following two safety classes:

e a normal safety class that applies when a failure results in risk of personal injury or other
social or economic consequence;
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629 e a special safety class that applies when the safety requirements are determined by local
630 regulations and/or the safety requirements are agreed between the manufacturer and the
631 customer.

632 Partial safety factors for normal safety class RNAs are specified in [JEC 61400-1..

633 Partial safety factors for special safety class RNAs shall be agreed upon between the
634 manufacturer and the customer. An RNA designed according to the special safety class is a

635 class S turbine as defined in |[EC 61400-1|.

636 5.5 Quality assurance

637 Quality assurance shall be an integral part of the design, procurement, manufacture, installation,
638 commissioning, operation and maintenance, and decommissioning of FOWTs and all their
639 components.

640 5.6 Rotor-nacelle assembly markings

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

643 o RNA manufacturer and country;

644 e model and serial number;

645 e production year;

646 e rated power;

647 e reference wind speed, V¢

648 e hub height operating wind speed range, V;, — Vot
649 e operating ambient temperature range;

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

651 e rated voltage at the wind turbine terminals;

652 e frequency at the wind turbine terminals or frequency range in the case that the nominal
653 variation is greater than 2 %.

654 5.6 Support structure markings

655  The following information, as a minimum, shall be prominently and legibly displayed on the
656 indelibly marked FOWT support structure (including floating substructure) nameplate:

657 e draft marking (combined load line markings for operating in sea operation);

658 e unit identification;

659 e company and registered owner identification;

660 e markings required by local authorities.
661 6 External conditions — definition and assessment

662 6.1 General

663 FOWTs are subjected to environmental and electrical conditions, including the influence of
664 nearby turbines, that may affect their loading, durability and operation. To ensure the
665 appropriate level of safety and reliability, environmental, electrical and soil parameters shall be
666 taken into account in the design and shall be explicitly stated in the design documentation.

667 The environmental conditions are divided into wind conditions, marine conditions (waves, sea
668  currents, water level, sea/lake ice, marine growth, seabed movement and scourDocuments

Document Sharing Hub

Full document details: 21/30428829 DC


https://doi.org/10.3403/00553576U?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
https://doi.org/10.3403/00553576U?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
https://doi.org/10.3403/00553576U?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/21-30428829-dc
http://www.avadocuments.com/doc/21-30428829-dc

88/846/CD - 28 - IEC CD 61400-3-2 © |IEC 2021

669 environmental conditions. The electrical conditions refer to the electrical power network
670 conditions. Soil properties are relevant to the design of the FOWT anchor and stationkeeping
671 system.

672 The structural integrity shall be demonstrated taking proper account of the marine conditions at
673  each specific site at which the FOWT will be subsequently installed.

674  The design process for a FOWT is shown in Figure 3. The assessment of site-specific external
675  conditions is the first step in the design process and forms the basis for the design. This clause
676 therefore specifies both the definition and assessment of the external conditions.

677 The external conditions are subdivided into normal and extreme categories. The normal external
678  conditions generally concern recurrent structural loading conditions, while the extreme external
679  conditions represent rare external design conditions. The design load cases shall consist of
680 critical combinations of these external conditions for specified joint return periods with wind
681 turbine operational modes and other design situations.

682 The definition and assessment of the normal and extreme external conditions to be considered
683 in design are specified in 6.2 to 6.4.

684  The abbreviations added in parentheses in the subclause headings in the remainder of this
685 clause are used for describing the external conditions for the design load cases defined in 7.4.

686 6.2 Wind turbine classes

687  The external conditions to be considered in design are dependent on the intended site or site
688  type for a FOWT installation. In wind turbine classes are defined in terms of wind
689  speed and turbulence parameters. The intention of the classes is to cover most onshore
690 applications. includes a specific class for tropical cyclone conditions (“T class”).

691 Additional guidance on tropical cyclone conditions is available in Annex H of this document.

692 There are some principal differences between offshore and onshore wind conditions. However,
693  for a FOWT the definition of classes in terms of wind speed and turbulence parameters remains
694  appropriate as the basis of design of the rotor—nacelle assembly (RNA). As stated in 5.2 it shall
695 be demonstrated subsequently that site-specific external conditions do not compromise the
696  structural integrity of the rotor-nacelle assembly.

697 The manufacturer shall in the design documentation describe the models used and values of
698 essential design parameters. Where the models described in Clause 6 are adopted, a statement
699  of the values of the parameters will suffice. The design documentation should contain the
700 information listed for guidance in Annex A.

701 6.3 Definition of external conditions at a FOWT site
702 6.3.1 General

703 A FOWT shall be designed to safely withstand the wind conditions and marine conditions
704  adopted as the basis of design.

705  The wind regime and marine conditions for load and safety considerations are divided into the
706 normal conditions which occur frequently during normal operation of a FOWT, and the extreme
707 conditions which are defined as having a 1-year or 50-year return period2.

708  The extreme conditions are intended to produce N-year (N = 1 or 50) return period load effects
709  (cross-sectional loads, deformations, etc.). Combining marginal N-year events directly will in

2 The normal range of water levels is, however, defined in this document as the variation in water lev i
period of 1 year, refer to 6.3.3.4.2. ﬂ&éﬁments
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710 general produce load effects of longer return period than N years. The more environmental
711 parameters that are combined in this way, the more conservative the design potentially
712 becomes. For the assessment of the combined wind and marine environment, several
713 parameters are relevant for the load effects of offshore turbines. Thus for FOWT design, the
714 assessment of joint environmental conditions by specifying associated conditions instead of
715 direct combinations of marginal conditions of equal return period is appropriate. FOWTs can
716  exhibit significant dynamic response. This shall be accounted for when establishing joint
717 environmental conditions.

718 To determine joint environmental conditions for design, the approach of environmental contours
719 can be used. The joint environmental conditions to be designed for are then defined as those
720  among all conditions on the environmental contour that cause the most extreme response. The
721 possible dynamic response shall be considered in the assessment. By this approach joint wind
722  speeds, wave heights, wave periods, water levels, directional relations etc. may be established.

723  The application of the method of environmental contours, or other probabilistic methods,
724  generally requires information defining the long-term joint probability distributions of wind and
725 marine conditions. In practice not all environmental conditions are typically measured
726 simultaneously. Environmental contours are instead developed for subsets of parameters — e.g.
727  wave heights and water level, wave height and wave period, etc.

728  The following clauses define the predominant marginal extreme conditions to consider as a
729  minimum, e.g. N-year return wind and marine conditions. Conditions to associate with these
730 shall be established. In the absence of sufficient information to develop site-specific
731 environmental contours, conservative alternatives are provided.

732 6.3.2 Wind conditions

733  The wind parameters defined in [EC 61400-1| are appropriate for the offshore environment. Site-
734  specific conditions representative of the FOWT site shall be assessed in accordance with the
735 requirements stated in 6.4.3.

736 It should be ensured that the representation of the power spectrum of the turbulence and the
737 sampling of turbulence by the rotor in the low-frequency range is adequate.

738 Discrete event durations for EOG, EDC, ECD defined in Clause 6.3.2 should take
739 into consideration possible FOWT motion natural frequencies that are considerably lower than
740  for fixed systems and should be evaluated, if relevant. For methods to address longer EOG
741 periods, see Annex N.

742 6.3.3 Marine conditions

743  The loading and response of the floating substructure is typically more driven by waves than by
744 wind; care should be taken when the combined wind and wave input to the load simulations is
745 defined in order not to disregard important sea states.3

746  Swells can be of importance in conjunction with low-frequency responses of FOWTs. Wind-
747  wave misalignment cases leading to bi-directional wave loading may require specific attention
748  for FOWTs and shall be taken into account. This may be particularly important for load cases
749  driving tower-base fatigue-

3 For fixed offshore wind turbines, the waves are often taken dependent on the wind speed; this may insuffici
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750 6.3.3.1 General

751 The marine conditions described in this subclause include waves, sea currents, water level, sea
752 ice, marine growth, scour and seabed movement. Other external conditions relevant to the
753 offshore environment are defined in 6.3.5.

754 6.3.3.2 Waves
755 6.3.3.2.1 General

756  Waves are irregular in shape, vary in height, length and speed of propagation, and may
757  approach a FOWT from one or more directions simultaneously. The features of a real sea are
758 best reflected by describing a sea state by means of a stochastic wave model.

759 The stochastic wave model represents the sea state as the superposition of many small
760 individual frequency components, each of which is a periodic wave with its own amplitude,
761 frequency and direction of propagation; the components have random phase relationships to
762  each other. A design sea state shall be described by a wave spectrum, Sy together with the

763 significant wave height, H, a peak spectral period, 7;,, and a mean wave direction, 6, or a

764 peak wave direction, pr. Where appropriate, the wave spectrum may be supplemented with a

765 directional spreading function. Standard wave spectrum formulations are provided in
766 ISO 19901-1.

767 In some applications, periodic or regular waves can be used as an abstraction of a real sea for
768 design purposes. A deterministic design wave shall be specified by its height, period and
769 direction.

770 The correlation of wind conditions and waves shall be taken into account for the design of a
771 FOWT. This correlation shall be considered in terms of the long-term joint probability distribution
772 of relevant parameters, e.qg.:

773 e mean wind speed, V;

774 e significant wave height, H;
775 e peak spectral period, Ty; and
776 o water depth, d.

777 The joint probability distribution of these parameters is affected by local site conditions such as
778 fetch, water depth, bathymetry, etc. The distribution shall therefore be determined from suitable
779 long-term measurements and/or by the use of numerical hindcasting techniques whichever is
780 appropriate, refer to 6.4.4.

781 The correlation of normal wind conditions and waves shall also consider wind-wave
782  misalignment, i.e. consideration of mean wind and wave directions (separation of wind sea and
783  swell may also be considered). The multi-directional distributions of wind and wave directions
784 can have an important influence on the loads acting on the support structure. The importance
785 of this influence will depend on the nature of the wind and wave directionality and on properties
786 of the support structure such as eigenfrequencies, modal damping, mode shapes and
787 geometrical symmetry. The designer may, in some cases, demonstrate by appropriate analysis
788 that it is conservative and therefore acceptable to assume that the wind and waves are aligned
789  (co-directional) and acting from a single, worst case direction (uni-directional).

790  Alternatively, the designer may demonstrate by appropriate analysis that it is conservative and
791 therefore acceptable to assume that the wind and waves are misaligned and acting from two,
792  worst case directions (for example, 90° misalignment may be the worst case because of the
793 consequential lack of aerodynamic damping). The assumptions regarding wind and wave
794 directions are considered for each design load case in 7.4.
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795  When taking account of the wind and wave misalignment, particular care shall be taken to
796 ensure that the directional data and wind turbine modelling techniques are reliable, refer to 7.5.

797 The combined extreme event of wind, waves, water level, and other relevant parameters shall
798 ensure that global extreme environmental actions with return periods of 1 year and 50 years
799 are considered. The geometric and dynamic properties of the support structure may imply that
800 several combined events shall be specified.

801 Wave models are defined in 6.3.3.2.2 t0 6.3.3.2.5 in terms of sea state representations including
802 stochastic linear wave models and regular non-linear design waves. The stochastic wave
803 models shall be based on a wave spectrum appropriate to the site anticipated for the FOWT.

804 By definition Hg and T, are independent of reference period. In order to determine the joint
805 probability distribution of ¥}, ,,, Hs, and T,, aone hour averaging period shall be used to define

806 the mean wind speed against which to correlate the significant wave height and peak spectral
807 period.

808 In any cases, the spreading of the wave may be important for the load calculation of FOWT and
809 should be considered. Neglection of the spreading may cause less conservative results, e.g.,
810  the underestimation of fluctuating yaw motion of the floating substructure, which is different
811 from fixed wind turbines. See Annex Q, Annex R and 1SO19901-1:2015 for more detail
812 information of wave spreading.

813  6.3.3.2.2 Normal sea state (NSS)

814  The significant wave height, peak spectral period and direction for each normal sea state shall
815 be selected, together with the associated mean wind speed, based on the long-term joint
816 probability distribution of metocean parameters appropriate to the anticipated site.

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

820 For ultimate load calculations, the normal sea states considered shall be those sea states
821 characterised by the expected value of the significant wave height, Hg, and peak spectral period,

822 Ty, conditioned on a given value of mean wind speed. The designer shall take account of the
823 range of peak spectral period, T,, appropriate to each significant wave height. Design

824 calculations shall be based on values of peak spectral period which result in the highest loads
825  acting on the FOWT.

826  6.3.3.2.3 Severe sea state (SSS)

827  The severe sea state model shall be considered in combination with normal wind conditions for
828 calculation of the ultimate loading of a FOWT during power production. The severe sea state
829 model associates a severe sea state with each mean wind speed in the range corresponding to
830 power production. The significant wave height, Hg gg5(V), for each severe sea state shall in

831 general be determined by extrapolation of appropriate site-specific metocean data such that the
832  combination of the significant wave height and the mean wind speed has a return period of 50
833 years4. The severe sea state shall include the extreme individual wave height that, in
834 combination with the associated wave period and the mean wind speed, has a return of 50
835 years. The designer shall take account of the range of wave period, 7, appropriate to each
836 extreme wave height. In the absence of a more sophisticated probabilistic assessment, design

4 |tis 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 E which also gives guidance on how to determine

Hy 4g5(V) from site-specific environmental conditions. Alternative methods for environmental con

rs are also
introduced in Annex E. Bocuments
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837 calculations shall assume values of wave periods within this range that result in the highest
838 loads acting on a FOWT.

839  For all mean wind speeds, the unconditional extreme significant wave height, H g, with a return
840 period of 50 years may be used as a conservative value for Hg ggg(V). Similarly, it is
841  conservative to adopt the extreme individual wave height H5, for the extreme individual wave

842 height in the severe sea state. This approach may be used in the absence of information
843 defining the long-term joint probability distribution of wind and waves.

844  6.3.3.2.4 Extreme sea state (ESS)

845  The extreme sea state model shall be considered for combined global environmental actions
846  with return periods of 1 year and 50 years. The designer may need to investigate a number of
847 extreme sea states combined with, for example, different water levels to determine the
848 appropriate extreme sea state(s) for design, refer 6.3.3.4.3 and 6.3.3.3.5. Both the extreme
849  significant wave height (Hg5y or Hgq) and the extreme individual wave height (Hgq or H4) shall

850 be included in the sea state. The designer shall take account of the range of wave period, 7,
851 appropriate to each extreme wave height. Design calculations shall assume values of wave
852 periods within this range that result in the highest loads acting on a FOWT.

853 The extreme sea state(s) shall be determined from analysis of appropriate site-specific
854 metocean data (i.e. measurements and/or hindcast data) for the FOWT site, refer to 6.4.4.

855 In the absence of information defining the long-term joint probability distribution of extreme wind
856 and waves, it shall be assumed that the extreme 10-min mean wind speed with a 50-year return
857 period occurs during the extreme 3-hour sea state with a 50-year return period. The same
858 assumption shall apply with regard to the combination of the extreme 10-min wind speed and
859 the extreme 3-hour sea state each with a 1-year return period. The extreme individual wave
860  height shall be assumed to occur at a random time during the simulation of the extreme sea
861 state.

862 6.3.3.2.5 Breaking waves

863  The influence of breaking waves shall be assessed during the design of a FOWT. Breaking
864  waves are classified as spilling, plunging or surging, the first two types being relevant to sites
865 suitable for FOWTs. The water depth, sea floor slope and wave period determine whether the
866  form of the breaking wave is expected to be spilling or plunging.

867  Annex B provides guidance relating to shallow water hydrodynamics and the influence of site
868  characteristics on the nature and dimensions of breaking waves. Guidance is provided in
869  Annex C relating to the calculation of the loading applied by a breaking wave to a FOWT support
870 structure.

871 6.3.3.3 Sea currents
872 6.3.3.3.1 General

873  Although sea currents may, in principle, vary in space and time, they are generally considered
874  as a horizontally uniform flow field of constant velocity and direction, varying only as a function
875 of depth. The following components of sea current velocity shall be taken into account:

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

878 e wind-generated, near-surface currents.

879 The total current velocity is the vector sum of these components. Wave induced water particle
880 velocities and current velocities shall similarly be added vectorially. The influence of sea

881 currents on the relationship between wave length and wave period is generally small and mﬁi
882 be neglected, refer to ISO 19901-1:2015, A.8.4.3 for further guidance. Other 4 ents
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883 current components may exist, such as near shore, wave induced surf currents running parallel
884 to the coast.

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

891 6.3.3.3.2 Sub-surface currents

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

Uss(z):Uss(O) [(Z+d)/d]1/7 (3)
894

895 The 1-year and 50-year return period values of the sea surface velocity Ug(0) may be
896  determined from analysis of appropriate measurements at the FOWT site, refer to 6.4.4.3.

897  In general, it is conservative to assume that the sub-surface currents are aligned with the wave
898  direction.

899 6.3.3.3.3 Wind-generated, near-surface currents

900  The wind-generated current may be characterised as a linear distribution of velocity U,(z)
901 reducing from the surface velocity U,(0) to zero at a depth of 20 m below SWL:

Uy (Z)= Uy (O) (1+Z/20) 4)
902

903 At sites where the water depth is less than 20 m, the wind-generated current velocity at the sea
904  floor will be non-zero.

905 The wind-generated sea surface current velocity may be assumed to be aligned with the wind
906 direction, and may be estimated from

Uw (0): 0,01V nour (Z =10 m) (5)
907

908  where V{_o,(z =10 m) is defined as the 1-hour mean value of wind speed at 10 m height above
909  SWL.

910  The 1-year and 50-year return period values of V' ,,(z = 10 m) may be determined from

911 analysis of appropriate measurements at the FOWT site. These wind speeds may then be used
912  with equation (5) to estimate the 1-year and 50-year return values of wind-generated sea
913  surface current velocity.

914  6.3.3.3.4 Normal current model (NCM)

915 The normal current model is defined as the appropriate site-specific combination of wind-
916  generated currents and tidal currents. The normal current model excludes storm-generated sub-
917  surface currents. Normal tidal currents shall be accounted for as the mean of tidal current
918 speeds.
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919  The normal current model shall be assumed for those load cases involving normal and severe
920  wave conditions (NSS, SSS) and for each load case the velocity of the wind-generated currents
921 may be estimated from the relevant mean wind speed, refer to 6.3.3.3.3.

922 6.3.3.3.5 Extreme current model (ECM)

923  The extreme current model shall be considered for those ultimate load cases associated with
924  extreme wave conditions (ESS). Currents associated with ESS shall result in combined global
925  environmental actions with return periods of 1 year and 50 years and are denoted by U, and

926 U, respectively. Load calculations shall be undertaken based on the currents which result in
927  the highest loads acting on a FOWT.

928 These extreme values shall be determined from analysis of appropriate site-specific metocean
929  data (i.e. measurements and/or hindcast data) for the FOWT site, refer to 6.4.4.

930 In the absence of information defining the long-term joint probability distribution of extremes it
931 is conservative to apply currents with return period of 1 year and 50 years and to assume the
932 current to be co-directional with the waves.

933 6.3.3.4 Water level
934 6.3.3.4.1 General

935  The water depth range shall be determined where relevant for FOWT design.

936 Different water levels are illustrated in Figure 4.

D
HSWL_
WAT ot A
MSL B
AT
swe_ o) i ¢

E
937 IEC
938 Key
939 HSWL highest still water level A positive storm surge
940 HAT highest astronomical tide B tidal range (equal to NWLR, see clause 6.3.3.4.2)
941 MSL mean sea level C negative storm surge
942 LAT lowest astronomical tide D maximum crest elevation
943 LSWL lowest still water level E minimum trough elevation
944 Figure 4 — Definition of water levels

945  6.3.3.4.2 Normal water level range (NWLR)

946  The normal water level range shall be assumed equal to the long-term difference between
947 highest astronomical tide (HAT) and lowest astronomical tide (LAT).
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948  The NWLR shall be assumed for those fatigue and ultimate load cases involving the normal sea
949  state model (NSS) based on the joint probability distribution of sea state conditions and wind
950  speed (H, Ty, Vpyp)- The NWLR range shall also be assumed for ultimate load cases associated

951 with

952 e severe sea state (SSS);

953 e wave conditions with a return period of 1 year.

954 Ultimate load calculations shall be undertaken based on either the water level within the NWLR
955 that results in the highest loads, or by appropriate consideration of the probability distribution
956 of water levels within the NWLR.

957 For ultimate load cases associated with the severe stochastic sea state (SSS) model, the water
958 levels corresponding to NWLR may cause the wave heights to be depth-limited. If this is the
959 case, and in order to avoid the wave heights being depth-limited, a higher water level within the
960  extreme water level range (EWLR) shall then be assumed.

961 For the calculation of the hydrodynamic fatigue loads the designer may in some cases
962 demonstrate by means of an appropriate analysis that the influence of water level variation on
963  fatigue loads is negligible or can be accounted for in a conservative manner by assuming a
964 constant water level greater than or equal to the mean sea level.

95 6.3.3.4.3 Extreme water level range (EWLR)

966  The extreme water level range shall be assumed for ultimate load cases associated with wave
967  conditions with a return period of 50 years (ESS). Combination with ESS shall result in
968  combined global environmental actions with a return period of 50 years. The designer may need
969  to investigate a number of representations of the ESS combined with different water levels.
970 Load calculations shall be undertaken based on the water levels which result in the highest
971 loads acting on a FOWT. The relevant design driving water levels shall be determined for
972 calculation of the hydrodynamic loading, ice loading and the buoyancy of the floating
973  substructure.

974 In the absence of the long-term joint probability distribution of metocean parameters including
975  water level, the designer shall at least undertake calculations based on the following water
976 levels:

977 e highest still water level with a return period of 50 years, based on an appropriate
978 combination of highest astronomical tide and positive storm surge;

979 o lowest still water level with a return period of 50 years, based on an appropriate combination
980 of lowest astronomical tide and negative storm surge;

981 o water level associated with the highest breaking wave load.
982  6.3.3.5 Seallake ice

983 At some locations, loading of the floating substructure of a FOWT due to sea/lake ice can be
984 critical. The ice loads may be associated with static loading from a fast ice cover, or dynamic
985 loading caused by wind and current induced motion of ice floes. Moving ice floes impacting the
986  floating substructure over a considerable period of time may result in significant fatigue loading.
987 A site-specific assessment of the occurrence and properties of the sea/lake ice shall be
988 undertaken as stated in 6.4.4.5.

989 6.3.3.6 Marine growth

990  Marine growth influences the mass, the geometry, and the surface roughness of the floating
991 substructure and the stationkeeping and dynamic cable systems of a FOWT. Consequently,
992  marine growth may influence hydrodynamic loads, dynamic response, accessibility and the rate
993 of corrosion of the structure.
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994  Marine growth may be considerable at some locations and shall be taken into account in the
995  design of the FOWT support structure.

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

1000 The nature and thickness of marine growth depends on the structural member’s position relative
1001 to the sea level, orientation relative to dominant current, age and maintenance strategy; but
1002 also on other site conditions such as salinity, oxygen content, pH value, current, and
1003 temperature.

1004 The corrosion environment is normally modified by marine growth in the upper submerged zone
1005 and the lower part of the splash zone of the FOWT support structure. Depending on the type of
1006 marine growth and other local conditions, the net effect may be either to enhance or retard
1007 corrosion attack. Enhancement of corrosion processes by marine growth (e.g. through corrosive
1008 metabolites) is commonly referred to as Microbiologically Influenced Corrosion (MIC). Marine
1009  growth may further interfere with systems for corrosion control, including coatings/linings and
1010 cathodic protection.

1011 Due to the uncertainties involved in assumptions regarding marine growth, a strategy for
1012 inspection and possible removal of marine growth should be planned as part of the FOWT
1013 design. The frequency, inspection method and growth removal criteria shall be based on the
1014 impact of marine growth on the structural reliability of a FOWT, and the extent of experience
1015  with marine growth under the specific conditions prevailing at the site.

1016 6.3.3.7 Seabed movement and scour

1017  The anchors of a FOWT shall be designed taking account of the influence of seabed movement
1018 and scour. The analysis of seabed movement and scour, and the design of appropriate
1019 protection shall conform to the requirements of ISO 19901-4 and ISO 19901-7. Requirements
1020 regarding the assessment of seabed conditions are stated in 6.4.4.7.

1021 6.3.4 Electrical power network conditions

1022 The conditions at the FOWT terminals are to be determined for the specific installation as
1023 described in 6.4.6.

1024 6.3.5 Other environmental conditions

1025 Environmental (climatic) conditions other than wind and marine conditions can affect the
1026  integrity and safety of a FOWT, by thermal, photochemical, corrosive, mechanical, electrical or
1027 other physical action. Moreover, combinations of the climatic parameters may increase their
1028  effects.

1029  The following other environmental conditions shall at least be taken into account and the action
1030  taken stated in the design documentation:

1031 e air temperature;

1032 e humidity;

1033 e air density;

1034 e solar radiation;

1035 e rain, hail, snow and ice;

1036 e ice and snow accumulation;

1037 e chemically active substances;
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1038 e mechanically active particles;

1039 e salinity causing corrosion;

1040 e lightning;

1041 e seismicity causing earthquakes and/or tsunamis;

1042 o water density;

1043 e water temperature.

1044 The climatic conditions taken into account shall be defined in terms of either representative

1045 values or limits of the variable conditions. The probability of simultaneous occurrence of climatic
1046 conditions shall be taken into account when the design values are selected.

1047  Variations in the climatic conditions within the normal limits which correspond to a 1-year return
1048 period, or more often, shall not interfere with the designed normal operation of a FOWT.

1049 Unless correlation exists, other extreme environmental conditions according to 6.4.5.3 shall be
1050 combined with the normal wind conditions according to |EC 61400-1 and normal marine
1051 conditions according to 6.3.3.

1052 Specific attention should be paid to the assessment of the seismic analysis in the case of
1053  TLP/TLB-type floating substructures, see Annex |.

1054 6.4 Assessment of external conditions at a FOWT site
1055 6.4.1 General

1056 The external conditions at a FOWT site shall be assessed as the basis of design and/or design
1057 verification in accordance with the requirements of the following subclauses.

1058  The partial safety factors for loads referenced in 7.6.2.2 assume that the site assessment of
1059  the normal and extreme metocean conditions has been carried out according to the minimum
1060 requirements of this Clause 6.4.

1061 6.4.2 The metocean database
1062 A site-specific metocean database shall be established containing information on

1063 e wind speeds and directions;

1064 e significant wave heights, wave periods and directions;
1065 e correlation of wind and wave statistics;

1066 e current speeds and directions;

1067 e water levels;

1068 e occurrence and properties of sea/lake ice and occurrence of their drift directions and drift
1069 speeds;

1070 e occurrence of icing of the turbine and its FOWT support structure;

1071 o other relevant metocean parameters such as air and water temperatures and densities,
1072 water salinity, site bathymetry, marine growth, etc.

1073 The database may be established from site-specific measurements supported, where
1074  appropriate, by numerical simulations (hindcasts). If site-specific measurements are used, the
1075 results shall generally be correlated with data from a nearby location for which long-term
1076 measurements exist, unless the results can otherwise be shown to be conservative. The
1077 monitoring period for the site-specific measurements shall be sufficient to ensure reliable
1078 statistics for the individual parameters as well as the joint probability distribution of these
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1079 parameters>. Long-term site-specific measurements shall not generally be required when
1080 correlation with suitable long-term data from a nearby location is undertaken or when numerical
1081 tools can be reliably applied for transposing the long-term data to the wind turbine site.

1082 Time series measurements may be of particular importance in order to characterise wave
1083  heights, periods and wave spectra at shallow water sites.

1084  When assessing the quality and quantity of data, special attention should be given to the
1085 adequacy of the data with respect to extrapolation to very infrequent events.

1086 6.4.3 Assessment of wind conditions
1087 6.4.3.1 General

1088 The site wind parameters shall be either measured and extrapolated, or calculated using
1089 appropriate methods (e.g. monitoring measurements made at the site, long-term records from
1090 local meteorological stations, simulation models or local codes and standards). The methods
1001 described in 11.3 of [EC 61400-1 and IEC 61400-15-1 apply with the deviations specified below.

1092 Values of the following parameters shall be estimated at the wind turbine site in addition to
1093  those specified in |EC 61400-1:

1094 e extreme 10-min average wind speed V' p,,, at hub height with a return period of 1 year;

1095 e wind speed standard deviation & from the ambient turbulence (estimated as the mean
1096 value of the standard deviation of the longitudinal component) and the standard deviation
1097 6, of & at Iy, between ¥, and V,,; and ¥}, equal to Vi

1098 High values of wind shear have been reported for extended periods of time for certain areas in
1099  connection with highly stratified flow or severe roughness changes. However, for the gust
1100 models which employ the mean wind profile (i.e. EOG, ECD, EWS as defined in )
1101 the shear may be assumed equal to the mean wind shear. This is justified because these models

1102 are concerned with gusts generated by turbulence, which implies that shear values associated
1103  with high turbulence levels are appropriate.

1104 The interval of any wind speed bin used in the above shall be 2 m/s or less, and the wind
1105 direction sectors shall be 30° or less. requires that all parameters, except for air
1106  density, be available as functions of wind direction and given as 10-min averages. Because the
1107 offshore environment generally exhibits less directional variation than the onshore environment,
1108 providing omnidirectional information for parameters such as shear and turbulence is
1109 acceptable unless precluded by coastal effects for near-shore sites or nearby obstacles.

1110 The site extreme wind parameters shall be either:

1111 e measured in the range of 0,2 ¥V, to 0,4 7, and extrapolated, or

1112 e derived from a correlation analysis of short-term monitoring measurements made at the site
1113 and long-term records from local meteorological stations, or from local codes or standards,
1114 or

1115 e based on experience of nearby sites. In this case the assumption of similarity between the
1116 sites is to be justified.

5 |f only correlation analysis of measured data is to be undertaken, the location of the long-term measurements
should be less than 50 km from the prospective FOWT site and the water depth, the fetch and the bathymetry
should be similar at the two locations. When correlating the long-term data with the wind turbine site-specific
short term data, care should be taken that the correlation is adequate and that the uncertainty of the correlation
analysis can be estimated. Should the location of the long-term measurements be more than
50 km from the prospective wind turbine site, it is advisable also to undertake numerical simulatio j
to estimate the site’s metocean statistics. DBEﬁiﬁents
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Where site-specific extreme average wind speeds are available only for averaging periods
longer than 10 min, the conversion factors stated in Table 1 may be used to estimate the
extreme 10-min average wind speed. The factors in this table give the ratio between the extreme
wind speed for a given averaging period and the extreme 10-min average wind speed.

Table 1 — Conversion between extreme wind speeds
of different averaging periods

Averaging period 10 min 1h 3h

Correction factor relative to extreme 10-min average wind speed 1,00 0,95 0,90

The long-term probability distribution of mean wind speed, V},,, may be assumed to be
independent of averaging period for periods in the range between 10 min and 3 h6.

6.4.3.2 EC 61400-1 wind conditions applied to rotor-nacelle assembly design

In the case that the wind conditions specified in [EC 61400-1 are used as the basis of design
of the rotor—nacelle assembly, the following variations to the parameter values may be assumed:

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

o the wind profile, V(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 speed profile
is given by the power law:

V(Z) =Vhub (Z/Zhub )a (6)

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

6.4.3.3 Assessment of ambient free stream turbulence

The value of the ambient free stream turbulence standard deviation shall be determined using
appropriate statistical techniques applied to measured and preferably de-trended data. Where
topographical (shore line) or other local effects may influence the turbulence intensity, these
effects shall be represented in the data. The characteristics of the anemometer, sampling rate
and averaging time used to obtain measured data shall be taken into account when evaluating
the turbulence intensity.

Where no site data for turbulence is available, the turbulence standard deviation o4 may be
estimated using the surface roughness parameter z, derived from the Charnock expression for
atmospheric conditions that are near-neutral:

Ac | & Vhub ?
P -3 (7)
g {'”(Zhub/zo)}
where
g is the acceleration due to gravity;
K 0,4 is von Karman’s constant, and

Ac s Charnock’s constant.

6 This assumption may not be valid at the tail of long-term probability distribution, for mean wind speﬁs exceedments

v ocu
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1150 Ac 0,011 is recommended for open sea and A. = 0,034 may be used for near-coastal
1151 locations?.

1152  The roughness of the sea surface increases with wind speed and thus the turbulence intensity
1153 will increase as a function of wind speed in near-neutral conditions. At many offshore sites, it
1154 has been found that average turbulence intensity offshore is high at low wind speeds, decreases
1155  to a minimum at wind speeds of approximately 8 to 12 ms=' (at 10 m reference height) and then
1156 increases slowly with increasing wind speed.

1157 The roughness parameter is found by solving the above implicit equation and, in turn, the
1158 standard deviation of the longitudinal wind speed component may be calculated from

o —Vhi“bﬂ 28xd x1 d=4m/s
17 : 15 = (8)
”(Zhub Zo)
1159

1160  where /5 is the average value of hub height turbulence intensity determined at V', ,, = 15 m/s.

1161 The use of the assumption of near-neutral conditions (as equation (7)) will, in general, give low
1162 average values for the standard deviation of the longitudinal wind speed component and is not
1163  valid for representing tropical cyclone conditions.8

1164 Models accounting for non-neutral atmospheric conditions offshore have been proposed. The
1165 models in "H. Wang, R. J. Barthelmie, S. C. Pryor and H. G. Kim, A new turbulence model for
1166 offshore wind turbine standards, Wind Energy, Volume 17, Issue 10, pages 1587-1604, October
1167 2014" may be applied if no other information is available. They represent three different levels
1168  of turbulence spanning the range from far offshore to very near-shore with complex terrain
1169  onshore. Care shall be taken when justifying the level to adopt.

1170 In the absence of suitable site-specific data to estimate the turbulence standard deviation with
1171 a 1-hour averaging period, this may be assumed to be related to the 10-min average turbulence
1172  standard deviation by

= 9i,10-min

+b;, b=0,2m /s (9)

Fi,1-hour

1173

1174  6.4.3.4 Assessment of wake effects from neighbouring wind turbines

1175  The assessment of wake effects from neighbouring wind turbines shall be undertaken in
1176 accordance with the requirements stated in JEC 61400-1. Guidance is provided in
1177 JEC 61400-1, Annex E, regarding site-specific conditions.

1178 6.4.4 Assessment of marine conditions
1179 6.4.4.1 Assessment of extreme wave conditions

1180 The following extreme sea state parameters shall be estimated:

7 The surface roughness parameter and resulting turbulence standard deviation calculated using the Charnock
equation apply for open sea conditions. Care should be taken in cases where the influence of shore topology and
onshore roughness may lead to higher values of turbulence standard deviation. Use of the higher value of the
coefficient is recommended unless site specific data confirm otherwise.

8 The standard deviation 4m/s x 1,5 in equation (8) differs from 1,44m/s x I, specified in JEC 61400-1 because

significantly larger standard deviations have been recorded at some offshore locations. Hence, this parameter

should be carefully evaluated for the specific site, accounting for available information from S|m|Iar or
neighbouring sites. Further, the specification of WerU” distributed turbulence intensity in the Iﬁi t
definition is not generally valid offshore, which influences the assessment of ETM. ents
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1181 e the significant wave height with a return period of 50 years assuming a 3-hour reference
1182 period, Hg 50;

1183 e the significant wave height with a return period of 1 year assuming a 3-hour reference period,

1184 Hg 1

1185 o the extreme individual wave height with a return period of 50 years, Hg, and the associated
1186 range of wave periods;

1187 e the extreme individual wave height with a return period of 1 year, i, and the associated
1188 range of wave periods;

1189 e the extreme crest height with a return period of 50 years.

1190  The extreme significant wave height and the extreme individual wave height may be determined
1191 in several ways. The most appropriate approach is based on statistical analysis of peak storm
1192 significant wave heights of the metocean database above a certain threshold. The extreme
1193 individual wave heights may be established by convolution of the long-term distribution of the
1194 significant wave height Hg; and peak spectral period Ty, with the conditional short term

1195  distribution of individual wave height / given the significant wave height H;. Reference is made
1196 to ISO 19901-1. The extreme wave heights may, however, be limited by water depth.

1197 Breaking waves may occur at the site of a FOWT depending on the water depth, sea floor slope,
1198  wave height, period and steepness. Based on an assessment of these parameters, the guidance
1199 provided in Annex B may be followed to determine the nature and dimensions of breaking waves
1200 based on site conditions. This informative annex also presents an empirical model of the
1201 distribution of wave heights in shallow water areas.

1202 Annex G provides guidance on assessment of extreme wave conditions during tropical cyclone
1203 conditions.

1204 In the case that the metocean data is insufficient to assess the extreme wave height and the
1205 range of associated wave periods, for deep water it may be assumed that:

H =186 Hyg (10)
1206

1207  which is obtained as the most probable maximum wave in a 3-hour reference period sea-state
1208  with significant wave height Hg assuming a Rayleigh distribution of wave heights and

1209 1 000 waves, i.e. the 0,1 % exceedance quantile of the Rayleigh distribution. Associated with
1210 this wave height, the following wave period range can be applied

1M1Hs/g <T <143 \/Hg/g (11)

1211

1212 It should be noted that the equation above is the relation for wind generated waves. A FOWT
1213 may be installed at sites where swell dominates. In such sites, longer periods than the value
1214  specified in equation (11) may be observed. For details, see Annex T.

1215 For a given wave height, the wave period has a depth-dependent lower limit which is determined
1216  from the breaking wave height limit, refer to Annex B. Note that in deep water the ratios Hgg/Hgsq

1217 and H4/Hg4 are usually in the range 1,9 to 2,0. For shallow water sites where measurements
1218 are not available, Hgy and H4 shall be assumed equal to the breaking wave height in cases
1219 where the latter is less than 2,0 times the value of the appropriate H.

1220 6.4.4.2 Assessment of normal wave conditions
1221 For the normal sea states, the site-specific metocean database shall be analysedﬁd@ﬁments

1222 establish the long-term joint probability distribution of the following parameters:
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1223 o mean wind speed at hub height, V,,,;
1224 e significant wave height, H;
1225 e peak spectral period, T

1226 Note that this is a minimum requirement and in the case where the use of standard wave
1227 spectrum is not appropriate, more wave parameters or discrete wave spectrum including two
1228  dimensional spectrum of frequency and direction may be considered. For example, in case swell
1229 and wind-induced wave are both dominant and spectrum with two peak is used for design,
1230  additional parameters are needed.

1231 In 6.3.3.2.2 defining NSS a 1-hour averaging period is required for the establishment of the
1232 long-term joint probability distribution of ¥,,,,, Hg, and T, If the available joint statistical data

1233 for Vy,,, Hg, and T, are based on a different averaging period, the data shall be converted to
1234 be based on a 1-hour averaging period for the wind speed. The correlation between 7}, Hg,
1235 and T, may increase with a longer averaging period because the build-up of waves under the

1236 influence of wind happens over a period of hours. However, depending on the specific
1237 characteristics of the site, the correlation may not change significantly with the averaging period
1238 and therefore it may be reasonable to assume that the long-term joint probability distribution of
1239 Vyyp, Hg and T, is independent of averaging period.

1240 If necessary, the joint probability distribution shall be extended to include wind and wave
1241 directions although site-specific measurements allowing the derivation of the joint occurrence
1242  of these five parameters are often not available9. The resolution of the joint probability
1243  distribution shall be such that the interval of any wind speed bin shall be 2 m/s or less, the
1244 interval of any significant wave height bin shall be 0,5 m or less, and the interval of any wave
1245 period bin shall be 0,5 s or less. The intervals of significant wave height and wave period bins
1246 may be increased if the calculated fatigue loads are not less conservative; this may be
1247 demonstrated using appropriate representative values. If directional data are available, the
1248  widths of wind and wave direction sectors shall be 30° or less.

1249 There is no requirement for assessment of site-specific wave spectra and directional spreading
1250 and the standard formulations provided in ISO 19901-1 may be assumed. Where appropriate
1251 and reliable measurements exist, site-specific wave spectra and the directional spreading
1252 function may, however, be assessed as the basis of design and/or design verification of a FOWT.

1253 6.4.4.3 Assessment of currents

1254 In addition to their impact on the loading of the support structure of a FOWT, currents affect the
1255 location and orientation of boat landings and fenders and may create seabed scouring.

1256  Sea currents shall be assessed taking into account components associated with tidal, storm
1257  surge, wind-generated currents and ocean currents, where these are relevant to the wind
1258  turbine site. The velocity and directional characteristics of each significant component of sea
1259  current at the site shall be separately assessed.

1260 Extreme sea surface current velocities having 1 year and 50 year return periods shall be
1261 determined from analysis of the site-specific metocean database.

1262  There is no requirement for assessment of site-specific variation of current velocity with depth
1263 and the standard profiles provided in 6.3.3.3 may be assumed. Where appropriate and reliable
1264 measurements exist, site-specific current profiles may, however, be assessed as the basis of
1265  design and/or design verification of a FOWT.

9 |t should be noted that an assumption of co-directionality of wind and waves may not be conservpdy, i
where large misalignment between wind and wave directions is common. Bé&ﬁﬁients
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6.4.4.4 Assessment of water level, tides and storm surges

The mean and fluctuation in water level at the wind turbine site shall be assessed in order to
determine the following parameters:

e mean sea level (MSL);

e highest astronomical tide (HAT) and lowest astronomical tide (LAT);

e highest still water level (HSWL) including positive storm surge;

o lowest still water level (LSWL) including negative storm surge.

These parameters shall be determined from the site-specific metocean database. Accurate
estimates of storm surge require a long data set. Long-term measurements or hindcasts
available from a nearby location may be used together with correlation techniques to derive the
site-specific storm surge characteristics.

6.4.4.5 Assessment of seal/lake ice

At sites where ice is expected to occur, its physical properties shall be taken into consideration
for the design of support structures of FOWT.

The site-specific properties of the ice should be described in the design documentation.

There are several parameters to be assessed, some of which can be measured, others
calculated from empirical formulae and others determined from sources of historical data such
as ice atlases.

The most relevant parameters are listed below:

e sheet ice thickness with a 50-year return period, /5q;

o the dimensions of thick ice features of finite extent (such as ridges) entrained within the ice
which may interact with the structure, including the consolidated layer thickness i, with a

50-year return period,;
e ice strength coefficient Cg;
e ice density;
e current speed at 1 m below ice lower surface;
e wind speed at 10 m above surface, acting on the ice sheets and ridges;
e water level fluctuation;
o water salinity;
o water density;
e air density;
o freezing degree-days;
e wind drag coefficient Cyy;
e current drag coefficient Cg;
o frequency of ice concentrations.

6.4.4.6 Assessment of marine growth

The thickness of marine growth and its dependence on depth below sea level shall be assessed
based on applicable recommendations, local experience and existing measurements. Site-
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1304 specific studies may be necessary to establish the nature, likely thickness and depth
1305  dependence of marine growth10.

1306 6.4.4.7 Assessment of seabed movement and scour

1307 The stability of the seabed shall be assessed. It shall be determined whether the bathymetry
1308  and soil configuration at the site require consideration of the possibility of slope failure, slides,
1309 cavity failure or erosion phenomena. Settlement and soil liquefaction shall in general be taken
1310 into account for the design of gravity base anchors.

1311 Based on observations, sea floor variations can usually be characterised as a combination of
1312 the following:

1313 e local scour characterised by steep sided scour pits around structural elements such as piles
1314 and pile groups when used as anchors;

1315 e global scour characterised by shallow scoured basins of large extent around a structure,

1316 possibly caused by overall structure effects, multiple structure interaction, or wave-soil-
1317 structure interaction;

1318 e overall seabed movement of sand waves, ridges and shoals which would occur in the
1319 absence of a structure. Such movements can result in the lowering or rising of the sea floor,
1320 or repeated cycles of these. The addition of man-made structures may change the local
1321 sediment transport regime which can aggravate erosion, cause accumulation, or have no
1322 effect.

1323 Seabed movement and scour can result in removal of vertical and lateral support for anchors,
1324  causing undesirable settlements and displacements of shallow anchors, overstressing of anchor
1325  elements and change of the dynamic properties of the FOWT structure. Where scour is a
1326 possibility, it shall be taken into account in design and/or its mitigation shall be considered. In
1327  general, the assessments shall follow the procedures outlined in ISO 19901-4 Clauses 6.3.4
1328  and 6.3.5.

1329 The extent of scour and the required scour protection at the FOWT site shall be determined:

1330 e on the basis of previous records from nearby sites or sites with similar sea floor
1331 characteristics;

1332 e from model tests; or

1333 e from calculations calibrated by prototype or model tests.
1334 6.4.5 Assessment of other environmental conditions
1335 6.4.5.1 General

1336 The parameters specified in 6.3.5 shall be assessed.

1337  6.4.5.2 Other normal environmental conditions
1338 Normal values for the environmental parameters given below may be assumed as follows:

1339 e ambient air temperature range of =10 °C to +30 °C;
1340 e relative humidity of up to 100 %;

1341 e solar radiation intensity of 1 000 W/m2;

1342 e air density of 1,225 kg/m?3;

1343 e water density of 1 025 kg/m3;

10 |nformation regarding marine growth is available for some areas (North Sea, Persian Gulf, West i
Gulf of Mexico, coast of California, East coast of Canada), refer to ISO 19901-1. ﬁ&aéijments
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1344 e water temperature range of 0 °C to +30 °C.

1345 Where there are no site data for the air density, it shall be assumed that the air density is
1346  consistent with ISO 2533:1975, suitably corrected for annual average temperature.

1347  When additional external conditions are specified by the designer, the parameters and their
1348  values shall also be stated in the design documentation and shall conform to the requirements

1349  of |[EC 60721-2-1.

1350 6.4.5.3 Other extreme environmental conditions
1351 6.4.5.3.1 General

1352 Other extreme environmental conditions that shall be considered for design of a FOWT include
1353 temperature, lightning, ice, and earthquakes.

1354 6.4.5.3.2 Temperature

1355 In the absence of site-specific data, the extreme ambient air temperature range for FOWTs may
1356  be assumed to be -15 °C to +40 °C.

1357 In the absence of site-specific data, the extreme water temperature range for FOWTs may be
1358  assumed to be -2 °C to +35 °C.

1359  6.4.5.3.3 Lightning

1360 Lightning strikes of FOWTs may be more frequent and more severe than onshore. The
1361 provisions for lightning protection required in [JEC 61400-24 may be considered as adequate for
1362 FOWTs .

1363  6.4.5.3.4 Icing

1364  No minimum ice requirements are given for FOWTs in the standard wind turbine classes. Ice
1365 build-up on the wind turbine parts shall be considered from
1366 e moisture and debris at temperatures around and below 0 °C;

1367 e spray of the wave crest at temperatures below 0 °C.
1368 6.4.5.3.5 Earthquakes

1369 Where relevant, assessment of earthquake conditions shall be performed; see Annex I.

1370 6.4.6 Assessment of electrical network conditions

1371 For the assessment of electrical network conditions reference is made to Clause 11.7 of
1372 EC 61400-1[. In the absence of site data, a loss of electrical connection for a continuous period
1373 of 3 months shall be considered to be the extreme condition.

1374 6.4.7 Assessment of soil conditions

1375 Soil investigations shall be performed to provide adequate information to characterise soil
1376 properties throughout the depth and area that will affect or be affected by the anchor. The
1377 investigations shall in general include the following:

1378 e geological survey of the site;

1379 o bathymetric survey of the sea floor including registration of boulders, sand waves or
1380 obstructions on the sea floor;

1381 e geophysical investigation;
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1383 In order to develop the required anchor design parameters, data obtained during the
1384 investigations shall be considered in combination with an evaluation of the shallow geology of
1385  the region, if available. If practical, the soil sampling and testing program should be defined
1386  after reviewing the geophysical results.

1387 Soil investigations shall include one or more soil borings to provide soil samples for in-situ tests
1388 and laboratory tests to determine data suitable for definition of engineering properties. The
1389 number and depths of borings required shall depend on the number and location of wind turbine
1390  anchors in the offshore wind farm, the soil variability in the vicinity of the site, the type of anchor,
1391 and the results of any preliminary geophysical investigations. In a large offshore wind farm,
1392  sampling boreholes for at least 10% of the total anchor locations should be collected. Cone
1393 penetration tests (CPT) and shallow vibro-core borings may be used to supplement soil borings
1394 in the soil investigation. Site-specific soil data shall in principle be established for each anchor
1395  within the wind farm. CPTs may be used for this purpose at wind turbine locations where soil
1396 boring is not undertaken. For calibration of the CPTs, one CPT shall be performed in the vicinity
1397  of one of the soil borings.

1398  The soil investigation shall provide the following data as the basis of the anchor design:

1399 e data for soil classification and description of the soil;

1400 e shear strength parameters, including soil degradation effects if relevant for the anchor type;
1401 o deformation properties, including consolidation parameters if relevant for the anchor type;
1402 e permeability, if relevant for the anchor type;

1403 o stiffness and damping parameters for prediction of the dynamic properties of the FOWT, if
1404 relevant for the anchor type.

1405  For each soil layer, these engineering properties shall be thoroughly evaluated by means of
1406 appropriate in situ and laboratory testing.

1407 The assessment of soil conditions shall also consider the potential for soil liquefaction, long-
1408 term settlement and displacement of the anchor as well as the surrounding soil, hydraulic
1409 stability and soil stability characteristics.

1410 7 Structural design

1411 71 General

1412 The FOWT shall be designed in accordance with this clause. Additional requirements relevant
1413 to the design of floating substructures shall follow ISO 19904-1.

1414  The stationkeeping system shall be designed per Clause 14.

1415  The integrity of the load-carrying components of a FOWT structure shall be verified and an
1416  acceptable safety level shall be ascertained. The ultimate and fatigue strength of structural
1417 members shall be verified by calculations, tests or both to demonstrate the structural integrity
1418 of a FOWT with the appropriate safety level.

1419 Calculations shall be performed using appropriate methods. Descriptions of the calculation
1420  methods shall be provided in the design documentation. The descriptions shall include evidence
1421 of the validity of the calculation methods or references to suitable verification studies. The load
1422 level in any test for strength verification shall correspond with the safety factors appropriate for
1423  the characteristic loads according to 7.6.

1424 FOWT support structure, rotor, and drive train resonances shall be identified for the frequency
1425 range up to and including 2 times the blade passing frequency excitation. Possible resonances
1426 shall be investigated at turbulence levels of 30 % of the NTM class C design turbulern%{&[aments
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1427 1.2. If high resonant loads are found at low turbulence, means shall be taken to avoid the
1428 resonances or they shall be included in the design loads.

1429 7.2 Design methodology

1430 It shall be verified that limit states are not exceeded for the FOWT design.
1431 The design calculations shall be based on validated methods and recognised codes.

1432 7.3 Loads
1433 7.3.1 General

1434 Loads described in 7.3.2 through 7.3.7, shall be considered for the design calculations.

1435 7.3.2 Gravitational and inertial loads

1436 Gravitational and inertial loads are static and dynamic loads resulting from gravity, vibration,
1437 rotation and seismic activity.

1438 Inertial loads, including gyroscopic loads, are of special importance to FOWTs due to their
1439 potentially additional compliance and increased dynamic response from aerodynamic and
1440 hydrodynamic loading.

1441 7.3.3 Aerodynamic loads

1442  Aerodynamic loads are static and dynamic loads that are caused by the airflow and its
1443 interaction with the stationary and moving parts of wind turbines.

1444 The airflow is dependent upon the average wind speed and turbulence across the rotor plane,
1445 the rotational speed of the rotor, the density of the air, and the aerodynamic shapes of the wind
1446 turbine components and their interactive effects, including aeroelastic effects.

1447 The aerodynamic interaction between the airflow and the FOWT is of special importance due
1448 to their additional compliance and increased dynamic response. The interaction of potentially
1449 large translational and rotational motions of the floating substructure with the aerodynamic
1450 loading of the RNA and tower shall be considered, including aeroelastic effects and the
1451 associated global and local dynamic and unsteady aerodynamic effects (e.g. dynamic inflow,
1452 oblique inflow, skewed wake, unsteady airfoil aerodynamics including dynamic stall, blade-
1453 vortex interaction). Wind loads on the floating substructure shall also be considered, where
1454 relevant.

1455 7.3.4 Actuation loads

1456  Actuation loads result from the operation and control of FOWTs. They are in several categories
1457 including torque control from a generator/inverter, nacelle yaw and blade pitch actuator loads
1458 and mechanical braking loads. In each case, it is important in the calculation of response and
1459 loading to consider the range of actuator forces available, including friction. In particular, for
1460 mechanical brakes, the range of friction, spring force or pressure as influenced by temperature
1461 and ageing shall be taken into account in checking the response and the loading during any
1462 braking event.

1463 7.3.5 Hydrodynamic loads

1464 Hydrodynamic loads are dynamic loads which are caused by the water flow and its interaction
1465  with the support structure of a FOWT.
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1466  The hydrodynamic loads are dependent on the kinematics of the water flow, the density of the
1467  water, the depth of the water, the shape of the floating substructure and their interactive effects,
1468  including hydroelastic effects.

1469 When currents are included in design evaluations, the convective acceleration of the fluid with
1470  current can also affect the fluid-inertial loading of the floating substructure.

1471 Positive air gap shall be documented for the primary parts of a FOWT support structure that are
1472 not designed to be exposed to hydrodynamic loads. Sufficient air gap for the lowest point of the
1473  wind turbine blades shall also be evaluated. The air gap assessment shall capture the response
1474  with a 50-year return period. The motion of the floater shall be accounted for in the assessment
1475 in addition to the asymmetry of the wave, effect of diffraction/radiation and still water level.
1476 Recognized and calibrated methods for assessment of air gap is developed and can be used if
1477 proven valid (see Annex C). The selected methods should be supported by appropriate model
1478 tests. Air gap can alternatively be estimated directly based on the DLC load cases table (Table
1479 2). The air gap for the alternative method should be greater than or equal to 0,2 x Hggq, with a
1480 minimum value of 1,5 m. The following steps can be used to assess the air gap for the
1481 alternative method:

1482 e Find the maximum response (upwell) from the response time series for each realization
1483 (seed) of a given wave/wind/directionality condition

1484 e Calculate the mean value of all the maximum responses determined from using different
1485 realizations for the same wave/wind/directionality condition

1486 e Find the largest mean value across all the wind/wave/directionality conditions assessed
1487 e Assess the air gap based on the estimated upwell

1488 For sites where the extreme conditions are due to tropical cyclones, regional guidelines for
1489 determining the air gap shall be considered.

1490  Hydrodynamic loads arising from wave “run-up” should be considered, particularly for the
1491 design of external platforms and appurtenances. The wave run-up is principally affected by the
1492  geometry of the structure, wave height, and wave steepness and is typically determined through
1493 model tests.

1494  Additionally, strength for wave impact load including slamming and slapping (refer to Annex C
1495  for definitions), sloshing and green water in accordance with ISO 19904-1 should be assessed
1496  where relevant. For the sake of clarity, note that within ISO 19904-1 both the present “slam”
1497  and “slap” loads fall under the category of “slamming”.

1498 7.3.6 Seallake ice loads

1499  Seallake ice loading shall be considered, where relevant. See clause 7.5.4.

1500 7.3.7 Other loads

1501 Other loads such as wake loads, vessel impact loads, vortex-induced vibrations, etc., may occur
1502 and shall be included where appropriate. For other loads associated with cold climate, see

1503 EC 61400-1, Clause 14 and Annex L.

1504  Wake effects from neighbouring FOWTs during power production shall be considered for all
1505 relevant ambient wind speeds and directions. The assessment of the suitability of a FOWT at a
1506 site in an offshore wind farm shall take into account the deterministic and turbulent flow
1507 characteristics associated with single or multiple wakes from upwind machines. The following
1508  effects should be considered on the structure, recovery, and geometric extent of upstream
1509  wakes:

1510 e variation in spacing between machines due to floating substructure motions;
1511 e static inclination and transient motions of the upwind machines in all degrees of freedom.
1512 The wake behind a wind turbine introduces a wind velocity deficit that tends to m Efl!ii'ﬁents

1513 additional turbulence from what is present in the natural free stream. Wher 'ws kas ffom one or
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